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ABSTRACT

Snap bean (Phaseolus vulgaris L.) is a major vegetable export crop in Kenya, and it is produced
mainly by small scale farmers and multinational companies. Angular leaf spot, anthracnose and
rust diseases cause crop losses up to 100% on susceptible cultivars of snap bean. Use of chemical
is expensive and reduces profitability of snap bean farming and it is not environment and
consumer friendly. Therefore, the objective of this study was to select snap bean populations and

advanced snap bean lines for multiple disease resistance, pod quality and yield.

Snap beans used in this study included populations developed from BelDakMi, BelMiNeb and
Beltigrade lines with resistance to rust, G2333 for resistance to anthracnose, L227 with
resistance to angular leaf spot and rust, and the popular varieties that have good pod quality.
These populations were advanced by bulk method to Fs, Fs and Fs generations. Thirty three bush
snap bean lines and six climbing lines were also evaluated. The experiments were conducted at
KARI-Thika and Mwea for two seasons during 2009 and 2010. The experiments in both locations
laid down in split plot design with three replicates. The populations and lines were artificially
inoculated with isolates of angular leaf spot, anthracnose and rust at triofoliate stage. Data
collected included disease severity, days to flowering and maturity, pod length and width, number

of pods per plant, marketable pod yield, pod quality (extra fine, fine and bobby) and seed yield.

Analysis of variance showed that disease severity was significantly influenced by cropping
season, location, fungicide application and genotype. High disease severity was recorded during
long rain season at Thika location when genotypes were grown without application of fungicide.
The disease with the highest severity was rust followed by angular leaf spot. Among the
advanced lines two bush lines KSB 10 W and KSB 10 BR and one climbing line HAV 130 had

consistent multiple resistance to angular leaf spot, anthracnose and rust at both locations.

xiii



Resistant genes in the three lines reduced the mean disease severity by 17%, 16% and 36%, for
angular leaf spot, anthracnose and rust respectively when compared with commercial varieties.
There were significant differences among the genotypes with respect to marketable pod yield,
pod quality and seed yield. Star 2053 had the highest pod yield of 11.5 t ha"' among the parents
while HAB 428 had the highest pod yield of 8.5 t ha”' among the evaluated lines. Single plants
combining resistance to the three diseases and desirable pod characteristics were selected from
the segregating populations. Among the advanced snap bean lines selected for having multiple
disease resistance, HAB 501 had the highest pod yield of 10.9 t ha"' while KSB 10 BR had the
highest extra fine pod yield of 2.0 t ha’. All climbing lines had thicker pods of 11 mm compared
to bush lines with a mean pod diameter of 8 mm when harvested at a regular interval. Among the
parent lines Paulista had the highest seed yield of 1.0 t ha* while HAV 135 had the highest seed

yield of 2.4 t ha”' among snap bean lines.

Snap bean genotypes with multiple resistance to angular leaf spot, anthracnose and rust were
identified. This shows that the parents used to develop the snap bean population and lines have
resistance genes that could be exploited in the development of snap bean varieties with disease
resistance. Although some of the advanced lines had multiple disease resistance, most did not
meet the desired yield and quality of the bush commercial varieties. Therefore, there is need for
continued development of snap bean lines with multiple disease resistance and high yields of

acceptable quality from the identified single plant selections.
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CHAPTER ONE
GENERAL INTRODUCTION

.1 Background information
rench bean, also called snap bean, is a strain of common bean (Phaseolus vulgaris L) that

riginated from Andean & Middle American centre of origin (Gepts, 1998). They are
rincipally grown for immature green pods as a protein source, which are consumed fresh but
nay be processed or canned for both local and overseas consumption (Kibata and Onyango,
1996). Benefits derived from snap beans are also economic since it is grown as a cash crop by
arge scale and smallholder farmers. More than 90 percent of the crop produced in Eastern
Africa is exported to regional and international markets. Snap bean is an important export
regetable crop in East, Central and North Africa (Kimani, 2006). In these areas bush types
lominate snap bean production. However, climbing types, which are generally more productive
ind have a longer harvest period compared with the bush types are not available to growers at

resent.

n Kenya, snap beans are grown as a monocrop mostly by small scale farmers on farm sizes of
vetween 0.5 to 1 ha (Kimani, 2006). Snap bean in Kenya is mainly grown at Kirinyaga, Embu,
Meru, Nyeri, Makueni, Machakos, Murang'a, Kiambu and Naivasha. Other suitable growing
ireas are Bungoma, Trans- Nzoia, Vihiga and Kericho (Monda, 2003). Production is done
hroughout the year mainly under irrigation. Most of the agronomic practices of production are
similar to those of common bean but more intensive. Large commercial companies also grow
snap beans for export to overseas supermarkets and for canning industries. Due to the high pod
quality, packaging, and post harvest care required for export produce, smallholder farmers are

organized into groups such as Fresh Produce Exporters Association of Kenya, or contracted by



“ompanies and quasi-government organizations such as the Horticultural Crops Development

\uthority in Kenya (Kimani, 2006).

nap bean is the leading contributor to the rapidly growing and highly successful vegetable
xport sector in Kenya. From 2004 to 2010, Kenya exported in average 19,000 metric tones of
nap bean per year with a value of more than Ksh 26.2 billion in total (Appendix 18). This was
bout 12% of the total volume and 8.7% of the total value of horticultural products exported
rom Kenya. Almost 100,000 people make an income from French beans and another 500, 000
jerive income directly from exports of French beans. Estimates indicate that more than 1
nillion people benefit from the snap bean sub-sector in Kenya (HCDA, 2011). Snap bean
armers face several constraints, which include pest and disease, stringent quality requirements,
ack of capital and/or inaccessibility to capital, low prices of produce, poor roads and

nadequate extension services (Monda et al., 2003).

he most economically important diseases include leaf rust (Uromyces appendiculatus),
angular leaf spot (Phaeoisariopsis griseola), anthracnose (Colletotricum lindemuthianum), halo
3light (Pseudomonas savastanoi pv. phaseolicola) and common bacteria blight (Xathomonas
xonopodis pv phaseoli) and bean common mosaic virus (Ministry of Agriculture and Rural
Development, 2007). The most widely occurring pest are the red spider mite (Tetranychus
urticae), bean stem maggot (Ophiomymia spp), flower thrips (Megalurothrips sjostedti
Irybom) and Frankliniella occidentalis Pergande), bean aphid (Aphis fabae Scopoli), African
bollworm (Helicoverpa armigera Hurbner), legume pod borer (Maruca testularis Geyer) and
white fly (Bemisia tabaci), (Monda et al., 2003).

Cultural practices such as crop rotation, intercropping, elimination of plant debris, adjustment

f planting dates, use of compost, and blending heterogeneous landrace cultivars can reduce

2



ese diseases severity (Deeksha er al.. 2009). Use of host plant resistance is cheaper method
r controlling bean diseases. Consequently, development of cultivars with improved resistance
 biotic and a biotic stresses is a primary goal of bean breeding throughout the world (Miklas

al., 2002).

2 Problem Statement and Justification

orticulture sector provide food security and offers employment to about two million Kenyans
nd also provides food (Wasonga et al., 2010). French beans account for more than half of the
alue of vegetables exports and about one quarter of the total horticultural exports in Kenya
1CDA, 2009). The crop takes 9 weeks from planting to harvesting and picking continues for 3
eeks when the weather is dry, allowing a quick return on investment (Monda et al.,, 2003).
roduction is dominated by bush types. Climbing types which are generally more productive
1d have a longer harvest period compared with bush types. Climbing snap beans could be
xpected to be of particular interest to smallholder farmers wishing to intensify return to use of
bundant family labour. However, suitable varieties for eastern Africa are yet to be developed.
ield of snap bean in smallholder farmers’ fields is low (Kimani, 2006). Smallholder
roduction is further constrained by high cost of seed. Availability of locally bred varieties will

duce cost of seed and increase access to small-scale farmers (Ndegwa ez al., 2009).

nthracnose, rust and angular leaf spot are major diseases of the common snap bean. When
nvironmental conditions are favorable, crop loss can be as high as 100% on susceptible
ultivars (Monda er al, 2003). Due to the intensive nature and high quality demands,
mallholder farmers rely on fungicides and insecticides to reduce both production and‘post
arvest losses associated with diseases and pests. The observance of post harvest interval of the

grochemicals used becomes difficult for famers since the crop is harvested at least twice per



eek. This excessive use of chemicals is no longer a viable option because of recently
stituted maximum residue levels of pesticides and development and is also not environmental

iendly.

evelopment of resistant pathogens and pests is also possible with the continuous spraying of
ingicides and pesticides. An alternative method explored is the use compost extracts from
oultry manure and stinging nettle. Although it is not comparable to chemical control,
tilization of the compost extract could be useful especially in systems of organic farming and
'here other methods are unavailable (Deeksha er al., 2009). However, cost of preparing the
ompost extract and acceptability of the produce by consumers may limit application of the
iethod of control. Use of resistant varieties is a good option but varieties developed by public
istitutions are often susceptible to any of the three diseases (CIAT, 2006). Little has been done
) develop improved snap bean varieties with multiple resistance to one or more of the three
iseases, and make them freely accessible to smallholder farmers and informal seed producers

Kimani, 2006).

1 Meru Central district, 55%, 30% and 10% of farmers reported marketing, transport and
isease and pests as the major constraints in snap bean production respectively (Monda et al.,
003). Most important diseases reported were rust, (83.5%) fusarium wilt, nematodes (23.9%)
nd blights (25.4%) (Monda ef al., 2003). Thirty one percent of the farmers were reported to
veruse fungicides by using a spray regime of twice a week for effective disease and pests
ontrol. Failure to control diseases and pests and overuse of chemical pesticides led to rejection

f their produce. Eight six percent of farmers were aware of it but lacked alternative disease

ranagement (Monda et al., 2003).



development of new snap bean varieties resistant to anthracnose, rust and angular leaf spot
vould increase the efficiency of farming by reducing or eliminating reliance on fungicide and
mprove returns to investment. Most importantly, reduced reliance on fungicide will assist
armers to meet the stringent export requirements for residue levels. Use of resistant varieties
Iso reduces use of toxic pesticides and hence environment friendly. Therefore, the overall
bjective of this study was to select snap bean lines with multiple disease resistance, acceptable
od quality and high yield potential from advanced breeding lines and segregating populations.
['he specific objectives of the study are:

. Select snap bean lines with multiple resistance to angular leaf spot, anthracnose and rust

from segregating populations and advanced lines.

. Evaluate advanced snap bean lines and families for pod quality and yield.



CHAPTER TWO
LITERATURE REVIEW

.1 Botany, origin and distribution of snap beans

Common beans (Phaseolus vulgaris L.) (2n=2x=22) belong to the family leguminacae, which
onsists of approximately 600 genera, with about 150 species of annuals and perennials
hroughout the warm regions of both hemispheres. About 40 species of beans are of economic
mportance to human consumption (CIAT, 1986). Some species have tuberous roots. Flowers
ire hermaphrodite and the pollination is 98% autogamous. The standard is reflexed. Wings are
f the same length or longer than the standard. The keel is spirally coiled, which is the
listinctive mark of the genus. The flower has ten stamens, which are diadelphous with free
exillary stamens of equal length. Anthers are uniform. Style is filiform, twisted, bearded on

nner curve (CIAT, 1986).

fundreds of beans cultivars are cultivated for their immature pods and dry or green seeds.
(here is no clear distinction between cultivars for immature pod production and those destined
or dry grain production seed. The leaves are used as a pot-herb in some parts of the tropics. In
-atin America and parts of tropical Africa beans furnish a large part of the protein food of the
nhabitants, being grown mainly for the dry pulse. In Europe, the United States and other
emperate countries, common bean is grown mainly for the green immature pods which are
aten as a vegetable and are also canned or frozen. However, with few exceptions, modern snap

ean cultivars are not used for dry grain production (Kimani, 2008).

Chere are two major types of snap beans, bush and climbing types. The dwarf or bush cultivars,

vhich are day neutral, early maturing, 20 cm to 60 cm in height, with lateral terminal



1florescence and determinate growth. These cultivars do not require any support (staking). In
ontrast, climbing or pole beans have an indeterminate growth and grow up to 3 m in height
nd require staking. They are both day neutral and short day cultivars within this group. Snap
eans differ from field beans in that they possess thicker pods that are relatively free of blast
bers in the early stages of development. The pods are narrow and mostly glabrous, straight or
urved with the colour ranging from yellow to dark green. The seeds also vary in colour from
vhite to black. Varieties grown in eastern Africa are small seeded white or black (Muchui and

Ndegwa, 2001).

“ommon bean could have been introduced into the coast of Peru from Central America or may
ave an independent domestication from the closely related Phaseolus arborigous which
ccurs in wild in the area. Common bean was taken to Europe in the 16" century by Spaniards
nd Portuguese and it reached England in 1594. They also brought it to Africa and other parts
f the world. Phaseolus vulgaris L. is now widely cultivated in many parts of the tropics and

hroughout the temperate regions (Gepts, 1998).

-2 Snap bean production in Kenya and their ecological requirements

Ithough snap bean production is a relatively new venture in Kenya, it has grown to be a major
ontributor to the fresh produce export market. The main export season for the crop is October
> May, which coincides with the winter period in Europe. Most growers therefore schedule
neir production such that the bulk of the produce is ready during the months of October to
nid- December and from mid- January to the end of May (HCDA and JICA. 2003). Both large
cale and small-scale farmers undertake snap bean production with the latter contributing the
arger output. Small-scale production is more prevalent and in most cases the farmers are

ontracted by export agents or middlemen, who provide inputs such as pesticides, fungicides



\d fertilizers, besides giving technical advice. Production of snap bean in Kenya occurs along
verbeds and in irrigated areas. Major production areas include Embu and Meru and in Eastern
ovince, Naivasha, and Nakuru and Trans-Nzoia in Rift Valley Province, Bungoma, and

ihiga in Western Province and Nyeri and Mwea in Central province (Kimani ez al., 2002).

 Kenya snap beans can be grown in areas with an average annual rainfall ranging from 900 to
000 mm, which should be well distributed during the growing season. Under moderate rainfall
onditions, supplementary irrigation may be beneficial. In dry conditions irrigation is
solutely necessary. Heavy rainfall adversely affects flower fertilization, resulting in reduced
od set. The ideal altitude ranges between 1500 to 2100 m above sea level (Mbugua et al.,
)06). At higher altitude the growth period is prolonged and there is increased incidence of
sease, because of the colder conditions. Lower altitudes tend to have low rainfall, hence are
ot ideal for snap bean production unless source of water supply for irrigation is available. The
timum temperature range is 16 to 24°C. Below 10°C bean plants are destroyed by chilling,
hile at temperatures above 30°C blossom drop is very serious and may hamper pod and /or
ed set. Snap beans thrive in a wider range of soil types, ranging from light sand to heavy
ays. The best soil for growth should be friable, well drained, loam soils with high organic

atter (Ndungu et al., 2004)

3 Time to maturity and harvesting of snap beans

ush beans produce pods ready for fresh harvest in about 45-65 days and 55-75 days for the
imbers' types. Farmers want a variety that is early maturing and a long harvesting duration
onda er al., 2003). Picking of pods begins 6 to 8 weeks after planting depending on the area
d continues for about one month. The pods are carefully picked and not pulled from the

ants. The pods harvested must have the stalk attached to them. Picking should be at regular



rval, ideally every other day in order to maintain export quality. Harvesting under rain is
recommended (Ndegwa et al., 2009)). After harvesting, sorting is done to remove broken,
formed, overgrown off types and insect damaged pods. Healthy pods are then graded into
 main grades as defined by Kenya Bureau of Standards (KEBS) specifications. The two
n grades are extra fine and fine grades. In both grades the pods must have the characteristics
> and colour of its variety. After grading the pods are packed in corrugated fibre board
ons or in plastic pre-packs. Before storage or transport pre-cooling is done using forced air
lers at 7°C or 8°C. At 7-8°C and 95-100% relative humidity the pods can be stored for one
wo weeks. In Kenya beans for export are not usually stored for more than one day (HCDA

| JICA, 2003).

Snap beans quality and yield improvements

st markets require a uniform, fresh, insect and disease free-pods. Pods should also be clean
safe from both chemicals and microorganism harmful to human. Supplying snap beans
1 quality characteristics conforming to the market is vital to increasing consumption

mani. 2006). Varietal improvement forms an important means to this end but needs to be

1bined with agronomic and post harvest practices. Snaps beans are graded as extra fine and .

fine pods. Extra fine pods should be very tender, seedless with no strings and free from any
>cts. The width of the pods must be less than 6 mm and a minimum length of 10 cm. The
- pods may have small immature seeds and be short with soft strings. The width of the pods
uld be between 6 and 9 mm. In both grades, the pods must have characteristic size and
our of the variety concerned. For bobby grade the beans must be of a marketable quality but
bigger in size than the fine grade. However, the pods must be reasonably tender and small

is (HCDA, 2009).




imidity conditions for a period up to at least one week. Desiccation, wrinkling, loss of
rgidity, and the appearance of discolorations should be evaluated. If cold storage in the
arketing channels is anticipated, beans should be evaluated for reactions to cold storage. In :
idition to checking the rate of seed development, possible appearance of fiber or string in
orage should also be checked (Marita and Trevor, 2009). Storage and shipping moulds can be
problem, especially if beans are wet from rain or condensation due to changes in temperature.
here may be some differences in the rate response to storage rots. Pods should have no
issing ovules, which can cause misshapen pods or a long, tapered, unfilled neck area. Pods
r fresh consumption can be any locally desired cross-sectional shape and thickness.
ocessing types, especially if are to be size-graded, should preferably be round. Round pods

e easier to size-grade accurately (Broughton e al., 2003).

here labour is readily available, as in many tropical countries, yield increases can be obtained
several ways. The use of mechanical harvesters can result in significant losses of crushed or
imaged pods. In addition, mechanical harvesting can only occur once in the life of the crop,
hereas hand picking can take place on a daily basis. The extra-fine and fine quality preferred
France can be obtained by picking of immature pods (Silbernagel er al 1991). Picking of
imature pods can stimulate compensatory increase in pod production because in Phaseolus
Igaris, all flowers, given opportunity are capable of producing pod. Thus, daily hand picking
tropical countries where labour is readily available can significantly increase yield potential
ICDA and JICA 2003). Rainey and Griffiths (2005) studied genetic improvement of yield on
ap bean. They reported that there was variation for yield under temperature treatments was
served among parents and hybrids, with certain hybrids exceeding parental performance.
gnificant (P < 0.001) general combining ability (GCA), and significant (P < 0.05) specific

mbining ability (SCA) were observed for yield components including pod number, seed
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ber, and seeds per pod. They also reported that pod number and seeds per pod under

perature stress are under separate genetic control. Reciprocal effects and heterosis were not

ificant.

reased quality during post harvest handling is often associated with water loss, chilling
ry, and decay. Water loss is a common post harvest problem with green beans. About 5%
ght loss is needed before shrivel and limpness is observed. After 10-12% weight loss, the
ns are no longer marketable. Freezing injury occurs at temperatures of -0.7°C (30.7°F) or
ow and appears as water-soaked areas which subsequently deteriorate and decay. The
cal symptom of chilling injury in beans stored <5°C (<41°F) for longer than 5-6 days is a

eral opaque discoloration of the entire bean (Marita and Trevor, 2009).

Major diseases of common bean

major bean diseases in Eastern Africa include angular leaf spot, anthracnose, rust, root rots,
mon bacterial blight and bean common mosaic virus. Angular leaf spot, anthracnose and
are foliar fungal diseases that cause extensive yield losses worldwide. The pathogens
onsible for these diseases infect leaves, pods and stems. Yield reduction caused by these
r diseases is due to reduction of photosynthetic area. Yield loss of 80%, 90% and 18-100%
been reported for angular leaf spot, anthracnose and rust respectivelly (Bigirimana and

e, 2001; Stenglein ef al., 2003; Pastor-Corrales ez al., 2007).

root rots of common beans are caused by soil borne fungal pathogens such as Fusarium
porium, Rhizoctonia spp. and Pythium spp. The pathogens can cause extensive roots
age, reduce overall plant growth and destroy much of the hypocotyls and main root system

wartz et al., 2001). Common bacterial blight causes lesions on the edges and interveinal

11
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eas of leaves and leads to death of the entire leaf and defoliation of the plant. Severe
utbreaks results in reduced yield and poor seed quality (Atilla er al, 2002). Bean common
0saic virus is a seed borne virus transmitted by aphids and cause mosaic patterns and
istortions on leaves and stems. The disease can cause necrosis called black root on cultivars
1at posses the hypersentive gene (I gene). Pod yield losses of 50-64% and seed yield reduction

f 53-68% respectively have been reported (Ghorbani et al., 2010).

.6 Angular leaf spot (Phaeoisariopsis griseola)

\ngular leaf spot is considered to be the most wide spread and economically important disease
f beans in Africa, particularly in Malawi, Ethiopia, Kenya, Uganda, Tanzania and the Great
ikes region (Pastor - Corrales ef al., 1998). The disease causes severe premature defoliation
\at results in shriveled pods, shrunken seeds and yield losses of up to 80% (Stenglein et al.
003). Symptoms include necrotic lesions on all aerial plant parts including leaves, pods,
ranches and stems. Information collected by Saettler (1991) places P. griseola (sacc.) Ferr., in
1e family of Dematiaceae among the imperfect fungi. It has a corenium of a small number of
yphae growing erect into a sheath-like structure. The base is dark coloured and becomes
radually lighter towards the tip. The coremia ranges in thickness from 20p to 40y, they are
ne to three rarely four septate, light grey, cylindrical to spindle shaped shaped, sometimes
ightly curved and not constricted. The length ranges from 50u to 60u and width 8u. Mahuku
 al., (2009) identified accessions with good levels of resistance to several isolates of P.
riseola of diverse origin. Among the potential sources of angular leafspot resistance is G5686,

germplasm accession of Andean origin from Ecuador.

tudies done by Michael and Celeti (2005) showed that P. griseola survived at least one winter

n crop debris in Ontario, and survived better on the soil surface in comparison to burial in soil
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m. He compared 15 snap bean varieties for susceptibility to angular leaf
n, and nine varieties in a naturally-infested field from 2001-2003. Most
ilarly to P. griseola in both environments. Results indicated that an
1agement strategy for angular leaf spot in snap bean in Ontario should
sted plant debris through deep plowing, crop rotation for two years,

ceptible varieties, and applying a registered effective fungicide (Michael

se (Collectototrichum lindemuthianum)

fototrichum lindemuthianum) is one of the most important disease
1oculum production and dissemination. The pathogen is seed borne and
1 from one season to another. Studies have shown that the fungus alters
and can have a negative impact on dry bean yield (Mohammed and
infection occurs early in growth cycle of susceptible cultivars, yield loss
0%. Use of infected seeds has been also reported to cause a crop loss

mandez et al., 2000).

ill seedlings, emerging from infected cultivated seeds (Mohammed and
rity of bean farmers in East Africa use their own seed from previous
, 2003). Diseased seeds are planted in nutrient deficient soils with poor
s aggravating the problem. Studies conducted by Mohammed (2007)
nted with diseased seeds had more disease and correspondingly more
ted with hand sorted clean seeds. Intercropping of beans with maize has
disease levels (Sharma er al, 2007). Fungicides have been used to

resistant varieties are viewed as the cheapest and most practical.
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‘ollectotrichum lindemuthianum can also be transmitted through contact by workers while
veeding and spraying the crops. In a study carried out to determine survival and transmission
f anthracnose from seeds to seedling, bean anthracnose was found to survive in infected seeds
ut not in the soil, and the primary source of bean anthracnose infection in the field was from
fected seeds (Mohammed and Somsiri, 2007). Seed infection of common beans by bean
nthracnose resulted in both pre-emergence and post-emergence mortality of bean seedlings. A
ignificant positive relationship was found between the levels of primary seed infection and
eedling infection in the field. Further development of bean anthracnose in the field was
ifluenced by weather variables such as rainfall, number of rainy days, humidity and

mperature, (Mohammed and Somsiri, 2007).

8 Bean rust (Uromyces appendiculatus)

ean rust which is caused by basidiomycete fungus Uromyces appendiculatus is a destructive
isease of dry and snap bean. The disease results in reduced bean yield and quality in many
arts of the world. It consistently causes yield reductions ranging from 18 to 100% in dry and
1ap beans in humid and tropical areas (Liebenberg er al. 2006). Among the major bean
seases, rust is ranked as the fifth most important constraint. Common bean rust is a
>structive disease worldwide and is particularly endemic and severe in eastern and southemn
frica (Kimani, 2002). The pathogenic variability of the fungus is broad with over 300 races or
athotypes recognized (Araya er al. 2004). A study conducted in Kenya reported 82.5% of
'mers considered rust as the major disease on snap beans (Monda, 2003). Most of snap bean
iltivars grown in eastern and southern Africa are susceptible to rust (Hillocks er al. 2006).
armers use various fungicides regularly to manage this disease. Dithane M45 is the most

pular fungicide. Use of fungicide increases cost of production and reduce profitability
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nda ef al. 2003).

t fungus is an obligate parasite and has an autoecious life cycle. Infection by urediospores is
oured by moderate temperatures and duration of plant surface moisture for 10 to 18 hours.
- latent period for the development of uredinial sporulation ranges from 7 days at the
mal temperature of 24°C, to 9 days at 16°C. Abundant urediospore production is favoured
1igh humidity below the saturation point, long day length and young host tissue. Sporulation

icreased when plants were exposed to high humidity (Alzate-marin et al., 2004).

Use of genetic resistance in managing bean diseases

many years research efforts have been directed towards screening for resistance to angular
'spot and a number of resistant cultivars have been identified. For example work at CIAT in
6 showed that the cultivar Mexico 54 was resistant to 158 isolates out of the 163 so far
racterized in Africa (Mahuku er al., 2009). Inheritance studies have revealed that resistance
.griseola is conditioned by few genes that can either be recessive or dominant depending on
parental cultivar (Mahuku er al., 2009). A study done by Mahuku et al. (2003) revealed that
e dominant and complementary genes conditioned resistance of G5686 to P. griseola
0type 31-0. Three microsatellite markers, Pv-ag004, Pv-at007 and Pv-ctt001 segregated in
pling phase with the resistance genes in G5686. Microsatellites Pv-ag004 and Pv-ctt001,
ted on opposite ends of linkage group B04 segregated with resistance genes Phggsessa,
asese at 0.0 and 17.1 cM, respectively, while marker Pv-at007, localized on linkage group

) segregated with resistance gene PhgG5686C at 12.1 cM.

ental surveys showed that these markers were polymorphic in Andean and Mesoamerican
kgrounds (Mahuku ef al., 2009). A single dominant gene present in MAR 2 was reported to

dition resistance to race 63 -19 (Fereira ef al., 2000). A study was carried out to characterize
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ce to angular leaf spot and to determine the relationship of the genes in cultivars
, and BAT 332 (Kimani er al, 2002), Result showed that resistance in the two

pathotype 63 — 39 was each controlled by a single dominant gene.

acnose pathogen (Collectotrichum lindemuthianum) is known to display pathogenic
and existence of a large number of races has been reported (Sharma et al., 2007).
09) reported four evolutionary groups (WGI-EGIV) based on 29 Collectotrichum
inum races. He reported that G2333 and AB 136 were resistant to all the pathotypes.

International de Agricultura Tropical (CIAT) breeding program has developed a

nap beans which are resistant to these diseases (CIAT, 2006).

of new races of rust pathogen was recently reported in Michigan (2007) and North
8) (Markell et al., 2009 and Pastor-Corrales ez al., 2010). Genetic variation within
| bean rust pathogen mirrors the genetic variation for resistance in common bean.
sistance genes that have been identified, characterized, and named (Liebenberg et
'hese rust genes are dominant and are grouped into Ur-4, Ur-6, Ur-9, Ur-12, and
h originate from beans of the Andean gene pool and Ur-3, Ur-5, Ur-7, and Ur-11
ddle American gene pool, (Pastor Corrales et al., 2007). The Ur-3, Ur-4, Ur-5, Ur-
/ genes provide resistance to 44, 30, 70, 22, and 89 races, respectively, of the 90
ined at the U.S. Department of Agriculture— A griculture Research Service (USDA-
ville Agricultural Research Center (BARC). The Ur-7] gene is the most effective
resistance genes known and is susceptible only to the Middle American U
fus Race 108 from Honduras (Pastor-Corrales ef al., 2007). Deployment of rust
nes to cultivars within different market classes of snap beans to ensure sustainable

of the rust disease has remained a challenge as a result of the high diversity of
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ommon bean rust races coupled with the lack of information on prevalent races of the

athogen in many locations, including eastern Africa (Kimani ez al., 2002).

.9.1 Snap bean improvement in Eastern Africa

he primary objective of the national bean program is to develop and disseminate improved
nap bean varieties with multiple resistances to major biotic and abiotic stress factors and
cceptable pod characteristics for smallholder farmers. Major biotic constraints to productivity
iclude rust, angular leaf spot, anthracnose, root rot and bean common mosaic virus, bean
ommon necrotic virus (BCMV/NV) and common bacterial blight (CBB). Major abiotic stress
actors include low soil fertility and drought. Development of resistant bean varieties can
>duce losses especially in widespread low input production and adverse environment and poor
il conditions (Kimani, 2008). In 2001, ECABREN initiated a regional programme to
imulate the development of improved snap bean varieties for smallholder production. The
ogram had activities in four institutions located at Kenya, Rwanda, U ganda and Tanzania.

n Kenya the national snap bean program is coordinated by the University of Nairobi with
tivities at National Horticultural Research Centre at KARI-Thika and at Moi University in
ldoret (Kimani ez al., 2009). At University of Nairobi, activities have focused on transfer rust,
thracnose, angular leaf spot and root rots resistance to popular commercial snap bean
rieties. Transfer of resistance to root rots, angular leaf spot and common bacterial blight to
sceptible commercial varieties was done (Kimani, 2008). At Moi University, crosses were
ade to develop locally adapted snap bean cultivars with improved pod yield, resistance to
thracnose and rust and marketable pod quality. After six generations of selection. 23 lines
ere identified and 12 lines were evaluated in national performance trials between 2005 and
)08 (Van Rheen ez al., 2003). However, no improved varieties were released from this

ogram due to the departure of the lead scientist. Work at Kawanda in Uganda focused on
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an varieties with farmers and developing production packages. In Tanzania
, focused on a baseline survey to better understand the major constraints and
I marketing environment, evaluation of local bush lines and advanced lines

ypment of agronomic and crop protection management (Kimani, 2006).

esistance to bean diseases

/ with 103 entries for rust resistance was constituted in 1989 (Kimani et al.,
'y was evaluted in Kenya, Uganda, Madagascar, Zambia, Mauritius, DR
ia. Twenty-four lines were rated resistant to rust in Uganda, 40 in Ethiopia
ascar. Only PAN 134 was rated resistant in three countries. Cultivars

814, Ecuador 299, Mexico 309, NEP 2, Wurora, 51051 and CNC showed
- reaction at Ambo, Awassa, Debre, Zeit and Melkassa in Ethiopia for two

ed that deployment of ur-genes may be effective against races prevalent in

| et al., 2002).

ce to bean rust have been identified (Pastor-Corrales et al., 2007). Several
cultivars and breeding lines were developed and released in a collaborative
 USDA research Centre at Beltsville, Maryland, and the University of North
- and Nebraska. Each breeding line possesses at least two different rust
e|DakMi, BelMiNeb and Beltigrade lines with ur-3, ur-4, ur-5, ur-6, and ur-
ance to rust were developed by Stavely (Grafton and Singh, 2000). G2333
'0-5 and Co-7 genes for resistance to anthracnose. 1227 has resistance to
ist common bacterial blight (Kelly and Vallejo, 2004). The East and Central
p bean program was based on populations developed from above sources of

lar varieties, developed by the University of Nairobi Bean Program and
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vanced lines introduced from CIAT. Susceptible commercial varieties popular in Kenya,

clude Amy, Paulista, Morelli, Morgan, Julia, Foskelly, Teresa, Vernadon, Kutuless and

lexandria (Kimani ez al., 2009).

9.3 Methods for breeding bean for diseases resistance

reeding bean for resistance to diseases has utilized pure-line selection, pedigree, bulk and
ckcross methods. Backcrossing method follows a procedurt.: of hybridaization and repeated
ckcrossing of the F; and the subsequent generations to the recurrent parent. In this method
e hybrid and the progenies in the subsequent generation are repeatedly backcrossed to one of
e parents. As a result, the genotype of the backcross progenies becomes increasingly similar
that of the parents to which it is backcrossed. Therefore, backcrossing is a breeding method
ed to transfer useful genes from a genetic stock called the donor to a recurrent parent which
often a well adapted variety. The donor parent can be a population, inbred line, individual
ants, varieties and wild plants. The method consists of crossing the donor and the recurrent
rent to make F, generation followed by one or more backcrosses to the recurrent parent.
pes of genes that can be transferred using backcrossing include sin gle dominant genes, single
-essive genes or polygene underlying a quantitative trait. The objective of the backcross is to
prove one or two specific defects of a variety, which is adapted to an area and has other
sirable characteristics (Silbernagel, 1991).

Ik population method is a selection procedure following hybridization of two or more
rents. Seeds harvested in the F; and succeeding generations are bulked and grown, with
ection delayed until an advanced generation usually Fs or Fs when segregation has ceased
ingh et al., 1999). Markers assisted selection is widely used in common beans since the

netics of most resistances are understood as a result of well developed genomic resources

ilkas et al., 2006).
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CHAPTER THREE
SELECTION FOR MULTIPLE DISEASE RESISTANCE IN SNAP BEAN
POPULATIONS AND ADVANCED LINES

1 Abstract

nap bean is a major export vegetable crop in Kenya, and its production is mainly by small to
edium scale farmers. The major snap bean diseases are angular leaf spot, anthracnose and rust
seases. Development of disease resistant varieties to these diseases would reduce reliance on
ingicides and therefore meet the European export requirements. The objective of the study
as to evaluate and select snap bean populations and lines with multiple disease resistance to
1gular leaf spot, anthracnose and rust. Seven groups of snap bean populations of different
nerations and 33 bush snap bean lines including local checks were cvaluated in plots
otected with fungicides and unprotected at two locations over two seasons for resistance to
e three diseases. The trial was laid down as a split plot design with three replications.
ingicide applications were the main plots. Data for disease severity for the three diseases was
llected. Genotypes differed in their reaction to the three diseases. Among the advanced lines
0 bush lines, KSB 10 W and KSB 10 BR and one climbing line HAV 130 had consistent
ultiple resistance to angular leaf spot, anthracnose and rust at both locations. From the
pulations, 674 single plants were selected with multiple disease resistance. The selected lines
d less angular leaf spot, anthracnose and rust severity by 17%, 16% and 36%, respectively
nen compared to commercial varieties. The results confirmed that parents used to develop the
ap bean population and advanced lines have resistance genes that could be exploited in the
velopment of snap bean varieties with disease resistance. Also the selected lines could be

ed in development of new snap bean varieties with multiple disease resistant to the three

liar fungal diseases.
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.2 Introduction

nthracnose, rust and angular leaf spot are major diseases of the snap bean (Phaseolus
ulgaris). When the environmental conditions are favorable, crop loss can be as high as 100%
n susceptible cultivars of snap bean (Monda er al., 2003). The intensive nature of cultivation
f this crop leads to high disease and insect pressure, and consequently excessive use of
esticides. Due to the high quality demands, smallholder farmers rely on fungicides and
1secticides to reduce production losses associated with diseases and pests (Wasonga ef al.,
010). The high frequency of pesticide application is no longer a good option because of global
>quirements of minimum pesticide residue levels in snap beans. Smallholder production is
irther constrained by high cost of good quality certified seed imported in the country (Kimani,
006).

ean cultivars and breeding lines resistance to these diseases have been developed and released
tavely 1991; Grafton and Singh 2000). However in eastern Africa, limited research work has
sen done on developing improved snap bean varieties with multiple resistance to these
seases, and make them freely accessible to smallholder farmers and informal seed producers.
ew varieties developed by public institutions are often susceptible to angular leaf spot, rust or
ithracnose (CIAT, 2006). Varieties commonly grown in developing countries are
troductions from temperate countries where breeding programmes are more advanced and
ay not be well adapted to tropical environment (Ndegwa er al., 2009). Therefore the objective
f this study was to evaluate introduced snap bean lines and locally developed bush snap bean

opulations for multiple resistance to angular leafspot, anthracnose and rust diseases.
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3 Materials and Methods

3.1 Plant materials

egregating populations were developed from BelDakMi, 1227, Beltigrade RR2, Awash 1,
2333, BelMiNeb and Roba-1 with genes for resistant to angular leaf spot, anthracnose and
st (Table 3.1) and nine susceptible commercial varieties namely Amy, Paulista, Morelli,
organ, Julia, Foskelly, Teresa, Vernandon, Kutuless and Alexandria at Kabete screenhouse.
fty populations were developed and advanced to Fs, Fs and Fy generations by bulk method
d evaluated for multiple disease resistance during 2009 to 2010. The populations comprised
" twenty two populations at F, generation, twenty populations at Fg generations, eight

ckcross population at Fg generation and thirty nine families at Fys generation. Other snap

an lines evaluated included six climbing and thirty three bush snap beans lines.

3.2 Isolation and culturing of pathogens

fected materials of snap bean with anthracnose and angular leaf spot were collected at
abete, Thika and Mwea during the short rain season. Leaves infected with anthracnose
ollectotrichum lindemuthianum) were thoroughly washed in sterile water and dried between
rile filter papers. The marginal areas of fresh lesions were cut into 0.5 cm pieces and
mersed into 1% sodium hypochlorite for two minutes and rinsed in three changes of sterile
stilled water. The surface sterilized tissues were blotted by sterile filter papers and transfered
to potato dextrose agar (PDA) containing 20 ppm streptomycin to suppress bacterial growth.
1e plates were incubated at 22-25°C for five days after which the fungus was subcultured on

>sh PDA (Sicard et al., 1997).
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Sources of resistance to
angular leaf spot, rust
and anthracnose

Susceptible commercial
varieties

Population development
Crosses of resistant X
Suscetible cultivars

Multiplication of
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nonulation bulks

Selection for multiple
disease resistance, pod
quality and pod yield
during two seasons and
two locations 2009 and
2010

Snap bean lines with
multiple disease
resistance, higher pod
quality and pod yield

igure 1. Research approach for improving snap bean
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le 3.1 Characteristic of snap bean parents used for improving commercial varieties.

Characteristics and
genes of resistance Seed 50% Stem Flower Pod
Variety/Line involved Colour DF colour  colour  colour

MiNeb RMR-3 Resistance to rust ur-4, White 42 Green White  Green
ur-11, I+ be 3

DakiMi-RmR-18 Resistance to rust ur-3, Pinto 42 Green White  Green
ur-4, ur-6, ur-11,bc 3,
Tl

tigrade RR2 Resistance to rust ur-  White 41 Green White  Green
4, ur-11, 1

ash 1 Resistant to White 40
anthracnose

7 Resistant to angular White 41 Green White  Green
leaf spot

a | Resistant to White 42 Green White  Green
anthracnose and rust

333 Resistant to Red 39 Green Red Green
anthracnose Co-4,
Co4’, Co-5 and Co-6.

y Marketable pod White 39 Green White Green
characteristics

lista Marketable pod White 39 Green White  Green
characteristics

elli Marketable pod Black 38 Purple White  Green
characteristics speckled speckled

rgan Marketable pod Brown 38 Purple Red Green
characteristics

a Marketable pod Black 39 Green White  Green
characteristics

kelly Marketable pod 39
characteristics

2sa Marketable pods, ur-5  White 39 Green White  Green

nandon Marketable pod Black 38 Purple Red Purple
characteristics

uless Marketable pod
characteristics

1akelly Marketable pod Black 40 Purple Red Purple
characteristics

xandria Marketable pod Green White  Green
characteristics

nbing lines Climbing White/black 42 Green/red Red Green/red
characteristics

ce: Stavely 1991; Grafton and Singh 2000; Kimani, 2008 and from this study.

Days to flowering

24




haeoisariopsis griseola was isolated from of infected leaves by transferring spores of Angular
af spot lesions on underside of leaves onto V8 agar using inoculating needle. A small agar
ock was used to pick the spores by touching the lesion and transferred to petri plates with V-8
ice medium. After incubation, of the pathogen was subcultured into new V8 agar by cutting
ar blocks containing fungal growth. The plates were incubated and maintained at 20°C. The
ngal pathogens were identified by microscopic examination (x 400 magnification) based on

*ir morphological characteristics and conidia (Correa and Saettler, 1987).

3.3 Inoculum multiplication and inoculation

haeoisariopsis griseola was multiplied on V8-agar medium and spores for incoluation were
tained by gently scraping the surface of sporulating colonies incubated for 10-12 days in
rile distilled water. The suspension was filtered through a triple layer of cheese cloth.
llectotrichum lindemuthianum was multiplied on potato dextrose agar and inoculum was
pared by scrapping off spores from the surface of ten day old cultures. The concentration of
- inoculum was adjusted to 2 x 10° conidia per ml using a haemocytometer for both
hogens (Bigirimina and Hofte, 2001). Fifteen day old seedlings were covered with polythene
stic bags to provide humid environment twelve hours before inoculation. The plants were

culated by spraying spore suspension on the leaves evenly with a handheld atomizer.

ntrol plants were sprayed with water and covered. After inoculation the plants were covered
in with moistened polythene bags and transferred into the green house. All test plants
nained covered for 48 hours after inoculation in the green house. For field experiments,
culations were done late in the evening after irrigating the plants using a knap sack sprayer.

e rust fungus (Uromyces appendiculatus) was multiplied and maintained at Kabete field
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ation on plots of susceptible commercial snap bean varieties Teresa, Samantha, Amy, Paulista

d Julia such that inoculum was ready when the test genotypes were 15-18 days old.

3.4 Proof of pathogenicity of Phaeoisariopsis griseola and Collectotrichum

lindemuthianum

ommercial snap bean varieties used as parents to develop the populations, were used to test
iether the isolates of Phaeoisariopsis griseola and Collectotrichum lindemuthianum were
thogenic. Five bean seeds of Amy, Julia, Menakelly, Morelli, Morgan, Paulista, Samantha,
ar 2053, Teresa and Vernadon were planted each in six plastic pots containing sterile soils.
ch variety was replicated three times per treatment. The pots were kept in green house at
m temperature of 22 + 5°C and watered regularly until the seeds germinated. The varieties
re inoculated 15 days after germination when the primary leaves had spread. Inoculum was

ayed on the leaves until they were wet on both sides.

.S Field experimental sites

ld experiments were carried out over two seasons during 2009 to 2010 at KARI Thika
earch station and at an on farm site in Mwea Kirinyaga South district. KARI-Thika is
ated in co-ordinates 0° 59 South and 37° 04’ East at an elevation of 1548 m above sea Jevel.
Xperiences bimodal pattern of rainfall with an annual mean of 1000 mm. Long rains occur
ween March and May while short rains occur between October and December with a mean
142 mm and 116 mm respectivelly. The mean annual maximum and minimum temperatures
25.1 and 13.7°C respectively. The centre falls under agro ecological zone 3 (UM 3)
degwa er al., 2009). The soils are eutric nitisols, Acrisols, Gleysols, Cambisols, Histosols
| Lithosols occupy the Centre’s land. The soils are shallow to very deep with impended

inage and are low in nitrogen and phosphorus (KARI, 1992).
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wea division is 100 km northeast of Nairobi with an altitude of approximately 1200 m above
a level. The site has co-ordinates 37° 20" East and 0°41°South and an elevation of about 1159

above sea level. It experiences a bimodal pattern of rainfall with an annual mean of
)37 mm. Long rains occur between March and May while short rains are between October
d December. The mean annual maximum and minimum temperatures are 27.8 °C and
-6 °C respectively (Ndungu er al., 2004). The centre falls under agro climatic zone four. The
ils are very deep with impended drainage and are rich in phosphorus, potassium, calcium and

agnesium (KARI-Mwea, 2008).

3.6 Experimental design and trial management

e experiment was laid down as a randomized complete block design laid down as a split plot
th three replicates. The field was divided into two such that one block was sprayed with
ngicide and the other was unsprayed. Sprayed plots were treated with ® Thiovit 80 WG
ulfur) at rate of 80 grams/ 20 L of water and ®Ortiva (Azoxystrobin) at rate of 20 ml/20L of
iter alternately after every 10 days. The snap bean populations and advanced lines were sown
two rows each per replication. Plots were paired rows each measuring 3 m long and 50 cm
art. At Mwea location plots were ridged to facilitate furrow irrigation. The distance between
ants was 15cm leading to a total of 40 plants for each genotype. A 2m long string or sticks
1s used to support the climbing genotypes. N.P.K (17.17.17) fertilizer was applied at a rate of
Okg/ha and evenly spread and thoroughly mixed with soil therein. The beans were then
aced and lightly covered with soil. The first hand weeding was done two weeks after
nergence and the second one just before flowering. Insect pests were controlled by weekly

plication of ®Dimethoate (Deltamethrin) and ®Karate (Lambda cyhalothrin) alternately at a

te of 30 m1/20 L.
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.7 Disease assessment and data analysis

ease assessment was initiated 15 days after inoculation and continued every two weeks until
turity. Assessment was based on 1-9 disease severity scale where plants with scores of 1-3
re rated as resistant, 4-6 as intermediate and 7-9 as susceptible (CIAT, 1987; Table 3.2). In
h plot, five plants were randomly sampled and assessed by scoring three trifoliate leaves
ting from the base and thereafter recorded every two weeks until maturity. A mean score

> calculated for each plant and used to determine the level of reaction to the pathogen.

le 3.2. General scale used to evaluate the reaction of bean germplasm to fungal and

bacterial pathogens (Van Schoonhoven and Pastor-Corrales, 1987).

ting Category Description Comments

-3 Resistant No visible symptom or light Germplasm useful as a parent or
symptoms (2% of the leaf) commercial variety.

-6 Intermediate  Visible and conspicuous Germplasm can be used as
symptoms (2-5% of the leaf) commercial variety or source of
resulting only in limited resistance to disease.

economic damage.
-9 Susceptible Severe to very severe symptoms  Germplasm in most cases not
(10-25% of the leaf) causing useful as parent or commercial

yield losses or plant death. variety.

1 was combined c;ver environments and cropping seasons. Quantitative data collected from
experiments were subjected to normality test and analysis of variance (ANOVA) using the
)C ANOVA procedure of Genstat (Lawes Agricultural Trust Rothamsted Experimental
ion 2006, Version 9). Regression and phenotypic correlations analysis were also conducted
ng the yield and yield components in the ten parent lines. Difference among the treatment

ns were compared using the Fisher s protected LSD test at 5% probability level.




4 RESULTS

4.1 Pathogenicity of angular leafspot and anthracnose isolates on parent lines

Il the snap bean varieties (Section 3.3.4) used for testing the pathogens developed significant
’< (0.05) disease symptoms of angular leafspot and anthracnose. Anthracnose disease
'mptoms first appeared on the underside of the leaves as small, angular, reddish to purplish-
own lesions that developed predominately along the veins. Older lesions become darker and
tend to the upper surface. Pod lesions were sunken, circular and chocolate brown to black.
ngular leafspot symptoms first appeared on leaves as brown spots with a silvery centre that
as confined to tissue between major veins. By using a magnifying lens tiny dark tufts
ynnemata) protruding from the lesions were visible. As the disease developed the entire leaf
come yellow before senescing. Lesions on the pods were circular and black but not as dry as

ose of anthracnose.

owever, severity of infection varied significantly (P< 0.05) among the varieties (Table 3.3).
lia, Vernadon and Menakelly were the most resistant to angular leaf spot. Snap bean cultivars
ulista and Morelli were the most susceptible to angular leafspot. Morgan and Menakelly
ere the showed intermediate resistance to anthracnose, while the rest were resistant to
thracnose. Vernadon was the most resistant to both diseases with a disease score of 3.5 for

gular leaf spot and 1.5 for anthracnose.
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ible 3.3. Angular leafspot and anthracnose severity scores on different snap bean
cultivars inoculated P. griseola and C. lindemuthianum.

/ariety Angular leaf spot reaction Anthracnose reaction
ulia 2.5 2.5
Aenakelly 25 45
'ernadon 3.5 1.5
forgan 45 5.5
tar 2053 4.5 L5
\my 5:5 3i5
amantha 5.5 3.5
eresa 85 2.5
forelli 6.0 3.0
aulista 7.0 3.5
fean 4.7 3.2
SDy s Variety 0.6 0.6
V% 7.7 0.8

D= Least significant difference, CV=Coefficient of variation.

.2 Reaction of snap bean populations and lines to angular leaf spot

e results showed that genotypes, fungicide application, location and cropping seasors had
nificant effects (P< 0.05) on angular leafspot disease severity among the genotypes
ppendix 3-14). However, the effect of location was not significant for Fq population,
kcrosses populations and HAB snap bean lines. Angular leaf spot severity was high at
vea location and during long rain season. The two way interaction between genotypes,
gicide spraying, location and cropping seasons was significant (Appendix 3-14). Four way
eraction effect of cropping season, location, fungicide application and genotype was only
nificant (P< 0.05) on F4 and F4 s snap bean populations (Appendices 3-14). Application of
1gicide reduced mean disease severity across all populations and lines. Angular leafspot

ease severity was higher during long rain season than short rain season.
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ure 4. Necrotic and chlorotic symptoms of rust observed on susceptible snap bean
plants
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hen the F4 genotypes were grown without fungicide application, progenies of SB-08-3-20
ere more resistant (3.5) among others, while progenies of SB-08-3-18 were the least resistant
.1) to angular leafspot. Progenies of SB-08-3-3, SB-08-3-1, SB-08-3-8, SB-08-3-11, and
riety Julia were resistant (Table. 3.4). The rest of the genotypes had intermediate resistance.
mong the F;s families SB-08-152-4 was the most resistant (1.5) while variety Amy alone
owed intermediate reaction (5.3) to angular leaf spot. About 31 populations from Fss
lections showed resistance while the rest had intermediate resistance to angular leaf spot
able. 3.5). Among Fs populations progenies of SB-08-5-18 were the most resistant (1.3),
lile progenies of SB-08-5-8 were the least resistant (4.7) to angular leaf spot. Progenies of
3-08-5-15 and SB-08-5-17 showed intermediate resistance while the rest were resistant to
gular leaf spot (Table 3.6). Among the backcross populations, progenies of SB-08-303 were
> most resistant (1.6). Variety Julia and all the backcross population showed resistance to

gular leafspot. The rest of the genotypes showed intermediate resistance (Table 3.7).

nong the HAB snap bean lines only HAB 465 was had the highly intermediate reation (3.6)
angular leaf spot. HAB 501 was also resistant (3.9) to angular leaf spot. The rest of the
notypes showed intermediate resistance to angular leaf spot (Table 3.8). When KSB snap
an lines were grown without application of fungicides, KSB 4 was the most resistant (1.5),
lile KSB 10 BR and KSB 7 were the least resistant (2.8) to angular leafspot. All the KSB
es were resistant while the rest of the genotypes had intermediate resistance to angular leaf
ot (Table 3.9). Among the climbing lines, HAV 133 was the most resistant (2.7) while HAV
4 showed the least resistance (3.4) to angular leaf spot than others. All the climbing lines had

owed resistance to angular leaf spot (Table 3.10).
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‘able 3.4. Angular leaf spot severity scores of F, snap bean bulks grown at two locations over
two seasons with and without fungicide application.

Sprayed Unspraved
Thika Mwea Thika Mwea

Genotypes SR LR SR LR Mean SR LR SR LR Mean
SB-08-3-20 1.7 1330 [ s 2.0 13 3.7 53 3: 3.5
SB-08-3-3 104033 1.0 5.3 3.1 27 5.0 2.7 6.0 3.7
SB-08-3-1  Wr SR 07 T 1.3 1.3 2.3 3.0 5.0 3.7 3.0 3.7
SB-08-3-8 1.7 1540 1.3 5.7 3.2 3.0 5.0 4.0 3.0 3.8
SB-08-3-11 1.7 830 1.7 4.0 2.8 23 4.0 5.3 4.7 3.9
SB-08-3-9 1.9 3850 1.7 3.0 P 7 4.0 33 5.0 4.0
SB-08-3-22 1.0 s 933 1.3 5.0 3.1 27 5.0 5.0 557 42
SB-08-3-5 20 1.0 1.0 5.7 24 23 53 3.0 6.3 4.3
SB-08-3-4 1:0 5550 1.3 33 2.8 1.7 57 4.7 6.0 43
SB-08-3-13 L3050 1.3 23 2.8 1i7 57 3.7 6.3 43
sB-08-3-7 1.3% 163 Y7 3 3.9 2.0 5.0 5.0 6.3 4.4
sB-08-3-6 B s = Loy 3 33 2.0 35 5.0 7.0 44
SB-08-3-12 1.75 033 1.0 6.7 33 3.0 5.0 33 7.0 4.6
sB-08-3-19 20 43 7 1.7 2.4 27 4.3 5.3 6.0 4.6
SB-08-3-10 1.7:%:%5.0 13 6.0 3.5 23 4.3 4.7 7.0 4.6
B-08-3-2 178 a5 1.3 6.7 3.8 3.0 6.3 347 T 4.7
B-08-3-21 1.09 587 k3 3.0 2.8 1.3 6.7 4.0 7.0 48
B-08-3-14 1.7 5.0 1.7 5.3 3.8 33 6.3 6.0 37 49
B-08-3-17 1.3 1.0 2.0 2.0 1.6 2.0 33 7.0 5.7 5.0
B-08-3-15 2.0/ 450 1.7 5.0 3.6 2.7 7.0 4.3 7.0 3.1
B-08-3-16 205457 1.7 7.0 43 3.0 5.7 5.3 it 5.1
B-08-3-18 1.7 : 4.0 1.3 1.7 3.7 1 6.7 4.7 7 §:1
“hecks

ulia 17 5040 B3 1.0 2.0 1.7 43 4.7 43 38
Vernadon . . Vx| 1.3 5.3 37 2.7 6.3 1.3 6.3 4.2
vienakelly e SR 7 0 1.3 4.0 3.3 7 6.3 R 37 4.3
viorgan 1.3 5.0 1.3 14 3.8 1.3 4.7 3.3 8.0 4.3
‘eresa 4.0 .37 1.0 3.3 43 7.0 B 3.0 8.7 43
aulista 1.3 1.3 1.0 1.3 13 4.0 6.3 1.0 6.3 44
tar 2053 LU Es 1.0 3.0 2.6 2.0 5.0 5.3 6.0 4.6
viorelli e gine i 1.3 3.3 2.8 4.7 33 3.7 7.0 4.7
samantha 13 "3 1.0 3.7 2.4 a7 7.0 353 7.0 5.0
Amy 2.1 =515 3 1.0 5.3 3.6 4.3 9:3 4.0 i) 3.3
Viean 22743 1.4 44 3.0 2.2 52 42 6.1 4.4

.SD s Genotype (G) 1.6 1.1 1.5 1.3 0.7 1.6 1.1 1.5 1.3 0.7
.SD s Spraying (S) NS 05 Lo 0.8 0.2 NS 0.5 1.0 0.8 0.2
-SD 405 GXS NS 16 NS 1.8 1.0 NS 16 NS 1.8 1.0
“V % 6.1 2.7 8.5 4.4 3.7 6.1 2.7 8.5 4.4 3.7

_SD= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
sR=Short rain season, LR=Long rain season, LSD Season= 0.3, Location=0.1.
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able 3.5. Angular leaf spot severity scores of F s snap bean families grown at two locations

over two seasons with and without fungicide application.

Spraved U Unsprayed
Thika Mwea Thika Mwea
enotypes SR ERiSR LR Mean SR LR SR LR  Mean
B3-08-152-4 3 2010 2.0 1.6 1.3 1.3 2.3 1.0 1.5
3-08-154-1 LT 153 1.0 13 1.3 17 1.3 2.7 2.0 2.0
3-08-148-4 1.0 220 1.0 1.0 1.4 1.0 4.7 2.0 13 2.3
3-08-151-3 1°2 =55keR 1:3 3.7 2.2 2.0 2.3 3.7 j | 2:3
3-08-152-1 20 43 1.3 2.0 2.4 2.0 1.7 4.0 23 2.5
3-08-152-3 1.0 1.3 1.3 3.7 1.9 1.3 1.7 4.0 4.7 2.8
3-08-148-2 Ll s 1.0 2.7 1.9 ! s 4.7 2.7 2.0 2.8
3-08-148-3 1.6 L7 1.0 2.0 1.6 2.0 43 4.0 1.0 2.8
3-08-151-2 13 =50 1.0 2.0 2.3 | 3 33 2.3 4.0 28
3-08-147-1 L3 23R 3.3 23 1.3 23 23 T 2.9
3-08-145-1 30530 1.0 3.3 2.6 3.0 1.3 2.0 < 29
3-08-154-3 ¢ BB 1.3 2.0 2.0 4.0 23 157 € g 2.9
3-08-152-2 1.0~ 10 1.0 el 7 1.3 3.0 2.3 5.3 3.0
3-08-148-1 § B Ut e 1.0 43 2.1 1.0 4.7 2.7 < o) 3.0
-08-154-2 13 1.0 1.3 1.3 1.3 1.0 By 4.0 33 3.0
3-08-146-1 20530 1.0 27 23 2.7 23 37 3.1
-08-150-2 1.7 43 1.0 2.0 23 1.7 3.3 33 4.0 X .
-08-143-2 20017 1.0 2.7 1.8 20 2.0 27 6.0 32
-08-143-3 ; B fi b 1.0 5.0 2.8 23 3.0 1.3 6.0 3.2
-08-148-5 14 2.2 1.0 1.7 1.6 1.7 4.7 1.7 4.7 3.2
-08-154-4 7 [ D 1.3 | B 1.8 2.3 4.3 4.0 2.0 3.2
-08-66-5 105 3.3 1.3 6.7 3.1 &l 5.0 T 3.0 3.3
3-08-67-2 1.7 . 43 1.0 3.7 27 1.7 4.3 ) 5 5.7 3.3
-08-154-5 2300 1.0 2.0 2.0 4.0 33 23 31 33
-08-155-2 1.0:2L% 7 1.3 37 1.9 1.0 2.3 4.7 - b 34
-08-147-4 40 3.3 ) od 3.6 4.0 2.7 3.7 3.7 3.5
-08-151-1 23715 83 1.0 1.7 1.6 2.3 33 3.3 53 3.6
-08-150-1 20,123 1.3 33 e 1.7 6.0 3.0 4.0 1.1
-08-147-3 140 v 1.0 2.3 2.6 3.0 5.0 2.7 6.0 3.8
-08-69-7 20000 1l 3.7 2.8 2.3 5.3 3.0 5.0 3.9
-08-66-3 4.0 283510 6.7 3.6 5.0 1 2.7 7.3 39
-08-147-2 231,53 1.0 4.7 3.3 2.3 3.0 38 73 4.0
3-08-67-2 207133 1.3 2.0 2.2 23 5.0 3.0 5.7 4.0
3-08-69-4 40 33 1.3 2.7 2.8 4.0 5.0 37 4.0 4.2
3-08-66-2 33733 1.3 5.7 3.4 33 3.7 2.7 7.7 4.3
3-08-145-2 33740 1.0 3.0 2.8 33 o 7 1.7 6.3 4.3
-08-66-1 £33 5523 1.0 4.0 il 1.7 6.0 2.3 G 4.4
-08-66-4 3333 1.0 4.3 33 4.7 5.0 2.0 7 4.5
-08-143-1 P A e 1.0 S 3.4 3.7 5.0 4.7 5.0 4.6

ble 3.5 continued next page
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ble 3.5 continued

Sprayed Unsprayed
Thika Mwed Thika Mwea

1ecks SR LR SR LR Mean SR LR SR LR Mean
ia I 7940 5] 1.0 2.0 | 3 43 47 43 3.8
rnadon 230953 53 3.7 27 6.3 1.3 6.3 42
znakelly B 4 1.3 4.0 3.5 2.7 6.3 3.7 &7 43
rgan 1.3 5.0 1.3 T 3.8 13 4.7 33 8.0 43
resa 40 3.7 1.0 53 43 7.0 1.7 3.0 8.7 43
ilista 13 1.3 1.0 1.3 I3 4.0 6.3 1.0 6.3 44
r 2053 1.0 3853 1.0 3.0 2.6 2.0 5.0 5.3 6.0 4.6
relli T 1.3 33 2.8 4.7 3.3 3.7 7.0 4.7
nantha 1380837 1.0 37 2.4 a0 7.0 3.3 7.0 5.0
by 2.0 5.3 1.0 5.3 3.6 4.3 i3 4.0 Il 3.3
an 2uUE ] 1.1 34 2.5 2.4 3.8 2.9 5.0 3.5
) 005 Genotype (G) 2.1 L1 s 0.9 7.0 2.1 1.1 1.2 0.9 7.0
) 00s Spraying (S) NS C0E 09 - 06 RGN NS DL MG a6 w20
) wos GXS NS 1.6 NS 1.3 1.0 NS 1.6 NS 1.3 1.0
% 6.7 AN UL 19 T RETRET 0 VU A sl <43k

= Least significant difference, CV=Coefficient of va
Short rain season, LR=Long rain season, LSD Locat

w

IVERSITY 0F NATRDRI)

KAEETE LIBRARY

riation, NS=Not significant at 0,05 probability level,
ion=2, Season = 3.



able 3.6. Angular leaf spot severity scores of Fs snap bean bulks grown at two locations over

two seasons with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea

Genotype SR LR SR LR Mean SR LR SR LR  Mean
SB-08-5-18 1.0 1.0 1.0 1.0 1.0 1.0 1.3 1.0 2.0 13
SB-08-5-12 1.0 33 1.0 2.0 1.8 1.0 1.3 1.3 3.7 1.8
SB-08-5-1 1.3 2.0 1.0 1.0 1.3 13 2.7 1.7 23 2.0
SB-08-5-2 1.3 1.5 1.0 3.3 1.8 1.3 2.5 1.0 3.0 2.0
SB-08-5-10 1.3 33 1.0 1.0 1.7 1.3 2.0 1.3 33 2.0
SB-08-5-3 1.0 a3 1.0 2.0 1.8 1.0 2.0 1.3 3.7 2.0
B-08-5-21 1.7 3.3 1.0 1.3 1.8 1.7 43 1.0 2.7 24
B-08-3-22 1.3 24 1.0 1.0 1.4 1.3 3.0 13 4.0 24
B-08-5-16 2.0 2.7 1.0 1.3 1.8 204 240 3.0 27 24
B-08-5-20 1.3 3.7 1.0 4.0 2.5 1.3 3.0 1.7 4.3 2.6
B-08-5-4 1.3 23 1.0 1:7 1.6 1.0 5.0 1.3 4.0 2.8
B-08-5-5 1.3 5.0 1.3 3.0 2.7 1.3 4.3 33 3.7 3.2
B-08-5-7 1.3 5.0 1.0 1.7 2.3 1.7%6.7 1.7 3.0 33
B-08-5-6 1.3 5.3 1.0 4.0 2.9 1.3 43 1.7 6.7 3.5
B-08-5-14 23 AT 1.0 1.7 2.8 2.7 43 133 57 3.5
B-08-5-13 1.0 3.3 1.0 1.7 1.8 1.0 7.0 1.3 5.0 3.6
B-08-5-19 23 23 1.0 3.0 2.2 3.3 4.3 2.0 5.0 3.7
B-08-5-9 1.3 7 1.0 2.3 1.8 13 5.3 2.0 5.7 3.8
B-08-5-17 i3 23 1.0 2.3 1.8 3.7 4.0 2.0 6.3 4.0
B-08-5-15 33 5.3 1.0 4.7 3.6 3.0 5.7 2.3 73 4.6
B-08-5-8 2.7 4.3 1.0 6.3 3.6 2.7 5.7 2.0 8.3 4.7
“hecks

ulia 2.0 4.0 13 1.0 2.1 1.7 ¢ #4.3 3.7 43 3.5
Aorgan 1.3 5.0 1.0 y i 3.8 1.3 4.7 1.0 8.0 3.8
’ernadon 2.7 5.3 1.3 5:3 3.7 217 6.3 1.3 6.3 4.2
Aenakelly 27 6.0 1.3 4.0 3.5 1.7 6.3 3.7 5.7 43
tar 2053 2.0 53 1.0 3.0 2.6 1.0 5.0 4.0 6.0 43
eresa 4.0 3.7 1.0 5.3 4.3 7.3 L7 3.0 8.7 4.7
Aorelli 4.7 2.7 1.3 3.3 3.0 a7 3.3 3.3 7.0 4.8
aulista 1.3 1.3 1.0 1.3 1.3 4.0 6.3 3.3 6.3 5.0
\my 43 3.3 1.3 53 4.1 4.3 = 4.7 7.7 5.5
amantha 1.3 A 1.0 3.7 2.4 27 7.0 5.3 7.0 5.3
lean 2.0 3.6 1.1 2.9 24 22 42 2.2 5.1 3.3
SD 4 ¢: Genotype (G) 1.2 1.1 1.0 1:1 0.5 1.2 1.1 1.0 1.1 0.5
SD 405 Spraying (S) NS NS 1.0 1.5 0.3 NS NS 1.0 1.5 0.3
SD 05 GXS NS 1.5 1.6 0.8 NS 1.5 1.5 1.6 0.8
'V % 17.5 5.3 158 714 9.0 115553 158 74 9.0

SD= Least significant difference, CV=Coefficient of variation . NS
R=Short rain season, LR=Long rain season, LSD Season= 0.6.
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le 3.7. Angular leaf spot severity scores of backcross snap bean bulks grown at two

locations over two seasons with and without fungicide application.

Spraved Unsprayed
Thika Mwea Thika Mwea

enotype SR LR SR LR Mean BRLSAER. . SE LR  Mean
B-08-303 s 5 1.7 1.0 2.0 1.6 1.3 KT 520 1.0 1.6
B3-08-301 1.0 1.0 1.0 1.0 1.0 L0 305 2.0 1.0 1.8
3-08-302 1.0 L7 1.0 1.0 1.2 107 4020 3 2.1
3-08-306 1.0 1.0 1.0 1.5 | 1005407 3.0 1.2 2.3
3-08-308 1.0 1.7 1.0 1.7 1.3 20 " 53 20020 2.8
3-08-305 1.7 w258 1.0 .3 1.8 20 20 . 40 3 2.8
3-08-304 1.0 37 1.0 2.0 1.4 150:145333 ) - R 0A08 S 28
3-08-307 L3 E) 1.0 1.3 1.5 LT 253 20 ST 3.7
hecks

lia iy R 1.3 1.0 2.0 L7aaa3 o= &7 S 3.8
ernadon 27 553 1.3 2.3 <) 2.7 6.3 1.3 163 42
enakelly b S G 1.3 4.0 3.5 s Wy Ao e W R Yy 43
organ 1.3 5.0 1.3 1.7 3.8 | S S 8.0 4.3
resa 40 337 1.0 53 43 O WET 30 R 4.3
ulista 1.3 1.3 1.0 1.3 1.3 40 63 10 63 4.4
ar 2053 1.0 - 53 1.0 3.0 2.6 20580 83 60 4.6
orelli K f iV i 1.3 3.3 2.8 LS e e e ) 4.7
mantha 1351837 1.0 37 24 vy eSS B R 4 1 5.0
ny 2.7 k53 1.0 5.3 3.6 A 0s3 40 TS o3
ean 2.0.° 23.1 1.1 29 23 22 44 ~ 29 49 3.6
D ;05 Genotype (G) 1.6 1.3 1.1 1.2 0.7 1.6° 513 I 12 0.7
D o5 Spraying (S) NS 03 1.0 0.9 0.2 NS 0.3 1.0 0.9 0.2
D 005 GXS NS 18- M5 “18 300 SN g 16§ 18 0d
/ % 238 41 141 4.1 8.6 238 41 121 41 8.6

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
=Short rain season, LR=Long rain season, LSD Season = 0.7.
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e 3.8. Angular leaf spot severity scores of HAB snap bean lines grown at two locations over
two seasons with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea
otype SR LR SR IR Mean SR LR SR LR Mean
3 465 1.3 2.8 1.0 47 2.5 1.0 49 1.0 .3 3.6
3 501 3.0 4.0 LOs 43 3.1 3.7 3.3 1.3 3 3.9
3423 1. 2.0 L3a: 50 2.5 1.3 43 3.0 .3 4.0
3 426 2.7 1.3 1.9 43 2.3 3.7 3.3 2.0 3 4.1
3 411 3.0 6.3 | 0 Bl b 35 3.0 6.3 2.0 5:3 4.2
3 54 2.7 43 1.0 47 3.2 3.0 4.3 2.7 6.7 42
3414 2] 5.0 J0%¥ 30 34 3.0 5.0 27 7.0 4.4
3 462 2.0 3.3 | B el B 2.6 2.0 5.0 4.7 6.0 4.4
3 467 2.0 34 10y 50 2.9 3.0 7 3.3 6.0 4.4
3 405 2.0 2.6 Eaas 2.3 2.2 2.0 42 4.0 74 4.5
3 428 i3 33 30T 3.1 3.3 4.5 3.0 7.0 4.5
3 449 BR 23 5.3 13. 50 3.5 2.7 4.3 4.0 7.0 4.5
} 401 33 e [ 3.1 3.3 8.7 1.3 8.0 4.6
} 442 3.3 3.0 | e REr By g 7 3.3 4.6 4.7 a7 4.6
} 420 23 5.0 1.07%.:4.0 31 2.7 6.7 23 7.0 4.7
} 173 2.7 5.0 1.3% 57 3.7 2.3 6.3 2.7 Fl 4.8
} 229 3.7 5.2 1.0% 33 33 3.7 5.6 23 7.7 4.8
} 240 23 5.3 1.7% 33 3.2 1.7 ) 4.3 v /9 4.8
406 2.0 2. 1904 50 32 4.0 5.7 4.0 .1 4.8
419 3.3 3.3 T 9 33 3.3 57 ) 6.3 4.8
425 BM 4.0 23 kY 2.0 2.6 4.7 33 4.0 7.7 4.9
449 W 3.3 5% 1.0 47 3 4.0 6.0 33 6.3 4.9
425 W 5.0 2:7 1897 313 3.0 5.0 6.3 1.3 L) 5.0
438 4.0 3.0 1.0 47 34 4.7 5.0 3.0 7.3 5.0
403 1.0 4.7 1.0 43 2.8 2.3 6.3 4.0 {2 5.1
404 33 53 B3e a2 3.2 33 5.7 4.0 Pl )
408 3.3 3.3 $39.7.5.0 33 3.3 7.0 3.0 7.7 5.3
ks
1.7 4.0 A el 2.0 1.7 43 2.0 4.3 3.1
2053 1.0 5 10 30 2.6 2.0 5.0 2.0 6.0 3.8
kelly e 2 6.0 1.3 4.0 3.5 E T 6.3 3.7 - 4.3
an 1.3 5.0 o N ) 3.8 1.3 47 3.3 8.0 4.3
a 4.0 3.7 3953 43 7.0 j i 3.0 8.7 43
sta 13 13 10 .13 1.3 4.0 6.3 1.0 6.3 4.4
11i 3.7 4.5 1.3 33 2.8 4.7 3.3 3.7 7.0 4.7
adon a7 3.3 LA 3.7 2.7 6.3 3.3 6.3 4.7
intha 1.3 33 | R SRR Yy 24 27 7.0 33 7.0 5.0
by i 33 1 3.6 4.3 5.3 4.0 74y 53
| 2.9 I AT [ 3.0 3.0 52 3.0 7.0 4.5
.05 Genotype (G) 21 12 NS 1.0 0.7 21 1.2 NS 1.0 0.7
0s Spraying (S) NS 04 13 1.4 0.3 NS 0.4 13 1.4 0.3
05 GXS NS LY. =N L5 1.1 NS 1.7 NS 1.3 1:d
; 19.3 1.1 170" 63 8.1 19.3 1.1 17.0 6.3 8.1

- Least significant difference, CV=Coefficient of variation, NS=Not si

hort rain season, LR=Long rain season, LSD Season = 10.7.

gnificant at 0.05 probability level,



> 3.9. Angular leaf spot severity scores of KSB snap bean lines grown at two locations over two
seasons with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea
otype SR LR SR LR Mean SR LR SR LR Mean
4 1.3 L3 1.0 2.0 1.4 1.0 1.0 1.7 23 1.5
10 W 1.3 1.0 1.0 1.0 1.1 1.3 | g 2.0 2.0 1.8
11 1.0 4.0 1.0 43 2.6 1.0 2.0 , 7 5.3 2.5
10 BR 1.0 1.0 1.0 5.0 2.0 1.0 3.0 13 L 2.8
7 1.7 1.7 1.0 a7 2.0 1.7 1.7 2.0 8.7 2.8
3 2.0 33 1.3 1.0 1.9 2.0 3.0 A 43 3.3
cks
1.7 4.0 1.3 1.0 2.0 L7 4.3 4.7 43 3.8
adon 2.7 53 1.3 5.3 3.7 4.1 6.3 1.3 6.3 42
akelly j Ji 6.0 1.3 4.0 35 2.7 6.3 3.7 87 4.3
zan 1.3 5.0 1.3 s 3.8 1.3 4.7 3.3 8.0 4.3
sta 1.3 1.3 1.0 1.3 133 4.0 6.3 1.0 6.3 44
2053 1.0 53 1.0 3.0 2.6 2.0 5.0 5.3 6.0 4.6
sa 4.0 37 1.0 5.3 4.3 43 17 3.0 8.7 47
11i 4.7 27 1.3 3.3 3.0 37 3.3 3.7 7.0 4.9
antha 1.3 3.7 1.0 37 24 43 7.0 3.3 7.0 5.0
L 2.0 %3 1.0 5.3 3.4 4.3 5.3 3.3 7.7 o
1 2 3.4 1.1 3.6 2.6 2.6 3.9 e 1 g B 3.8

0.0s Genotype (G) 1.4 1.1 NS 1.2 0.7 1.4 i) NS 1.2 0.7
o0s Spraying (S) NS 0.3 0.6 1.0 0.2 NS 0.3 0.6 1.0 0.2
o0s GXS NS 1.6 NS 1.8 0.9 NS 1.6 NS 1.8 0.9
o 10.6 4.8 11.4 4.6 5.0 106 4.8 11.4 4.6 5.0

= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level, SR=Short
eason, LR=Long rain season, LSD Season = 0.7, Location = 0.2
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ole 3.10. Angular leaf spot severity scores of climbing snap bean lines grown at two
locations over two seasons with and without fun gicide application.

Sprayed e Unsprayed
Thika Mwea Thika Mwea

enotypes SR ER NS R LR Mean SR LR SR LR Mean
AV 133 1.0 L7 1.3 1.7 1.4 1.0 1.3 3.7 3.7 24
AV 135 1.0775 1050 2.3 13 1.0 1.0 4.0 4.0 2.5
AV 132 1.0 i1 1.0 1.3 1.3 1.0 2.7 4.7 2.3 27
AV 130 1.0 1.0 1.3 2.0 1.3 1.0 1.0 4.0 5.7 2.9
AV 131 RO 1.3 1.7 1.4 1.0 20 47 4.7 3.1
AV 134 B Rty 13 2.0 1.4 1.0 4.7 4.0 4.0 34
1ecks

lia 1275 4 1.3 1.0 2.0 1.7 43 4.7 43 3.8
rnadon 27 553 1.3 5.3 3.7 2.7 6.3 1.3 6.3 42
enakelly L7 50 1.3 4.0 3.5 2.7 6.3 3.7 5.7 4.3
organ 13. .50 1.3 7.7 3.8 1.3 4.7 33 8.0 4.3
ulista 13- 13 1.0 1.3 1.3 43 6.3 1.0 6.3 4.5
ar 2053 1200 15,3 1.0 3.0 2.6 2.0 5.0 5.3 6.0 4.6
resa 40 3.7 1.0 5.3 43 7.3 1.7 3.0 8.7 4.7
orelli 2i7m0 2.7 1.3 3.3 2.5 3.7 33 3.7 7.0 4.9
mantha 13.4::3:7 1.0 3.7 24 3.7 7.0 3.3 7.0 5.0
ny K7 483 1.0 53 3.3 4.3 5.3 4.0 7 5.3
ean L83 12 3.2 23 24 39 3.6 5.7 39
D 05 Genotype (G) I3 LTINS 1.2 0.6 153 1.2 NS 1.2 0.6
D ;.05 Spraying (S) NS NS 1.7 1.5 0.4 NS NS 5 1:5 0.4
D 505 GXS 185 LT NS 1.8 0.9 1.8 15 NS 1.8 0.9
' % 207 36 196 29 7.1 QL 36 1965 2.9 7.1

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
=Short rain season, LR=Long rain season, LSD Season = 1.1, Location = 0.2.

.3 Reaction of snap bean population and advanced lines to anthracnose.

re were significant differences (P< 0.05) among genotypes resistance to anthracnose except
Fs4 populations and HAB snap bean lines. Significant effects (P< 0.05) of fungicide
lication and location were recorded for all populations. Generally the two way interaction

ween genotypes and location was significant for the populations except Fs populations and

B lines.

vever, the interaction between genotypes and fungicide application was insignificant (P<

) for most population except for climbing snap bean line (Appendices 3-14). The four way
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raction between the above factors was only significant for climbing lines. This indicated
- anthracnose disease severity varied between the cropping seasons, locations, fungicide
lication and among genotypes. Generally there was low anthracnose disease infection across
environments and cropping seasons when compared to other two diseases.

en the F populations were grown without application of fungicides, progenies of SB-08-3-7
e the most resistant (2.0) to anthracnose, while variety Star 2053 was more susceptible (4.5)
ng others (Table 3.12). Teresa and progenies of SB-08-3-19 showed intermediate
stance whereas the rest were resistant to anthracnose (Table 3.12). For F4s snap bean
ilies, SB-08-66-1 was the most resistant ( 1.7), while SB-08-148-2 was the most susceptible
). Except SB-08-69-7 that showed intermediate resistance the rest of the genotype showed
stance (Table 3.13). Among Fg populations progenies of SB-08-5-6 were the most resistant
)- All the genotypes from this group showed resistance to anthracnose disease with SB-08-
showing the least (3.5) when compared to the rest. Among backcross population progenies
B-08-303 were the most resistant (1.8) whereas SB-08-302 had the least resistance (4.3)
n compared to the rest. Progenies of SB-08-307 showed intermediate resistance (4.0) and

est of the genotypes were resistant (Table. 3.14).

4]




able 3.11. Anthracnose severity scores of F, snap bean bulks grown at two locations and
without fungicide application

Sprayed Unsprayed
enotype Thika Mwea Mean Thika Mwea Mean
B-08-3-7 1.3 13 1.5 1.0 3.0 2.0
B-08-3-3 2.0 1.0 1.5 23 3.3 2.3
B-08-3-4 2.3 1.3 1.8 249 3.0 23
3-08-3-20 17 1.3 1.5 1.7 3.3 25
3-08-3-14 1.7 1.7 1.7 1.7 3:7 2.7
3-08-3-8 1.7 13 1.5 1.9 3.7 2.7
3-08-3-16 2.0 1.3 1.7 2.0 33 2.7
3-08-3-22 1.3 1.3 1.3 13 4.0 2.7
3-08-3-12 1.3 1.3 1.3 §.3 4.7 3.0
3-08-3-1 1.3 1.3 1.3 1.3 4.7 3.0
3-08-3-5 1.7 13 15 1.7 4.7 3.2
3-08-3-9 2.0 1.0 1.5 23 4.0 3.2
3-08-3-21 1.0 1.7 1.3 1.0 5.3 32
3-08-3-2 1.3 2.0 1.7 1.0 5.3 3.2
3-08-3-10 2.0 1.3 By 2.0 4.7 3.3
3-08-3-15 20 1:3 1.7 2.0 47 3.3
3-08-3-6 17 Yed 1.7 1.7 5.0 3.3
3-08-3-13 {3 k7 1.5 1.3 5.3 3.3
3-08-3-17 1.3 1.3 1.3 1.3 53 33
3-08-3-11 1.7 2.0 1.8 1.7 6.0 38
3-08-3-18 1.7 2.0 1.8 ] 6.0 3.8
3-08-3-19 29 1.7 22 2.7 5.3 4.0
hecks
ernadon i 1.3 1.5 1.7 3.3 25
orelli 23 1:3 1.8 1.7 P 2.7
ny 1.0 1.9 1.3 1.7 4.0 2.8
ulista 17 1.0 1.3 2.0 3.7 2.8
enakelly 1.7 1.3 1.5 1.7 4.7 3.2
lia 2.0 1.3 i 1.3 6.0 3.7
organ 11 1.3 1.5 3.3 4.0 37
mantha 2.0 1.3 1.7 3.0 4.7 3.8
resa 7 1.7 B 2.7 5.3 4.0
ar 2053 1.0 1.3 1.2 2.3 6.7 4.5
ean 1.8 1.4 1.6 1.8 4.5 3.1
D ¢.0s Genotype (G) 0.9 NS NS 0.9 NS NS
D 405 Spraying (S) NS 0.1 0.2 NS 0.1 0.2
D 05 GXS NS NS 1.2 NS NS 1
% 5.4 3.6 4.6 5.4 3.6 4.6

= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level, LSD
ason= 0.3,
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ble 3.12. Anthracnose severity scores of Fu.s snap bean families grown at two locations
with and without fungicide application.

Spraved Unsprayed
‘notypes Thika Mwea Mean Thika Mwea Mean
-08-66-1 1.7 1.0 1.3 2.3 2.0 2.1
-08-151-2 1.3 1.3 1.3 1.0 27 1.8
-08-152-4 1.3 1.3 1.3 1.3 2.7 2.0
-08-66-5 20 1.3 K7 1.3 2.7 2.0
-08-66-2 1.7 1.7 1.7 1.7 2.7 22
-08-151-1 1.3 1.7 1.5 1.3 3.3 23
-08-152-2 1.7 1.7 1.7 17 33 2.5
-08-152-3 2.0 5 Py 1.8 2.0 3.0 2.5
-08-143-2 23 1.3 1.8 23 2T 25
-08-154-2 2.7 1.3 2.0 2.0 3.0 2.5
-08-154-4 17 1.7 17 -7 33 2.5
-08-155-2 | o j 1.7 157 1.7 33 2.5
-08-152-1 2.0 1.7 1.8 2.0 3.3 2.7
-08-69-7 2.0 1:7 1.8 2.0 33 2.7
-08-143-3 2.3 1.3 i.8 23 3.0 2.7
-08-66-3 1.7 1.7 1.7 2.0 33 2.7
-08-66-4 2.0 }:7 1.8 2.0 33 2.7
-08-151-3 1.7 2.0 1.8 1.3 4.0 2.7
-08-154-5 23 1.7 2.0 2.0 33 27
-08-147-3 2.0 2.0 2.0 1.7 4.0 2.8
-08-154-1 1.7 2.0 1.8 I 4.0 2.8
-08-150-1 2.0 2.0 2.0 2.0 4.0 3.0
-08-150-2 23 1.7 23 2.7 33 3.0
-08-67-2 1.7 1.0 I 2.0 4.0 3.0
-08-148-1 23 2.3 23 2.0 4.0 3.0
08-148-5 23 2.0 22 2.0 4.0 3.0
08-154-3 23 1.0 1.7 2.0 4.0 3.0
08-147-1 1.7 2.3 2.0 1.7 47 3.2
08-147-2 3.7 1.3 25 3.7 2.7 32
08-146-1 2.0 23 2.2 2.0 43 32
08-145-1 2.3 2.0 22 2.3 4.0 32
08-147-4 2.0 2.3 2.2 2.0 4.7 33
08-143-1 2.3 23 35 2.0 4.7 33
08-145-2 2.0 2.3 22 2.0 4.7 33
08-67-2 2.7 2.0 23 2.7 4.0 : 33
08-69-4 3.0 2.0 2.5 3.0 4.0 35
08-148-4 17 2.7 2.2 1.3 57 3.5
08-148-3 2.3 2.7 2.5 2.0 53 3.7
08-69-7 3.7 2.0 2.8 4.0 4.0 4.0
08-148-2 2.7 2.7 2.7 4.0 5.3 47

le 3.12 continued next page
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- 3.12 continued

Sprayed Unsprayed
s Thika Mwea Mean  Ihika Mwea Mean
don L7 1.3 1.5 bk 3.3 2.5
li 2.7 755 1.8 2.6 2.7 2.7
223 1.7 2.0 23 4.0 2.8
ta L7 1.0 k3 2.0 £ 5 2.8
kelly ) 1.3 15 1.7 4.7 3.2
2.0 1.3 1.7 23 6.0 < b
an [ 1.3 B 3.3 4.0 2
1tha 2.0 1.3 1.7 3.0 4.7 3.8
1 2.7 b7 22 2:7 3.8 4.0
053 1.0 1.3 1.2 23 6.7 4.5
2 i d 1.9 2.1 39 3.0
»s Genotype (G) 1.0 NS 1.0 1.0 NS 1.0
« Spraying (S) NS 0.7 0.2 NS 0.7 0.2
s GXS NS NS NS NS NS NS
0.3 16.9 13.2 9.3 16.9 13.2

Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
ocation= 0.6.
1 HAB snap bean lines were grown without application of fungicides, HAB 420 was the
resistant (2.3) to anthracnose whereas HAB 462 was the least resistant when compared to
st. All other HAB lines showed resistance to anthracnose (Table.3.15). For SBs snap bean
KSB 10 W was the most resistant (1.2) to anthracnose. while KSB 3 had intermediate
ance. The rest of the KSB lines were resistant to anthracnose (Table.3.17). When the
ing lines were grown without protection from fungicide. HAV 134 was the most resistant
while HAV 131. HAV 132 and HAV 133 showed the least resistance (1.8) when

ared to the rest. The rest of the climbing lines were resistant to anthracnose (Table.3.18).
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ble 3.13. Anthracnose severity scores of Fs snap bean bulks grown at two locations with
and without fungicide application.

. Spraved Unspraved
enotype Thika Mwea Mean Thika Mwea Mean
3-08-5-6 1.0 1.0 1.0 1.0 13 32
3-08-5-20 1.0 1.0 1.0 1.0 1.7 1.3
3-08-5-12 2.0 1.0 1.5 2.0 1.7 1.8
3-08-5-10 23 1.0 1.7 23 1.3 1.8
3-08-5-17 1.7 1.3 1.5 1.7 2.0 1.8
3-08-5-5 o 1.3 1.5 17 23 20
3-08-5-2 1.0 1.7 1.3 1.0 3.0 2.0
3-08-5-9 23 1.0 3 2.3 1.7 20
3-08-3-22 1.7 1.3 1.5 1.7 2.3 20
3-08-5-16 23 1.0 17 23 1.7 20
3-08-5-4 2.3 1.0 1.7 23 2.0 e
3-08-5-8 1.3 17 1.5 1.3 3.0 22
3-08-5-19 2.0 1.3 1.7 2.0 2.3 22
3-08-5-14 2.0 1.3 2.0 27 2.3
-08-5-21 1.7 11y 7 1.7 33 25
-08-5-13 23 1.3 1.8 23 2 2.5
-08-5-15 3.0 13 22 3.0 2.3 2.7
-08-5-7 23 1.3 1.8 3.0 2.3 a7
-08-5-18 3.7 2.0 2.8 157 4.0 2.8
-08-5-3 3.0 1.7 2.3 3.0 3.3 32
-08-5-1 4.0 }.3 27 43 2.7 3.5
1ecks
enakelly 1.7 1.3 1.5 | o 27 22
rnadon 13 1.5 1.7 3.3 2.5

ia 2.0 1.3 1.7 1.3 47 3.0
orelli 2.3 1.3 1.8 2.7 4.0 3.3
ulista 1y 1.3 15 2.0 47 3.3
rgan 1.7 1.0 13 3.7 37 3.7
ny 3.0 1.3 2.2 1.7 6.0 3.8
mantha 2.0 1.3 1.7 3.0 4.7 3.8
resa 2.7 1.7 2.2 2.7 53 4.0
r 2053 1.0 1.3 12 23 6.7 4.5
an 2.1 1.3 1.7 2.1 3.1 2.6
D ;.05 Genotype (G) 1.5 1.3 1.0 1.3 1.3 1.0
D 05 Spraying (S) NS 0.7 0.3 NS 0.7 0.3
D 405 GXS NS 1.9 NS NS 1.9 NS
% 15.0 8.5 11.5 15.0 8.5 11.5

D= Least significant difference, CV=Cocfficient of variation, NS=Not significant at 0.05 probability level
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ble 3.14. Anthracnose severity scores of backcross snap bean bulks grown at two locations
with and without fungicide application.

Spraved Unspraved
notype Thika Mwea Mean Thika Mwea Mean
-08-303 1.7 1.0 i3 1.7 2.0 1.8
-08-304 2.7 1.0 1.8 2.7 1.3 2.0
-08-301 2.0 1.0 1.8 27 2.0 2.3
-08-308 3.3 1.3 23 3.0 2.1 2.8
-08-305 37 1.0 23 47 1.0 2.8
-08-306 3.7 13 25 3.7 2.3 3.0
-08-307 3.0 2.0 2.5 4.0 4.0 4.0
-08-302 5.0 1.7 33 5.3 33 43
ecks
rmadon U 1.3 1.5 1.7 3.3 25
relli 2.3 1.3 1.8 2.7 2.7 Z7
ny 20 1.7 Z3 2.7 4.0 2.8
ulista 1.7 1.0 1.3 2.0 3.7 2.8
nakelly 1.7 1.3 1.5 1.7 4.7 3.2
ia 2.0 13 1.7 133 6.0 3.7
rgan 1 1.3 LS 33 4.0 3.7
mantha 2.0 1.3 1.7 3.0 4.7 3.8
resa 27 1.7 2.2 2.7 5.3 4.0
r 2053 1.0 1.3 1.2 2.3 6.7 4.5
an 25 1.3 1.9 2.8 35 32
D 405 Genotype (G) 1.6 1.4 1.0 1.6 1.4 1.0
D .05 Spraying (S) NS 0.2 0.2 NS 0.2 0.2
D ¢0s GXS NS 2.0 NS NS 2.0 NS
% 4.7 4.0 2.0 4.7 4.0 2.0

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level
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le 3.15. Anthracnose severity scores of HAB snap bean lines grown at two locations with
and without fungicide application.

Sprayed Ui Unsprayed

notype Thika Mwea Mean Thika Mwea Mean
\B 420 1.3 1.0 1.2 13 3.3 2.3
\B 229 1.0 1.0 1.0 1.0 4.0 25
\B 414 1.7 1.0 1.3 1.0 4.0 %
\B 467 1.3 1.3 1.3 1.0 4.0 2.5
\B 173 1.0 1.3 1.2 1.0 4.7 2.8
\B 240 1.3 1.3 1.3 1.0 4.7 2.8
\B 406 1.3 1.3 13 1.0 4.7 2.8
\B 449 W 1.0 1.3 1 4.0 2.8
\B 403 1.3 1.3 1.3 1.3 4,7 3.0
\B 404 2.0 1.3 LB 2.0 4.0 3.0
\B 411 1.7 1.3 1.5 2.0 4.0 3.0
\B 423 1.3 1.7 1.5 1.3 4.7 3.0
\B 438 B 1.7 1.7 2.0 4.0 3.0
\B 465 2.0 1.0 1.5 2.0 4.0 3.0
\B 401 2.0 § 47 1.8 1.7 4.7 3.2
\B 408 1.7 T 1.5 1.7 4.7 3.2
\B 425 W 1.7 1.3 L5 1.7 4.7 32
\B 428 1.7 1.0 1.3 1.7 4.7 32
\B 442 1.7 1.3 1.5 1.7 4,7 3.2
\B 449 BR 1.2 1.3 1.5 el 4.7 32
\B 426 1.7 1.3 1.5 2.0 4.7 33
\B 501 1.7 1.7 2.0 4.7 33
\B 405 2.3 1.7 25 2.0 5.0 3.5
\B 425 BM 1.3 3 1.3 2.3 4.7 1 3.5
\B 419 B 1.3 2.0 2.7 4.7 3.7
\B 54 2.0 57 1.8 2.0 5.3 3.7
\B 462 3.0 2.0 2.5 3.0 6.0 4.5
ecks
relli 2.3 1.3 1.8 27 2.7 2.7
1y 2.0 1.7 23 2.7 4.0 28
alista 1.7 1.0 1.3 2.0 3.7 2.8
rnadon 1.7 1.3 L5 1.7 4.0 2.8
ia 2.0 1.3 1.7 2.3 4.7 3.0
nakelly 7 1.3 j L7 4.7 32
rgan 1.7 1.3 13 3.3 4.0 3.7
mantha 2.0 1.7 3.0 4.7 3.8
resa 2l 1.7 22 2.7 53 4.0
r 2053 1.0 1.3 1.2 2.3 4.7 4.5
an 1.8 1.4 1.6 1.8 44 3.2
D 405 Genotype (G) 0.9 NS 0.8 0.9 NS 0.8
D o0s Spraying (S) NS 0.3 0.3 NS 0.3 0.3
D 505 GXS NS NS NS NS NS NS

% 6.0 3.5 3.8 6.0 3.5 3.8

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
D Location= 0.3
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ble 3.16. Anthracnose severity scores of KSB snap bean lines grown at two locations with
and without fungicide application.

Sprayed Unsprayed
enotvpe Thika  Mwea Mean Thika Mwea Mean
SB 10 W 1.0 1.0 1.0 1.0 1.3 1.2
SB 4 1.3 1.0 1.2 1.0 1.7 1.3
SB 7 1.3 1.3 1.3 1.3 1.7 15
SB 10 BR 2.0 1.0 13 2.0 2.3 22
SB 11 23 1.0 Iy 2.3 2.3 23
SB 3 3.7 1.3 2.5 5.0 4.7 4.8
hecks
ernadon 1.7 13 1.5 1.7 33 25
orelli 2.3 1.3 1.8 27 2.7 2.7
my 2.0 1.7 23 2.7 4.0 2.8
wlista |1l 1.0 13 2.0 3.7 2.8
enakelly 1.7 1.3 1.3 | 4.7 3.2
organ 1.2 1.3 1.5 2.7 4.0 33
lia 2.0 1.3 1.7 1.3 6.0 3
imantha 2.0 13 1.1 3.0 4.7 3.8
resa 2.7 137 2.2 27 5.3 4.0
ar 2053 1.0 1.3 - 23 6.7 4.5
ean 2.0 1.3 1.6 2.1 3.7 2.9
3D 0,05 Genotype (G) 1.2 1.6 1.0 1.2 1.6 1.0
3D 05 Spraying (S) NS 0.1 0.2 NS 0.1 0.2
3D 005 GXS NS NS NS NS NS NS
V % 6.9 1.9 3.8 6.9 1.9 3.8

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
D Location= 0.3
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ble 3.17. Anthracnose severity scores of climbing snap bean lines grown at two locations
with and without fungicide application.

Spraved Unsprayed

enotypes Thika Mwea Mean Thika Mwea Mean
AV 134 £ 1.0 L3 1.7 1.0 |
AV 135 1.7 1.0 1.4 1.8 1.3 1.6
AV 130 2.0 1.0 1.5 2.0 1:3 1.7
AV 131 2.0 1.0 1.5 2.0 1.2 1.8
AV 132 2.0 1.0 1.5 20 1.7 1.8
AV 133 2.0 1.0 1.5 2.0 17 1.8
hecks

ernadon 1.7 13 1.5 1.7 33 2.5
orelli &3 1.3 1.8 2.7 2.7 27
my 23 45 23 1.7 4.0 2.8
wlista 1.7 1.0 1.3 2.0 3.7 2.8
enakelly | by 1.3 VS 17 4.7 32
lia 2.0 13 | by 2.3 6.0 3.7
organ 1.7 13 1.5 33 4.0 3.7
ymantha 2.0 1.3 1.7 3.0 4.7 3.8
resa 5 4 ey 22 2.7 5.3 4.0
ar 2053 1.0 1.3 1.2 2.3 6.7 4.5
ean 1.9 1.2 1.6 2.1 3.4 2.0
D g 05 Genotype (G) NS NS 0.9 NS NS 0.9
D 05 Spraying (S) NS L7 0.3 NS 1.7 0.3
D 05 GXS NS NS 1.3 NS NS 13
V % 5.6 4.2 3.1 5.6 42 3.1

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
5D Location= 0.3.
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.4 Reaction of snap bean population and advanced lines to rust

znificant effect (P< 0.05) of genotype, fungicide application, location and cropping season
re recorded for rust (Uromyces appendiculatus) severity score for all populations.
nificant (P< 0.05) two and three way interaction effects between genotype, fungicide
olication, location and cropping seasons were also recorded for all populations. Four way
eractions effect of the above factors were significant (P< 0.05) except for backcrosses
pulation, HAB and climbing lines (Appendices 3-14). The presence these interactions
licated rust disease on snap bean varied between across genotype, fungicides, seasons and
ations. Spraying of fungicides reduced the severity of rust. Rust severity was higher during

ort rain season than long rain season.

1en Fy populations were grown without application of fungicides, progenies of SB-08-3-1
re more resistant (2.6), while variety Julia was the most susceptible (7.8) to rust. SB-08-3-
. SB-08-3-3, SB-08-3-7, SB-08-3-20, and Star 2053 were resistant to rust. SB-08-3-4, Amy
d Samantha were susceptible while the rest of the genotypes showed intermediate resistance
rust (Table 3.18). Among Fys snap bean families SB-08-69-7 was the most resistant (1.8).
venty seven populations from this group showed resistance to rust. All other genotypes
owed intermediate resistance (Table 3.19). Among the Fs populations progenies of SB-08-5-
were the most resistant (1.3), whereas SB-08-5-20 and SB-08-5-17 showed intermediate

istance. All other genotypes showed resistant to rust (Table 3.20).
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le 3.18. Rust severity scores of F4 snap bean bulks grown at two locations over two seasons
with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea

notype SR LR SR LR Mean SR LR SR LR Mean
-08-3-1 2.0 10 143 1.7 153 20 L3, 470 123 2.6
-08-3-3 2.0 40 13 E3 24 27 205 507 26 2.9
-08-3-12 3.7 20 13 1.0 2.0 ST 30430 13 3.2
-08-3-7 4.0 4.0 .7 1.3 2.8 47 . 30, sSAs. 13 3.6
-08-3-20 4.0 o0 143 127 33 40 40 40 37 38
-08-3-8 3.0 1.0 10" %23 1.8 30250330 750 4.1
-08-3-6 2.7 6.0 ¥ G323 31 57 .20 503 317 4.1
-08-3-22 4.0 25 S 6 T 2.6 40 ‘43 495 33 42
-08-3-19 5.7 1.0 1.7 w7 2.5 2 b A 1 R Y ¢ R U 4.3
-08-3-17 4.0 20 20 20 25 - [ty (SRR A & e By 4.3
-08-3-21 53 AT 220 1 %7 4.2 60 10" 60% 60 48
-08-3-13 5.7 10 537 133 29 63 X3 530 43 4.8
-08-3-5 4.7 43 P Al i 35 gl Y3 60Y 40 5.0
-08-3-2 4.0 13 5 20 57 2.8 4 LR 1A 60 5.0
-08-3-9 6.0 53130 133 3.9 50 a3 678 37 5.4
-08-3-10 6.7 11T 223 29 g0 200 680 250 5.5
-08-3-15 6.3 DOUET 7 ST 32 T A0 Sah 53 5.6
-08-3-11 43 10 220 50 3:1 - 3K 677 50 5.8
-08-3-18 6.3 37 20 30 3.8 63 %0 607 40 5.8
-08-3-16 8.7 20 133 3.7 39 oy AR K SR e ST 5.8
-08-3-4 7.7 60 17 30 4.6 Y - &7 603 57 6.0
-08-3-14 6.7 3.3 1.7 160 44 80 70 50 6.0 6.5
ecks

r 2053 1.0 3.3 1.3 33 1.8 By 20605 1.7 2.8
relli 43 3.0 1.7 1.3 2.6 8- k% 53537 4.1
nakelly 4.7 1.3 1.3 1.0 4.1 o V1 HGE o NI Y SRR B 43
resa 23 2.3 1.7 1.0 1.8 o BT ¢ R T s o5 4.6
ulista 3 N0y 2.7 34 9083 . 49%. 43 5.4
rnadon 6.3 S R ) 4.8 s R S R . S . 35
rgan 6.3 4T 293" 28 3:1 B3 5 49933 55
ny 8.3 AT 220 547 4.7 S0 Ry ey 7.7 6.1
mantha 7.0 27800 127 33 &7 60 5008 80 6.4
ia 6.0 7.3 B3 t8 N7 5.6 90 80 60 83 7.8
an ' 5.1 30 .16 129 3.1 o8 400 S3a 43 4.9

D .05 Genotype (G) 24 1.0ma 3.2 2500 0.7 2400 1.0, 125709 0.7
D ;05 Spraying (S) 7R R0 89 282 T 0 - 10409 0.2
D ;05 GXS NS LA NS 1) L] NS 14 NS 13 1.1

0% T3 5%8 291 352 1.2 A 914853 1.2

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
=Short rain season, LR=Long rain season, LSD Season= 1.2, Location= 0.4.
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3.19. Rust severity scores of F, 5 snap bean families grown at two locations over two
seasons with and without fungicide application.

Spraved Unsprayed
Thika Mwea Thika Mwea
iy TSR K B IKT MemiT B [R "SR LR  Mean
8-69-7 10 1IN 1l 1.0 10 D e 18
8-148-2 Lo HOEREINE 18T 1S 1.0 1355008 -2
8-150-2 13 AR 11 20 '#20 40 .13 13
8-66-2 23 . JEEEERE 1 30 1 1.7 1.0 1 MY 58
8-148-5 33 1R 31T 2 3.7 16 Wb % 18
8-66-3 20 AN E130:387 313 2.7 10" Wl 80 27
8-66-1 Pl I & S B e e . 1.7 19 %3 .23 28
8-69-4 3 - 210 133518 T 835 MBI A 28
8-152-4 30 2HTEIAY 18 2] 30 5527wy sqe 2R
8-148-1 33 KT I F A1 3.7 107 G RAR T 28
8-148-3 33 10T 1 1.7 i 3.7 12738 5% - 28
8-67-2 20 RN 32 1T 30 5254 AN 513 28
8-143-1 bR e S G LS et S N 0 TR 1 SO RO R BN 3
8-146-1 L34 131aadoe: 20 13 33 (3 R LB A R
8-154-4 7 P % T e T S TR B L T U b S &
8-152-3 - R B A ST Rk R 3001340 3T a3
8-67-2 3040 Y0 PN 020 kR 3050401 yen: 120001 23
8-151-1 I3 RgRE Y 137 38 : & L € SO T SR T e
8-154-5 1R 1 T R N TR 3.0 80 e QT 50T D
8-150-1 305 LA 10 30 %0 STRRY 330 2% s
8-152-1 IR e B S e (. 5.0 T SRR T S
8-154-1 185 1 r DS 37 i £ TN 8 ROLRE & TSR -
8-148-4 - G AR B TS T S T 37 27 400 3%
8-66-4 40 %Y 580 3038 5.7 N3 AT 3029
8-152-2 S AR & o L ol B RS L 5 b & iy % Jadeal i ol Ty
8-143-3 10 8% 14 1.0 0 AT Al ) TR AR YR K
8-154-2 b MR i ) B e e Do Y B e i
8-66-5 $0 63 13 30 4% 9.0 o SREEY ¥ pead K TSNEY
8-145-2 37 MR 301 o el B it € S 1 S
8-147-4 50 ANt A SHS AT 40 20 43
8-155-2 537 TS ION 2T i 53 o A U e G Sy
8-151-3 b TREEE. 1 T - BAR  ERL T TR 300 AT E Ak
8-143-2 Sy i b v el e S e ¥ Y g edlE Y -
8-151-2 60 ABE LT Li3h R T SR & BT SR
8-147-3 & L & ok Ui el e ey 4 ot e 3. aeal [ a1
8-147-1 R B PN e el B RS 8.3 o5 e, 5 DRV By WSl o
8-145-1 y A el Vet i e | g 7.3 3030 T4
8-147-2 O agle 7 SR L QNS Y B2 088 LT R T A9

e 3.19 continued nex page
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19 continued

Sprayed Unsprayed
Thika Mwea Thika Mwea
SR LR SR LR Mean SR LR SR LR Mean
3 1.0 3.3 1.3 1.3 1.8 1.7 2.0 6.0 7 2.8
4.3 3.0 1.7 1.3 2.6 0 1.7 5.3 3.7 4.1
Iy 4.7 k3 1.3 1.0 2.1 7.0 1.0 4.7 43 4.3
45 23 1.7 1.0 1.8 5.7 6.0 5.3 1.3 4.6
7.3 2.1 1.0 2.7 34 9.0 43 4.0 4.3 54
n 6.3 5t 1.3 ) 4.8 73 5. 33 57 5.5
6.3 2 % 2.0 3.1 8.3 5.7 4.7 33 5.5
8.3 37 2.0 4.7 4.7 9.0 1.7 6.0 7.7 6.1
1a 7.0 21 1.0 2.7 3.3 8.7 6.0 5.0 6.0 6.4
6.0 7.3 I3 ¥i7 5.6 9.0 8.0 6.0 8.3 7.8
4.0 29 13 24 2.7 4.8 32 4.5 5. 3.9
Genotype (G) 2.3 1.1 1.0 0.8 0.7 253 1.1 1.0 0.8 0.7
Spraying (S) 0.2 NS 04 0.6 0.1 0.2 NS 0.4 0.6 0.1
GXS NS WL LSRR L 1Y NS R L S 0
14.7 0.8 4.7 2.5 4.8 14.7 0.8 4.7 2.5 4.8

east significant difference. CV=Coefficient of variation. NS=Not significant at 0.03 probability level. SR=Short

on. LR=Long rain season, LSD Season= 0.8.

ng the backcross snap bean populations progenies of SB-08-304 were the most resistant
- SB-08-307 showed intermediate resistance (4.4) to rust. All the other genotypes were

ant to rust (Table 3.22).

n HAB snap bean lines were grown without fungicides application, HAB 438 was the most
tant (1.8). while. HAB 406 was the least resistant (5.8) to rust. HAB 173. HAB 229, HAB
HAB 403. HAB 408 and HAB 465 showed intermediate resistance to rust (Table 3.23).
ng the KSB snap bean lines KSB 10 W was the most resistant (1.0). while KSB 7 was the

resistant (6.8) to rust. KSB 10 BR and KSB 3 were resistant while the rest had
mediate resistance to rust (Table 3.24). When the climbing lines were grown without -

ication of fungicide HAV 130 was the most resistant (1.8) to rust whereas HAV 134 was

resistant to rust (3.7). All the climbing lines showed resistance to rust (Table 3.25).




le 3.20. Rust disease severity scores of Fg snap bean bulks grown at two locations over two
seasons with and without fungicide application.

Spraved Unsprayed
Thika Mwea Thika Mwea

notype SR LR SR LR  Mean SR LR SR LR Mean
-08-5-6 1.7 1.7 1.0 1.0 1.3 17 1.0 kbl 1.3
-08-5-21 1.0 5.0 1.0 1.0 2.0 1.0 1.0 .ol ki 21 1.4
3-08-5-7 19 1.3 1.0 1.0 1.3 1.8 1.0 270D 1.6
-08-5-10 1.0 1.3 1.0 1.7 1.3 1.0 1.0 23% 29 1.6
-08-5-16 1.0 1.0 1.0 1.3 1.1 1.0 1.0 Jaw - 1.0 1.6
-08-5-4 17 4.3 1.0 1.0 2.0 157 1.3 23°°10 1.6
-08-5-13 2.3 3.3 1.0 1.0 1.9 23 1.0 23% 13 1.8
-08-5-19 2.0 1.0 1.0 1.0 1.3 3.0 1.0 = S 1.9
-08-5-5 27 1.0 1.0 1.0 1.4 1 3.3 j (£ 08 B Rl
-08-5-12 23 1.0 1.0 1.0 1.3 2.7 1.0 235020 =93]
-08-5-14 143 1.3 1.0 1.0 12 23 2.3 3.3 1023
-08-5-3 1.7 33 1.0 2.0 2.0 1.7 23 3345 37528
-08-5-18 1.0 1.0 1.0 1.0 1.0 1.7 43 20833 2.8
-08-5-15 2.3 2.0 1.3 1.0 1.7 23 23 47 - 1.7+"28
-08-5-2 3.0 25 1.0 2.0 2:1 3.0 2.8 33F 208528
-08-5-9 1.3 23 1.0 1.0 1.4 1.3 1.0 233 6T 3829
-08-3-22 a7 2.6 1.0 1.7 27 5.0 4.5 2T TOREY 3
-08-5-1 3.7 1.3 1.0 1.0 1.8 6.7 1.0 40 20 34
-08-5-8 1.3 6.3 1.7 5.3 3.7 1.3 1.0 531 63 3.5
-08-5-17 1.7 7.3 1.0 157 29 2.0 53 40%. 633544
-08-5-20 4,7 43 1.0 5.3 3.8 7.3 6.7 208 709759
1ecks

ar 2053 1.0 33 2.0 1.3 1.9 1.7 2.0 6.0." 1.7 ;. 128
orelli 4.3 3.0 1.3 1.3 25 Bt 17 47 37 .38
enakelly 4.7 1.3 1.7 1.0 23 7.0 1.0 53 43 44
resa 23 2.3 : ) 1.0 1.8 5.7 6.0 a5 46
organ 6.3 2.7 1.0 2.0 3.0 8.3 5 4.0 3.3 9.3
rnadon 6.3 57 1.3 5.7 4.8 7.3 5.7 33 57555
ulista 7.3 2.7 1.0 2.7 34 9.0 4.3 50 43 5.7
ny 8.3 3.7 1.3 47 4.5 9.0 1.7 6.0 LR 61
mantha 7.0 27 1.3 2.7 3.4 8.7 6.0 60 6.0 6.7
lia 6.0 7.3 1.3 1 5.6 9.0 8.0 47 83 7.5
ean 3.2 29 12 2.1 23 4.0 2.8 36 33 3.4
D .05 Genotype (G) 2.0 0.8 0.8 0.7 0.6 2.0 0.8 OB T 06
D 05 Spraying (S) 0.5 NS 1.0 0.7 0.2 0.5 NS 1.0 507 0.2
D 05 GXS NS 1.2 1.3 1.0 0.9 NS 1.2 13551050 0.9
/ % 10.5 0.6 118 1.6 5.0 10.5 0.6 1182016 5.0

D= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
=Short rain season, LR=Long rain season, LSD Location = 0.3.
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le 3.21. Rust severity scores of backcross snap bean bulks grown at two locations over two
seasons with and without fungicide application.

Sprayed £ Unsprayed
Thika Mwea Thika Mwea

otype "SR LR SR LR Mean SR LR SR LR Mean
08-304 1.7 - afress ap s o LT ol 1.0 3.3 1.0 1.8
08-301 1ot 2.8 LA 1.0 « 1.5 1.3 4.0 1.0 2.0
08-306 200 33 LO% 101418 § 420 2.7 2.7 1.3 2.2
08-302 337 13 108 1.025 1.7 7439 3.3 33 1.0 2.7
08-305 40 209 1.0%¥ 10 2.0 133 47 2.0 1.3 2.8
08-303 S0 U e L] = 0.6 805 1) 2.7 4.0 1.7 3.3
08-308 ST 15 5 i 6 Rl o B0 s 3.0 2.7 13 3.6
08-307 63 43 19533 38 g7 1.0 4.0 4.0 44
cks

2053 10« 3.3 13 8 1.3, s 1.8 wial 2.0 6.0 1.7 2.8
elli 435 308 Lbg 1.3 3026557 1.7 5.3 3.7 4.1
1akelly 47 1.3 1371019212470 1.0 4.7 4.3 43
>sa 28528 L.2.8-1.014 1.8 2057 6.0 53 1.3 4.6
lista h3o 28 1.0:4 2.73.23.4 3990 43 4.0 43 5.4
nadon 63 57 P e 7 el i .7 3.3 5.7 5.5
gan 635 230 LA 2.0 5 3. Y SRS 5.7 4.7 33 5.5
y 83, 3752047, 4.7 : 80D 1.7 6.0 T 6.1
:antha 200 208 1.0 9 2.7 15335 48 6.0 5.0 6.0 6.4
A 607 138133 7711563190 8.0 6.0 8.3 7.8
n 46 3.1 128 231028 3058 34 4.2 33 42

 0.0s Genotype (G) 25 092708708 '0.74°25 0.9 0.8 0.8 0.7
) 0.0s Spraying (S) NS -~ NST-02 NS 03 7°NS NS 0.2 NS 0.3
) 005 GXS NS 13 L2 5712« LU GNS 1.3 1.2 1.2 1.0
% 178.: 18 &9 23 4T 178 1.8 5.9 23 4.7

= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
Short rain season, LR=Long rain season, LSD Location = 0.9.
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3.22. Rust severity scores of HAB snap bean lines grown at two locations over two seasons
with and without fungicide application

Sprayed Unsprayed
Thika Mwea Thika Mwea

ype SR LR SR LR Mean SR LR SR LR Mean
138 1.3 V7 1.3 1.0 1.6 157 1.0 33 1.3 1.8
162 1.7 17 i3 1.0 1.4 1.7 1.0 4.7 1.3 g
4 23 20 1.3 1.3 1.8 2.7 1.0 4.0 1.7 2.3
01 2.0 3.0 1.3 1.3 1.9 23 2.0 4.0 1.3 24
125 W 1.7 1.3 1.0 23 1.6 1.7 3.0 3.0 2.7 2.6
104 33 23 1.0 1.7 2.1 3.3 1.3 4.0 2.0 2.7
149 BR 1.3 1.0 1 1.3 1.3 2.7 1.0 5.3 1.7 2.7
149 W it 2.0 1.3 1.3 1.8 2.7 2.3 4.0 2.3 2.8
105 2.0 34 1.0 1.7 2.0 3.0 3.8 4.0 ) 3.1
42 30 24 T3 13 e et ey W
23 37 %10 %03 V13 18 A e 190 Sgg ATee Siaa
125 BM 2.3 . i 1.0 1.0 2.0 23 5.0 4.0 2.0 33
126 4.3 2.0 1.3 3.0 2.7 23 2. 4.7 3.3 33
119 3.0 3.0 i 1.7 aJ 43 2.3 9.3 1.7 34
128 97723815 10 1610 1:20 £30.7 $558 £ 4.0 1913 €S
411 1.7 2.0 1.3 1.3 1.7 2.0 2.0 5.3 5.0 3.6
114 el 3.7 | 45 1.3 23 3.0 4.0 53 2.0 3.6
120 3.7 2.0 1.3 23 2.3 27 4.7 4.0 2.3 3.7
167 1.7 i 1.0 | thy 1.9 2.0 54 4.0 3.3 3.7
101 3.3 1.7 13 1.3 1.9 5.0 2.0 4.7 2.3 3.8
229 2.0 3.0 17 3.0 24 2.3 n T2 6.0 33 4.2
240 2.7 3.0 1.3 1.3 2.1 8.0 4.0 43 2.0 4.6
465 6755 2064 20 3510 0531 6660 0857 G46.0 1310 G547
108 8353335 13+ 517 v n il e 80 87 s 1377 riuSB i 2ol
403 43 2.0 1.3 4.0 2.9 8.0 5.0 4.0 4.0 5.3
173 5.7 43 1.3 2.3 34 7.0 6.7 4.7 37 5.5
406 5.3 4.7 1.3 4.3 3.9 Tl 5.0 4.0 6.7 5.8
]
053 1.0 3.3 1.3 1.3 1.8 17 2.0 6.0 1.7 2.8
11i 4.3 3.0 Ty 1.3 2.6 ST | Ko, 5.3 3.7 4.1
kelly 4.7 1.3 1.3 1.0 5 7.0 1.0 4.7 4.3 4.3
a 2.3 2.3 1.7 1.0 1.8 5.7 6.0 a3 1.3 4.6
sta 7.3 o 1.0 2.7 34 9.0 4.3 4.0 43 5.4
an 6.3 2.7 1.3 2.0 2.1 8.3 5.7 4.7 33 5

8.3 < 2.0 4.7 4.7 0.0 1.7 6.0 7 fes 6.1
adon 6.3 5.1 1.3 57 4.8 73 5.7 6.0 5.7 6.2
ntha 7.0 ol 1.0 2.7 3.3 8.7 6.0 5.0 6.0 6.4

6.0 T3 k3 ) 5.6 9.0 8.0 6.0 8.3 7.8
l 3.7 2.8 1.4 21 2.3 4.6 3.7 4.6 32 4.0

s Genotype(@)'. 21 10 NS 08 07 21 10 NS 08 - 07
osSpraying(S) 08 06 04 08 02 08 06 04 08 02
s GXS NEE s NG 121 N s T N e 1.0
s $8 62 0¥ 181 AR 6 0F S 1E M)

- Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
hort rain season, LR=Long rain season, LSD Season = 0.1, Location = 0.2.
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e 3.23. Rust severity scores of KSB snap bean lines grown at two locations over two
seasons with and without fungicide application.

FH0Y Sprayed Unsprayed
Thika Mwea Thika Mwea
vpe SR g SR IR Mean SR R SR |p  Men
oW 18510 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0 BR 23 718 1.3 6.3 2.8 2.7 43 2.3 1.0 2.6
) 20 910 1.0 | B 1.4 2.0 1.0 2.0 6.3 2.8
1 $3 57 2.0 LY 4.4 8.3 3.0 7.7 5.7 6.2
t 43 43 1.3 1.0 2.8 9.0 9.0 3.7 3.7 6.3
7 8787 2.0 5.7 6.3 8.7 8.7 8.3 Tt 6.8
S
053 10633 1.3 13 1.8 13 2.0 6.0 i 57 2.8
i 43 3.0 1.7 1.3 2.6 . Y0 1.7 53 37 4.1
kelly 47 13 1.3 1.0 21 7.0 1.0 4.7 43 43
a 2% 1235317 1015 1.8:8 ST 6o 5353 13 4.6
Sta i e B 1.0 .y 34 9.0 4.3 4.0 43 54
an 63 2.7 1.3 2.0 3.1 8.3 a7 4.7 3.3 15
idon 03957 1.3 5.7 4.8 7.3 5.7 33 5.7 55
83337 2.0 4.7 4.7 9.0 1.7 6.0 T 6.1
ntha F0.0 27 1.0 2.7 3.3 8.7 6.0 5.0 6.0 6.4

60 73 1.3 7.7 5.6 9.0 8.0 6.0 8.3 7.8

| S003556 1413 3001 3230 6dcs €2 4750 41 49
osOenotype(@)y 22 212151215 0707 0%k 22:% 1204 124 07 0.7
osSpraying(S) 09 08 04 13 02 09 08 04 13 0.2
0s GXS NS 17581604 1.2 1045 NONE 11§ 1.6 4 12 1.0

539718074 34 128 88130 ¢ 1 3 1.2

Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
hort rain season, LR=Long rain season, LSD Season = 0.4, Location = 0.5.
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e 3.24. Rust severity scores of climbing snap bean lines grown at two locations over two
seasons with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea

notypes SR LR SR jp Meam g R SR R Mem
V130 2.0 2.0 1.0 1.3 1.6 2.0 2.0 2.3 107 18
V131 =5y FURE S 1.0 10t w3 5.7 3.7 1.3 1.3 3.0
V133 3.7 5.0 1.0 F0=S 2 307 5.0 23 1.3 3.1
V132 4.8 5.0 1.0 ROOS 30 5.0 5.7 1.3 1.7 34
V135 42 1.7 1.0 10 20 4.7 5.3 23 1.3 34
V 134 50 43 1.0 LU= 529 5.0 5.3 28 3.7
ecks

r 2053 107033 13 1.3 1.8 Fa ) 6.0 1 2.8
relli 50530 LT RS 27 1.7 53 3.7 4.1
nakelly 4.7 T3 1.3 bl oty 7.0 1.0 4.7 43 4.3
esa 23023 1.7 1.0 1.8 7,3 6.0 3.3 1.3 5.0
lista e ke e 1.0 2.1 34 9.0 43 4.0 4.3 54
rgan 630 2.7 1.3 20533 8.3 5.7 4.7 33 35
nadon 6.3 7 1.3 ~ o SR s 7 33 87 5.5
y 83 3.7 2.0 47 47 9.0 1.7 6.0 7.7 6.1
nantha e MR ) 1.0 270N 87 6.0 5.0 6.0 6.4
a 8.0 003 1.3 .7 110305 w8l 8.0 6.0 8.3 7.8
an 0SS 1:3 253 3050 6.2:. 43 3.9 34 4.5

) o0s Gonotype @), 18 135510 07 067 1S 13 9070708
doosSpraying(S) NS NS NS 15 03 NS NS NS 1S5 03
) 5,05 GXS NS aWEget 18/ 24ds PRSI LR o0 e
% £ 51 S = - T URBE LY 7 o b v e e 1 R

)= Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
-Short rain season, LR=Long rain season, LSD Season = 0.5, Location = 0.6.

S Single plants selected with multiple resistance to angular leafspot, anthracnose and
rust among segregating populations

erent numbers of single plant resistant to angular leafspot, anthracnose and rust were
cted at Mwea and Thika site (Table. 3.27). Majority of the selected single plants came from
ca. The disease pressure for angular leafspot and rust in particular was consistently high at
ea and Thika. The higher number of single plant were selected from populations SB-08-3-

ind SB-08-3-11 (7), while the least number of plants selected were from populations such as
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8-148-2, SB-08-3-19 and SB-08-3-5 (1). Susceptible plants appeared in subsequent

ration from the selected single plants.

‘Snap bean lines selected for multiple disease resistance

ng the checks, Julia was found to be resistant to angular leaf spot, and among the advanced
only HAB 465, HAB 501, all KSB lines and all climbing lines were resistant to angular
spot. For anthracnose, except from Star 2053 and Teresa the rest of the parent lines were
tant to anthracnose. Among the advanced lines only HAB 465 and KSB 3 were susceptible
racnose. Star 2053, 18 advanced HAB lines, three KSB lines and six climbing lines showed
tance to rust. Although Julia was found to resistant to angular leafspot it was highly
eptible to rust, while Star 2053 was resistant to rust but susceptible to anthracnose. Apart
. HAV 130, the rest of the climbing lines were susceptible to rust at Thika. The lines

ving multiple disease resistance to the three diseases are listed in the table 3.26 below.

ire 5. Loss of snap bean plants due angular leaf spot on a susceptible snap bean line
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e 3.25. Number of single plants per population selected that possessed multiple

disease resistance
Short rain season Long rain season
ulation Mwea Thika Mwea Thika Total
ulks 77 22 88 33 220
families 10 42 129 52 233
ulks 27 13 84 45 169
kcrosses 8 3 25 16 52
al 122 80 326 146 674

e 3.26. Angular leaf spot, anthracnose and rust scores for snap bean lines selected for
multiple disease resistance grown with and without fungicide application at
two locations.

Anthracnose Angular leaf spot Rust
10type Sprayed  Unsprayed Sprayed  Unsprayed Sprayed Unsprayed
310 BR 1.5 22 2.0 2.8 2.8 2.6
310 W 1.0 1.2 1.1 1.8 1.0 1.0
B 501 1.7 3.3 3.1 3.9 1.9 2.4
V130 1.5 17 1.3 29 1.6 1.8
V131 1.5 1.8 1.4 3 3.0 3.0
V132 1.5 1.8 L3 2.7 3.0 3.4
V133 1.5 1.8 1.4 24 27 3
V134 1.3 1:3 1.4 34 29 3.7
V135 1.4 1.6 1.3 2.5 2.0 34

Discussion

| Pathogenicity of anthracnose and angular leafspot pathogens on snap bean varieties

the parent lines showed symptoms of angular leaf spot and anthracnose. Both pathogens
eoisariopsis griseola and Collectotrichum lindemuthianum were capable of infecting the
ts and causing disease. However, the varieties showed variation in their level of resistance
susceptibility. The results obtained in the field evaluations were comparable to these green
se results. However, the level of angular leaf spot severity was higher in the field at both
tions due to the influence of environment. This was attributed to genotype and environment
raction (Ceccarelli and Grando, 2007). Julia, Vernadon and Menakelly were resistant to
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lar leaf spot in greenhouse. During field evalution only Julia was resistant to angular leaf
while Morgan and Menakelly had intermediate resistant. This was attributed to pathogenic
tion and influence of environment. Pascal er al (2010) reported resistance break down of
iously known resistant bean line to bean stem maggot as a result of drought stress and heat
lems in the field. Similar results were reported by Netzahualcoyotl e a/ (2002) who found

damage caused by charcoal rot was related to drought stress in beans.

level of anthracnose severity was higher in the greenhouse than in the field evaluation.
akelly and Morgan showed intermediate resistance while the rest of the varieties were
tant in the greenhouse. This suggests the ideal screening conditions for anthracnose was in
nhouse probably due to the cooler conditions in at Kabete. Therefore, the Phaeoisariopsis
cola and Collectotrichum lindemuthianum isolates were capable of infecting and causing

ase symptom on the test parental varieties.

2 Angular leafspot resistance on snap bean populations and lines

ular leaf spot disease pressure was high at Mwea location and during long rain season. This
due to high temperatures at Mwea location and high humidity during long rains. Results
ved that the parent varieties had intermediate resistance except Julia which was resistant to
ilar leaf spot. Similar results were obtained by Mahuku er al (2009) who reported P.
eola pathogen as highly variable pathogen and therefore necessitates constant identification
characterization. He indentified genotype G5686 of Andean origin resistant to some
ates of angular leaf spot. Variation in pathogenicity was also reported by Vidigal er al

)7) who identified resistant landraces of common bean to anthracnose.

61



ilar leaf spot severity varied among the segregating populations. Resistant populations like
8-3-3, SB-08-154-1 SB-08-5-2 were obtained. Continuous selection of resistant single
s after every generation was done due to appearance of susceptible genotypes as observed
Ausoni et al (2010). Based on the mean disease severity scores across the environments, a
ber of genotypes showed high levels of resistance to angular leaf spot. This included
ted single plants from populations like SB-08-3-3, SB-08-5-12, SB-08-5-13 and SB-08-5-
3ush lines with high levels of resistance included KSB 10 BR, KSB 10 W, KSB 11, KSB 3,
4, and KSB 7. Climbing lines with high levels of resistance angular leaf spot included
v 130, HAV 131, HAV 132, HAV 133 HAV 134 and HAV 135. However, only KSB 10
KSB 10W, KSB 3, KSB 4, HAV130 and HAV 133 showed angular leaf spot resistance
ss cropping seasons and locations. Populations developed from L227 with phg genes for
tance to angular leaf spot were among those that showed high levels of resistance. Use of
e resistant lines to angular leaf spot to develop resistant varieties would provide the

pest and most practical method of controlling the disease (Michael and Celetti, 2005).

3 Anthracnose resistance on snap bean populations and lines

ing long rain season anthracnose failed to develop despite inoculating the plants in the field,
ably due to unfavourable weather. Monda et al., 2003 reported that farmers experience
| infection of anthracnose as a result of using farm saved seeds with no treatment. Results of
study showed variation existed among the genotypes in their resistance to anthracnose.
ieties Morgan, Paulista, Star 2053, Teresa and Menakelly had intermediate resistant to
iracnose while the rest of the parents were resistant in both field and greenhouse evaluation.
gle plants were selected from segregating populations like SB-08-3-5, SB-08-5-2 and SB-
5-7 that showed high levels of resistance to anthracnose. These were populations developed

n G2333, with Co genes for resistance to anthracnose that showed high resistance to
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acnose as it was reported by Kelly and Vallejo, (2004). This indicates the usefulness of

- genes to races of anthracnose found in Central Kenya.

ng the advanced bush lines only HAB 462 showed intermediate resistance while the rest
-resistant. However, only HAB 420 and KSB 3 showed high level of resistance across
ping seasons and locations. All climbing lines showed resistance to anthracnose across
ping season and locations. Prevalence and severity of anthracnose depend on location and
ping seasons. Opio et al (2003) reported K20 and K131 common bean varieties with low
to seedling anthracnose transmission, and the disease was high in infected seeds although
ral infection occurred in the field. Use of desirable resistant varieties was recommended as
vest way of reducing losses associated with anthracnose which were about 30-45% on
eptible cultivars (Nkalubo er al., 2007). Mohamed and Somsiri, (2007) also found that
lence and severity of anthracnose were significantly influenced by primary seed infection.
/ also found that survival of anthracnose pathogen is greater in infected seeds than in
ted soils. This suggests that anthracnose is highly transmitted by seeds but infection from

nal sources is generally low.

{ Resistance of snap bean population and lines to rust disease

- disease pressure was very high throughout the evaluation period especially during short
season. These results agree with those of Ndegwa er a/ (2009) who evaluated eight
cties of snap bean and found that a higher rust severity was recorded during short rain
on. Alzte-marin ef al (2004) reported that sporulation of rust is increased when plants were
»sed to high humidity. Use of sprinkle irrigation at Thika location increased the severity of
as reported by Monda er al (2003), who observed rust was the major foliar disease

cially where sprinkle irrigation was practised. Among the parent varieties Star 2053 was
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tant to rust. Therefore resistance to rust can be obtained within snap bean germplasm.
lar results were obtained by Ndegwa et al (2007) who reported snap bean lines R-1515, R-

5 and Kutuless-J12 were resistant to rust.

onga et al (2010) reported Teresa with Ur-5 gene which is effective against race 47 and
y other races of rust found in eastern Africa. Appearance of rust symptoms on Teresa
ng pathogenicity test conducted at Kabete, and during field evaluations at Thika and Mwea
tions implies this resistant gene is has intermediate reaction against races of rust prevalent
nese locations. Markell e al (2009) and Pastor-corrales et al (2010) found similar result
re resistant genotype broke down their resistance due to appearance of new races of rust.
2le plants with high levels of resistance to rust were selected from segregating population
1 as SB-08-3-20, SB-08-3-8, SB-08-5-19 and SB-08-3-1. These populations were developed
n Beltgrade, BelDakMi and BelMiNeb with Ur genes. This suggests that these genes of
stance were effective against rust races found in the locations of study. However selection
single plants showing resistance continued as new susceptible plants emerged in the
owing generation due to further segregation of rust genes. Twenty one advanced bush snap
n lines and climbing line HAV 130 were resistant to rust. However, it was noted that most
nbing lines had intermediate resistance to rust at Thika but showed rust resistance at Mwea
ation for both cropping seasons suggesting pathogenic variation between the two locations.
s could also have resulted from high rust disease pressure at Thika than in Mwea. Wasonga
al (2010) reported that high virulence diversity of the bean rust lead to break down of
istance of bean cultivars, which were resistant in one location or year to be susceptible in
ther.The development of resistant snap bean lines to rust with several genes of resistance is
portant since they can be used in a breeding program to develop varieties resistant to many

es of rust as it was noted by Grafton and Singh, (2000).



» Multiple disease resistance on bush and climbing snap bean lines.

er disease severity was obtained during long rain season for angular leaf spot and short
season for anthracnose and rust. Also high disease severity was obtained at Thika location
pared to Mwea location. This could be due to less rainfall experienced during the short
season and high humidity at Thika. Similar results were obtained by Netzahualcoyotl ef al
2) and Pascal ef al (2010) who found that damage caused by charcoal rot and bean fly was
avated by drought stress in beans. A number of genotypes among those evaluated appeared
ossess multiple disease resistance (Table 4.73). Six hundred and seventy four single plants
> selected with multiple disease resistance in early generations from populations like SB-
-18, SB-08-5-12 and SB-08-5-10. This was attributed to the fact that variation in resistance
tolerance to the diseases existed among the population which resulted from the presence of
stance in the parent lines used to develop these populations (Markell ef al., 2009) and

or-Corrales ef al (2010).

'need of combining other agronomic and market attributes such as plant vigour, acceptable
urity, yield and pod characteristic reduced the number of families selected. Similar
llenge was reported by Musoni et al (2010) when selecting for multiple disease resistance,
1 yield potential and marketable grain types in common bean. In this study KSB 10 BR,
B 10 W, and HAV 130 had multiple disease resistance across locations and cropping
sons. The resistance in these lines reduced mean disease severity by 17%, 16% and 36%, for
ular leaf spot, anthracnose and rust respectively when compared to the commercial bush
ieties. Usually famer’s crops are exposed to various diseases that contribute to yield loss,
| well adapted genotype with multiple disease resistance would reduce crop losses and cost

fungicide to famers as reported by Pascal ef al (2010) and Nkalubo et al (2007).
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CHAPTER FOUR
LITY, YIELD AND POD CHARACTERISTICS OF SNAP BEAN POPULATIONS
AND LINES WITH MULTIPLE DISEASE RESISTANCE

bstract

ugh snap beans are an important source of income for smallholder farmers in eastern
a, yields are low compared to other regions of the world. Snap bean varieties with high
s of extra fine, fine pods are preferred to avoid heavy postharvest losses and reduced
imer appeal. The objective of this study was to select snap bean populations and lines with
ple disease resistance and high pod quality and yield. Fifty snap beans populations, thirty
snap bean families and thirty three snap bean lines including bush and climbing lines were
ated. The experiment was carried out at KARI-Thika and Mwea for two seasons. Data
ted included number of days to flowering and maturity, pod length and width, number of
per plant, marketable pod yield, pod quality (extra fine, fine and bobby) and seed yield.
> were significant differences among the genotypes with respect to marketable pod yield,
juality and seed yield. HAB 428 had the highest pod yield of 8528.2 kg ha™ when the
rypes were grown without applicaton of fungicides. Single plants were selected for having
able pod characteristics as well as resistance tofoliar fungal disease. Snap bean line KSB
R with multiple disease resistance had the high extra fine pod yield of 2000.0 kg ha™. All
bing snap bean lines had thicker pods of 11 mm when harvested at regular intervals
vared to bush lines which are not preferred by consumers. Some of the advanced lines with
iple diseases resistance could not meet the yield and quality of bush commercial varieties.
efore, there is need for continued development of snap bean lines with multiple disease

tance and high yield of acceptable quality.
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itroduction

bean (Phaseolus vulgaris L.) is a major vegetable export crop in Kenya and ranks second
flowers in terms of foreign exchange earnings generated from the dynamic horticultural
ector. From 2004 to 2010, Kenya exported an average 19,000 metric tonnes of snap bean
ear with a value of more than Ksh 26.2 billion in total (HCDA, 2011). Almost 100,000
e make an income from French beans and another 500, 000 derive income directly from
ts of snap beans. Production is mainly by small to medium scale farmers. Low yields of
bean are realised in Kenya of 6 to 8 tons ha™. However, high yields ranging from 15 to 20
ha” have been achieved in developing countries in South America and south East Asia
gh use of well adapted variety and proper management (Ndegwa et al, 2009). The
prise creates on-farm employment opportunities for the rural community, especially youth
vomen. Snap bean farmers face several constraints such as pests, diseases, stringent market

rements and inadequate extension services (Wesonga ef al., 2010).

eties commonly grown in developing countries are introductions from temperate countries
hese varieties may not be well adapted to tropical environments (Ndegwa et al., 2009).
ommercial bush snap bean varieties currently grown locally have been observed to flower
single flush, have a concentrated pod set, short harvest duration of 3-4 weeks with yields
ng between 6 and 8 tons ha” (Ndegwa and Muchui, 2001). Climbing types which are not
m in this region are generally more productive and have a longer harvesting period.
efore climbing types could be expected to be of particular interest to smallholder farmers
ing to intensify returns to use of family labour. However, suitable varieties for eastern
a are yet to be developed. The objective of this study was to evaluate snap bean
lations and advanced lines and select for multiple disease resistance, pod quality and pod
.
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Jaterials and Methods

Plant materials

nap bean populations developed were from BelDakMi, L227, Beltigrade RR2, Awash 1,
iNeb and Roba-1 line with genes for resistance to rust Ur-4, Ur-35, Ur-6, and Ur-11,
3 with genes for resistance to anthracnose Co-4, Co4°, Co-5 and Co-6. These lines were
ed with nine susceptible commercial varieties namely Amy, Paulista, Morelli, Morgan,
- Foskelly, Teresa, Vernandon, Kutuless and Alexandria. Fifty F; populations were
oped and advanced to Fs;, Fs and Fs generations by bulk population method. Evaluation
ingle plant selections were done on these populations at Fs Fs and F¢ generation. Other
rials evaluated were thirty three bush and six climbing snap bean lines. The characteristics

> plant materials used are presented in Table 3.1.

Generation of climbing snap bean population

parents used to develop these populations were six climbing lines introduced from CIAT
our snap bean lines with genes for resistance to rust namely BeIMiDak RR4, BelMiDak
. BelMiNeb 1 and BelMiNeb 4, and six commercial varieties, namely Morelli, Samantha,
yan, Paulista, Teresa and Amy. The climbing snap bean lines were used as the female
1t in all the crosses. Commercial varieties were selected for their good pod characteristics,
vers for their climbing growth habit. BeIMiDak RR4, BelMiDak RR8, BelMiNeb 1 and

fiNeb 4 were selected for having genes for resistance to rust.

sculation and pollination was done at the same time, during early morning hours (mostly
re 11.00am) to avoid afternoon heat which would cause rapid dessication of the freshly
nated stigma (Rainey and Griffiths, 2005). Buds which were plump, showing the flower
ur and would open the following day were chosen as the female parent. Using a fine tipped
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s the standard petal was opened by inserting the point of forceps into the suture and
ng from side to side. The wings were carefully removed to expose the coiled keel. A small
on was made near the base of the keel with the tip of the forceps and the upper half of the
grasped and carefully peeled up and back to expose the anther and stigma. All the ten
ns were carefully removed together with the other half of the keel so as not to rupture the
r sacs. Immediately after emasculation pollination was done using a slight modification of
ooking method to prevent male stigma from dropping off. Flowers used as source pollen
the freshly opened that morning. After hooking, the standard petal was carefully closed,
the female stigma hooked on the stamens. At least five crosses were made per plant. After
ing, a tag labelled with the pedigree of the cross was tied loosely on the flower stalk. All
quent flowers and selfed pods were removed regularly to avoid competition between
ed and selfed pods. At maturity the pods were harvested together with their identification

in separate paper bags. They were sun dried, hand threshed and kept in separate labelled

lopes.

 Field trial sites, experiment design and trial management
field experiments were conducted over two seasons at two sites, KARI-Thika and and
rm Mwea. The experiments were laid down as a split plot with three replicates. Fungicide

cation comprised the main plots while genotypes were the sub plots.

4 Determination of growth vigour and maturity

collected from the field experiment were growth vigour, days to flowering and days to
irity. Evaluation of growth vigour was carried out when plants reached their maximum
lopment which is stage RS, taking into account the effect of the growth habit of the plant.

- plants were sampled and rated on a scale of 1 to 9, where 1=Excelent, 3=Good,
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mediate, 7=Poor, 9=very poor (van Schoonhoven and Pastor-Corrales, 1987). Duration
ering was recorded as the number of days after planting to the date when 50% of plants
e or more flowers. Duration to maturity was measured as the number of days after
o to the date when 50% of the plants had reached physiological maturity (Van

thoven and Pastor-Corrales, 1987).

etermination of pod quality and yield

n pod maturity, thirty plants per plot were randomly selected and harvested 3 times per
it one day interval for 8 weeks. The pods were graded into three standard categories
| by their pod diameter and length as extra fine (6 mm), fine (6-8mm) and bobby (>8
nd length of the pods above 10 cm (HCDA, 2009). Weight for each grade category was
.d at each harvest, and the cumulative total weight obtained at the end of the harvest
' The pod yield was averaged to give pod yield per plant which was then multiplied by
mber of plants in one hectare to obtain pod yield per hectare. The number of pods per
vas estimated by taking an average of total number of pods from five randomly selected
per plot at maturity. After grading five pod samples of extra fine, fine and bobby grade
andomly selected at the second harvest for assessment of pod characteristics like colour,

pod length (cm) and pod diameter (mm). Pod width and length were determined by
ring with a spécial ruler (Royal Sluis) with holes of 6 mm, 8 mm and 12 mm diameters
tra fine, fine and bobby pods respectivelly. The pods from unharvested plants were
d to mature, dried and threshed. The seed weight was extrapolated to obtain seed yield

ctare. Linear additive model used for the split plot is as follows
= u+Piro+(Pa)y HBct(pB)acH(af )it (Pap)iitei where P; = block effect, o; =

ing effect, Bx = genotype effect, & = error, 1, ] and k represent level factor.
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e 6. Ruler used for measuring pod length and pod diameter of snap bean pods

esults

Growth vigour of snap bean populations and lines.

e was a significant effect (P< 0.05) of genotype, fungicide application, location for growth

ur in the populations and lines, except F; that showed no significant differences among

type for growth vigour (Appendices 3-14). Significant effect (P< 0.05) of cropping season

recorded only in the F4, Fs and F4 5 populations for growth vigour. The two way interaction

reen genotypes and fungicide spraying was significant for the populations and lines except

‘s and F4 s populations. The rest of the two way interactions including location and cropping

on were significant for all populations and lines. The three way interactions were

ificant (P< 0.03) in all the populations and lines but the four way interaction effect was

ificant in only F4 populations, HAB and KSB lines for growth vigour (Appendices 3-14).

lication of fungicide resulted in significant increase in growth vigour across all populations

lines.
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4.1, Growth vigour scores of Fs snap bean populations grown at two locations over two
seasons with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea

tvpe SR LR SR LR Mean SR LR SR LR Mean
)8-3-11 23 o S 7 1.7 1.8 2.7 2.0 2.7 2.0 2.3
)8-3-10 3.7 110 20 1.0 1.9 3.7 2.0 2.7 2.0 2.6
)8-3-21 3.0 1.0 =340 1.0 22 4.0 23 2.0 2.3 27
)8-3-5 3.3 e 2800 4 k0 1.8 3.0 3.0 2.0 3.0 2.8
)8-3-4 9.3 L0513 1.0 1.7 33 2.3 3.3 2 2.8
)8-3-1 3.3 1.0 .23 1.0 1.9 23 4.0 2.0 4.0 3.1
)8-3-19 2.3 1.3 30 1.3 2.0 2.7 3.7 2.7 3.7 32
)8-3-2 33 1.0 204 10 1.8 3 3.7 2.0 3.7 33
)8-3-6 27 L3 w23 1.3 1.9 33 3.7 3.0 3.7 3.4
08-3-12 2.3 e L3NS 1.3 1.8 2.7 3:7 4.0 37 3.5
08-3-9 27 R0 sl 10 1.6 27 4.0 4.0 4.0 3.6
08-3-18 3.0 0 s KO <7 55 L0 1.7 33 4.7 ¢ 4 4.7 3.6
08-3-3 4.0 s 13 .27 1.3 23 4.3 4.0 3.3 4.0 3.7
08-3-16 20 1023 1.0 1.6 33 4.0 3:3 4.0 3.7
08-3-14 43 RO 2070 4 LD 23 4.5 4.0 3.0 4.0 3.8
08-3-22 e (b o Do iy 1.3 1.9 3.3 43 3.3 43 3.8
08-3-7 4.3 I Ty AR R 23 4.7 4.0 4.0 4.0 3.9
08-3-8 0.2k G S R e [N 2.5 s 6.0 2.7 6.0 42
08-3-13 el ) S e My s ) 24 3.3 5.7 3.3 T 4.5
08-3-15 v Yo gl 0 2 e o A A 2.1 4.0 6.0 3.3 6.0 4.8
08-3-20 A e D il ¢ S 1.8 3.7 5.7 4.0 5 48
08-3-17 3.3 10 el Er e B 1.8 33 7.7 2.7 ny 5.3
cks

A 40 1 V3123 113 23 4.3 1.3 2.7 1.3 24
elli 2.0 13 33 443 1.6 3.0 2.0 2.7 2.0 24
\antha 3.3 1.0 33 1.0 20 4.0 3.0 23 3.0 3.1
lista 43 L0 20 150 2.1 4.7 3.0 2.0 3.0 32
2sa 20 110 23 1.0 1.6 3.3 3.0 3.3 3.0 32
nakelly 1.0- 303 "33 203 1.8 3.3 3.0 4.0 3.0 33
-2053 33 Je0 2133 0 L0 j .7 4.0 B3 4.0 35
y 3.7 10123 1.0 2.0 4.7 4.0 2.0 4.0 3.7
rgan 3.7 L0513 1.0 1.8 4.0 4.0 2.7 4.0 37
nadon 30 10 27 1k 1.9 3.0 7.0 2.0 7.0 4.8
n 32 sk 2k k2 1.9 33 3.9 2.9 3.9 35
) 005 Genotype (G) 1.5 Ll 2lZ .86 0.7 1.5 1.1 1.2 0.6 0.7
) 005 Spraying (S) 04 ‘{NS 03 ,01 2.0 0.4 NS 0.3 0.1 2.0
) 005 GXS S 2320 ALV R 1.0 2.2 23 1.8 0.8 1.0
% 9.3 2235 158 106 83/ 93 80235 1158 0.6 37

)>=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,
=long rain season, SR=Short rain season.



4.2. Growth vigour scores of F, s snap bean families grown at two locations over two
seasons with and without fungicide application.

Sprayed L Unsprayed
Thika Mwea Thika Mwea
ype SR LR SR LR Mean SR LR SR LR Mean
-143-3 30N TR RN 1S (530 2.0 1.7 2.0 2.2
-151-1 3.7 D SN0 18 LN AN 20 3.0 2.5
-150-2 2.7 8 SR AED 18 7 3.0 2.0 3.0 2.7
-67-2 43 k8 1310 14 43 20" %7 2.0 2.8
-148-1 33 18T RN 0 ke S 20 40 20 4.0 3.0
-152-2 4.7 i3 27 0y %S 4.7 4.0 2.3 4.0 32
3-145-2 1 SR v R BN RS 40 27 4.0 3.2
3-143-2 13 18° 2% 10 14 - 30 40 20 40 33
3-66-4 2.7 1L I e oy B 1 S ) 2.7 4.0 2.7 4.0 33
3-146-1 3.7 i 20 X0 19 3.7 4.0 3.0 4.0 33
3-145-1 2.7 19 33 10 I8 2.7 4.0 2.3 4.0 33
8-151-3 3.2 105 33 RO 23 3.8 4.0 23 4.0 39
3-67-2 v iy ISNIPEE TG Rt < R i W B LR K JTcont 3.0 E ¥ 3.4
8-69-7 27 v 100 260 19 2.7 4.0 3.0 4.0 3.4
8-148-4 23 1o 40 10 - 2% AT 40 3.0 4.0 3.4
8-154-1 ¥ GURED | TEECh S N R B BRI 30 4.0 3.0 3.4
8-147-1 < TNy RO £ e 4.0 4.0 2.0 4.0 3.3
8-152-3 <& SR T T S R 8B B RS ¢k ey Y SR 4.0 3.5
8-66-3 30 ... 20,30, 110 . 23,639 40 33 4.0 3.6
8-152-4 DL RS R0 1Y 19 TuEdS 40 33 4.0 3.7
8-147-4 27 101 274 1.05..1.8 4.0 4.0 33 4.0 3.8
8-152-1 23 Ly AR 13- X300 9RT 40 33 4.0 3.8
8-143-1 2.7 Aty hAdl g T 20l 9 3.2 4.0 4.0 4.0 3.8
8-66-2 23°1-10° 3372022130 60 20 4.0 3.8
8-150-1 2.0 O 27001000 LT 3.0 43 4.0 43 39
8-66-1 A0 10 23010 32 TS .. .40 6.0 3.9
8-154-2 3.0 10 120 vik0: 1.8 37 5.0 2.0 5.0 3.8
8-69-4 > 5 Sl it o Gl B B B SRk 50 127 5.0 4.0
8-155-2 2900 B 23 gih0p 180030 5.7.2.0 5.7 4.1
8-66-5 2.0 2 o L o B 33 ~ 7 2.0 S 4.2
8-148-2 231 1 0meZdie KOVIREIHAN30 5.3 3.0 5.3 42
8-148-3 2.5 M g e | i B 2.8 6.0 2.0 6.0 4.2
8-154-4 17 1033 10 18 . 27 53 3.3 53 42
8-147-2 3.3 i 00230 0 3 4.0 5.0 3.3 5.0 4.3
8-154-5 30105, 30 102 20, %0 60 20 6.0 4.3
8-151-2 2.7 6 Rair LI T I B 3 3.7 &7 87 4.4
8-148-5 230105207 1.0," 1§ {530 60 30 6.0 4.5
8-147-3 - =GR ¥ i 5B £ BT 5 SRR E 60 5" 33 6.0 4.7

e 4.2 continued next page



.2 continued
Sprayed Unsprayed
Thika Mwea Thika Mwea
SR LR SR LR Mean SR LR SR LR Mean
4.0 1L Tl 2.3 43 1.3 2.1 1.3 24
2.0 1.3 | By A 1.6 3.0 2.0 252 2.0 24

ha 3.3 10z 338 0 22 4.0 3.0 2.3 3.0 3.1
l 43 104 285.10) 21 4.7 3.0 2.0 3.0 3.2
2.0 104G 236000 16 & 1 3.0 33 3.0 3.2
elly 1.3 1368 38 135 18 33 3.0 4.0 3.0 33
53 33 1.8 13§10 - LA 23 4.0 3.3 4.0 3.5
3.7 LY 2300104 290 4.7 4.0 2.0 4.0 3.7
1 3.1 A : Lol o A B ¢ R B 4.0 4.0 2.7 4.0 3.7
on 3.0 10528 107 19 3.0 7.0 2.0 7.0 4.8
2.9 [N 2L 2 L9 32 4.2 2.7 42 3.0
s Genotype (G) 1.3 e AN i R 1.3 1.5 1.2 0.5 0.6
« Spraying (S) 0.3 NS 928 0.1 0.2 0.3 NS 0.2 0.1 0.2
: GXS 180 2T R 0. NS LR ) 1.8 0.7 NS
5.0 8.3 faline sl 1.8 5.0 8.3 1.1 3.1 1.8

cast significant difference. CV=Coefficient of variation. NS= Not significant at 0.05 probability level.
o rain season. SR=Short rain season. LSD Season = 0.2.

nies of SB-08-3-11 were most vigourous (2.3) when F; populations were grown without
ide application compared to the rest. Progenies of SB-08-3-17 had average growth vigour
‘Table 4.1). For F, s snap bean families progenies of SB-08-143-3 had the highest growth
r (2.2) whereas SB-08-147-3 had the lowest intermediate growth vigour (4.7). Twenty
opulations from this group had good growth vigour while twenty had average growth
r (Table 4.2). When F, bulk populations were grown without application of fungicide.
nies of SB-08-5-7 were the most vigourous (2.1) while SB-08-5-7 had the lowest growth
ir. Eighteen populations from this group had good growth vigour while SB-08-5-17. SB-

20 and SB-08-5-2 had intermediate growth vigour (Table 4.3).
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> 4.3. Growth vigour scores of Fs snap bean bulk populations grown at two locations over
two seasons with and without fungicide application.

Sprayed Unspraved
Thika Mwea Thika Mwea

otype SR LR SR LR Mean SR LR SR LR Mean
08-5-7 2.3 10 . 2% 1.0 1.75 25 2.0 2.0 2.0 2.1
08-5-14 27 10 a0 1.0 1.9 2.7 2.0 33 2.0 2.3
08-5-16 33 10 20y 1.0 1.8 33 2.0 2.7 2.0 23
08-3-22 2.3 1.0 k3 1.0 1.4 3.7 2.0 29 20 26
08-5-1 2.0 B s U o 1.6 3.7 27 2.0 2457 2.8
08-5-21 5.0 18- 30 1.0 25 37 2.0 3.3 2.0 28
08-5-13 4.0 13 =20 1.3 22 4.0 2.0 33 2.0 28
08-5-6 3.2 18 L7 1.0 1.9 3.7 2.7 2.7 2.7 29
08-5-9 2.0 Vs 23010 1.7 2.3 4.0 2.7 4.0 32
08-5-10 2.7 1.0 Ik - 1.0 1.6 2.7 4.0 2.7 4.0 3.3
08-5-18 2.0 16° 30y 104 20 3.0 4.0 3.3 4.0 33
08-5-19 3.3 18 23 .10 1.9 34 4.0 33 4.0 33
08-5-5 2.7 10 17 1.0 1.8 3.3 4.0 2.7 4.0 35
08-5-4 3.0 16 - 13y 1.0 1.6 3.7 4.0 3.3 4.0 35
08-5-12 23 13 33 1.3 24 k417 4.0 2.1 4.0 3.6
-08-5-3 2.7 10157 1.0 1.6 3.0 4.0 33 4.0 3.6
-08-5-15 3.7 16 -2 1.0 l 4.3 4.0 2.7 4.0 38
-(08-5-8 43 1.0 40 1.0 2.6 4.3 4.0 33 4.0 39
-08-5-17 3.0 L7 . 2% 1.7 s 33 6.0 2.0 6.0 43
-08-5-20 4.0 1.0 200 10 2.0 4.0 6.0 27 6.0 44
-08-5-2 1.3 10 3.0 1.0 1.6 3.0 6.0 33 6.0 4.6
ecks

relli 2.0 o S T 1.5 3.0 2.0 2.7 2.0 24
ia 4.0 13, 33 13 25 4.3 1.3 4.0 1.3 24
nakelly 1.0 P aedldex 1.3 1.3 3.3 3.0 2.7 3.0 3.0
r 2053 47 ¥i0aon 2:35-1:0 23 2.7 4.0 2.0 4.0 32
resa 2.0 100 23 10 1.6 33 3.0 33 3.0 32
ilista 4.3 }iOves 3:3 551:0 2.4 4.7 3.0 2.3 3.0 33
mantha 33 100001310 1.7 4.0 3.0 33 3.0 33
yrgan 37 1.0/ e2.004¢1:0 1.9 4.0 4.0 2.0 4.0 3.5
ny 3.7 Yois 23 1D 2.0 4.7 4.0 2.7 4.0 3.8
rnadon 3.0 RS SI8RE. Tat) 1.9 3.0 7.0 2.0 7.0 4.8
an 3.1 5 I gl SR 1.9 3.3 35 2.8 3.5 33

OO A 0 Sl B i e b s £ BN b o bl o A e S it ]
DoosSpraying(S) ~ 03 NS 03 01 03. 03 NS 03 01 . 03
D 605 GXS s § e s L R T T ny e Gl W AT Rl
/% 83, 62 .38 .08ih1 2L B a8 i 62y A8 08 i 21

D=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,
=long rain season, SR=Short rain season. LSD Location = 0.2.
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4.4, Growth vigour scores of advanced backcrosses snap bean bulks grown at two
locations over two seasons with and without fungicide application.

Sprayed e Unsprayed
Thika Mwea Thika Mwea

type SR LR SR LR Mean SR LR SR LR Mean
)8-302 2.3 137 1.3 1.7 18527 330 20 28 2.2
)8-301 9.7 &0 e 1.0 1.8 1033.220 40 52D 2.8
)8-305 33 1.0 40 1.0 23 3337 2210 40 29 29
08-308 7550 DSSNES 1.0 2.0 %5330 00 003 3.0 3:2
08-303 40 1.7 1.7 1.7 237550 33 X3 N33 3.3
08-304 30 10 ww33 1.0 21,33 .40 8D &8 38
08-306 3.7 110 23 1.0 203233 460 33 4D 4.2
08-307 4.3 1.0 43 1.0 2738437420 <29 6.0 48
cks

3 40 °13 23 1.3 23258353 8T 1.3 2.4
retli 2.0 1.3 j P .3 16753.0-72.0. ‘27 2.0 24
1antha c 0% R s R 1.0 22740 30 23 .39 3.1
lista 43 10 1420 1.0- 3 213847 ;30 4 3N 3.2
esa 2.0 1.0 2.3 1.0 16s%33 30" 33 3.0 32
nakelly .7 el Fi 833 13 24.-33 .30 40 30 3.3
r 2053 4.7 340 1.3 1.0 208327 §£0 .93 a4l XS
y 37 1110 23 1013 303647 540 20 40 37
rgan 3.7 73410 13 1.0 1.8 40 40 27 40 3.7
madon SR AN ST 1.0 197530 Y70 20 TN 4.8
an 3085l 2.4 1.1 20,5386 S35 380 3% 3.4

) 0.0s Genotype (G) 18 =42 1.1 0.6 o M 4 o s s KSR & 1 0.6
D 00s Spraying (S) 05 NS 04 02 031005 ENS . 04. 02 0.3
D g0s GXS 2.1 1.9 1.5 0.9 085321 $39. 75 0.9 0.8

% 46 114 88 0.0 38 46 114 88 0.0 3.8
D=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,
=long rain season, SR=Short rain season. LSD Location = 0.4.

backcross populations, progenies of SB-08-302 had the highest growth vigour (2.2) while
genies of SB-08-307 had the lowest intermediate growth vigour (4.0). Six populations from
, group had good growth vigour while SB-08-306 had intermediate growth vigour (Table
). Among the HAB snap bean lines, HAB 54 was the most vigourous (2.6) while HAB 425
{ had the lowest intermediate growth vigour (4.7). Twenty one populations from this group
{ good vigour. HAB 465, HAB 467, HAB 403, HAB 408 and HAB 404 had growth vigour

able 4.5).
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4.5. Growth vigour scores of HAB snap bean lines grown at two locations over two
seasons with and without fungicide application.

Sprayved Unsprayed
Thika Mwea Thika Mwea
type SR LR SR LR Mean SR LR SR LR  Mean
54 3 1.0 iy S B, 13 3.7 2.0 24 2.0 2.6
173 33 1.3 1.3 13 1.8 3.7 2.0 33 2.0 2.8
411 1.0 O L O 1l 3.0 2.0 4.0 2.0 2.8
426 33 1.3 19 13 1.8 3.3 2.0 4.0 2.0 2.8
442 2.3 18 52840 1.6 47 2.0 207 2.0 2.8
420 3.0 1.3 1055 13 1.7 3.0 4.0 2.0 4.0 3.0
462 2t 1.0 L3 otlg 1.8 4.3 4.0 2.7 4.0 3.0
401 2.4 + ISR b s Sy o 2 B B ) 2.0 4.0 3.3 4.0 33
419 3.0 100 20 510 1.8 3.7 4.0 3.7 4.0 33
438 30 10 ¢y O ()] 1.7 3.7 4.0 2.7 4.0 33
501 3.0 1.3 | oy e e 1.8 3.9 4.0 29 4.0 33
405 33 38 23 T30 2.9 3. 4.0 3.0 4.0 34
229 3.3 1.3 13013 1.8 33 4.0 2.3 4.0 < o
414 2.3 L3de 2. w13 1.8 e 4.0 2 4.0 3.5
425 W 2.0 18 S 20 (10 1.5 .l 4.0 3.3 4.0 3.5
406 3.3 o ipbiutt b S L1 1.8 33 4.0 3.3 4.0 37
423 33 023 A e Ml 2.3 3.7 4.0 4.0 4.0 3.7
240 33 1093 1.0 B 4.7 4.0 2 4.0 38
428 3.3 10 2010 1.8 3.3 4.0 3.7 4.0 3.8
449 BR 3.3 1.0..23 10 1.9 4.0 4.0 3.3 4.0 38
, 449 W 3 13 13 13 1.9 4.7 4.0 25 4.0 3.8
465 3.3 19 20 14 i.8 3.0 4.0 5.0 4.0 40
} 467 2.4 3030 1.0 1.4 5.0 4.0 3.0 4.0 4.0
} 403 20 1.3 b (R e 1.6 23 6.0 3.0 6.0 43
} 408 7 By BN Oy B AES iec 13 W1 1.5 3.3 6.0 PR 6.0 43
3 404 2l R 010 1.6 3.0 6.0 3.0 6.0 4.5
3 425 BM 2 L3 ; 45 el 1.7 33 6.0 3.3 6.0 47
cks
; 40/ 1.3 523013 23 43 1.3 2.7 1.3 24
elli 20 w13 grelsh Wil 1.6 3.0 2.0 27 2.0 24
antha 33 Q33510 2.2 4.0 3.0 2.3 3.0 3.1
ista 43 10 20410 2.1 4.7 3.0 2.0 3.0 3.2
52 2013023 10 1.6 33 3.0 3.3 3.0 32
akelly J.0E % RIide:3:3 win ki 1.8 33 3.0 4.0 3.0 33
2053 400 A SO 2.0 ) 4.0 2.7 4.0 3.3
y 3.7 10 (31230030 2.0 4.7 4.0 2.0 4.0 37
-gan e fi R 77 VR e B 1.8 4.0 4.0 2.7 4.0 <)
nadon i e il <r 14 1.9 3.0 7.0 2.0 7.0 48
n 0 S e N I TR ) 1.8 3.3 3.8 3.0 3.8 g o
) 0 0s Genotype (G) 14 . dede., 1.3 05 0.6 1.4 1.4 1.3 0.5 0.6
) 0.0s Spraying (S) 03 . NS 103. 01 0.4 0.3 NS 0.3 0.1 0.4
) 0.0s GXS 20 026, LB 0] 0.9 2.0 2.6 1.8 0.7 0.9
% 24 149 45 2.] 2.6 7.4 14.9 4.5 24 2.6

>=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,

-Jong rain season, SR=Short rain season. LSD Location = 0.4.
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4.6. Growth vigour scores of KSB snap bean lines grown at two locations over two

seasons with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea

ype SR LR SR LR Mean SR LR SR LR Mean
1 1349 1008 17 1.0 1.3 o 0 e | 1.3 3.0 2.3
l I 108 235 1.0 1.5 228 53 1.7 5.3 34
oW 139138 2% 1.3 1.3 1723 60 1.3 6.0 3.6
l 200 1.3:8 23 1.3 2.0 40 4.0 20 4.0 3.7
/ w2 LR B N e 1.0 2.0 40 5.0 2.7 5.0 42
10 BR 28- 138 3.3 1.3 2.1 278 640 23 6.0 43
<

400 1.3 2.3 1.3 28 43313 2.7 13 2.4
li 200 1388 17 1.3 1.6 3.0¢ 20 2.3 2.0 24
ntha 33 104 33 1.0 2.2 40 3.0 2.3 3.0 3.1
ta 437 . 1.0% 20 1.0 2.1 47 30 2.0 3.0 3.2
a 200 TS 2.3 1.0 1.6 339 30 3.3 3.0 3.2
kelly 170 133 33 1.3 1.9 335 30 4.0 3.0 33
053 457 10813 1.0 2.0 24440 3.3 4.0 3.5

3T 1108 23 1.0 2.0 47 40 2.0 4.0 3.7
an 2 iy SR 24 LR 1.0 1.8 40 4.0 27 4.0 o
idon 30 105 27 1.0 1.9 304 70 2.0 7.0 4.8

28 kL 24 1.1 1.9 32 40 24 4.0 34
s Genotype (G) 134 120 1.2 0.7 0.6 154 1.2 1:2 0.7 0.6
os Spraying (S) 05 03 04 0.2 0.4 05 03 0.4 0.2 0.4
os GXS L& 161 1.7 0.9 0.8 1.8 16 1.7 0.9 0.8
. T 480852 5.8 5.8 75 4.8 5.2 5.8 5.8

Least significant difference, CV=Coefficient of variation, LR=long rain season, SR=Short rain season. LSD

ion= 0.4.

n KSB snap bean lines were grown without application of fungicides KSB 11 was the most

urous (2.3) while KSB 10 BR recorded the lowest growth vigour (4.3). KSB 11, KSB 3,

3 10 W and KSB 4 had high vigour while KSB 7 had growth vigour (Table 4.6). Among the

bing snap bean lines, HAV 130 recorded the highest growth vigour (2.9) while HAV 132

the lowest growth vigour (4.8). HAV 131 had good vigour while HAV 134, HAV 135 and

V 133 had growth vigour (Table. 4.7).
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e 4.7. Growth vigour scores of climbing snap bean lines grown at two locations over two
seasons with and without fungicide application.

% Sprayed P Unsprayed
Thika Mwea Thika Mwea
type SR IR SR . ER: Mean SK ' IR SR LR Mean
130 2.0 1.0 27 1.0 1.7 7l 4.0 2.0 4.0 2.9
131 3.0 1025 1.0 1.9 4.0 4.0 33 4.0 3.8
134 2.7 1.0 320 210 1.8 43 4.0 4.0 4.0 4.1
135 2.0 1055 4.0 1.0 2.0 4.0 6.0 2.0 6.0 4.5
ST 2.0 1id 126813 Tickd 2.0 43 6.0 2.0 6.0 4.6
132 2.7 1.0 4.0 1.0 2. 4.0 6.0 33 6.0 4.8
ks
4.0 B e e 23 43 1.3 2. 1.3 24
111 2.0 1.3 1 5y 1.6 3.0 2.0 2.7 2.0 24
ntha 3.3 BT e e R 2.2 4.0 3.0 23 3.0 3.1
sta 4.3 g i ) el 1 2.1 4.7 3.0 20 3.0 32
a 2.0 140023 1.0 1.6 3.3 3.0 3.3 3.0 3.2
akelly 1.3 Y3 a3y 1.3 1.8 3.3 3.0 4.0 3.0 33
2053 4.7 1.0 1.3 1.0 2.0 2.7 4.0 33 4.0 3.5
3.7 100237 " 1.0 2.0 4.7 4.0 2.0 4.0 : iy
zan B 1.0 13 1.0 1.8 4.0 4.0 2.7 4.0 3.
adon 3.0 | 21 T 1.0 1.9 3.0 7.0 2.0 7.0 4.8

| 2.9 LISVizs 44 1.90igg08-40 - IO 4R 3.6
005 Genotype (G) 1.4 11V 08 S A Ak 1.1 0.5 0.5
o0s Spraying (S) 0.5 W08 02" 08 USRS 0.4 0.2 0.4
oos GXS 2.0 21 LS . 0f 08N 1.5 0.8 0.8
6 gkt (0 Gl T Ty R B o SO D R e T 1.3

=L east significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability
. LR=long rain season, SR=Short rain season, LSD Location = 0.5.

2 Days to flowering

nificant effect (P< 0.05) of cropping season was obtained for the duration to flowering. The
ct of location was significant for most population except for F4 population. Significant
erence for duration to flowering was recorded among genotypes. The two way interaction
ween cropping season, location and genotypes were significant (P< 0.035) for all populations

ypendices 3-14). Genotypes flowered earlier during short rain season than during long rain
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n by about a day. Also genotypes flowered earlier at Mwea location on average by a day

at Thika.

ng the check varieties evaluated Morgan was the earliest to flower (35.0 days) while Star

was the last to flower (39.3 days) during short rain season. Paulista was the earliest to
er (37.2 days) while Julia was last to flower during long rain season (41.2 days). When Fq
lations were grown during short rain season progenies of SB-08-3-12 flowered earliest
 days) while progenies of SB-08-3-14 were the last to flower (39.8 days). Progenies of SB-
9 were the earliest to flower (37.2 days) while progenies of SB-08-3-3 were the last to

er (41.0 days) during long rain season (Table. 4.8).

ng Fs 5 snap bean families, progenies of SB-08-5-18 151-2, SB-08-5-18 151-4, SB-08-5-18
5 and SB-08-148-4 flowered earliest (34.0 days) while SB-08-146-1 was the last to flower
5 days) during short rain season. SB-08-146-1 was the earliest to flower (37.3 days) while
18-148-1 was the last to flower (41.5 days) during long rain season (Table. 4.9). When Fe
) bean populations were grown during short rain season, SB-08-5-9, SB-08-5-17, SB-08-5-
d SB-08-5-14 flowered earliest (36.5 days) while progenies of SB-08-5-19 were the last to
ver (40.0 days). Progenies of SB-08-5-6 were the earliest to flower (37.7 days) while SB-
5-3 was the last to flower (42 days) during long rain season (Table. 4.10). Among the
kcross populations, progenies of SB-08-303 were the earliest to flower (35.5 days) while
genies of SB-08-308 were the last to flowered (39.5 days) during the short rain season.
genies of SB-08-307 were the earliest to flower (38 days) while SB-08-308 flowered last

3 days) during long rain season (Table. 4.11).
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- 4.8. Days to flowering of F4 snap bean bulks grown at Mwea for two seasons.

Short rain season Long rain season
e Thika Mwea Mean Thika Mwea Mean
-9 38.0 39.0 38.5 38.0 38.0 38.0
-4 36.0 37.0 36.5 38.7 38.0 383
-5 36.3 37.0 36.7 39.0 38.0 38.5
-7 36.0 37.0 36.5 40.3 37.0 38.7
-16 36.0 36.0 36.0 39.0 38.3 38.7
-11 36.0 37.0 36.5 39.7 37.7 38.7
-18 36.0 37.0 36.5 40.0 37.7 38.8
=21 383 40.0 39.2 38.7 39.3 39.0
-12 34.7 35.0 34.8 38.2 40.0 39.1
-15 36.3 37.0 36.7 40.3 38.0 39.2
-8 36.3 37.0 36.7 40.7 317 39.2
-17 373 37.0 372 40.0 38.3 39.2
-14 39.7 40.0 39.8 39.0 39.7 39.3
-20 36.0 35.0 355 39.3 39.3 39.3
-2 35.7 35.7 35.7 39.3 39.3 39.3
3-10 353 37.0 36.2 38.7 40.3 39.5
3-1 36.0 35.0 355 41.0 38.0 39.5
3-6 353 36.3 35.8 39.3 40.0 39.7
3-13 34.7 35.0 34.8 39.3 40.0 39.7
3-22 36.5 36.3 36.4 40.1 39.3 39.7
3-19 39.0 40.0 39.5 39.7 41.7 40.7
3-3 36.3 37.0 36.7 41.7 41.0 41.3
1 36.0 37.0 36.5 37.3 37.0 37.2
ha 36.7 36.3 36.5 37.3 37.0 37.2
) 387 343 35.0 38.0 37.0 375
elly 37.0 37.0 37.0 39.0 37.0 38.0
| 37.7 37.0 373 39.0 37.0 38.0
53 38.7 40.0 39.3 40.3 37.0 38.7
35.7 37.0 36.3 39.0 39.0 39.0
36.0 37.0 36.5 393 39.0 39.2
lon 36.0 35.0 35.5 39.3 39.0 39.2
37.0 7.0 37.0 39.3 43.0 412
36.5 36.9 36.7 393 38.7 39.0
s Genotype (G) NE | 11 0.7 1.1 1.1 0.7
s Season (S) - - 0.9 - - 0.9
s GXS - - 1 - - 1.1
0.2 0.6 0.2 0.2 0.6 0.2

east significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level.
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> 4.9. Days to flowering of F4 s snap bean families grown at two locations over two

seasons.
_____Short rain season Long rain season
otype Thika Mwea  Mean Thika Mwea Mean
08-146-1 39.0 40.0 39.5 377 37.0 37.3
08-69-7 37.0 37.0 37.0 383 37.0 377
08-143-1 38.0 37.0 37.5 38.3 37.0 37.7
08-150-2 37.0 37.0 37.0 39.0 37.0 38.0
08-143-2 38.0 37.0 375 38.0 38.0 38.0
08-152-4 38.0 37.0 375 39.0 38.0 385
08-151-2 36.3 353 35.8 40.0 37.0 385
08-155-2 37.0 37.0 37.0 37.3 39.7 385
08-66-3 38.0 35.7 36.8 39.0 383 38.7
08-148-4 35.0 33.0 34.0 40.3 37.0 387
08-152-2 38.0 37.0 37.5 39.0 38.7 388
08-67-2 37.0 37.0 37.0 40.5 33 389
08-150-1 37.0 37.0 37.0 38.7 393 39.0
08-154-4 35.0 33.0 34.0 41.0 37.0 39.0
08-66-4 39.0 39.0 39.0 38.7 39.7 39.2
08-151-1 35.0 33.0 34.0 40.0 383 39.2
08-147-1 36.0 35.0 355 39.7 39.0 393
-08-148-5 36.0 33.7 348 39.2 39.3 393
-08-151-3 373 373 37.3 39.7 39.0 39.3
-08-67-2 37.7 37.7 37.7 38.0 40.7 393
-08-154-1 35.7 343 35.0 40.7 38.0 393
-08-143-3 37.3 357 36.5 38.7 40.3 395
-08-147-4 36.0 35.0 355 40.0 39.3 39.7
-08-152-1 37.0 35.0 36.0 40.7 38.7 39.7
-08-69-4 36.7 36.3 36.5 40.3 39.0 39.7
-08-154-5 35.0 33.0 34.0 423 37.0 39.7
-08-152-3 37.3 35.7 36.5 38.7 41.0 39.8
-08-66-1 38.0 37.0 375 385 41.0 39.8
-08-145-2 36.7 38.0 373 40.7 39.0 39.8
-08-154-2 35.0 33.0 34.0 41.7 38.0 39.8
-08-148-3 35.0 33.7 343 393 40.7 40.0
-08-66-2 39.0 39.0 39.0 39.0 423 40.7
-08-147-3 36.0 35.0 355 40.3 413 40.8
-08-148-2 36.7 36.3 36.5 42.7 39.0 40.8
-08-66-5 38.0 37.0 375 39.3 42.7 41.0
-08-147-2 36.0 35.0 35.5 40.7 41.7 412
3-08-145-1 36.0 37.0 36.5 40.7 42.0 413
3-08-148-1 353 333 343 40.3 42.7 41.5
necks
ulista 36.0 37.0 36.5 373 37.0 37.2

ible 4.9 continued next page
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4.9 continued

Short rain season Long rain season
Thika Mwea Mean Thika Mwea Mean
tha 36.7 36.3 36.5 37.3 37.0 372
n 35.7 343 35.0 38.0 37.0 37.5
celly 37.0 37.0 37.0 39.0 37.0 38.0
li 37.0 37.0 37.0 39.0 37.0 38.0
053 40.0 40.0 40.0 40.3 37.0 38.7
1 36.0 37.0 36.5 39.0 39.0 39.0
38.0 37.0 37.5 393 39.0 39.2
don 36.0 35.0 35.5 393 39.0 39.2
37.0 37.0 37.0 39.3 43.0 41.2
36.9 36.1 36.5 394 39.0 392
os Genotype (G) 1.4 2.7 1.0 1.4 Pl 1.0
os Season (S) - - 0.3 - - 0.3
os GXS - - L5 - - 1.5
* 0.5 0.7 0.5 0.5 0.7 0.5

Least significant difference, CV=Coefficient of variation, LSD Location = 0.3.

¢ the HAB snap bean lines. HAB 401 was the earliest to flower (34.5 days) while Star
flowered last (39.5 days) during short rain. Samantha and Paulista were the earliest to
r (37.2 days) while Julia (41.2 days) was the last to flower during long rain season (Table
. For KSB snap bean lines. KSB 7 took the shortest duration to flower (39.5 days) while
11 took the longest duration to flower (43.5 days) during short rain season. KSB 7 took
hortest days to flower (40.2 days) while KSB 11 took the longest duration to flower (44.8
) during long rain season (Table 4.13). For climbing snap bean lines HAV 131, HAV 130
HAV 135 took the shortest duration to flower (35.0 days) while HAV 132 took the longest
tion (42.0 days) during short rain season. HAV 131 and HAV 133 took the shortest
tion to flower (41.5 days) while HAV 132 took the longest duration to flower during long

season (Table. 4.14).



4.10. Days to flowering of F¢ snap bean bulks grown at Mwea for two seasons.

Short rain season

Long rain season

stype Thika Mwea  Mean  Thika  Mwea Mean
8-5-6 37.3 38.0 377 38.0 373 377
8-5-17 36.0 37.0 36.5 393 37.0 38.2
8-5-12 383 37.3 37.8 39.0 37.7 383
8-5-4 38.3 383 383 38.7 383 38.5
8-5-8 37.0 37.0 37.0 39.0 38.0 38.5
8-5-7 39.0 39.0 39.0 393 383 38.8
8-5-1 36.3 38.0 372 40.0 383 39.2
8-5-16 38.0 40.0 39.0 41.0 373 39.2
8-5-2 37.0 37.0 37.0 403 38.7 39.5
8-5-10 37.0 37.0 37.0 410 38.0 39.5
)8-5-19 40.0 40.0 40.0 39.0 40.0 39.5
)8-5-20 39.0 40.0 39.5 39.0 403 39.7
)8-5-5 373 39.0 38.2 39.0 403 39.7
)8-3-22 37.0 37.0 37.0 39.4 40.3 39.9
08-5-9 36.7 36.3 36.5 39.7 40.3 40.0
08-5-14 36.0 37.0 36.5 407 39.7 40.2
08-5-21 373 38.0 37.7 393 417 40.5
08-5-13 37.0 37.0 37.0 407 403 40.5
08-5-15 38.3 39.0 38.7 410 40.7 408
08-5-18 38.0 37.0 37.5 423 39.3 4038
08-5-3 36.7 36.3 36.5 430 410 420
cks
lista 36.0 37.0 36.5 373 37.0 372
antha 36.7 36.3 36.5 373 37.0 372
rgan 35.7 343 35.0 38.0 37.0 375
rakelly 37.0 37.0 37.0 39.0 37.0 38.0
rell 37.0 343 35.7 39.0 37.0 38.0
2053 39.0 37.0 38.0 403 37.0 38.7
esa 38.0 37.0 37.5 39.0 39.0 39.0
y 38.0 37.0 37.5 393 39.0 39.2
nadon 36.0 35.0 35.5 393 39.0 39.2
a 37.0 37.0 37.0 393 43.0 412
an 374 37.5 37.5 39.6 38.5 39.0
) .05 Genotype (G) 1.0 1.9 0.8 1.0 1.9 0.8
) 605 Season (S) - - 0.3 - - 03
) 405 GXS - - 1.1 - - 1.1
% 0.2 0.4 0.2 0.2 0.4 0.2

=Least significant difference, CV=Coefficient of variation
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> 4.11. Days to flowering of backcross snap bean bulks grown at Mwea for two

seasons.

Short rain season .5 Long rain season
otype Thika Mwea Mean  Thika Mwea Mean
08-307 37.0 36.7 36.8 39.0 37.0 38.0
08-308 39.0 40.0 39.5 38.0 38.3 38.2
08-303 36.0 35.0 355 39.3 38.3 38.8
08-302 39.3 39.0 39.2 40.7 £ {45/ 39.2
08-304 37.0 37.0 37.0 41.3 38.7 40.0
08-306 37.3 38.3 37.8 413 38.7 40.0
08-301 37.3 36.0 36.7 43.3 37.7 40.5
08-305 38.0 37.0 37.5 40.7 42.0 41.3
cks
lista 37.0 37.0 37.0 373 37.0 372
1antha 36.7 36.3 36.5 373 37.0 37.2
rgan 357 343 35.0 38.0 37.0 37.5
nakelly 37.0 37.0 37.0 39.0 37.0 38.0
relli 37.0 37.0 37.0 39.0 37.0 38.0
- 2053 39.0 40.0 39.5 40.3 37.0 38.7
esa 37.3 37.0 37.2 39.0 39.0 39.0
y 37.3 37.0 37.2 39.3 39.0 39.2
nadon 36.0 35.0 355 393 39.0 39.2
a 37.0 37.0 37.0 39.3 43.0 41.2
an 373 37.0 37.2 39.5 383 38.9
) 505 Genotype (G) Yiad 1.9 0.7 1.2 1.9 0.7
) 005 Season (S) . . 1.4 . i 1.4
D 05 GXS - - 1:2 - - | e
Yo 0.9 1.6 0.6 0.9 1.6 0.6

=_east significant difference, CV=Coefficient of variation, LSD Location = 0.3.
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- 4.12. Days to flowering of HAB snap bean lines grown at two locations over two

seasons.

Short rain season Long rain season
otype Thika Mwea Mean Thika Mwea Mean
3 426 36.0 34.7 353 39.0 35.7 37.3
3 240 35.3 34.0 34.7 39.0 36.3 37.7
3419 37.3 37.0 312 39.0 36.7 37.8
3425 W 36.3 34.7 35.5 39.0 37.0 38.0
3 449 BR 373 37.0 372 39.0 37.0 38.0
3 501 36.3 37.0 36.7 39.0 37.0 38.0
3 403 373 38.3 37.8 38.7 31.7 38.2
3 408 36.7 36.3 36.5 39.0 373 38.2
3 414 35.7 35.0 353 393 37.0 38.2
3 438 36.3 37.0 36.7 39.0 37.3 38.2
3 401 35.0 34.0 345 39.0 37.7 38.3
B 442 38.7 40.0 39.3 39.6 37.0 38.3
B 449 W 36.0 34.0 35.0 39.0 37.7 383
B 405 36.3 34.0 35.2 40.0 37.0 38.5
B 462 36.0 35.0 35.5 40.3 36.7 38.5
B 54 36.0 34.0 35.0 393 37.7 38.5
B 406 36.0 35.0 355 39.0 38.3 38.7
B 423 35.3 34.0 34.7 39.0 38.3 38.7
B 465 353 35.0 35.2 39.3 38.0 38.7
B 411 36.7 35.0 35.8 39.0 38.7 38.8
B 420 35.7 35.0 353 39.3 383 38.8
B 404 36.3 37.0 36.7 39.0 39.0 39.0
B 428 37.3 37.0 37.2 39.0 39.0 39.0
B 467 36.3 35.0 35.7 39.0 39.0 39.0
B 173 35.0 35.0 35.0 30.3 39.0 39.2
B 229 36.3 37.0 36.7 38.7 40.3 39.5
B 425 BM 36.3 35.0 35.7 41.0 38.7 39.8
ecks

ilista 37.0 37.0 37.0 373 37.0 37.2
nantha 36.7 36.3 36.5 37.3 37.0 37.2
rgan 35.7 343 35.0 38.0 37.0 37.5
nakelly 37.0 37.0 37.0 39.0 37.0 38.0
relli 37.0 37.0 37.0 39.0 37.0 38.0
r 2053 39.0 40.0 39.5 40.3 37.0 38.7
resa 38.0 37.0 37.5 39.0 39.0 39.0
ny 38.0 37.0 372 39.3 39.0 39.2
rnadon 36.0 35.0 35.5 393 39.0 39.2
ia 37.0 37.0 37.0 39.3 43.0 41.2
an 36.5 35.9 36.2 39.1 37.9 38.5
D ;.05 Genotype (G) 1.1 1.0 0.7 151 1.0 0.7

D ;05 Season (S) - - 0.5 - " 0.5

D o0s GXS - - 1.0 - - 1.0

[ % 0.2 0.5 0.1 0.2 0.5 0.1

D=Least significant difference, CV=Coefficient of variation, LSD Location = 0.3.
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4.13. Days to flowering of KSB snap bean lines grown at two locations over two

seasons
Short rain season Long rain season

type Thika Mwea Mean Thika Mwea Mean

7 39.0 40.0 39.5 41.0 39.3 40.2

10 BR 41.7 45.0 433 42.7 40.7 41.7

4 40.0 43.0 41.5 44.0 393 41.7

10 W 40.3 43.0 41.7 43.0 413 42.2
3 40.3 43.0 41.7 423 44.7 43.5
L 42.0 45.0 43.5 45.0 44.7 44.8
cks
ista 37.0 37.0 37.0 37.3 37.0 37.2
antha 36.7 36.3 36.5 373 37.0 37.2
gan 35.7 343 35.0 38.0 37.0 37.5
akelly 37.0 37.0 37.0 39.0 37.0 38.0
elli 37.0 37.0 37.0 39.0 37.0 38.0
2053 38.0 40.0 39.0 40.3 37.0 38.7
sa 38.0 37.0 37.5 39.0 39.0 39.0
y 38.0 37.0 37.5 393 39.0 39.2
1adon 36.0 35.0 355 39.3 39.0 39.2
A 37.0 37.0 37.0 39.3 43.0 41.2
n 38.4 39.4 38.9 40.4 39.7 40.0
005 Genotype (G) 0.6 1.0 0.5 0.6 1.0 0.5
005 Season (S) - - 0.5 - - 0.5
) 0.0s GXS - - 0.7 - - 0.7
Yo 0.5 0.6 0.3 0.5 0.6 0.3

- east significant difference, CV=Coefficient of variation

ire 7. A high yielding snap bean lines at Thika location
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e 4.14. Days to flowering of climbing snap bean lines grown at two locations over

two seasons.

Short rain season Long rain season
otype Thika  Mwea Mean Thika Mwea Mean
V131 40.0 40.0 40.0 45.0 38.0 415
Vi33- 43.0 43.0 43.0 43.7 393 415
V130 40.0 40.0 40.0 43.0 41.7 423
V135 40.0 40.0 40.0 46.0 393 42.7
V134 43.0 40.0 41.5 45.0 42.7 43.8
V132 41.0 43.0 42.0 47.7 42.7 45.2
cks
lista 37.0 37.0 37.0 373 37.0 372
1antha 36.3 36.3 36.3 373 37.0 372
rgan 35.7 343 35.0 38.0 37.0 375
nakelly 37.0 37.0 37.0 39.0 37.0 380
relli 37.0 37.0 37.0 39.0 37.0 38.0
2053 40.0 40.0 40.0 40.3 37.0 38.7
esa 37.0 37.0 37.0 39.0 39.0 39.0
y 37.0 37.0 37.0 39.3 39.0 39.2
nadon 35.0 35.0 35.0 39.3 39.0 39.2
a 37.0 37.0 37.0 39.3 43.0 41.2
an 38.1 38.4 38.2 41.1 39.1 40.1
) 605 Genotype (G) 1.1 1.0 0.6 1.1 1.0 0.6
) g0s Season (S) e - 0.8 - - 0.8
) 005 GXS - - 0.9 - - 0.9
% 0.8 0.7 0.3 0.8 0.7 0.3

=Least significant difference, CV=Coefficient of variation, LSD Location = 0.1.

3 Days to maturity

re was significant effect recorded (P<0.05) for cropping seasons and location on duration to
urity and on all the snap bean population and lines. Genotypes matured earlier during short
“season than long rain season also they matured earlier at Mwea when compared to Thika.
ificant differences were also obtained for duration to maturity among the populations. The
~and three way interactions between genotypes, location and cropping season were

ificant (P<0.05) (Appendices 3-14).
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> 4.15. Days to maturity of F4 snap bean bulks grown at Mwea for two seasons.

Short rain season Long rain season

otype Thika Mwea Mean Thika Mwea Mean
)8-3-6 75.0 79.0 77.0 82.3 723 77.3
)8-3-18 753 75.0 75.2 843 T 78.0
08-3-3 71.0 75.0 73.0 85.0 72.0 78.5
08-3-15 3.7 T3 73.0 843 73.0 78.7
08-3-20 74.0 75.0 74.5 84.7 72.7 78.7
08-3-11 73.7 73.0 73.3 84.3 73.0 78.7
08-3-16 72.0 73.0 72.5 84.7 73.0 78.8
08-3-5 7 78.0 74.8 84.0 74.3 79.2
08-3-1 70.7 74.3 72.5 86.0 72.3 79.2
08-3-4 73.3 75.0 74.2 85.0 73.7 79.3
08-3-21 74 b 77.0 74.3 84.3 74.3 79.3
08-3-12 723 72.0 72.2 86.0 74.0 80.0
08-3-7 69.0 78.0 73.5 84.7 753 80.0
08-3-8 73.3 73.0 73.2 83.7 76.3 80.0
08-3-19 76.0 77.3 76.7 86.0 74.3 80.2
08-3-22 720 75.0 73.5 86.3 74.3 80.3
08-3-9 713 76.3 73.8 84.7 76.7 80.7
08-3-13 72.0 7 71.8 86.0 75.3 80.7
08-3-2 75.0 75.0 75.0 85.7 75.7 80.7
08-3-10 753 72.3 73.8 86.3 76.0 81.2
08-3-14 723 .7 75.0 86.0 76.3 812
08-3-17 73.0 73.0 73.0 85.3 78.7 82.0
ecks

relli 733 74.3 73.8 833 73.0 78.2
esa 71.3 75.7 73.5 82.0 74.7 78.3
nadon 74.0 73.0 73.5 82.3 753 78.8
rgan 72.0 75.0 733 82.7 76.3 79.5
nakelly 727 75.0 73.8 86.3 77.3 81.8
1y 72.3 77.0 74.7 86.3 T 82.0
lista 74.7 76.0 75.3 85.7 78.7 82.2
r 2053 72.7 69.3 71.0 81.3 81.0 82.7
nantha 73.0 74.3 73.7 86.7 79.7 83.2
ia 76.3 75.0 797 87.0 80.3 83.7
an 73.0 74.8 73.9 84.9 753 80.1
D .05 Genotype (G) NS NS 1.7 NS NS 147
D 005 Season (S) - - 2.8 - - 2.8
D g0s GXS - - 2.8 - - 28
% 1.8 0.2 0.2 1.8 0.2 0.2

D=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,
D Location= 1.1.
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4.16. Days to maturity of Fs 5 snap bean families grown at two locations over two

seasons.

Short rain season Long rain season
type Thika __Mwea  Mean  Thika Mwea Mean
8-69-7 70.7 76.0 733 82.7 71.0 76.8
8-143-2 71.0 75.7 133 82.0 73.0 71.5
8-66-3 73.7 75.0 74.3 823 72.7 71.5
8-151-3 73.0 75.7 74.3 84.0 7.3 777
8-146-1 70.7 78.7 74.7 82.3 73.3 77.8
8-67-2 70.0 73.0 71.5 83.3 73.0 78.2
)8-143-3 71.3 74.0 72.7 833 73.0 78.2
)8-148-4 72.7 73.0 72.8 84.0 72.3 78.2
)8-155-2 70.3 74.7 725 83.0 y 78.2
)8-152-3 72.7 74.0 33 853 71.7 78.5
)8-150-2 69.0 75.7 723 84.0 73.0 78.5
)8-66-5 75.0 75.0 75.0 84.0 73.0 78.5
)8-151-1 70.3 74.7 72.5 86.0 7.3 78.7
)8-143-1 72.0 75.7 73.8 83.0 74.7 78.8
)8-66-2 7.7 67.0 69.3 833 74.7 79.0
)8-66-4 73.0 75.0 74.0 83.0 75.0 79.0
08-148-3 72.0 733 72.7 84.3 74.0 79.2
08-154-4 7.7 733 725 843 74.0 79.2
08-148-1 72.0 733 72.7 84.3 74.7 79.5
08-150-1 72.3 76.0 742 833 76.0 79.7
08-148-5 N3 76.0 73.7 84.7 74.7 79.7

08-67-2 T3 68.7 70.0 83.7 76.0 79.8
08-69-4 69.3 75.7 725 84 76.0 80.0
08-152-2 7.3 77.0 74.2 85.0 75.3 80.2
08-66-1 69.3 75.7 72.5 85.6 75.0 80.3
08-151-2 72.0 76.0 74.0 86.0 74.7 80.3
08-147-2 73.0 743 73.7 86.0 75.0 80.5
(08-147-4 75.0 74.7 74.8 84.7 76.3 80.5
08-152-1 74.3 74.0 74.2 84.0 77.0 80.5
08-152-4 74.3 77.0 75.7 84.7 76.3 80.5
08-148-2 71.3 66.3 68.8 84.7 76.3 80.5
-08-145-2 73.3 773 753 86.0 75.0 80.5
-08-154-1 73.0 73.7 73.3 87.0 74.0 80.5
-08-145-1 n.7 o0 73.7 86.0 157 80.8
-08-154-2 193 72.7 74.0 85.7 76.0 80.8
-08-147-1 73.7 75.3 74.5 86.0 76.0 81.0
-08-154-5 75.0 72.0 73.5 86.3 o B 81.0
-08-147-3 72.7 77.0 74.8 87.0 75.3 81.2
ecks

relli 13.3 74.3 73.8 833 73.0 78.2

ble 4.16 continued next page



4.16 continued

Short rain season Long rain season
Thika  Mwea Mean Thika Mwea Mean
71.3 75.7 73.5 82.0 74.7 78.3
fon 74.0 73.0 13:5 82.3 75.3 78.8
n 72.0 75.0 7,5 f 82.7 76.3 79.5
elly 72.7 75.0 73.8 86.3 i 81.8
72.3 77.0 74.7 86.3 77.7 $2.0
a 74.7 76.0 753 85.7 78.7 822
tha 73.0 74.3 13 86.7 79.7 83.2
76.3 75.0 157 87.0 80.3 83.7
053 72.7 69.3 71.0 86.3 81.0 83.7
127 74.5 73.6 84.5 74.9 79.7
s Genotype (G) 3.1 NS 2.1 3.7 NS 2.1
s Season (S) - - 0.7 - - 0.7
< GXS : ‘ 29 : g 29
0.5 0.5 0.3 0.5 0.5 0.3

-ast significant difference, CY=Coefficient of variation, NS= Not significant at 0.05 probability level, LSD
on=0.3.

o the check varieties evaluated Star 2053 was the earliest to mature (71.0 days) while
vas the last to mature (75.7 days) during short rain season. Morelli was the earliest to
> (78.2 days) and Julia was the last to mature during long rain season. When Fy
\tions were grown during short rain season. progenies of SB-08-3-6 were the earliest to
e (77.0 days) while progenies of SB-08-3-12 were the last to mature (72.2 days). During
ain season progenies of SB-08-3-6 were the earliest to mature (77.3 days) while SB-08-3-
s the latest to mature (82.0 days) (Table. 4.15). When F, s families were grown during
rain season. Sé—08-148-2 was the earliest to mature (68.8 days). During long rain season
3-69-7 was the earliest to mature (76.8 days) while SB-08-147-3 was the last to mature
days) (Table. 4.16).

ng the Fy populations. progenies of SB-08-5-12 were the earliest to mature (71.3 days)
. progenies of SB-08-5-19, SB-08-5-2 and SB-08-5-15 were the last to mature (75.3 days)
2 short rain season. During long rain season progenies of SB-08-5-6 were earliest to

re (77.5 days) while SB-08-5-17 was the last to mature (81.2 days) (Table 4.17). When
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ross populations were grown during short rain season, Progenies of SB-08-307 were the
st to mature while SB-08-302 was the latest to mature (77.3 days). Progenies of SB-08-
were the earliest to mature (77.7 days) while progenies of SB-08-302 were the last to
re (81.3 days) during long rain season (Table 4.18).

n HAB populations were grown during short rain season, HAB 401 was the earliest to
re (70.3 days) while HAB 442 was the latest to mature (76.0 days). During long rain

n HAB 405 was the earliest to mature (81.5 days) while HAB 462 took the longest

ion to mature (85.0 days) (Table 4.19).
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- 4.17. Days to maturity of F¢ snap bean bulks grown at Mwea for two seasons.

Short rain season Long rain season
otype Thika Mwea Mean Thika Mwea Mean
)8-5-6 70.0 753 2.7 823 [ 747 5 775
)8-5-20 69.0 78.0 3.5 82.7 73.3 78.0
)8-5-13 72.0 75.0 735 84.3 72.7 78.5
)8-5-8 75.3 75.0 5.2 85.7 M 78.7
)8-5-19 72.7 78.0 153 843 73.0 78.7
08-5-7 2.7 75.0 73.8 85.0 73.0 79.0
08-5-12 70.7 72.0 71.3 82.7 75.3 79.0
08-5-2 74.7 76.0 753 85.0 73.3 79.2
08-5-4 73.0 77.0 75.0 83.3 75.7 79.5
08-5-15 737 77.0 753 85.3 74.0 79.7
08-5-9 .7 72.0 71.8 843 75.0 79.7
08-5-21 T2 75.0 73.8 84.7 75.0 79.8
08-5-14 75.0 75.0 75.0 85.3 74.7 80.0
08-5-5 71.7 75.0 73.3 85.3 75.0 80.2
08-5-3 74.7 75.0 74.8 86.3 74.0 80.2
08-3-22 73.0 75.0 74.0 85.0 75.3 80.2
08-5-10 74.3 76.0 o0 85.3 753 80.3
08-5-16 72.0 71.0 74.5 85.3 753 80.3
08-5-1 73.0 75.0 74.0 85.3 76.0 80.7
08-5-18 70.7 75.0 72.8 86.7 75.3 81.0
08-5-17 73.7 75.0 74.3 86.3 76.0 81.2
ecks
relli 70.3 74.3 723 83.3 73.0 78.2

esa 71.3 75.7 73.5 82.0 74.7 78.3
mnadon 74.0 73.0 5 e 823 783 78.8
rgan 72.0 75.0 73:5 82.7 76.3 79.5
nakelly T2 75.0 73.8 86.3 77.3 81.8
1y 723 77.0 74.7 86.3 T 82.0
ilista 74.7 76.0 753 85.7 78.7 82.2
nantha 73.0 74.3 73.7 86.7 79.7 83.2
ia 76.3 75.0 75.7 87.0 80.3 83.7
r 2053 72.7 69.3 71.0 86.3 81.0 83.7
an 72.8 75.1 74.0 84.8 ¢pin 80.0
D o.0s Genotype (G) NS NS 1.7 NS NS 1.7

D ;05 Season (S) - - 1.5 - - 1.5

D 505 GXS - - 25 - - 2.5

' % 0.1 0.3 0.5 0.1 0.3 0.5

D=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,
D Location=0.8.
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e 4.18. Days to maturity of backcross snap bean populations grown for two season
and locations.

Short rain season i Long rain season
0type Thika Mwea Mean Thika Mwea Mean
08-303 73.3 73.0 132 84.0 1.3 T
08-307 67.3 74.3 70.8 83.7 733 785
08-306 76.3 Ta.l 76.0 85.0 72.1 78.6
08-305 76.3 75.0 157 83.7 75.3 79.5
-08-304 75.3 75.0 152 85.3 73.7 79.5
-08-308 72.0 78.0 75.0 83.7 77.3 80.5
-08-301 73.7 73.0 73.3 85.7 76.0 80.8
-08-302 77.7 77.0 773 85.3 713 81.3
ecks
relli 73.3 74.3 73.8 83.3 73.0 78.2
esa 713 75.7 73.5 82.0 74.7 78.3
rmadon 74.0 73.0 735 82.3 753 78.8
rgan 72.0 75.0 T 82.7 76.3 79.5
nakelly T 7 75.0 73.8 86.3 7.3 81.8
1y 72.3 77.0 74.7 86.3 1.7 82.0
1lista 74.7 76.0 753 85.7 78.7 82.2
mantha 73.0 74.3 73.7 86.7 79.7 83.2
ia 76.3 75.0 75.7 87.0 80.3 83.7
r 2053 72.7 69.3 71.0 86.3 81.0 83.7
an 73.6 74.8 74.2 84.7 76.4 80.5
D ;.05 Genotype (G) 3.9 NS 2.0 3.9 NS 2.0
D 005 Season (S) ¥ = 2.0 T ¥ 2.0
D 05 GXS - - 3.0 - - 3.0
' % 0.8 0.9 0.5 0.8 0.9 0.5

D=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,
D Location=1.2.

en KSB populations were grown during short rain season KSB 4, KSB 7 took the shortest
e to mature (77.2 days) while KSB 11 was the last to mature (79.2 days). During long rain
son KSB 4 took the shortest duration mature (79.7 days) while KSB 10 W, was the latest to
ture (82.7 days) (Table 4.20). When climbing lines were grown during short rain season,
\V 130 was the earliest to mature (77.8 days) while HAV 131 was the last mature (81.7
ys). HAV 130 was the earliest to mature (80.5 days) while HAV 134, HAV 133 were the last

mature (82.2 days) during long rain season (Table 4.21).
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4.19. Days to maturity of HABs snap bean lines grown at two locations over two

seasons.
Short rain season Long rain season
type Thika Mwea Mean Thika Mwea Mean
405 70.3 71.3 70.8 82.3 80.7 81.5
501 73.7 74.3 74.0 82.0 81.0 81.5
401 70.0 70.7 70.3 83.0 80.7 81.8
54 73.3 1153 7 | 82.0 81.7 81.8
403 74.3 71.0 72.7 83.3 80.7 82.0
419 72.7 123 72.5 83.0 81.3 82.2
420 74.0 74.3 74.2 83.3 81.0 82.2
438 73.7 75.0 74.3 82.7 81.7 82.2
449 W 7 70.7 7.2 83.0 81.3 822
404 733 7 T2 83.3 81.7 82.5
425 W 72.7 71.0 71.8 82.7 82.3 82.5
426 70.7 70.7 70.7 83.7 81.3 82.5
428 72.0 74.3 73.2 83.0 82.0 82.5
411 753 7.3 73.5 83.0 82.3 82.7
414 71.7 723 72.0 84.0 81.3 82.7
442 74.3 77.7 76.0 84.0 81.3 82.7
229 17 71.0 71.8 83.3 82.3 82.8
449 BR 74.3 37 74.0 83.3 823 82.8
240 72.3 727 2.5 83.3 83.3 83.3
467 73.0 72.0 729 85.0 81.7 83.3
423 B3 71.0 722 85.0 82.0 83.5
406 7 73.0 72.3 84.0 83.3 83.7
408 74.0 74.3 74.2 84.7 82.7 83.7
465 B3 71.0 71.2 83.3 84.0 83.7
173 73.0 73.0 73.0 86.0 81.7 83.8
425 BM 71.7 74.3 73.0 84.3 84.0 84.2
462 69.3 74.0 TLiy 86.0 84.0 85.0
ks
2111 70.3 74.3 72.3 83.3 73.0 78.2
sa 1.3 75.7 73.5 82.0 74.7 78.3
adon 74.0 73.0 73,35 82.3 75.3 78.8
gan 72.0 75.0 73.5 82.7 76.3 79.5
akelly 17 75.0 73.8 86.3 T3 81.8
; 72.3 71.0 74.7 86.3 77.7 82.0
ista 74.7 76.0 753 85.7 78.7 82.2
antha 73.0 74.3 137 86.7 79.7 83.2
t 76.3 75.0 75:1 87.0 80.3 83.7
2053 72.7 69.3 71.0 86.3 81.0 83.7
n 73.0 73.1 73.0 84.0 80.7 82.4
0.05 Gcnotype (G) 28 NS 1.5 2.8 NS 125
005 Season (S) - - 0.6 - - 0.6
0.05 GXS - - 2.2 5 - 22
) 0.9 1.9 0.4 0.9 1.9 0.4

=L east significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,
 Season= 0.6.
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4.20. Days to maturity of KSB snap bean lines grown at two locations over two

seasons.
Short rain season Long rain season
vpe Thika Mwea Mean Thika Mwea Mean
| 74.3 80.0 77.2 843 75.0 79.7
’ 74.3 80.0 77.2 83.7 76.0 79.8
0BR 73.3 80.0 76.7 87.3 74.7 81.0
‘. 76.7 77.0 76.8 87.3 76.3 81.8
1 78.3 80.0 79.2 88.0 76.3 82.2
ow 773 78.3 77.8 88.3 77.0 82.7
S
i 733 74.3 73.8 83.3 73.0 78.2
I. 71.3 75.7 73.5 82.0 74.7 78.3
don 74.0 73.0 735 82.3 75.3 78.8
n 720 75.0 73.5 82.7 76.3 79.5
celly 72.7 75.0 73.8 86.3 77.3 81.8
723 77.0 74.7 86.3 T 82.0
ta 74.7 76.0 75.3 85.7 78.7 82.2
itha 73.0 74.3 73.7 86.7 79.7 83.2
76.3 75.0 75.7 87.0 80.3 83.7
053 29 69.3 71.0 86.3 81.0 83.7
74.2 76.5 75.3 85.5 76.8 81.2
s Genotype (G) 4.0 NS 21 4.0 NS 2.1
»s Season (S) - - 1.2 - - 12
0s GXS . - 3.0 - - 3.0
0.7 0.7 0.3 0.7 0.7 0.3

_east significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,

ocation= 1.0.
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> 4.21. Days to maturity of climbing snap bean lines grown at two locations over two
seasons with and without fungicide application.

Short rain season Long rain season
type Thika Mwea Mean Thika Mwea Mean
130 12.1 83.0 77.8 85.7 753 80.5
132 76.2 86.0 81.1 87.3 75.0 g1.2
131 80.3 83.0 81.7 88.7 74.7 81.7
135 78.5 83.0 80.8 88.7 74.7 81.7
133 75.0 86.0 80.5 88.0 76.3 822
134 74.7 83.0 78.8 89.7 74.7 82.2
ks
1li 70.3 74.3 723 833 73.0 78.2
a T3 757 735 82.0 74.7 78.3
adon 74.0 73.0 V35 823 75.3 78.8
an 72.0 75.0 73.5 82.7 76.3 79.5
akelly 72.7 75.0 73.8 86.3 71.3 81.8
723 77.0 74.7 86.3 13 82.0
sta 74.7 76.0 75.3 85.7 78.7 82.2
antha 73.0 74.3 T 86.7 79.7 83.2
76.3 75.0 757 87.0 80.3 83.7
2053 72.7 69.3 71.0 86.3 81.0 83.7
1 73.7 78.0 75.9 86.0 76.5 81.3
0.0s Genotype (G) 34 7.0 2i1 3.4 7.0 2.1
o005 Season (S) - - 1.9 - - 1.9
00s GXS - - 3.0 - - 3.0
o 0.6 0.6 0.3 0.6 0.6 0.3

Least significant difference, CV=Coefficient of variation, Location= 1.2.

4 Pod length, pod diameter and pod colour of snap bean populations and lines

re was a significant effect (P< 0.05) of genotype and cropping season for pod length in all
ulations and lines except for F4 population. The mean pod length was higher during long
) than short rain season. The two way interaction between genotype and cropping season
s only significant in Fs populations and Fy s families. There was a significant effect (P< 0.05)
genotype for pod diameter in all populations and lines. However, the effect of cropping
son was only significant for pod diameter for only Fs s populations, KSB and climbing snap

an lines (Appendices 3-14).
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g the F4 population, SB-08-3-1 had the longest pods (11.8 cm) and SB-08-3-1 had the
est pods (9.9 cm). The highest pod diameter recorded was from SB-08-3-12, SB-08-3-5,
8-3-1, SB-08-3-14, SB-08-3-20 and SB-08-3-17 of 0.9 cm. The least pod diameter
ded was from Amy, Julia and Paulista of 0.6 cm. Among the Fs5s families, progenies of
8-151-2 had the shortest pod length (9.1cm) whereas SB-08-66-1 had the highest pod
h (9.1cm). Mean pod diameter of F4.5 families during long rain season was higher than
rain season. Amy and Paulista had the lowest pod diameter (0.6 mm) while SB-08-151-1

he highest pod diameter (1.0 mm) (Table. 4.23).

ng the Fg populations, progenies of SB-08-5-21 had the longest pods (12.2cm). SB-08-5-
SB-08-5-21, SB-08-5-10, SB-08-5-13, SB-08-3-22 and SB-08-5-19 had the highest pod
eter of 0.9 mm (Table 4.24). Among the backcross populations, progenies of SB-08-303
the highest pod length of 12.5 cm. Progenies of SB-08-303 and SB-08-306 had the highest
diameter of 0.9 cm (Table. 4.25). Among the HABs lines, HAB 419, HAB 438 and HAB
had the longest pods (12.3 cm). HAB 467 had the highest pod diameter of 0.9 cm (Table.
). Among the KSB lines KSB 3 had the longest pod length (1 1.7 cm) and KSB 10 W ahd
shortest pods (9.7 cm) (Table 4.27). Among the climbing lines, HAV 130 had the longest

length (11.4cm). HAV 130, HAV 131, HAV 134 and HAVI35 had the highest pod

neter of 1.1 cm (Table. 4.28).

98



'4.22. Pod characteristics of F, snap bean bulks grown at Mwea for two seasons.

Pod length (cm) Pod width (cm) Colour Curvature
stype SR LR Mean SR LR  Mean
8-3-10 10.0 12.4 11.2 0.7 0.7 0.7 P S
8-3-9 8.7 13.3 11.0 0.7 0.7 0.7 G SC
8-3-15 12.4 10.2 113 0.6 0.7 0.7 P SC
)8-3-4 9.1 11.8 10.5 0.7 0.7 0.7 P S
)8-3-21 11.7 11.9 11.8 0.7 0.7 0.7 G SC
)8-3-19 9.7 12.4 11.0 0.8 0.8 0.8 A% C
)8-3-3 0.2 11.8 11.0 0.8 0.8 0.8 G £
)8-3-7 94 12.6 11.0 0.8 0.8 0.8 v ¢
)8-3-6 9.8 119 10.8 0.8 0.8 0.8 G 8
)8-3-13 9.1 124 10.7 0.7 0.8 0.8 G S
)8-3-16 94 12.0 10.7 0.8 0.8 0.8 v S
)8-3-22 10.1 11.6 10.8 0.9 0.8 0.8 G SC
08-3-11 9.7 122 11.0 0.8 0.8 0.8 G 2]
08-3-2 9.6 12.6 11.1 0.8 0.7 0.8 G SC
08-3-18 9.9 12.4 11.2 0.8 0.8 0.8 \" C
08-3-12 10.0 13.1 115 0.9 1.0 0.9 P SC
08-3-5 9.3 27 11.0 0.9 0.9 0.9 G C
08-3-1 8.7 11.1 9.9 0.9 0.9 0.9 G S
08-3-14 12.5 10.0 11.3 1.0 0.8 0.9 P SC
08-3-8 11.6 11.7 11.6 0.9 0.9 0.9 G SC
08-3-20 9.7 13.3 11.5 0.8 0.9 0.9 G C
08-3-17 9.8 11.5 10.6 0.9 0.9 0.9 P S
cks
y 9.1 9.6 9.4 0.6 0.6 0.6 G S
a 9.8 10.2 10.0 0.6 0.5 0.6 G S
lista 9.8 11.3 10.5 0.6 0.6 0.6 G S
nakelly 9.1 11.1 10.1 0.7 0.7 0.7 P S
relli 9.5 10.2 9.9 0.7 0.7 0.7 v S
rgan 9.1 jole. 97 Q. "Ry %o7 P S
r 2053 10.9 10.8 10.8 0.6 0.7 0.7 G S
nadon 7.9 11.2 9.6 0.7 0.7 0.7 G S
nantha 11.5 12.3 11.9 0.7 0.8 0.8 G S
esa 9.7 1257 1142 0.7 0.8 0.8 G S
an 9.8 11.8 10.8 0.7 0.8 0.8
D 005 Genotype (G) NS 0.1
) o0s Season (S) 0.7 NS
) 00s GXS NS NS
% e 2.9

=Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
Speckled, G=Green, P=Purple, SC=Slightly curved, S=straight, C=curved.
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4.23. Pod characteristics of F4 5 snap bean families grown at Mwea for two seasons.

Pod length (cm) Pod width (cm) Colour  Curvature
type SR LR Mean SR LR  Mean
8-147-4 10.2 11.9 11.0 0.6 0.8 0.7 G SC
8-152-1 9.8 13.2 NS 0PN 0 0.7 G C
8-152-4 9.1 11.1 1017 06 07 0.7 G SC
8-143-1 9.4 11.9 10.7 0.7 0.8 0.7 Vv S
8-66-1 12.2 122 122 037, 03 0.7 P C
8-66-3 95 122 10.9 0.7 0.8 0.7 Vv S
8-66-2 9.3 11.5 104 0.6 0.8 0.7 G SC
8-151-3 9.5 12.7 ild: 0% - 0% 0.7 P SC
18-67-2 9.8 12.9 | 0.7 0.8 0.7 G SC
18-147-1 8.2 11.6 9.9 0.7 0.9 0.8 G SC
8-147-2 9.1 12.0 0.5 07 08 0.8 G C
)8-147-3 9.4 12.6 140 0T 0 0.8 G SC
)8-152-2 8.7 11.1 9.9 0.7 0.9 0.8 G SC
)8-152-3 8.9 12.9 10.9 0.9 0.8 0.8 G SC
)8-150-1 9.3 12.7 11.0 0.7 0.8 0.8 G c
)8-150-2 9.0 | 10.6 0.8 0.9 0.8 G SC
)8-67-2 7.8 12.1 9.9 08 08 0.8 G SC
)8-69-4 8.3 122 102 08 08 0.8 G C
08-69-7 9.5 12.7 111 08 08 0.8 G C
08-143-2 8.5 12.0 102 08 08 0.8 P SC
08-143-3 10.2 10.5 10.4 0.8 0.8 0.8 P c
08-66-2 10.2 10.7 104 08 09 0.8 G S
08-66-4 10.5 12.8 11.7 0.7 0.8 0.8 G €
08-66-5 9.0 12.1 105 08 05 0.8 G C
08-148-1 7.2 113 9.2 0.8 0.8 0.8 P C
08-148-2 8.3 13.7 11.0 0T 09 0.8 G SC
08-148-3 8.4 11.4 9.9 0.8 0.8 0.8 G S
08-148-4 85 12.1 103 - 07 -0 0.8 P £
08-148-5 8.0 11.9 9.9 0.8 0.9 0.8 G C
08-146-1 9.6 13.8 11.7 0.7 0.9 0.8 G C
08-145-1 9.4 10.3 9.9 0.7 09 0.8 G SC
08-145-2 9.3 11.9 106 07 08 0.8 G SC
-08-151-2 6.9 11.4 9.1 0.8 08 0.8 P SC
-08-154-1 8.1 10.9 9.5 0.8 0.8 0.8 G C
-08-154-2 9.6 11.9 10.8 0.7 0.9 0.8 G S
-08-154-4 9.8 10.4 10.1 0.8 0.9 0.8 G SC
-08-154-5 8.8 11.4 101 07 - 038 0.8 G SC
-08-155-2 11.0 12.4 11.7 0.8 0.8 0.8 G S
-08-151-1 10.1 12.2 L 0.7 33 1.0 G S
ecks
Ny 9.1 9.6 9.4 06 0.6 0.6 G S
ble 4.23 continued next page
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4 .23 continued

Pod length (cm) Pod width (cm) Colour _curvature

SR LR Mean SR LR Mean

9.8 10.2 10.0 0.6 0.5 0.6 G S
ta 9.8 11.3 10.5 0.6 0.6 0.6 G S
kelly 9.1 LT 10.1 0.7 9.7 0.7 P S
li 9.5 10.2 99 0.7 0.7 0.7 A" S
an 9.1 10.4 9.7 0.7 0.7 0.7 P S
053 10.9 10.8 10.8 0.6 0.7 0.7 G S
don 7.9 2 9.6 0.7 0.7 0.7 G S
ntha 115 12.3 11.9 0.7 0.8 0.8 G S
a 9.7 E2l 11.2 0.7 0.8 0.8 G S

93 11.8 10.5 0.7 0.8 0.8
0s Genotype (G) 1.4 0.1
05 Season (S) 10 0.1
05 GXS 1.9 0.2
) 2.0 12

east significant difference, CV=Coefficient of variation, V=Speckled, G=Green, P=Purple, SC=Slightly
d, S=straight, C=curved.
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4.24. Pod characteristics of Fg snap bean bulks grown for two seasons at Mwea.

Pod length (cm) Pod width (cm) Colour Curvature
type SR LR Mean SR LR Mean
8-5-15 11.1 8.6 9.9 0.8 0.8 0.8 G SC
)8-5-7 12.2 8.8 10.5 0.8 0.7 0.8 P SC
)8-5-1 11.3 10.2 10.7 0.8 0.8 0.8 P SC
)8-5-5 11.8 9.0 10.4 0.9 0.8 0.8 P C
)8-5-4 10.9 8.7 9.8 0.8 0.7 0.8 P &
)8-5-2 12.3 8.4 10.3 0.7 0.9 0.8 G C
)8-5-9 12.3 8.3 10.3 0.8 0.9 0.8 \Y C
08-5-12 11.3 9.4 10.3 0.8 0.8 0.8 G (i
08-5-6 124 9.1 10.8 0.8 0.8 0.8 A" SC
08-5-3 12.2 9.8 11.0 0.9 0.8 0.8 G SC
08-5-18 14.1 10.2 12.1 0.8 0.8 0.8 G C
08-5-8 .7 10.7 11.2 0.8 0.9 0.8 G SC
08-5-17 10.7 9.9 10.3 0.7 0.9 0.8 G c
08-5-14 13.1 9.1 111 0.8 0.8 0.8 G C
08-5-16 13.1 9.1 11.1 0.8 0.9 0.8 G SC
08-5-20 12.1 9.1 10.6 0.8 0.9 0.9 G S
08-5-21 12.6 11.8 12.2 09 09 0.9 G SC
08-5-10 12.0 10.4 112 09 09 0.9 G C
08-5-13 11.9 10.5 11:2 0.8 09 0.9 G e
08-3-22 111 9.2 10.2 0.9.. 209 0.9 G C
08-5-19 12.5 8.4 10.4 09 08 0.9 G SC
ecks
1y 9.6 9.1 9.4 06 0.6 0.6 G S
a 10.2 9.8 10.0 06 0.5 0.6 G S
ilista 11.3 9.8 10.5 06 0.6 0.6 G S
nakelly 11.1 9.1 10.1 0.7 0.7 0.7 | S
relli 10.2 9.5 9.9 0:r =07 0.7 \Y S
rgan 104 9.1 9.7 075501 0.7 P S
r 2053 10.8 10.9 10.8 D6 80T 0.7 G S
rnadon 11.2 7.9 9.6 07 0.7 0.7 G S
mantha 12.3 11.5 11.9 07 0.8 0.8 G S
resa 12.7 9.7 11.2 07 0.8 0.8 G S
an 11.7 9.5 10.6 08 038 0.8
D ;.05 Genotype (G) 1.3 0.1
D 405 Season (S) 0.4 NS
D 05 GXS 1.9 NS
V % 0.7 24

D=Least significant difference, CV=Coefficient of variation, NS Not significant at 0.05 probability level,
:=long rain season, SR=Short rain season, V=Speckled, G=Green, P=Purple, SC=Slightly C=curved,
-straight, C=curved.
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4.25. Pod characteristics of backcross snap bean bulks grown at Mwea for two

seasons.
Pod length (¢cm) Pod width (cm) Colour  Curvature

ypes SR LR Mean SR LR Mean
-302 10,35 1055 V108 0.9 0.8 0.8 G SC
-301 97: 1259114 0.7 0.9 0.8 G &
-308 100 116 10.8 0.8 0.9 0.8 P S
-305 1095 13.0: 8 11:8 0.8 0.8 0.8 P S
-304 1034 11128 10.7 0.8 0.9 0.8 G C
-307 99 11.7 108 0.8 0.9 0.8 G SC
-303 1234 129:812.5 0.9 0.9 0.9 v C
-306 99 99 9.9 0.8 0.9 0.9 \' C
ks

9.1 96 9.4 0.6" .06 0.6 G S

98 102 100 0.6 0.5 0.6 G S
ta g8 113,105 0.6 0.6 0.6 G S
kelly 9.1 11.1 10.1 0.7 0.7 0.7 P S
Il 051 10232 .99 0.7 0.7 0.7 \' S
an 9.1 104 5.7 0.7 0.7 0.7 P S
053 109 108 10.8 0.6 0.7 0.7 G S
adon 7 BB B i il 0.7 0.7 0.7 G S
ntha )1 33300 b2 ol A 0.7 0.8 0.8 G S
a i A297 " 113 0.7 0.8 0.8 G S

100 113 106 0.7 0.8 0.7
.05 Genotype (G) 1.3 0.1
.0s Season (S) 0.7 NS
05 GXS NS NS
, 3.0 3.0

east significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
ong rain season, SR=Short rain season, V=Speckled, G=Green, P= Purple, SC=Slightly curved, S=straight,

rved.
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4.26. Pod characteristics of HAB snap bean lines grown at Mwea for two seasons.

Pod length (cm) Pod width (cm) Colour Curvature
otype SR LR Mean SR LR Mean
173 1037 L 119 0.7 0.7 0.7 G S
229 110 " 13Y 129 0.7 0.7 0.7 G SC
3 240 1.3 - "Rl 0.7 0.7 0.7 G S
3 403 9.8 11.8 108 0.6 0.8 0.7 \Y C
3 405 10.9 1LY H3 0.7 0.8 0.7 G SC
3 406 10.5- s1L6 1kl 0.7 0.8 0.7 G S
3 411 10.9. <. 128119 0.7 0.7 0.7 G C
3 425 BM 102 T 138 1D 0.6 0.7 0.7 G SC
3 426 10.0 11.8: e 0.7 0.7 0.7 G SC
8 438 ng 128 135 0.6 0.7 0.7 G SC
B 462 10.3 128 IS 0.7 0.7 0.7 G C
B 465 10.2 2.1 g 0.8 0.7 0.7 G SC
B 501 11.0 5.3 S 0.7 0.8 0.7 v SC
B 54 193 Hi3S TR 0.7 0.7 0.7 G S
B 401 10.0 111 108 0.8 0.8 0.8 G S
B 404 119 128 123 0.7 0.8 0.8 G SC
B 408 113 122 118 0.8 0.8 0.8 G SC
B 414 108 130 119 0.7 0.8 0.8 G SC
B 419 11.3 133 123 0.8 0.9 0.8 G C
B 420 J2.0. ELT. 5D 0.7 0.8 0.8 G S
B 423 108 124 116 0.8 0.8 0.8 G SC
B 425W 9.9 124 111 0.8 0.8 0.8 G S
B 428 120 118 1.9 0.7 0.8 0.8 G SC
B 442 W03 TER L) 0.7 0.8 0.8 G SC
B 449 BR 9.4 11.9 10.6 0.8 0.8 0.8 G SC
B 449 W 0.7 I L 0.8 0.8 0.8 G S
\B 467 Lt § o4 il st 0.9 0.9 0.9 G SC
ecks
Y 9.1 9.6 9.4 0.6 0.6 0.6 G S
ia 9.8 102 100 0.6 0.5 0.6 G S
ulista 9.8 LT30S 0.6 0.6 0.6 G S
=nakelly 9.1 1E1100 0.7 0.7 0.7 P S
orelli 9.5 102 99 0.7 0.7 0.7 \Y S
organ 9.1 104 9.7 0.7 0.7 0.7 P S
ar 2053 109 108 108 0.6 0.7 0.7 G S
rnadon 7.9 2 0.6 0.7 0.7 0.7 G S
mantha 11.5 123 119 0.7 0.8 0.8 G S
Tesa 9.7 127 112 - 07 0.8 0.8 G S
ean 104 119112 0.7 0.8 0.7
D 405 Genotype (G) 13 0.1
D 05 Season (S) 1.1 NS
D 05 GXS NS NS
V % 24 )

D=Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
R=]ong rain season, SR=Short rain season, V=Speckled, G=Green, P=Purple, SC=Slightly curved,

=straight, C=curved.
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: 4.27. Pod characteristic of KSB snap bean lines grown at Mwea for two seasons.

Pod length (cm) Pod width (cm) Colour Curvature
type SR LR Mean SR LR Mean
11 302 . 1ES 10.9 0.6 0.7 0.6 G 5
10 BR 10.1 12.3 11.2 0.7 0.8 0.7 G SC
10W 8.8 10.6 9.7 0.7 0.7 0.7 G S
3 10.1 1335 1.3 0.6 0.7 0.7 G SC
4 8.8 12.5 10.6 0.7 0.7 0.7 G S
7 9.7 11.21 105 0.7 0.7 0.7 G SC
cks
9.1 9.6 9.4 0.6 0.6 0.6 G S
9.8 102 10.0 0.6 0.5 0.6 G S
sta 9.8 11.3 10.5 0.6 0.6 0.6 G S
akelly 9.1 11.1 10.1 0.7 0.7 0.7 P S
11 9.5 10.2 9.9 0.7 0.7 0.7 \Y S
yan 9.1 10.4 9.7 0.7 0.7 0.7 P S
2053 109 108 10.8 0.6 0.7 0.7 G S
adon 7.9 1h2 9.6 0.7 0.7 0.7 G S
antha S 133 11.9 0.7 0.8 0.8 G S
sa 9.7 1297 ‘1148 0.7 0.8 0.8 G 8
| 9.6 11.3 10.5 0.7 0.7 0.7
005 Gmotype (G) 1.3 1.3
005 Season (S) 0.5 1.1
0o0s GXS NS NS
/o 4.0 2.4

Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
long rain season, SR=Short rain season, V=Speckled, G=Green, P=Purple, SC=Slightly curved,
raight, C=curved.
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8. Pod characteristic of climbing snap bean lines grown at Mwea for two seasons.

Pod length (cm) Pod width (cm) Colour Curvature
pe SR LR Mean SR LR Mean
32 9.7 114 10.6 1.0 1.1 1.0 G S
33 94 11.2 10.6 1.0 1.1 1.0 G S
30 111 11.8 114 1.1 1.1 1.d G SC
31 9.5 11.5 10.5 1:1 1.1 14 G S
34 9.2 117 10.5 1.1 1.2 1.1 P S
35 9.1 12.1 10.6 1.0 1% | 1.1 \Y S
S
9.1 9.6 9.4 0.6 0.6 0.6 G S
9.8 10.2 10.0 0.6 0.5 0.6 G S
A 0.8 113 10.5 0.6 0.6 0.6 G S
lly 9.1 11.1 10.1 0.7 0.7 0.7 P S
| 9.5 10.2 9.9 0.7 0.7 0.7 \Y S
1 9.1 10.4 9.7 0.7 0.7 0.7 P S
53 10.9 10.8 10.8 0.6 0.7 0.7 G S
on 7.9 11.2 9.6 0.7 0.7 0.7 G S
tha 115 12.3 11.9 0.7 0.8 0.8 G S
0.7 12.7 11.2 0.7 0.8 0.8 G S
9.7 112 10.5 0.8 0.8 0.8
; Genotype (G) 1.3 NS
s Season (S) 0.9 0.1
s GXS NS NS
3.3 2.7

east significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
\g rain season, SR=Short rain season, V=Speckled, G=Green, P=Purple, SC=Slightly curved, S=straight,
ed.

S Number of pods per plant of snap bean populations and lines

re was significant effect (P< 0.05) of genotype, fungicide application, location and
)ping seasons recorded for number of pod per plant for all the populations and lines. The
way and three way interaction between genotype, fungicide application, location and
»ping seasons were significant (P< 0.05) for all populations and lines. The four way
raction of the above factors was also significant except for backcross populations and

nbing snap bean lines (Appendices 3-14). Control of foliar fungal diseases using fungicide
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sed mean pods per plant ranging from 122.9% for Fs populations to 145.9% for HAB.

pod per plant at Mwea was higher than at Thika.

‘the F, populations were grown without fungicide application, Amy and progenies of SB-
) had the least number of pods per plant (4.8), whereas progenies of SB-08-3-6 had the
st number of pods per plant (8.9) (Table. 4.29). Among the F4 s families SB-08-151-1 had
west pods per plant (4.8) while progenies of SB-08-155-2 had the highest number of pods
lant (8.7) (Table. 4.30). Among the F¢ populations progenies of SB-08-5-13 had the
st number of pods per plant (9.3) (Table. 4.31). Among the backcross populations SB-08-

roduced the highest number of pods per plant (7.2) (Table. 4.32).

) HAB lines were grown without application of fungicide HAB 406 had the least number
ds per plant (4.3) while HAB 411 and HAB 403 produced the highest amount of pods per

(8.0) (Table 4.33). Among the KSB snap bean lines KSB 7 had the least number of pods
lant (3.6) while KSB 10 W had the highest number of pods per plants (9.0) (Table. 4.34).
ng the climbing snap bean lines, Morgan produced the highest number of pods per plant

(Table. 4.35).
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4.29. Pods per plant of F, snap bean bulks grown at two locations over two seasons with

and without fungicide application.

Sprayed Unsprayed
Thika Nbias Thika M
type SR ‘IR ‘&R LIR “Men "SR _LAR SR LR  Mean
8-3-2 37 999 1930 1120 1141 123 780 2742 SEAT 48
8-3-10 £0. 627 1081 HI&T 586 3.7 433 66 13 57
8-3-19 60 570 1303 21%3 £87. LR7T 3853 69 80 57
8-3-3 20 $9.7.%102 1187 ZHRA XQT 400 73 757 5.7
8-3-1 67 780 1123 1163 108 1927 =83 53 %510 5.8
)8-3-11 ¥ 4853 1189 13 %86 3130 TEO 76 1.0 5.9
)8-3-13 33 667 1138 1157 296 20 €70 47 100 6.1
)8-3-7 70 90 104 1143 107 530 690 66 63 6.2
)8-3-4 89 467 586 1140 18350 123 W00 7.7 1490 6.5
)8-3-15 k3 S£57 Shg 1Y 13086 N7 Nl 80 100 66
)8-3-14 §3 £37 a4 1340 7106 130 5N 86 9.0 6.8
)8-3-16 §7 570 138 1160 9104 327 8§83 64 9.7 6.8
)8-3-21 43 57T 380 1353 1083 30 973 9.7 7370 6.8
08-3-17 63 +57 7it1 1160 398 133 487 7.4 2617 6.8
08-3-18 53 63 103 147 92 33 983 90 7.0 6.9
08-3-20 $3 %63 408 1133 83 30 g73 98 8.0 7.0
08-3-5 67 £10 1130 1467 1108 .533 187 94 6.7 7.0
08-3-22 60 76 99 130 91 3.3 84 50 =403 . ¢00
08-3-12 87 +78 131 1143 10 87 1283 84 9.0 7.4
08-3-8 $7 &47 1123 480 0l 2.0 8.0 8.0 84219 79
08-3-9 7. 473 943 41T SN2 133 £93 98 83 7.7
08-3-6 47 42T 1952 1347 3106 240 293 7118 7T ERES
ecks
y S8y A7 53 TaR 1.3 6.0 28 . .90 4.8
nakelly BT ES T94 133 T2 23783 p i iy €T L (s
a 10 %87 41 1680 "68 WORLT & Sl % B L LY S b
lista 40 67 64 140 78 13 *50 86 9.7 6.1
r 2053 18977 *94 L) 513 17 ~63 24 290 6.1
nantha 40 63 =g ‘120°'N7e 0 e Yo 3.7 213 T S
esa 43 40 110 140 83 A R o RRLD T Tl Y 6.6
madon 6. 780 "3 ‘13791903 &g P3T 306 YVRT 6.6
relli 70 %90 Va3 . L133 1TRE % e o i TR B 6.7
rgan Ep 3% 448 37 3% 4AR0 V0 TAST85423 ED
an $06 591 "8 486 83 26 ''30 74 89 6.5
D oos Genotype (G) 2.0 23 28 NS 2. Egg 1) 28 N/S 1.2
D oos Spraying(S) N/S N/ N/S 1.5 06 N/S NS NIS 1.5 0.6
D 05 GXS N/S NS 41 39 1.8 NS NS 41 3.9 1.8
% §5¢ n28 1'4s 43 0.7 $9 28 45 43 0.7

D=Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,

=long rain season, SR=Short rain season. LSD Season= 0.9, Location= 0.6.
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4.30. Pods per plant of F4 s snap bean families grown at two locations over two seasons

with and without fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea

pe SR LR SR LR Mean SR LR SR LR Mean
-151-1 ok i 107 #1838 14 33 13 2.7 6.0 48
-66-5 27863 100 160 8.8 2.7 4.7 7.4 6.0 5.2
-147-2 108 (83 101 %20.0 199 1.3 8.0 6.7 5.0 8.3
-152-2 608, 5.7 9.0 13.7 14 8.6 3.0 6.0 3.9 0.7 5.6
-145-2 S48 1.0 8.4 120 =83 3.0 8.0 44 7.3 87
-66-3 ST8 47 12797130 585 3.0 74 5.7 6.7 5.8
-66-4 Ti8 6.7 11838 1301798 27 6.3 3,3 8.7 5.8
-148-3 505 T3 1008323 1587 3.7 6.7 7.2 5.7 5.8
-151-2 50 67 6.4 1L g3 i/ 100 44 7.0 5.8
-147-4 43 6.3 5.8 16.0 8.1 2.3 8.0 6.6 7.0 6.0
-147-1 1363 5.2 150530 1.7 5 44 133 6.3
-66-2 PR TRt Sy SRR |V VEREE i Ko ISR 3.7 6.3 7.4 T 6.3
-69-4 47 88 132 ‘143 103 33 9.2 5.8 73 6.4
3-143-2 63 6.3 7.0 140 84 3.3 6.0 7.4 9.0 6.4
3-154-1 87 2.9 7.4 140 93 2.0 8.3 5.1 9.0 6.4
3-154-5 e ALY 6.4 127 13 1.3 8.3 58 10.0 6.4
3-143-3 50 6.0 8.7 16.0 8.9 3.7 7.0 6.3 9.0 6.5
3-148-4 R 126 177 108 2.0 8.7 6.7 8.7 6.5
8-147-3 $0. 60 119 120 82 20 123 1.9 ¥ 100 6.6
8-150-2 §7. 50 129 M0 ' 109753 7.3 4.7 9.3 6.7
8-69-7 6.7 43 124 140 94 3.3 5.0 75 110 6.7
8-145-1 4.3 = 16,3 110 110 - &2 37 8.3 7:1 Tt 6.7
8-154-4 o £ A i) 5.0 ;s [ 3.0 8.3 6.0 9.3 6.7
8-67-2 S0 67 128 120 %] 4.7 8.0 6.1 9.0 6.9
8-151-3 43 6.7 1005 140 < RS 43 100 4.9 8.7 7.0
8-152-4 2362 149 160 99 2.3 9.0 4.6 133 7.3
8-143-1 4.7 6.0 9.1 140 84 4.3 8.3 7.8 9.0 7.4
8-148-2 33 50126 1700 100 37 9.7 70 103 7.4
18-154-2 30 63 7.0 3T e LEIEE 50 11.0 7.4
)8-150-1 10 97 9.7 By e S 1 S . S 9.3 6.3 9.0 i
)8-67-2 63 38 N6 11T 1090047 8.0 75 9.7 T
)8-148-1 T R 6.3 150 82 43 9.7 7.6 8.3 7.5
)8-152-3 63 80 7.3 120 84 3.3 11 L | 1 7.6
)8-146-1 6370 9.6 1735 105 6.0 7.0 70 107 7.7
)8-152-1 $.0 T 6.9 123 1 2022103 37 3153 7.8
08-148-5 S0 52 9.1 17.7 = 8.2 3.7 9.8 6.7 1101 8.0
08-66-1 405, 86 11215082 8.0 1.5 8.8 8.3 8.2
08-155-2 §2 00 113163 104 43 8.3 122 100 8.7

le 4.30 continued next page
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30 continued

Sprayed Unsprayed
Thika Mwea Thika Mwea
SR LR SR LR Mean SR LR sk R
33 5.3 8.7 15.3 8.2 1.3 6.0 2.8 9.0
1% 37 6.3 94 133 82 2.3 53 ¢k 11.3
1.0 6.7 4.1 16.0 6.9 1.0 8.7 4.1 12.0
4.0 6.7 6.4 14.0 7.8 133 5.0 8.6 9.7
3 1.0 7P 7.7 {27 7.3 1.7 6.3 7.4 9.0
1a 3.0 6.3 8.1 12875714 1.0 C el 3.7 A3
43 4.0 11.0 14.0 8.3 33 21 10.9 9.7
n 4.0 8.0 113 130 9.3 2.0 5.7 10.0 8.7
7.0 7 9.3 153 9.8 53 Nof 74 8.3
5.0 3.7 9.8 12.7 7.8 2.0 14 6.7 123
4.7 6.8 9.5 14.4 8.8 | 7.6 6.2 9.3
Genotype (G) 2.0 2.8 2.6 1.9 1.2 2.0 2.8 2.6 1.9
Spraying (S) NE NS LS 08 0 NS NS/ 508 403
GXS NS NS 3. 2.7 I NS NS - 27
10.5 8.3 3.0 4.6 1.8 10.5 8.3 3.0 4.6

-ast significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level. LR=long r:
SR=Short rain season. LSD Season= 2.1, Location= 0.5.
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4.31. Pods per plant of F¢ snap bean bulks grown at two locations over two seasons
with and without fungicide application.

Spraved Unsprayed
Thika Mwea Thika Mwea
ype SR LR SR LR Mean SR LR SR LR Mean
3-5-21 3.0 " ) I (b S 8.9 1.7 6.3 9.1 5.7 b i
8-5-5 4.7 63 12.7 143 9.5 2.0 7.0 10.1 4.0 5.8
-5-2 5.0 g2 119 . 150 10.3 6.2 12.8 6.0 6.7
8-5-19 2.7 4.7 9.6 ¥3.3 7.6 3.3 53 12.8 6.0 6.9
8-5-7 33 a2 120 g3l 8.9 23 6.0 10.8 9.0 7.0
8-5-13 2.0 7.0 9.8 15.3 8.5 1.0 5.0 134 9.0 Ll
8-5-17 3.0 47 106 143 8.1 L7 6.0 11.8 9.0 L]
8-5-15 2.7 6.7 8.1 13.7 7.8 1.7 6.0 103 11.0 13
8-5-6 33 70 104 150 8.9 33 7.0 10.0 8.7 73
8-5-4 4.0 53 N ELT - 163 10.3 3.7 5.7 12.2 8.3 7.5
8-5-9 4.3 80 2 122 157 10.1 3.0 8.0 13.2 8.7 T
8-3-22 a7 6.2 8.0 12.7 7.4 g 6.7 114 9.7 i
8-5-10 e Vi ¢ o T 16.0 9.3 3.0 8.7 12.6 6.3 7.6
)8-5-14 3.7 6.7 9.9 11.0 7.8 3.7 7.3 11.1 8.3 7.6
)8-5-12 4.0 5.0 9.6 14.7 8.3 2.0 1.7 12.0 9.7 7.8
)8-5-8 1.3 635 31d 430 7.9 ) 19 7.0 127 103 79
)8-5-16 4.3 4.0 7.8 14.7 ¥ i 3.7 13 12.1 83 7.9
)8-5-20 4.3 7.3 9.7 16.7 9.3 4.0 5.7 p f i e 8.4
)8-5-18 4.7 $0 128 1340 9.1 4,7 6.7 149 8.7 8.7
)8-5-1 53 6.7 9.6 16.0 9.4 33 7.3 13210 et
08-5-3 < B2 100 199 10.3 &3 11.0 11 3 0123 8.3
cks
Y 33 5.3 8.7 153 8.2 1.3 6.0 2.8 9.0 4.8
2053 1.0 7.7 Tl 12.7 7.3 1.7 6.3 2.8 9.0 5.0
a 1.0 6.7 4.1 16.0 6.9 1.0 5.7 23 12.0 53
1antha 3.0 6.3 8.1 120 7.4 1.0 iy 7.4 113 5.9
lista 4.0 6.7 6.4 14.0 7.8 3.3 5.0 8.7 9.7 6.2
relli 7.0 7.7 9.3 153 9.8 5.3 3.7 6.7 8.3 6.5
nakelly i 1) 6.3 9.4 13.3 8.2 2:3 5.3 7.4 11.3 6.6
esa 43 40 110 140 8.3 33 2.7 10.9 9.7 6.6
nadon 4.0 N B R B 9.3 2.0 5.7 10.0 8.7 6.6
rgan 5.0 3.1, 9.8 12.7 7.8 2.0 7.0 8.6 12.3 T
an 3.5 6.7 9.7 144 8.6 y 6.4 10.3 9.1 7.0
) 005 Genotype (G) 1.9 23 3.9 2.6 1.3 1.9 23 3 2.6 1.3
D .05 Spraying (S) NS NS NS 1.1 0.5 NS NS NS | 0.5
D 5.0s GXS NS NS NS 3.7 1.9 NS NS NS 3T 1.9
% 11.0 6.3 7.3 17 1.5 118 = 63 7.3 ;o] 1.5

D=Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,

=long rain season, SR=Short rain season. LSD Season= 1.3, Location= 0.8.
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4.32. Pods per plant of backcross snap bean bulks grown at two locations over two

seasons with and without fungicide application.

Sprayed Unspraved
Thika Mwea Thika Mwea
'pe SR ER SR LR Mean SR LR SR LR Mean
-306 27  E3 59 120 63T 2.7 6.3 8.1 6.0 5.8
-305 13 &7 |70 153 %76 1.3 9.3 6.3 13 6.1
-304 20 A&7 1l 1227 167 L7 57 g it 11.0 6.4
-307 27 60 193 120 713 23 8.3 9.7 43 6.4
-302 2 A & RS ) Ly o by 2 67 103 84 6.9
-301 1.3 4.7 8.0 13.0 6.8 1.0 Tl 7.3 11.7 6.9
-303 AT LT 9.1 143 K.} . B 7.0 9.7 77 7.0
-308 3T RT3 143 193 3.7 61 109 " %Y 7.2
S
33 5.3 8.7 153 185 i3 6.0 2.8 9.0 4.8
kelly 30 163 9.4 133 82 23 53 23 1¥3 53
10 .06t - 13k 160 6.9 1.0 7 4.1 12.0 5.7
ta 4.0  "6.7 “64 140 18 1.3 5.0 8.6 9.7 6.1
053 3 S 7 R by e 1.7 6.3 7.4 9.0 6.1
ntha 30 63 8.1 120 74 1.0 3.7 8.7 11.3 6.2
a 43 4.0 110 ,140 83 3.3 27 109 00 6.6
idon 40 B0 " 113 1137 93 2.0 pc T SRR | 101 [T 6.6
1li 740 I g S 153 98 3.3 5.7 7.4 8.3 6.7
an S0 T 83 127 I8 2.0 7.0 6.7 12.3 7.0
3:1 6.3 8.7 136 . 79 2.3 6.1 1.7 0.2 6.3
os Genotype (G) e X2 120 2.3 3.1 1.6 2.2 2.6 2.3 1.1
os Spraying (S) NS NS NS 1.3 0.5 NS NS NS 1.3 0.5
o0s GXS NS NS NS 3.2 15 NS NS NS 3.2 1.5
) IR T2 3.5 0.8 133 1.1 2.4 3.5 0.8
Least significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level,

yng rain season, SR=Short rain season. LSD Season= 0.6, Location= 0.8.
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.33. Pods per plant of HAB snap bean lines grown at two locations over two seasons
with and without fungicide application.

Sprayed Unspraved
Thika Mwea Thika Mwea

pe SR LR SR LR Mean SR LR SR LR Mean
)6 2.3 L e < 12.0 6.2 ) 53 34 6.7 4.3
14 40 43 8.8 16.0 8.3 23 23 7.6 7.0 4.8
65 57 89 ' 11.6° 150 9.5 1.0 3.6 F g4l 7.0 48
01 £ 4.7 138% 160 10.0 2.0 3.0 98 6.3 53
26 §31 79501043 143 9.4 23 5.0 73 7.0 54
49 BR 60 50 150 14.0 10.0 1.0 7.3 6.6 6.7 54
40 S5 - 2%p 51 14.3 7.0 1.0 5:7 57 9.7 55
62 5% 6399 12.7 8.4 5.0 43 6.3 6.3 5.5
08 5% 5086 1S3 8.4 33 4.3 8.3 7.3 5.8
25 BM 2 . T i 127 8.7 2.0 3.0 7.1 11.0 5.8
67 5.3 525 106 160 9.3 1.0 42 8.3 9.7 5.8
01 50 6.0 162 193 11.6 5.3 43 83 53 5.8
73 207 553.7 83 14.3 T8 1.0 5 8.4 8.3 5.9
05 S0 65 111 16.0 0.8 4.7 52 6.9 7.0 59
125 W 60y 6751231 143 9.8 4.0 5.0 8.1 7.0 6.0
119 70 378 100 8 157 9.1 3.0 33 10.2 6.7 6.3
128 43 45, A2 . 137 9.2 43 48 3 8.7 6.3
104 63 T4 13 14.7 9.0 33 4.0 93 9.0 6.4
120 53 - Ta 134T 140 9.9 4.0 4.7 8.6 8.3 6.4
54 67033593 16.3 8.9 3.0 55 8.4 8.7 6.4
229 73 1781365 170 11.4 2.0 5.6 10.6 8.0 6.5
142 6O 649 1277 153 10.1 4.0 4.5 8.0 11.7 7.0
4138 e 4 R . K S 157 8.4 57 7 7.9 7.0 7.1
449 W 40 40 102 163 8.6 3.0 6.7 7.9 10.7 Tl
423 o b L 16.0 8.2 6.0 i £ 7 8.3 7.3
403 Y505 138 16T 10.6 5.0 4.7 10.7 137 8.0
411 ot T ] 3y 2 13.0 9.8 5.0 5.0 10.9 11.0 8.0

KS

33 - 5387 15.3 8.2 1.3 6.0 2.8 9.0 4.8
kelly 37 &3 94 13.3 8.2 2.3 5.3 23 11.3 5.3
.don 40 80 113 . 137 9.3 2.0 S, 14 | 8.7 5.9
ta 40 67 64 14.0 7.8 1.3 5.0 8.6 9.7 6.1
ntha 30 83081 12.0 7.4 1.0 3.7 8.7 11.3 6.2
053 R A 12.7 2 i 6.3 1id) 9.0 6.2
1.0 & 8l 16.0 6.9 1.0 5.7 il 12.0 6.4
a 43 40 110 140 8.3 3.3 2.7 10.9 9.7 6.6
1li 2.0/ e w03 153 9.8 53 5.7 7.4 8.3 6.7
an 50 37 98 12.7 7.8 2.0 7.0 6.7 12.3 7.0
&0 56110 14.8 8.9 2.9 5.1 7 8.7 6.1
,0s Genotype (G) 23 i 2.9 s 12 23 2] 2.9 2.2 3
,0s Spraying (S) 09 NS 0.9 0.6 0.5 0.9 NS 0.9 0.6 0.5
y0s GXS NS 38 4.1 3.1 iy NS 3.8 4.1 3.1 1.7
> 65 96 28 7.4 2.4 6.5 9.6 2.8 7.4 2.4

Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,

ong rain season, SR=Short rain season. LSD Season= 2.0, Location= 0.5.

113



.34. Pods per plant of KSB snap bean lines grown at two locations over tWo seasons with

and without fungicide application.

+ Sprayed Unsprayed
Thika Mwea Thika Mwea

pe SR LR SR LR Mean SR LR SR LR Mean
1.0 10 48 147 52 1.0 1.0 4.0 8.3 3.6
1.7 15 48T 1000 43 1.0 1.0 4.8 10.3 43
3.0 &7 %0 153 75 2.3 9.3 32 75 6.1
l 1.7 358 1723 8.7 1.3 9.0 3 113 6.4
0 BR 3.0 £7 83 1607 940 13 8.7 8.3 14.0 8.1
0 W 5.7 80 868 -153: 986 34 9.0 9.2 14.3 9.0

S

33 5.3 87 153 82 13 6.0 3.0 9.0 48
elly 37 63 94 133 8.2 23 53 2.3 11.3 53
1.0 673 41 1604 6.9 1.0 17 4.1 12.0 57
a 4.0 67 64 140 7.8 1.3 5.0 8.6 9.7 6.1
)53 1.0 o5 el 1237 13 1.7 6.3 7.4 9.0 6.1
tha 3.0 6.3 11 1200 74 1.0 33 8.7 11.3 6.2
L 43 40 11.0 140 83 33 2 10.9 9.7 6.6
don 4.0 £8 1% 137 95 2.0 5.7 10.0 8.7 6.6
li 7.0 T s a3 153 9.8 53 5.7 7.4 83 6.7
In 5.0 37 9% 1279 7.8 2.0 7.0 6.7 12.3 7.0
33 62 76 142 T8 2.1 53 6.4 10.5 6.2
»s Genotype (G) 1.8 19 27 1.9 1.0 1.8 1.9 7 1.9 1.0
os Spraying (S) 0.5 NS NS 14 0.6 0.5 NS NS ; 50 0.6
os GXS NS NS NS 27 NS NS NS NS 2.7 NS
2 142 49 04 32 7 14.2 4.9 04 32

Least significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability levels.

ng rain season, SR=Short rain season. LSD Season= 1.3, Location= 0.7.
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.35. Pods per plant of climbing snap bean lines grown at two locations over two seasons
with and without fungicide application

Sprayed Unspraved
Thika Mwea Thika Mwea
pe SR LR SR LR Mean SR LR SR LR Mean
5 11.2 143 4.8 183 . 112 2.0 33 4.2 11.0 5.1
30 11.0 11.0 4.7 130 99 3.0 3.0 42 11.0 5.3
34 143 4.3 e Py | 15.7 9.5 3.3 8.0 42 8.7 6.1
31 9.3 9.7 5.1 123 9.1 2.0 7.3 4.4 12.0 6.4
32 10.3 7.7 6.9 12.7 9.4 3.2 8.7 44 11.0 6.8
33 10.7 <7 5.0 133 8.6 g | 8.3 4.7 13.0 6.9

3.3 3.3 §7 133 82 13 680 2% 9.0 4.8

1y i 6.3 941337582 2333 LT 1S o L

1.0 6.7 4.1 160 . 69 I e R 12.0 57
1 4.0 6.7 64 140 7.8 13 0 3068 9.7 6.1
53 1.0 7.7 g o RN Bl sy 1.7 b3y A 9.0 6.1
ha 3.0 6.3 8.1 120 74 1 DU o SRR &I 6.2

4.3 40 11.0 140 83 33, 27510108 491 6.6
on 4.0 50 113 137 B3 20 83 a0 6.6
i 7.0 7.7 9.30: (153 /1198 530k W7 ihe b 8.3 6.7
g 5.0 3.7 98 127 7.8 20 70" &P 1ES 7.0

64 1272 7S 13.8¢. Y N0 VERY PEgEqe s 5]
Genotyps@1. - 25° 27T 36 N8 120N IS 23R 3EREIE ST
, Spraying (S) ¢t Ng NS 07 06 539 N8 NS LERnEHee
, GXS 3738 WE. 26 17 AT MU WY Oaa Y

T e bk AN ¢ B > e ¢ ¢ A v 2 ok ¥R

east significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level,
\g rain season, SR=Short rain season. LSD Season=2.2, Location= 0.8.

Pod yield and pod quality of snap bean populations and lines

. were significant genotypic and fungicide application effects (P< 0.05) recorded for pod
(Appendix 3-14). The two way interaction between genotype and fungicide application
significant (P< 0.05) (Appendix 3-14). Genotype, fungicide application and interaction
cen them had a significant effect for extra fine pod yield except for backcross population,
- and climbing snap bean lines. Genotype, fungicide application and the interactions
een them were significant (P< 0.05) for fine pod yield, except for backcross populations
had no significant difference for genotype and fungicide application. For bobby pod yield
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pe and the interaction between genotype and fungicide application, were significant (P<
or all populations and lines (Appendices 3-14). However, fungicide application was only
cant for F, populations and F4 s families. Control of foliar fungal diseases using fungicide
sed mean overall pod yield (233.3%), extra fine pod yield (208.4%) and fine pod yield
%). Bobby pod yield was decreased by application of fungicide to control fungal

€s.

the F, populations were grown without fungicide application progenies of SB-08-3-1
ced the highest overall pod yield (6108.8 kg ha™) while variety Menakelly had the least
ield (2333.3 kg ha"). Teresa had the highest extra fine pod yield while some of the
ypes produced no extra fine pod yield like progenies of SB-08-3-5 and SB-08-3-3.
nies of SB-08-3-4 had the highest fine pod yield while Julia had the least fine pod yield.

.nies of SB-08-3-3 had the highest bobby yield, others had no bobby pod yield (Table 4.1).

ng the F4 s families progenies of SB-08-143-1 had the highest overall pod yield (7574.7 kg
while progenies of SB-08-147-2 had the least overall pod yield (1655.6 kg ha™). Some
types had no extra fine yields like SB-08-66-2. Progenies of SB-08-143-1 had the highest
otion of fine pod yield while other genotypes had no fine yields while. Progenies of SB-

_12 143-7 had the highest bobby pod yield (Table. 4.2).
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ield and pod quality of F4 snap bean bulks grown at Mwea with and without fungicide
tion.

Yield (kgha") Extra fine (Kgha™) Fine (Kg ha") Bobby (Kg ha")

Sprayed Unsprayed  Sprayed Unsprayed Sprayed Unsprayed Sprayed Unsprayed

3750.0 2395.8 1527.8 781.1 777.8 1101.3 1444 .4 51323

4680.6 24922 4013.9 0.0 666.7 1065.6 0.0 1426.7
6847.2 2582.2 3680.6 0.0 28333 1466.7 333.3 1115.6
6481.5 3095.9 0.0 0.0 4814.8 1798.1 1666.7 1297.8
6602.9 3167.8 555.6 651.1 4938.5 1050.0 1111.1 1466.7
9166.7 3181.4 7833.3 2246.2 1000.0 935.2 0.0 0.0
3935.9 31954 2435.9 717.0 1055.6 1809.5 444.4 668.9
4401.1 3277.8 226.7 527.8 2626.7 2750.0 1547.8 0.0
7103.9 3567.8 208.3 0.0 3895.6 2232.2 3000.0 1335.6
6194.4 3579.5 4555.6 1034.6 1638.9 1642.7 0.0 902.2
47533 3589.1 0.0 0.0 3087.8 1946.9 1666.7 1642.2
45833 3780.9 666.7 153.3 2805.6 22164 555.6 1411.1
47222 3827.1 833.3 0.0 23333 1874.4 1555.6 1952.7
4836.6 4010.0 1111.1 1167.4 22255 1858.2 1500.0 984.4
7527.8 4080.7 5750.0 0.0 1611.1 2529.6 166.7 1551.1
5074.1 4177.8 0.0 111.1 1967.4 3066.7 3106.7 1000.0
5349.2 44345 3782.2 380.0 1571.4 2921.2 0.0 11333
97144 4667.5 688.9 1884.4 8916.7 2516.4 111.1 266.7
5388.9 47023 1111.1 0.0 3388.9 34245 888.9 12778
47428 47233 0.0 1174.1 4113.9 2878.1 628.9 671.1
7070.7 4753.7 13333 0.0 4981.8 3540.3 755.6 12133

5916.7 6108.8 1805.6 0.0 34444 4755.5 666.7 13533

5500.0 2333.3 4388.9 1164.4 444 .4 968.9 666.7 200.0

5660.0 2446.7 753.3 2446.7 4348.4 0.0 555.6 0.0
3781.7 2836.7 892.9 850.0 2111.1 1846.7 777.8 140.0
59444 2896.6 3638.9 2896.6 1055.6 0.0 0.0 0.0
6625.0 3116.7 5736.1 1186.7 888.9 1796.7 0.0 1333
7991.5 3229.5 38333 1009.5 3491.5 18333 666.7 388.9
11527.8 3364.4 10680.0 1983.3 785.7 1379.1 0.0 0.0
5837.2 3677.8 982.2 0.0 3190.6 2466.7 342.2 1211.1
8267.7 3967.0 4388.9 34133 2527.8 1220.3 138.9 0.0
10541.7  4221.1 3416.7 3621.1 5125.0 600.0 0.0 0.0
6266.3 3608.8 2526.0 918.7 2770.8 1921.6 759.3 789.3
pe (G) 14874 1831.9 2048.9 775.2
1g (S) 1451.4 1365.6 407.8 NS
2183.0 2628.5 2858.0 1085.2
6.7 20.7 5.6 144

ificant difference, CV=Coefficient of variation. NS= Not significant at 0.05 probability level,
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37. Pod yield of Fs s snap bean families grown at two locations over two seasons with and
without fungicide application.

Yield (kg ha") Extra fine (Kg ha"') Fine (Kgha™) Bobby (Kg ha™)
e Sprayed  Unsprayed Sprayed  Unsprayed Sprayed Unspraved  Spraved Unsprayed
6-2 3506.0 1655.6 0.0 0.0 3506.0 0.0 0.0 1655.6
| 47-2 5451.1 20474 0.0 0.0 3303.7 851.9 21444 1348.9
56-5 5824.1 21156 1862.2 0.0 3370.8 0.0 640.0 2115.6
151-3 5697.8 2380.0 0.0 0.0 3346.7 1131.1 1775.6 1228.9
59-4 6565.5 2380.3 1852.1 718.1 44189 1337.8 2922 3378
154-4 3410.0 2514.1 0.0 0.0 2945.6 1925.2 11289 588.9
50-1 4501.1 2519.5 1203.3 60.6 1464 .4 1258.9 1833.3 1200.0
148-4 5986.7 2545.1 651.1 0.0 53378 1678.4 0.0 850.0
148-3 5931.1 2588.9 0.0 0.0 4200.0 1160.0 1728.9 14289
150-2 4770.0 25914 0.0 424 4 3505.6 1264.8 1042.2 922.2
67-2 3533.3 27215 0.0 0.0 1868.9 2235.7 1662.2 543.1
152-4 5906.7 2807.8 0.0 546.7 3991.1 1492.2 1920.0 800.0
150-1 6678.9 2838.9 6196.7 0.0 4533 2438.9 0.0 480.0
152-2 3666.7 2918.8 0.0 763.9 1166.7 2718.8 2500.0 200.0
154-5 6814.4 2979.0 0.0 778.6 6350.0 1111.5 464.4 1088.9
151-1 7665.6 3210.0 6401.1 0.0 12624 1976.7 0.0 12333
69-7 35333 32119 0.0 0.0 1868.9 536.3 1662.2 2735.6
.154-2 3671.1 3263.3 0.0 0.0 3673.3 21544 0.0 1135.6
-146-1 3506.0 3266.1 0.0 681.2 3506.0 953.3 0.0 1628.9
-148-1 6148.9 33722 4820.0 0.0 TI33 2612.2 555.6 760.0
-152-1 4319.7 3385.7 2850.8 0.0 983.3 1363.5 4333 2022.2
-66-4 5057.8 3406.1 0.0 0.0 53459 2294.9 375.6 1111.1
145-2 6555.6 34252 0.0 3133 6122.2 27719 433.3 1006.7
-147-1 3888.9 3549.2 2280.0 666.7 1600.0 1593.7 0.0 14222
145-1 3644 .4 3682.4 1137.8 835.6 2451.1 1978.0 0.0 868.9
-66-1 5388.9 37320 868.9 0.0 4533.3 2296.5 0.0 1435.6
-155-2 6120.0 3738.6 0.0 416.4 48533 1480.0 1268.9 1842.2
-143-2 6115.6 4096.1 0.0 691.7 5664 .4 24844 451.1 946.7
-151-2 5487.8 41756 0.0 2500.0 3710.0 837.8 1615.6 837.8
-147-4 4148.9 4382.2 1108.9 1791.1 2708.9 1840.0 3333 664.4
-154-1 2501.1 4445.1 643.3 71.1 762.2 3236.2 340.0 1137.8
-66-2 4501.1 4461.6 1203.3 0.0 14644 34194 18333 1042.2
3-147-3 6442.2 4531.9 0.0 746.7 3600.0 3386.7 2175.6 3356
3-66-3 12074. 4581.6 0.0 1538.5 10676. 21524 1395.6 820.0
3-143-3 96344 4958.1 0.0 0.0 8521.1 1780.3 424 4 3044 4
R-152-3 5906.7 5356.1 0.0 698.3 3991.1 33533 1920.0 1277.8
8-148-2 72254 5492.6 1291.7 0.0 5938.1 3848.1 0.0 1644.4
8-148-5 32789 6082.2 0.0 0.0 1958.9 2946.7 1320.0 3137.8
8-67-2 10869. 6306.7 7951.1 0.0 19333 5664.4 984.4 642.2

e 4.37 continued next page
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7 continued

Yield (kg ha™)

Extra fine (Kg ha™)

Fine (Kg ha")

Bobby (Kg ha)

Sprayed  Unsprayed Sprayed  ynsprayed Sprayed  ynsprayed Sprayed  Unsprayed
-1 4420.6 7574.7 3306.7 0.0 1111.7 4463.6 0.0 3271.1
/ 5500.0 23333 4388.9 1164.4 444 4 968.9 666.7 200.0
5660.0 2446.7 753.3 2446.7 43484 0.0 555.6 0.0
3781.7 2836.7 8929 850.0 2111.1 1846.7 777.8 140.0
5944 .4 2896.6 3638.9 2896.6 1055.6 0.0 0.0 0.0
6625.0 3116.7 5736.1 1186.7 888.9 1796.7 0.0 133.3
7991.5 32295 3833.3 400.0 34915 1833.3 666.7 388.9
11527.
8 3364.4 10680 1983.3 785.7 1379.1 0.0 0.0
\ 5837.2 3677.8 982.2 0.0 3190.6 2466.7 3422 1211.1
1 8267.7 3967.0 43889 34133 2527.8 1220.3 138.9 0.0
10541.
7 4221.1 3416.7 3621.1 5125.0 600.0 0.0 0.0
58547 3554.1 1690.0 680.3 32673 1861.6 746.9 1060.1
senotype (G) 1000.1 1198.6 14533 539.3
praying (S) 212.1 832.7 3227 254.4
3XS 1403.7 b 3| 2040.3 764.1
3.6 9.7 5.8 1.7

st significant difference, CV=Coefficient of variation.

he F, populations were grown without application of fungicide progenies of SB-08-5-21
- highest overall pod yield (5175.6 kg ha™') whereas progenies of SB-08-5-10 had the

verall pod vield (1578.9 kg ha'). Some genotypes did not produce extra fine pod yield.

ies of SB-08-5-21 had the highest fine pod yield while Julia produced no fine pod yield.

genotypes did not produce bobby pod yield whereas progenies of SB-08-5-

12 had Ihe

t bobby pod yield (Table. 4.3). Among the backcross populations progenies of SB-08-

d the lowest overall pod yield. Some of the geonotypes produced no extra fine pod yield.

don had the highest fine pod yield. Whereas some genotypes did not produce bobby pod

progenies of SB-08-303 produced the highest bobby pod yield (Table. 4.54).
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.38. Pod yield of Fgsnap bean bulks grown at Mwea with and without fungicide application.

Yield (kg ha™) Extra fine (Kg ha™) Fine (Kgha™) Bobby (Kg ha™)
e Spraved  Unspraved  Spraved  Unspraved  Spraved Unsprayed Spraved  Unspraved
5-10 6000.0 1578.9 1666.7 0.0 3666.7 8833 2222 695.6
5-18 5995.6 1720.0 0.0 0.0 5166.7  586.7 831.1 11333
-20 77937 20131 553.3 0.0 72359 10842 0.0 928.9
5-13 5738.1 2315.6 238.1 0.0 42778 13333 0.0 982.2
5-5 74510 25033 0.0 0.0 6506.5 11433 388.9 1360.0
5-16 8666.7  2803.7 0.0 160.7 44722 14630 41944 11800
5-15 52500 29259 2083.3 0.0 18056 12370  805.6 1688.9
5-4 97222  2964.6 0.0 0.0 94722 17535  250.0 12111
5-1 76389 30563 388.9 0.0 66944 16963 0.0 1360.0
5-20 4311.1 32276 888.9 0.0 27556  1705.4 111.1 15222
5-12 484738 3457.8 1566.7 0.0 17233 10133 10022 24444
5-19 7539.7 34600 3095.2 0.0 33333 15222 5556 1937.8
5-3 102222 3493.0 0.0 0.0 9111.1 22263 0.0 1266.7
5-8 9666.7  3523.0 5000.0 0.0 8889 28119 0.0 711.1
5-9 6569.4  4011.1 0.0 0.0 53472  2380.0 0.0 1631.1
3-22 5619.0 41711 0.0 0.0 33968 28533 22200 13178
.5-6 49167  4259.0 0.0 0.0 1916.7 10812 11111 31778
.5-14 8611.1 44422 555.6 0.0 24489 33733 25556 10689
-5-17 77222 4491.1 0.0 1726.7 70533 8489 0.0 1915.6
-5-2 8805.6  4609.1 0.0 0.0 80833 35624 166.7 1046.7
-5-7 7333.3 5032.8 13333 0.0 61556 35328 11778 1500.0
-5-21 89206  5175.6 1793.3 0.0 7125.1  3700.0 0.0 1475.6
(S
celly 5500.0 23333 4388.9 1164.4 4444 968.9 666.7 200.0
n 56600  2446.7 7533 24467 43484 0.0 555.6 0.0
ta 3781.7  2836.7 8929 850.0 21111 18467  777.8 140.0
59444  2896.6 36389  2896.6 1055.6 0.0 0.0 0.0
6625.0  3116.7 5736.1 1186.7 8889  1796.7 0.0 133.3
li 79915 32295 3833.3 400.0 34915 18333  666.7 388.9
053 115278 33644 106800  1983.3 7857 13791 0.0 0.0
don 58372  3677.8 982.2 0.0 31906 24667 3422 1211.1
ntha 8267.7  3967.0 43889 34133 25278 12203 138.9 0.0
a 105417  4221.1 3416.7 3621.1 51250  600.0 0.0 0.0
7005.1 3311.9 1702.2 638.8 4002.1  1648.7 6433 1027.7
s Genotype (G) 1679.5 1797.2 2244.0 1074.6
os Spraying (S) 950.2 1012.6 552.6 NS
0s GXS 2380.7 2547.1 3136.5 1535.9
3.0 19.1 5.5 21.7

]
Least significant difference, CV=Coefficient of variation. NS= Not significant at 0.05 probability levels.
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9. Pod yield and pod quality of backcross snap bean bulks grown at Mwea with and
without fungicide application.

Yield (kgha™) Extra fine (Kg ha™) Fine (Kgha™) Bobby (Kg ha™)
es Sprayed  Unspraved Sprayed  Unsprayed Sprayed Unsprayed  Sprayed Unsprayed
4 34328  1580.0 13400 0.0 717 842.2 14378 7378
)8 37639 19889 0.0 0.0 3208.3 948.9 555.6 1040.0
)1 3361.1 22003 0.0 0.0 31389  1700.3 222.2 500.0
)7 39206  2241.1 476.2 0.0 12222 12944 22222 953.3
2 2837.8 24719 0.0 0.0 19444 11185 895.6 1353.3
3 44067 32248 476.2 0.0 28194 13159 1111.1 1908.9
05 42727 37538  606.1 14205 27556 12889 911.1 1044.4
ly 55000 23333 43889 11644 4444 968.9 666.7 200.0

5660.0  2446.7 753.3 24467 43484 0.0 555.6 0.0
37817  2836.7 892.9 8500  2111.1 1846.7 777.8 140.0
50444 28966 36389  2896.6 10556 0.0 0.0 0.0
66250 31167 57361 11867 8889 1796.7 0.0 133.3
79915 32295 38333 10095 34915 1833.3 666.7 388.9
3 11527.8 33644 10680.0 19833  785.7 1379.1 0.0 0.0
n 58372 36778 9822 0.0 31906  2466.7 3422 1211.1
1a 82677 39670 43889 34133 25278 12203 138.9 0.0
10541.7 4221.1 34167 3621.1 51250 600.0 0.0 0.0
57455 29147 24476 11760 23400  1213.0 617.8 565.4
 Genotype
1388.7 2325 NS 534.5
 Spraying
37122 NS
. GXS 1912.6 1815.4 NS 767.9
4.0 303 19.1

east significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level

HAB snap bean lines were grown without application of fungicide HAB 428 produced

ghest total pod yield (8528.2 kg ha™'). Some genotypes had no extra fine and fine pod

HAB 428 produced the highest amount of fine pod yield. HAB 425 W produced the

¢t amount of bobby pod yield while Star 2053, while others had no bobby pod yield

2. 4.5).
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d yield of HAB snap bean lines grown at two locations over two seasons with and without
gicide application.

Yield (Kgha') Extra fine (Kgha™) Fine (Kgha™) Bobby (Kg ha™)
Sprayed  Unsprayed Sprayed  Unsprayed Sprayed Unsprayed Sprayed  Unsprayed
4111.1 2646.8 0.0 0.0 32222 1384.6 888.9 12622
47619 3115.1 0.0 0.0 3873.0 1466.2 888.9 1648.9
10902.8 31349 0.0 0.0 10791.7 1014.9 111.1 2120.0
10915.0 34244 1111.1 1040.0 7692.8 1500.0 1888.9 884.4
15104.4 35524 166.7 0.0 13250.0 22724 1666.7 1280.0
7095.6 3611.1 0.0 555.6 5780.0 22778 1315.6 777.8
9453.0 3733.0 5533 0.0 6680.0 24974 22222 1235.6
9375.0 3860.6 0.0 0.0 7597.2 25139 1777.8 1346.7
43622 3864.4 8333 0.0 2595.6 2126.7 933.3 1737.8
6638.9 3883.5 3583.3 0.0 1388.9 26702 1666.7 12133
7194.4 3916.7 0.0 0.0 5805.6 3083.3 722.2 833.3
10904.8 3976.3 0.0 0.0 9904.8 1851.9 1000.0 21244
7466.9 3998.6 555.6 833.3 4889.1 2511.9 2022.2 653.3
6460.3 4110.0 0.0 0.0 2888.9 2350.0 3571.4 1760.0
11194.4 4194.4 0.0 8333 9916.7 1694.4 1277.8 1666.7
10650.8 4813.5 1428.6 796.7 7416.7 31579 1805.6 858.9
8555.6 5128.9 0.0 8333 1933.3 2780.0 6622.2 1515.6
79444 5538.9 0.0 2044.4 5861.1 20722 2083.3 1422.2
8008.5 5638.3 833.3 8333 43974 2583.3 27778 22222
85119 6105.5 0.0 0.0 6289.7 4549.9 22222 1555.6
7716.9 6258.6 0.0 0.0 6030.0 4838.6 1665.8 1420.0
7488.1 6268.9 0.0 0.0 5821.4 3993.3 1666.7 2275.6
9652.8 6320.0 0.0 0.0 7986.1 50533 23333 1266.7
78472 6527.8 1250.0 1250.0 5263.9 3366.7 13333 1911.1
9259.2 6895.6 1666.7 0.0 5659.2 5557.8 1933.3 1337.8
9037.8 7920.5 0.0 0.0 6862.2 6080.5 21733 1840.0
11040.0 85282 33333 0.0 6168.9 7012.7 1537.8 1515.6
5500.0 23333 43889 1164.4 444.4 968.9 666.7 200.0
5660.0 2446.7 753.3 2446.7 4348.4 0.0 555.6 0.0
3781.7 2836.7 892.9 850.0 2111.1 1846.7 777.8 140.0
59444 2896.6 3638.9 2896.6 1055.6 0.0 0.0 0.0
6625.0 3116.7 5736.1 1186.7 888.9 1796.7 0.0 1333
7991.5 3229.5 38333 1009.5 3491.5 1833.3 666.7 388.9

11527.8 33644 10680.0 1983.3 785.7 1379.1 0.0 0.0
5837.2 3677.8 982.2 0.0 3190.6 2466.7 342.2 1211.1
8267.7 3967.0 4388.9 34133 2527.8 12203 138.9 0.0
10541.7 4221.1 3416.7 3621.1 5125.0 600.0 0.0 0.0
8198.1 4406.9 1460.2 745.7 51334 2550.6 14394 1128.6
pe (G) 2319.6 1774.5 3183.5 1111.8
1z (S) 780.3 NS 1378.6 NS
32673 2515.3 44854 1613.2
¢ 25.7 6.7 5.3

ificant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability levels.
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d vield and pod quality of KSB snap bean lines grown at two locations over two seasons with
d without fungicide application.

Yield (kg ha™) Extra fine (Kg ha™) Fine (Kgha™) Bobby (Kg ha™)
Sprayed Unspraved  Sprayed  Unsprayed Sprayed Unsprayed Sprayed Unsprayed
3105.6 1948.9 0.0 0.0 1410.0 1020.0 1695.6 928.9
71133 2606.1 3333 540.0 5366.7 966.1 14133 1100.0
8666.7 31833 2000.0 416.7 5555.6 1726.7 555.6 1040.0
38333 3254.8 2226.7 0.0 493.3 23126 1111.1 9422
5275.6 3575.6 555.6 0.0 37222 1964.4 1000.0 1611.1
6420.6 4303.5 3809.5 1637.8 1888.9 1499.0 7222 1166.7
5500.0 23333 4388.9 1164.4 4444 968.9 666.7 200.0
5660.0 2446.7 753.3 2446.7 43484 0.0 555.6 0.0
3781.7 2836.7 892.9 850.0 2111.1 1846.7 777.8 140.0
59444 2896.6 3638.9 2896.6 1055.6 0.0 0.0 0.0
6625.0 3116.7 5736.1 1186.7 888.9 1796.7 0.0 1333
7991.5 32295 3833.3 1009.5 3491.5 1833.3 666.7 388.9
11527.8 3364.4 10680.0 1983.3 785.7 1379.1 0.0 0.0
5837.2 3677.8 982.2 0.0 3190.6 2466.7 3422 1211.1
8267.7 3967.0 4388.9 34133 2527.8 1220.3 138.9 0.0
10541.7 4221.1 3416.7 3621.1 5125.0 600.0 0.0 0.0
6630.8 3185.1 29773 13229 2650.4 1350.0 602.8 553.9
pe (G) 18414 2468.9 1865.1 537
ng (S) 1460.2 NS NS NS
2616.5 3475.1 2901.5 889.4
32 24.4 27.3 334

rificant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level

en the KSB snap bean lines were grown without application of fungicide KSB 7 had the
est overall pod yield (4303.5 kg ha™). KSB 11 had the lowest pod yield (1948.9 kg ha™)
3 10W, KSB 11, KSB 4 had no extra fine pod yield. KSB 10 W had the highest bobby pod
d (Table. 4.6). When the climbing snap bean lines were grown without fungicide
lication, HAV 131 produced the highest total pod yield (3803.9 kg ha™) while HAV 134
the least pod yield (1864.4 kg ha™). Some of the genotypes produced no fine pod yield.
ne genotypes produced no fine pod yield. HAV 131 produced the highest amount bobby

s yield while some genotypes did not produce bobby pod yield (Table. 4.7).
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’od yield of climbing snap bean lines grown at Mwea with and without fungicide application.

Yield (kgha) Extra fine (Kgha™) Fine (Kgha™) Bobby (Kgha'')
Sprayed Unsprayed Sprayed Unsprayed Sprayed Unsprayed Sprayed Unsprayed
6444 4 1864.4 3333 0.0 4666.7 906.7 14444 957.8
9527.8 1935.6 3750.0 0.0 54444 611.1 3333 1337.8
9311.1 1982.2 416.7 0.0 7833.3 802.2 1055.6 1180.0
73333 2251.1 0.0 0.0 6333.3 822.2 1000.0 1428.9
7944 .4 2286.7 0.0 0.0 7388.9 1040.0 555.6 1246.7
41422 3803.9 0.0 208.3 22933 1922.2 1848.9 1673.3

5500.0 23333 4388.9 1164.4 444 .4 968.9 666.7 200.0

5660.0 24467 753.3 24467 43484 0.0 555.6 0.0
37817  2836.7 892.9 850.0 2111.1 1846.7 7778 140.0
59444 28966 36389 2896.6 1055.6 0.0 0.0 0.0
66250 31167  5736.1 1186.7 888.9 1796.7 0.0 133.3
79915 32295 38333 1009.5 3491.5 1833.3 666.7 388.9
115278 33644 106800 19833 785.7 1379.1 0.0 0.0
58372  3677.8 9822 0.0 3190.6 2466.7 3422 1211.1
8267.7  3967.0 43889 34133 25278 12203 1389 0.0
10541.7 42211  3416.7 3621.1 5125.0 600.0 0.0 0.0
72738 28884  2700.7 1173.7 36206 1138.5 586.6 618.6
1otype (G) 1686.7 1837.5 1820.6 523.7
aying (S) 1933.1 NS NS NS
S 24923 2954.1 3739.9 NS
6.5 33 35.6 11.9

significant difference, CV=Coefficient of variation, NS=Not significant at 0.05 probability level

Seed yield of snap bean population and lines
ficant effect (P< 0.05) of cropping season and location was recorded for seed yield for all
lations. The mean seed yield was higher at Mwea than at Thika. However, the effect of
ion was not significant among KSB lines. Fungicide application had a significant increase
eed (116.8%) in all populations except Fs and backcross populations. Application of
icide to control foliar fungal diseases increased seed yield. There were significant
rences of seed yield among genotypes. The two way interactions effect between genotype
fungicide application was significant (P< 0. 05) on the populations and lines except for Fs
slations. The two way interaction between genotype, location and cropping season were

ificant for all populations. Three way and four way interactions were significant effect (P<
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except on Fs populations in which four way interaction effect was not significant
ndices 3-14). Seed yield was highly correlated (R? 0.395) with angular leaf spot severity,

per plant, days to flowering and days to maturity (Appendix 17).

g the F4 populations grown without fungicide application, progenies of SB-08-3-21 had
ghest seed yield (1895.8 kg ha™") while SB-08-3-13 had the least seed yield (815.8 kg ha’
able. 4.43). When the F4s snap bean families were grown without fungicide application,
8-66-3 had the highest seed yield (2171.9 kg ha") while SB-08-69-4 had the lowest seed
(6372 kg ha ) (Table. 4.44). Among the Fs populations progenies of SB-08-5-16 had the
st seed yield (2157.7 kg ha') while SB-08-3-22 had the lowest seed yield (890.7 kg ha™)
e. 4.45). Among the backcross populations progenies of SB-08-303 produced the highest
yield (2159.7 kg ha™) while SB-08-308 had the lowest seed yield (1209.4 kg ha™) (Table.
. Among the HAB snap bean lines grown without application of fungicide HAB 411 had
ighest seed yield (1394.7 kg ha™') while HAB 465 had the lowest seed yield (617.2 kg ha™)
le. 4.47). Among the KSB snap bean lines KSB 10 BR had the highest seed yield (1700.8
") while KSB 7 had the lowest seed yield (546.2 kg ha') (Table. 4.48). Among the
bing lines, HAV 135 produced the highest amount of seed yield (1753.1 kg ha') while

7 130 had the lowest seed yield (955.0 kg ha™) (Table. 4.49).
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ed yield of F.snap bean bulks grown at two locations over two seasons with and without

ngicide application.
Spraved Unspraved
Thika Mwea Thika Mwea

SR LR SR LR Mean SR LR SR LR Mean
3551 23237 4286 16941 12004 2690 13493 1538 14910 8158
5913 2896.5 322.0 1530.2 1310.0 556.6 1255.7 667.0 13749  963.6
4346 15788 4807 24243 12296 3513 1834.1 5927 1340.7 1029.7
5292 26993 14015 17799 15775 508.1 19144 4612 12049 10446
3722 21350 2605 13949 10407 3590 21449 3115 10775 10732
4764 21467 7274 20125 13158 4643 940.9 650.4 22714 1081.7
3873 12372 976.4 14385 10099 3554 14076 7374 18416 10855
6545 31441 9737 23323 17762 3378 13995 11580 15129 1102.0
5596 17385 12048 40303 19058  240.1 13214 13542 15220 11094
3226 13292 10254 2218.7 12240  308.0 16374 12417 11886 11189
6269 31341 12359 2213.1 18025 6892 12665 8706 16659 1148.1
4346 16799 4182 2390.7 12308 3513 17625 7837 20660 12409
2458 17799 22505 30494 18314 3715 17525 13331 15408 12495
5234 10130 25951 19764 15270 4993 19801 12295 13203 12573
sgs.8 16928 12189 18519 13374 2895 23281 6106 18429 1267.8
5428 19535 16809 27342 17278 5175 16118 12966 1557.8 12709
601.0 15386 10485 23829 13928 3485 22858 10857 1586.8 1326.7
5289 26334 19125 38917 22416 6929 22174 16251 937.1 1368.1
3327 15247 7792 24802 12792 2162 12789 17260 25618 14457
3059 21684 5180 36699 16655 1929 20032 5046 23138 14786
6241 21940 18160 42841 22296 3220 24804 7225 36693 1798.6
2677 26155 21970 33810 18903 2548 23786 33476 15923 18758
4304 903.5 57.9 320.5 403.1 400.7 499.6 415 3909 3332
2514 876.9 549.1 1522.1 7749 188.4 565.1 24.1 916.0 423.4
4873 9984 6121 9630 6902 3446 6994 4323 2830 4523
406.6 1371.2 241.2 1197.0 754.0 309.0 805.0 334 945.4 523.2
451.8 1020.7 511.1 1020.7 726.1 351.8 769.8 468.5 769.8 590.0
3954 1007.6 329.1 10076  684.9 231.6 750.8 680.5 7508  603.4
4239 13299 541.1 1287.7 895.6 3126 1190.0 879.0 957.0 834.6
4465 14846 12709 25135 14289 2769 926.6 653.1 17132 8924
4394 10404 20699 16943 131 10 2687 18920 6119 885.7 914.6
3893 1759.8 8999 1759.8 12022 425.6 11754 13401 11754  1029.1
4158 1779.7 1020.1 2107.7 1330.8 415.5 1494.5 865.2 14459 10553
type (G) NS 568.1 NS 581.9 3323 NS 568.1 NS 5819 3323
ing (S) NS NS 414.9 526.8 110.1 NS NS 4149 526.8 110.1
NS 843.7 NS 847.6 471.7 NS 843.7 NS 847.6 471.7

23.9 11.1 7 23 1.4 239 11.1 7 23 1.4

gnificant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level, LR=long rain
hort rain season. LSD Season=97.3, Location= 142.3.
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d vield of F,.s snap bean families grown at two locations over two seasons with and without

cide application.

Sprayed et Unsprayed
Thika Mwea Thika Mwea
SR LR SR LR Mean SR LR SR LR Mean
323.5 19485 800.7 28021 14687 1989 10235 1625 11639 6372
391.6 2028.0 11985 22005 14547 2243 12932 1899 11871 723.6
4807 16265 1103.8 43290 18850 2458 16232 3493 12935 878.0
4539 1889.7 25440 18498 16344 3833 10277 8848 13100 9015
3989 19585 680.4 38860 1731.0 173.5 10135 884.8 15364 902.1
3562 1096.6 1399.6 29524 14412 3469 12296 4650 17524 9485
9293 13237 805.0 35388 16492 260.7 18023 6045 11533 9552
9293  1606.1 960.1 2053.6 13873 260.7 1627.1 470.7 15168 968.8
5959 14040 428.0 29853 13533 2042 15138 3953 17861 9749
533.6  2324.6 2098.6 32785 20588 2725 16853 1309.8 7053 9932
3240 13464 827.1 27735 13178 1825 14247 6208 18778 10264
533.6 2629.0 1127.8 32785 18922 2725 26702 407.7 8400 1047.6
3486 11664 1057.4 3107.1 14199 3500 19940 3104 15603 1053.7
3436 13304 906.1 17560 10840 2513 27672 1974 11170 10832
3569 15260 15512 21156 13874 199.5 15663 7486 19053 1104.9
531.5 23446 11339 42657 20689 2926 16753 10538 14175 1109.8
4958 16447 5825 36174 15851 3952 22107 481.2 13857 11182
4349 14912 4124 20760 1103.7 1934 28523 4187 10708 11338
379.7 14971 566.7 27182 12904 156.1 18128 177.7 24202 11417
4404 12796 10568 33335 15026 388.1 18414 6109 18130 11634
3466 15592 11292 26568 14230 2153 21832 3932 19501 11854
2414 14792 11303 27182 13923 1375 26192 3556 16637 1194.0
2914 18109 8158 28749 14232 2653 13564 460.0 27023 1196.0
3148 2337.0 7749 26147 15103 1724 13578 8848 24582 12183
6744 1056.5 1258.8 15289 11297 2638 11703 1309.8 22967 12602
356.7 38155 10724 30893 2873.5 3132 19968 10.0 27439 1266.0
8140 11454 1045.6 26146 14049 2567 1729.7 567.2 27089 1315.6
2472 24803 605.0 36756 17520 321.7 18833 267.7 27955 1317.0
3043 2356.6 364.6 29124 14845 277.1 31037 240.1 16603 13203
5235 22517 8504 27343 15900 2888 22073 509.8 23565 1340.6
4383  1409.0 12253 25055 13945 2480 14288 1645.1 20937 1353.9
3415 13498 818.0 20489 1139.6 10300 1740.7 816.1 18528 13599
4438 20189 21603 3877.1 21250 4955 17658 4659 27958 13808
8140 11254 2058.1 37640 19404 257.7 1629.7 338.6 36089 1458.7
4500 16482 6062 22905 12487 2526 3090.8 1485 30466 1634.6
3863 1988.7 2933 42757 17360 511.0 15178 3935 41423 16411
5007 29374 6126 28132 17160 303.1 2780.1 341.0 35008 1731.3
2674 9741 1649.6 19433 12086 2022 66179 4539 14136 21719

ontinued next page
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ntinued

Spraved Unsprayed
Thika Mien Thika Siidenn

SR LR SR LR Mean SR LR SR LR Mean
4304 9035 579  320.5 403.1 400.7 4996 415 3909 3332
2514 8769  549.1 1522.1 7749 1884  565.1 24.1 9160 4234
4873 9984 5454 963.0 673.5 3446 6994 4823 2830 4523
406.6 13712 2412 11970 7540 3090 8050 334 9454 5232
451.8 10207 511.1 10207 726.1 3518 7698 4685 7698  590.0
3954  1007.6 329.1 1007.6 6849 231.6 750.8 680.5 7508 6034
4239 13299 S41.1 12877 8956 3126 11900 879.0 9570 8346
4465 14846 12709 25135 14289 2769 9266  653.1 17132 8924
4394 10404 20699 16943 13110 2687 18920 6119 8857 9146
3893 17598 8999 1759.8 12022 4256 11754 1340.1 11754 1029.1
487.1 16458 9735 25655 14180 2953 17522 5325 173713 | 1079.3
pe (G) NS 10784 4744 3672 3510 NS 1078.4 4744 3672  351.0
ng (S) NS NS 4130 %77 1% NS NS 4339 812 s
NS 15186 6955 5159 5002 NS 15186 695.5 5159 5002

14.3 15.9 9.0 2.4 3.2 14.3 15.9 9.0 24 3.2

ificant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level. LR=long rain
ort rain season. LSD Location= 247.5.



‘Seed yield of Fg snap bean bulks grown at two locations over two seasons with and without
ungicide application

Spraved Unsprayed

Thika Mioes Thika Mwea
SR LR SR LR Mean SR LR SR LR Mean

; 407.5 14299 S21.1 21613 11299 4519 11800 761.2 10698  890.7
459.4 13225 16619 28403 15710 293.0 12968 12426 1123. 988.9
3502 11332 7458 19117 10352 3158 12638 14544 11834 10544

) 3788 1497.6 12099 31921 15196 3751 12241 15949 12613 11139
517.6 21286 7542 29822 15207 446.8 15724 9073 17545 11703
i 7249 15707 9206 9039 9050 6324 17678 1805.8  553.1 1189.8

410.0 14556 17993 24180 14957 3682 14099 11772 20773  1258.]
7333 10476 1919.0 28792 15448 704.6 14174 16308 13124 12663

) 391.8 16645 3194 35131 14222 289.2 15368 12444 20531 12809
) 4904 1147.0 3233 29553 1179.0 4758 14593 12769 22949  1376.7
) 495.6 10844 1130.0 37829 16232 4943 1070 7644  3637.7 1491.6

3769 35392 1791.0 28438 21227 3532 1984.1 24173 12237 14946
788.0 14513 21103 29763 17065 602.2 13389 22162 19470 1526.1
4259 10744 14690 31068 15190 402.0 1260.1 2081.8 2504.1  1562.0
3498 22228 17566 16413 14926 309.7 24100 22358 11296 16713

7 520.7 11402 963.6 4563.5 17470 5684 17840 1528.0 30126 17232
4 571.5 10228 1638.5 34426 16688 3749 25754 16485 27035 18256
346.0 2602.1 11654 47679 22203 273.1 24700 18532 28989 1873.3
3 4310 19707 989.0 45459 1984.1 346.6 12906 28339 31217 18982
4356 11191 761.0 3069.6 13214 4264 28974 1841.1 28146 19949
5 609.1 12406 16473 34358 17332 508.7 23690 2984.1 2769.0 2157.7

3304 9035  549.1 3205 5259 400.7 499.6 24.1 390.9 328.8
187.3 9984 2412 9630 5975 3446 6994 334 283.0 340.1
2066 1371.2 579 11970 7082 309.0 805.0 41.5 9454 929.2
3954 1007.6 5454 10076 7390 231.6 7508 482.3 750.8 553.9
151.4 8769 12709 15221 9553 1884  565.1 653.1 916.0 580.6
351.8 10207 511.1 10207 7261 3518 7698 468.5 769.8 590.0
4239 13299 541.1 12877 8956 3126 11900 879.0 957.0 834.6
3893 17598 329.1 17598 1059.5 4256 11754 680.5 11754 864.2
446.5 1484.6 20699 25135 16286 2769 926.6 6119 17132 8822
4394 10404 899.9 16943 10185 268.7 18920 1340.1 885.7 1096.6

347.6 1440.6 1052.0 2491.0 13328 413.6 14468 13134 16527 1206.6
notype (G) NS 651.3 701.1 5994 2823 NS 651.3 701.1 5994 2823
raying (S) 57.1 6453 NS 395.1 NS 57.1 645.3 NS 395.1 NS
(S NS 956.2 1011.7 8542 4084 NS 956.2 1011.7 854.2 408.4

22.8 7.8 12.7 2.8 2.4 22.8 7.8 12.7 2.8 2.4

significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level, LR=long rain
-Short rain season. LSD Season= 85.5, Location=214.4.
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ld of advanced backcross sna:
1ce p bean bulks i S
thout fungicide application. i B

. Sprayed Unsprayed
Thika Mwea Thika Ml

SR LR SR LR Mean SR LR SR LR Mean
303.4 15324 10510 17516 1159.6 277.0 14858 18405 12341 12094
289.8 1433.1  619.1 4099.3 16028 2835 12358 18255 16852 12575
3219 12562 2298 35106 13046 291.6 20130 11644 17213 12976
2223 32284 1230 15321 12764 1852 22923 20268 9260 13576
407.1 1369.0 5192 33174 1353.2 3637 16630 1549.7 25543 15327
4626 22919 7783 27100 1560.7 2473 18310 25714 18752 16312
3993 16295  891.0 42893 17522 268.6 20243 12587 33939 17364
291.7 22839 25344 4187.1 23243 2340 20987 30375 32688 21597
4304 903.5 57.9 320.5  403.1 400.7 4996 415 3909 3332
2514 8769 549.1 1522.1 7749 1884 565.1 24.1 9160 4234
4873 9984 545.4 963.0 6735 3446 6994 4823 2830 4523
406.6 13712 2412 1197.0 7540 309.0 805.0 334 9454 5232
451.8 10207  511.1 1020.7 726.1 351.8 7698 4685 7698 5900
3954 1007.6 329.1 1007.6 6849 2316 7508 6805 7508 6034
4239 13299  541.1 1287.7 8956 3126 11900 8790 9570 8346
4465 14846 12709 2513.5 14289 2769 9266 6531 17132 8924
4394 10404 20699 16943 1311.0 268.7 18920 6119 8857 9146
3893 17598 8999 1759.8 12022 4256 11754 13401 11754 1029.1
305.0 14899 7645 2149.1 11771 2923 13288 11383 14137 10432
| NS 746.6 739.6 4086 2856 NS 7466 7396 4086  285.6

NS NS NS 200.1 NS NS NS NS 200.1 NS
NS NS 10323  567.8  409.0 NS NS 10323  567.8  409.0

7.3 6.1 13.5 5.8 1.5 73 6.1 13.5 5.8 15

t difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level, LR=long rain
'season. LSD Season=219.8, Location= 165.6.
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47. Seed yield of HAB snap bean lines grown at two locations over two seasons with and
without fungicide application.

Sprayed ¥ Unsprayed
Thika Mwea Thika Mwea
pe SR LR SR LR  Mean SR LR SR LR Mean
3 4592 15846 16227 26016 1567.1 2050 9366 6459 6815 6172
2 3947 9746 3401.8 28450 18840 384.1 9647 3549 10785 695.6
3 895.6 964.6 26619 26208 1660.7 711.6 9747 2585 9506 7239
4 4103 18714 1789.6 21654 1531.7 4039 10162 525.7 10083 7385
6 416.0 10207 4392 11749 687.7 4147 9407 1399 15135 7522
7 3213 11207 17109 28872 15100 3019 789.8 6343 12879 7535
9 786.4 17609 24124 23737 18333 4019 1086.1 925.7 6055 754.8
0 3995 1181.6 1130.8 14937 10514 3225 12703 1763 12861 763.8
2 571.0 16469 482.1 23765 12441 557.0 1097.8 2972 12902 8105
4 7408 17709 16313 25217 16662 345.1 1066.1 927.0 9639 8255
5 BM 4677 1488.1 1049.1 45863 1897.8 279.0 8127 3739 18705 834.0
3 4648 19050 14003 1695.1 12913 3253 1508.8 505.2 10198 839.8
)8 436.1 1810.8 14727 26869 15966 427.7 10365 300.5 16517 854.1
19 4238 9395 1666.5 28622 1473.0 392.8 11599 1002.1 8981 863.2
19 BR 396.6 15760 26844 17347 15979 3174 1789.0 5252 6340 8664
)1 4600 1321.0 2990.6 22802 17629 312.6 9958 835.7 13684 8781
1 615.0 24335 2662.4 24786 19474 573.7 13468 10858 637.1 9109
20 4515 1787.0 15147 20953 14521 429.6 11125 4549 16624 9149
28 457.1 9495 18764 21614 1361.1 3774 11599 6459 14786 9154
25 W 5604 16972 22724 21091 16598 4486 16735 627.6 9940 9359
26 3517 20162 1968.1 24366 16832 3325 1073.1 4220 19321 9399
38 7264 17259 1931.6 19432 1581.8 5557 2020.7 740.6 542.1 964.3
49 W 3585 17929 19758 23348 16155 3483 1769.0 697.8 11312 986.6
05 845.7 18259 2971.7 2930.5 21434 4506 21207 879 13937 10132
4 4589 8962 2394.1 23008 15125 385.0 15523 803.7 13747 10289
03 4883 9585 28514 23547 16532 4688 15925 4753 19346 1117.8
11 581.8 22999 12145 18504 1486.6 424.0 1847.6 9134 13937 13947
3
4304 9035 57.9 3205 403.1 400.7 4996 415 3909 3332
)53 2514 9984 99.8  963.0 562.1 3446 6994  46.1 283.0 3433
celly 4873 8769 549.1 15221 7749 1884 565.1 24.1 916.0 4234
4066 13712 2412 11970 7540 309.0 8050 334 9454 5232
don 4518 10207 5658 10207 7398 3518 769.8 4823 7698 5934
itha 3954 1007.6 3450 10076 6889 2316 7508 680.5 750.8 6034
1 4239 13299 517.5 12877 889.7 3126 11900 879.0 957.0 8346
li 4465 14846 1167.8 2513.5 1403.1 2769 926.6 653.1 17132 8924
N 4394 10404 19485 16943 1280.7 268.7 18920 611.9 8857 9146
ta 3893 17598 11344 1759.8 1260.8 4256 11754 1340.1 11754 1029.1
4144 14355 1589.4 2086.1 13813 411.0 11889 5453 11181 81538
s Genotype (G) 2827 536.1 661.7 4772 2571 2827 5361 661.7 4772 257.1
»s Spraying (S) NS NS 4095 458 110.4 NS NS 409.5 458 1104
s GXS NS NS 9424 666.1 371.0 NS NS 9424 666.1 371.0
124 - = 123 9.1 39 4.0 12.4 12.3 9.1 3.9 4.0

_east significant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level, LR=long

ason, SR=Short rain season. LSD Season = 345.6, Location= 84.4.
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Seed vield of KSB snap bean lines grown under protection with and without fungicide
plication in two locations for two season

Sprayed Unsprayed
Thika Mwea Thika Mwea
SR LR SR LR Mean sg LR SR LR  Mean
9953 1953 4100 31684 9922 4203 4203 4100 9343 5462
5314 4314 1884 21446 7990 5067 5067 1884 10279 5574
1983 30953 1436 23137 14152 1868 18428 1436 11045 8194
197.8 14746 1803 23245 10443 1683 18870 1803 12485  871.0
6279 22983 2832 30559 15663 2704 22388 6255 14034 11345
2712 24314 6213 29522 1569.0 2437 44633 6213 14749 17008

4304 9035 579 3205 403.1 4007 4996 415 3909 3332

2514 8769 5491 15221 7749 1884  565.1 24.1 9160 4234

4873 9984 5454 9630 6735 3446 6994 4823 2830 4523

406.6 13712 2412 11970 7540 309.0 8050 289 9454  522.1

451.8 10207 S11.1 10207 7261 351.8 7698 4685 7698  590.0

3054 1007.6 3291 1007.6 6849 2316 7508 6805  750.8 6034

4239 13299 541.1 12877 8956 3126 11900 879.0 9570 8346

446.5 14846 12709 25135 14289 2769 9266 6531 17132 8924

439.4 10404 20699 16943 13110 268.7 18920 6119 8857 9146

38903 17598 8999 1759.8 12022 4256 11754 13401 11754 1029.]

3221 13575 5526 18278 10150 306.6 12895 4612 9988  764.0

otype (G) NS  801.8 3713 3254 2385 NS 801.8 3713 3254 2385

aying (S) NS NS NS 2373 1032 NS NS NS 2373 103.2
S NS NS 540.7 4597 NS NS NS 5407  459.7 NS
5.4 18.2 12.5 1.2 6.5 5.4 1822 12.5 1.2 6.5

gnificant difference, CV=Coefficient of variation, NS= Not significant at 0.05 probability level, LR=long rain
hort rain season. LSD Season= 319.

8 Generation of climbing snap bean populations with resistance to rust and desirable
characteristics

crosses between climbing lines and commercial bush varieties were more successful than

ses between climbing lines and resistant bush lines. The highest success rate obtained was

n a cross of HAV 133 x BelMiNeb 1 (55.6%) and the least was obtained from a cross of
V 134 x BelMiDak RR8 (7.7%). For the crosses between climbing lines and commercial

h snap bean varieties, the highest success rates obtained were from crosses of HAV 133 x
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1a and HAV 132 x Paulista (90.9%) the poorest success rates were from crosses of
30 x Samantha and HAV 131 x Morelli (0.0 %), (Table 4.50). Some of the crosses had
nbers of pollinations done due to difficulties in synchronising flowering of the snap

rents.

| yield of climbing snap bean lines grown at two locations over two seasons with and
ut fungicide application.

Sprayed Unsprayed
Thika Mwea Thika Mwea
SR LR SR LR Mean SR LR SR LR Mean
1791.1 1457.8 5413 46914 21204 864.5 864.5 298.0 1793.1 955.0
1791.1 24185 3349 42586 22008 864.5 14814 249.7 16456 1060.3
22973, 16584 - 218.8 4653.6 22020 13340 12995 2024 24612 13468
1326.6 20762 215.0 4748.1  2091.5 846.9 1939.7 183.1 26684  1409.5
28404 1841.6 3434 47277 24383 2438.7 13116 502.3 17902 1510.9
1326.6 28404 558.1 4619.0 2336.0 846.9 2438.7 2284 34985 1753.1

4304 9035 T 320.5 403.1 400.7 499.6 41.5 390.9 3332
2514 . 8769 549 1522.1 774.9 188.4 565.1 24.1 916.0 4234
4873 9984 5454 963.0 673.5 344.6 699.4 4823 283.0 4523
406.6 13712 2412 11970 7540 309.0 805.0 334 9454 523.2
451.8 1020.7 S511.1 1020.7 726.1 351.8 769.8 468.3 769.8 590.0
3954 1007.6 329.1 10076  684.9 231.6 750.8 680.5 750.8 603.4
4239 13299 541.1 1287.7 895.6 312.6 1190.0 879.0 957.0 834.6

4465 14846 12709 25135 14289 2769 926.6 653.1 17132 1892.4
4394 10404 2069.9 16943 13110 268.7 18920 611.9 885.7 914.6

3893 1759.8 8999 17598 12022 4256 11754 13401 11754 1029.1

9172 15054 5767 25615 13902  644.1 11631 4355 14153 9145

be (G) 4723, 790.5 339.0 3199 2508 4723 7905 3390 3199 2508
2(S) NS NS NS 87.6 107.9 NS NS NS 87.6 107.9
NS NS 536.0 4399  355.7 NS NS 5360 4399 3557

13.2 11.6 11.0 1.6 1.4 13.2 11.6 11.0 1.6 1.4

ficant difference. CV=Coefficient of variation, NS= Not significant at 0.05 probability level. LR=long rain
t rain season. LSD Season= 259.6, Location= 171.8.



.50. Success rate of crosses done to obtain F;’s of climbing snap bean with snap bean
resistant to rust and commercial varieties.

Pollinations
erated Pods harvested  Seeds obtained done Success rate (%)
134/BelMiDak RR8 2 10 26 7.7
131/BelMiDak RR8 3 18 34 8.8
134/BelMiNeb 1 2 9 12 16.7
130/BelMiNeb 1 1 7 5 20.0
132/BelMiDak RR8 3 21 14 214
131/BelMiNeb 4 2 14 8 25.0
133/BelMiDak RR8 16 85 61 26.2
130/BelMiDak RR4 14 78 42 333
130/BelMiNeb 4 2 14 6 333
132/BelMiDak RR4 2 7 6 333
131/BelMiDak RR4 15 86 44 34.1
133/BelMiDak RR4 14 79 38 36.8
130/BelMiDak RR8 23 122 53 434
134/BelMiDak RR4 10 51 23 435
132/BelMiNeb 1 1 6 2 50.0
'133/BelMiNeb 4 3 21 6 50.0
'134/BelMiNeb 4 1 7 2 50.0
'131/BelMiNeb 1 6 31 11 54.5
'133/BelMiNeb 1 5 32 9 55.6
' 132/Paulista 0 0 5 0
 133/Samantha 0 0 10 0
" 133/Teresa 1 6 8 12.5
/ 132/Teresa 2 4 15 13.3
/ 131/Morgan 4 12 28 14.3
/ 132/Samantha 1 3 7 143
/ 133/Paulista 1 7 5 20.0
/ 134/Paulista 3 10 14 214
V 130/Amy 5 19 23 217
v 132/Morelli 2 7 8 250
v 132/Morgan 2 8 6 333
V 134/Morgan 1 4 3 333
V 131/Amy 6 39 17 353
V 130/Paulista 5 32 14 35.7
V 130/Morgan 7 34 17 41.2
V 134/Samantha 3 9 7 429
V 134/Morelli 10 38 23 435
V 132/Amy - 20 11 455
V 135/Teresa 6 34 11 54.5
V 135/Morgan 5 21 9 55.6
V 130/Teresa 8 44 14 57.1
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4.50 continued next page

Pollinations
Pods harvested  Seeds obtained done Success rate (%)
30/Teresa 8 44 14 57.1
31/Teresa 9 60 14 64.3
34/Teresa 11 43 17 64.7
33/Morelli 4 18 6 66.7
33/Amy 25 168 36 69.4
| 35/Paulista 24 163 34 70.6
135/Morelli 3 21 4 75.0
133/Morgan 15 96 19 78.9
13 1/Paulista 4 24 5 80.0
135/Amy 12 88 15 80.0
131/Samantha 8 58 9 88.9
130/Morelli 18 113 20 90.0
130/Samantha 10 63 11 90.9
131/Morelli 20 139 22 90.9

scussion

Growth vigour, days to flowering and days to maturity of snap bean population and
dvanced lines.

th vigour of genotypes varied across locations and cropping seasons. These could have
-d from differences in rainfall, temperature and soil fertility across locations and cropping .
1s. Similar results were obtained by Emam et al (2010) who found that exposing plants to
ht stress of 50% field capacity affected growth of the bean by reducing plant height and
rea. Growth vigour of the populations and lines was higher with application of fungicide.
agrees with Mersha and Hau (2008) who reported that bean rust epidemics affected host
th by reducing the total leaf area by about 35% compared with healthy plant applied with
cide. Vernadon had the poorest growth vigour while Morelli and Julia had the best growth
ar among the parental lines. Julia and Morelli had good growth vigour compared to other

types, Julia was highly susceptible to rust while Morelli was highly susceptible to angular
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ntroduced resistant varieties. Fontem er al (2007) reported that high disease development
gular leaf spot occurred during early bloom and late bloom thus not affecting the growth
r of genotypes. Growth vigour of populations and lines varied from a score of 1
llent) to 7 (poor) indicating that vigourous populations and lines existed and progenies

2 higher mean can be selected.

jifferences in environmental conditions between the two locations and cropping seasons
ted genotypes in their duration to flower. Genotypes flowered earlier two days during the

rain season at Mwea location and one day at Thika location. This could be attributed to
r temperatures during short rain season. This agrees with Ndegwa et al (2009) who
ted snap bean varieties flowering earlier by a day during short rain. The results showed
harent varieties flowered almost at the same time. Morgan was the earliest to flower during
' rain seasons and Paulista and Samantha during long rain season at both locations. Similar
ts were obtained by Ndegwa et al (2009) who noted that varieties that flowered early
1g short rain were not necessarily the ones that flowered early during long rain season.
e of the populations and lines such as SB-08-148-5 and HAB 426 were early flowering
3 days) than the parent lines with a range of 35-44 days. KSB and HAV lines were last to
er when compared to other lines. KSB lines had highest number of pods per plant among
advanced bush lines probably because they were late maturing and also resistant to
ases. Late flowering would increase the risk of damage from early autumn frosts at
hern latititude, but this is not a problem in tropical region (Mohamed et al., 2007). Morgan
bined early flowering and highest number of pod per plant among the parent varieties. This
, rare combination which contradicts with Emam er al (2010), who reported that late
vering allows photosynthates to fuel vigorous vegetative growth which subsequently

duces photosynthates to enable an increased number of pods to develop.
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cant effect of genotypes, cropping seasons and location indicates that duration to
ty among genotypes varied across seasons and environments. Generally genotypes used
study matured early during short rain season at Mwea location. This could have been as
It of warmer temperatures during short rain season and at Mwea location (Appendices 1-
snificant interaction effect between genotypes, location and cropping season suggests that
o maturity are highly influenced by environmental factors (Ceccarelli and Grando, 2007).
g the parent lines Star 2053 which had the highest pod yield was the earliest to mature
; short rain season while Morelli was the earliest to mature during long rain season
sting a strong environmental influence. Julia was the latest to mature in both seasons.
ugh genotypes were significantly different for days to maturity, most the populations
| in their duration to early maturing (67-88 days) as opposed to the more homozygous

bean lines with a mean of 77 days.

lines were late maturing and highly susceptible to angular leaf spot during long rain
n at Mwea. Mbugua e al (2006) reported that bean genotypes that were late maturing
more affected by diseases. Farmers’ prefer beans varieties that are early maturing as
ted by Pascal et al (2009). As expected climbing snap bean lines were late maturing.
e results agrees with Mbugua er al (2006) and Musoni ef al (2010) who reported that
1ess is associated with bush bean cultivars as opposed to climbing beans. For snap beans
mplies that they have a longer harvesting period which might result to higher yield due to
ased physiological efficiency. For dry bean early maturity may lead to germination of seed

e pods but for snap beans early maturity may provide an early harvest (Mbugua et al,

5)-
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od characteristic and number of pods per plant of snap bean populations and lines

gher pod length recorded during long rain season could be attributed to an increase in the
re level during long rain season (Appendix. 2). This agrees with Emam ez al (2010) who
.d a reduction of dry pod weight of beans as a result of reduced soil moisture. Among the
lines, Samantha had the longest pods 11.9 cm. This implies that Samantha could be a

parent for developing varieties with desired pod length. Pod length of the other
ercial varieties was slightly shorter than the optimum size. This indicates that conditions
test sites such as long period of moisture stress, low soil fertility and modest fertilizer
ation rates may have influenced expression of this trait. Among populations, backcross
nies of SB-08-303 had the longest pod (12.5 cm). Snap bean line HAB 404 was leading
the longest pods among the advanced lines. Only genotypes with a mean pod length
. 10 cm were selected so that they should meet market standards as indicated by Muchui et

)01).

e parent lines had pods diameter below 8 mm with Julia having the least pod diameter of
1, implying that it had thin pods which are preferred by consumers. A significant general
ining ability (GCA) for pod diameter in Amy was reported by Arunga ef al (2010)
nstrating the role of additive gene effect for this trait in snap beans. Climbing lines had
ighest pod diameter when they were harvested at regular interval than bush lines. This
ates that climbing snap bean could be harvested more often than the bush to avoid
grown pod or they should be crossed with bush snap bean to incorporate thin pod
\cteristic. Mohamed and Francis, (2007) reported that beans with indeterminate growth
. have smaller seeds hence less pod diameter which improves the quality of snap bean pods

1 compared with determinate beans. However, the results showed that climbing lines used
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study had thicker pods. Such variation in results may arise due to background genetic

nces in these varieties.

number of pods per plant was higher during long rain season. Probably due to warmer
ratures at Mwea and better moisture availability during long rain season. There was
icant variation for pods per plant among studied genotypes. Among the parent lines
li had the highest pods per plant. According to Mohamed et al (2007) cultivars that
ring late set more pods. However, in this study Julia which was among those that
red late also had the lowest pods per plant among the parent varieties. Progenies of SB-
3 and KSB 10 W from advanced lines had the highest number of pods per plant. Pods per
among populations varied from 1-24 pods per plant. There were populations such as SB-
3 and lines such as HAV 135 that had higher pods per plant (11.4) than Morelli.
amed and Francis, (2007) reported that climbing beans had double the number of pods per
than the bush beans but in this study climbing lines yielded less probably due poor

tation to the environment.

 Pod yield, pod quality and seed yield
otypes showed significant differences on pod yield and pod quality. This indicates that the
mercial snap bean varieties and donor parents of genes for resistance used to develop the
Jlations transferred their pod characteristics as well to their progenies. Generally
mercial snap bean parents concentrated their pod yield on extra fine and fine pod yield
egwa et al., 2009) unlike most of populations that had more of their yield as fine and bobby
yield because they were largely heterozygous. This may have resulted from the inheritance
soor pod characteristics of the donor parent with genes for resistance. Arunga et al (2010)

nd out significant additive and dominance gene effect on pod diameter and length in snap
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A\ variety with a potential to produce at least 1:1 ratio of extra fine and fine grade pods is

mended for growing in order to meet the specification of export markets (Muchui ef al .,

, gave the highest total pod yield and extra fine yield despite intermediate attack by foliar
| disease. This resulted from presence of intermediate resistance to rust in Teresa. Rust
stibility is a major contributor to low yield. Wasonga ef al (2010) reported Teresa having
of resistance to rust disease. Star 2053 had the highest total pod yield and propotion of
fine yield (75.8%) among all the other parent lines when they were protected with
“ide. Jian et al (2010) working with soybean found that there had been a progressive
ise in yield with release of new varieties over a period of fifty six years. Similary Star
produced higher yield because it was released recently compared to other varieties used in
tudy. Among the advanced lines HAB 428 was the best yielding (8528.2 kg ha™) when the
snap bean lines were grown without application of fungicide. This indicates that it had
ince to diseases although it produced most its yield as fine pods. KSB 7 had the highest

tial of producing extra fine pod yield (48.7%) among the advanced lines.

ficant differences for location and cropping season were obtained for seed yield. High
yield was obtained during long rain season than short rain sason. Seed yield obtained at
.a were higher yield compared to Thika Jocation. This was due to the higher rainfall
ived during long rain season, high rust severity at Thika location and higher temperatures at
ea location (Appendices 1-2). Significant differences among genotypes were obtained for
| weight indicating that variation existed among genotypes for seed yield. Population SB-
56-3 had the highest seed yield (2171.9 kg ha') and SB-08-69-4 had the lowest seed yield
7.2 kg ha'). Seed weight is reported to be determined by both additive and nonadditive gene

cts (Gonzalez et al., 2009). A variety with high seed yield in addition to pod yield would be
140



i by seed producers. Among the parent lines, Paulista had the highest seed yield,
/ because Paulista was early flowering thus utilizing most of its photosynthates to fill
th seeds (Emam ef al., 2010). Pod yield among the parents had a significant negative
pic correlations with rust disease (r = -0.36) (Appendix 19). Seed yield among the
was significantly negative correlated to rust (r = 0.58) and also to angular leaf spot (r =
Appendix 19). Phenotypic correlations between seed yield and pods per plant (r = 0.58)
sitive and significant (Appendix 22). A simple linear regression analysis also showed
d yield and pods per plant were significantly correlated R2 o305 t 4.408 (Appendix 17).
ggests that seed weight can be used to select for the pod load which would be less
tive than harvesting pods to take measurement. Climbing line HAYV 135 had the highest

of seed yield among the snap bean lines.
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CHAPTER FIVE
ERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

eneral discussion

isease with the highest severity was rust followed by angular leaf spot. This agrees with
s reported by Monda ef al., (2003) who reported that rust was the major disease reported
ajority of famers in Kenya. Seasonal variations on genotypes for disease severity could
been caused by changes in temperature, rainfall and soil fertility. Mohammed and
iri, (2007) reported that bean diseases varied with bean types and growing conditions.
arly, genotypes experienced less rainfall and higher temperatures during short rain season
 higher disease severity were obtained (Appendices 1-2). The results revealed that
-ation of fungicide is an effective way of controlling the diseases, saving about half of the
lost due to diseases. However, fungicides are expensive and are not environmentally
ily (Fontem et al., 2007). Therefore an integrated approach of growing resistant varieties
rinimal use of fungicide would reduce yield loss caused by the diseases and also relieve
rs the high cost of applying fungicide. The significant differences in disease severity
g genotypes in different seasons and locations may be as a result of environmental factors
hathogenic variation. Pascal ef al (2010) reported bean fly resistance breaks down in

ypes as a result of drought stress and heat problems.

of overhead irrigation at Thika as opposed to furrow irrigation at Mwea could have
ibuted to higher disease severity at Thika since it facilitated spread of the fungal spores
one plant to the next. Monda et al (2003) reported that foliar fungal diseases were a major
lem where irrigation was done by overhead irrigation. Prevalence and severity of bean

ses vary with cropping practices, for example Mohammed and Somsiri, (2007) reported
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anthracnose became a principal disease when farmers used infected seed from their
ous season harvest and when there was dependable rainfall resulting in temperature

tion.

Multiple disease resistance to angular leafspot, rust and anthracnose

d on the results obtained for angular leaf spot, anthracnose and rust scores, a number of
bean lines among those evaluated appeared to possess multiple disease resistance to the
foliar fungal diseases. Genotypes that possess multiple trait resistance as experienced by
ers are useful and would reduce yield losses (Pascal ef al., 2010). Among the segregating
lations 674 single plants that possessed reisistance to the three diseases were selected to
- families. There was need for continued selection of single plants with multiple disease
tance from the populations each generation as observed by Musoni ef al (2010). Among
.dvanced lines two bush lines KSB 10 W and KSB 10 BR and one climbing line HAV 130
consistent multiple resistance to angular leaf spot, anthracnose and rust at both cropping
on and locations. The three resistant lines reduced the mean disease severity by 17%, 16%
36% for angular leaf spot, anthracnose and rust respectively when compared to the
mercial bush varieties. These lines would be valuable in future breeding programmes as

- sources of resistance to the three diseases.

2 Pod yield and pod yield quality

results showed that reduction of disease severity by application of fungicide, led to an
ease in pod yield and this agrees with Monda er al (2003) who reported yield reduction
.re rust infection was high. Parent lines concentrated their pod yield as extra fine and fine
| yield but most of the populations and lines had their yield as fine and bobby as observed by

egwa ef al (2009). Star 2053 had the highest yield among the parent varieties when
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ypes were grown with the application of fungicide while Teresa had the highest yield
genotypes were grown without application of fungicide. This confirmed effectiveness of
gene in Teresa that is effective against race 47 and many other races of rust found in
m Africa (Wasonga et al., 2010). The highest yielding advanced line was HAB 428 and it
ielded the best yielding variety Teresa by 202% when the genotypes were grown without
cation of fungicide. Although Morgan had the highest number of pods per plant, this did
ead into high yields. This agrees with results from Ndegwa et al (2009) who reported that
pods per plant did not necessarily give high yields because other pod characteristics such
»d length and pod diameter also affect the yield. All climbing lines had thicker pods of 11
compared to commercial bush lines with a pod width of 8 mm when their pods were
ed at regular interval. This suggests that climbing snap bean could be picked more times
‘bush snap bean to avoid overgrown pods. This also indicates the need to develop climbing
) bean populations with thin pod characteristics. Pod width is an important trait that
rmines acceptability of a variety by consumers (Muchui ef al.,, 2001). Among the advanced
1 lines, KSB 10 BR had the highest seed yield (1700.8 kg ha). Among the climbing HAV
had the highest seed ;rield (2438.3 kg ha') among climbing lines. A variety that has high
i yield and high pod yield of high quality could be important to seed producers since it

1ld give higher returns.

Conclusion

= study revealed that rust followed by angular leaf spot are the most limiting foliar diseases
snap bean in the areas of study. Also angular leaf spot, anthracnose and rust diseases
ssure varies between the two cropping season and locations emphasizing the need of

2luating genotypes in the target environments. There are multiple disease resistant genotypes
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narketable pod characteristics from the developed populations and lines. Therefore, the
s used as source of resistance and marketable pod characteristics are successful in
erring the genes responsible for these traits. However, some snap bean lines with multiple
e resistance did not meet the pod quality of the commercial bush varieties. This is
se they had thick pods and therefore a small propotion of extra fine pods. Climbing lines
1 longer harvesting period as revealed by the duration they took to physiologically mature,

eir pods had a high pod diameter that limited them to produce high propotion of extra fine

.ecommendations

d on the above conclusion, the following recommendations can be made:

The parents used in this study and the identified multiple disease resistant lines are
recommended for further work on breeding for disease resistance and marketable pod

characteristics.

Further testing of the selected lines with multiple disease resistance to determine the

stability of resistance under varying environments before release to farmers.

Futher evaluation of the identified lines for their reaction to other devastating diseases

and pest such as root rots and bean fly.

Evaluation and selection of the climbing snap bean populations developed in this study is

important to develop resistant climbing lines with marketable pod characteristics.

Further studies should be done to characterise angular leafspot, rust and anthracnose

pathogens in the region.
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APPENDICES

x 1. Average Minimum and Maximum temperature, relative humidity, rainfall, and number
of rainy days recorded during the cropping months in 2009 and 2010 at Thika

Minimum Maximum
Rainfall  Rainy Relative temperature  temperature

Month (mm) days humidity (%) (°C) (°C)

September Trace 0.0 55.2 14.1 28.6
October 134.5 8.0 62.0 15.4 26.9
November 119.2 13.0 66.5 16.1 26.0
December 94.2 11.0 70.5 15.5 258
January 133.0 5.0 66.0 14.2 264
February 113.0 10.0 68.0 16.0 27.3
March 209.0 15.0 735 17.0 26.8
April 176.0 10.0 74.0 16.1 25.5
May 152.0 10.0 72.5 143 240
June 249 1.0 69.3 12.7 234
July 48 2.0 71.8 12.8 235
August 6.3 1.0 72.0 12.9 235

Kenya Agromaterological Department, KARI-Thika

ix 2. Average Minimum and Maximum temperature, rainfall, and number of rainy days
recorded during the cropping months in 2009 and 2010 at Mwea

Minimum
Rainfall Rainy temperature ~ Maximum
Month (mm) days (°C) temperature (°C)
September Trace 0.0 17.0 28.0
October 112.0 6.0 18.0 29.0
November 105.0 9.0 17.0 28.0
December 67.0 6.0 16.5 29.0
January 1.6 2.0 17.5 29.0
February 1.9 5.0 18.0 29.0
March 4.6 8.0 18.0 29.0
April 3.0 10.0 18.0 28.0
May 8.0 8.0 18.0 29.0
June Trace 0.0 17.0 27.6
July Trace 2.0 16.5 26.1
August Trace 2.0 16.9 27.0

: Kenya Agromaterological Department, KARI-Kimbimbi
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ix 3. Mean squares for days to flowering, vigour, diseases, days to maturity, pods per
plant and seed yield of SB snap bean lines

Mean squares
rce df Vigor ALS Anth Rust Pod/ plant Seed vield
1-9score  1-9score  1-9score  1-9 score no. Kgha x10™
jon 2 0.5 3.3 0.02 03 0.3 437
S) 1 5.5NS 388.0* 43.3% 1782.5* 89249*
1 (L) 1 45.4* 9.4* 8.8* 223.6** 2755.67* 1742NS
1 1.3NS 45.4%* 124.9* 103.5% 32INS
jes (F) i 102.1** 140.2** 81.4** 265.0** 267.8%* S7T41%%
1 60.2* 2.0NS 59.6** 46.1** 21.7NS 3505*
1 15.8*% 52.5%¢ 29.8** 63.9* 4467*
1 375" 1.3NS 13.9* 59.6* 3032*
es (G) 15 4.5%% 2314 5.6 62.2%* A0 TS 2733%*
15 « T sy 113%™ 12:0%¢ 30.1*%* 2
15 S50 4.4%* 2.6* 16.0** 11.4%% 867**
15 21" S.7% 2.6NS 6. 7% 5.INS 240NS
15 320 o I 15.0** 11.0%* 1020**
15 S0 2:1* 4. 1% il - 390*
: 15 ol b 3.8 1.5NS 9.3%* 8.6* 605**
xG 15 1.4NS 0.8NS 5.6** 3.4NS 537rs
0.9 1.4 0.1 1.5 33 176

gnificant at 0.05 and 0.01 probability level respectively, NS=Not significant. ALS, Anth stands for angular leaf
d anthracnose respectively. . + Multiply reported value by 10° to get the actual value.

dix 4. Mean squares for days to flowering, days to maturity, pod length, pod width, pod yield
and yield components of SB snap bean lines
Mean squares

50%  50% Pod Pod

urce df DF DM  length  width Pod yield Extra fine _ Fine Bobby
Kgha' Kgha' Kgha' ¥
d d cm cm x10° x10° x10° x10°
cation 2 1.3 4.6 5.6 0.02 853 9054 10254 1391
n (S) 1 66.5* 1698.1* 68.6* 0.04N/S - - - -
icides
1 - - - - 292587** 71068* 41867* 67.INS
types

15 T2.0% 26072 3.5% 0.02* 10610** 166569**  4831*  1429**
15 6.2** 21.8** 19NS 0.002N/S - - - .

15 - - - - 6156* 8333* 5698* 564*

3 0.4 6.9 1.3 0.01 2549 4582 2615 217
Significant at 0.05 and 0.01 probability level respectively, NS=Not significant. + Multiply reported value by 10°
et the actual value.
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dix 5. Mean squares for days to flowering, vigour, diseases, days to maturity, pods per

plant and seed yield of climbing snap bean lines

Mean squares
urce df Vigor ALS Anth Rust Pod/ plant Seed yield
1-9 score 1-9 score 1-9 score 1-9 score no. Kgha' x10°'
ation 2 0.2 6.5 02 3.6 0.02 302
1(S) 1 0.3NS 256.8* 235 1464.8* 110331*
on (L) 1 65.8* 22.0* 5. 328.2¢ 1584.4%* 5706*
1 3.2NS 16.7* 54.8* 253.5* 16170*
cides(F) 1 101.1** 270.0** 66.5%* 20T S22.7** 20338**
1 54.8* 0.INS 43.1* 24.5* 0.04NS T743**
1 23.5* 60.2* 19.7* 0.3NS 3235%
F 1 42.0* 0.7NS 6.3* 90.1* 4580*
types (G) 15 4.0%* 18.0** 4.4%* 46.1** 2 6790**
15 2.6%* 15.0%* 130 152" 3550%*
15 3.9%* S 27 .7 2924+ 619%*
15 2.4%* F 1 g 2™ S.9%° 7.8* 769**
G 15 L7 1V 19.7** 19.3%* 387**
G 15 6.4%* 3.3 2.2¢* Hp S5
G 15 73 g 3.9% 2.1" g j5.2% 364*
FxG 15 zxr 1.4NS 1.INS 16.3** 613**
3 0.9 4.4 1.1 0.9 1 194

ignificant at 0.05 and 0.01 probability Jevel respectively, NS=Not significant. ALS, Anth stands for angular leaf
nd anthracnose respectively. T Multiply reported value by 10 to get the actual value.

lix 6. Mean squares for days to flowering, days to maturity, pod length, pod width, pod yield

and yield components of climbing snap bean lines

Mean squares
50% 50% Pod Pod Extra

irce df DF DM length  width Podyield fine Fine  Bobby
Kgha' Kgha Kgha' Kgha'

d d cm cm x10° x10% x10™ x10”*

ation 2 1 43 39 0.02 17300 5957 4888 345
1 (S) 1 92.1*  10129*  60.9*  0.05N/S . . . .
ides(F) 1 . . . . 461566** 55958NS  1478854*  24.6NS
ypes (G) 15  86.1**  79.7** 2.8* 0.3%* 8516%*  20415**  7671**  1734**
15 85*  64.7** 16N/S 0.004N/S . . . 2
15 . : : . 7784%* 9716**  10619**  373.9*

0.5 6.5 1.3 0.02 4132 2418 7782 949

nificant at 0.05 and 0.01 probability level respectively, NS=Not significant. + Multiply reported value by 10° to

actual value.
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ix 7. Mean squares for days to flowering, vigour, diseases, days to maturity, pods per plant
and seed yield of advanced snap bean backcrosses

Mean squares
irce df Vigor ALS Anth Rust Pod/plant Seed vield
1-9 score 1-9score  1-9score  1-9 score no. Kgha' x10

ation 1.9 9.2 0.2 3.9 3.9 38.9
(S) 1 3.5NS 350.3* 90.8NS 1174.4% 101074*
on (L) 1 121.4* 0.INS 2.4NS 228.2* 2996.3** 28021*

1 6.0NS 1.9NS 112.0* 4.0NS 217
ides (F) 1 67.7%* 198.7%* 81.9** 2056%* 239.6%* 1088NS

1 23.6* 12.3* 535" 361" 8513*

1 32.8% 385" 51.0%* 45.4** 107.7* 20NS
) 1 11.0° 2.8NS 8.9* 95.3%* 4609*
ypes (G) 17 27 25.1"* 3.4% 47.0%* 11.9%* 5652%*

17 294+ 10.7T** 9.0** 19.8** 1623**

17 2.3% 2.1 6.8*%* 6.8** g™ 2440**

17 2.4% 4 .4%* 2.INS 4 .5%% 7.8% 440*
G 17 3.6%* 105 16.7%* 14.7%% 1209**
G 17 4.4%* 2.8 2 8.1* 488*
G 17 2.1* 4.9%* 1.8NS 31” 8.0* 9]13**
FxG 17 232 1.2NS 2.0NS 4.2NS 633*

1 13 1.7 1.6 3.5 252

espectively, NS=Not significant. ALS, Anth stands for angular leaf

Significant at 0.05 and 0.01 probability level r
ed value by 10° to get the actual value.

and anthracnose respectivelly. ¥ Multiply report

ndix 8. Mean squares for days to flowering, days to maturity, pod length, pod width, pod yield
and yield components of advanced snap bean backcrosses

Mean squares
50% 50% Pod Pod Extra
ource df DF DM length _ width _ Pod yield fine Fine Bobby
Kgha' Kgha Kgha'  Kgha'
d d cm cm x10° x10°" x10° x10"
lication - 32 10.4 3.2 0.02 1016 10271 3913 152
186.4
son (S) 1 5 2209.7* 45.7% 0.08N/S - - - -
gicides (F) 1 - - - - 204330%* 41234NS  32387NS 70.2NS
1™
otypes (G) 17 . 22.0%* 4.5%% 0.5% 14324** 19975**  3333NS 1646**
5 Gl B i 16.9** 1.7NS  0.0INS - - - -
3 17 - - B - 6713% 8953** 3534NS 472%
or 0.8 6.4 1.2 0.01 1449 2477 2651 215
*Significant at 0.05 and 0.01 probability level respectivel, NS=Not significant.t Multiply reported value by 10° to
t the actual value.
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dix 9. Mean squares for days to flowering, vigour, diseases. days to maturity, pods per
plant and seed yield of F¢ snap bean bulks

Mean squares

df _Vigor ALS Anth Rust Pod/plant Seed vield
1-9score  1-9 score 1-9 score 1-9 score no. Kgha' x10™
tion 2 1 16.8 1.5 52 532 218
(S) 1 3.6NS 805.2* 5.3NS 1142.6* 168107**
on (L) 1 194.1%% 3.6NS 0.7NS 100.2* 7271.9** 1101994**
1 263" 16.9* 39.3* 109.9NS 7J03NS
ides (F) 1 139.4%* 198.2*%* 741 214.0** 445 .9%* 2893NS
1 ST 23.4% 54 3** 325.4** 15463**
1| TS $123%% 63.8*% 106.1** 134.2% 4992*
1 3520 5.9NS 1.0NS 503.4%* 12713*
ypes (G) 30 28t 21.5*" 3.2* 49,0%* o 4970**
30 26" g A 115" 19.1 11627**
30 2.50% 3.1%* 259" 9.8%* 8.2* 2149%*
30 26" 3.9** 1.7NS 5.5 8.1* 487*
¢ 30 25% 3.8 12.3** 14.3* 1465**
53 30 < U e 25 8.9NS 559%%
G 30 5 2.4%* 1.2NS 38" 7.0NS 34INS
FxG 30 1.8* 1.2NS 2.0¢ 8.8* 462%
1.1 0.9 2.9 1.2 12 248

Significant at 0.05 and 0.01 probability level respectively,

NS=Not significant. ALS, Anth stands for angular leaf

and anthracnose respectively.

ndix 10. Mean squares for days to flowering, days to maturity, pod length, pod width, pod
yield and yield components of Fg snap bean bulks

Mean squares
50% Pod Pod Pod Extra
Source df 50%DF DM length _width _yield fine Fine Bobby
Kgha Kgha'  Kgha' Kgha
d d cm cm x10° x10° x10* x10"
lication 2 0.5 15.3 0.3 0.02 1640 3414 1635 2242
son (S) 1 287.4* 20187 222" 0.04*
695600*
gicides (F) 1 . 57670%  28250*  7534NS
12950*
notypes (G) 30 9.3** 20.8** 3.0 0.04NS  9591** 13590** * 2435%*
G 30 .19 14.9%* 2.5*  0.0INS
G 30 5662** 6226%* 9170** 1782*
09 0.9 14 0.01 2163 2476 3861 885

**Significant at 0.05 and 0.01 probability level respectively,
get the actual value.

NS=Not significant.  Multiply reported value by 10°
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ix 11. Mean squares days to flowering, vigour, diseases, days to maturity. pods per plant
and seed yield of HAB advanced snap bean lines
Mean squares

urce df Vigour ALS Rust Anth Pod/plant _ Seed yield
1-9 score 1-9 score 1-9 score  1-9 score no. Kgha™ x10™
ates 2 1.6 26.8 42 1.2 9.6 558
L (S) 1 14.6NS 1306.2* 100.0* 1081.5* 102778*
on (L) 1 169.5* 8.5NS 160.9** 129.7% 6959.7** 57524**
1 6.2NS 254.1* 20.8* 85.8* 5486*
ides (F) 1 328.4%* 492.0** 5 b 269.6** 1808.7** 73879**
1 46.0* 63.3* 80.8** 85.8*% 931*
1 101.4* 158.4** 93.4** 254.3%* 402.7** 38714**
] | 13.6NS 0.2NS S7.5% 321.9** 1846NS
ypes (G) 36 1.9* 5.8%* 33.4** 1.54*% 22.0%% 1905**
36 2.6"° 5.5 5.6%* 1538 581%*
36 3.0 S0 5. 7% 0.8NS L 1143%*
36 P 2.6* 0% 0.4NS | § 05 g 836**
G 36 2.6%* Ly 1" 11.4%* TIG*™
G 36 3 e 2.4NS 1.9NS 7.0% 448%*
G 36 22 2.3NS 2.6* 0.5NS 10.0** T769**
FxG 36 1.4NS 1.5NS 1.9NS 8.2* 313%
1.1 1.7 1.5 1 4.6 206

Eﬁcam at 0.05 and 0.01 probability level respectively, NS=Not significant. ALS, Anth stands for angular leaf
1d anthracnose respectively. Multiply reported value by 10° to get the actual value.

.ndix 12. Mean squares for days to flowering, days to maturity, pod length, pod width, pod
yield and yield components of HAB advanced snap bean lines

Mean squares

50% Pod Pod Extra

Source df 50% DF DM  length  width Pod yield fine Fine Bobby
Kgha™ Kgha®  Kgha'  Kgha'

d d cm cm x10° x10° x10° x10**
licates 2 0.1 14.3 54 0.04 17300 5957 4888 345
son (S) 1 547.4* 8696.5** 120.5* 0.2N/S - - - -
gicides (F) 1 - - B - 79632** 28330NS  370200* 5359NS
1otypes (G) 36 TS50 12 3.8 0.03** 15930** 12670%*  20850**  4226**
3 36 53" 25" 1.4N/S  0.004NS - - - -
3 36 E - - - 9]135%* 5638%* 13540* 1815%
or 0.7 33 13 0.01 4132 2418 7782 949

Significant at 0.05 and 0.01 probability level respectively, NS=Not significant. ¥ Multiply reported value by 10° to
he actual value.
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ndix 13. Mean squares for days to flowering, vigour, diseases, days to maturity, pods per plant
and seed yield of F4 s snap bean families

Mean Squares
ce df Vigour ALS Anth Rust Pod/plant Seed vield
1-9score  1-9 score 1-9score  1-9 score no. Kgha' x10
ication 2 1 4.1 19.3 1 7.5 652
on (S) 1 58.4*% 58.4% 351.6* 5298.9* 44160NS
tion (L) 1 4.4NS 646.6** 67.5* 83.3NS 3886.0** 556500**
1 0.3NS 130.7** 42.3NS 35.3NS 245NS
icides(F) 1 259.1%* 255.4* 164.1%* 518.7**  1531.0%* 33490**
1 160.2** 176.8* 1133%" 1006.1** 26990**
1 VIsar* 0.03NS 149.2%* 118.3** 5.7NS 118NS
xF 1 142.9%* 2.5NS 96.6** 335.6% 9500*
otypes (G) 48 2.1%* 129% 2. 22T 183 2749**
i 48 2.9% 53 10:39% 14.5%* 1258%*
] 48 2y 6.9*%* 1.9NS 8.1** 16.9%* 1988**
l 48 1.4NS 3.4** 1.INS 2.5% 10.1%* 9gg8**
xG 48 2.0%* 5 i 15.5%% 79.0** 1208**
xG 48 23 Y, 7 e 0.6NS 3.1% 10.3%* 1044**
xG 483 2.3%% 4 3% 2.5% 1L 946**
xFxG 48 1.6* 3.4+ 73| 6.4% 633%
or 384 ) o 14 1.6 1.1 384

Significant at 0.05 and 0.01 probability level respectively, NS=Not significant. ALS, Anth stands for angular leaf
and anthracnose respectively. + Multiply reported value by 10° to get the actual value.

yendix 14. Mean squares for days to flowering, days to maturity, pod length, pod width, pod
yield and yield components of Fs.5 snap bean

Mean squares

50% Pod Pod Pod
Source df 50% DF DM length _ width yield Extra fine Fine Bobby

Kgha™ Kgha Kgha'  Kgha'

d d cm cm x10™ x10% x10" x10"
eplication 2 6 9.6 42 0.01 2911 1344 2236 23
ason (S) 1  1032.7** 5016.1** 4253* 0.6* - - - -
ingicides (F) 1 ot~ - - - 404900** 2865* 151200* 7503*
enotypes (G) 48 8.5%¢ 223%% 3.1%*  0.03** 10720** 11770** 7959** 1866**
xG 48 13.1%* 10.8% 2.6*% 0.02% - B - -
G P ] . . 7369%  8380%*  9066**  1760**
ITor e 6.8 14 0.01 772 1108 1629 224

**Significant at 0.05 and 0.01 probability Jevel respectively, NS= Not significant. ¥ Multiply reported value by 10°
get the actual value.
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dix 15. Mean squares for days to flowering, vigour, diseases, days to maturity, pods per
plant and seed yield of F, segregating snap bean

Mean squares
Seed
Ce df Vigor ALS Rust Anth Pod/plant yield
Kgha™
1-9 score 1-9 score 1-9 score 1-9 score no. x10™
cation 2 2 4.6 22 1.5 9.8 64.3
on (S) 1 11.6NS 1140.1** 154.5* 1606.8* 176134**
tion (L) i 185.0NS 593" 189.0* 127.8** 4683.2** 21565*
1 19.0NS 0.0INS 209.7* 8.3NS 5035*
icides (F) 1 8.8NS 359.3** 545.4** 219.9** 1606.8** 15061**
| 7.6NS 0.7NS 543 5.9NS 5224*
| 2.0NS 150.8** 140.2%* 210.8** 448.1** 3528*
xF 1 2.7NS 34.84 82.0%* 277.8% 1278NS
otypes (G 30 1.8*% 6.3%" 25.8** 1.3NS 18.4** 3840**
r 30 | 29 5 e T2 2.0* 1347 1243**
] 30 2.0% 4.4%* o 7.8 1350**
] 30 0.9NS 3.6%* 2.98* 1.INS 11,80 394NS
xG 30 2.6* 9.6%* 12.6** £ o 973+
xG 30 2.0* 3.0% 35 T e
xG 30 1.8% S ree 35% 0.7NS 9.37* 685*
XxFxG 30 1.INS 2.4* 33* T 417NS
or 2 10 1.7 1.1 4.6 343
Significant at 0.05 and 0.01 probability level respectively, NS=Not significant. ALS, Anth stands for angular leaf
and anthracnose respectively.

»endix 16. Mean squares for days to flowering, days to maturity, pod length, pod width, pod
yield and yield components of F4 advanced snap bean lines

Mean squares

50% 50%  Pod Pod
df DM DF  length width Podyield Extra fine _ Fine Bobby
=1

Source 1 ! 1
Kgha Kgha Kgha

d d cm cm x?g’a* )gha’ xﬁ)’a" Kx?l(;:’
eplication 2 3.3 0.4 Z1 0.0IN/S 7048 1.5 8121 1119
eason (S) 1 3372.0* 492.4* 178.6* 0.05%* - - - -
ungicides (F) 1 - - - - 338991** 12400* 34612* 43.INS
enotypes (G) 30 18.3** g§3** 2.5N/S 0.01N/S 7547%* 14580** TH IS 2141%*
xG 30 16.7%* 7.0%* 30N/S 0.INS - - - -
xG 30 - - - - 5936** 8179** 5119* 1026*

ITor 4.6 0.8 1.9 0.1 1694 2570 3214 460
**Significant at 0.05 and 0.01 probability level respectively, NS= Not significant. * Multiply reported value by 10°

get the actual value.
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 17. Regression anova of growth vigour, angular leaf spot, rust, rust pods per
plant, days to flowering and days to maturity for seed yield

Unstandardized Standardized

Coefficients Coefficients t Sig. 95% Confidence Interval for B
. B Std. Error Beta Lower Bound Upper Bound
“onstant) 1397.922  1179.240 1.185 238 -938.366 3734.209
igour -35.937 32.640 -.094 -1.101 273 -100.602 28.728
LS 66.362 22.852 224 2.904 .004 21.088 111.636
ust -25.427 20.858 -.096 -1.219 225 -66.751 15.896
od/
: O)P‘“’“ 53506 12139 377 4.408 000 29.456 77.556
0% DF -110.363 34.131 -274 -3.234 .002 -177.983 -42.743
0% DM 40.982 9.707 351 4222 .000 21.751 60.212

t Variable: Seed yield (kgha ")

x 18. Annual percent volume and value of snap beans export to total horticultural exports

Horticultural export Snap beans export Percentage of snap bean

Weight . _ VE}IL}E in . Vilie
(Tons) ; \A_'alue in Weight millions Weight %)
millions (Ksh) (Tons) (Ksh) (%)
145,636.8 32,590.8 18,146.7 3,820.2 12.5 11.7
163,156.7 38.838.1 19,243.3 4,830.0 11.8 12.4
163,232.9 43,120.8 17,983.1 4,667.9 11.0 10.8
192,187.4 65,210.0 23,474.4 4.256.4 22 6.5
193,106.8 57,965.8 23,612.9 3,572.4 122 6.2
180,763.7 49,3522 20,306.8 3.056.5 1.2 6.2
111,747.9 30.102.8 13,974.3 2.030.2 12.5 6.7
- www.hcda.co.ke 2011

19. Correlation between yield and its component in snap bean grown with application of
fungicides at Mwea during long rain season

Vigour ALS  Rust Pod/ plant Seed Yield Pod Yield Pod length Pod width
s::ogre sl.ogre s::ogre no. Kgha' Kgha' 5 i

1.00 -0.24 0.05 0.28 0.06 0.00 -0.25 -0.16
1.00 -0.12 -0.27 0.20 -0.06 0.13 0.38
1.00 0.26 -0.58** -0.36* -0.19 -0.35
1.00 -0.10 -0.10 -0.13 -0.32
d 1.00 -0.16 -0.11 0.24
l 1.00 0.08 0.05
h 1.00 0.20
1 1.00

nificant at 0.05 and 0.01 probability levels, ALS= Angular leaf spot
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X 20. Correlation between yield and its component in snap bean grown without fungicide
application at Mwea during Long rain season

Vigour ALS Rust Pod/plant  Seed Yield _ Pod yield
1-9score 1-9score 1-9 score no. Kgha' Kgha™
1 0.17 -0.114 -0.321 -0.188 0.199
1 -0.386* -0.097 0.373* 0.206
1 0.26 -0.139 -0.114
int 1 -0.223 -0.116
jeld (Kgha™) 1 -0.114
1d (Kgha™) 1

-ant at 0.05 probability level, ALS= Angular leaf spot

lix 21. Correlation between yield and its component in snap bean grown without
application of fungicide at Thika during short rain season

Vigour ALS Rust ;
Pod/plant Seed Yield

1-9 score  1-9 score 1-9 score no. Kgha™

1.00 0.16 0.45* -0.42* 0.27

1.00 -0.25 0.36 -0.10

1.00 -0.38* 0.03

ant 1.00 -0.13

Yield (Kgha™) 1.00

icant at 0.05 probability level, ALS= Angular leaf spot

dix 22. Correlation between yield and its component in snap bean grown without
application of fungicide at Mwea during short rain season

i Rust
e £ - Podiplant Seed Yield

1-9 score  1-9 score 1-9 score no. Kgha™

ar 1.00 0.28 0.01 -0.25 0.14
1.00 0.25 024 -0.27

: 1.00 0.08 -0.20
plant 1.00 0.58*
d Yield (Kgha) 1.00

)1 probability level, ALS= Angular leaf spot
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