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ABSTRACT

Genetic diversity of groundnut (Arachis hypogaeaderplasm from Niger state was evaluated for datlie
relationship. A survey mission was undertaken kenajor groundnut producing areas of the State. Saerey
covered 8 towns and 21 villages in 13 Local GoveminAreas. A total number of thirty-seven (37) ast®s

of groundnut were collected from forty-five (45ynfi@rs and assessed for qualitative parameters using
groundnut descriptor. Result showed that 59.46%e$e accessions were having deep pod constriativie
40.54% have moderate constriction. A 62.16% ofdhascessions were having prominent pod beak, 29.73%
have moderate pod beak, 5.41% of the accessioresdiigit pod beak while only 2.70% of the accesshave
very prominent pod beak. The highest number of rgtout accessions was collected from Lapai Local
government (4 accessions) followed by 9 Local Gowents ( Gbako, Bida, Lavun, Paikoro, Agaie,Shiroro
Bosso, Kontagora and Katcha Local Government) eath 3 accessions while, 2 accessions each were
collected from Borgu, Rijau and Agwara Local Goveamt. The major limitation pointed out by the farsne
was the non-availability of improved varieties bé tgroundnut accession. Hence, there is need fentsic
evaluation of these accessions to identify prorgig@notype for further improvement.
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INTRODUCTION
Groundnut Arachis hypogaea)lis also known as wonder nut, peanut, earthmatkey nut, goobers, pinder,
panda, manila nut and poor men’s cashew nut (Gadtigl ., 2014). It is an important annual legume, one of
the world’s most important oilseed crops (Upadhyetyal, 2006; Mukhtaet al, 2013). It is thirteenth in the
world food crops ranking, it ranks fourth in oilggluction or edible oil after soyabean, rapeseed cattonseed
and third vegetable most principal protein (FAOQ2Z0FAO, 2017).
Groundnut has been stated to have originated inthSdunerica and later spread to Brazil (Zhetoal, 2012).
Groundnut was introduced by Portuguese from BriazlWest Africa and then to South Western Indiahie t
16th Century; in the present day, the groundngtasvn in almost all the countries of the world (Anaet al.,
2016). Groundnut is grown on 23.4 million ha worldevwith a total production of 34.9 million mettiens and
an average productivity of 1.4 metric t/ha (FAOQ2D Developing countries amount to 97% of the glarea
and 94% of the global production of this crop. Tieduction of groundnut is concentrated in Asia Africa
(56% and 40% of the global area and 68% and 25tteoflobal production, respectively (FAO, 2007).

Groundnut can reach the height of 30-50 cm tadlyds are opposite, and pinnate with four leaflethdeaflet
is 1-7cm long and 1-3cm across (wide), the flonames yellowish orange with reddish veining, it deysld
underground to produced “pegs” which later develdpsa matured groundnut pod; the pods are 3-7¢mg lo
containing 1-4 seeds (Krapovickas al, 2007). Light, sandy loam soil is preferred foe tproduction of
groundnut, the temperature of 30°C is considerduktthe optimum for rapid germination

and development of pods (Nautiyal, 2012).

The significance of this crop cannot be overemghasiis used for diverse purposes. It is a goagre® of
cooking oil, salad, margarine and groundnut buités,a cash crop and widely grown in all thepioal and sub
tropical regions of the world for direct use asdpfor oil, and for the high protein meal produegttr oil
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extraction. The seeds have palmitic, oleic andditcacids accounting for about 90% of total fattyds at seed
maturity (Enginet al., 2018). Groundnut is important source of vitamins E, K, d@dthe richest source of
thiamine and niacin) and other essential minetés$aet al, 2009). Groundnut cake after oil extraction, and
with its high protein content is particularly usied feeding animals (Savage and Keenan 1994). étneported
that eating of groundnut at least four times a wsk&wed a 37% reduced risk of coronary heart déseas
(Suchoszek-Lukaniukt al, 2011). Studies also indicated that groundnutaipranticancer activity with 50%
inhibition of the proliferation of related leukentalls (Hwanget al 2008).

It was reported that groundnut oil contained 47%:38.6% protein, 1.8% carbohydrate, 3.7% crudefib.8%
moisture and 3.1% ash (Atageal, 2009).

Abdulrahamaret al. (2014) reported that groundnut as a legume playsreormous function in feeding the
world’s people and animals, mostly in the third ldotountries, where they meet as much as two thofds
human nutritional needs. Furthermore, due to tlee tfzat they can pull nitrogen out of air, they miat need
much chemical fertilizers. Thus, make it a betteodjdeal for poor farmers who cannot afford femtits and
boon to richer ones (Khaat al, 2004).

In Niger state, groundnut is widely used and vesguar in parts of the Local Governments whers iisually
grown. Groundnut oil which is called “maiengedéHausa) “emi kuli” (Nupe) is a byproduct from peggtion
of “kulikuli 0 and “donkwal , however “Kulikuli” and “donkwa” are importantoéd from groundnut,
groundnuts are also roasted, cooked or boiled@s$ih Niger state (Abdulrahamenal, 2014).

The popular uses to which a crop has been assignedly fueled increasing demand for the crop ([aetdl.,
2015). For that reason, there is a need for cooretipg increased supply of the important crops.uGdmut
production has not increased as expected in NidBliger state inclusive) and the eras of groungrywamids
has vanished or remains redundancy (Nahanga, 20&f)ertheless, attempts has been made to achieve
increased supply through increased farming of fkierse landlances, the successes of such atteraptbden
restricted by challenges ranging from poor envirental conditions, as well as reduced man-powerth&s
crop continues to play vital horticultural functian Niger State, its development will surely impeov
agricultural yield, reduce poverty, and aid foodwséy. But unfortunately very little attention haeen given to
the development or improvement of the crop in Nigtte. This background has made it essentiallkect@and
evaluate the germplasm of the crop as a found&bionesearch into its improvement and back-up asagor
crop in Niger State.

MATERIALS AND METHODS

A survey mission was undertaken to all major growtdproducing areas of the State. The survey was
conducted when the farmers were expected to beestamg the crop. The local governments visited were
Gbako, Lapai, Bida, Lavun, Paikoro, Agaie,Shirdosso, Kontagora, Katcha Borgu, Rijau and Agwarealo
Government. Questionnaires were administered thrarg interpreter in some cases where language was a
barrier and samples of groundnut accessions untsraimdry were collected. The questions asked iaduzhl
name of accession, source of seed supply, yieljmginut seed preferences, constraints to cultivaaiod
economic importance. Groundnut descriptor was assal to identify the phenotypic traits of the padsl the
seeds as well prior to planting.

Measurement of Seed Length

Ten seeds at random were selected from each oddbessions for the seed length. The seed lengttes we
measured using meter rule and the mean value wasdexl as the average length. Phenotypic charattae
pod such as pod constriction and pod beak werendigied using groundnut descriptor guideline.
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RESULTS AND DISCUSSION

The survey covered 8 towns and 21 villages in 18aldsovernment Areas. A total of 45 farmers were
interviewed and 37 accessions of groundnut weréeateld (Table 1). It was observed that some ofethes

accessions that were collected were duplicatedost towns and villages.

Table 1. Sources and description of Groundnut Glrsnpin Niger State

S/N  Accession Number Local Name Local Govern- Pod Pod Beak Seed Length
ment Area Constriction (mm)

1 NG-AGA-NUT-001 Kusha Bologi Agaie Deep Prominent 10.20

2 NG-AGA-NUT-002 Yekerigi Agaie Moderate Moderate 12.80

3 NG-AGA-NUT-003 Etwagutagi Agaie Deep Prominent .20

4 NG-BOS-NUT-004 Barna Bosso Deep Prominent 10.20

5 NG-BOS-NUT-005 Wata Uku Bosso Deep Moderate 14.70

6 NG-BOS-NUT-006 Wata Uku Bosso Deep Prominent ao0.2

7 NG-BOR-NUT-007 Etwagutagi Borgu Deep Prominent .200

8 NG-BOR-NUT-008 Kampala Borgu Moderate Prominent 4.30

9 NG-AGW-NUT-009 Wata Uku Agwara Deep Prominent 210.

10 NG-AGW-NUT-010 Kampala Agwara Moderate Prominent  14.20

11 NG-BDA-NUT-011 Gusha Bologi Bida Deep Prominent 10.20

12 NG-BDA-NUT-012 Kusha Guba Bida Deep Prominent .200

13 NG-BDA-NUT-013 Kusha Eyeko Bida Moderate Slight 17.20

14 NG-GBA-NUT-014 Patigici Gbako Deep Prominent 210.

15 NG-GBA-NUT-015 Makwaci Gbako Moderate Prominent  12.80

16 NG-GBA-NUT-016 Kusha Eyeko Gbako Moderate Slight 17.20

17 NG-KAT-NUT-017 Kusha Bologi Katcha Deep Promihen 10.20

18 NG-KAT-NUT-018 Yekiregi Katcha Moderate Moderate 12.80

19 NG-KAT-NUT-019 Kusha Eyeko Katcha Moderate Stigh 17.20

20 NG-KON-NUT-020 Kampala Kontagora Moderate Pramin 14.30

21 NG-KON-NUT-021 Wata Uku Kontagora Deep Prominent  10.20

22 NG-KON-NUT-022 Etwagutagi Kontagora Deep Promine 10.20

23 NG-LAV-NUT-023 Kusha Bologi Lavun Deep Prominent 10.20

24 NG-LAV-NUT-024 Wawagi Lavun Deep Prominent m.2

25 NG-LAV-NUT-025 Gushako Lavun Moderate Moderate 2.80

26 NG-LAP-NUT-026 Kwaso Lapai Moderate Moderate 184,

27 NG-LAP-NUT-027 Wata Uku Lapai Deep Prominent 280

28 NG-LAP-NUT-028 Kadala Lapai Deep Moderate 15.30

29 NG-LAP-NUT-029 Yekiregi Lapai Moderate Moderate 12.80

30 NG-PAK-NUT-030 Kampala Paikoro Moderate Prominen 14.30

31 NG-PAK-NUT-031 Yekiregi Paikoro Moderate Moderat 12.80

32 NG-PAK-NUT-032 Wata Uku Paikoro Deep Prominent 0.20

33 NG-RIJ-NUT-033 kampala Rijau Moderate Prominent  14.30

34 NG-RIJ-NUT-034 Wata uku Rijau Deep Prominent .200

35 NG-SHI-NUT-035 Kwaso Shiroro Moderate Moderate 5.30

36 NG-SHI-NUT-036 Wata Uku Shiroro Deep Very Proemt  10.20

37 NG-SHI-NUT-037 Tasagutagi Shiroro Deep Prominent  13.90

Values are means of the seed measured in millimeter.
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It was observed using groundnut descriptor tha4@®8. of these accessions were having deep pod mbiostr
while 40.54% have moderate constriction. A 62.16B4hese accessions were having prominent pod beak,
29.73% have moderate pod beak, 5.41% of the accsssiave slight pod beak while only 2.70% of the
accessions have very prominent pod beak. The Higlhesber of groundnut accessions was collected from

Lapai Local government (4 accessions) followed bydgal Governments (Gbako, Bida, Lavun, Paikoro,
Agaie,Shiroro, Bosso, Kontagora and Katcha LocalgBument) each with 3 accessions while, 2 accession
each were collected from Borgu, Rijau and Agwaradldsovernment (Table 1). It is an indication thiszl
governments had the greatest diversity of groundangtic resources.

Some of the accessions collected

Plate 1: Variation in Fruit

“A” moderate pod constriction and prominent beak

“C” moderate pod constriction and moderate pod beak
“D” deep pod constriction and very prominent pod beak
“E” moderate pod constriction and slight pod beak

It was also observed that about 75% of farmersepreiccessions with moderate pod constriction andenate
pod beak, the reason given by then was that sumtesaions can stay for a long period of time eaiéer
maturity without germinating as compare with actesshaving deep pod constriction and prominent imeak
which according to them germinate after maturityewimot harvested; Anjaret al (2016) had earlier reported
that some accessions of groundnut germinates afeeurity when not harvested. However, 100% of the
farmers in Gbako and Lavun Local Governments prefeiaccessions with moderate pod constriction and
moderate pod beak with the reason being that itstay for long period of time and also have higbadseil
content. In view of the popularity of groundnutaasrop of considerably economic importance in Nagand
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Niger sate in particular, there is a need to rethm diversity of the indigenous germplasm. A stifien
morphological, cytological and molecular evaluatioh the accessions collected is therefore important
ascertain the genetic diversity existing within gpecies in Niger State.
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Abstract

Pearl millet is an important staple food the wodder. One of the constraints of its productionhie tdowny
mildew disease caused by Sclerospora graminicolelwls a very destructive disease of pearl millEte
disease is common in places where pearl milletiisvated for food and fodder and these includamas@sian
and African countries. A field experiment was carteld at Minjibir, International Crop Research Inste of
Semi-Arid Tropic (ICRISAT) station, Kano state atiéwl within the Sudan savanna of North West Nigeria
between longitude 08.66486 and latitude 12.145€ at an altitude of 440m to test the effect of stredsing
chemicals on yield and growth of pearl millet inézt with Sclerospora graminicola on improved andalo
variety. The experiment include ten treatment (Apstar, Agrolyser, Apama plus, Boost extra, Dressd,
MOP, SSP, All-star, Apron star + Boost extra, andttol) and replicated three times in a split ptiegsign. The
improved variety is super sosat while the localietyris Jirani. The experiment was investigatedirtyithe
2017 rainy season. The result obtained showedsiadls dressed with SSP, Apron star + Boost exivarlthe
incidence of downy mildew disease caused by Spleragraminicola on both Jirani and Super sosatiegy.
The super sosat variety is more tolerant to disedseny mildew than the Jirani variety. Seed dragsin
chemicals increased the yield and growth of impdoyearl millet variety while there is no signifidan
difference with the local variety compared to tlatcol.

Key words: Pearl millet, downy mildew, varieties and Seedsslieg chemicals.
INTRODUCTION

Pearl millet Pennisetum glaucurfL.) R. Br] is an important staple food the worldeo most especially in the
semi-arid and warmer parts of the world that aoselto the equator. It is grown yearly on 26 milliea or there
about (Raj and Wati, 2014; Jidda and Anasa, 20h73ome parts of Nigeria, pearl millet is the setomost
consumed staple food crop after sorghum. Milled igroup of highly variable small-seeded grasseédelw
grown around the world as cereal crops or graindddder and human food (D'Andrea al., 2001). Pearl
millet is the only cereal that reliably providesigr and fodder under dry land conditions. It idrin nutrition
compared with other cereals and adapts well toftatility soils in areas receiving less than 400mfannual
precipitation (Bhatnagaet al., 2002). Despite the fact that the crop possessga potential in Nigeria, it is
prone to a lot of pathogenic diseases. One of thst important pathogenic diseases is downy mildénchvis
caused bysclerospora graminicoléSacc.) (Jidda and Anasa, 2017). Seeds of crogsaplimportant role in the
transmission of plant pathogens causing plant deseal he pathogen may be externally or internakgddorne
or associated with seed as contaminant. Many irapbrdiseases of plants caused by fungi spread ghrou
seeds. (Neergard, 1977). Healthy seeds plays aoriamt role for increasing successful cultivatiow gield of
crops.

Fungicidal seed treatment may kill or inhibit sdémmtne pathogens and may form a protective zonendrseieds
that can reduce seed decay and seedling bligheddwssoil-borne pathogens, resulting and vigosmesilings
(Singhet al., 1995). However, downy mildew caused 8glerospora graminicolgSacc.) Schroet is a major
biotic constraint, causing an annual economic td$JS 270million in the major pearl millet prodogi
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countries (Shettet al., 1995). It is highly destructive and widespreadi(fBiet al., 1995). Epidemics have also
been reported from Asia and Africa (Wilsen al., 2000) and this disease has been the major biatioif
affecting grain yield for the last decades (Simglal., 1998). The pathogen can be transmitted to newsdrga
wind and infected seeds (Sundaratnal., 1973).S. graminicolacan be controlled efficiently with systemic
fungicide metalaxyl (Danegt al., 1983, Muthusamt al., 1981 and Williamet al., 1981). Seed dressing with
Apron 35SD (6 kg/t seeds) in pearl millet growirgions of India and foliar application of Ridomilav2 (2
kg/ha) for seed crop were recommended (Sitgdd.,1990).

MATERIALS AND METHOD
Experimental site (Location)

The research was conducted at International Cragedteh Institute for the Semi-Arid Tropics (ICRISAT
station, Wasai town Minjibir Station. Minjibir Lot&overnment, Kano State in the Northern Sudan Savaf
Nigeria between longitude 08.6648band latitude 12.1458 at an altitude of 440m (lITA, Kano).

Varieties
Two millet varieties: improved (Super sosat) anhldqJirani) were used for the experiment.
Experimental layout and Procedure

The field experiment was carried out during th@yaeason 2016, the trial was laid out in a st gesign.
The measurement of the plot are as follows:

Main plot = 40 rows, 5m long (40x5x0.75) = 150/8ub plot = 40 rows, 5m long (4x5x0.75) = 15m20s3r
plot = 40 rows (30m) x 35.5m = 108@niet plot = 2 rows x 5m long = 7.5m

The super sosat and Jirani varieties of pearl miies sown in the main plot, while the variabledsdeessing
chemicals of Apron star, Dress force, SSP, AgrolyB8OP, Apron star + Boost extra, Apama plus, gilf
and the control of the test was sown in the sutt goid replicated three times. There was 70cm Qach3nter
and intra spacing between plants stands and rospecévely. There was 0.75m and 1.5m as spacingeleet
plots and replicates respectively. The total larghaised = 30m x 33m.

The seeds were put in ten (10) bowls labeled watthdreatment, leaving the control unlabeled. Ttwedered
chemicals such as Apron star, Dress force, SSP+ 8lar and Apama plus was sprinkled on each béwted
respectively and little amount of water was adddr which it was mixed thoroughly. Agrolyser whiis in a
solid state was first been dissolved in water efgplying to the seed while MOP was applied aisl slittle
water was added to help mixing. The control boviéfsuntreated and served as reference.

The treated seed and control was sown 3cm deepilpeEach plot has a different treatment as thsigteis
split plot. First weeding was done manually aftewéeks of sowing, this was done as at when dueep khe
experimental plots weed free throughout the expamimNitrogen fertilizer at 272 kg ha-1 was usethie form
of urea as per agronomic practices. No other cdioread fertilizers were used during the experimemd it was
applied after four (4) weeks of sowing. The milkets thinned to three (3) plants per stand.

Pathogen inoculation

Conidial suspension of the cultured pathogens &@ges’ mi) was sprayed on the plants at 7 days old (Singh
et al.,1997) to ensure that maximum infection took pldagng the trial (Williamset al.,1981)

DATA COLLECTION

The data was collected on emergence percentage] baghe following parameters:
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Growth parameters

SPAD (Chlorophyll content) 3, 6 and 9 weeks aftaving: This measures the chlorophyll content of gilents
and was taken at 3, 6 and 9 week after sowing tl@met plots, 5 plants were randomly selectedsoned
and the average taken.

LAI (Leaf Area Index): This was determined at 6dd@hweeks after sowing: Septometer was used toureas
the leaf area index of the plants. Five (5) loa&tivere randomly selected and the average tak&néaand 9
weeks after sowing.

Vegetative parameters

50% flower: this was calculated by observing indizdl plot from the first appearance of flower usi@% of
the plants have flowered. Plant height: net plahpheight was measured using measuring tape aoces.

Yield parameters
Panicle number: net plot panicle number was couatedrecorded, one day before harvesting.

Panicle weight: net plot panicle weight was meaduwreing weighing scale after harvesting and reabrde
Panicle length: the length of the panicle was medrby measuring the net plot using a meter ruler af
harvesting. Grain weight: net plot grains were e using a scale after harvesting and the valisetaken.
1,000 seeds: the seeds were first counted usingrating machine for a 1000 seed. Then weighed landdlue
was recorded.

Disease incidence

number of infected plamt

Downy mildew. D.1% = x100

total number of plant

Data Analysis

The data was subjected to General linear modelly8isaof Variance (ANOVA) using Minitab sixteenth
edition. Where there is significant difference theans were separated using the Tukey method.

RESULTS AND DISCUSSION

Results recorded in Table 1 indicated that Apram stBoost extra had the mean highest value ofrcplyll
content, leaf area index, plant weight (kg) ovevdtile Apron star recorded the highest panicle nemiihe
variety Super sosat also had the highest valudlofaphyll content, leaf area index, plant weigkg)(overall
while Jirani recorded the highest panicle number.

In Table 2 Agrolyser was the treatment that prodube tallest plants while Boost extra had thesgtlpanicle.

In terms of disease incidence the highest valuerdet was observed in plants treated with Agrolyssi
MOP. On the other hand plants treated with MOP thedheaviest 1000 seed weight and 50% flower while
Boost extra had the highest total grain weight.e8igmsat performed better in terms of plant heigahicle
length, 1000 seed weight, grain weigh and 50% ftomtgle Jirani had the highest value of diseasalimce.

Table 3 provides information on the interactionwen the varieties and treatments. Here Apron+stoost
extra treatment had the higher chlorophyll conienBSuper sosat variety and Dress force in Jiramiety
although Dress force had the highest mean chlotbpbgtent. Boost extra has the highest leaf aneax and
plant weight on the other hand Apron star recotttiechighest panicle number in Super sosat vartyile in
Jirani variety Apron star + Boost extra, Apama pnsl Apron star recorded the higher leaf area inpamicle
number and plant weight respectively.
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All-star, Boost extra, MOP, had the highest medneasfor plant height, panicle length and diseasi&léence in
the variety super sosat. While Apron star, Agralymed MOP had the highest values in terms of phamht,
panicle length and disease incidence in Jiranrelation to 1,000 seed weight and grain weight canmspn
MOP and Boost extra recorded the highest valuethtorariety super sosat while MOP and Apron stat the
highest values in Jirani. Agrolyser comes on topeims of 50% flowering in super sosat while MOPswa
top for the variety Jirani.

Table 1: Comparison of chlorophyll content (SPAD)Leaf Area Index (LAI), panicle number and plant
weight to improved (Super sosat) and local (Jiraniyarieties of pearl millet in response to various eed
dressing chemicals.

Treatment SPAD 3 SPAD6 SPAD 9 LAI6 LAI9 Panicle Plant weight
number  (kg)
Agrolyser 39.17 49.658 45.88 3.0 2.04 74.5° 2.68°
All star 42.50 51.8F 47.84 2.77 2.0 74.5° 2.83°
Apama plus 40.45 52.36 48.17 3.05 2.08 92.5° 2.86°
Apron star 39.62 50.50 45.23 2.9F 2.06 98.0° 3.17°
Boost extra 41.78 53.18 47.7G 3.09 216 755 3.09°
Dress force 41.65 53.00 50.18 297 209 78F% 2.96°
MOP 39.87 51.08 50.30 2.94 2.7 59.0° 2.69°
SSP 38.72 51.50 49.85 285 227 765 2.86°
Apron star + Boost 41.47 51.77 47.63 3.0Z 22 88.5° 3.17°
extra
Control 41.87 48.77 48.08 2.77 1.93 66.0 2.88°
Variety
Super sosat 4186 50.79  49.48 330 23Ff 68.7¢" 3.35°
Jirani 39.56" 51.93  46.7f 256 1.87 88.00 2.49*
SE. * 3.2 4.6 4.1 0.3 0.21 7.2 0.42

Means followed by the same letter(s) in each colanennot significantly different by Tukey atF0.05.

Table 2: Comparison of plant height, panicle lengthdisease incidence, 1,000 seeds, grain weight, and
50% flower to improved (Super sosat) and local (Jiani) varieties of pearl millet in response to varias
seed dressing chemicals.

Treatment Plant Panicle length Disease 1,000 seed  Grain 50% flower
Height (cm) (cm) Incidence weight
Agrolyser 198.62 22.98 1.67° 9.63° 1978.33 50.0°
All star 199.55 23.09 1.0° 10.27 2243.3 50.0°
Apama plus 185.8%4 22.75 1.33° 9.54° 2058.6" 49.0°
Apron star 185.28 23.09 1.0° 9.28° 2286.03 50.0°
Boost extra 192.78 24.05° 1.0° 9.57° 2329.1F 49.0°
Dress force 191.72 23.61° 0.67° 9.7 2094.93 49.5°
MOP 187.22 22.97 1.67° 10.79 1906.04 51.0°
SSP 170.83 22.56° 0.84° 9.98° 2056.47 50.33
Apron star + 185.0° 24.28 1.17° 9.65° 225477 49.5°
Boost extra
Control 188.6% 22.65° 1.17° 10.0° 2030.37 50.5°
Variety
Super sosat 209.13 25.68 0.3* 10.02 2423.57 54.0°
Jirani 167.8%" 20.72* 2.0° 9.66° 1824.07" 4577
SE. + 11.2 2.8 0.12 0.7 24.5 4.7

Means followed by the same letter(s) in each column are naticigrly different by Tukey at R 0.05
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Table 3: Comparison of chlorophyll content (SPAD)|eaf Area Index (LAI), panicle number and plant
weight to the interaction between improved (Superasat) and local (Jirani) varieties and treatments ©
various seed dressing chemicals.

Interaction SPAD 3 SPADG6 SPAD 9 LAI 6 LAI 9 Panicle Plant weight
(Variety*Treatment) number (kg)

Super sosat * Agrolyser  38%7  47.23° 4397 3.3% 2.15° 60.0b 3.07a
Super sosat *All star 4480 52.13 45 57" 277" 218 44.0c 2.83ab
Super sosat *Apama ~ 43.57 4983 4353 3.52° 2.37° 74.0%  3.2°
plus

Super sosat *Apron star 390 50.13"  44.03* 3.27° 2.28 94.0° 3.47°
Super sosat *Boost extra43.63 54.27 48.4* 3.65° 2.51° 76.0*%  3.87°
Super sosat *Dress force44.63 53.27 47.23" 3.22° 2.23 66.0° 3.2°
Super sosat *MOP 4213 53.5F 47.97* 3.69° 2.39° 53.0%  3.2°
Super sosat *SSP 389 49.67 4797 3.24° 2.38° 90.0° 3.63
Super sosat *Apron star 42.3a 49.97  49.97™ 3.27° 2.49° 71.00% 377
+ Boost extra

Super sosat *Control 40.83 47.83  48.43* 3.0 216 59.0° 3.23
Jirani * Agrolyser 39.5%  52.07 47.80° 267" 194  89.0° 2.3°

Jirani * All star 4026 5150 50.1C° 278 1.8 105.0° 2.83*
Jirani * Apama plus 37.38 54900  52.7C° 2.58" 1.79"% 111.¢ 253
Jirani * Apron star 40.28 50.87"  46.43* 2.54° 1.85%*  102.00 2.87*
Jirani * Boost extra 39.98 52.0F 47.00*" 2.52° 1.82%  75.0% 2.30°
Jirani * Dress force 38.67 52.7% 53.07 2.62%  1.95¢  91.0° 2.73%*
Jirani * MOP 37.66* 4857 5263 2.2° 1.81*  65.0° 2.17°
Jirani * SSP 38.5% 53.3% 51.7% 2.46% 207"  63.0° 2.1°

Jirani *Apron star + 40.63" 5357 = 4530* 277" 191"  106.0* 257
Boost extra

Jirani * Control 42.90  49.70"  47.73F 24228 1.7* 73.00 253"
S.E. + 6.4 6.7 6.66 0.33 0.23 7.2 0.31

Means followed by the same letter(s) in each colanennot significantly different by Tukey atF0.05.

Table 4: Comparison of plant height, panicle lengthdisease incidence, 1,000 seeds, grain weight, and
50% flower to the interaction between improved (Supr sosat) and local (Jirani) varieties and treatmets
of various seed dressing chemicals.

Interaction PlantH  Panicle Disease 1,000 Grain 50% flower
(Variety*Treatment) (cm) length Incidence  seed weight

(cm)
Super sosat * Agrolyser 215.56°  23.47° 0.33 10.13 2201.5 55.0°
Super sosat *All star 232.44 2577 0.33 10.9° 2420.23 54.0°
Super sosat *Apama  213.89  25.8° 0.33 9.8° 2289.03 53.0°
plus
Super sosat *Apron star187.78"  26.1° 0 9.23% 2430.97 54.0°
Super sosat *Boost 214.458  27.3T7 0.33 9.97° 2955.43 54.0°
extra
Super sosat *Dress 211.17°  26.6F 0.33 9.87° 2210.30 54.0°
force
Super sosat *MOP 219.44 25.97 0.67" 10.6° 2301.9 54.0°
Super sosat *SSP 176%7 23.9° 0 9.3% 2614.17 54.0°
Super sosat *Apron star201.1°  27.25 0 9.93° 2619.57 54.0°
+ Boost extra
Super sosat *Control 218.89 2457 0.67" 10.47  2192.63 54.0
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Jirani * Agrolyser 181.6% 22.48 3.0 9.13* 1755.17 45.0%
Jirani * All star 166.66  20.47* 1.67* 9.63* 2066.37 46.0%
Jirani * Apama plus 157.78 19.7% 2.33° 9.27* 1828.17 45.0*
Jirani * Apron star 182.78  20.07* 2.0° 9.33% 2141.7 46.0%
Jirani * Boost extra 171.71 2073 1.67* 9.17* 1702.8 44.0*
Jirani * Dress force 171.f1 20.58* 1.08 9.53* 1979.57 45.0%
Jirani * MOP 155.0 19.97* 2.67° 10.97 1510.17 48.0%
Jirani * SSP 1655 212 1.67* 10.67  1498.77 46.67
Jirani *Apron star + 168.89  21.30% 2.33° 9.37% 1889.97 45.0*
Boost extra

Jirani * Control 158.33b 20.73ab 1.67ab 9.53ab 8186 47.0ab
SE. + 15.6 5.6 0.1 0.34 325 8.6

Means followed by the same letter(s) in each colanennot significantly different by Tukey atF0.05
DISCUSSION

The tested seed dressing chemicals exerted diffangacts on the yield and growth of pearl millegéinisetum
glaucum and reduced the incidence of downy mildew diseassed bclerospora graminicolalhe research
shows that an appropriate SSP, Apron star and Agtiaim+ Boost extra lower the incidence of downjdew
disease caused I8clerospora graminicol@n super sosat 100% while in the local varietya@l) Dress force
lower the incidence most (1.0). And also improv&dider sosat) variety is more tolerant to downy ewild
disease caused I8clerospora graminicolghan the local (Jirani) variety.

Seed treatments increase the growth of both theowepl and local variety of pearl millet (Table da?). With
exception of Apron star and Apron star + Boostaitrlocal variety treatment. While in the improveatiety
all the treatments except Apron star + Boost ekiveer its growth. Seed treatments influenced rdlyidhe
grain yield of both the improved and local varie®yl. the treatment except Agrolyser, SSP, Apromn-std8oost
extra, Apron star, All- star, Dress force, lowee tield of the Jirani variety. While in the Supesat variety
MOP, Apama plus, Agrolyser, Dress force, SSP, latgeyield.

The seed dressing chemicals have the capacitystapdiinfection cycles of downy mildews either Lilifkg
their asexual spores or by preventing of growttihef parasite within its host. Germling infectiondamasal
tillers of pearl millet is very detrimental, whisecondary tillers infection does not contribute mutterms of
yield reduction (Singh, 1981; Deepak and Shekabsp0Similar result was obtained by Singh (1990)Seed
dressing with Apron 35SD (6 kg/t seeds) in peatleigrowing regions of India. And also by Willianasd
Singh (1981), by dressing the seed with metalaéRXghdyaet al, (2007) reported that the seed treatment with
metalxyl (Apron 35 WS) seed controlled downy mildegto 20-22 days after sowing.

CONCLUSION

Seed dressing chemicals have great impact on grofdibth improved (Super sosat) and local (Jiraar)eties
of pearl millet.

Also, seed dressing chemicals have positive impadhe yield of both improved and local varietiéspearl
millet.

It also lowers the incidence of downy mildew diseasused b$. graminicolaup to 100% in improved variety
(Super sosat) and 70-80% in the local variety iilira

Therefore, this result will immensely serve astfirand vital information to the farmers for the ezffive
management of downy mildew disease caused®&digrospora graminicolan Nigerian Savannah and other
semi-arid regions.
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ABSTRACT

Morphological and cytological evaluation of peppaccessions is important for the crop breeding and
improvement programme. The lack of understandinghengenetic variation of pepper accessions hagded
little progress in breeding and improvement of drep. Therefore, the objectives of this study were
characterize some available pepper accessions basedorphological, agronomic and cytological chaexs
and their suitability for subsequent use in bregdimogramme. The field experiment was conducte@idan
Mangoro, Bosso, Niger State, in a randomized cotafgiock design with three replications. The cygaal
investigation was carried out at the laboratorytbé Department of Crop Production, Federal Univigrof
Technology, Minna, Niger State. Data were collecdedplant height, leaf length, leaf width, daysfitst
flowering, days to 50 % flowering, fruit lengthuitr girth, number of fruits, average fruit weightexage seed
weight and plant growth habit. From Analysis of Marce, genotypic variance (GV), phenotypic varia(fe¥),
genotypic coefficient of variation (GCV), phenotypoefficient of variation (PCV), heritability angenetic
advance were estimated. There were significanerdiffces in the accessions studied. Analysis oanegi for
genetic diversity revealed that plant height, leadth, and all yield components studied contributedenetic
diversity. The highest heritability value was olveer in average fruit weight per plant (98 %), are t
accessions with the best performance are DKD-RD B&dSB which are characterized by early days tstfir
flowering, number of fruits per plant, number oabches and fruit girth. The variance componentasfation
result revealed that PCV values were greater thase of GVC. Also, genetic advance (GA) was hiteer
heritability. The cytological study showed thanagiosis, two daughter cells divides and formed fitawghter
cells thereby contributing to genetic variation.g8d on the findings of this research work, it isaamended
that breeders should collect germplasm from DKD-&ml DG-SB, for further breeding and improvement
programme of the crop.

Keywords: genetic variation, agro-morphological traits, ¢dgtpcal behaviours, heritability; peppeCgpsicum
Spp).

INTRODUCTION

Peppers belong to the gerdapsicumand member of the nightshade fan@iglanaceaeThis genus also called
the chilli pepper (Joshi, 2012) originated from €ahand South America (Grubben and EI-Tahir, 2004ere
are about thirty species in the ger@aspsicumand several species have been domesticated togeradany
cultivated types which range from mild to hot (Bosl and Votavas, 2000). Fruit characters have been
extensively used in the taxonomy of the fam8planaceae (Pabon-Mora and Litt, 2011). Most nktura
populations of pepper are diploid and have the sehm@mosome number, 2n=24 (Grubben and El- TaB(42
Okoli and Osuiji, 2008). Nigeria is known to be af¢he major producers of pepper in the world actiog for
about 17 % with 78,462 t from 90,000 ha of the @antoduction (Food and Agriculture Organization12)
Chillies are largely grown in many parts of Nigedaad the major area of production is the northegion
between latitude P8 and 1230N (Adetula and Olakojo, 2006). The chilli peppers axcellent source of
nutrition for humans, a rich source of most B vitasnand vitamin Bin particular (Deepat al., 2007; United
SDA Nutrient Database, 2007). They can be eatencawked or processed into powder form for culinasgs
(Collingham, 2006).
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Estimating the amount of genetic variability andedenining the nature of the association betweerakbas are
very important steps in selection and improvemenigmmme. Furthermore, the success of any selection
programme depends largely on the amount of geweti@bility existing in the population. Cytologicahd
agro-morphological traits have been found to prevadgood assessment of variabilitycapsicunspecies (Del

et al.,2007; Bozokalfeet al.,2009).

MATERIALS AND METHODS
Location of Experimental Site

The research was conducted at Gidan Mangoro VjllBgeso Local Government Area of Minna, locatedrat
elevation of 482 metres above sea level in the lf&ootGuinea Savanna zone of Nigeria and lying betwe
latitude 93357.69N, longitude 62919.8968E. The elevation of the site was tracked using GR&graphical
Positioning System, Garmin Taiwan). The Cytologiitalestigation was carried-out at the Laboratorythad
Department of Crop Production, Federal Universityrechnology Gidan Kwano Campus, Minna, Niger State
of Nigeria.

Treatment and Experimental Design

Ten accessions of chilli pepper were collected flooal farmers in different locations of NortherruiGea
Savanna and Sudan savanna of Nigeria. Seeds ofafm#ssions were collected from Kaduna State [Dan-
BirninGwari (DBG), Dan-ZaridTatashe (DZ-TSH), Dan-Kaduna (DKD), Dan-Gagaombo (DG-SB)], three
accessions Sokoto State [Dan-Sok&odd (DSKT-RD), Dan-SokotdéTatashe(DSKT-TSH) and Dan Sokoto
‘Shombo¢ (DSKT-SB)], one from Kano State [Dan-Kano (DKNyne from Adamawa State [Dan-Adamawa
(DADAM)], and one from Katsina State [Dan-Katsin@KST)].The planting was done using Randomized
Complete Block Design with three replications.

Data Collection and Statistical Analysis

Data were collected on plant height, leaf lengthf Width, days to first flowering, days to 50 %wering, fruit
length, fruit girth, number of branches per plantmber of fruit per plant, average fruit weight péeint and
average seed weight per plant. All data collectedevsubjected to analysis of variance (ANOVA) usBifS
statistical package (SAS, 2008). The means weraratgal by Duncda Multiple Range Test (DMRT, 1955) at
5 % level of probability. The photomicrographs bé tcytological observation were taken using thenlys
microscope with a Sony digital camera (16.1 MegaIg).

RESULTS

The agronomic performance of the ten pepper aaessstudied revealed that the accessions differed
significantly (p<0.05) in all the study traits (Tlakl). The tallest plant was accession DSKT-SB tididfered
significantly with the other accessions except Bg-SB which showed no significant difference. Asies
with the highest leaf length was DSKT-TSH which wkd no significance difference with all the othémen
accessions except for DADAM which differed sigritintly. The highest leaf weight was observed in DRD;
early days to first flowering and days to 50 % feommg were noted in accessions DG-SB and DBG
respectively. DKST recorded the highest numberrahthes and number of fruit. DSKT-TSH had the hsghe
average fruit weight per plant and differed sigrfitly with all the other accessions except for T&H which
showed no significant difference. For seed weight plant, accession DZ-TSH recorded the averagé see
weight and showed no significant difference withKOSTSH but differed significantly with all the othe
remaining eight accessions
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Table 1: Mean values for agronomic traits (quantitaive) of the ten pepper accessions studied
ACCESSIONS

PHT LL LW DFF DF50%FL FG NOB NOF AFWT ASDWT
DKST
bc ab C ab ab de fg a a d e
47.39°11.85 4.44 86.00 106.00 4.71  1.13° 8.00 54.33 14.66 2.32
d b k k b b-d
DSKT-TSH 38.1212.87 4.93 86.67 106.00 8.55 4.44 4.67 12.00 261.014.87
k k t - b b b
DG-SB 52.0112.02 4.61 93.67 108.67 9.77 2.29 4.00 33.33 93.42 5.8
b b k b f b d b
DADAM 47.63;10.62 4.26 91.67at105.57t7.34c 1.33 5.00bc 37.33 33.31 5.18"
DZ-TSH 38.77 12.72 454 89.00 107.67 6.39 451 3.67 12.33 253.848.070

bc ak c ak ak C g a b d de

DKN 49.12°11.77 451 86.67 107.676.79 091 7.33 30.67 23.27 3.09
k k k k k d - b d

DSKT-SB  56.5612.28 5.88 87.00 107.67 8.84 1.90 4.00 27.67 59.18 3.00
k k k d b b d d

DBG 46.4811.63 433 87.00109.005.23 158 567 31.00 31.80 4.07

DKD-RD 38.67: 11.3OaE6.568 88.0§t110.3§t1.8§ 2.13Z 3.33 37.06; 33.26’bo.71;
DSKT-RD  40.2811.73 6.35 83.33108.673.65 3.70 4.00 30.33 105.193.39

Mean 45.59311.87%.041 86.0 106.0 6.312 2.3924.967 30.59990.8884.368
+SE 190 057 033 285 129 037 0.13 0.34 501 7.10 0.39
Ccv 7.202 8.273411.35065.6192.0779 10.05089.618011.688928.36@3)538:15.4804

Means followed by the same letter(s) within theuomh are not significantly differenp & 0.05) by Duncan
Multiple Range Test.

PHT= plant height, LL= leaf length, LW= leaf width, DFFayd to first flowering, D50%F= days to 50% flowering,
FL= fruit length, FG= fruit girth, NOB= number of bretmes, NOF= number of fruits/plant, AFWT= average fruit
weight/plant, ASDWT= average seed weight/plant. DKST= Dan KatdDSKT-TSH = Dan Sokot@atashg DG-
SB= Dan Gad&hombo, DADAM= Dan Adamawa, DZ-TSH= Dan Zaridatashe DKN= Dan Kano, DSKT-SB=
Dan SokotdShombé, DBG= Dan BirninGwari, DKD- RD= Dan KaduriRodd, DSKT-RD= Dan SokotéRodd.

Variance Component for Genetic Diversity among th&en Pepper Accessions

The highest genotypic variance were observed inbraurof fruit per plant, average fruit weight peam
and plant height, while leaf length, days to fitetvering, days to 50 % flowering and fruit girtre
among the traits that showed low genotypic varigii@ble 2). Phenotypic variance result showed that
average fruit weight per plant had the highest phgaic value next was number of fruits per plantjles

the least values were observed in plant heightdayd to first flowering, but the remaining seveditr
showed a very low phenotypic influence. Phenotypiefficients of variation were observed to be highe
than genotypic coefficient of variation. Similarthe results of genetic advance were higher thanhah
heritability with an exception on fruit length pglant, fruit girth, number of branches per plantiber

of fruit per plant, average fruit eight and averaged weight which showed a lower genetic advamce i
relation to heritability.
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Table 2: Variance component for genetic diversity mong the accessions studied

Traits GV PV GCV PCV H?(%) GA
PHT 37.83 48.61 13.49 15.29 78.0  78.22
LL 0.11 1.08 2.79 8.75 10.0 22.28
LW 6.00 6.33 48.5 49.92 9.50 12.40
DFF 0.51 24.91 0.83 5.80 2.00 10.27
D50%F 0.60 5.61 0.73 2.23 12.0 13.88
FL 6.01 6.41 38.85 40.12 94.0 12.43
FG 1.79 1.84 55.98 56.76 97.0 36.82
NOB 2.39 2.73 31.11 33.18 88.0 49.56
NOF 124.00 199.8 36.45 46.19 62.0 25.55
AFWT 85.31 86.82 101.60 102.50 98.0 17.55
ASDWT 5.56 6.02 53.96 56.15 92.0 11.42

PHT= plant height, LL= leaf length, LW= leaf width, DFFayd to first flowering, D50%F= days to 50 % flowering,
FL= fruit length, FG= fruit girth, NOB= number of bremes, NOF= number of fruits/plant, AFWT= average fruit
weight per plant, ASDWT= average seed weight per plant. GV=tg@inovariance, PV= phenotypic variance,
GCV= genotypic coefficient of variation, PCV= Phenotypic deiht of Variation H,= heritability (%). GA=
genetic Advance.

Cytological Observation

The result of the cytological study under a lightmscope of the accession DKN revealed that &imiassis,
chromosomes are mostly associated to bivalent franfirst phase to the last phase of meiosis (Rlatét the
first stage of meiosis, accession DKST was obsetoduk at the resting phase (Interphase |). Ingtdge no
chromosomes were observed except a thread-liketsteu Accession DSKT-SB showed a normal segregatio
pattern of chromosomes at metaphase |, with bivaliégned at the spindle equator. While at theyearbphase
chromosomes were observed forming a bivalent aacaession DK-RD and DBG. At early anaphase, two
bipolar spindles were observed in accession DKN witromosomes migrating to the poles while at late
metaphase, chromosomes were observed in sepamtitesgyad cell. At late telophase, accession DADAM
accession DSKT-SB showed an abnormal disjoint tieguinto a triad or trivalent. On the contrarycassion
DKN and DG-SB showed a linear and a regular teafget the disjoint at telophase I
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DISCUSSION AND CONCLUSION

This research revealed that variations existed gntbe accessions in respect to agro-morphologiedtst
studied. The variability that existed among theeasons in traits such as plant height, days #b fiowering,
fruit girth and numbers of fruit per plant, frugbape, average seed weight per plant, averagenfeight per
plant, number of branches per plant might be dugettetic make of the plant as well as soil typas Hyrees
with the work of Delet al. (2007); Magaet al. (2010) who reported that, the variation observeghepper
genotypes are due to differences in plants, spg gnd the effect of environmental factors of tkpeeimental
site. The phenotypic variations that existed amibiegten pepper accessions could importantly bezedilin the
crop breeding and improvement programme. Chromosdrehaviours during meiotic investigation explained
the phases involving inheritance in the ten peppeessions studied and how the observed traitsaaremitted
from one generation to another, while maintainihgirt gene combination which interacts in a funaion
adaptive manner. Based on the findings in thisambework it is recommended that breeders shouléato
Germplasm from DKD-RD, DG-SB, DSKT-RD and DADAM folurther breeding and improvement
programme due to their outstanding performancesiwhre related to high valued traitssuch as daygsio
flowering, number of branches per plant, numbdrwts per plant and average fruit weight.
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ABSTRACT

Fifty-six maize genotypes consisting of fourty-Bydybrids, thirteen inbred lines and a commercia¢ckwere
laid-out in a in a simple lattice design with tweptications at Kadawa (11°39'N, f27°E) in the Sudan
Savanna ecological zone of Nigeria during 2012/&8stason. Evaluations were done to estimate besabe
and narrow sense heritability as well as correlasobetween grain yields and other traits under stess,
intermediate stress and severe drought stress tondi The results showed high (>60%) broad sense
heritability estimates for all the traits studiechder the three conditions except anthesis-silkintgrial
(58.33%), plant height (53.71%) and ears per plgtt.00%) which were moderate (30-60%) under noesstr
condition. These estimates revealed that variatiwese transmitted to the progenies and indicatedgbtential

for developing high yielding drought tolerance aigs through selection of desirable plants in secting
generationsNarrow sense heritability was low (<30%) for allethraits under the different conditions which
indicate that the studied traits are mainly conkedl by non-additive genes. The correlation analysisaled
that plant height, ear height and ears per planpressed positive and significant genotypic and phgic
correlations with grain yield under the three catimis. These means that any improvement of these trdits wi
induce increase in grain yield. Traits that had tigeritability and positive correlations with grajneld may be
considered as important traits in selection prograes aiming to maize yield improvement and the lereecy
consider these traits as main selection criteri@emnon-stress and drought stress conditions.

Key Words: Drought, Narrow sense, Broad sense, Heritabgity Correlation

INTRODUCTION

Global climate change is now generally consideredé¢ underway (Hillel and Rosenzweig, 2002), and is
expected to result in a long-term trend towardshégtemperatures, greater evapo-transpiration, and
increased incidence of drought in specific regiodsought is one of the most important abiotic stess
threatening maize production, food security ancheouc growth in sub-Saharan Africa (Kamataal, 2004).
The risk of drought stress is severe particulanlythe Sudan savanna zone due to unreliable andennev
distribution of rainfall (Eckebil, 1991). In maizgrain yield reduction caused by drought rangemfdO to
76% depending on the severity and stage of ocareréBolafiost al, 1993). The use of genetics to improve
drought tolerance and provide yield stability is ienportant part of the solution to stabilizing gidbmaize
production. For this to happen, yield improvemdmbtigh genetic approaches would become esseniige S
yield is a complex character, which is the prodafcmultiplicative interactions of a number of iteraponent
characters (Grafius, 1959); yield cannot be impdotigea greater extent on its own. Hence, a cleztuga of
contribution of each component in final expressddromplex character is essential. In order toeahthe goal

of increased production by increasing the yieldeptal of the crop, knowledge on the magnitudessbaiation
between yield and yield related traits is essefdiaha plant breeder.
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Heritability on the other hand provides an ide#h extent of genetic control for expression ofetipular trait
and the reliability of phenotype in predicting liieeding value (Tazeezt al, 2009). High heritability indicates
less environmental influence in the observed vianatSongsret al, 2008). High heritability for a given trait

also indicates that it is governed by additive gacteon and, therefore, provides the most effeativedition for
selection (Tazeeet al, 2009). The present investigation was therefoagjed out to understand the association
of grain yield with yield components and also ttreates the heritability of traits in maize undenrstress and
drought stress conditions.

MATERIALS AND METHODS

The research was conducted at Kadawa Irrigatioed®eb Sub-station (11°39'N, 027 E) of the Institute for
Agricultural Research, Ahmadu Bello University, idaduring 2013 dry season. Fifty six maize genatypere
used for this study comprising six drought toleramatle inbred lines; seven drought susceptible ferrdred
lines, forty two single cross hybrids and a comnatrcheck. The single cross hybrids were generatdtie
year 2012 rainy season using North Carolina madeggn Il at the Institute for Agricultural Resdafearm at
Samaru-Zaria (11'N; 0738'E). The genotypes were grown in a simple latiqdicated two times under three
conditions resulting in non-stress, intermediatesst and severe drought stress conditions. Apam the
targeted stress, the management of the trialslveasame in all the three conditions.

The non-stress condition continuedréxeive irrigation water once every week until gra of physiological
maturity. In the intermediate stress condition,exatress was imposed by withdrawing irrigationexais from
6 weeks after planting until the end of the growssgson to achieve drought stress at grain fiktage. The
crop was allowed to mature only on stored soil wdtethe severe stress condition, water stressimpesed
by withdrawing irrigation water as from 5 weekseafplanting to achieve drought stress at flowestage. The
crop was allowed to mature only on stored soil waEach entry was planted in a 3 m row plot spak&8 m
apart with 0.25 m spacing between plants withirheagv. Two seeds were planted in a hill and thinteedne
plant after emergence to obtain a population derefitapproximately 53,333 plants per hectare. De¢ae
taken on the following traits: days to 50% tassgliays to 50% silking, anthesis-silking intervals(), plant
height (cm), ear height (cm), ears per plant araingyield (kg/ha). Broad sense heritability, gempatyand
phenotypic correlation estimates were worked oabating to Singh and Chaudhary (1985) while narsewse
heritability was calculated according to Grafaisal (1952).

RESULTS AND DISCUSSION

The results from the estimates for broad-sensenandw sense heritability of maize traits under-stress,
intermediate stress and severe stress droughttimmsdat Kadaware presented in Table 1. Drought conditions
played significant role in modifying the broad sefeeritability estimates for different traits. Unden-stress
conditions, high broad heritability (>60%) estingateere observefibr days to 50% tasseling (85.14%) followed
by days to 50% silking (84.75%), grain yield (73.77%6)d ear height (68.80%However, moderate broad
sense heritability (30-60%@stimates were observed #a61 (58.33%) followed by plant height (53.71%) and
ears per plant (50.00%). Under intermediate stcesslition, high broad sense heritability (>60%)iraates
were observed fgplant height (77.20%) followed byays to 50% tasseling (75.16%), ears per planO(P5),
ear height (74.35%}ays to 50% silking (72.04%jrain yield (67.25%) and ASI (63.86%). Under searess
condition, high broad sense heritability (>60%)ireates were observed faars per plant (90.91%), plant
height (85.40%), ear height (77.28%), ASI (69.07%gys to 50% silking (67.50%¥ays to 50% tasseling
(64.20%) and grain yield (62.36%).

The high broad-sense heritability obtained for mivatts revealed that variations were transmittedthe
progeny and indicated potential for developing hyilding varieties through selection of desiraplants in
succeeding generations. These results were inragraewith those of Aminu and Izge (2013) and Umiaal.
(2014). Traits that had high broad sense heritability estés indicate the preponderance of additive gene
action. These results are in line with earlier ltssteported by Aminet al. (2013) and Tazeeet al (2009).
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The broad sense heritability of ASI, plant heiglaty height and ears per plant increased with isgrgairought
stress, whereas, that of days to 50% tasseling @a$0% silking and grain yield decreased withreasing
drought stress. Bolafios and Edmeades, (1996) espthrat under stress conditions, the broad sengalhlty

of ASI and ears per plant increased while thatrafrgyield falls mainly because there is a decréagenotypic
variance.Decreased broad sense heritability for grain yielays to 50% tasseling and days to 50% silking
under stress conditions were reported earlier byathal (2014). The decreased broad sense heritability fo
traits under stress indicates the need for seleatiogenotypes under specific conditions for ragahetic
improvement.

Table 1 Estimates for broad-sense and narrow béitiya(%) of maize traits under non-stress, intediate
stress and severe drought stress conditions atianie2013 dry session

Broad sense heritability (%) Narrow sense heritighi?o)

Traits NS IS SS NS IS SS
DYTS 85.14 75.16 64.20 2.49 10.98 5.11
DYSK 84.75 72.04 67.50 5.05 3.66 1.50
ASI 58.33 63.86 69.07 13.95 6.07 9.63
PLHT 53.71 77.20 85.40 1.44 15.46 3.48
EHT 68.80 74.35 77.28 10.41 4.23 9.86
EPP 50.00 75.00 90.91 6.25 4.55 47.61
GY 73.77 67.25 62.36 4.06 21.21 4.09
Range 50.00-85.14 62.16-77.20 62.36-93.73 1.44513.93.66-21.21 1.50-47.61

NS=non-stress; IS=intermediate stress; SS=severe stress-@FFo 50% tasseling, DYSK-days to 50% silking,
ASl-anthesis-silking interval, PLHT-plant height, EHT-&aight, EPP- ears per plant, GY-grain yield

However, for narrow sense heritability the trendsvggnerally low (<30%) for all the traits studiextept
number of ear per plant (47.61%) under severe sstvgich was moderate (30-60%). The narrow sense
heritability ranged from 1.44% to 13.95%, 3.66% 2t6.21% and 1.44% to 47.61% under non-stress,
intermediate stress and severe stress conditi@spectively. The relatively low narrow sense hbiiity
estimates for most of the traits in this study urttle different conditions are an indication tteg studied traits
are mainly controlled by non-additive genes. Thst lexploitation of this type of gene action would in R
hybrids implying that breeding gains can be madeutph inbreeding then crossbreeding, with seledbieing
made in later generations.

Results of the genotypic and phenotypic correlatioafficients of maize traits under non-stressrimediate
stress and severe drought stress conditions atwéadee presented in Table 2. Grain yield showeitipesand
significant correlations with plant height, eardigiand ears per plant at genotypic and phenotgpels under
the three conditions except ear height under n@sstat phenotypic level which was positive but-non
significant (= 0.121). This shows that selection for any ofthtraits could result in corresponding increase in
grain yield. Similar results were also reported gtant height and ear height by Be#ibal. (2010). However,
this contradicts the reports of Olakojo and Ola(®@L1), who reported negative correlation betweaimgyield
and plant height and ear heigiihe positive correlation between ears per plant gmnath yield was expected
because grain yield is a primary dependent variablears per plant. This was supported with thentepf
Ngugiet al (2013) on ears per plant.

Contrarily, grain yield had negative and significaorrelations with ASI at genotypic and phenotylgcels
under the three conditions. Days to 50 % tassalimayved negative and significant genotypic correfatvith
grain yield under non-stress and severe stressitmorsl while at phenotypic level were negative Imat
significant. Under intermediate stress condititie torrelations between days to 50 % tasselinggeaid yield
were negative but non-significant at both levelsidér non-stress condition, days to 50% silking sebw
negative and significant correlation with grainlgiat phenotypic level; in contrast at genotypielat showed
negative but non-significant correlation. Underemtediate stress condition, the correlations betwgrain
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yield and days to 50% silking were negative but-sigmificant at both levels. Days to 50% silkingretated
negatively and significantly with grain under se/stress condition at genotypic level while at mhgpic level
was negative but non-significant. This indicateatthn increase in any of these traits could resulta
corresponding decrease in grain yield and this estggthat grain yield can be improved by selediimgearly
tasseling and silk emergenas well as short ASTThese findings were consistent with findings of Kurmt al

(2011).

Besides the correlation studigster seassociation studies also provide an opportunitgdiect only those
characters which are favourably associated amaggshblves as well as with yield. In the presentstigation,
studies oninter se associations among yield components revealed tiattrait plant height was positive
associated with days 50% tasseling, days to 5Q@figiand ear height under the three conditiono#t kevels.
Bello et al (2010) observed that plant height was positieelyrelated with days to 50% tasseling and silkas,
internodes’ formation stops at floral initiatiomdathat early flowering maize varieties are usualrter in
height. Highly significant favourable correlatiomang yield attributes indicates that, the unit @ase in one

trait will cause a unit increase in the associataitl which in turn will cause an increase in jheld.

Table 2 Genotypic (above diagonal) and phenotypétofv diagonal) correlation coefficients of maieaits
under non-stress, intermediate stress and sevenglirstress conditions at Kadawa in 2013 dry sassi

Traits DYTS DYSK ASI PLHT EHT EPP GY
Non-stress

DYTS 1 0.964** 0.751** 0.493* 0.060 -0.968** -0.968
DYSK 0.976** 1 0.815* 0.348* 0.186 -0.925** -0.099
ASI 0.004 0.220 1 0.409* 0.979* -0.933** -0. 710**
PLHT 0.178 0.151 -0.094 1 0.748* 0.124 0.791*
EHT 0.512* -0.465* 0.152 0.091 1 0.012 0.121
EPP 0.131 0.123 -0.015 0.057 -0.298 1 0.306*
GY -0.163 -0.614** -0.615** 0.416* 0.812* 0.614** 1
Intermediate stress

Traits DYTS DYSK ASI PLHT EHT EPP GY
DYTS 1 0.998** -0.042 0.217 0.961** -0.034 -0.250
DYSK 0.978* 1 -0.033 0.133 -0.961** -0.028 -0.250
ASI 0.720* 0.226 1 -0.965** 0.053 -0.006 -0.623**
PLHT 0.020 0.036 0.077 1 0.066 0.092 0.344*
EHT 0.423* -0.443* -0.165 0.092 1 -0.198 0.320*
EPP -0.188 -0.208 -0.119 0.045 0.165 1 0.622**
GY -0.273 -0.275 -0.620** 0.296 0.628** 0.623** 1
Severe stress

Traits DYTS DYSK ASI PLHT EHT EPP GY
DYTS 1 0.956** -0.980** 0.598* 0.055 -0.634** -0.63*
DYSK 0.979* 1 -0.977** 0.716** 0.161 -0.666** -0gB**
ASI 0.022 0.217 1 0.967** 0.975* -0.965** -0.491~
PLHT 0.317* 0.304* 0.009 1 0.500* -0.606** 0.230
EHT 0.590* -0.574* -0.019 0.775* 1 -0.302* 0.523*
EPP -0.086 -0.070 -0.077 0.203 0.214 0.699**
GY -0.080 -0.097 -0.305* 0.312* 0.421* 0. 310* 1

* **Sjgnificant at 0.05P and 0.01 probability levels, pestively. DYTS-days to 50% tasseling, DY SK-days to 50%
silking, ASl-anthesis-silking interval, PLHT-plant heigBHT-ear height, EPP- ears per plant, GY-grain yield

CONCLUSIONS

The results showed that days to 50% tasseling, wa§8% silking, ear height and grain yield hadnhhioyoad-
sense heritability under three conditions. Antheglgng interval, plant height and ears per plsimbwed higher
values under intermediate stress and severe sti@ss under non-stress were moderate. High to naider
broad sense heritability indicated considerablemtxl for development of drought tolerance andhjigelding
varieties through selection of desirable plantsunceeding generation. The decreased broad sentsbitity
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of days to 50% tasseling, days to 50% silking araingyield remind breeders for selection of genet/pnder
specific conditions for rapid genetic improvemenhe relatively low narrow sense heritability estigsafor
most of the traits in this study under the différeonditions are an indication that the studiedgrare mainly
controlled by non-additive genes and so imply thegeding gains can be made through inbreeding then
crossbreeding, with selection being made in lagregations. Plant height, ear height and ears lpet pere
positively correlated with grain yield under drotigitress. Traits that had moderate to high hehtgatand
positive correlations with grain yield may be calesed as important traits in selection programmergj to
maize yield improvement under non-stress and drostyess conditions and the breeder may consigeseth
traits as main selection criteria.
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Abstract

Diversity of Chrysophyllum albidum populations veigdied. Forty (40) trees were randomly sampledsgr
fifteen (15) rural communities of Benue State, Neg&'wenty five (25) quantitative characters ameélve (12)
gualitative features were assessed per tree. Agnima@haracterization, epidermal studies and biocicaim
analysis were carried out. Due to the low varidlilbbserved, benchmark of 8% was used to idertdyacters
with high CV as displayed using scatterplots. $reere classified through cluster analysis using Alverage
Linkage (Between Group) methods to generate a dgnam. No variation was recorded in most of the
gualitative features. Stomatal type was anomoytit paracytic with irregular shape. Among the qitative
characters, number of seeds produced per fruitd deegth, stomatal indices and nutritional compdsen
recorded very low variability (CV<8%) across theds. The traits with CV values above the benchragak
leaf sizes (L=8.93%, B=8.75%), leaf weight (20.88%)it length (10.26%), fruit weight (11.46%), seseight
(8.35%), seed width (17.70%), wet mesocarp weid#.38%), fruit moisture (8.98%), stomatal sizes
(L=10.08%, B=11.27%) and the fruit ash content @8%). On the average, the fruit contains 7.13%
carbohydrate, 1.68% protein, 2.28% fat and 66.49%stnre. The seed contain 60.29% carbohydrate, 5.2%
protein, 5.8%fat and 9.88% moisture. Thus, theitiairal relevance of C.albidum is substantiatede€b with
the tastiest/sweetest or moderately sweet fruit® vaéso selected. Dendrogram classified all tres® ifour
main clusters grouped on the basis of observedasities and differences. Grouping is location ipaadent.
Unique trees are noted. The study has describelhi@uam trees in Benue State as a population witllerate
gene flow not strong enough to cause speciatiorthase are fewer traits accounting for the observed
intraspecific variability. Pieces of informatiorrqvided in this report are indispensable in the mgament,
improvements, utilization and systematics of tidkgienous fruit crop.

Key words: CharacterizationChrysophyllum albidumimprovement, Variability, Utilisation
Introduction

Chrysophyllum albidunt., Family Sapotaceae, is indigenous to Africackemopularly called the African star
apple (Okigbo, 2007). It is rarely cultivated bubws in the wild in most tropical areas especiallyNigeria,
Cameroon, Cote d’lvoire, Uganda and Niger Repuptiguk et al, 2012). The tree has been classified in
Okigbo (2007) as a wild uncultivated but negledted tree which occurs naturally in the forest dngshes and
seldom planted as a fruit tree. Many authors haieed that the tree crop deserves some level ehtan,
management and improvement as witnessed in exattafees. Simon and Leakey (2003) and Shreckngigte
al. (2006) advocated proper domestication of allgadbus fruit trees as the way forward in poverguotion

as well as eradication of malnutrition in Africehi$ is because the tropical rain forests have thcernitnessed
massive habitat destruction and unsustainablefussaources leading to loss of biodiversity andegiererosion
(Onyekweluet al, 2008; Aguortet al, 2015a).

Chrysophyllum albidumis commonly called “agbalumo” in Yoruba and “udaim Igbo speaking parts of
Nigeria. The edible fruit has been reported to awmnimore vitamin C, calcium, iron and fibre thanstfmreign
fruits (Amusaet al, 2003; Nwadingwe, 2011; Obeah al, 2009; Udofieet al, 2012). The unparalleled quality
of nutritional component is proven through theriffi of fruit maggots occupying the exposed paftthe fruit
within 2-5 days of harvesting. The fruit can be leipd to produce jam, jellies, stewed fruit, syrapd juicy
drinks to overcome malnutrition in Africa (FAO, Z8)1The seed contains high volume of useable gie{&le
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et al, 2005) while the pulp in the fruit as well as tleaf extracts are highly medicinal (Adewusi, 2012;
Atangana, 2002). The high amount of antioxidanhenfruit is a good chelating agent to combat axeastress
related diseases such as diabetics, cancer, fibesid heart problems (Burits and Bucar, 2002).
Table 1: Tree samples and their locations

Location Local Government Area Tree code
Igwu Akor Ogbadibo T1, T2
Owukpa Ogbadibo T3, T4, T5
Otukpa-Olabochai Ogbadibo T6, T7

Adupi Ogbadibo T8, T9, T10
Orokam Ogbadibo T11,T12, T13
Iduobe Okpokwu T14,T15
Ugwu Okpokwu T16, T17
Ameju Okpokwu T18, T19, T20
Ichama Okpokwu T21,T22
Okpodu Okpokwu T23,T24,T25
Aliade Gwer-East T26, T27, T28
Mbalom Gwer-East T29, T30
Mbachir Gwer-East T31, 732, T33
Mbayom Gwer-East T34, T35, T36
Mbaiase Gwer-East T37,T38, T39, T40

Results and Discussion

Table 2 presents some unvaried characters obsemvetg the forty trees. The alternately arranged ikea
simple with entire margin and net venation. No atwon was recorded in fruit and seed colour anit gfepes.
Stomatal type was anomocytic and paracytic witaguatar shape. These are unifying characters tima&ire
unchanged as evolution progresses and they doontifwute to variation among the trees (Tayoal, 2007).
Among the quantitative characters evaluated, ttielpdength, number of seeds produced per freiddength,
stomatal indices and nutritional components reabrgery low variability across the trees (Table B)e traits
that recorded high CV values are: leaf sizes (L3%9B=8.75%), leaf weight (20.88%), fruit lengtt0(26%),
fruit weight (11.46%), seed weight (8.35%), seedltivi(17.70%), wet mesocarp weight (14.38%), fruit
moisture (8.98%), stomatal sizes (L=10.08%, B=1%pa@nd the fruit ash content (10.33%). These qtaive
traits have accounted for the variation recordetithns important in the evolution of the tree c(@pohet al,
2008; Aguoruet al, 2015d). As reported in the work of Obehal. (2008) variation in stomatal sizes within
Terminalia catappgopulation is physiologically and systematicaljevant.

The various patterns of variability among distirging characters are displayed in Figure 1-4. Elaé $izes
(Figure 1), fruit weight (Figure 2), mesocarp weighd fruit moisture (Figure 3) and stomatal si@eigure 4)
have uneven distributions. Although biochemicallgsia yielded little variation in the fruit and skdhe results
have proven the nutritional relevance 6falbidum For instance, the fruit averagely contain 7.13%
carbohydrate, 1.68% protein, 2.28% fat and 66.49%sture. The seed also contain 60.29% carbohyds&tés
protein, 5.8%fat and 9.88% moisture. The fruit aedd are rich in dietary compositions for healttindg) and
therapeutic purposes (Amusa al, 2003). This agrees with previous suggestions @albidumas an
indigenous tree could serve as a potential soureedressing food malnutrition in Africa (FAO,201&)d that

it deserves some levels of attention even more th@much embraced exotic fruit crops (Simon anakkg,
2003; Shreckneibergt al,2006). Table 4 shows the variation in the tassna ripe fruit samples. Tree samples
T2, T8, T18, T20, T21, T27, T29 T33 and T40 prodlidee tastiest/sweetest fruits. These are fruith thie
lowest amount of moisture. Fruits of T1, T3, T4, TA1, T23, T24, T31 and T39 were moderately sweet.
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Others are classified as neither sweet nor sowgtintheir moisture content was relatively high.nPlareeders
may capitalize on the first two groups for select@mnd breeding.

Dendrogram (Figure 5) has classified the trees fotr main clusters grouped on the basis of obskerve
similarities and differences. Grouping is locatindependent. Cluster 1 for instance consists ekt(@14, T22,
T30, T38, T21, T13, T29 and T37) sampled from défe localities. Trees 9, 25, 6 and 3 are quitérdjsished
from others. Generally, th@.albidumtrees studied can be described as a populatidnmaiderate gene flow
not strong enough to cause speciation as thereeaver traits accounting for the observed intradjeci
variability. However, these characters are cruciahe improvement of the crop. DNA molecular markey

be employed in future studies to reveal the adtadl of genetic polymorphism (Aguoset al,2015e€) or the
population genetic structure o€.albidumin the entire North Central Nigeria (Aguoat al,2015f). Marker
assisted selection of trees with desirable traitstben be applied on the crop even from the ystmges.

Table 2: Unvaried characters

Characters Observation Variation
Leaf apex Acuminate None
Leaf base Cuneate None
Leaf margin Smooth entire edge None
Leaf arrangement Alternately arranged along thadires None
Leaf venation Pinnately veined None
Fruit shape Spherical with slight points None
Seed colour Brown in yellowidh/milky acid pulp None
Seed shape Beanlike shiny, compressed with a slae None
Fruit colour Dark green when unripe. Yellow wheperi None
Leaf epidermal cell shape Irregular None
Trichome Absent None
Stomatal type Anomocytic and Paracytic None
Tree sizes All tall *Not measured
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Table 3: Descriptive Statistics of quantitativeesssnent

Range | Minimum | Maximum Mean Std. Coefficient
Deviation | of variation

Statistic | Statistic Statistic Statistic Std. Statistic CV (%)

Error
Leaf length (cm) 9.150 21.090 30.240 26.55350( .374920| 2.371203 8.93*
Leaf width(cm) 2.320 7.100 9.420 8.11250 | .112942| .714307 8.75*
Petiole length (cm) .530 2.080 2.610 2.31225 | .025764| .162945 6.93
Leaf weight (g) 1.930 2.040 3.970 2.96650 | .098346| .621997 20.88*
Fruit length (cm) 1.490 4.800 6.290 5.55700 | .090271| .570925 10.26*
Fruit width(cm) 1.090 3.310 4.400 3.99175 | .049920( .315724 7.92
Fruit weight (g) 14.340 38.310 52.650 44.60075| .808444| 5.113047 11.46*
Number of seeds .500 4.500 5.000 491250 | .030422| .192404 3.91
Seed weight (g) 1.720 6.810 8.530 7.75650 | .102387| .647554 8.35*
Seed length(cm) .380 1.860 2.240 2.06225 | .021675| .137085 6.65
Seed width (cm) .830 1.410 2.240 1.79325 | .050097| .316838 17.70*
Wet mesocarp weight (d 14.800 30.500 45.300 37.09400( .843518| 5.334877 14.38*
Fruit moisture content 8.98*

(%) 16.780 59.450 76.230 | 66.48500| .944292| 5.972226

Stomatal length(pm) 9.390 22.110 31.500 | 27.17925( .433245( 2.740083 10.08*
Stomatal width(pm) 8.540 12.600 21.140 | 18.54550]| .330778| 2.092026 11.27*
Stomatal index (%) 18.100 53.700 71.800 | 60.92000| .659999| 4.174200 6.85

Fruit ash content (%) .350 1.030 1.380 1.20325 | .019632| .124167 10.33*
Fruit carbohydrate (%)| 1.170 | 6.660 7830 | 7.13475 | .060149| .380418 5.33
Fruit protein (%) 530 1.350 1.880 | 1.68350 | .021257| .134442 7.08
Fruit fat (%) 480 1.950 2430 | 2.27725 | .026307| .166379 7.29
Seed mcz:;:)“re conten§ 1500 | 9010 | 10530 | 9.87800 | .083800| .529999 5.36
Seed ash content (%)] 360 1.950 2310 | 2.13275 | .018987| .120085 563
Seed carbohydrate (%] 4.200 | 58.400 | 62.600 | 60.28850|.183350| 1.159608 |  1.92
Seed protein (%) 1.140 | 4.850 5000 | 5.19875 |.039962| .252741 4.81
Seed fat (%) 510 5,550 6.060 | 5.80150 | .039511| .249888 4.31
CV cut

off=8%

Table 4: Ripe fruit tastiness

Level of Tastiness/Sweethess Tree samples
3= Very sweet T2,T8,T18, T20, T21, T27, T29 TB30
2= Moderately sweet T1, T3, T4, T5,T11, T23, TRa1, T39

T6, T7, T9, T10, T12, T13, T14, T15, T16, T17, TI?2, T25, T26,
1= Neither sweet not sour T28, T30, T32, T34, T35, T36, T37, T38.
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Figure 5: Dendrogram of 40 tree samples

Conclusion

Variability was low in this crop. However, some assions were outstanding. Traits that recorded @igh
above 8% cut off values are fruit/seed sizes, fugitght and fruit biochemical content including store and
ash. These traits are of importance in the cropragny and breeding.Trees with the tastiest fuitgs have
been selected. Grouping is location independerg. skthidy has describedlalbidumtrees in Benue State as a
population with moderate gene flow not strong emotgycause speciation as there are fewer traitsuating
for the observed intraspecific variability. Pieafdnformation provided in this report are indiggable in the
management, improvements, utilization and systesati the indigenous fruit crop.
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Abstract

The study was aimed at investigating effect of some plant growth regulators on inoséomatic embryo
induction and multiplication of date palm (Phoemactylifera L.). Proembryos of date palm was used a
starting materials. Murashige and Skoog (MS) mediwam prepared with various combinations of plarawgth
regulators such as cytokinins (Kinetin and 2iP)eat 0.0, 0.05, 0.1 and 0.2mg/lI and auxins (NAA 2n4i-D)
each at concentrations of 0, 0.025, 0.05, 0.1 a2dn@/l. The in vitro proembryos were asepticalpnsferred
into media. The resulting cultures were incubated ipartially lighted growth room at 26+ 2°C with 70%
relative humidity. Data on the number of embryasnfed were collected at two weégknterval for a period of
two months. The result showed that plant growthulegr-free cultures were which the most effecfive
embryo induction and multiplication. This was falled by very low concentrations of combinations rd a
0.025mg/I of 2ip and 0.05mg/| of 2, 4-D. The figdiirom this study indicated that embryos can deced and
multiplied from date palm proembryos without thegamce of plant growth regulators in the culturedinm

Keywords: Somatic embry®hoenix dactiliferaeand Proembryos.

Introduction

Date palm Phoenix dactyliferd..) is considered as one of the most important casp in the world, as well as
an export item for date palm growing countriesr(J&011). Its rich fruit is important in nutritioof human
population and animals (Al-Baker, 1972). Moreoubis crop has a great potential as a source ofwaiple
energy, an alternate source to the fossil enengyroéducing bio-fuel since its fruits high in calyadrates, 44-
88% total sugars (Jain, 2012). It plays an impdntale towards the creation of an equable microateraround
oasis ecosystems and in turn provides an enablistpisable agricultural development in draught salihe
areas. Many of its products are made to generapbogment and influence socioeconomic aspect of jgedip
creates reasonable opportunities for rural employEovides a main source of income for farmeis laglps
food security and livelihood of rural areas (Jainal, 2011 and Rajmohan, 2011). It has well acknowlddge
sustainability value socio-economic and ecolodieahs.

It is a known fact that date palm is usually pragad sexually by seeds and vegetatively by offshoot
(Alkhateeb and Alidnar, 2002). Propagation by sieedot suitable as a result of heterozygozity aiog@ous
nature of date palm (Alkhateeb, 2006). Seedlingsiypce approximately 50% male. Male and female segsdl
are not known until flowering stage. Only few mplms are required in plantations to provide poftarfruit
development

Offshoot propagation is a slow technique with higbrtality rate (Alkhateelket al, 2008). It is affected by
restricted number of offshoots produced by a sidgke palm tree with the risk of disease transimmsand low
survival rate (Al-khalifah and Askari, 2011). Itused to obtain identifiable female planting maitisrioffshoots
are usually taken from mother palms for plantinge Bverage sucker production is low and restrigtaihly to
juvenile years and suckers are difficult to roattre genotypes do not produce suckers (@&la 2005).

Plant tissue culture is a very important moderietogy, which concentrates on planting variousugs of
plants byin vitro. This is in order to obtain many plants that agaeically identical to mother plants (Almauru
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and Alghamdi, 1998). This technology gives advaesagver conventional methods of propagation far dad
large scale production of important plants ungkewitro conditions irrespective of season, time and space
conservation (Nehra and Kartha, 1994). It can beedseither through somatic embryogenesis or direct
organogenesis.

Somatic embryogenesis is characterized by the dpwent of a somatic cell into an embryo with shaad
root formation. Somatic embryos can be obtainethftbe meristemic regions in the leaves or from ships

by callus formation. For many plant species, samathbryos are employed for mass propagation, geneti
transformationin vitro preservation and usually used in most commerabairatories. It is depicted with giving
in vitro plants in a comparatively shorter time as welhigh propagation ranges. But the most disadvaraége
this method is the possibility of mutation and afomalities occurrence during growimg vitro which appear in
the field later on (Bekheet, 2013).

Date palm propagation by seeds produces 50% feraamléss0% males. Meanwhile a male date palm can
fertilize up to at least 50 females. The difficedtiof conventional methods can be solved througbgmation by
tissue culture which helps in mass production ¢ringa

The aim of this research was to investigate thecefdf plant growth regulators an vitro multiplication of
somatic embryos from proembryos using standarddisslture techniques with well-defined media.

Materials and methods
Starting material: Proembryos which are initial or immature embryo®bbneix dactilyferavere used as

starting materials for embryo induction and muitiation. The starting materials were collected frite
Physiology Division of the Nigeria Institute forl®ialm Research (NIFOR), Benin City, Edo State.

Plate 1:Culture of proembryos.

Equipment used: The major equipment used in this study includeimamflow chamber, scalpel, sterile blade,
Petri dish, aluminum foil paper, test tubes, tabttracks, shelves, autoclave, drying oven, wegghalance,
microwave, ethanol lamp, pipette, beaker, magrstitieer, refrigerator, masking tape, funnel, measgur
cylinders, conical flask, other plastic and glasses.

Culture media preparation: Three-quarter strength of Murashaige and Skoog 219%6edia with stock
solutions of MS (Murashaige and Skoog) macro, migitamin and iron were prepared containing 3% Gser
supplemented with cytokinins (Kinetin, 2iP and BARRch at concentrations of (0, 0.025, 0.05, 04 an
0.2mg/l) and auxins (NAA, 2,4-D), each at concdidres (0.0, 0.05, 0.1 and 0.2mg/ml) were used g t
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experiment. The pHof the medium adjusted to 5362 with 1 N NaOH or 1N HCI and solidified by atiioin
of agar. The medium was dispensed into test tubésaatoclaved at 12€ for 30 minutes and allowed to cool
before transfer.

Preparation of source material: Proembryos ofPhoenix dactyliferawere collected from partially lighted
growth room and transferred to the laminar flowrabar

Culture of source material: Forceps with the aid of inoculation needles weseduto transfer source material
to culture on solidified MS media with various lé&ef plant growth regulators for morphogeneticprsses.
The test tubes containing the media and sourcerizateere placed in a partially lighted growth roah
25°C+2°C with 70% relative humidity for incubation. Thestdt were observed and taken at two weeks interval
for a period of two months. The cultures gave tesmatured embryos.

Results and Discussion

Generally, researchers have found that exogenaust girowth regulators such as gibberilins, auxind a
cytokinins induce and help in the multiplication stfimatic embryos (Sidky, 2014). This current stawjorly
concentrated on the effect of a combination of @s@ind cytokinins on embryo multiplication. Devetagnt of
somatic embryo has been successful with no plamwiyrregulator at certain stages and with minutewarh of

it at another stage of embryogenesis.

The results obtained in this study of embryo miittggion of initial somatic embryo dPhoneix dactylifera
using various growth regulators Kinetin,2iP, BA&clk at concentrations of (0, 0.025, 0.05, 0.1 a@d§/l)
and NAA, 2,4-D each at concentrations (0.0, 0.05,ahd 0.2mg/ml) respectively to supplement MS iomad
for embryogenesis. The morphogenetic responses aeserved from two weeks after inoculation of awdtu
and observations were taken for a period of twottmto yield the following results.

From this findings as shown in tablel and figure Qradual decrease in the concentration of thatdgyaf
cytokinin (2iP, Kinetin, BAP)in combination with ams (NAA, 2,4-D) led to increase in the average ob
embryos in the decreasing order; 2iP + 2,4-D >#ARAA>Kinetin +2,4-D>Kinetin +NAA. 2iP and 2,4-D was
the most effective combination, followed by 2iP &h8A and then Kinetin and 2,4-D and so on as ingidan
the order. The range of concentration of cytokinieed was 0.0, 0.025, 0.05, 0.1mg/l against auxi®s0.05,
0.1, 0.2mg/l. From this result, it could be dedutieat the type of cytokinin used in the combinatpayed a
major role in the average quantity of embryos poedu 2iP was shown to be the stronger cytokinithis
experiment when used in combination with differemicentrations of auxins.

In this experiment controls were set up withounplgrowth regulator and it was observed that itdgd more
embryos within the period of two months. This collld as a result of endogenous phytohormone in the
proembryos. About 15ml of MS media in a test tubplytohormone free medium gave an average of ®to
embryos. It thus appears that large scale produdam be obtained, if subsequent work is carried Doe
result obtained shows the importance of Plant dnaw@gulator concentration balance and of balantedsm
auxins and cytokinins in optimization of embryo tiplication protocol.

Table 1: Average no. of embryos produced in anrating concentration of Plant Growth regulators (BER

Concentration(s) Kinetin/ NAA  Kinetin/ 2iP/ NAA 2iP/2,4-D
(mg/1) 2,4-D

0.0/0.0 9.252.20 9.25 +2.65 10.00 .94  10.00 .94
0.025/0.05 6.254.71 6.50 +2.65 7.50 +2.08 7.50 +2.89
0.05/0.1 5754.71 6.00 +1.83 6.00 +2.16 7.00 +2.94
0.1/0.2 5.00 4.92 5.50 +2.38 5.50 +2.65 6.75 +1.25

Key: Average no. of embryos (MearStD)
Abbreviations:
NAA — Naphthalene acetic acid
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2, 4-D — 2, 4- dichlorophenoxyacetic acid
2ip — 2 isopentyladenine
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B Concentration 4

Fig 1: Effect of different combinations of Plant GrowthgRktors on no. of matured embryos produced.

Concentration1: 0.0mg/l and 0.0mg/l of cytokinin andiaux

Concentration 2: 0.025mg/l and 0.05mg/I of cytokinid anixin

Concentration 3: 0.05mg/l and 0.1mg/l of cytokinin anximu
Concentration 4: 0.1mg/l and 0.2mg/l of cytokinin angiau

Plate 4: somatic embryos obtained from 2ip+2, 4-D.
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Conclusion

Results obtained from this research have reveale@ase in embryo multiplication PPhoenix dactyliferaas
plant growth regulator (PGR) concentration decréas®hen different auxins and cytokinins were used i
combination to supplement Murashaige and Skoog (M&Jia.. The PGR-free media yielded most embryos
ranging from a mean no. of 8.25 to 10.00. While Pénbinations which were also very effective wetre a
concentrations of 0.025 and 0.05mg/l which incladmbinations of 2iP and 2, 4-D, 2iP and NAA rangivith

a mean of 5.5 to 7.5 embryos.
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Abstract

The experiment was conducted to study combininlityabind kernel quality of white maize (Zea may} L.
populations. A half diallel cross comprising of gyarental inbred lines were developed and studied f
combining ability variance components of some agnoie and kernel quality traits to determine theetyqf
gene action of kernel quality traits. The paremtelterials consisted of six genotypes of white malzed lines
which were crossed in a partial diallel pattern,ialhgenerated 15F1's crosses. Twenty five entragspising
of 15F1’ssix parents, and four checks were evaluated at 8anZaria, Kaduna State, Nigeria (496 m above

sea level, 1°B6'N, 0.826"E). The genotypes were arranged ix5lattice design with three replications. The
GCA /SCA values were less than unity for most wigkejuality and Agronomic traits depicting the ion@ance

of non-additive genetic action over additive typeyene action. Based on the findings of this sthdyparents
P1, P2, P5 and P6 can be considered for hybridimato develop genotype with good agronomic andetern
quality traits.

Key Words: Diallel, Combining ability, Variance Cpanents, Maize and Inbred Lines.

INTRODUCTION

Maize or corn Zea may4d..), belong to the grass family Poaceae and tbgdeae, originated 5000 to 10,000
years ago (Hallauer, 1997; Paliwal and Smith, 2002k origin of maize is controversial, however st
believed to have originated in the mid-altitudeioeg of Mexico and Guatemala or Mesoamerica (Phland
Smith, 2002). It is one of the three most importegrteal crops in the world together with wheat &nd. In
industrialized countries, it is largely used agéitock feed and as a raw material for industriatipcts, while in
developing countries, it is mainly used for humansumption. Africans consume maize as a starchy inaa
wide variety of porridges, pastes, grits, and beesub-Saharan Africa, it is a staple food forestimated 50%
of the population. It is an important source ofbcdrydrate, protein, iron, vitamin B, and minerdtsis fast
becoming a very important commaodity in animal fdledd and beverage industries (USAID, 2010).

Worldwide maize is cultivated in an area of 159limil hectares with a production of 796.46 millioetnic tons
(USDA, 2010). Maize production in Africa in 2004wvestimated to be 41.6 million metric tons of \m2d.7
million metric tons was produced in sub-SaharancafrThe United States is the world's largest pcedand
exporter of maize in 2003-2004, maize productiothm U.S was 256 million metric tons (USDA-FAS, 300
Other top producing countries include China, Bra¥ikxico, Argentina, India and France. Nigeriahie t10th
largest producer of maize in the world, and themnpaoducing country in tropical Africa (USAID, 20110t is
cultivated both as rain fed and under irrigationroore than 5 million hectares, spread through theagro-
ecological zones and maize production is put ate®6 million tons from 3,845,000 hectares (FAOQ20

In Africa, maize is grown by small- and medium-gcérmers who cultivate 10 ha or less (DeVries and

-1
Toenniessen, 2001) under extremely low-input systamere average yields are 1.3 tons {énziger and
Diallo, 2004). The primary objective of most maeeding programs is the evolution of high yieldargl well
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adapted cultivars. Breeding for improving varietiesa continuous process and requires primarillgoaictugh
knowledge of the genetic mechanism governing yaeld yield components. Diallel cross technique dgyed

by Hayman (1954) provides information on the intagrte mechanism in the early generations and help t
breeder to make effective selection.

There are few publications on white maize breetiecpuse it is mainly performed by private companiésite
maize breeding programs generally use well estadisvhite maize populations and inbred as basepiasm
because the development of new varieties is coatplic because of the strict quality requirement #ed
complex genetic regulation of white endosperm. €gesamong white and yellow varieties often procuss
white varieties with undesirable kernel qualityitsaand there is therefore the need to study thmbaung
ability of some agronomic and kernel quality trdd@stheir improvement.

Although plant breeding has been extremely sucakasimproving the yield of maize, but kernel dgtatraits
has received less attention. However, advances made by breeders in this area as well, resultingnaize
kernels with a wide range of structures and contijposi.

By exploiting genetic variation, the compositiontbé kernel was altered for both the quantity andlity of
starch, proteins, and oil throughout kernel dewslept. Furthermore, the ability of maize breederause
existing genetic variation and to identify and npautéte economically important genes will open newraes
for the design of novel variation in grain compiasit thus providing the basis for the developmdrhe next
generation of specialty in maize and of new pragluot meet future needs. (Leford and Russel, 1986).T
objectives of this study are as follows:

i. To determine the type of gene action for agronaamit kernel quality traits in white maize.

ii. To determine the best hybrid with better agronoamd kernel quality traits in white maize.

Materials and methods

The material consists of six genotypes of whitezaanbred lines which were crossed in a half diglkgtern
and generated 15k The six (6) parentals, 1g§and four (4) checks (25 genotypes table 1) wesduated at

Samaru during rainy season, it is located at atuddt of 686 m above sea level 11N, 07°38'E in the

Northern guinea savanna zone of Nigeria, with armaanual rainfall of 1050 mm distributed within div
months, the soil type is loamy. The 21-entries fowd (4) checks were arranged x5 lattice with three
replications. One row plot of 5m long spaced 0.36M25m inter and intra row spacing were used. 8gwias

done manually two seeds per hill were planted, @andbout two weeks after planting, it was thinnedne

stand per hill. All IAR recommended agronomic aitiéés were carried out accordingata were collected for:
days to 50% flowering, days to 50% silking, antbesiking interval, plant height, days to maturiéar height,
ear length, ear diameter, percent whole kernekgmtrkernel without pericarp damage, milling testisture

content at harvest, 100-Grain weight, density anaéhgyield

Statistical Analysis was computed using Statisthralysis System (SAS, 2004)
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GENOTYPES EVALUATED

SIN GENOTYPES STATUS

1. P1 ( P4A3SRCI9FS100-1-1-8-#1-B1-13-B1-B-B-B-B-EBB) Parent

2. P2 (1368 HI x4269-1368-7-2-B-B-B-B-B) Parent

3. P3 (9071-B-B-B) parent

4. P4 ((TZMI50xKU1414<501)-1-4-3-1-B-B-B-B-B-B-B-B) parent

5. P5 (1368ICAL224-1x1368-3-1-B-B-B-B-B-B-B-B-B-B-B) parent

6. P6 (TZL-COMP3-C2-S2-34-4-1-2-B-B-B-B-B-B-B) parent

7. P1x P2 (P43SRCOFS100-1-1-8-#1-B1-13-B1-B-B-B-B-B-B-B<R.36& HI x4269-1368- Hybrid
7-2-B-B-B-B-B)

8. P1 x P3 (P43SRC9FS100-1-1-8-#1-B1-13-B1-B-B-B-B-B-B-B<B071-B-B-B) Hybrid

9. P1xP4(P43SRC9FS100-1-1-8-#1-B1-13-B1-B-B-B-B-B-B-B-B Hybrid
(TZMI501xKU1414x501)-1-4-3-1-B-B-B-B-B-B-B-B)

10. PIxP5(P43SRCIFS100-1-1-8-#1-B1-13-B1-B-B-B-B-B-B-BsB 136&ICAL224-1x1368- Hybrid
3-1-B-B-B-B-B-B-B-B-B-B-B)

11. P1 x P6 (P43SRC9FS100-1-1-8-#1-B1-13-B1-B-B-B-B-B-B-BxBTZL-COMP3-C2-S2- Hybrid
34-4-1-2-B-B-B-B-B-B-B)

12. P2x P3 (1368 HI x4269-1368-7-2-B-B-B-B-Bx 9071-B-B-B) Hybrid

13. P2 x P4 (1368 HI x4269-1368-7-2-B-B-B-B-B« (TZMI501xKU1414x501)-1-4-3-1-B-B- Hybrid
B-B-B-B-B-B)

14. P2 x P5 (1368 Hl x4269-1368-7-2-B-B-B-B-Bx 136&ICAL224-1x1368-3-1-B-B-B-B- Hybrid
B-B-B-B-B-B-B)

15. P2 x P6 (1368 Hl x4269-1368-7-2-B-B-B-B-Bx TZL-COMP3-C2-S2-34-4-1-2-B-B-B- Hybrid
B-B-B-B)

16. P3 x P4 (9071-B-B-Bx (TZMI501xKU1414x501)-1-4-3-1-B-B-B-B-B-B-B-B) Hybrid

17. P3 xP5 (9071-B-B-Bx 136&ICAL224-1x1368-3-1-B-B-B-B-B-B-B-B-B-B-B) Hybrid

18. P3 x P6 (9071-B-B-Bx TZL-COMP3-C2-S2-34-4-1-2-B-B-B-B-B-B-B Hybrid

19. P4 x P5 (TZMI50%KU1414x501)-1-4-3-1-B-B-B-B-B-B-B-Bx 136&ICAL224-1x1368-  Hybrid
3-1-B-B-B-B-B-B-B-B-B-B-B)

20. P4 x P6 (TZMI50kKU1414x501)-1-4-3-1-B-B-B-B-B-B-B-Bx TZL-COMP3-C2-S2-34- Hybrid
4-1-2-B-B-B-B-B-B-B)

21. P5 x P6 (1368ICAL224-1x1368-3-1-B-B-B-B-B-B-B-B-B-B-Bx TZL-COMP3-C2-S2-  Hybrid
34-4-1-2-B-B-B-B-B-B-B)

22. Oba-98 Check

23. SAMMAZ-15 Check

24, JO-F Check

25. Nasara (QPM) Check
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RESULTS AND DISCUSSIONS

Table 2 Estimates of combining ability variance comonents of nineteen traits of maize at Samaru
evaluated in 2014

Days Anthes %
Daysto to is Plant Ear Ear Ear Field whol
50% 50%  Silking Heig Days Heig Lengt Diamet Weig e
Floweri silkin Interva ht maturit ht h er ht kern
Characters ng g I (cm) vy (cm) (cm) (cm) (kg) el
118.9 1.556 38.0
GCA 3.13 0.18 -14 8 1.53 093 04 -12.02 3 8
- 506.0 201.2 - 51.7
SCA 2.49 -12.21 112.13 5 0.52 5 3.47 -94.01 13.02 8
GCA/SCA
Ratio 1.26 -0.02  0.12 0.24 094 0.01 0.12 0.13 0.12.74
Cont. Table
% kernel Densit
Without Moisture 100 Grain Volum vy
Pericarp Milling content Weight e (kgpm  Yield
Characters  damage test at harvest (%) (g) (m) 9 (kgpha)
1806691. - 560726.
GCA 9.45 0.42 0.91 4 -0.34 8419.7 3
- 810277.
SCA 4.99 4.73 3.2 14296624 12.03 -468972
GCAJ/SCA
Ratio 1.89 0.09 0.28 0.13 -0.03 0.18 0.69

*, ** significant at 5% and 1% levels respectively.

Table 2 revealed that the magnitude of GCA/ SCAavenre components ratio were less than unity for
days to 50% silking, anthesis silking interval, mil&eight, days to maturity, ear height, ear lengtr
diameter, percent whole kernel, milling test, maist content at harvest, 100-Grain weight, volume,
density and grain yield implying that the inheritanof these traits were due to SCA and mostly
controlled by dominant and/ or epistatic gene ac(@riffing, 1956). The higher magnitude of SCA for
the traits affected was as a result of the departirthe heterozygote (Aa) from the mean of two
homozygote (AA or aa) at a locus reflecting theeakiof dominance. The response of nhon-additive gene
action for the conditioning of days to fifty per¢dtowering, fruit weight and fruit yield per plaiias
been reported in tomato breeding (Mahendrakaal2005). Based on the findings of this study the
parents P1, P2, P5 and P6 can be considered fadizgtion to develop genotype with good agronomic
and kernel quality traits.
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Abstract

The effects of a locally made perfume on the granthyield parameters of tomato were studied. Four
(4) different concentrations were prepared viz:38%, 0.0150%, 0.30% and 0.600% based on weight
basis. A complete Randomized design with 5 repscaaich was adopted and various parameters were
recorded which include leaf area, plant height fliesmgth, number of flowers and number of fruitslevh
other cultural practices were observed throughdgt $tudy. ANOVA was used to analyze the date slt wa
discovered that at 90 days after planting, the teascentrations (0.038 and 0.150) recorded thdésg
agronomical characters compared to the control.oAtkere was increase in number of flowers
compared to the control and also increase in theaper of fruits was generally observed in lower dose
of the local perfume used in the study.

Key words: Umra, mutagen, yield, parameters
Introduction

Tomato is one of the important fruits crops in Warld (Parrayet. al., 2007). Tomato is highly versatile
and is used in thousands of recipes right acrosspeufrom Ketchup chowder to bloody mares, ( Barra
et al., 2007). Tomatoes have both nutritional and medieglees .1t is important for neutralizing the
acids produced during the digestion of meat andrdttty acids (Smith, 1994). It is a valuable roage
which promotes digestion and helps to alleviatestpation (Parragt al., 2007).Tomato is a source of
carbohydrate, fats, proteins, vitamins and minaemddgEh when eaten makes the eye brighter than using
cosmetics on it (Gojale, 2002). The plant prodingetbmato fruits which for purely culinary purpoge,
often included among vegetables (Clerk, 2008)dbpbly originated in the highlands of the worldeTh
tomato plant is an annual or a shelived perennial dicot, although it is always cudied as crop
(Smith ,1994) .After planting, it takes tomato beém 50 to 95 days to fruits ripen, depending on the
cultivar (Peetet. al.,2009). According to Clerk (2008), the tomato plaa deep rooted crop and a
heavy feeder.

Induce mutation are used to generate genetic ampaoent of various crops lik&riticum durum
(Sarkin yildirim, 2004). When no gene for resistaro a particular diseases, Plants breeders have no
obvious alternative but to attempt mutation induttiMutation breeding supplement conventional jglant
breeders as a source of increasing variabilityaudd improve without significant altering in phéyoe
(Mshembula B.Pet al., 2012. The effect of different concentration afdisim azide on survival
percentage, mutation frequency and mutagenic efésatss is presented. The survival percentages
decreased progressively as the dosage increasedsé¥et al., 1992). Cheng and Gao (2003) treated
barley seeds with sodium azide and found a signifidecrease in the germination percentage. We
detected insignificant differences in the shoogtarat 0.001 and 0.003 M of Ngiteatment, implying

that these doses have similar effects on plantscolling to Sachst al., (1997) x- rays was to be
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used for biological research including the indutt@f genetic changes, the germination test performs
according to the role of international seeds assing , or the American Association of official Apsis
these percentage of seed are capable of germinadimgally, these performed under ideal condition of
seed germination .

Selecting the best yield for subsequent harvestyeseason takes several years to achieve the desire
characters or traits for higher agronomic and yjgddameters. The aim of this study therefore, is to
determine the effect of local perfume “umra”oretrowth and yield of tomato plant.

Materials and methods
Seed collection

A variety of reddish tomatoes (U T C) were obtaitfiedn the Mubi Main Market seed and stored in
petri dishes under room temperature until requicedise.

Soil collection

Top soil was collected and dried to constant weightl there after 5kg of the soil was measurea in t
palm nursery polybags 30 cm in height and 23 cualiameter. These polythene bags were perforated at
the bottom and sides.

The bags were irrigated with 200ml water daily askd and also cleared of any unwanted weeds during
the period under fallow bags was ready for culiorabn the 7th day .The bags was placed on thé fiel
spacing of 60 cm x30 cm, as proposed by Ikhajiggbé4).

Preparation of mutagenic solution

The local perfume (umra) was used as a mutagemictag this study. Four (4) different concentration
were prepared on weight basis, viz: 0.038%, 0.150%20)0%, and 0.600%. These were labeled in the
field accordingly. The control used was distilledter (0O %), designated.

Pre-treatment of seeds with mutagenic solution

Viable tomato seeds were subjected to varyingird’ concentrations for six (6) hours. The treated
seeds was washed in running water to remove extessical and exudates from the seeds and sown in
petri dishes containing soaked cotton wool. Gertivnavas observed for 6 days.

Field study

The other set of pre-soaked seeds were sown gifiectb polythene bags containing soil. Plantingswa
done in the evening, just beyond sunset followhegmethods Ikhajiagbe, (2004). The Seeds were sown
at the rate of 4 seed per hole and at a depthrof 8¢hen seedlings attained 2-leaf stage (8-12cm))on

It was thinned down to 2 seedlings per bag. Aleottultural practices were followed till harvestipd.
When the plants were long enough and brancheglémes were staked on poles.

Experimental design

The experimental design adopted in this study wasletely Randomized Design (CRD). The

treatments was randomized over the whole plot, edétbh treatment consist of 4 replicates. In otber t

avoid bias and misidentification, each treatmens \weoperly labeled according to a given treatment
name and replicate number.
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Parameters measured
The following parameters were measured:

Weight of 10 dried fruits, Weight of 10 fresh fauitNumber of seeds germinated, Shoots length
(seedling height), Stem diameter (girth), Numbeleaires, Number of days to flower, Number of flower

per plants , Number of fruits per plant, Numberdaf early ripening, Weights of 10 fruits and "Total
fruits yield per plant

Data analysis

The data were collected and analyzed based on gisalfVariance (ANOVA).
Data analysis

FIG.1: Effect of local perfume on plant height

Plant height at the 80day following sowing was 44.4 cm in 0.38% treatmeompared to 55.9 cm in
0.3%. Plant height in the control plant was 40.1 (&ig. 1).at the 120 day after sowing, plant height
ranged from 44.2 68.1 cm

~l co o
o o o o o
1 1 1 1 1

o
1

 —

—4—0.38 Level == (0.15 Level
0.3 Level === (.6 Level
10 - ==fe== Control

Plant height (cm)
W B u (=)

]
o o
1 1

0 T T T 1
90 100 110 120

Days after sowing

Fig. 1: Plant height of test plant uneeperimental condition

The breadth of leaf of test plant has been predeitiethe 0.38% level treatment, leaf breadth tetser
within the 2* and 3' week after planting, compared to tH& wteek. This was similar to observations in
0.15% level treatment as well as the control..B2® level treatment, leaf breadth incrased to téh5n
the 0.3% level treatment.
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Fig. 2: Leaf breadth of test plant under experiraeobndition

Effect of local perfume on leaf length (cm) of t@im

Leaf length ranged from 10.2 — 11.8 cm at day @.(BJ. These values increased at th€ @8y to 10.3 —

11.8 cm respectively. Stem girth of the test pldig. 4) ranged from 1.3 — 2.8 cm from tH& 6 28"

week.
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Fig. 3: Leaf length of test plant under experimeatadition
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Fig. 4: stem girth of test plant under experimentaidition.
Fig. 5: Number of flowers of test plant under expental condition

The plant exposed to 0.38% level of the treatmext the highest number of flower per plant (8),
compared to the control, which had 3 flower (Fig. Similarly, there were generally 2 fruits peamt in
all treatments but 0.6% level, which had only onstf

12

10 A

A\

No. of flowers per plant
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0.38 Level 0.15 Level 0.3 Level 0.6 Level Control

Fig. 5: Number of flowers of test plant under expental condition
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Fig. 6: Number of fruits of test plant under expental condition
Discussion

From the results obtained, plant height treated vhigher dose of the Umra concentration (0.3%)
recorded significant increase in plant height (6819 compared to the control (10cm) at 90 days after
planting (fig.1). This finding disagrees with Mehset al, (1992) working on the mutagenic effects of
Hyroxylamine and streptomycin on growth and seezldybf cowpea (Vigna unguiculata (L.) Who
reported that, the lower concentration had higheoslength than higher concentration had higheosh
length. This suggests that in the case of the Ipeafume studied, higher concentrations triggered
increase in plant height in tomato.

From fig. 2, lower umra concentration (0.38% antb0%) had the larger leaf breath at thg 2
and 3' week after planting compared to other concentatithis could be as result of more mitotic
division and physiological activities at that contration which triggered increased the leaf breadlths
agrees with work done by Ajat al, (2010) who reported that leaf breadth increagis reduced
concentrations of chemical mutagens. Mshelmhailal,2015 working with Indole-3 acetic acid on
Sesame also affirmed that lower doses of IAA brislgsut reduction in leaf breadth.

Higher concentration (0.30%) of the chemical Igtduabout increase in leaf length from 10.2cm-1rh.8c
at 7 days after sowing this however disagrees WMémsahet.al, 2007 who reported that increase in
sodium azide concentration leads to decrease fitelegth of groundnuts. It is worthy of note totstthat
there was no significant difference in the stenthgif the test plant at all levels of concentration

Reduced umra concentration (0.038) brought abouiease in the number of flowers per plant (8)
compared to the control (fig.5). This means thghbir mutagenic concentrations suppress the frgitidn
tomato in this study which agrees with Mengdfal, (2006) who reported that higher concentrations o
mutagenic agent or solution caused delay in flowgedompared with lower concentrations and control.
Succinctly, lower concentration of umra triggeredrease in the number of fruits in tomato (fig.&)ict
agrees with Ajayet al,, 2010 who reported that lower concentration Ugugave more yield than highest
concentrations of mutagens.
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Conclusion

From the present findings, lower concentratiorUaira (0.038 and 0.150%) could be said to be very
important mutagenic agent in the improvement obagmical characters of tomato. This is evidenhin t
increase in the number of flowers and the fruiseal

Recommendations

Molecular analysis of the F1 generation needs todvged out to determine the effect at the molecul
level of treatment. Also, subsequent generaticgedrto be raised to develop a pure line of
tomato which could be resistant to diseases ants,pasd which could lead to general crop
improvement.
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ABSTRACT

Since time immemorial, humans depend on plant reseeu for their benefit, from the
recollection, as food and medicin®ledicinal plants contribute to the raw materialsedsor both
traditional and modern systems of medicine. Amolagte known for its medicinal importance, is
Ocimum basilicum. This plant is widely used in Rerh Nigeria, with little knowledge to its
phytochemicals and antimicrobial properties. Needes for an evaluation of the phytochemicals,
antioxidant properties and antimicrobial activity this indigenous Ocimum basilicum, with a view to
access their therapeutic values. Standard methoee vemployed for the analyses. The result of
phytochemical screening confirmed the presenclwbiioids, cardiac glycosides, tannins, saponind an
phenols in both aqueous and methanolic extractthefleaf. The quantitative estimation of chemical
constituents of the leaf of the plant showed higlcgntage of flavonoids of 94.00% and 51.29% for
agueous and methanolic extracts respectively. ihiio antioxidant activity of the plant extradssdue

by its high concentration of flavonoids. The leafracts showed significant effect on Staphylococcus
aureus, Bacillus subtilis and Shigella dysentri@almonella typhi showed complete resistance tdetife
extracts. Methanolic extract of the leaf showed ewizbne of inhibition of about 30mm against
Staphylococcus aureus, with MIC and MBC of 1.56rhgamd 3.125mg/ml respectively. The
phytochemicals such as flavonoids and alkaloidsiiobtl from the plant are appreciable. These are
responsible for the ethno-medical, pharmacologittarapeutic and traditional uses of the plant.

Keywords: Ocimum bacilicumphytochemicals, antimicrobial and antioxidant.
INTRODUCTION

Healing with medicinal plants is as old as manktedlf. The connection between man and his seamch f
drugs in nature, dates from far past (Ahetesl., 2005). Awareness of medicinal plant usage is altre$
many years of struggle against illnesses, in wluiabe, many people learnt to pursue drugs from the
barks, seeds, fruits bodies and other parts otqldime knowledge of development of ideas relatettie
usage of medicinal plants as well as the evolutibawareness has increased the ability of pharisacis
and physicians to respond to the challenges that Bmerged with the spreading of professional sesvi

in facilitation of man’s life (Liu and Scagel, 2009

The medicinal plants are rich in secondary metédmland essential oils of therapeutic importance
(Meeraet al.,2009). In Nigeria, many indigenous plants are yidensumed as food or home remedies
especially in the treatment or management of comdiseases. Among plants known for its medicinal
value, is the plant®cimum basilicuniinn of genus Ocimum, which is rich in phenolicrg@ounds and
are very useful for their therapeutic potential (&lidharan and Dhananjayan, 2004). Methanolic ektra
of ocimum basilicunihas been evaluated for its analgesic activity (@haryet al, 2010), antimicrobial
activity againsPseudomonas aerogeno@darshet al, 2002). Aqueou®cimum basilicuninas also been
evaluated to have lipid lowering effect in TrinirdVR-1339-induced hyperlipidaemic rats (Ramesh and
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Satakopan, 2010) and anti-hyperglycemic activitydiabetic rats without affecting the basal plasma
insulin concentrations (Zeggwaghal, 2007).

In Northern Nigeria, indigenoudcimum basilicunis commonly used as traditional medicine. In tiyati
of this, need arises to evaluate the phytochemiaatjoxidant and antimicrobial activity of this
indigenousOcimum basilicumwith a view to access their therapeutic valuelser&fore, the main
objective of this study was to investigate the pbiiemical, antioxidant activity and antimicrobiéfieet
of aqueous and methanolic leaf extract®ofmum basilicunfL).

MATERIALS AND METHODS

1.1.1.1.1.1 Preparation of the Leaf Extracts

Leaves ofOcimum basilicumwere collected from Ahmadu Bello University Dangria, Nigeria. The
leaf samples were identified appropriately and wdnied at room temperature under shade and finely
ground before extraction. A known amount of sampies extracted by percolation method using
methanol/water (70:30) and percolation method u$b@o water. The resulting extract was concentrated
over a rotary vacuum until a crude extract wasiobth and the aqueous extracts were dried usingrwat
bath.

Qualitative Phytochemical Screening

Adopting the method of Evans and Trease (1996pligtochemical screening @icimum basilicumthe
plant extracts were tested for tannins, flavonaiasdiac glycosides and saponins,

Test for tannins

To a portion of the extracts, 3-5 drops of feriocide solution was added. A greenish- black pmitate
indicates the presence of condensed tannins whileolysable tannins give a blue or brownish-blue
precipitate (Evans and Trease, 1996).

Test for Flavonoids

A portion of the extract was dissolved in 1-2mihoéthanol (50%) in the heat. Metallic magnesium €hip
and few drops of concentrated hydrochloric acidevadded. Appearance of red color indicates the
presence of flavonoids (Evans and Trease, 1996).

Test for cardiac glycosides

To a portion of the extract, 1ml of 2% solution35-Dinitrobenzoic acid was added in 95% alcohbe T
solution was made alkaline with 5% sodium hydroxiaepearance of purple-blue colour, indicates the
presence of cardenolides (Evans and Trease, 1996).

Test for Saponins

About 10ml of distilled water was added to a portaf the extract and was shaken vigorously for 30
seconds. The tube was allowed to stand in a vernecsition and was observed for 30 minutes. A
honeycomb froth that persists for 10-15 minutescaigs presence of saponins (Evans and Trease). 1996

Quantitative Phytochemical Screening

Alkaloid was determined using Rijket al. (2006) method. Portion of the sample was weiginéal a
250ml beaker and 80ml of 20% acetic acid in etharad added and covered and allowed to stand for 4
hrs. This was filtered and the extract was conededr on a water bath to one quarter of the original
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volume. Concentrated ammonium hydroxide was added dise to the extract until precipitation was
complete. The whole solution was allowed to seitld the precipitate was collected and washed with
dilute ammonium hydroxide and then filtered. Theidae (alkaloid) was dried and weighed.

Flavonoid was quantified by the method of Rigteal (2006). Portion of the plant sample was extracted
with 100ml of 80% aqueous methanol at room tempegatThe whole solution was filtered through
Whatman filter paper No 42 (125mm). The filtrateswater transferred into a crucible and evaporated
into dryness over a water bath and weighed to ataohweight.

Cyanogenic Glycoside was quantified according tangvand filled method as described by Schoner and
Scheiner-Bobis (2007). A portion of the sample wale into paste and the paste was dissolved into
50ml distilled water. The extract was filtered ahd filtrate was used for Cyanide determination.1hd

of sample filtrate, 4ml of alkaline picrate was addind absorbance was recorded at 490nm and cyanide
content was extrapolated from a cyanide standangecu

Determination of Antioxidant Activity
DPPH radical scavenging activity

The DPPH radical scavenging activity was determingitig the method of Armamt al (2006). Each
extract (0.1g) was weighed and added to 10ml oharedl. Varying concentrations (20-1@@ml) were
prepared from each sample solution using methasmaslobvent and 10Q0 (0.1mM) DPPH solution (in
methanol) was added giving a total of 2.0ml per @antoncentration. Varying concentrations of the
standard, vitamin C, were also prepared at sirsitercentrations while the blank (control) was prepar
using methanol and DPPH without the extract. Theumgs were shaken vigorously and left to stand for
30 min in the dark at 3€, and the absorbance was then measured at 51gaimstia blank. Lower
absorbance of the mixture indicated higher freeceddcavenging activity. The percentage inhibitias
calculated as: % inhibition A{ — AJ/Ag) x 100

WhereA, was the absorbance of the blaAk,was the absorbance in the presence of the exiratie
standard, vitamin C.

Phosphomolybdenum assay for antioxidant activity

Each extract (0.1g) was weighed and added to 1Ondistilled water. Varying concentrations (20—
100ug/ml) were prepared from each sample solution usiisglled water as solvent. 1ml of reagent
solution (0.6M sulphuric acid, 28mM sodium phosghatd 4mM ammonium molybdate) was added to
each aliquot of different concentrations (20-{1@nl) of sample solution. Tubes were capped witresi

foil and incubated at 95°C for 90 minutes. The suleere allowed to cool at room temperature.
Absorbance was taken at 695nm against a blank @eth Ascorbic acid was used as the standard
(Armaniet al,, 2006).

Test Organisms

The test organisms used for this analysis werdcalifisolates of bacteria and a fungus obtainenhftioe
Microbiology Laboratory, Ahmadu Bello University @a The isolates wereBacillus subtilis
Staphylococcus aureuShigella dysentriaandSalmonella typhiThe culture media used for the analysis
include Mueller Hinton agar (MHA), Mueller Hintorrdth (MHB) and Nutrient agar (NA). These media
were used for sensitivity test, determination ohimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC). All media wereepared according to manufacturer’s instruction and
sterilized by autoclaving at 142 for 15 minutes.
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Sensitivity Test

The standardized inocula of the bacterial isolatee streaked on a sterilized Mueller Hinton adares.
Four wells were punched on each inoculated agée plah a sterile cork borer. The wells were prbper
labelled according to different concentrations eé extract prepared which were 100, 50, 25 and 12.5
mg/ml respectively. Each well was filled up withpapximately 0.2ml of the extract. The inoculated
plates with the extract were allowed to stay onltbech for about one hour; this is to enable theaek
diffuse on the agar. The plates were then incubatt&fC for 24hrs. At the end of incubation period, the
plates were observed for any evidence of inhibitidinch will appear as a clear zone that was coraplet
devoid of growth around the wells (zone of inhitifj. The diameters of the zones were measured asing
transparent ruler calibrated in millimeter and tésults were recorded.

Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentration of the extraes determined using tube dilution method with the
Mueller Hinton broth used as diluents. The lowestaentration of the extracts showing inhibition for
each organism when the extract was tested duringiteéty test was serially diluted in the test é&sb
containing Mueller Hinton broth. The organisms wereculated into each tube containing the broth and
the extract. The inoculated tubes were then inasbat 37C for 24hrs. At the end of the inoculation
period, the tubes were examined for growth usimbidity as a criterion, the lowest concentratiortlin
series without visible sign of growth (turbidity) ag considered to be the minimum inhibitory
concentration.

Minimum Bactericidal Concentration (MBC)

The result from the MIC was used to determine tlBOMWf the extract. A sterilized wire loop was digdpe
into the test tubes that did not show turbidityeée) in the MIC test and a loopful was taken angldied
on a sterile nutrient agar plates. The plates vimrebated at 3T for 18- 24 hrs. At the end of the
incubation period, the plates were observed forpilesence of bacterial growth. This was to deteemin
whether the antimicrobial effect of the plant egtria bacteriostatic or bactericidal.

RESULTS AND DISCUSSION
Quialitative Phytochemical Screening

The result of phytochemical screening confirmedphesence of flavonoids, cardiac glycosides, tajnin
saponins and phenols in both aqueous and methaextiiacts of the leaf. Phytochemicals are non-
nutritive plant chemicals possessing varying degdalisease-preventive properties. They are immé
sources of raw materials for both traditional amth@dox medicine (Oikelet al., 2013). However, the
abundance of these phytochemicals varied from pgtamiant. These phytochemicals reduce oxidation
(Zeggwagkhet al, 2007), stimulate the immune system against ggubacteria and other disease causing
agents (Cushnie and Lamb, 2005), slow growth ofeacells (Havsteen, 2002) and reduce inflammation
that provides a setting for cancer growth (Cuslni@ Lamb, 2005). In plants, they promote physiaabi
survival of plant by protecting it from fungal imfidons and UV radiations. In addition, flavonoide a
involved in photosensitisation, energy transfespmation and photosynthesis control, morphogenesis
sex determination, energy transfer (Cushnie andb,.a2005). Esquenazt al (2002), Harshet al
(2002), Havsteen (2002) and Raatfal. (2014) extracted various phytochemicals from usimedicinal
plants. Ocimum basilicum can be regarded as a medliplant because of the presence of essential
phytochemicals.
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Table 1. Qualitative phytochemical analysis of aquaus and methanolic extracts of the leaf of
Ocimumbasilicum

Phytochemicals Aqueous extract Methanolic erxtract
Flavonoids + +
Cardiac glycosides + +
Tannins + +
Saponins + +
Phenols + +
Quantitative

Phytochemical Analysis

The quantitative estimation of chemical constitgeott the leaf of the plant showed high percentdge o
flavonoids of 94.00% and 51.29% for aqueous andhametlic extracts respectively. Flavonoids are
favorable, effective and usually innocuous substits for the classical therapeutic agents. Sintdar
aspirin, actylated flavonoids may transfer theilaroup to the side chain of hydroxyl group ofiserin

the active site of cyclo-oxygenases (Havsteen 2002)diac glycosides showed little concentration fo
both aqueous and methanolic extracts. These &titeentrations may play a role in cardio protective
effects that can cause opening of the mitochondEP-sensitive potassium channels (KATP) which
have therapeutic potential for the protection ohaemic heart tissue (Pierre, 2007).

Table 2. Quantitative phytochemical content of aqueus and methanolic extracts of the leaf of
Ocimumbasilicum

Phytochemicals Concentration (g/100g)
Aqueous extract Methanolic extract
Flavonoids 94.00 51.29
Alkaloids 13.88 9.42
Cardiac glycosides 0.23 0.36

In Vitro Antioxidant Activity (DPPH)

Thein vitro antioxidant activity of the plant extracts is tislled by its high concentration of flavonoids.
Flavonoids are powerful antioxidants against (Esqaeet al, 2002). They inhibit lipid peroxidatioim
vitro at an early stage by acting as scavengers of aigeranion and hydroxyl radicals. They terminate
chain radical reaction by donating hydrogen atonsuperoxy radical thus forming flavonoids radical
which further react with free radical thus termingtpropagating chain (Havsteen 2002).
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Fig. 1.In vitro antioxidant activity of aqueous extract of thef leeOcimumbasilicum
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Fig. 2.In vitro antioxidant activity of methanolic extract of teaf of Ocimumbasilicum
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Fig 3. Phosphomolybdenum assay for methanolic gondaus extracts of the leatimumbasilicum

Antimicrobial Activity

The leaf extracts showed significant effect@taphylococcusureus Bacillus subtilis which are Gram
positive bacteria and also the Gram nega8thégelladysentriae The Gram negativ&almonellatyphi
showed complete resistance to the leaf extractghdnelic extract of the leaf showed wide zone of
inhibition of about 30 millimetres againStaphylococcuaureus with MIC and MBC of 1.56mg/ml and
3.125mg/ml respectively. The antimicrobial activibay be attributed to its high flavonoids contemd a
small amount of cardiac glycoside. Ahnegtal. (2005) documented that flavonoids having sugareigoi
showed antimicrobial activity while flavonoids witto cardiac glycosides showed no inhibitory activit
on microorganisms. Cushnie and Lamb, 2005) repdttedinhibitory effect of flavonoid-rich extracts
against some microorganisms likscherichia coliStaphylococcus aure@ndSalmonella typhi

Table 3. Antimicrobial Activity of aqueous extractof Ocimumbasilicum

Microorganism

Extract
concentration
(mg/ml)

Zone of
inhibition
(mm)

MIC
(mg/ml)

MBC
(mg/ml)

Salmonella typhi

100
50
25
125

Bacillus subtilis

100
50
25
12.5

Staphylococcus aureus

100
50
25
125

50

Shigella sp.

100
50
25
125
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TABLE4.4 antimicrobial activity of methanolic extract of Ocimumbasilicum

Microorganism Extract Zone of MIC (mg/ml) | MBC (mg/ml)
concentration inhibition
(mg/ml) (mm)
Salmonella typhi 100 - - -
50 -
25 -
12.5 -
Bacillus subtilis 100 15 25 50
50 12
25 -
12.5 -
Staphylococcus aureus | 100 30 1.56 3.125
50 25
25 20
12.5 18
Shigella sp. 100 20 12.5 25
50 16
25 12
12.5 10
CONCLUSION

The concentrations of secondary metabolites (pimgioicals) such as flavonoids and alkaloids obtained
from the plant are appreciable. These are resperfsibthe ethno-medical, pharmacological, theréipeu
and traditional uses of the plant. TraditionaDgimum basilicumare used as whole herb to treat a good
number of diseases in Northern Nigeria. The widegeaof and the diversities in the action@fimum
basilicumcan be a result of synergistic effect of its plejamical constituents which cannot be fully
duplicated with the isolated extracts or constitseihe present study showed quantitative estimatfo
the phytochemicals, antimicrobial potential as vaslimoderate antioxidant activity of the leafOafimum
basilicum There is need for further research on extraciiod purification of active component of the
plant, including mineral and proximate analysi®¢ocarried out.
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Bambara groundnut (BGN) is an African native legumeh in protein, able to fix nitrogen, highly
drought tolerant and with reasonably good diseassistance that bears a rich food, nutritional and
cultural history for the poor resource-base farmarsub-Saharan Africa. This study was to consteuct
high density genetic linkage map and to enhancenstanding of the Bambara groundnut genome. A
dense genetic map was constructed in ampdpulation (263 lines) derived from quantitatiang day
and qualitative short-day parents (IITA-686 and pa¥, respectively) based on SNP and DArT markers.
The linkage map consisted of 1238 marker loci (888s and 379 DArTSs), with good coverage (1185
cM spanning 11 linkage groups; one marker per 1 oll,average). This genetic map is an invaluable
resource for QTL analysis and represent qualitatvances in the genetic improvement of Bambara
groundnut. We will present the current state ofegenmapping in Bambara groundnut, and describe
future directions for the genetic analysis and near&kssisted breeding of this important legume gzeci

Key words: Bambara groundnut, Markers, Genetic nmapp

INTRODUCTION

A genetic linkage map defines the relative posfiafi, and distances between, genes or DNA-based
markers along linkage groups based on recombindtiequencies obtained in mapping pedigrees
(Patersonet al, 1996a; Collarcet al, 2005). Genetic linkage maps are an essentidlfovomarker
assisted selection, map-based cloning, compargimmics, targeted genome sequencing and QTL
studies (Luca®t al, 2011; Young and Bharti, 2012). The availabilify molecular markers, mapping
populations, genetic maps and sequence informatavided by marker-trait associations would enhance
the breeding process through the application okeraassisted selection (MAS) of favorable alleles i
Bambara groundnut. Bambara groundnut is an Afmiaive legume, rich in protein, able to fix nitroge
highly drought tolerant and with reasonably gocgkdse resistance that bears a rich food, nutritaorch
cultural history for the poor resource-base farnesb-Saharan Africa.

Genetic linkage mapping has rapidly moved onto tnelgearched legumes (Varshnely al., 2010;
Bohraet al, 2014). For example, linkage mapping in cowpeas,mportant member of the legume
family and perhaps the closest relative to Bamigmoaindnut, has advanced with marker technology to
yield informative and increasingly dense genetipsnéQuedraeget al, 2002; Mucheraet al, 2009;
Lucaset al, 2011). However, in comparison to other legumups of equal or less economic importance
to farmers in the developing world, platforms (vizigh resolution genetic maps, mapping populations
and the whole genome sequence) for map-based glominBambara groundnut are lagging in
development (Ahmaet al, 2013; Hoet al, 2017). A major challenge, therefore, before Baenbara
groundnut community has been the development afra@d genetic maps from large mapping
populations that will facilitate the identificatiaf important QTLSs.

A recent advancement in genotyping technology oging-by-sequencing (GBS), which involves the
adaptation of next generation sequencing (NGS)opod to simultaneously discover and score
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segregating single nucleotide polymorphism (SNP)rketa in mapping populations of interest
(Deschampst al, 2012; Spindlest al, 2013). This remarkable progress has resultethonsands of
DNA markers being discovered and mapped in a age{stocedure using NGS-based methods (&then
al., 2013; Daveet al, 2011), thereby facilitating construction of highd ultrahigh density genetic maps
not only for major crop species with reference geasequence but also for the crops where no referen
genome is available (Polaret al, 2012). The DArT-based method combined genomeptaxity
reduction with massive lllumina short tag sequegcia generate two types of data: 1) scores for
“presence/absence” (dominant) markers, calledd@®lferT as they are analogous to microarray DArTS,
but extracted “in silico” from sequences obtainednf genomic representations, and 2) SNPs in
fragments present in the representation (Sansainal, 2011). Details of the DArT-based GBS
technology are available dtttp://www.diversityarrays.com/dart-application-tiq High throughput
genotyping of DArTs and SNPs using NGS technologi@ee afforded us the opportunity to generate
large number of sequence-derived markers for eeernmodel species. The availability of these markers
should facilitate genetic mapping and QTL analysiBambara groundnut. The aim of this study was to
construct a high density genetic linkage map arehteance our understanding of the Bambara groundnut
genome.

MATERIALS AND METHODS

An F, segregating mapping population (n=268) deriveanfi®ambara groundnut genotypic landraces
(Ankpa 4 and IITA-686) were used in this study. §&earental lines have been well characterised
previously in daylength experiments, and are digetgn their response to extreme day length caoiti
(>12 h). From July — December, 2012, 6 plants ohgarent and 263;fines of the cross IITA x Ankpa

4 were grown for photoperiod evaluation: 158 limed6 h and 105 lines in 12 h. Plant materials were
grown in soil beds in a climate-controlled glasstwat the FutureCrops Glasshouses, Sutton Bonington
Campus of the University of Nottingham. Glasshoumeditions were: 12 h day/night using an automatic
blackout screen, 28 daytime temperature and°4during the night. Planting distance of 25 cm x&b
between and within rows was maintained. Irrigati@as automatic using trickle tape, twice per daylfor
min water flow in the morning and 15 min eveningotighout the experiment period. Lighting was
complemented in all glasshouses with artificiahtig when light levels were below 20,000 lux during
non-blackout period.

Genomic DNA was isolated from fresh young leavebath parental genotypes, and each individual of
the R, population grown using the Qiagen Plant genomiADXN (Qiagen), following the manufacturers
instruction with slight modifications. Approximayel00 mg of leaf tissue was ground in a mortar with
liquid nitrogen, for better yield of DNA. All DNA ancentrations were estimated by electrophoresis of
samples in a 1 % agarose gel alongside standatstiEaDNA. Microsatellite markers previously reported
(Ahmadet al.,2013) were tested on parents and polymorphic makere used to analyse 94 individuals
of the k, segregating population of 1ITA-686 x Ankpa 4. Robrase chain reaction (PCR) was done as
previously reported (Ahmaet al, 2013). After confirming the segregation in thepbpulation, this cross
was later sent off to DAIT Pty Ltd (Canberra, Aast) for genotyping by sequencing. This also
generated 64 bp sequence tags which were assoewteccach marker (DArT and SNPs) used for
linkage mapping. The JoinMap4 software (van Ooi2d06) was used to construct the linkage map,
comprising both sequence-derived DArT and SNP mat&&a.

RESULTS AND DISCUSSION

The DArT-based GBS of the,Fmnapping population (IITA-686 x Ankpa4), and a diity panel
comprising the parents of thg &ross and 111 genotypic landraces returned 8 B¥22(SNPs and 5,780
SilicoDArTs) potential markers. After filtering thidata set, a total of 3852 markers (1,312 SNPs and
2540 SilicoDArTs) were identified as high qualitatd and are polymorphic between the two parents
used to generate the mapping population. This axtsdar 43.4% of sequence derived markers thaidcoul
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be used for linkage analysis and map construckiamever, in an attempt to produce a linkage map wit
minimal missing data, 1,238 (859 SNPs and 379 @&ilArTs) markers were used to construct a genetic
map for 263 individuals. The segregation data absshfor polymorphic markers tested for goodness of
fit, and the proportion of segregation distortioasrautomatically detected by JoinMap at<(0.05 for
significance). The locus genotype frequency suggedfil7 (772 SNPs and 345 SilicoDArTs, 90.2%)
markers showed a goodness of fit of 1:2:1 and 8rl bioth SNP and SilicoDArT marker types,
respectively, while the remaining 121 (87 SNP aad8icoDArTs, 9.2%) showed significant deviation
from Mendelian ratios in the map for all 263 Ilhes. Segregation distortion is a common phenamen
observed in actual genetic mapping projects thiizeitbi-parental crosses, and chromosomal regions
responsible for distorted segregation ratios haaenbmapped (Vogl and Xu, 2000). Markers linked to
segregation distorted locus shows distorted setiomgaand thereby contributes to a deviation inukc
genotype frequency from the expected Mendeliawsg¥ogl and Xu, 2000). In the present study, GBS
(SNPs and SilicoDArTs) markers showed distortedegagion of 9.2% for the map involving all 263 F
lines. Markers that showed obvious distortion wexeluded from the linkage analysis. In contrast to
earlier studies that reported a high proportiondstorted marker segregation for SSRs, DArTs and
AFLPs in two mapping populations (32 and 27%, repely) used for map construction and QTL
analysis in Bambara groundnut (Ahmad, 2013), tlie@ence of segregation distortion on QTL analysis
will be negligible. Segregation distortion may resfrom a number of factors, such as residual
heterozygosity, gametic or zygotic selections, gmbethal genes, genotyping errors, non-homologous
recombination, transposable elements and envirotahagents (Xian-Liangt al, 2006).

A genetic map was produced for all 263ifdividuals, with total map lengths of 1185 cMd&ies 1-1,
1-2). In this map, mapped markers were precisedygaed to 11 linkage groups (LGs) using an LOD
threshold of 6.0, which is in agreement with th@lbml chromosome number (n=x=11) in Bambara
groundnut (Uguret al, 2006). On average, the distances between adjawkers were 1.2 cM (Table
1). Linkage groups were arranged in order of magieit with LG1 being the largest to LG11 as the
shortest, in agreement with the chromosome lengthBambara groundnut genotypes (Ugwtual,
2006). The length of LGs ranged from 78 (LG 1113@ cM (LG 1) in the genetic map.

Tablel: Marker distribution across 11 linkage groups (ZJines): linkage groups and map lengths,
number of mapped markers, and marker intervals

Linkage groups Map length, cM Number of Average inter-marker distance,

loci cM
LG1 132 150 0.88
LG2 128.67 113 1.14
LG3 125.49 57 2.2
LG4 123.97 73 1.7
LG5 114.8 102 1.13
LG6 113.51 91 1.25
LG7 109.54 59 1.86
LG8 89.58 112 0.8
LG9 87.17 67 1.3
LG10 80.63 73 1.1
LG11 78.31 112 0.7
Total 1184 1009 1.2

NIGERIAN DEFENCE ACADEMY 824



PROCEEDINGS OF 42"° GSN ANNUAL CONFERENCE 2018

K- s4183930

54184075

da176773
d4180298
54184188
54182526
d4178962
54181361
54182246
d4178566
54181732
d4181936
d4184336
54183035
54181178
da178439
54181501
54183518
54183510
54181689
54183676
54183323
54181805
54183259 54183950
54182796
54183470
54182255
54183346
54182857
54181084
54183769 54183519
54184002 54182035
54182767
54183261
54182520
54184173
54181453
54183462
54181896
d4179074 54181776
54182062
54181891
54183953
54183426
54181578
54181813
54182675
54180700
54181248
d4183625
54176269
d4177361
54182663
d4180360
54183175
54183779
54182960
54181521
54178115
d4176578
d4179821 54182127
54181209 54178918
d4180214
d4178101 d4176191
d4179422
54183312 54182428
54184008
54183117
54183475 $4181246
54181817
54181701
54182454
54184162
d4176215
54184118
54183893
54183192
54182926
54183294
54184237
54182642
54181788
54182388
54181215
d4178779 s4181472
54182306
54182438
d4176411
54181528
54181923 d4178933
54182494
54182464
d4178380
54181241
d4179350
54184089
54178750
d4178658
d4179066
d4176757
54175881
d4180143
d4177260
54181097
54181365
54181599
54183429
54183398
54182386
54183274
d4180256
d4176117
44178446
54181672
d4179296
da177799
54182808
54183887
54184192
54182251
54183115
d4179038
d4184191
da177564
54181460
d4183447
54182984
54181108
54183822
54182574
54181938
54183134
54183545
54182867
54181691
54184223
54176770
d4177607
54181287

¥/ 54182256
[ /- s4181111

LG2

— s4181493
- 54182989
d4183914

R d4176535

54182978

| | \s4182174

d4176296
54183229
54184009
54182583
54183220
54181579

d4180265
54177383
54182307

Mt s4182145

54182052
d4176466

|t s4183170

54181773
da177451
54181835
54183182
54181312

54181851
54177826
54183337
54181913
da1778;

54183584
54181369
54181279
54182807

A\ 54182089

54181377

L1\ s4183208

d4180661
d4178339
d4175838

—— 54182834
| |-54182596

[~ 54181362

54184112
54183652
54181922

54182543
- 04176349
54183326
d4180415
54182882
54181231

d4179599

| $4184079
54183913
54183101
[~ 54181990

54183281
da182424
da177023
54182884
54182778
i\ s4184030
|\ sa184120
[l s4181765
54183234
da177186
|||t sa181605
[ s4183906
54183529
54182132
M\ sa182744
54182172
54181488
54183824

da179621
- da177784
| |-s4181794

54181911
54184049

{{- 54182779
54183711
R 4180172
R\ 54183668
54184097
| |\54182999
- 54183486
da179280

54182422
- d4181759

123,51 d4177569

FR- d4176423
d4178608

126.5 —— s4183551

128.7 —0— 54181397

d4177911 s4181871
[\ sa183279

d4178332
d4176682 d4176084
H\- da178648

18
d4176965 d4176205

44184354 d4182437

— s4183246

T s4183045

—— s4183232

T s4181274

T s4183455

T s4182197

[ |- d4178544

54181201

—— d4179115

d4179189
54182797
54181473
54182817
54182653
d4179090
54182121
541829

54181489
54182038
54183983
da178220
54181510
54182683
da177337
5418214
5418267
5418339
da179217
54182108
54181143

d4180181 d4176402

d4176797 d4177533

54182689

| |- da178106

54182335

— d4181013

— 54184051
— 54182651
— 54183826
— s4183222

T s4181443

54183698
54182150
54183646
da177047
54181663
54183691
54184100
54183055
d4179397
54183099
54182351
54183897
54182549

|- 54183157
54183303

NIGERIAN DEFENCE ACADEMY

54
d4180055 d4180804

1
144176978
7

LG4

0.0 —f— 54176064
1.0 —{— 4184034
2.4~ |-da181781
3.2~|-sd184110
5.1 d4177893
5.3~~~ 54183990
6.4 54183889
6.7 - 54181713
7.1 75\ s4181920
73 54182508
7,59\ da176408
7.8 54182283
9.6 54183000
12.5 ™ 54181820
54182278
d4177864
54182223
- da176648
d4180775
. 54181424
X 54181196
t 54182493

26.1-\{/- 5418213

i d417682
26.273\154181929
263 54183490
27.1 54181413
30.1 —=— 54183254
304 54182293
305//\- 54182250
319 54184150
35.7~] |- sa183067
36.2—— 54182439
36.8 d4180568
43.9 —{— d4180855
50.0 —— d4178178
53.4~| |~ d4178171
53.6 ] | d4179707
59.6 —-— d4178443
64.4—— 54181866
68.4~] |- da180475
69.7 d4177778
707~ [ 04178416
717\ | 54181962
72.4~J/- s4182528
72.7 —j5— 54182722
72.9 7| I\ sa182684
73.17/[]\" 54181356
743 54183239
75.17/7|\"s4182128
76.4 54181358
78,5 —] [ 54182095
792 54182395
81.4 —{— 4181249
83.3—— 54183216
84.6 —— d4177502
80.1 —{-— d4179482
90.7 —— 4183550
96.2—{— 4181418
97.9 —{— 4183205
98.9 —{— 4182327
104.1~] |- 54183476
104.8~[~ 54181071
105.1 79 4176354
105.2 54181293
105.6//\" 54181953
107.47| |\ sa184042
108.9 54183449
110.7 —1— d4176123
122.0~] |~ d4176477
1221 d4177791

124.0 —=— d4179416

4
3 d4176607

d4177187
54182868
54181921
d4177715
54182377
54180377
54183205
d4180493
d4180817
d4180096
d4179904
54182349
54182252
S\ s4184007
I\ s4181376
54183756
d4178347
54182768
54181734
' s4182057
54181833
d4176825
54182609
d4179773
1§ d4179758
54183195
54183308
d4179337
54182226
M\ 04179816
54182273
d4177416
(I 44180624
54181919
il s4183260

54183376
54181364

8|l s4183179

(| sa181188
! sa184077
—}| s4181728

it sa182506
d4183981
d4177531

| sa182157
54183609
54183219
d4180145
54183054
| s4182418
54177359
54181490
M\ sa183743
d4179750
54181319
54183288
M\l sa183878
d4176835
d4178142
54178414
it d4176539
d4179749
54183013
d4175984

L\ sa179691

d4179907
d4177233
d4178267

54182400

54177410

54183864

d4177182

54182363

R 54183353
3¢

d4180200
54179329
54181818
54181596
=\ $4182140
d4177706

89.7 —— 54180115

100.7 ——— 4182450

105.4 ——— 44180215

d4179069
d4179192
d4178684
d4177092
54182372
54183366
d4178744
54182208
d4176644
54183675

om N NmEmannin AonE
FowwobRANR N

689
I\ 54182267 d4177332

d4179831 d4179751

54183738
54184126
54181463
54178940
54184201
d4178625
d4180255
d4175858
54183965
54182579
54181934

5418149
54181093
d4184344
54184070
H | sa183791
1\ | da180357
54181979
54183707
54182904
54178211
54181151
54183656
d4180198
54182657
54182578
54181748
54182183
54184123

d4178994
54182190
54182801
d4178467
d4177920

41.7—— $4181585

d4176080
d4176645
d4178236
R s4183802
=\ 54183466
d4180887
d4176845
d4175794
M\ 4177157
d4176290
d4177207
N\ 4180824

54182309
d4184387

54184012
54181119
54182317
54181264

66.5—{— 54181298

54183976

54183793

84.9——— 54184205
86.7 —— 54183949

90.5——— 54182272

d4176592
54182021
[~ 54183741
IR d4180531
54184127

54181208
54181626
54181793
54182201
d4177313
54183374
54182979
54183970
54182556
54181986
. 54183484
d4180389
54181709
54182888
54181286
54182480

Figure 1-1: Genetic linkage map of 11 linkage group (LGs 1, 2, 3, 4, 5 and 6). This map was
constructed using 263 F lines derived from a [ITA-686 x Ankpa4 cross. Posions are given in
centimorgan (Kosambi units) to the left of the linlage groups and the name of the marker the right.
A total coverage of 1184 cM was obtained with 1008arkers (683 SNPs, 326 DArTS).
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Figure 1-2: Genetic linkage map of 11 linkage groups (LG8, 8, 9, 10 and 11). This map was constructed
using 263 K lines derived from a IITA-686 x Ankpa4 cross. Positionsare given in centimorgan
(Kosambi units) to the left of the linkage groups and th name of the marker the right. A total coverage
of 1184 cM was obtained with 1009 markers (683 SNPs,GBRAITS).
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This high density map provides a full coverage g Bambara groundnut nuclear genome, and the
number of linkage groups corresponds to the 11mbsome numbers and lengths reported for the
Bambara groundnut genome (Uguweti al, 2006). The current Bambara groundnut linkage rsap
considerable improvement over the previous Bamigaoandnut genetic linkage maps built on SSR,
AFLP and DArT markers (Ahmad, 2013). The broad gea@overage achieved in this study was due to
the capacity of GBS markers to detect a high lefedenetic polymorphism between the genetic cross
IITA-686 (from Tanzania) x Ankpa4 (Nigeria, Westrish), large E population size and maximum
recombination events between the two parents ofséimee species. Such a high density intra-specific
molecular linkage map based on genic-SNP and d&BR-markers is also available for pigeon pea,
covering a genome map length of 1520.22 cM (Kumaatadl, 2012). While the number of markers
assigned to each linkage group could reflect thegtive amount of genetic variation present amorgy th
linkage groups, their map distances on the othed haveal the similarity in chromosome lengths (Osu
et al, 2005; Ugurwet al, 2006). Furthermore, this map was constructedgué#-bps sequence derived
markers of the Bambara groundnut genome; therefordll be highly useful for comparative genome
mapping and synteny studies with other legume gesothat has reference genetic maps and a draft
sequenced genome.

Construction of a detailed genetic map and QTLyamislrelies on the identification of sufficient nber

of markers revealing polymorphism among parents us@ genetic cross, and the availability of ralev
mapping populations. In the present study, the rimgppopulation was based on a pair of genetically
diverse genotypic landraces (IITA-686 and Ankp#d) which a high percentage of polymorphic markers
(43.4% of SNPs and SilicoDArTs) with wide genomeverage were identified. The large genetic
distance between the parental lines of the mappopgylation in the present study provided a highreeg

of polymorphism for markers across most of thedi groups (Table 1). This finding is at variaree t
the report (Ahmackt al, 2013) that observed lower polymorphism for DAlifisa narrow cross, as
evident from the reported in the identification2#6 (3.1%) of polymorphic DArTs out of 7680 DArTs
screened between the parents of the narrow crassever, a polymorphic rate of 36.3 and 33.1% for
SSRs was also reported in a narrow and wide cropslations of Bambara groundnut, respectively
(Ahmad et al, 2013). The level of polymorphism obtained instlstudy is consistent with previous
research, and it demonstrates that a greater dé\ggnetic diversity exists in Bambara groundnaintim

a number of other legume crops. In pigeon pea ristance, even after using large number of SSR
markers (3,072) a polymorphism level of 4.65% ariid2was obtained for the parental alleles in ICP
8863 x ICPL 20097 and TTB 7 x ICP 7035 crossese@sgely, confirming the narrow genetic base
present in cultivated pigeon pea genepool (Sartmd, 2010a; Bohrat al, 2012). Furthermore, a total
of 296 SSR and SNP markers (10.17%) showed polymgrpbetween parents in the pigeon pea genetic
cross Pusa Dwarf x HDMO04-1 and were used to geeadiys F2 plants (Kumawat al2012).

CONCLUSION

A high resolution genetic map was constructed iframapping population derived from the cross IITA-
686 x Ankpa4, based on GBS (SNP and SilicoDArT)kmes. The linkage map consisted of marker loci
(1281 SNPs and DArTs), with good coverage (1196spisihning 11 linkage groups); and average marker
intervals (1.2 cM). The marker information obtaingeimonstrates the power of GBS in understanding
plant genomes. Based on this current genetic mapfaéasible to conduct comparative genome mapping
to discover synteny between Bambara groundnut Hret sequenced legume genomes.
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Abstract

The outcomes of the various rabbit semen cryopvasen protocols are still varied. Our present sfud

is aimed at evaluating the cryoprotective potestiall bio-fortifying basic buck semen freezing eXtes
with 20% egg yolk plasma(EYP) from 3 avian speci@sicken(Control), Turkey and Muscovy duck.
Using artificial vagina, heterospermic pool of sem&as collected from 20 rabbit bucks and samples
aliquoted for the 3 treatments. Spermatologicalgmaeters (%) evaluated were Mass motility (MM),
Forward Progressive Motility (FPM), Liveability (DVAcrosome integrity (ACI) and Total abnormality
(TA). Treated semen samples were analyzed; Pagtodiland chilling (5°C, | hour), Post equilibratio
(-120°C, 5minutes) and Post thaw(-196 °C). Muscdugk EYP treated sample gave the best result
regarding all other studied spermatological paraerepost chilling except mass motility of 76.67%
(Turkey EYP). After equilibration, semen in dilieeobntaining Muscovy duck EYP was the best irhall t
parameters studied followed by Turkey EYP treatzde samples. All the treatments were significantly
different from each other across the spermatoldgjzarameters (P> 0.05).Post thaw evaluation of
semen samples showed best combination of resulisMuscovy duck EYP treated samples which was
significantly different from other two treatmen@hicken EYP and Turkey EYP diluents were statiftica
similar in all evaluated spermatological paramegstcept total abnormality. Total abnormality in Teyk
EYP bio-fortified samples was the worst 28.00% gwestv. In conclusion, Muscovy duck EYP containing
diluent could provide better cryoprotection to rabkemen than conventional Chicken (EYP) at 20 %
inclusion in rabbit buck semen freezing diluents.

Key Words: rabbit semen, egg yolk plasma (EYP), cryopres@maavian species, diluents.
Introduction

The multi- purpose benefits and usage of rabbithuman food chain, biopharmaceutical researches
including industrial inputs associated with itsathye products positioned this species as verpitapt

in the animal agricultural value chain. Rabbitiang can also provide a very valuable additiomairse

of income in the rural areas and expand the vahancof livestock sub sector of many developing
countries in search of sustainable protein of ahorigin. Yearly, biomedical and innovative resdacs

will need some thousands of rabbit to carry outlistu relating to product discovery, development and
testing. On a small scale, it involves small num(@efew dozen or less) of animals fed on a varddty
green forage, vegetable, household waste and #griaduby products (FAO, 1997). Biotechnological
tools of artificial insemination commonly known @&l) facilitate the revolution the business of aalm
reproduction, breeding and genetics.

The Al technology provide a veritable platform fihe advancement of other Assisted Reproductive
Techniques (ARTS) to support sustainable use ofmalnigenetic resources for livestock precision
breeding, genetic resources conservation and dawelot of new value chains in animal agriculture
including semen banking. Nowadays, semen freezngot a reliable or repeatable method yet, and
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results after Al with rabbit frozen semen are dtid inconstant to plan a routine utilization ofsth
technique (Moce, Lavara and Vincente, 2003). Extenand commercial use of Al in rabbit breeding is
limited by availability and affordability of cryopserved semen. In practice, the use of fresh datbdi
semen for Al operations is only feasible providied buck from which the semen is collected is radide
on the farm or at short inter-farm distances bebwaa®l within farms.

Many livestock semen cryopreservation diluents heyg yolk a part of the constituents because of its
documented preservative factors including the amytgetion of the spermatozoan’s plasma membranes
and maintenance of the acrosomes against possymeimgury. It is believed that the phospholipids,
cholesterol and low density lipoproteins in eggkyolay be the factors that provide protection torigpe
against cold shock during the freeze—thaw procéssirat et al, 2005).There have also been some
reports that egg yolk from avian species such asdinck, quail, pigeon or chicken have different
combinations of fatty acids, phospholipids and ebktdrol, which could result in different
cryopreservation effects on the sperm (Bahtgdtal, 2006; Humes and Webb, 2006; Andrabi and
Maxwell, 2007; Clulowet al, 2007; Stet al, 2008).

For many years, hen egg yolk has routinely beed irsextenders to cryopreserve the semen of differe
animals; however, this practice entails severavtexks (Huopalahti et al., 2007). Yolk plasma hesrb
reported to be as efficient as whole egg yolk feeting stallion semen, thereby avoiding many es¢h
negative factors. It is a well-known fact that, lwéqual dry matter, plasma exhibit better propgtien
yolk. In fact, plasma proteins have been showrag g prominent role in egg yolk gelation (Guilméne
et al, 2005). Egg yolk plasma is an intermediat&pct of raw whole egg yolk and LDL. The extraction
of EYP is faster and more cost effective compaceddDL hence the new trend in its utilization in sam
cryopreservation. There species specific differancthe composition of egg yolk from different avia
species thereby affecting the cryoprotective esfe€tEYP from different birds. Therefore, our aimtlis
study is to evaluate the cryoprotective effectdiof fortifying freezing diluents with 20% inclusioof
Egg yolk plasma from Chicken (Control), turkey avidscovy duck on the spermatological parameters of
rabbit buck semen

Materials and Methods

Rabbit Buck and their Managements

Twenty sexually matured mixed breed of rablidtryctolagus cuniculuspucks under the intensive
management system were used in this study. Theatswere fed with both commercial concentrates.
Experimental animals were exposed to half a dayatdéiral lightening condition during the experiment,
kept securely inside metabolic cages for easilyydaisbandry services and semen collection. Daily,
hygienic water &d libitum) and feed were served to the rabbit bucks unifprtiring this study at the
Teaching and Research Farm, Obafemi Awolowo Unityerée Ife, Nigeria.

Semen Collection

Pre warmed (40 °C) rabbit artificial vagina (AV) svaised for the collection of semen from the
experimental bucks. The artificial vagina (AV) useds designed and constructed at the experimental
station. The experienced bucks were introducedefsdr does to ensure natural stimulation for
ejaculation. The penis of the bucks was locateghture penetration into the artificial vagina famnard
ejaculation. Semen was collected two times a weekaaly ejaculates with minimum of 0.5 ml volume
were used in this research work. Micropepette veasl wo remove gel plugs from ejaculates immediately
and collected semen transferred to the laboratbd02C inside flask for assessment, processing and
storage. Semen was collected on a fixed day tweekly. The average temperature of rabbit does @agin
was 39C at the time of collection.
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Semen Evaluation

Phase contrast microscopy was used for the sensonagion. The semen arrived laboratory within 30
minutes for assessment. The parameters assesderte@rded in percentage (%) were the sperm
concentration, mass motility (MM), forward progrees motility (FPM), live ability (live:
dead),acrosome integrity and total abnormalities.

The volume of semen used for the assessment ofpeaameter evaluated was measured with eppendorf
pipette. The concentration of spermatozoa gredtan tor equal to 50 million cells mi-and the
proportion of motile cells greater than or equaB®?2% were used. The concentration was estimaiad us

a haemocytometer.

Mass motility and FPM percentages were evaluatedlioyoting samples (10 micro litres) of the fresh
spermatozoa at 37 °C on a pre-warmed slide anddbeared with cover slips (22 mm x 22 mm) and
then transferred to a heated microscope stagetsgf 4C. Semen samples were assessed by phase
contrast microscopy (x100 and x 200 magnificatioriBle proportion of motile sperm cells and
spermatozoa with progressive motility were estimate

Liveability and proportion of morphologically abmeal spermatozoa (Total Abnormality, abnormal head,
tail and mid piece) were assessed by staining liqaads of the sperm suspension with eosin- nigrosi
and Giemsa (Cassinello, Abigar, Comendio and Roliia88). Acrosome integrity of the semen samples
were examined by phase-contrast microscopy usir@ »dil immersion objective. The aliquot was
stained using Congo red and the slides were fixgld @thanol. The stained and fixed samples on the
slide were soaked in the Trypan blue stain for 8r&dbefore estimation of spermatozoa with intact
acrosomes (i.e. with normal apical ridges in petag®) using the oil immersion microscope.

Semen Processing, Equilibration and Cryopresemvatio

The acceptable ejaculates for the analyses wemaatbazed by volume0.5 ml, concentration of 250
Million per ml, mass motility> 85 %, Forward progressive motility (FPM80%, liveability of>75 %,
acrosome integrity 70 % and total abnormality less than or equal@4lThis was based on the results
of the preliminary studies using heterospermic gooin the bucks’ ejaculates used. The semen was
initially diluted with Tris Citric acid fructose oling extender the at dilution ratio of 1.5 in a&rie
bottle. The compositions of the cooling extendetude Tris 0.302g, citric acid 0.167g, fructose23d,
streptomycin 0.05g and 20% egg yolk plasma eaam f@hicken, Turkey, Muscovy duck whole yolk
samples.

The tubes containing the diluted semen were chititie refrigerator at 5 °C for 1 hour. The aliqod

the chilled extended semen was measured using épfgripette into cryo tubes (0.5 ml). Cryodiluents
was subsequently added to the chilled semen. Timpasition of the cryodiluents include Tris 0.302g,
citric acid 0.167g, fructose 0.125g, streptomyci@5@, Sucrose (%) , DMSO (8%) and 20% egg yolk
plasma each from Chicken, Turkey, Muscovy duck whailk samples. The samples were then exposed
to liquid nitrogen vapour at -120 °C held at 4 above the surface for a period of 10 minutes ansl wa
then plunged into the liquid nitrogen(-196 °C) tbe cryopreservation. Frozen semen inside cryostube
were thawed at 50 °C for 12 seconds (Rosato,Dildianchisi, Petrosino, Centoducati
....... laffaldano,2013) in a water bath and conterdsavassessed.

Experimental Design

The experimental design used in the experimentgoimpletely randomized design (CRD).Three
treatments using egg yolk plasma from the 3 sedeat#an species. The procedure was replicatedethric
for all the 5 parameters evaluated per treatment.
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Data Collection

Spermatological parameters evaluated in percen{&eare mass motility, forward progressive matilit
(FPM), Liveability (LV), Acrosome integrity (ACI)rad total abnormality were assessed post dilutiah an
chilling, post equilibration/pre freezing and ptsw.

Statistical Analysis

Data obtained were recorded and then subjectedalgsas of variance using Statistical analysisvsafe
(SAS, 2004). Means $.E.M were compared using Duncan’s multiple rategé (Duncan, 1955). Mean
values were considered to be statistically diffeedriP_9.05

Results

TABLE 1: Spermatological Parameters of Extended Rabbit Semewith 20 % Egg Yolk Plasma diluents
at 5°C, 1hour

SPECIES MASS FPM (%) LIVEABILITY ACROSOME  TOTALABNOR
MOTILITY (%) INTEGRITY MALITY (%)
(%) (%)

CHICKEN 71.3345.92  42.50+4.44  65.33+4.33 63.33+4.91 13.67+1.20

TURKEY 76.67+0.67 51.50+0.50 68.33+3.17 65.00+2.77 10.33"+0.67

MUSCOVY  73.33+3.75 56.08+2.97  75.00+2.51 69.00+3.05 9.67°+0.89

DUCK

Means on the same column with different superscript are signify different (P<0.05).
FPM- Forward Progressive Motility

TABLE 2: Spermatological Parameters of Extended Rabbit Semerwith 20% Egg Yolk Plasma
Cryodiluents at -120°C, 5minutes (Post Equilibration, IPe Freeze)

MASS TOTAL
MOTILITY LIVEABILIT ACROSOME ABNORMALIT

SPECIES (%) FPM (%) Y (%) INTEGRITY (%) Y (%)

CHICKEN 54.06+5.00 50.56+3.50  55.08+9.00 54.56+2.50 19.08+3.00

TURKEY 56.50+4.50 55.78+2.75  59.56+3.50 58.56+0.50 16.06+1.00

MUSCOVY

DUCK 70.08+5.00 60.08+3.50  67.5&+2.50 66.50+3.50 9.56+2.50

Means on the same column with different superscript are signify different (P€.05).
FPM- Forward Progressive Motility
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TABLE 3: Post Thaw Spermatological Parameters of Cryopreserve®Rabbit Semen with 20% Egg Yolk
Plasma Cryodiluents (-196 °C)

MASS TOTAL
MOTILITY LIVEABILIT ACROSOME ABNORMALITY
SPECIES (%) FPM (%) Y (%) INTEGRITY (%) (%)
CHICKEN 50.00+2.00 48.75+2.75 56.06:2.00 54.06+10.00 22.08+1.00
TURKEY 52.50+4.50 49.75+3.15 58.56+3.50 54.06+4.00 28.06+3.00
MUSCOVY
DUCK 66.00+3.00 57.28+9.10 67.50+8.50 60.50+2.50 10.06+2.00

Means on the same column with different superscript are signify different (P€.05).
FPM- Forward Progressive Motility

Discussion

The need for rabbit semen cryopreservation likeesefrom other livestock species cannot be
underestimated. Chicken egg yolk has been convelljoused in the cryopreservation of livestock
semen however due to its bulkiness and sanitarglitton, its replacement with either egg yolk plasma
EYP or low density lipoprotein LDL is now trendytusiies revealed that Whole Chicken Egg Yolk
contains substances like high-density lipoprotéHisLs) and minerals, which have the potential tectf
sperm functionality (Manjunatét al, 2002).

The present study was carried out to evaluate $leeoli alternative source of egg yolk from othemavi
species apart from chicken because of many econmmgsure on chicken egg compared to other poultry
occasioned by human needs for food and industses.uEgg yolk from different avian species such as
duck, quail, pigeon, chicken, and turkey has défiercombinations of fatty acids, phospholipids, and
cholesterol (Kulaksizt al, 2010). Interestingly, the sperm membranes okdbffit species also vary in
their cholesterol and phospholipid content thauifices their susceptibility to cold shock. Therefahe
differences in sperm membrane composition and tmeponents of the egg yolk from different avian
species may culminate in species-specific intevast{Morencet al, 2008).

Post chilling dilution results of best sperm mugilin Turkey EYP extender was indicative of itstbet
performance when compared with the EYP from conweat Chicken egg yolk. Egg yolk has been
reported to have stimulatory effect on sperm mgt{Chinsombooret al, 1990). The best performance in
the studied parameters by Muscovy duck EYP comigidiluents was consistent with previous studies in
other livestock species. Shah et al 2017 repottetl ¥Whole Chicken Egg Yolk (20%, v:v) can be
replaced with UV-C—irradiated chicken EYP (20%,)vv tris-citric acid extender to improve the post-
thawin vitro quality, andn vivo fertility of water buffalo spermatozoa.

Previous studies reported the substitution of amciwith duck egg yolk to improve the post thawing
motility in stallion and bull sperm. Burris and We(R2009)), reported that although the values wete n
significant, the inclusion of duck egg yolk in tti#uent resulted in the second highest progressgpezm
motility while the inclusion of turkey egg yolk proled a higher (p < 0.05) post thawing progressive
sperm motility than any of the three extendersistlid- which included chicken egg yolk. Turkey egg
yolk contained the highest levels of cholesteralr €sults in this present study using 20% EYP gtbw
the best mass motility and forward progressive lptf 66.00% and 57.00% respectively in diluent
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containing Muscovy duck EYP. This results was digantly different from Turkey EYP and Chicken
EYP treated samples which were not significantljfedent from each other except worst total
abnormality of 28% reported in Turkey EYP samplstgbaw. Andrabgt al, (2007)) and Clulovet al,
(2007)) reported that duck egg yolk could compane@irably with other avian egg yolks in extenders
used to improve the frozen—-thawed quality of bufflalll and stallion sperm. Egg yolk from duck was
reported to have better protection on sperm qualdapsidering parameters like motility, viability,
abnormal sperm and membrane integrity than oth@nasgg yolks — except chucker egg yolk. This may
be attributed to the higher levels of protein,digind cholesterol present in the duck egg in coisqar
with chicken egg yolk (Chaat al, 2002).

Andrabi et al, 2008 reported that DEY protects buffalo bull spetail from damage during
cryopreservation is of enormous significance. Th#har concluded that DEY compared to other avian
yolks in extender improves the frozen-thawed qualitbuffalo bull spermatozoa.

The results from the present study agree with spreeious works using other species of livestocke Th

use of EYP as against EY commonly used by othehoasit was innovative in rabbit semen

cryopreservation and provide a better alternativethé use of chicken EY for EYP production in semen
freezing protocol of rabbit buck. Total abnormaliy10% and acrosome integrity of 60.00% in Muscovy
duck EYP is quite significant and indicative of teetperformance over Turkey EYP and Chicken EYP
containing diluents.

Conclusion

Muscovy duck EYP (20%) provides a better cryopribecfor rabbit semen during cryopreservation in
comparison to Turkey EYP and Chicken. Muscovy dad# (20%) can therefore replace Chicken EYP
in the cryodiluents used in freezing rabbit buakee.
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ABSTRACT

A study was carried out at the Skills Acquisitiord &ntrepreneurship Development Centre of National
Agricultural Extension Research and Liaison Sewi¢BlAERLS), Ahmadu Bello University, Zaria-
Nigeria to identify the level of phenotypic corrabas that exists between the linear body measurame
and body weight of cross between New Zealand Whidetch and Chinchillax Dutch rabbits at post-
weaning.

Data on 16 weaner rabbits were obtained from thessrbetween New Zealand WhitButch (N2DU)
and Chinchilla x Dutch (CHxDU). Data on body weight atidear body measurements (LBMs) namely:
body length (BL), chest girth (CG), head-to-shot(ld&), shoulder-to-tail drop (ST), length of hirefl
(LHL), ear length (EL), height at withers (HTW) dangth (EL), heart girth (HG), body length (BL),
head to shoulder (HS), leg length (LL) and taildén(TL) were collected after weaning (6 to 14 veeak
age). The relationships among the measured tragt®wetermined using Linear Correlation Procedure
of SAS (version 8.0, 2004).

The value of the Pearson’s linear correlation cméfhts determines the level of relationship betwine
LBMs. Correlation coefficients ranged from 0.339.2nd 0.12-0.93 in N#@DU and CHDU
respectively. The correlation coefficients varieoiti positive to negative in NDU while CHxDU had
positive correlation coefficients. In all the geyyoes, low to moderate and high correlation coeffits
were observed among body weight and LBMs. In ceimiy offspring from cross between NZxDU had
both positive and negative correlation coefficiemiBile all the correlation coefficients observed in
CHxDU were positively correlated.

Keywords: New Zealand White, Dut¢lChinchilla, Linear body Measurements, Phenotypiceatations.

Introduction

Estimation of genetic parameters for productive eroductive traits is very vital to the use ofrma
made selection which will lead to maximum genetipiovement when suitable breeding programs are
used. Estimates of correlations between rabbit bedights and morphometric traits are scarce in
available scientific literature all around the vebfAkanno and Ibe, 2005Moreover, rabbit producers
and breeders are interested in the relationshipetkiats between body weight and linear traits bsea
this information would tell something about rabfieed efficiency and production performance (Okero

al., 201Q.

This in turn will make the work of breeders easiad faster as its effects can then be concentmated
traits that are easier to measure.

MATERIALS AND METHODS

Description of Experimental Site

The study was conducted at the Skills Acquisitiod Bntrepreneurship Development Centre of National
Agricultural Extension Research and Liaison Sewi¢BAERLS), Ahmadu Bello University, Zaria,
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Kaduna State, Nigeria. Zaria is located within Nathern Guinea Savannah Zone of Nigeria between
latitude 12 33 N and longitude 1°33E (Ovimaps, 2016).

Experimental Animals and Management

A total of 16 weaner rabbits consisting of 8 froatlke crosses with the main treatment effect beirg th
genotype were housed in individual row cages ofainahd wire-gauze of 60x44x50&nThe weaner
rabbits were fed concentrate ration (16% crudeeproand 2504 Kcal/kg metabolizable energy) and
forage legume. Forage legumBiditaria smutssi was chopped and mixed with the formulated feed
before feeding. Routine management operations asategular cleaning of the cages and feeders were
carried out throughout the research period

Data Collection

The traits measured were body weights (BW) andalineody measurements (LBMs) namely: body
length (BL), chest girth (CG), head-to-shoulder YHShoulder-to-tail (ST), length of hind limb (LHL)
ear length (EL) and height at withers (HTW). Bodgight was taken in grams using a weighing scale
(Dimensions: 56 x 47 x 37cm, Model Number: KFC, Mfacturer: Yongkang Huaying weighing
apparatus company limited, China) and height atev# with a ruler in centimeters. Measurements were
done after weaning on a bi-weekly basis for 5 wgéks, 10, 12 and 14 weeks). All the traits, exdep
body weight and height at withers were measuretgusieasuring tape in centimeters.

Statistical Analysis

The relationships among the measured traits weterrdmed using Linear Correlation and Analysis
Procedure of SAS (version 8.0, 2004).

RESULTS AND DISCUSSION

Table 1 shows phenotypic correlations among bodighweand LBMs of New Zealand White x Dutch
and Chinchillax Dutch weaner rabbits. Results olgt@indicated that the growth traits measured sdowe
varying degrees of relationships. The phenotypicetation were positive and negative, low to high
ranging between 0.12 to 0.99 and were significar0(05). For New Zealand White x Dutch, a very
highly significant (p<0.001) correlation were olpiedl between BW and BL (0.99), BW and HS (0.93),
BW and LHL (0.99), BW and ST (0.98), BL and HS @).,9BL and LHL (0.98), BL and ST (0.94), HS
and LHL (0.89), HS and ST (0.88), LHL and ST (0.98)significant (p<0.05) correlation were observed
between other traits except for BW and HG (-0.&2)and CG (-0.53), HG and HS (-0.79), CG and LHL
(-0.43), CG and EL (0.33), CG and ST (-0.41), C@ &TW (-0.72), HS and EL (0.31), EL and HTW
(0.23) where there were non-significant (p>0.05)edence. For Chinchilla x Dutch a very high
(p<0.001) correlation were obtained between BL @&Md0.89), BL and HTW (0.88), HG and LHL(0.98),
HG and EL(0.89), HG and ST (0.85), CG and HTW (.8HL and ST (0.94), LHL and HTW (0.93),
ST and HTW (0.92) while other correlated traits significant (p<0.05) with the exception of BW and
EL (0.23), BL and HS (0.12), BL and EL (0.32). Thighest correlation coefficient was obtained betwee
LHL and ST (0.94) while the lowest correlation da@ént was between BL and HS (0.12).

In the weaner rabbits obtained from the crosse positive and negative correlation coefficienesray
obtained in all the growth traits measured in NZxhile in CHxDU only positive correlation
coefficients were found. Phenotypic correlatiobwsen body weight and other linear parts rangechfro
low to high (0.33-0.99) in NZxDU while CHxDU had1@2-0.93. The high coefficients of correlation
suggest possible strong relationship between tits trand the likelihood of pleiotropic effect ofrges
operating on them. Therefore, any attempt to selectone trait in a breeding programme will
automatically result to improvement on those otbemrelated traits. Previous studies have indicated
positive and significant correlations between liveight and body dimensions in farm animals, body
dimensions are good indicators and can be usedettigp the body weight of rabbits. The positive and
negative phenotypic correlations obtained in NZx8isagreed with the findings of Okost al. (2010)
while the positive correlation coefficients in CH¥agreed with the findings of the authors. The argh
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observed positive relationship between body weggitt LBMs such as EL, BL, HS, LL, HG and TL in
Chinchilla breed at week 3, 6 and 8 weeks of ablee possible reason for this variation may be aue t
breed or genotype differences, age of the animald ather environmental factors like climate,
temperature and feeds. The positive correlatiofficants obtained in CHxDU simply means that ag an
one LBMs or BW is increasing a corresponding inseees expressed in the other while the negatively
correlated traits are the reverse. The moderategto correlation coefficients obtained corroboréates
work of (Akano and Ibe 2005) in various breedsaifhits. The results obtained in NZxDU are similar
with the findings of Tiamiywet al. (2000) who reported both positive and negativeetation coefficients
among medium breed rabbits.

CONCLUSION

The result indicates that offspring from crosswastn NZxDU had both positive and negative correfati
coefficients while all the correlation coefficierdbserved in CHxDU were positively correlated betwe
the LBMs and body weight.
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Table 1: Phenotypic correlations among Body wedgttt LBMs of New Zealand White x Dutch and ChinehilDutch weaner rabbits

Genotype  Traits BW(g) BL(cm) CG(cm) HS(cm) LHL(cm) EL(cm) ST(cm) HTW(cm)

NZxDU  BW(qg) -

BL(cm) 0.99%** -

CG(cm) -0.5%° -0.53" -

HS(cm) 0.93** 0.92%* -0.79' -

LHL(cm) 0.99%+* 0.98*** -0.43%° 0.89*** -

EL(cm) 0.61* 0.54* 0.3% 0.31'¢ 0.67* .

ST(cm) 0.98*** 0.94%** -0.41"° 0.88*** 0.98*** 0.72* -

HTW(cm)  0.66* 0.57* -0.7%° 0.81** 0.60* 0.23° 0.70** -

CHxDU BW(g) -

BL(cm) 0.41* -

CG(cm) 0.49* 0.61* -

HS(cm) 0.48* 0.1% 0.82** -

LHL(cm) 0.54* 0.74** 0.98*** 0.75* -

EL(cm) 0.23° 0.32¢ 0.89%** 0.76** 0.81** -

ST(cm) 0.58* 0.89%** 0.85** 0.54* 0.94%** 0.56* -

HWT(cm)  0.40* 0.88*** 0.89%** 0.46* 0.93*** 0.74* 0.92%** -

NZ=New Zealand White, DU= Dutch, CH=Chinchilla, BWedy weight, BL=Body length, CG=Chest girth, HS= addo-shoulder,
LHL=Length of hind leg, HTW=Height at wither, EL=Ekength, ST=Shoulder-to-tail drop, NS= Not sigeéint (p>0.05), *=p<0.05, **=p<0.01,
***= p<0.001.
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Abstract

There is high incidence of chronic Salmonella baateinfections and carriers in schistosomiasis
endemic areas. A study was carried out to deterrtfireendemicity of S. haematobium and co-infection
with salmonella bacteria among school childrenhree selected Primary Schools from T/mafara Local
Government area, Zamfara State. A total of 360eusamples were analyzed by sedimentation technique
and presence of S. haematobium eggs were determii@dscopically. Infected urine samples were
cultured for Salmonella bacteria and identified/Goned by standard Biochemical/Serology tests. The
overall incidence of S. haematobium was 37.2% anthiection with Salmonella spp. was 20.0% with
Gurbi Primary School having the highest incideneterthan Yalwa and Abubakar Tunau Primary
Schools. In both cases of S. haematobium and eotioh with Salmonella spp, Male pupils had the
highest rate of infections than the female pupNge group 8-11 had highest incidence rate of 44.2%
while the lowest (20.0%) was in age group 12-15.iffection rate was high among the age group 4-7
with 69.4% than age group 12-15 with 12.5%. Chisgguanalysis revealed no significant difference
(P>0.01) in the rate of infections with all the ted variables. Salmonella bacteria isolated was
Salmonella typhi 39.0%, S. paratyphi A 30.0% ang&atyphi B 21.4%. Cases of co-Infection with
enteric fever bacteria was found in the urine stéd pupils hence could complicate treatment. Theze
there is need for public health enlightenment ampuagils to adapt preventive measures with control
programs for snails’ intermediate host.

Key words: Co-infection, SchistosomiasisS. typhi, S. haematobium

INTRODUCTION

Schistomiasis haematobiuma helminthes parasite that causes urinary sdustiasis, a disease that is
characterized by bloody urine, lesion of bladdeidnky failure and bladder cancer in children
(Butterworth, 2007), Though the disease kills fegpple, its clinical effects, incidence and assamiat
with other diseases and expansion of agriculturd water development projects, movement of
population and increase in population density asmdessocial habits like passing urine and faeces nea
water bodies makes it a problem of great healthomamce (WHO, 2010). In other hai@hlmonella
infections of humans and animals continue to beappnpublic health problem worldwide and also have
a large negative economic impact on food produdi@imang, 2008). The main sources of Salmonellosis
in humans are food, animals and their products sschaw eggs, poultry meat and pork (Chaunchom,
2003). The true incidence &almonellaassociated diseases (SADs) in humans is difftcukkvaluate
because of lack of an epidemiological surveillasgstems, especially in developing countries. The
annual incidence of typhoid is estimated to be ai@umillion cases worldwide, and is highest ins#o
between the ages of 5 and 12 years (WHO, 2014).
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In the study area, Sokoto Rima River Basin DevelpnAuthority (SRRBDA) has been executed
numbers of development irrigation project for rfeeming in progress. This situation provide suigabl
environment for the survival of the intermediatesthof the causal agent of schistosomiasis. Though
there are reports of schistosomiasis in Zamfareestand other neighboring states (Adamiual.,
2001; ladaretal., 2011; Balagetal., 2012),

They predominantly depend on bakalori dam for tlagily water needs and other water activities.
Hence, this study reported endemicityfhaematobiunand co-infection with Salmonella bacteria
among school pupils in Talata Mafara LGA area Zaenfstate, Nigeria.

MATERIALS AND METHODS

Study area

Zamfara state is located in the Sudan savannahinahe extreme North-west part of Nigeria, between
longitude 5°44'30°E and 6° 0’0" E and latitude 123'30"N and 12°49'0"N. Rainfall in this area is
between May/June to early October, when the natueder bodies are often flooded (Adaratial,
2001). Annual rainfall in that area ranges betw®&@d and 1300 mm, while the dry season last for& to
month that is November to May. It shared commorrdea with sokoto state to the North, Niger state t
the west and Katsina state to the East. The tatal &rea is about 1892 square kilometers. Thesettit
areas in the district are mostly low lying with iaurs types of fresh water bodies such as damsiaaicsr
This area has Bakalori dam. The vegetation is marassland with trees. T/mafara district has nyainl
farmers and fishermen. People around the areaeayepoor and dependent on fish, irrigation farming
and other animals for food and nutrition and theg water from Bakalori dam for their domestic need.
Sampled schools

Three (3) schools were randomly selected from wiffearea of Talata Mafara. The primary schools
selected were: Yalwa, Abubakar Tunau and Gurbigmnnschools.

Sample Collection

A total of 360 urine samples 120 each from schoefeacollected among school age children by
stratified random sampling method. Structured qoaestires were used to collect some information
on age, and sex; from the children during sampbtdieation. Each child was given a cleaned, dried
screw capped urine specimen bottle which were gpately labeled and instructed by demonstration
on how to collect the urine samples used for thislys The samples were collected from 10 am-12
pm, placed in black polyethylene bag and transdatethe Parasitology and Microbiology research
laboratories of Usmanu Danfodio University Sokaipgarasitological and bacteriological analysis.
Laboratory (Parasitological) Analysis

Sedimentation technique for identification ofS. heamatobiunmeggs

Urine samples collected were examined macroscdpifal the evidence of haematuria. A drop was
placed on a slide which was examined under theaseope at x10 and x40 magnifications. Eggs were
confirmed by the position of spine (at terminal e(cheesbrough, 2006).

Bacteriological Analysisfor the Isolation of SalmonellaBacteria

About 2ml of positive urine samples (those infectéith S. heamatobiuneggs) were inoculated into
sterile culture tubes containing about 20ml of ghyoolate broth agar and incubated for 24-48 hatrs
37°C. At the end of the incubation period, growtlisvobserved by change of color of the medium from
pink to milk and or by formation of turbidity. Paise tubes were sub-cultured by streak plate metifod
inoculation into pettri dish plates containing Sairalla-Shigellaagar. Negative tubes were discarded and
considered as negative result for co-infection wiithcteria after sub-culturing for 10days. The
SalmonellaShigellaagar plates were incubated overnight at 37°C arrd examined after 24-48 hours
for growth. Suspected colonies $&lmonellabacteria (fine semitransparent colonies with bleekters)
were sub cultured on a pettri dish plate contairfirgh MacConkey agar to obtain a pure culture.
Semitransparent (colorless) colonies were seen.puine culture obtained were inoculated and staned i
agar slant bottles containing nutrient agar foregje and further characterization (Baygfal.,2010).
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Gram Staining was carried out according to (Eugeial, 2007).

Immersion oil was added on stained slides and etkunder x100 objective lens, rod bacilli colonies
with pink/red color was considered as gram negdiaateria and were further taken for biochemicstl. te
Biochemical Identification of the Bacterial Isolates:

Gram-negative Suspected colonies were identifiechgudiochemical test which include Citrate
Utilization, Triple Sugar Iron (TSI), Urease, IndpMethyl Red (MR), Voges Proskaur and Oxidases test
(Brown, 2012).

Serological Test forSalmonellaspp.

Isolates whose biochemical characteristics confdrtoethose of salmonellae were further subjected to
serological analysisSalmonellaserogroup kit obtained from Statens Serum Instit@epenhagen 8,
Denmark was used to determine the serogroup ofsthlates. The serogroup kit came with 7 rabbit
antiserum (D, B, C, E, G, F, and A group) and 1 omtonal antibody (Vi). The test was carried out
according to manufacturer’s specification (Ochel Kolhatkar, 2008).

Data Analysis
The data obtained were analyzed by using simplespésge while Chi-square test was
Used to compare differences at P<0.01 consideggifisiant.

RESULTS AND DISCUSSION

Results obtained from this study showed 37.2% (184} rall incidence rate @&.haematobiuramong

the school children with Gurbi primary school hayithe highest rate of 42.5% (51), followed by
Abubakar Tunau school with 40.0% (48) while Yalwantary School had the lowest incidence rate of
30.8% (37). However the study showed 20.0% (729tal incidence rate of co-infection with Gurbi
primary school having the highest rate of 64.7%),(83lowed by Yalwa school with 48.6% (18) while
Abubakar Tunau school had the least rate of 43.2%. (Chi-square analysis showed no significant
differences in the incidence rate of infection wsblected schools at P<0.01 considered significant
(Table 1).

Table 2: Showed the incidence & haematbiumand co-infection with salmonella bacteria by Sed a
Age of pupils: The incidence rate by Sex was olesgmnwith Male pupils having the highest ra& (
haematobiumof 44.7% (97) than female pupils with the loweste of 25.8% (37), In other hand Male
children also had highest incidence rate of cositida of 73.6% (53), than Female pupils with lowede

of 26.4% (19). Among the age groups, age 4-7 ykadsthe highest incidence rate of infection 44.2%
(61) followed by 8-11 age group with 34.2% (40) &mel lowest rate of 20.0% (33) was observed among
the age group of 12-15 years. The incidence ratm-<dfifection was: Age group 4-7 showed higheg rat
of 69.4% (50) followed by 8-11years had 15.3% (@9l Age group 12-15 had the lowest rate of 12.5%
(09). Chi square analysis showed no significant diffeeeimcthe incidence rate of infection with the age
groups and sex of pupi{able 2).

Table 3. Showed the Biochemical and cultural charactepator the identification of bacterial species
isolated. The bacterial species isolated w&aémonella typhiSalmonella paratyphA and Salmonella
paratyphiB.

Table 4 Showed the frequency of occurrence SHImonellaspp. isolated from pupils urine with
Salmonella typhihaving the highest frequency of 39.0% (28) followey Salmonella paratyphiA
having 30.0% (22) an8almonella paratypH8 had the lowest frequency of 21.4% (15).

Table 5: showed the serological reaction of the test isglatith 3 isolates reacted positively on both
antisera D and monoclonal antibody.
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Table 1: Incidence ofS. haematobiurand Co-infection with Salmonella bacteria by tekested schools
sampled in Talata Mafara local government area Zearfbtate.

SCHOOLS NE NI/P (%) NIC | (%)
Gurbi 120.0 51.0 425 33.0 64.7
A/Tunau 120.0 37.0 30.8 18.0 48.6
Yalwa 120.0 48.0 @0. 21.0 43.7

TOTAL 360.0  134.0 37.2 72.0 20.0

KEYS: NE= Numbers examinedNI/P = Numbers infected with eggs of parasite(%) = Percentage
Incidence NI/C = Numbers infected with co-infection.

Table 2: Incidence ofS. haematobiurand Co-infection with Salmonella bacteria by Ses Age group of
the pupils

Variables NE NI/P I (%) NI/C I (%)
Sex/Gender

Male 217.0 97.0 447 53.0 73.6

Female 143.0 37.0 25.9 19.0 26.4
Total 360.0 134.0 37.2 72.0 20.0
Age Group

4 -7 138.0 40.0 34.2 50.0 69.4

8-11 117.0 61.0 244, 11.0 15.3
12-15 165.0 33.0 20.0 09.0 12.5
Total 360.0 134.0 37.2 72.0 20.0

KEYS: NE= Numbers examined\I/P = Numbers infected with eggs of parasitg%) = Percentage
Incidence NI/C = Numbers infected with co-infection.
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Table 3: Biochemical and cultural characterization of beatesolated from pupils urine

Biochemical and cultural characteristics

Probable Isolates

z
c
S g
g g g 8
17} o [} o ) _ (D) Q ()
Q 3 = a2 2 2 8 8 & 9 2 o o
8 £E ¢« £ & 8 E o 5 T 8B E 5 2 g %)
o o o [} o % c 3 S X B o T O 5 Q ©
£su 0 o =z > a4 =2 O n 0O 0o =2 £ o m T O
1. GNB -ve + -ve -ve ++ -ve -ve -ve + -ve R Y+ -ve Salmonella typhi
2. GNB -ve + -ve -ve ++ -ve -ve -ve + -ve R Y+ + S paratyphA
3.GNB -ve + -ve -ve + -ve -ve + + -ve R Y+ + S. paratyphB

Keys: GNB = Gram Negative Bacilli, -ve = Negative reaction, + = Positive reaction,R = Red andy =

Yellow

Table 4: Frequency of isolation of bacteria isolated frarfected urine samples of pupils

Organisms (probable Isolates) Number of occurrence Frequency (%)
Salmonella typhi 28 39.0
Salmonella paratyphi 22 30.0
Salmonella paratyph8 15 21.4

Total = 72 100

Table 5: Serogrouping of the isolates in co-infected Patien

Antisera No. of isolates tested Positive agglutination (+) Negative agglutioa (-)
Group D 16 3 13
Monoclonal ATB (V1) 21 3 19

Key; ATB = Antibody
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DISCUSSION

The result of this investigation has revealed $hataematobiurand associated cases of co-infection with
salmonella bacteria is highly prevalent in the gtadea. The observation of a relationship between
Salmonella sppand S. haematobiunis in agreement with several other previous woHaugh with
varied rates of 6.4% in Jos and 5.4% in Kadunadlgnwd Agbo, 2014). The total incidence of 20.0% (co
infection) is high compared to other works sucliMaslebeet al, 2014 reported on the prevalence of co-
infection (13.6%) but it is however low results wheompared with report by Maziet al., 2017,
Salmonellaspp. were positive in 64 schistosomiasis pati€309%), but is in agreement in sex incidence
rate, where it was highest among the males with(Z86%) than in females 6 (14.3%), on a dual
infection study of enteriGalmonellaspp. in Jos, Nigeria. Sample size and sampling tgéd have
contributed to the slight differences in the res(iodebect al, 2014).

Of the 134 infected pupils tested who were posifimeS. haematobiuneggs, only (20.0%) had co-
infection withSalmonellaspp. present in their urine culture. Compared ¢orésults reported by Mazet
al., 2017,Salmonellaspp. were positive in 64 schistosomiasis patié389%) and Salilet al.,43 (29.4),
however this can be attributed to the fact that iNaet al, 2017 used both stool and urine culture
method while Mogasalet a.,2014used Widal test in their study whereas the curoert applied urine
culture method alone.

In the present studySalmonellaspecies were isolated frofh hematobiurpositive subjects. These
findings out distance those reported by Modebal.,2014 who had stated th&almonellabacteraemia
has been described in association Withmansonf{Hathoutet al, 2006). In this study the association of
Salmonellaspecies was found witB. haematobiupthis is in agreement with Mazigt al, 2017 who
found Salmonellaspecies more with urinary schistosomiasis compéwedtestinal schistosomiasis. In
contrast to this findings, other studies detectedenassociation wits. mansoniS. intercalatumandS.
japonicumas againsg. haematobiurMuniz et al, 2009).

This study is in agreement with the findings (bfkkaegbuet al, 2014) in Jos, Nigeria who observed
68(42%) for Widal test against 9(5.6%) for urindtuxe and suggested that the use of Widal testeailon
the diagnosis of typhoid fever is unreliable, maslemg and should be discouraged; and that culture
technique still remains the gold standard in tlagdosis of typhoid fever and should be embraced.

Three (3) species @almonellawere isolated from pupil’s urine infected with sgof S haematobium
they areSalmonella typhi, Salmonella paratyphiand &imonella paratyphB among whichS. typhi
was found to be the most frequent 28 (39.0%). liliswhen compared with the findings of Maznal.,
2017 with S. typhihaving the highest frequency of (70.7%) on thee@ssion between schistosomiasis
and enteric fever in a singl®chistosomandemic area in Sudan, where urinary schistos@sniaas
found in 95 patients (46%) respectively.

CONCLUSION

High rate of infection withS. haematobiumhas been recorded and the study areas are therefore
considered to be endemic. Cases of co-infectioB bhematobiunwith (Salmonella typhiS. paratyphi

A andS. paratyphiB) were also established and a relationship betveéaematobiunandSalmonella
bacteria exist supporting the fact that their degtion could complicate treatment. Incidence é¢ation

with S haematobiunand Salmonella spjpas been found to be associated with age and sexdaf the
sampled subjects.
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