
https://doi.org/10.29329/ijiasr.2018.132




Volume 2 Issue 2, June 2018 

ijiaar.penpublishing.net 

https://doi.org/10.29329/ijiaar.2018.141 

Owner & Publisher 

Pen Academic Publishing 

www.penpublishing.net    |     info@penpublishing.net 



Prof. Dr. Yalçın KAYA 

Trakya University, Turkey 

Prof. Dr. Teodora POPOVA 

Institute of Animal Science- Kostinbrod, Bulgaria 

Prof. Dr. Ioannis TOKATLIDIS 

Trakia Democritus University, Greece 

Prof. Dr. Rishi K BEHL 

CCS Haryana Agricultural University, India 

Prof. Dr. Mulpuri SUJATHA 

ICAR-Indian Institute of Oilseeds Research, 

India 

Prof. Dr. Saeed RAUF 

Muhammad Nawaz Sharief Agriculture 

University, Pakistan 

Prof. Dr. Nurhan TURGUT DUNFORD 

Oklahama State University, United States 

Prof. Dr. Irina MITROFANOVA 

Nikita Botanical Gardens, Russia 

Prof. Dr. Dejana PANKOVIC 

Educon University, Serbia 

Prof. Dr. Hulya ILBI 

Ege University, Turkey 

Prof. Dr. Bulent UZUN 

Akdeniz University, Turkey 

Prof. Dr. Nedim MUTLU 

Akdeniz University, Turkey 

Prof. Dr. Ahmet ULUDAG 

Çanakkale Onsekiz Mart University, Turkey 

Prof. Dr. Kamil HALILOGLU 

Erzurum University, Turkey 

Prof. Dr. Ahu ALTINKUT UNCUOGLU 

Marmara University, Turkey 

Prof. Dr. Metin TUNA 

Namık Kemal University, Turkey 

Prof. Dr. Sezen ARAT 

Namık Kemal University, Turkey 

Prof. Dr. Mehmet Emin CALISKAN 

Omer Halisdemir University, Turkey 

Assoc. Prof. Dr. Nooduan MUANGSAN 

Suranaree University of Technology, Thailand 

Assoc. Prof. Dr. Ina ZIVATKAUSKIENE 

University of Applied Sciences, Lithuania 

Assoc. Prof. Dr. Semra HASANCEBI 

Trakya University, Turkey 

Assit. Prof. Dr. Necmi BESER 

Trakya University, Turkey 



1. Bielefeld Academic Search Engine BASE - https://www.base-search.net

2. Index Copernicus World List - https://journals.indexcopernicus.com

3. Scilit - https://www.scilit.net

4. Directory of Research Journals Indexing - http://olddrji.lbp.world

5. Scientific Indexing Services (SIS) - http://www.sindexs.org

6. Journal Factor - http://www.journalfactor.org

7. Eurasian Scientific Journal Index - http://esjindex.org

https://www.base-search.net/
https://journals.indexcopernicus.com/
https://www.scilit.net/
http://olddrji.lbp.world/
http://www.sindexs.org/
http://www.journalfactor.org/
http://esjindex.org/


Page 

70
Resistance of Telluric Fungi to Chemical Fungicides 

Samia Mezaache-Aichour, Amina Akkal, Rahma Meskine, 

Nora Haichour & Mohamed Mihoub Zerroug 

Page 

79

Contribution to the Agro-Morphological Characterization of Three Vetch 

Species (Vicia Spp.) in the Setif Semi-Arid Region by Discriminant Factorial 

Analysis (ADF) 

Khalissa Cheniti & Lynda-Maya Mansour 

Page 

103
Genetic Diversity in Triticale Breeding Lines, Stored in IPGR Sadovo 

Evgeniy Dimitrov, Nikolaya Velcheva & Zlatina Peycheva Uhr 

Page 

111

Effect of Selected Water Quality Properties on the Occurrence and Distribution 

of Aquatic  Macrophytes in the Floodplains of 

River Benue at Makurdi 

Jimin, A. A.  & Ibrahim, A. J. 

Page 

123
Fatty Acid Composition of Thigh Meat in Two Lines of Slow-Growing Chickens 

as Affected by the Access to Pasture 

Teodora Popova, Evgeni Petkov, Maya Ignatova & Miloš Lukić 

Page 

133
Analysis of the Midline Impact of Fadama III Agricultural Development Project 

on Poverty Alleviation among Beneficiaries in Benue State, Nigeria 

Emmanuel H. Kwon-Ndung, David Ishor & Linda Kwon-Ndung 



International Journal of Innovative Approaches in Agricultural Research 

2018, Vol. 2 (2), 70-78 

https://doi.org/10.29329/ijiaar.2018.141.1 

Copyright © 2018. This is an open access article under the CC BY-NC-ND 

70 

Original article 

Resistance of Telluric Fungi to Chemical Fungicides 

Samia Mezaache-Aichour a, *, Amina Akkal a, Rahma Meskine a,  

Nora Haichour a & Mohamed Mihoub Zerroug a 

a Laboratory of Applied Microbiology, Department of Microbioly, Faculty of Natural and Life Sciences, University Ferhat Abbas, Algeria. 

Abstract 

Our work focuses on the identification of resistance of telluric fungi to commonly used fungicidesin chemical control. We 

investigate the resistance of telluric fungi (Fusarium sp., Chalara sp., Sporonema sp., Stiebum sp., Didymabotrium sp., Dothichiza sp. 

and Sclerotopsis sp.) from cereal fields to four fungicides (Propicone, Vapcotop, Curitine V and Kazir). This study was based on direct 

contact of the telluric isolates with fungicides on Petri dishes. For the four tested fungicides different rates of resistance and 

susceptibility were observed according to the isolate and the used concentration. One of the isolates showed a high resistance to 

Vapcotop with 500 mg/l. Generally the statistical analysis revealed that there are no significant differences in the effect of 

fungicides concentrations against isolates, while significant differences are observed between isolates. 

Keywords: Fungicide, Resistance, Sensitivity, Telluric fungi. 
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INTRODUCTION 

Plant protection products used in agriculture limit the development of organisms that can affect 

crops. Chemicals have been widely used against phytopathogenic microorganisms and insect pests. The 

chemical control of phytopathogenic agents mainly concerns fungi responsible for fungal diseases of 

plants. There is currently a wide range of fungicides to control most diseases caused by phytopathogenic 

fungi, the main problem being to delay the development of resistance. 

     Most fungicides directly affect essential functions such as respiration, sterol biosynthesis or 

cell division. This may be harmful for humans and non-target organisms and, on the other hand, can 

lead to the development of resistant fungal strains (Leroux, 2003). 

    Among the fungicides tested, Propicone a benzimidazole and Vapcotop a Thiophanate have 

similar modes of action at the level of the fungal cell (FRAC, 2013). These fungicides act on 

microtubules, which are the major constituents of the cytoskeleton and the achromatic spindle. These 

fungicides bind to β-tubulin of many Ascomycetes (Fusarium sp.) and Basidiomycetes, but their 

interaction is weak with Oomycetes (Leroux, 2003). Compounds which interfere with the formation 

and/or the functioning of these microtubules blocks cell division and elongation of mycelial hyphae 

(FRAC, 2013). The agricultural use of benzimidazoles has been strongly affected by the selection of 

resistant strains in many phytopathogenic fungi (Leroux, 2003). 

In contrast, multi-site fungicides (Kazir and Curatine V) affect respiratory processes, and

all are characterized by strong preventive activity. These fungicides have a relatively low 

persistence requiring frequent treatments, renewal in case of rain and high doses (more than 1 to 2 

kg of active ingredient per hectare). On the other hand, the virtual absence of acquired 

resistance in certain phytopathogenic fungi, particularly the downy mildew, allows these multi-

site fungicides to be important partners in the fight against these fungi (Leroux, 2003). This 

would partly explain the significant resistance of the fungi studied. However, marketed fungicides 

are effective only on fungi that remain on the surface of the plant or penetrate very little. This 

sometimes gives farmers an irrational use of these compounds.  

The objective of this work is to look for possible resistance in telluric phytopathogenic fungi from 

cereal fields in the region of Setif with respect to the four fungicides mentioned and which are widely 

used by farmers. 
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Material and Methods 

Biological material 

Phytopathogenic fungi 

The fungi were previously isolated by Belatrous (2011) and Sayah (2011), from potato and wheat 

fields in Setif (east of Algeria), and identified by Taoui (2011) as shown in Table 1. 

Table 1. Fungi used for the resistance tests 

Fungi Attributed numbers 

Fusarium sp. 2 

Fusarium sp. 5 

Chalara sp. 8 

Fusarium sp. 9 

Nd 10 

Sporonema sp. 12 

Nd 14 

Stiebum sp. 15 

Didymabotrium sp. 18 

Dothichiza sp. 20 

Sclerotopsis sp. 28 

Fusarium sp. 29 

Nd: not determined 

Preparation of fungicide solutions 

Stock solutions of fungicides (Table 2) are prepared in sterile distilled water: Propicone 10 g/l, 

Vapcotop 10 g/l, Curitine V 20 g/l and Kazir 1 g/l. After stirring and sterilization by filtration, a series 

of half dilution is performed. 

Preparation and seeding of media containing fungicides 

For each fungicide tested, a determined concentration is added to PDA (45-50°C), before the 

canning of the medium. Using a cookie cutter, discs are cut in a week-long mycelial culture. Three or 

five disks are equidistantly deposited (Magnien, 2012). 
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Table 2. Tested fungicides, chemical family, formulation and used concentrations (Index of plant 

protection products for agricultural use, 2011) 

Active material Trade name AM% Chemical  family Formulation SCS FC 

Propinebe Propicone 70 Benzimidazoles WP* 10g/l 300mg/l 

Mancozebe Kazir 80 Dithiocarbamate WP* 10g/l 100mg/l 

Mancozèbe 

+ cymoxanil

Curatine V 46.5+4 Dithiocarbamate 

+ Acetamides

WP* 20g/l 100mg/l 

Methyl – 

Thiophanate 

Vapcotop 70 Thiophanate WP* 1g/l 5mg/l 

AM%: Active material percentage, SCS: Stock concentration solution,  FC: final concentrations, WP*:Wettable powder

Effectiveness of fungicides 

Resistance to increasing concentrations of fungicide was evaluated. Two repetitions have been 

performed (Three to five discs are deposited per box). The inoculated dishes are then randomized and 

incubated at room temperature for six days in the dark. The growth diameters are then measured and 

compared to the control without fungicide. The sensitivity (efficacy) of the fungicide to mycelial growth 

was determined by calculating the percent inhibition compared to controls without fungicide, according 

to the formula: 

 % 𝐼 = (C-Ct) / 𝐶 

Where:% I is the percentage of inhibition. C the diameter of the control colony (control) and Ct 

the diameter of the colony in the medium with fungicidal treatment (Trivedi, 2008). 

Statistical analysis  

Data were analyzed by the one way analysis of variance (ANOVA) using Student-Newman-Keuls 

Method, and the test with P˂0.01 was considered as statistically significant.  

Results 

Effect of Propicone (Propinebe) on mycelial growth 

With propicone, the fungus 2 showed the highest resistance with a concentration of 500 mg/l 

(IC50 460 mg/l), while the fungus 28 showed the highest sensitivity with a concentration of 300 mg/l 

(IC50 360 mg/l; Fig. 1). 
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Figure 1. Fungal inhibitions according to increasing concentrations of Propicone 

28, 5… 2: tested fungi. Statistically no significant differences were observed between stains or fungicide concentrations. 

Effect of Vapcotop (methyl-Thiophanate) on mycelial growth 

With methyl-thiophanate, the fungus 10 showed the highest resistance with a concentration of 

500 mg/l and an IC50 of 490 mg/l, while the fungus 5 showed the highest sensitivity with a concentration 

of 100 mg/l (Fig. 2). 

Figure 2. Fungal inhibitions according to increasing concentrations of Vapcotop 

28, 5,… 10 : tested fungi. Statistically there is a significant difference between stains, 

but no significant differences among fungicide concentrations. 
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Effect of Curitine V (cymoxanyl-makozeb) on mycelial growth 

Curitine V showed with the fungus 28 the highest resistance with a concentration of 500 mg/l, 

whereas the fungus 15 showed the highest sensitivity with a concentration of 400 mg/l (Fig. 3) and an 

IC 50 of 322 mg/l for the fungi 15. 

Effect of Kazir (makozeb) on mycelial growth 

With the Kazir the fungus 20 showed the highest resistance with a concentration of 30 mg/l, 

whereas the fungus 14 showed the highest sensitivity with a concentration of 20 mg/l (Fig. 4), with IC 

50 of 40 and 28 mg/l respectively. 

Figure 3.  Fungal inhibitions according to increasing concentrations of Curatine V 

28, 5,…20 : tested fungi. Statistically there is a significant difference between stains,

but no significant differences among fungicide concentrations
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Figure 4. Fungal inhibitions according to increasing concentrations of Kazir 

5, 14,… 20 : tested fungi. Statistically there is a significant difference between stains, 

but no significant differences among fungicide concentrations. 

Discussion 

Fungicide resistance has been defined by Leroux (1985) as: (i) physiological resistance, and (ii) 

resistance in practice. Practical resistance is observed following a loss of effectiveness of the fungicide 

applied by the appearance of resistant individuals. Resistant individuals increase such resistance may 

have a variable impact on practical efficacy in the field. Thus, any resistance detected at the individual 

level does not necessarily induce loss of efficacy of the concerned fungicide (field resistance; Walker et 

al., 2012). 

Statistically the resistance of the fungal isolates to the tested fungicides are significantly different. 

This may be the fact that the tested fungi belong to different genera. Isolate 2 (Fusarium sp.), showed 

the highest resistance to Propicone with an IC50 of 460 mg/l followed by isolate 28 (Sclerotopsis sp.) 

with 360 mg/l. Herein, the statistical analysis revealed that no significant difference was observed 

between the isolates.  

It should be noted that F. culmorum, F. graminearum, and F. avenaceum species are naturally 

less sensitive to benzimidazoles than F. nivale. In addition, the acquired resistance of these Fusarium 

remains exceptional. On the other hand, many cases of resistance to benzimidazoles have been reported 

for F. nivale (Maufras et al., 2002). This acquired resistance is related to the low affinity of these 

fungicides toβ-tubulin, which results from mutations in codons 198 or 200. However when it occurs, 
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this β-tubulin mutation at 198 shows increased sensitivity to phenylcarbamates (Leroux, 2003). In 

contrast, for Vapcotop the isolate 10 was resistant with an IC50 higher than 500mg/l, and the isolate 5 

(Fusarium sp.) with an IC50 of 490 mg/l. 

Isolate 20 (Dothichiza sp.) in the presence of Kazir a dithiocarbamate, exhibited the highest 

resistance with an IC50 of 40 mg/l, while the highest sensitivity is observed with the fungus 14 which 

has an IC 50 of 28 mg/l. Dithiocarbamates are considered as a low-risk group with multi-site anti-energy 

activity (Leroux et al., 2006). These fungicides have a wide range of activity, including Ascomycetes 

and Basidiomycetes, by inhibition of spore germination; or Oomycetes by immobilization of zoospores 

(Leroux, 2003). On the other hand, isolate 28 showed resistance to Curitine V (combination of 

Dithiocarbamate and Acetamides) with an IC 50 greater than the highest concentration tested (500 mg / 

l). In contrast, the most sensitive is the fungus 15 (Stiebum sp.) with an IC50 of 322 mg/l. Acetamides 

are fungicides that act on the cell wall. However, according to FRAC (2013) the precise site of action is 

poorly known. Further studies are needed to determine the mode of resistance, and therefore avoid the 

use of fungicides that are ineffective and harmful to the health of humans and animals. 

Conclusion 

Fungicides are an important means of controlling phytopathogenic fungi. The appearance of 

resistance may be more or less rapid depending on the chemical family and the pathogen concerned. 

The results of our work show the presence of resistance in telluric fungi (phytopathogenic or not) from 

cereal fields in the region of Sétif. However, this resistance varied from one fungus to another and from 

one compound to another. This resistance appears to affect low-risk products such as Kazir, and fungi 

that are not targeted by treatments such as Sclerotopsis sp., which is not a pathogen responsible for 

economic losses. This again explains the misuse of these fungicides, high cost, sometimes useless. 
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Original article 

Contribution to the Agro-Morphological Characterization of  

Three Vetch Species (Vicia Spp.) in the Setif Semi-Arid Region 

by Discriminant Factorial Analysis (ADF) 

Khalissa Cheniti a, * & Lynda-Maya Mansour a 

a Laboratory for the Improvement of Plant and Animal Production, Department of Agronomic Sciences,  

Faculty of nature and life, Ferhat Abbas University, Algeria. 

Abstract 

The issue of the sustainable development of livestock systems in Algeria is part of the way to resolve the issue of the growing gap 

between forage supply and the needs of a growing livestock herd. 

The study undertaken is a contribution to the agro-morphological characterization of vetch and the determination of its place in 

the feeding of animals and also to highlighting the current situation of forage (cultivated and natural) - case of the vetch - in the 

semi-arid zone of Setif.  

In this study where the general objective is to characterize agro-morphologically the species of vetch the same variables used 

were included for two statistical analysis approaches, the first descriptive and the second discriminant, which are Variance study 

and  comparison of means and discriminate factor analysis (AFD) whose results corroborate. These analysis have detected 

significant differences of the input of the three species where the third one (V. sativa) which is obvious from all the variables by: 

Nr, Lrp, Ngrg, Ngrp, Pgrp and for the two sites involved (Northern and Centre of Setif). It is also clear from these analyzes that the 

variables that have the most weight or the most relevant in discriminating between the three species are Ngrp , Nfr, Lrp and Ngp. 

Variety evaluation allowed to see a lack of distinction between the varieties of the two introduced species 1 and 2 (V. ervilia and 

V. narbonensis); a difference of 70 % was found between the varieties of local specie 3 (V. sativa). On the other hand, we can assume

that these "emerging" varieties of species 3 (José, fig and even Baraka, 715 and 709) exhibit a fairly large phenotypic diversity that 

can provide a broad genetic base that can potentially serve in improvement programs. 

In view of the great variability observed in many traits measured for the three vetches studied, this offers the possibility of choosing 

the species suitable for the development of the forage area in semi-arid zones, depending on the climatic characteristics and 

different production systems; especially if the introduced varieties do not meet the conditions of the region. 

So we can infer that these three species have different uses for their agronomic traits related to biomass production and grain 

yield, they have considerable potential fodder, especially V.sativa  which we can offer as complete feed for use on different forms. 

Keywords: Agro-morphological characterization, Vetch, Forage, Semi-arid zones, Livestock systems. 
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INTRODUCTION  

In what terms, the question about forage production in Algeria, is today: 

* Structurally deficient supplies in relation to livestock needs?

* Availability of sole poorly distributed in space and time?

* The availability of a very narrow forage range?

Indeed, feeding cattle is based on common land (Dekhili et al., 2007) on the stubble 

grazing, vegetation land left fallow and hay associations vetch oats (Mebarkia, 2007). A such power 

source very shy, hardly allows an intensive breeding and rearing performant- which is an 

integral part of the production-systems; It exposes it rather to the vagaries of the climate and the 

chronic deficiencies in digestible nitrogen and metabolizable energy (Mébarkia, 2007). 

This deficit can be compensated according to Abdelguerfi (1976), Leeuwrick (1976), Krauss et 

al. (1988) and Jones (1990), by developing forage legumes appropriately, and according to Abbas and 

Abdelguerfi (2005) considering the fallow as a component of Cereal/sheep production systems because 

it is a tool in the fight against the Climate hazard. 

Pulse crops represent by their agronomic benefits as well as biological and other, forage that can 

be directly grazed by small ruminants, an appreciable nutritional supplement to fallow land (Oram, 

1956). 

As arable forage legumes, vetches are an excellent substitute feed for livestock (Laumont, 1950). 

They are generally used in combination with oats; in Switzerland for example, with their autumnal rye, 

Italian ryegrass and crimson clover (Kauter, 1947; Caputa, 1948; Lehman and Briner, 1975; quoted by 

Troxler, 1979), their pure culture, if all the favorable conditions are suitable, could give good results. 

Before any initial action, it is imperative to proceed first with the characterization of these forage 

resources. Thus, it is in this context that our work integrates. It aims to characterize morphologically 

certain species of vetch in the semi-arid region of Setif, to identify the most discriminating variables and 

to find the most relevant and best-performing varieties to satisfy the food needs (Both quantitatively and 

qualitatively). 

Material and Methods 

The trial was carried out in the central zone of Sétif, at the experimental station of the Technical 

Institute of Great Cultures (ITGC), which is a site located to the southwest and at 5 km from the 

commune of Sétif whose lands are crossed by Oued Bousellem, by about 1081 m of altitude and 

characterized by a continental climate with strong thermal amplitudes, both annual and therefore daily, 

with very hot and dry summers and very severe winters with low and irregular rainfall-450 mm on 

average-(Seltzer, 1946). 
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 Climatic conditions of the experiment 

Table 1. Climatic conditions of the companion (2007-2008) 

Months Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Total 

Min. 

Temperature 

(C°) 

Max 

35.80 28.10 20.20 15.80 18.20 21.20 21.10 19.25 32.49 39.56 39.20 / 

11.40 08.20 00.20 -2.40 -2.60 -1.44 -0.06 07.55 08.36 10.57 14.60 / 

Rainfall 

(mm) 
79.50 25.30 16.50 06.00 10.00 19.30 48.90 21.30 75.80 15.20 54.50 372.3 

Table 1 shows that the year of experimentation (2007/2008) was dry, characterized by a small 

amount of rain (372.3 mm), which did not even reach the usual average of the region (450 mm) in 

addition to Poor distribution of precipitation. 

In terms of temperature, lower temperatures are frequent in this season and most often coincide 

with the flowering stages of legumes where certain flowers are aborted (Mars, April and 

May). According to Mebarkia and al. (2007), if frost and sirocco occur in the first dekad of May, 

they can cause abortion of flowers (sirocco, which is likely to occur in early May, is the main cause of 

drying out reproductive organs). 

The maximum temperatures are also very important, they occur at the end of the cycle of the 

legumes where they promote the fertility of the pods (their filling). 

The data indicate that it was colder during the months of December (2007) and January (2008) 

with 6.7°C and 7.8°C respectively, where as for the other months the temperatures were relatively mild, 

August was the warmest with an average temperature of 28.2°C. 

Tested vegetable material 

The trial included three species of vetches (Vicia sativa L., Vicia ervilia L. and Vicia narbonenses 

L.), each of them represented by six varieties supplied by the Setif ITGC station, as shown in Table 2. 
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Table 2. List of experiential species and varieties 

     Species 

Varieties 

Sp. 1 

Vicia ervilia L. 

Sp.2 

Vicia narbonensisL. 

Sp.3 

Vicia sativa L 

V1 

V2 

V3 

V4 

V5 

V6 

IFVE 2799 Sel2510 

IFVE 2801 Sel2511 

IFVE 2801 Sel2512 

IFVE 2801 Sel2513 

IFVE 2801 Sel2515 

IFVE 2801 Sel2516 

2561-ICARDA 

2580-ICARDA 

2583-ICARDA 

2588-ICARDA 

2590-ICARDA 

2591-ICARDA 

José (local) 

Fig   (//) 

Baraka (//) 

715  (//) 

709  (//) 

Hifa  (//) 

Experimental protocol and conduct of the experiment 

The test was established according to an experimental block protocol which follows a complete 

randomization (Fig. 1). 

The seeding was carried out manually on 25/12/2007 at a depth of 2-3 cm, on a plot with a cereal 

as a preliminary crop and on which different cultivation work was carried out (Table 3). 

This main plot is divided into elementary plots spaced 80 cm apart and divided into three 

repetitions. Each of these elementary parcels is represented by two lines 2.5 m long and spaced 60 cm 

apart; 15 seeds were sown per line. 
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Figure 1. Experimental protocol 
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Conduct of culture and maintenance 

Soil preparation according to Table 3, and throughout the crop, weeding was done manually on a 

regular basis to avoid competition by weeds. 

No significant diseases or accidents have been observed in all species of Vicia sp. during the year 

of the experiment. However, we can record the appearance of black aphids on some plants but without 

causing significant damage. 

 Table 3. Cultural practices carried out on the experimental plot 

Date Cultural practices 

Early September 

End of September 

End of September 

Novembre 

Deep plowing 25 cm  

Tillage 

Spreading of background fertilization (TSP100 Kg / ha) 

Tillage and harrowing before sowing and weeding by Tréflon near-sowing in 

2 l/ha 

 Data collection and analysis 

The measurements and ratings were carried out on the field and in the laboratory for each species 

and at different periods of the vegetative cycle. 

Ten variables were selected for measurement. They relate to biometric characteristics and 

performance components. These are all continuous or quantitative variables (Table 4).  

Table 4. List of measured variables 

Variables Notation 

Number of branches Nr Nr 

Length of main axis Lrp 

Number of sheets on main axis Nfe 

Number of flowers Nfr 

Number of pods / plant Ngp 

Weight of pods / plant Pgp 

Number of seeds / pod Ngrg 

Number of seeds / plant Ngrp 

Seed weight / plant Pgrp 

Yield Rdt 

     The analysis program used for the statistical processing (of the collected data) is SPSS 

STATISTICS, version 17.0.0 (23 August 2008). 
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Treatment of data of two sites by statistical approaches (univariate and multivariate 

approaches) 

The data generated from this experiment were subjected to the univariate (inter and intra-specific) 

descriptive analysis, allowing first to test the differences between the three species studied and secondly 

to obtain the descriptive results. Then, a DUNCAN test was used to obtain homogeneous groups.Once 

the first approach was completed, discriminate factor analysis was performed (AFD); The importance 

of the discriminating functions was judged according to the eigenvalues associated with them, the 

canonical correlations and the khi-2 transform of the Wilks Lamda statistic.  

Results and discussion 

Descriptive analysis 

Species Factor Results (Site 1 Center) 

The general mean and the least squares are shown in Table 5. According to these results, Vicia 

ervilia has the highest averages for four variables (Nfe, Nfr, Ngp and Ngrp). It resembles to the species 

3 (Vicia.sativa) by three variables (Pgp, Pgrp and Rdt) which constitute variables common to these two 

species at site 1 (Center). However, this same species is different from the two others by seven variables 

(Nfe, Nfr, Ngp, Ngrg, Nr, Lrp and Ngrp) or a distinction of 70%. 

Table 5. General averages with their standard error (S.E.), coefficient of variation (CV) and LSM for 

each species, analyzed for each of the variables studied (Site Center) 

Variables General average C.V. Vicia Ervilia 

(LSM and S.E.) 

V.Narbonensis

(LSM and S.E.)

Vicia sativa 

(LSM and S.E.) 

Nr 

Lpr 

Nfe 

Nfr 

Ngp 

Pgp 

Ngrg 

Ngrp 

Pgrp 

Rdt 

3.6±1.52 

27.9±3.21 

22.58±3.6 

31.87±5.63 

24.79±5.34 

7.09±2.78 

3.90±1.00 

69.98±8.48 

5.28 ± 2.35 

3.20 ± 1.91 

65.04 

36.32 

57.54 

99.42 

114.94 

99.78 

25.80 

102.82 

104.98 

114.37 

4.02ª ± 0.17 

20.45 ͨ± 0.77 

27.9ª ± 0.99 

50.67ª ±2.42 

41.83ª ±2.17 

6.13ᵇ ± 0.50 

3.16ͨ ± 0.08 

95.6ª ± 5.50 

5.02 ᵇ ± 0.42 

2.73ᵇ ± 0.28 

2.33ᵇ ± 0.18 

30.37ᵇ ± 0.80 

20.00ᵇ ± 1.02 

14.45 ͨ± 2.52 

10.48 ͨ± 2.25 

9.07ª ± 0.56 

3.97ᵇ ± 0.08 

35.55±ͨ 5.68 

6.69ª ± 0.44 

4.15ª ± 0.20 

4.45ͨ±0.19 

33.8ª±0.83 

19.18ᵇ±1.07 

28.72ᵇ±2.61 

20.55ᵇ±2.35 

6.05ᵇ±0.58 

4.69ª ± 0.08 

77.66ᵇ ± 5.93 

4.08ᵇ ± 0.46 

2.70ᵇ ± 0.30 

Variables: Nr= Number of sprouts; Lrp=Length of the main branch ; Nfe=Number of leaves; Nfr= Number of blossom; 

Ngp=Numbre of pods per plant; Pgp= weight of the pods per plant; Ngrg= Number of seeds per pod ; Ngrp= Number of 

seeds per plant; Pgrp= Weight of the seeds per plant ; Rdt= Yield. 

a-c :Values connected with different letters differ significantly (P<0.05)

C.V: coefficient of variation; LSM: least squares means; S.E. :Standard error
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Species Factor Results (Site 2 North) 

The data for site 2 (North) (general averages and the least squares) are shown in Table 16. These 

results show that species 3 (V. sativa) has the highest values (p <0.05) for 9 variables species, that is to 

say 90% in relation to the two other species; according to Table 17, it resembles to species 2 (V. 

narbonensis) only by a single variable (Pgp) and to species 1 (V. ervilia) by two characters (Nfe and 

Pgp); But at the same time it differs from the two by eight variables, that is to say 80% of distinction. 

Species 1 (V.ervilia) holds the highest averages for all variables (100%) compared to species 2 

(V. narbonensis); It resembles two variables (Lrp and Pgp) and resembles species 3 (V.sativa) by (Nfe 

and Pgp) but differs from these two species by seven variables (Nr, Nfr, Ngp, Ngrg, Ngrp, Pgrp, Rdt) or 

70% distinction. 

For Vicia narbonensis, its averages remain the lowest of the three species for all characters; It 

resembles to the other two species by the characters: Lrp, Nfe and Pgp and is distinguished by the 

remaining variables (Nr, Nfr, Ngp, Ngrg, Ngrp, Pgrp and Rdt). 

This reflects a highly significant distinction between the three species; And among the 10 

quantitative descriptors measured, the most discriminating ones are the variables: Nr, Nfr, Ngp, Ngrg, 

Ngrp, Pgrp and Rdt; However, the weight of pods per plant (Pgp) is considered to be the most important 

variable of similarity. 

The clear fluctuation of the coefficient of variation from 33.8 to 124.22 reflects a wide variability 

between the three species studied in accordance with the results of the averages comparison. 

Table 6. General averages with their standard error (S.E.), coefficient of variation (CV) and LSM for 

each species, analyzed for each of the variables studied (Site North) 

Variables General 

average 

CV V.ervilia 
(LSM and

S.E.) 

V.narbonensis 
(LSM and

S.E.) 

V.sativa
(LSM and S.E.) 

Nr 

Lpr 

Nfe 

Nfr 

Ngp 

Pgp 

Ngrg 

Ngrp 

Pgrp 

Rdt 

2.66±0.09 

256.76±5.72 

22.34±1.31 

20.67±0.97 

15.81±0.77 

19.47±15.22 

3.42±0.09 

49.79±2.93 

2.80±0.15 

22.66±1.26 

65.07 

33.80 

124.22 

78.16 

83.83 

1716.51 

45.12 

95.12 

97.91 

99.6233. 

2.99ᵇ±0.12 

201.89ᵇ±3.99 

29.18ª±3.38 

27.57ᵇ±1.35 

20.87ᵇ±1.15 

3.42ª±0.19 

3.42ᵇ±0.17 

44.67ᵇ±2.18 

2.86ᵇ±0.16 

23.21ᵇ±1.32 

1.15ͨ ±0.03 

194.43ᵇ±4.7 

11.84ᵇ±0.21 

2.00 ͨ ±0.10 

1.45ͨ ±0.06 

0.71ª±0.04 

2.00ͨ ±0.07 

2.85ͨ ±0.17 

0.47ͨ ±0.03 

3.93ͨ ±0.24 

4.05ª ±0.22 

398.73ª±11.29 

26.42ª ±1.09 

34.40ª ±1.89 

26.07ª ±1.49 

61.63ª ± 52.12 

5.10ª ±0.08 

112.03ª ±6.87 

5.49ª ±0.37 

44.62ª ±3.14 
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Variables: Nr= Number of sprouts; Lrp=Length of the main branch ; Nfe=Number of leaves; Nfr= Number of blossom; 

Ngp=Numbre of pods per plant; Pgp= weight of the pods per plant; Ngrg= Number of seeds per pod ; Ngrp= Number of 

seeds per plant; Pgrp= Weight of the seeds per plant ; Rdt= Yield. 

a-c :Values connected with different letters differ significantly (P<0.05) ;

C.V: coefficient of variation; LSM: least squares means; S.E. :Standard error

Table 7. List of variables of resemblance and distinction between species (Site North) 

Species Factor Results (Center + North Sites) 

The combined analysis of the results of the two sites (Center + North) was carried out according 

to the same approaches as previously and Table 24 presents the general averages and the least squares 

mean that, on the one hand, species 3 (V.sativa) showed the best means compared to the two 

other species (V.ervilia and V. narbonensis) for 7 variables (Nr, Lpr, Pgp, Ngrg, Ngrp, Pgrp and Rdt) 

or 70%; According to Table 25, it is 90% distinct from each of the other two species by the same 

variables (Nr, Lrp, Nfe, Nfr, Ngp, Ngrg, Ngrp, Pgrp, Rdt), But there is a single variable common to all 

species witch is Pgp, as a similarity variable. On the other hand species 1 (V.cia ervilia) holds 80% 

of the highest averages compared to species 2 (V. narbonensis). It resembles it by three variables 

(Lrp, Pgp and Pgrp) and is distinguished from it by seven variables (Nr, Nfe, Nfr, Ngp, Ngrg, Ngrp, 

Rdt). This allows us to declare that the three species are divergent with a rate of 70%. We also 

note that the common discriminating variables are Nr, Nfe, Nfr, Ngp, Ngrg, Ngrp, Rdt and here 

again the variable Pgp behaves as the most important similarity variable. 

The large variation of the coefficient of variation (39.09% -160.09%) confirms the result of the 

comparison of the averages, and reflects the great variability of the species studied. 

Combination between 

species 

Variables of 

similarity 

Variables of distinction % of distinction 

Sp.1 * Sp. 2 Lrp, Pgp Nr,Nfe,Nfr, Ngp, Ngrg,Ngrp, 

Pgrp  Rdt 

80 % 

Sp.1 * Sp. 3 Nfe, Pgp Nr, Lrp,Nfr,Ngp, 

Ngrg,Ngrp,Pgrp, Rdt 

80 % 

Sp.2 * Sp. 3 Pgp Nr,Lrp,Nfe, Nfr,Ngp,Ngrg, 

Ngrp, Pgrp, Rdt 

90 % 
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Table 8. General averages with their standard error (S.E.), coefficient of variation (CV) and LSM for 

each species, analyzed for each of the variables studied (Center + North sites) 

Variables General 

average 

CV Sp.1 Sp.2 Sp.3 

Nr 

Lpr 

Nfe 

Nfr 

Ngp 

Pgp 

Ngrg 

Ngrp 

Pgrp 

Rdt 

3.12±0.07 

142.93±4.46 

22.46±0.70 

26.23±0.85 

20.28±0.75 

13.31±7.66 

3.66±0.04 

59.83±2.07 

4.03±0.15 

12.96±0.67 

67.40 

96.67 

97.49 

100.26 

114.60 

1781.16 

39.09 

107.08 

118.53 

160.09 

3.50ᵇ± 

111.97ᵇ± 

28.55ª± 

39.02ª± 

31.26ª± 

4.76ª± 

3.29ᵇ± 

69.91ᵇ± 

3.93ᵇ± 

13.06ᵇ± 

1.72ͨ± 

114.40ᵇ± 

15.82±ͨ 

8.03ͨ± 

5.85ͨ± 

4.79ª± 

2.96ͨ± 

18.80±ͨ 

3.49ᵇ± 

4.04ͨ± 

4.25ª± 

212.49ª± 

22.73ᵇ± 

31.50ᵇ± 

23.55ᵇ± 

33.26ª± 

4.89ª± 

94.48ª± 

4.77ª± 

23.08ª± 

Table 9. List of variables resemblance and distinction between species (Center + North Sites) 

Combination between 

species 

Variables of 

similarity 

Variables of distinction % of distinction 

Sp.1 *Sp. 2 Lrp, Pgp,Pgrp Nr,Nfe,Nfr,Ngp,Ngrg,Ngrp,Rdt 70 % 

Sp.1 *Sp. 3 Pgp Nr, Lrp,Nfe, Nfr, Ngp, Ngrg, 

Ngrp, Pgrp, Rdt 

90 % 

Sp.2 *Sp. 3 Pgp Nr,Lrp,Nfe Nfr,Ngp,Ngrg, 

Ngrp, Pgrp, Rdt 

90 % 

Discriminant factorial analysis 

This analysis studies data from groups known a priori, it has two main goals (Anonymous, S.D.): 

i-Description: Among the known groups, what are the main differences that can be determined 

using the variables measured? 

ii-Ranking: Can the group of belonging of a new observation be determined only from the 

measured variables? 

By its objectives, it is also related to neural networks, a subject very fashionable in computer 

research (Anonymous, S.D.). 

According to DesBois (2003) and Anonymous (S.D.), this analysis can be carried out according 

to two different approaches: the first with a descriptive orientation, centered on the decomposition of 

the variance, based on geometric notions. The second decision-oriented approach focuses on the risk of 

error by using probabilistic (simplified) modeling. 
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Results of the statistical test of equality of groups averages (sites 1+2): 

Table 10. Test of equality of groups averages 

Parameters Lamda  de Wilks F ddl1 ddl2 Significance 

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 

Nr 

Lrp 

Nfe 

Nfr 

Ngp 

Pgp 

Ngrg 

Ngrp 

Pgrp 

Rdt 

0.798 

0.904 

0.944 

0.793 

0.820 

0.997 

0.752 

0.808 

0.988 

0.991 

0,680 

0.476 

0.927 

0.574 

0.598 

0.606 

0.540 

120.059 

50.904 

28.356 

124.410 

1.501 

1.457 

157.567 

113.322 

5.643 

4.097 

112.967 

263.972 

18.732 

177.847 

160.822 

155.520 

203.812 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

955 

955 

955 

955 

955 

955 

955 

955 

479 

479 

479 

479 

479 

479 

479 

0.000 

0.000 

0.000 

0.000 

0.000 

0.235NS 

0.000 

0.000 

0.004 

0.017 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

NS: Not significant (P> 0.05); P<0.00 high significant difference 

     According to Table 10 for all values of F of site 1 which vary between 1.454 and 157.567 

(for a risk of error P<0.0005), we are required to reject the null hypothesis (H0) of equality of group 

averages (species ) for all the variables (Nr, Lpr, Nfe, Nfr, Ngp, Ngrp, Ngrg, Pgrp and Rdt) except for 

the variable Pgp which holds the lowest value of F (F = 1.457 with P> 0.05). Regarding the site 2, the 

null hypothesis (H0) of equality of the group averages was also rejected for values of F which vary 

between 18.732 and 263.972 for all values retained for this study (Nr, Nfe, Nfr, Ngp, Ngrg, 

Ngrp).This proves that the three species are clearly different   at the two sites. However, according to 

Wilks' Lamda values, a number of overlaps exist between the three species for measurements 

performed for both sites (except for Pgp for site 1). 

Box test for equality of local variance-covariance matrices: 

       For this test, only 7 to 8 variables were retained. The logarithm values of the determinants of 

the variance-covariance matrices (Table 11) reflect the variability of the species as a function of the 

explanatory variables of dimension 8 for the site 1 and 7 for the site 2; Thus, for both sites, species 1 

(Vicia ervilia) with a determinant log. of 37.590 and 32.487 respectively, appears to be the species 

with the most variability with respect to these 8 measurements for site 1 (Nr, Lrp, Nfe, Nfr, Ngp, 

Ngrp, Ngrg, and Pgrp) and 7 measurements for site 2 (Lrp, Nr, Nfe, Nfr, Ngp, Ngrg, Ngrp); it is 

therefore the most heterogeneous, followed by species 3 (Vicia sativa) with a determinant log of 

36.226 for site 1 and 32.424 for site 2, which gives it a very acceptable heterogeneity rate, while 

Vicia narbonensis (species 2) appears to be the most homogeneous (log.determinant = 25.043 for site 

1 and 7.426 for site 2).
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From these results, we are led to reject the null hypothesis of equality of the variance-covariance 

matrices between the three species of vetch for site 1 as well as for site 2 and to consider them as 

different. However, according to DesBois (2003) the Box test is considered sensitive to the lack of 

multinormality, so we must remain cautious about the conclusion of the test. 

Table 11. Logarithms of determinants 

Species Rang Log. determinant 

Site1 Site2 Site1 Site2 

1 

2 

3 

Within group 

8 

8 

8 

8 

7 

7 

7 

7 

37.590 

25.043 

36.226 

37.517 

32.487 

7.426 

32.424 

32.435 

Step by step statistics of species 

Table 12. Statistics step by stepa, b, c, d (Site1) 

Step Variable 

.Lamda de Wilks 

Statist. ddl1 ddl2 ddl3 F.exact

Statist. ddl1 ddl2 Signi 

1 

2 

3 

4 

5 

6 

7 

8 

Ngrg 

Nfr 

Pgrp 

Ngrp 

Nr 

Lrp 

Ngp 

Nfe 

0.752 

0.610 

0.546 

0.474 

0.442 

0.422 

0.407 

0.398 

1 

2 

3 

4 

5 

6 

7 

8 

2 

2 

2 

2 

2 

2 

2 

2 

955 

955 

955 

955 

955 

955 

955 

955 

157.567 

133.737 

112.227 

107.762 

95.756 

85.281 

76.857 

69.442 

2 

4 

6 

8 

10 

12 

14 

16 

955 

1908 

1906 

1904 

1902 

1900 

1898 

1896 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

At each step, the variable that minimizes the largest number of Wilks L. is entered. 

 a: the maximum step is 20 

 b: the partial minimum F to be entered is 3.84 

 c: the partial maximum F to be entered is 2.71 

 d: F tolerance level, or VIN insufficient for further computation 
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Table 13. Statistics step by stepa, b, c, d (Site2) 

Step Variables 

 Lamda de Wlks 

Statistique ddl1 ddl2 ddl3 F. exact

Statist. ddl1 ddl2 Signi. 

1 

2 

3 

4 

5 

6 

7 

Lrp 

Nfr 

Ngrg 

Ngrp 

Ngp 

Nr 

Nfe 

0.476 

0.313 

0.256 

0.234 

0.225 

0.217 

0.209 

1 

2 

3 

4 

5 

6 

7 

2 

2 

2 

2 

2 

2 

2 

479 

479 

479 

479 

479 

479 

479 

263.972 

188.429 

155.143 

127.101 

105.366 

90.598 

80.244 

2 

4 

6 

8 

10 

12 

14 

479 

956 

954 

952 

950 

948 

946 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

At each step, the variable that minimizes the largest number of Wilks L. is entered. 

 a: the maximum step is 20 

 b: the partial minimum F to be entered is 3.84 

 c: the partial maximum F to be entered is 2.71 

 d: F tolerance level, or VIN insufficient for further computation 

The results shown in Tables 12 and 13 are obtained after completion of eight steps for site 1 and 

7 steps for site 2 with the introduction of a new variable each time (step) and the selected variables 

(inputs) show a great significance as to the difference between the species; they have proven to be highly 

discriminatory; these are: Ngrg, Nfr, Pgrp, Ngrp, Nr, Lrp, Ngp and Nfe (plus Pgrp for site 2). 

Comparison between groups in pairs 

Table 14. Comparison between groups 

Site 1 Site 2 

1 2 3 1 2 3 

1 F 

Sig. 

51.875 

0.000 

64.670 

0.000 

1 F 

Sig. 

52.660 

0.000 

89.658 

0.000 

2 F 

Sig. 

100.841 

0.000 

2 F 

Sig. 

114.163 

0.000 

3 F 

Sig. 

3 F 

Sig. 

 Table 14 reflects only the results of the 8th (site 1) and 7th (site 2) and last step of the inter-group 

comparison according to which we observe that species 2 (V.narbonensis) is more correlated with the 

species 3 (V.sativa)  with r=100.841 (Site 1) and r = 114.163 (site 2) than at species 1 (V. ervilia) where 
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r = 51.87 and r = 52.660 (site 1, site 2, respectively) ; moreover, these coefficients give us information 

on the high rate of distinction between the three species.  

Canonical discriminant analysis

This analysis makes it possible to judge the discriminating power of the linear functions produced 

and to which are associated the eigenvalues. 

Table 15. Eigenvalues associated with linear discriminant functions (site 1+2): 

Eigenvalues  Wilks Lamda 

Site1 

Functions Values %   variance % cumulative 
Canonical 

correlation 

Wilks 

Lamda 
Ki 2 Ddl Sign 

1(1 to 2) 

2 

0.856ª 

0.356ª 

70.6 

29.4 

70.6 

100.0 

0.679 

0.512 

0.398 

0.738 

877.706 

289.522 

13 

7 

.00 

.000 

Site 2 

Functions Values %   variance % cumulative 
Canonical 

correlation 

Wilks 

Lamda 
Ki 2 Ddl Sign 

1(1 to 2) 

2 

1.768ª 

0.729ª 

70.8 

29.2 

70.8 

100.00 

0.799 

0.649 

0.209 

0.579 

745.209 

260.519 

14 

6 

0.000 

0.000 

According to Desbois (2003), each eigenvalue μh of rank h is equal to the interclass variance of 

the linear discriminant function of the same rank. 

Indeed, the analysis of the data by the discriminant approach, revealed two discriminating 

functions For both site 1 and site 2 with a rate of variation of 70.6% (site1) and 70.8% (site2)  for the 

first function and a eigenvalue equal to μ1 = 0.856 (site1) and μ1 =1.768 (site2). For both sites, a 

percentage of the intergroup variance of 29.4% for the second function with an eigenvalue equal to μ2 

= 0.356 (site1) and μ2 = 0.729 (site2); this reflects a total rate of variation of 100% absorbed or 

explained. This high percentage of inertia indicates a good quality of the distribution of the two axes. 

The Ki2 test indicates that these two components contribute significantly to discrimination and are 

therefore of great discriminating importance. The Wilks Lamda are weak with higher canonical 

correlations (0.679 for site1 and 0.799 for site2) indicating that the three groups are distinct. 

Standardized canonical discriminant functions 

Using the step-by-step method to minimize the global Wilks Lamda, only eight of the ten 

variables analyzed (Table 16). 
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Table 16. Standardized coefficients of linear discriminant functions 

*: significant correlations

Regarding site1, for the first discriminant function, five variables on the eight retained (Ngrg, 

Ngp, Pgrp, Ngrp and Nfr with 0.911, -0.886, 0.716, 0.648 and 0.607 respectively) have the highest 

weights in the prediction of this function, allows them to constitute very important variables in the 

discrimination between the three species. 

For the second linear function, only three variables contribute greatly to the definition of this 

function (Ngp, Nfr, and Ngrg) with respectively (-0.746, 0.670 and -0.618) which makes them variables 

of high discriminating power. We note that these three variables are common in the prediction of the 

two functions, which confirms their great involvement in the distinction between the species studied. 

According to Figure 2, for the first function, the variable Ngrg opposes the variable Ngp on one 

side and the variable Pgrp opposes the other two variables (Nfr and Ngrp) on the other side. With regard 

to the second function, the variable Ngrg opposes the two variables Ngp and Nfr. We find that the 

variables Ngp, Ngrg and Nfr are common discriminant variables to the two linear discriminant functions, 

which gives them a high discriminating power. 

Parameters 

Site1 

Parameters 

Site2 

Functions Functions 

1 2 1 2 

Nr 

Lpr 

Nfe 

Nfr 

Ngp 

Ngrp 

Ngrg 

Pgrp 

0.410 

0.265 

-0.001

0.607* 

-0.886*

0.648*

0.911*

-0.716*

0.111 

-0.221

0.311

0.670*

0.746*

-0.179

-0.618*

-0.482

Nr 

Lrp 

Nfe 

Nfr 

Ngp 

Ngrg 

Ngrp 

0.170 

0.572* 

-0.028

0.241 

-0.534*

0.474*

0.511*

0.288 

-0.628*

0.300

0.648*

0.571*

0.279

-0.668*
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Figure 2. Two-dimentional distribution of the measured variables according to the canonical 

discriminant functions F1 and F2 

Figure 3. Distribution of predictive discriminant variables in relation to linear discriminant functions 

     Regarding  site 2, for the first discriminant function, only the three variables Lrp, Ngp and 

Ngrp with respectively 0.572, -0.534, and 0.511 have the most important weights in the prediction of 

this function followed by Ngrg with a lesser degree (r = 0.474), their contribution allows them also to 

constitute very important variables in the discrimination between the three species. 

       For the second linear function, four variables contribute greatly to the definition of this 

function (Ngrp, Nfr, Lrp and Ngp) with respectively (-0.668, 0.648, -0.628 and 0.571) which makes 

them high discriminant variables. 
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      According to Figure 3, for the first function, the variable Ngp opposes the other two variables 

(Lrp and Ngrp); for the second function, Ngp and also Nfr oppose the same variables (Ngrp and Lrp). 

We note that Lrp, Ngp and Ngrp are common variables for the prediction of the two discriminant 

functions, indicating that these are high discriminant variables. 

Correlation between predictive variables and linear discriminant functions 

Another way of interpreting the contributions of predictive variables to discriminant linear 

functions is the study of the structural matrix giving the combined intragroup correlations between the 

explanatory variables and discriminating functions. 

Table 17. Structure matrix 

Combined intra-group correlations between discriminant variables and standardized canonical discriminant function variables 

are ordered by absolute sizes of the correlations within the function. 

*: Highest absolute correlation between each variable and any discriminant function 

Figure 4. Two-dimensional distribution of predictor variables according to their correlation with 

linear discriminant functions (F1and F2) 

Site1 Site2 

Parameters Function 1 Function 2 Parameters Function 1 Function 2 

Ngrg 

Nr 

Ngrp 

Lpr 

Pgrp 

Nfr 

Ngp 

Nfe 

0.602* 

0.506* 

0.496* 

0.319 

0.117 

0.345 

0.293 

0.114 

-0.236

0.302

0.274

-0.235

-0.006

0.667* 

0.639* 

0.369 

Lrp 

Ngrp 

Ngrg 

Nr 

Nfr 

Ngp 

Nfe 

0.776** 

0.681** 

0.582* 

0.456* 

0.510* 

0.496* 

0.112 

-0.230

0.207

0.261

0.377

0.622** 

0.571* 

0.277 
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According to Table 17, for the first discriminant linear function, the contribution of the variable 

Ngrp with 0.602 (site1) and Lrp with 0.776 (site2), is the largest, followed by Nr (site1, 0.506) and Ngrp 

(site2, 0.681); Nfe contributes the lowest for both sites (0.114, 0.112 respectively). Site1 as well as site2, 

the second discriminant linear function shows that Nfr has the largest correlation (0.667, 0.622 

respectively)   followed by Ngp (0.639, 0.571) the rest of the variables contribute very weakly in the 

prediction 

Figure 4 illustrates the dispersion of the predictive variables as a function of their correlation with 

F1, F2; in fact in relation to the first function, there is no opposition between the variables. Also for the 

second function, the most correlated variables show no opposition. 

Fig. 5 representing the distribution of the variables on the axes (F1, F2) for the site2, shows the 

opposition of certain variables such as Lrp with Nfr, Ngp and all other variables for the second function. 

Figure 5. Distributions bidimensionnelle des variables prédictives selon corrélation avec 

les fonctions linéaires discriminantes (F1et F2) 

Estimated average group values 

       The factorial coordinates of the barycenters of groups on the discriminant axes are evaluated 

as mean values of the groups. 
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Table 18. Functions at group barycenters 

 Species Site1 Site2 

Function1 Function2 Function1 Function2 

1 

2 

3 

-0.117

-1.012

1.291

0.790 

-0.511

-0.369

-0.486

-1.181

2.021 

1.088 

-0.882

-0.294

  Based on the values of the first discriminant function estimated at the barycenters of each species 

for both site 1 and 2 (Table 33): the projection of individuals of species 1 with the lowest score (site1 -

0.117, site2 -0.486), classifies them among individuals of species 3, which opposes the other two species 

(1 and 2) by the common variables Nfr, Ngrg and Ngrp; in contrast for the second function, species 1 

with the highest score (site1 0.790, site2 1.088) receives the projections of the other species (2 and 3) 

and opposes them by the common variables Nfr and Ngp (Fig. 6 and 7). 

Figure 6. Two-dimentional distribution of the studied species on the axes 

discrimanators according to the barycentres (site1) 
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Figure 7.  Two-dimentional distribution of the studied species on 

the axes discrimanators according to the barycentres (site 2) 

Percentage of well-classified 

      There are several ways to check the quality of a discriminant analysis. Some use probabilistic 

hypotheses, others do not. In our case we chose the percentage of well-classified: it is the most used 

statistic and also the "speaking" while being the simplest. The idea is this: we have a classification 

procedure so why not apply it to the observations of which we know the real group and to check if one 

makes a good classification. 

      Well-ranked rates are an immediate measure of the performance of the classification rule (RO) 

developed. Better results than those produced by a random rule are expected, for three groups over 33%. 

Sp1

Sp2

Sp3

-1

-0,5

0

0,5

1

1,5

-1,5 -1 -0,5 0 0,5 1 1,5 2 2,5

Fu
n

ct
io

n
 2

Function 1



International Journal of Innovative Approaches in Agricultural Research 

Volume 2 Issue 2, June 2018 

99 

Table 19. Percentage of well-classified and validation 

Species Predicted classes 

1  2  3  Total 

Site1 

   Number 

Original 

    % 

1 

2 

3 

1 

2 

3 

248  81  16  345 

15  298  13  326 

30  35  222  287 

71.9  23.5  4.6  100.0 

4.6  91.4  4.0  100.0 

10.5  12.2  77.4  100.0 

Site2 

Number 

Original 

% 

1 

2 

3 

142  31  1  174 

2  166  0  168 

20  9  111  140 

1 

2 

3 

81.6  17.8   0.6  100.0 

1.2  98.8  0.0  100.0 

14.3  6.4  79.3        100.0 

The results of the classification (Table 19), performed by SPSS's Discrim (1994, 1999) procedure 

for both sites (1 and 2), show a fairly high overall well-classified apparent rate (site1 80.23%, site2 

86.9% ); the weighted average of the apparent well-classified rate for each species that varies from 

91.4% (site1) to 98.8% (site2) for species 2 (V.narbonensis) to approximately 72% (site1) and 79.3% 

site2) for species 3 V.ervilia with the most assignment error. This leads us to declare that species 1 and 

3 have the lowest well-classified rates (71.9% and 77.4% respectively for site1 and 81.6% and 79.3% 

for site2), as heterogeneous species; in contrast to species 2 considered to be very homogeneous. 

This result is predictable and corroborates the results obtained in Table 11 (Box Test) and Table 

16 (standardized coefficients of discriminating canonical functions). 

It is therefore clear that among all the variables analyzed, five of these variables have a great deal 

of weight in the discrimination between the species of vetch studied and are classified as relevant 

variables; they are: Nfr, Ngp and optionally Ngrp, which represent variables common to both sites; and 

with Ngrg for site1, Lrp for site2. 

The results of the descriptive analysis of sites 1 and 2 individually for the species factor revealed 

that the behavior of the three species remained virtually the same; they are very significantly different 

at site 1 as well as at site 2 and with almost equal rates of distinction. This assumes that the environment 

has not influenced species behavior. 
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On the other hand, if we want to compare the behavior of the species one by one on the two sites, 

we will see that for species 1 (V.ervilia) it has remained distinct from the other two species with very 

high discrimination rates (80% and 100% respectively) on both sites. Between species 2 (V. 

narbonensis) and 3 (V. sativa), there was 90% discrimination both at site 1 and site 2. The most 

discriminating variables common to both sites are Nr, Nfr, Ngp, Ngrg, and Ngrp; Pgp remains for both 

sites the most interesting character of common similarity. The difference demonstrated by univariate 

analysis is an indication of a genetic constitution inherent to each species (Dekhili et al., 2013).  

The results of the combined analysis (Sites Center + North) corroborate those of the analyze of 

Site 1 (Center) and Site 2 (North). Indeed the species are distinct very significantly and the common 

responsibility for this distinction is attributed for the three levels of analysis to 50% of the analyzed 

variables Nr, Nfr, Ngp, Ngrg, and Ngrp, 

Regarding to the variety effect, it appears from the examination of the results of the two sites 

(results not published) that for species 1 (V.ervilia) we find that the varieties revealed themselves to be 

similar to a high degree (70%) as well On site 1 and on site 2 and by almost the same variables (Nr, Lrp, 

Pgp, Ngrg, Ngrp and Pgrp) their difference is due to only two common variables: Nfe and Nfr. In species 

2 (V. narbonensis), the varieties show a somewhat higher similarity at site 1 Center (70%) than at site 2 

North (60%) and the resemblance common variables to both sites are: Nr, Ngp, Pgp, Ngrp and Pgrp. A 

single variable common to both sites (Nfr) is responsible for distinguishing between varieties of this 

species. Finally, for species 3 (V.sativa), the varieties are significantly different at Site 1 (Center) and 

Site 2 (North), but their discriminating variables are not common at both sites. 

This factorial analysis discriminating with all its tests revealed a very significant difference 

between the three species and that species 3 distinguished clearly from the other two species for a good 

number of variables (Nr, Lrp, Ngrg, Ngrp, Pgrp and Rdt) and is therefore the most productive for 

parameters related to green biomass (Nr and Lrp) and also for parameters related to grain yield (Ngrg, 

Ngrp, Pgrp and Rdt); that means a large production in green biomass and grains.

Conclusion 

The results of the descriptive analysis revealed that, with the majority of the analyzed parameters, 

a significant difference was observed between the three species of vetch (1 V.ervilia, 2 V.narbonensis, 

3 V.sativa). This analysis revealed the individualization of species 3 with its best performances 

compared to the other two species (1 and 2). 

For its part, the factorial analysis discriminating with all the tests carried out revealed almost the 

same result, namely a great distinction between the three species and the individualization of the species 

3 which proves to be the most productive in terms of the parameters related to the green biomass (Nr 
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and Lrp) and also for the parameters related to the grain yield (Ngrg, Ngrp, Pgrp and Rdt) or a production 

in green and in large grains. 

Thus, its performance in Species 3, which is represented by local varieties, which might enable 

us to propose it as a complete forage, ie, usable on different forms (green, straw, hay, grain or in 

concentrated addition) and this corroborates with the results of Mebarkia et al. (2007). 

This indicates that the introduced species (V.ervilia and V. narbonensis) are less adapted to the 

environmental conditions of the Sétif region (semi-arid) due to their lesser performance. 

On the other hand, we can assume that these "emerging" varieties of species 3 (José, fig and even 

Baraka, 715 and 709) exhibit a fairly large phenotypic diversity that can provide a broad genetic base 

that can potentially serve in improvement programs as highlighted by Mebarkia, (2007), given the large 

variability observed in many of the traits measured for the three vetches studied, this gives the possibility 

to choose the species suitable for the implementation value of the forage area in semi-arid zones and 

according to climatic characteristics and different production systems; especially if the introduced 

varieties do not meet the conditions of the region. 

Several hazards of extinction threaten these traditional varieties, namely drought (and / or climate 

change), the progressive loss of traditional knowledge in relation to local genetic resources, traditional 

practices and uses, and the introduction of foreign varieties. The importance of this genetic richness for 

the development of varieties is indisputable and requires safeguarding actions to reduce the effects of 

genetic erosion (Pistrick et al., 1994; El Gazzah 1995; Loumerem et al., 1998; BenSadok, 2006). 

Thus, it would be wise to continue the study on these species and varieties, for the production of 

grain and forage. 
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Abstract 

A three-year study (2015-2017) of 24 breeding lines and varieties of triticale in the experimental field of IPGR Sadovo was 

conducted. The experience is sown in a block scheme in 3 replications, with a randomized distribution of repeat variants with a 

plot size of 10 m2. As a standard in the comparative assessment were used the varieties Sadovo 1 and AD72-91. The following 

indicators are obtained: date of heading and morphological features: plant height (cm), weight of 1000 grains (g) and average yield 

(kg/da). The aim of the study is to establish the variation of economical traits and the presence of genetic diversity in the triticale 

breeding lines in order their more effectively utilization in the breeding process. Under the specific conditions of the test period 

the yields ranged from 516.40 kg/da for A1BM0132 (Т-139) to 711.40 kg/da for A6BM0193 (Т-218), and the average crop yield for 

the three-year period was 644.3 kg/da. Only two breeding lines – A1BM0018 (ТС-128 Sadovetz) and A6BM0193 (Т-218) have a 

yield above 700 kg/da. On the basis of the cluster analysis performed on economical traits, the studied triticale collection is divided 

into four groups with genotypes with similar characteristics. 
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INTRODUCTION 

The triticale is a relatively new cereal crop. It is grown as a green mass with higher protein content 

than wheat and rye, and for feed grain. The bread from wheat and triticale flour, in proportion 

respectively 75% and 25%, has a high protein and lysine content. The triticale flour is very suitable for 

making pastries because it contains little gluten with low quality. The best results are obtained when the 

flour is with low protein content and low glutenins content in gluten (Leon et al., 1996; Leon et al., 

1998). 

The chemical composition of the triticale grain makes it a suitable raw material for the spirits and 

brewing industries (Wang et al., 1999; Creydt et al., 1999). 

The beer made from triticale is characterized by low tannin content, high protein content, good 

foam color, impressive aroma and freshness (Annemuller et al., 1999). 

The green mass of triticale hay flour is richer with carotenoids and mineral substances. Compared 

to other cereals, the triticale has the following valuable qualities and traits: high productive capacities 

and high nutritional value of grain and green mass; less requirements for soil and climate conditions and 

the ability to grow on poorer soils; a higher protein content in biomass and grain, and a greater amount 

of essential amino acids, especially lysine; resistance to fungal diseases; high dry and cold resistance in 

some forms of the crop (Terziev, 2000). 

To ensure a sustainable supply of forages and food products in changing environmental and 

climate conditions, huge hopes are directed on plant breeding. Protecting the genetic diversity of plant 

resources is a good alternative for making the correct selection of sources as the initial material for 

successful crop improvement. The created breeding lines are testing and the samples which are showing 

the best complex of economical features are offering for varieties or conserve as genetic material for 

future breeding programs (Popov and Matsov, 1980; Popov et al., 1981). 

The success of triticale breeding programs as well as in other crops depends to a great extent on 

the precise investigation of the initial material, selection of suitable parental pairs for crosses and 

maximum involvement of productive potential in them (Georgiev et al., 2013). On the other side, it is 

also important to evaluation the mathematical variability of the studied economic features as well as the 

grouping of the breeding materials for the efficient use of the conserved genetic resources. 

The aim of the study is to establish the variation of economical traits and the presence of genetic 

diversity in the triticale breeding lines in order their more effectively utilization in the breeding process. 
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Material and methods 

Status of Triticosecale genofund, stored in the National Genebank of IPGR Sadovo 

IPGR Sadovo is a coordinator of the National Program for Plant Genetic Resources and in the 

fund of Institute Genebank are maintained lines and varieties from the Bulgarian crop breeding under 

conditions of short and long-term storage. 

The Triticosecale collection includes breeding lines and varieties (294 samples) with Bulgarian 

origin, as well as introduced genotypes with foreign origin from the international free germplasm 

exchange (397 samples), mainly from Mexico, USA, Canada, Russia, France, Germany, Belarus, 

Poland, England and others. The total status number of the stored IPGR genofund is 691 seed samples. 

All received seed samples are registered in the Phyto 2000 electronic database by 20 passports 

descriptors, according to the international standards of FAO, ECPGR and Bioversity International. 

Plant material and studied traits 

In the period 2015-2017 a three-year study of 24 breeding lines and varieties of triticale in the 

experimental field of IPGR Sadovo was conducted. The experience is sown in a block scheme in 3 

replications, with a randomized distribution of repeat variants with a plot size of 10 m2. 

As a standard in the comparative assessment were used the varieties Sadovo 1 (common winter 

wheat) and AD72-91. Variety AD72-91 was obtained in the Institute of Sadovo through a selection of 

materials, originated and introduced from Mexico. 

Date of heading and morphological features: plant height (cm), weight of 1000 grains (g) and 

average yield (kg/da) are obtained. 

The indicators characterizing the average value of each of the traits and their degree of variability 

by the variance coefficient (CV%) were calculated. It is accepted that the variability is weak if the 

variation coefficient does not exceed 10%, average – when it is more than 10% and less than 20%, strong 

(significant) – when it is over 20% (Dimova and Marinkov, 1999). 

Statistical data processing 

Variance and cluster analyses have been applied (Lindanski, 1988). The experimental data is 

averaged and standardized. The SPSS 13.0 statistical package have been used to process the survey 

results. 

Results and discussion 

In Table 1 the passport data of breeding lines and varieties involved in the investigation were 

shown. All the studied samples are originated from Bulgaria and are stored in the collection of the 

National Genbank in IPGR Sadovo. 
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Table 1. Passport information for the samples included in the study* 

№ Cat. № 
Year of 

registration 

Taxonomical 

description 

Name of the 

 sample 

Type of the 

sample 
Origin 

1 A1BM0012 2001 Triticosecale Priboi Breeding line BGR 

2 A1BM0018 2001 Triticosecale ТС-128 Sadovetz Breeding line BGR 

3 A1BM0029 2001 Triticosecale ТС-177 Prevala Breeding line BGR 

4 A1BM0035 2001 Triticosecale ТС-210 Rozhen Breeding line BGR 

5 A1BM0037 2001 Triticosecale ТС-238 Breeding line BGR 

6 A1BM0067 2001 Triticosecale ТС-370 Breeding line BGR 

7 A1BM0068 2001 Triticosecale Т-4 Breeding line BGR 

8 A1BM0078 2001 Triticosecale Т-119 Breeding line BGR 

9 A1BM0082 2001 Triticosecale Т-123 Breeding line BGR 

10 A1BM0088 2001 Triticosecale Т-39 Breeding line BGR 

11 A1BM0089 2001 Triticosecale Т-40 Breeding line BGR 

12 A1BM0096 2001 Triticosecale Т-74 Breeding line BGR 

13 A1BM0102 2001 Triticosecale Т-130 Breeding line BGR 

14 A1BM0110 2001 Triticosecale Т-88 Breeding line BGR 

15 A1BM0132 2001 Triticosecale Т-139 Breeding line BGR 

16 A6BM0189 2006 Triticosecale Т-148 Breeding line BGR 

17 A6BM0190 2006 Triticosecale Т-197 Breeding line BGR 

18 A6BM0191 2006 Triticosecale Т-213 Breeding line BGR 

19 A6BM0192 2006 Triticosecale Т-193 Breeding line BGR 

20 A6BM0193 2006 Triticosecale Т-218 Breeding line BGR 

21 A6BM0194 2006 Triticosecale Т-220 Breeding line BGR 

22 A6BM0195 2006 Triticosecale Т-221 Breeding line BGR 

23 St. Triticum aestivum L. Sadovo 1 Variety BGR 

24 St. Triticosecale АD72-91 Variety BGR 

* The data source is the National Register Phyto 2000 (IPGR Sadovo)

In Table 2 the mean values of the traits, obtained for the three year studied period, are shown. 

Under the specific conditions of the testing period, the crop yields ranged from 516,40 of 

A1BM0132 (T-139) to 711.40 kg/da of A6BM0193 (T-218). The average crop yield for the three-year 

period is 644,3 kg/da. Yield above 700 kg/da were obtained of only 2 samples – A1BM0018 (T-218 

Sadovetz) and A6BM0193 (T-218). As well as on other authors' research works (Popov and Matsov, 

1980; Popov et al., 1981; Kolev et al., 2003), the standard AD72-91 shows a higher yield than Sadovo 

1. Line TC-128 Sadovetz is one of the highest yielding genotype. Similar results have been reported by 

Terziev (2000) in comparative testing of wheat, barley and triticale. 

The weight of 1000 grains in the studied collection is over 40 g. Only 4 samples show grain 

weight over 50 g. The triticale breeding lines characterized by the largest grains are: A1BM0035/TC-

210 Rozhen, A1BM0068/T-4, A1BM0082/T-123, A6BM0194/T-220 (Table 2). 
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The heading on May 3 for A6BM0192/T-193 and A1BM0110/T-88 was reported and up to May 

14 for Sadovo 1. Most of the samples were heading in the period from May 6 until May 8. 

Table 2. Agrobiological study of triticale breeding lines under the conditions of IPGR Sadovo (2015-

2017) 

№ 
Cat. №/ 

Name of the sample 

Average 

crop yield, 

kg/da 

Plant 

height, 

cm 

Weight of 

1000 grains, g 

Date of 

heading 
Cluster 

1 A6BM0190/Т-197 638.60 104.80 45.00 07.V. І 

2 A1BM0110/Т-88 637.60 100.40 42.90 03.V. І 

3 A1BM0037/ТС-238 649.80 96.30 41.20 08.V. І 

4 A1BM0096/Т-74 651.80 98.60 46.10 04.V. І 

5 A1BM0012/Priboi 632.80 134.40 45.40 13.V. І 

6 A6BM0195/Т-221 643.90 124.30 47.00 12.V. І 

7 A6BM0191/Т-213 614.20 101.70 44.30 07.V. І 

8 St. Sadovo 1 605.70 98.00 47.00 14.V. І 

9 A1BM0082/Т-123 619.50 113.40 50.30 07.V. І 

10 A6BM0192/Т-193 621.40 108.80 46.30 03.V. І 

11 A1BM0078/Т-119 627.40 112.10 47.70 07.V. І 

12 A1BM0102/Т-130 627.70 106.80 42.90 07.V. І 

13 St. АD72-91 633.60 111.90 43.20 08.V. І 

14 A6BM0194/Т-220 622.80 123.70 58.30 12.V. І 

15 A1BM0018/ТС-128  Sadovetz 702.80 104.00 44.70 08.V. ІІ 

16 A6BM0193/Т-220 711.40 121.80 47.60 06.V. ІІ 

17 A6BM0189/Т-148 656.90 111.10 45.10 07.V. ІІІ 

18 A1BM0029/ТС-177  Prevala 659.80 103.60 47.00 05.V. ІІІ 

19 A1BM0067/ТС-370 666.80 109.80 45.10 07.V. ІІІ 

20 A1BM0088/Т-39 678.40 108.20 43.60 06.V. ІІІ 

21 A1BM0089/Т-40 681.90 102.80 47.90 06.V. ІІІ 

22 A1BM0068/Т-4 676.90 116.80 50.30 08.V. ІІІ 

23 A1BM0035/ТС-210  Rozhen 684.60 135.00 50.20 08.V. ІІІ 

24 A1BM0132/Т-139 516.40 103.30 41.50 07.V. ІV 

In the collection of triticale breeding lines genetic diversity with respect to the investigated 

morphological features is found. 

The performed analysis of variance showed that for all three quantitative traits the variability is 

low – less than 10%. The highest variable indicator is the height of the plant, which is with the biggest 

response for the available diversity in the studied triticale collection (Table 3). 

Table 3. Variation of quantitative traits in the studied triticale genotypes 

Indicators Mean Min Max Std. deviation CV% Stand. Error 

Average crop yield, kg/da 644.30 516.40 711.40 39.20 6.10 8.00 

Plant height, cm 110.50 96.30 135.00 10.70 9.70 2.20 

Weight of 1000 grains, g 46.30 41.20 58.30 3.60 7.80 0.70 



International Journal of Innovative Approaches in Agricultural Research 

Volume 2 Issue 2, June 2018 

108 

The cluster analysis of experimental data grouped the triticale breeding lines based on their 

similarity by the studied morphological traits. The results are presented by dendrogram, showing the 

sequence of clustering of genotypes in four clusters (Fig. 1). 

Figure 1. Dеndrogram of grouping of Triticosecale breeding lines 

by using of hierarchical cluster analysis 

Average crop yield is one of the most important indicator of economical importance of the triticale 

regarding its use like forages and food. The dendrogram on Fig. 1 and the data in Table 2 show that the 

highest yield samples are included in the same cluster – T-218 (A6BM0193) and TC-128 

Sadovetz (A1BM0018). They are characterized by an average crop yield of more than 700kg/da, 

respectively 711.40 and 702.80 kg/da, exceeding the standards Sadovo 1 and AD72-91. Regarding to 

height of the plant, breeding line T-218 exceeds the value of the two control varieties. 

Breeding lines, which are showing crop yield exceeding the standards in the range of 684.60 to 

659.80 kg/da formed a single cluster group. It includes line TC-210 Rozhen with Cat. № A1BM0035, 

characterized by the highest height of the plant (135.00 cm) in the studied triticale collection. 
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The largest cluster includes the varieties Sadovo 1 and AD72-91, as well as 12 breeding lines with 

average crop yield, approaching to the standard varieties by this indicator. The samples also show a 

genetic similarity to controls by the other investigated economical traits. The line T-220 with Cat. № 

A6BM0194 made an impression with the highest weight of 1000 grains (58.30 g) for the collection. 

Two of the genotypes, lines T-88 (A1BM0110) and T-193 (A6BM0192), are the earliest by the date of 

heading for the tested breeding materials on the average three-year period. 

The line T-139 (A1BM0132) is characterized with the lowest yield (516.40 kg/da) in the 

studied triticale collection. On the dendogram (Fig. 1) it is visible that the sample forms a single 

cluster and shows the the greatest diverse from the other genotypes included in the study. 

From the analysis it could be concluded that the main indicator responsible for the clustering of 

the collection is the average crop yield. 

Conclusion 

In the investigated collection of triticale breeding lines a genetic diversity by the studied 

economical traits is established. 

Based on the cluster analysis, the triticale collection is divided into four groups, combining 

samples with similar morphological characteristics. 

It was found that with defining importance for the clustering of the studied collection is average 

crop yield. 

The breeding lines T-218 (A6BM0193) and TC-128 Sadovetz (A1BM0018) are the most 

perspective in the studied triticale collection for the crop improvement purposes. They show the best 

economic qualities and exceed the accepted standards by average yield. 

The results of this investigation support the breeding-improvement programs in culture by 

identifying of genotypes with valuable economical traits. 
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Abstract 

A study was carried out in River Benue and 10 sites constituting the floodplains of River Benue to determine the effects of selected 

water quality parameters on the incidence and infestations of aquatic macrophytes. All water quality properties were analyzed 

using Standard Procedures. Water pH was observed to be variable, ranging from 5.7 at River Benue at the point at which effluents 

from BBL are discharged to 7.8 at River Benue. Odour, turbidity, dissolved oxygen, (DO), total dissolved solids (TOD), biochemical 

oxygen demand (BOD) and chemical oxygen demand (COD), respectively also followed the same trend. No significant relationships 

existed between the occurrence and density of Azolla pinnata, Cyperus difformis, Kyllinga pumila, Pycreus lanceolatus (Poir.), Ludwigia 

decurrens, Leptochloa caerulescens Steud., Cardiospermum heliocacabum, Myriophyllum aquaticum, Pistia stratoites, Mariscus 

longibracteatus, Heliotropium indicum Linn., Sphenoclea zeylonica Gaertn.and Melochia corchorifolia and the water quality parameters 

at the study locations. However, positively significant relationships existed between the occurrence and density of Cyperus erecta 

and the pH of the water at River Benue and the amount of dissolved oxygen (DO) in water at the time of collection. There was a 

positive and highly significant relationship between Polygonium lanigerum R.Br., Heliotropium indicum, Persicaria decipens and 

Biochemical DO, BOD, COD and COD. Also, a positive and highly significant relationship existed between Ludwigia hyssopifolia and 

Sacciolepis africana with turbidity of water. The relationship to dissolved oxygen at time of water collection indicated the favorable 

disposition of these weeds to thrive and do well under conditions of relatively higher dissolved oxygen. 
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INTRODUCTION 

Jones et al. (2010) defined aquatic macrophytes as a group of large macroscopic photosynthetic 

organisms usually growing with their roots in soil or water.  These plants are either adapted to continuous 

supplies of water or are at least tolerant to waterlogged soil conditions for substantial periods of time.  

Macrophytes include any plant observable by the naked eye and nearly always identifiable when 

observed (Holmes and Whitton, 1977) and are associated with open water or wetlands with shallow 

water (CEC, 2002). 

Aquatic macrophytes are important components of freshwater ecosystems because they enhance 

the physical structure of habitats and biological complexity, which increases biodiversity within littoral 

zones (Estevez, 1998; Wetzel, 2001; Agostinho et al., 2007, Pelicice et al., 2008). They are an important 

part of the aquatic food web of water bodies as they play an important role in aquatic systems worldwide 

because they provide food and habitat to fish, wildlife and aquatic organisms (Gross, 2003).  

Dumen et al. (2007) noted that aquatic macrophytes growing in the rivers are known to induce 

substantial changes to the water quality. Some of these effects are due to direct interactions such as 

uptake of nutrients, whereas others may be merely attributed to indirect effect of the water plants on 

hydrodynamics or sediment chemistry (Yaowakhan et al., 2005). Macrophytes have become 

increasingly valued as a means of indirectly monitoring water quality as for instance, eutrophication can 

produce a progressive change in species composition and a loss of species diversity. 

Aquatic weed growths in any source of water create problems involved with practically all water 

uses (Joshi, 2012). In most subtropical and tropical rivers, the excessive growth of aquatic macrophytes 

provokes some negative effects (Bini et al., 2005). 

Excessive proliferation of non-native species can displace diverse communities of native aquatic 

plants, affect trophic structure of fish assemblages, create over-populations of fish stunted in size, 

degrade water quality, and reduce the recreational and aesthetic enjoyment of a water body (Duke, 

2001). Pieterse and Murphy, (1990) reported that despite the ecological importance of aquatic 

macrophytes, the excessive growth of some species may be considered a nuisance to some water uses 

such as recreation and electrical generation, and may become nuisance by hindering human uses of 

water and threaten the structure and function of diverse native aquatic ecosystems.  

Dense canopies formed by non-indigenous species have been reported to reduce plant diversity 

and abundance (Madsen et al., 1996). The reduction of habitat complexity also results in reduced macro 

vertebrate diversity and abundance (Keast, 1984) and growth reduction in fishes (Little and Budd, 1992). 

When found in large populations, macrophytes can cause extensive socio-economic and environmental 

problems. They are considered one of the key pressures on world’s biodiversity: altering ecosystem 

services and processes, reducing native species abundance and richness, and decreasing genetic diversity 
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of ecosystems (Rands et al., 2010, Villa et al. 2011, Hejda et al., 2009). They cause substantial economic 

losses estimated to a total of US$120 billion annually in the USA (Pimental et al. 2005, Kettunen et al. 

2009). In South Africa, estimated economic costs due to invasive alien species are currently above US$ 

700 million (R6.5 billion) per annum or 0.3 % of South Africa’s GDP, and could rise to over 5 % of 

GDP if invasive plants are allowed to reach their full potential (Wilgen and Lange 2011). 

       This study was therefore carried out to identify some of the water quality properties 

influencing the occurrence or infestations of macrophytes in the study area. 

Materials and Methods 

Collection of water samples 

Water samples were collected in thoroughly washed and sterile 75 cl bottles, below the surface 

of the water, determined by the depth of the water body.  These bottles were then placed in sealed giant 

flask coolers to prevent alterations in temperature and water quality.  All sample sites were selected on 

the basis of weed presence, density and diversity. The weeds which could not be identified on site were 

collected by hand and placed in a 250 μm mesh net and all sediments removed from the sample by 

washing in the water at the point where the samples were collected. Macrophyte samples were kept cold 

in a cooler box and taken to the laboratory where they were identified to species. Macrophytes were 

identified and classified to species according to their life forms. An identification of the macrophytes 

was carried out using A Handbook of West African Weeds by Akobundu and Agyakwa (1987), Western 

Weeds: A Guide to the weeds of Western Australia by Hussey et al., (2007), MCIAP, (2007) and National 

Pest Plant Accord, by http://www.biosecurity.govt.nz/nppa, (2008). The water quality parameters 

assessed in this study were all measured using standard procedures as outlined below.  

Data Collection 

Water quality data 

Water parameters measured were; odour of water, water colour, temperature, turbidity, total 

dissolved solids (TDS), electrical conductivity (EC), hardness, Ammonia-Nitrogen, free carborn 

dioxide, phosphorus, pH, dissolved Oxygen (DO), biochemical oxygen demand (BOD), chemical 

oxygen demand (COD), total oxygen demand (TOD), Calcium, and Magnesium. 

The water samples collected before and after herbicide application were analyzed in a standard 

laboratory of the Benue State Water Board for the following water quality parameters:        

pH and temperature.

These measurements were taken on the spot using a hand held HANNAH microcomputer, model 

HI 9024, Romania. 
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Dissolved oxygen 

Dissolved oxygen concentration of the sampling areas was determined using Winklers titrimetric 

method (Mackereth, 1963). Two milliter of manganous sulphate followed by 2 mL Potassium iodide 

(KI) solution were added to water samples in order to fix the oxygen. The bottle was carefully closed 

with a stopper to exclude air bubbles and mixed by thoroughly shaking the bottle. The formed precipitate 

was taken to the laboratory for analysis. 

In the laboratory, 2 ml of H2SO4 was added and the bottle shaken thoroughly to dissolve the 

precipitate. About 10 ml of this solution was placed into conical flask and titrated against 0.0125 M Na2 

S2O3 (sodium thiosulphate solution) using 2 drops of starch solution as indicator. Dissolved oxygen 

(mg/l) was calculated as follows:  

DO (mg/l) = Vol. of 0.0125 M Na2S2O3.5H O (ml) x101.6 

Volume titrated 

Determination of free carbon dioxide 

Water samples were collected using a 75 cl water bottle. It was completely filled to leave no air 

space. The samples were siphoned into a 100 ml graduated cylinder and five to ten drops of 

phenolphthalein indicator was added. Titration was carried out into the cylinder with standard alkali 

solution and stirred gently until pink colour persisted for 30 seconds. A colour comparison is provided 

by adding 5-10 drops of phenolphthalein indicator to 10 ml NaHCO solution in a similar graduated 

cylinder.  

Calculated as CO2 mg/l =        V x M x 44,000 

ml of sample used 

Where, V = ml of Na2CO3   used for the titration of the sample 

M = Molarity of the standard alkali 

Chemical oxygen demand (COD) 

 Titrimetric method was employed in the determination of COD. A 10 ml of 0.125 M K2Cr2O7 

was added to 20 ml of the water sample using a pipette in a refluxing flask. Glass beads or anti -bumping 

chips were added. Then 30 ml of concentrated H2SO4 was added slowly and with gentle swirling. The 

flask was connected to the condenser and refluxed for 2 h. After that, the flask was cooled and the 

condenser washed with distilled water into the flask and diluted to about 150 ml. The excess dichromate 

was titrated with 0.05 M ferrous ammonium sulphate (FAS) using 2 drops of ferroin as indicator. A 
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blank mixture was prepared and treated using the same procedure (Ademoroti, 1996). This was 

calculated as: 

COD (mg/l) = Vb-Vs x M x 1600 

Ml sample 

Where: Vb = ml FAS used for blank, Vs = ml FAS used for sample, M = molarity of FAS. 

Conductivity 

Water sample conductivity was measured using HACH conductivity meter. This meter was 

standardized using distilled water and the probe inserted into the sample. The conductivity value was 

displayed on the meter and value recorded. 

Turbidity 

Turbidity was determined using Varian UV-Visible Spectrometer. The spectrometer was 

standardized with distilled water at a wavelength of 830 nm (infra-red). Turbidity was then determined 

by reading the value shown on the meter.  

Ammonia-Nitrogen (NH-N) 

Fifty milliliters of water sample were added into a flask, equivalent amount of Cl-  ion determined 

was added to the standard Ag2S4 solution to remove any Cl-  that may interfere as AgCl precipitate. A 

clear sample of the water was then evaporated to dryness over a hot water bath.  

The residue was then rinsed with 1ml Phenol disulphonic acid reagent and was heated mildly to 

dissolve all solids. Ten milliliter of distilled de-ionised water was added, followed by 3 ml of 

concentrated ammonium hydroxide solution. The solution was then transferred to a 50 ml volumetric 

flask. Absorbance readings were taken at wavelength of 410 nm with SP-200 Spectrometer. 

Concentration of nitrate in water sample was deduced from the calibration curve.2 

Total suspended solids (TSS) 

About 100 ml of the filtered sample (using a pre-weighed filter paper) was transferred into a 

weighed evaporating dish. Evaporation to dryness was carried out on a steam bath. The dish was cooled 

and weighed. This was continuously done until a constant mass was obtained. The dissolved solids were 

calculated as mass of dissolved residue over volume of sample. 

Total dissolved solids (TDS) 

This is based on the weight of residues on evaporation after drying at the temperature of 105-1100 

C. The loss on ignition is determined on the residue used for determining total dissolved solids by careful
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ignition over a small flame or in a covered metal dish. In calculating the quantity of dissolved material, 

the figure for bicarbonate is divided by 2.03 to account for the conversion to carbonate on evaporation 

and the quantities of the other constituents as found by analysis are added to give the quantity of 

dissolved mineral matter. 

Potassium 

      This was determined using the tetraphenyl borate method, using the Acid-Floride extraction 

(Engelbrecht and McCoy, 1956).  

Biochemical oxygen demand (BOD) 

Water samples were collected in 75 cl water bottles and incubated for 5 days by wrapping them 

in a black nylon bags and keeping in the cardboard. At the end of the 5 days, the oxygen concentration 

of the samples was determined in the same way as dissolved oxygen as outlined by APHA, (1993) using 

Alterberg-Azide method. The BOD values of the samples were then determined as the difference 

between the dissolved oxygen content of the fresh water samples and that of the incubated samples in 

the relationship: 

BOD (mg/l) = DO (before incubation) – DO (after incubation) 

B 

Where B= fraction of the sample used 

Water hardness 

       25 ml of the water samples were placed in different 250 ml conical flasks to which were 

added 2 drops of Erochrome Black T indicator and 3ml of ammonium chloride in concentrated ammonia 

buffer (NH4Cl/conc.NH3). This was then titrated against 0.01 M EDTA solution until there was a colour 

change to blue from violet.  

Hardness in mg/l CaCO3 was calculated as   V x M x 1000 

1M used sample 

Where M= molarity of EDTA and 

V= volume of EDTA used 

Statistical analysis 

All the laboratory data on water parameters were subjected to Analysis of Variance (ANOVA) 

using the Genstat statistical tool version 12 and where statistical differences were observed, the means 

were separated using Duncan Multiple Range Test (DMRT) at 5 % level of probability. 

Results and discussion 

Selected water quality parameters of the water bodies sampled are as shown in Table 1. 
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Table 1. Selected water quality parameters of the water bodies sampled 

pH Odour Turbidity TDS 
DO1 

(mg/l) 

DO2 

(mg/l) 

BOD 

(mg/l) 

COD 

(mg/l) 

TOD 

(mg/l) 

BBL EF.DP 5.7 0 116.4 54.8 4.5 1.6 176 372 548 

BBL 2 5.8 0 154.6 64.2 4.3 1.2 184 372 556 

Abattoir 6.6 0 106.0 51.8 4.5 2.4 128 256 384 

Adubu 6.5 1 450.8 77.4 4.6 3.4 71 144 215 

A.Adubu 6.2 1 168.4 66.4 4.6 2.6 112 228 340 

Tyumugh1 6.8 1 56.8 20.8 5 3.9 64 130 194 

Tyumugh2 6.5 0 142.8 58.2 4.4 2.3 126 266 392 

Berbesa 1 6.7 1 658.6 8.7 4.5 2.5 118 234 352 

Berbesa 2 6.6 1 482.6 79.4 4.5 3.2 76 158 234 

Agongul 6.4 1 23.2 14.2 5.4 4.4 58 118 176 

R.Benue 7.8 1 24.1 19.7 6.1 4.8 78 156 234 

0 = objectionable odour; 1 = unobjectionable odoura. TDS= total dissolved solids, BOD= biochemical oxygen demand, 

COD= chemical oxygen demand, TOD= total oxygen demand 

     Water pH was observed to be variable, ranging from 5.7 at River Benue at the point at which 

effluents from BBL are discharged to 7.8 at River Benue. Odour was also variable, ranging from 

objectionable at the point of effluent disposal at BBL, BBL 2, new bridge abattoir and Tyumugh 2 to 

unobjectionable odour at Adubu, Anam Adubu, Tyumugh 1, Berbesa 1 and 2, Aogongul and River 

Benue. Turbidity also followed a similar trend, varying from 23.2 NTU at Agongul to 658.6 NTU at 

Berbesa 1. Total Dissolved Solids was variable and varied from 8.7mg/l at Berbesa 1 to 79.4 NTU at 

Berbesa 2. Dissolved oxygen on the first day of water collection varied from 4.3 mg/l at BBL 2 to 

6.1mg/l at River Benue while that after 5 days of water collection varied from 1.2 mg/l at BBL 2 to 4.8 

mg/l at River Benue. The trend was similar in Biochemical Oxygen Demand (BOD) where BOD varied 

from 58 mg/l at Agongul to 184 mg/l at BBL 2. Chemical Oxygen Demand (COD) also varied from 118 

mg/l at Agongul to 372 mg/l at the point of effluent disposal at BBL. Total Dissolved Oxygen varied 

from 176 mg/l at Agongul to 556 mg/l at BBL 2.  

      The Relationships between water quality properties, occurrence and population density of 

Identified Weeds is shown on Table 2. No significant relationships existed between the occurrence and 

density of Azolla pinnata, Cyperus difformis, Kyllinga pumila, Pycreus lanceolatus (Poir.), Ludwigia 

decurrens, Leptochloa caerulescens Steud., Cardiospermum heliocacabum, Myriophyllum aquaticum, 

Pistia stratoites, Mariscus longibracteatus, Heliotropium indicum Linn., Sphenoclea zeylonica 

Gaertn.and Melochia corchorifolia and the water quality parameters at the study locations. There was 

however a positively significant relationship (r=0.773) between the occurrence and density of Cyperus 

erecta and the pH of the water at River Benue which was alkaline (7.8). There was also a relationship 
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between this weed and the amount of dissolved oxygen (DO) in water (r=0.819) at the time of collection. 

No other relationship existed between this weed and the other water quality parameters.  

Table 2. Relationships between water quality parameters and occurrence and population density of 

identified weeds 

pH Odour Turbidity TDS DO1 DO2 BOD COD TOD 

E. crassipes 0.(a) 0.(a) 0.(a) 0.(a) 0.(a) 0.(a) 0.(a) 0.(a) 0.(a) 

C. difformis 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

C. erecta 0.444 0.102 -0.278 0.124 0.203 0.308 -0.331 -0.330 -0.331 

K. pumilla 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

P. lanigerum 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

R. nasturtium -0.593 -0.602 -0.221 0.208 -0.249 -0.625* 0.798** 0.802** 0.801** 

L. abbysinica 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

S. naumanniana 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

E. calva 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

L. flava 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

P. lanceolatus 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

C. haspan 0.397 0.463 -0.012 0.174 0.420 0.394 -0.319 -0.327 -0.324 

L. decurrens 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

S. nymphellula 0.539 0.344 0.449 -0.282 0.100 0.254 -0.317 -0.314 -0.316 

A. cordifolia 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

M. aquaticum 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

L. caerulenscens 0.773** 0.239 -0.300 -0.345 0.819** 0.550 -0.231 -0.239 -0.236 

L. hyssopifolia 0.125 0.356 0.815** -0.036 -0.241 -0.034 -0.134 -0.143 -0.140 

H. indicum -0.541 -0.653* 0.125 0.043 -0.499 -0.767** 0.831** 0.838** 0.836** 

A. pinnata 0.055 0.213 0.397 -0.182 -0.069 0.151 -0.288 -0.276 -0.280 

C. helicacabum 0.005 0.352 0.158 0.086 0.110 0.338 -0.448 -0.433 -0.438 

M. aquaticum 0.212 -0.054 0.293 -0.068 -0.312 -0.042 -0.158 -0.151 -0.153 

P. esculentum 0.128 0.356 0.831** -0.093 -0.240 -0.047 -0.114 -0.125 -0.122 

P. decipens -0.677* -0.624* -0.188 0.240 -0.333 -0.677* 0.815** 0.822** 0.820** 

P. stratiotes 0.082 -0.131 0.430 -0.257 -0.286 -0.236 0.156 0.156 0.156 

M.longibracteatus -0.065 0.239 -0.301 -0.415 0.390 0.432 -0.383 -0.378 -0.380 

H. indica -0.006 0.356 0.095 0.012 0.162 0.374 -0.466 -0.452 -0.457 

S. zeylonica -0.583 -0.274 -0.068 0.241 -0.184 -0.317 0.361 0.380 0.374 

M. cordifolia -0.496 -0.204 -0.377 -0.190 0.108 -0.081 0.210 0.216 0.214 

**  Correlation is significant at the 0.01 level (2-tailed).*  Correlation is significant at the 0.05 level (2-tailed). a Cannot be 

computed because at least one of the variables is constant. 

      There was a positive and highly significant relationship between Polygonium lanigerum R.Br. 

africanum and Biochemical Oxygen Demand (BOD), (r=0.789), Chemical Oxygen Demand (COD), 

(r=0.802) and Total Oxygen Demand (COD), (r=0.801). However, the relationship of this weed and DO 

(after 5 days of collection) was negatively significant (r=-0.625). No other relationship existed between 

this weed and the other water quality Parameters. 

There was also a similar trend where positive and highly significant relationship existed between 

Heliotropium indicum and BOD (r=0.815), COD (r=0.838) and TOD (r=0.836) respectively. A negative 
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and highly significant (r=-0.767) relationship however existed between this weed and DO (after 5 days 

of sample collection). 

          There was also a negative and significant (0.653) relationship this weed and the odour of 

water at the study locations.   

A positive and highly significant relationship between Persicaria decipens and BOD (r=0.815), 

COD (r=0.822) and TOD (r=0.820) was observed respectively. There were also negative and significant 

relationships between this weed and DO (after 5 days of water collection (r=0.677). No other 

relationship was observed between this weed and the other water quality parameters. 

There was a positive and highly significant (r=0.815) relationship between Ludwigia hyssopifolia 

and Sacciolepis africana with turbidity of water. No other relationship was observed between these 

weeds and the other water quality Parameters.  

There was a positive and highly significant relationship between Ludwigia hyssopifolia and 

Sacciolepis africana with turbidity of water. 

The occurrence or presence and affinity of Cyperus erecta, Eleocharis calva, Limnocharis flava, 

Cyperus haspan and Anredera cordifolia to only River Benue (as against the other locations with acidic 

to slightly acidic water conditions) and the dominance of Pteridium esculentum, Rorippa nasturtum-

aquaticum, Ludwigia abbysinica, Myriophyllum aquaticum and Scleria naumanniana at the locations 

with acidic to slightly acidic water conditions indicated the preference of these weeds to grow and 

flourish under varying water conditions. Their relationship to dissolved oxygen at time of water 

collection indicated the favorable disposition of these weeds to thrive and do well under conditions of 

relatively higher dissolved oxygen.  

Ngodhe et al. (2013) had reported that the structure and function of aquatic organisms reflect 

physical/chemical conditions and further, that the main physico-chemical factors that affect aquatic 

environments are temperature, discharge, DO, pH, nutrients and conductivity. Temperature and DO 

levels usually fluctuate and regulate the amount of DO in water (Kalff, 2002) as increased temperatures 

lower the solubility of DO resulting in low values. The abundance of these weeds in slightly acidic to 

alkaline water situations corroborates the findings of Ngodhe et al. (2013) that natural differences in pH 

and alkalinity may be important determinants of aquatic structure and low acidities reflect better 

buffering and higher productivity (Busulwa and Bailey, 2004). It implies therefore, that these weeds 

thrived and will most likely to do better at higher (alkaline) pH levels. Higher levels of DO at time of 

water collection were also found to be responsible for the higher occurrence and distribution of these 

weeds. 

The presence of high BOD may indicate faecal contamination or increases in particulate and 

dissolved organic carbon from non-human and animal sources that can restrict water use and 
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development, necessitate expensive treatment and impair ecosystem health. Measurement of BOD has 

long been the basic means for determining the degree of water pollution (Hach et al., 1997). COD is 

commonly used to measure the amount of organic compounds (or pollutants) in water or oxygen 

depletion in water.  

Polygonium lanigerum, Heliotropium indicum and Persicaria decipens were found 

predominantly at the point of effluent disposal at BBL and River Benue close to the point of effluent 

disposals from BBL, Berbesa and Tyumugh. Their presence and preponderance at these places and their 

strong responses (or increases in density) in the presence of high levels of BOD, COD and TOD 

indicated their affinity (tolerance), occurrence and effective water utilization under mainly highly 

contaminated water sources depleted of oxygen and replete with organic compounds. This further 

confirms why they were found only at these points.  

 The inverse relationship of Polygonium lanigerum, Heliotropium indicum and Persicaria 

decipens with DO showed that as the amount of dissolved oxygen decreased, the occurrence and 

distribution of the plant also decreased. This trend is not generally uncommon as most plants are not 

likely to survive under oxygen deficient conditions. Also, as odour increased, the occurrence of 

Heliotropium indicum also decreased. This trend is assumed to have occurred because odour is most 

likely to create conditions of foams and scums that are capable of causing the extinction of biological 

activities that may facilitate respiration and sustenance of oxygen in the water for the thriving of aquatic 

flora and fauna.  

The uninhibited occurrence and distribution of Ludwigia hyssopifolia and Sacciolepis africana at 

Berbesa 1 and 2 under turbid water conditions indicated that other than nutrients turbidity will not limit 

the growth, distribution and perhaps photosynthetic ability of these plants. On the other hand, it is 

possible that some of the inputs arising from the sources of turbidity at this location (agriculture, rearing 

of animals along the shores of this water body, sediments from storm water, human defecations and soil 

excavation activities), (Jimin et al. 2014) improved the fertility status of the water to levels that increased 

the ability of these weeds to survive even under turbid water condtions.  

Conclusion 

        The mere presence of macrophytes in a body of water indicates that both its physical and 

chemical properties have been altered through contamination or increases in particulate and dissolved 

organic carbon from human, non-human and animal sources that can restrict water use and development, 

necessitate expensive treatment and impair ecosystem health. The results of this study which have 

indicated an increasing and threatening trend in the rate at which invasive aquatic macrophytes are 

colonizing river Benue and its floodplains calls for action. This action is both in terms of limiting riparian and 
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catchment activities capable of altering the physical and chemical status of River Benue and its floodplains and 

controlling the aquatic macrophytes already infesting them before economic thresholds are attained.  
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Abstract 

The study was carried out to examine the effect of the pasture access vs. conventional rearing on the fatty acid composition an of 

the thigh meat in two lines of slow growing chickens - La Belle (LB) and Bresse Gauloise (BB). Additionally differences between 

the lines were also examined. The influence of both factors on the lipid profile were assessed through two-way ANOVA. The effect 

of pasture was more pronounced than the line and was associated with lower contents of the saturated (SFA) (P<0.001), and 

significant increase (P<0.001) of the polyunsaturated fatty acids (PUFA). Such changes in the fatty acids of the thigh meat in the 

chickens having access to pasture induced considerably lower atherogenic (AI) and thrombogenic (TI) indices. Furthermore, the n-

6/n-3 ratio was reduced (P<0.001), while the ratios between the poly- and saturated fatty acids (P/S), as well as the hypo- and 

hypercholesterolemic (h/H) (P<0.001) were increased in the pastured lines. Differences in the fatty acid composition of the thigh 

meat due to the line of the birds, were not observed, however the BB birds reared conventionally tended to have higher content 

of C18:2n-6 and C18:3n-3. 
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INTRODUCTION 

Chicken meat, especially breast, is characterised with high nutritional value and dietetic value, 

due to its high protein and low fat content.  At the same time, it has high levels of essential fatty acids 

and fat soluble vitamins. While some consumers may switch from white to dark meat (thighs) because 

of a taste preference, it is known that this kind of chicken meat has higher lipid content (Sirri et al., 

2011; Chen et al., 2013; Popova et al., 2016) – a parameter that is closely related to the nutritional and 

healthy value of the meat and food as a whole. The fatty acid composition of the meat lipids can be 

modified through various strategies for poultry rearing. Access to pasture has proven to be effective for 

favourable manipulation of the fatty acid profile in farm animals, mainly by increasing the content of 

the polyunsaturated n-3 fatty acids (Bee et al., 2004; Lebret and Guillard, 2005; Popova, 2007).  

Autochthonous chicken lines are slower growing and are well adapted to outdoors rearing with pasture 

access. In recent years, such lines have been gaining much popularity due to their higher resistance 

compared to commercial broilers and also their unique meat quality characteristics. The slower growing 

lines involved in this study are the Bulgarian La Belle –and Bresse Galouise - known to be associated 

with production of high quality poultry products in France. Studies on both lines have been relatively 

scarce, concerning their carcass traits and meat chemical composition (Popova et al., 2017) when the 

birds were reared in conventional system. Recently the effect of the pasture access on the fatty acid 

profile of the breast meat in these lines has also been investigated (Popova et al., 2018).  In the present 

study male chickens from La Belle and Bresse Gauloise were reared conventionally and outdoors with 

pasture access and the fatty acid profile and lipid nutritional indices have been determined in the thigh 

meat.  

Material and methods 

Experimental birds and rearing systems 

Two trials were carried out respectively in the experimental poultry farm of the Institute of Animal 

Science –Kostinbrod, Bulgaria (conventional rearing) and Livadi symbiotic farm located in Damyanitsa 

village, Bulgaria (pasture rearing) with male slow-growing chickens of two lines La Belle (LB) and 

Bresse Gauloise (BB). For the first trial, a total of 73 LB and 51 BB 1-day old male chickens obtained 

from the parent stock in the Institute were placed into a deep litter facility with a stocking density of 14 

birds/m2 in separate pens in the same poultry house in the Institute.  All the birds were fed ad libitum 

starter (ME- 13.18MJ/kg; protein content-19.41%) and finisher (ME -13.00 MJ/kg, protein content-

17.77%) diets, respectively for 4 and 8 weeks. Water was provided ad libitum with a nipple drinker. The 

lighting regime was 15 h of light and 9 h of darkness, and the temperature ranged between 20 and 24 

(started from 32-36⁰C in the first 3 days after hatching, followed by a programmed decrease).  In the 

second trial, the total number of male chickens hatched and reared in Livadi farm was 48, divided into 

two groups, each containing 21 and 27 chickens according to the line – LB and BB. For a period of 3 
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weeks after hatching, the chickens were kept in controlled microclimate conditions (as described by 

Salatin, 1998). From 4 to 12 weeks of age, the birds were reared outdoors in wooden cages covered 

inside with aluminium plates to prevent the overheating of the chickens. The cages were equipped with 

nipple drinkers and feeders while being open so that the birds could access pasture. Additionally, the 

chickens were fed ad libitum the same diet as the ones reared conventionally in the first trial.  The fatty 

acid composition of the diets and grass is presented in Table 1. 

Table 1. Fatty acid composition (% FAME) of the diet and grass 

Fatty acid Starter  (1-28d) Finisher (29 d +) Grass  (29 d +) 

C14:0 0.19 0.09 1.48 

C16:0 16.38 14.30 18.10 

C16:1n-7 0.26 0.22 2.98 

C18:0 2.75 2.63 2.82 

C18:1n-9 25.97 28.76 5.85 

C18:2n-6 53.43 52.34 20.35 

C18:3n-3 1.01 1.65 48.41 

Slaughtering and sampling 

At 12 weeks of age, 6 chickens of each line from both trials (rearing systems) were selected for 

slaughter based on the average live weight (LB conventional-1986.67±35.03g; BB conventional -

1973.83±37.61g; LB pasture-1317.67±67.04g; BB pasture-1370.66±60.71g). After stunning, 

decapitation and bleeding, the carcasses were plucked, eviscerated and stored at 4◦C for 24 h. Neck, legs 

and edible viscera (heart, liver, gizzard) were removed in order to obtain the ready-to-cook carcass. 

Furthermore, the thigh muscles of each chicken carcass were separated, minced with a meat grinder, and 

samples for the determination of the fatty acid profile (10 g) were taken, vacuum-packed and stored at 

−20◦C until analysis.  

Fatty acid analysis 

Total  lipids  from   the  thigh meat were  extracted  according  to  the  method  of  Bligh and Dyer  

(1959).  Methyl  esters  of  the  total  lipids,  isolated by  preparative  thin  layer  chromatography,  were  

obtained using  0.01 %  solution  of  sulfuric  acid  in  dry  methanol for  14 h,  as  described  by  Christie  

(1973).  The  fatty  acid composition  of  total  lipids  was  determined  by  gas–liquid chromatography  

(GLC)  analysis  using  a  chromatograph C Si  200  equipped  with  a  capillary  column  (DM-2330:30 

m×0.25 mm×0.20 μm)  and  hydrogen  as  a  carrier  gas. The oven temperature was first set to 160◦C 

for 0.2 min, then raised until 220◦C at a rate of 5◦C/min and then held for 5 min. The temperatures of 

the detector and injector were 230◦C. Methyl esters were identified through comparison to the retention 

times of the standards. Fatty acids are presented as percentages of the total amount of the methyl esters 

(FAME) identified (Christie, 1973).  
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Calculations and statistical evaluation 

To evaluate the activity of both Δ5-desaturase and Δ6-desaturase, the enzymes catalyzing the 

formation of long-chain n-6 and n-3 PUFA from their respective precursors C18:2n-6 and C18:3n-3, the 

following equation as proposed by Sirri et al. (2010):  

Δ5-desaturase + Δ6-desaturase = [C20:2n-6 + C20:4n-6 + C20:5n-3 + C22:5n-3 + C22:6n-

3/C18:2n-6 +C18:3n-3 + C20:2n-6 + C20:4n-6 + C20:5n-3 + C22:5n-3 + C22:6n-3] × 100. 

Furthermore, the amount of each fatty acid was used to calculate the indices of atherogenicity 

(AI) and thrombogenicity (TI), as proposed by Ulbricht and Southgate (1991):  

AI=(4×C14:0+C16:0)/[MUFA+Σ(n-6)+Σ(n-3)]; 

TI=(C14:0+C16:0+C18:0)/[0.5×MUFA+0.5×(n-6)+3×(n-3)+(n-3)/(n-6)]. 

The h/H ratio was calculated, as suggested by Santos-Silva et al. (2002): 

h/H=(C18:1+C18:2n-6+C20:4n-6+C18:3n-3+C20:5n-3+C22:5n-3+C22:6n-3)/(C14:0+C16:0). 

Data were statistically evaluated by two-way ANOVA as the rearing system, the line of the birds 

and their interaction were included in the model. The Fit model procedure of JMP v.7 software package 

was used to perform the statistical analysis (JMP Version 7, SAS Institute Inc. Cary, NC).  

Results 

Fatty acid composition 

The rearing system influenced substantially the fatty acid profile of the thigh meat in the chickens 

(Тable 2).  



International Journal of Innovative Approaches in Agricultural Research 

Volume 2 Issue 2, June 2018 

127 

Table 2. Fatty acid composition (% FAME) in the thigh meat in La Belle (LB) and Bresse Gauloise 

(BB) male chickens reared conventionally or with pasture access (values least squares means) 

Fatty acid 

Conventional Pasture access 

S.E.1 
Rearing 

system 
Line 

Rearing 

system  x 

Line LB BB LB BB 

C14:0 1.04 1.03 0.88 0.90 0.20 0.09 NS NS 

C16:0 30.99 30.70 24.66 24.58 2.92 *** NS NS 

C16:1n-9 0.31 0.29 0.34 0.33 0.07 NS NS NS 

C16:1n-7 8.65 7.96 7.62 7.18 1.54 NS NS NS 

C18:0 7.57 7.54 7.36 6.70 0.75 NS NS NS 

C18:1n-9 35.55 32.59 32.95 34.87 3.21 NS NS NS 

C18:2n-6 14.98 18.03 21.20 21.67 2.21 *** 0.06 NS 

C18:3n-3 0.30 0.45 0.65 0.67 0.10 *** 0.06 NS 

C20:2n-6 0.13 0.17 0.22 0.19 0.06 NS NS NS 

C20:3n-6 0.09 0.12 0.25 0.23 0.08 *** NS NS 

C20:4n-6 0.36 1.03 3.24 2.23 0.81 *** NS * 

C20:5n-3 0.00 0.00 0.02 0.01 0.02 0.08 NS NS 

C22:5n-3 0.03 0.06 0.34 0.27 0.06 *** NS 0.07 

C22:6n-3 0.00 0.03 0.27 0.17 0.05 *** NS ** 

1 S.E. standard error; * P<0.05; **P<0.01; ***P<0.001 

Both lines reared outdoors had significantly lower content of C16:0 (P<0.001) as well as tending 

to decrease C14:0 (P<0.09). Access to pasture resulted in considerably higher levels of C18:2n-6 

(P<0.001), C18:3n-3 (P<0.001) and C20:3n-6 (P<0.001) in LB and BB birds. Furthermore, the contents 

of C20:4n-6, C22:5n-3 and C22:6n-3 showed dramatic increase in the pastured birds. Although not 

significantly different the content of C20:5n-3 also tended to increase as a result of the outdoors rearing.  

Significant differences in the fatty acid profile between the lines were not detected, although BB 

reared conventionally showed a tendency toward higher contents of C18:2n-6 and C18:3n-3. Both 

rearing conditions and line of the birds interacted significantly in regard to the contents of C20:4n-6 

(P<0.05) and C22:6n-3 (P<0.01).  

The content of the total saturated fatty acids (Table 3) followed the pattern of C16:0 and 

was significantly decreased in the birds on pasture (P<0.001), while the total PUFA and n-6 were 

increased (P<0.001).   
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Table 3. Total amount of fatty acids in the thigh meat in La Belle (LB) and Bresse Gauloise (BB) male 

chickens reared conventionally or with pasture access (values least squares means) 

Item Conventional Pasture access 

S.E.1 
Rearing 

system 
Line 

Rearing 

system x 

Line LB BB LB BB 

SFA 39.60 39.27 32.90 32.18 2.68 *** NS NS 

MUFA 44.51 40.84 40.91 42.38 2.82 NS NS NS 

PUFA 15.89 19.89 26.19 25.44 2.76 *** NS NS 

Σn-6 15.56 19.35 24.91 24.32 2.66 *** NS NS 

Σn-3 0.33 0.54 1.28 1.12 0.10 *** NS * 

Δ5+Δ6 3.29 6.52 15.77 11.38 3.68 *** NS * 

1 S.E. standard error; * P<0.05; ***P<0.001 

 The access to pasture induced more than a double increase in the total n-3 PUFA as well 

(P<0.001), however this factor significantly interacted with the line of the chickens (P<0.05). The 

increase in the content of the long chain PUFA in the pastured birds was additionally confirmed by the 

values of the Δ5+Δ6 desaturase index, which were significantly augmented in the lines reared outdoors 

(P<0.001).  

Lipid nutritional indices 

The access to pasture affected all the nutritional indices presented in Table 4. 

Table 4. Lipid nutritional indices of the thigh meat in La Belle (LB) and Bresse Gauloise (BB) reared 

conventionally or with pasture access (values least squares means) 

Item Conventional Pasture access 

S.E.1
Rearing 

system 
Line 

Rearing 

system x 

Line LB BB LB BB 

P/S 0.40 0.51 0.80 0.79 0.09 *** NS NS 

n-6/n-3 47.15 35.83 19.46 21.71 5.34 *** NS * 

AI 0.58 0.57 0.42 0.41 0.08 *** NS NS 

TI 1.28 1.23 0.89 0.88 0.14 *** NS NS 

h/H 1.61 1.65 2.31 2.37 0.31 *** NS NS 

1 S.E. standard error; * P<0.05; ***P<0.001 

The ratios P/S and h/H were considerably augmented, while n-6/n-3 were twice reduced in the 

pastured birds (P<0.001). However, significant interaction with the line was observed in regard to the 

values of n-6/n-3. Furthermore the values of AI were lower in the birds having access to pasture 

(P<0.001). On the other hand, this was not observed for the values of TI, where significant interaction 

of the factors was found.  The BB birds reared indoors had markedly higher TI when compared to the 

LB, however the values of the index did not differ between the pastured lines.  
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Discussion 

The fatty acid composition of meat depends largely on the rearing conditions of the farm animals 

(Popova, 2007, 2014; Lebret, 2008) and the poultry is no exception. In this study, the access to pasture 

influenced positively the fatty acid profile of thigh meat, mainly in terms of the saturated and 

polyunsaturated fatty acids. As mentioned above, chickens reared outdoors displayed lower content of 

SFA, associated with the decrease in C16:0. Our results are in line with those of Michalczuk et al. (2017) 

who observed marked decrease in the total SFA in slow-growing lines, reared outdoors. On the other 

hand, Cömert et al. (2016) found increase in the contents of C16:0 in slow-growing chickens, reared 

organically with outdoor access which is contrary to the results we had. However, Molee et al. (2012) 

and Sosnówka-Czajka et al. (2017) did not observe any effect of the rearing system (pasture vs. 

conventional) on the saturated fatty acids. Although the saturated fatty acids have very important roles 

in the organism in gene transcription, lipogenesis and regulation of PUFA bioavailability (Legrand and 

Rioux, 2010), still it has been shown that the reduction of their levels (particularly C14:0 and C16:0), or 

replacement by polyunsaturated fatty acids, diminishes the risk of the cardiovascular diseases (Hooper 

et al., 2015; Zong et al, 2016, Biggs et all., 2017, Nettleton et al., 2017). Hence, the reduction of the 

SFA content and C16:0 might be considered positive for the healthy value of the chicken meat.  

The results of our study show that the thigh meat of pastured bird displayed increase in C18:2n-

6 leading to augmentation of C20:4n-6 and C18:3n-3, associated mostly with higher levels of C22:5n-3 

and C22:6n-3. Consequently the total amounts of n-6 and n-3 PUFA in the meat of birds on pasture were 

higher when compared to the conventionally reared chickens. In line with our results, Sosnówka-Czajka 

et al. (2017) reported increase in both n-6 and n-3 in the slow growing lines reared organically. Higher 

contents of n-3 PUFA in meat due to pasture rearing was found also by Castellini et al. (2002) and Husak 

et al. (2008), while Molee et al. (2012) observed decrease in n-6 PUFA and no change in n-3 PUFA in 

the thigh meat of birds reared outdoors.  Usually, rearing on pasture induces dramatic increase in C18:3 

of the meat in farm animals, due to the high content of this fatty acid in the grass, while on the other 

hand, concentrate and grains are richer in C18:2n-6 (Table 1). It could be suggested that the 

augmentation of C18:2n-6 in the chickens reared on pasture is due to the addition of concentrate in the 

diet. It is known that both C18:2n-6 and C18:3n-3 are essential and could not be synthesised by the 

animals through endogenous synthesis but derived exclusively from the diet. However, in the organism 

they can be converted to a polyunsaturated fatty acids with a longer carbon chain through elongation 

and desaturation, catalysed by delta-6 and delta-5 desaturases. These еnzymes are rate limiting in the 

synthesis of C20:4n-6, C20:5n-3 and C22:6n-3 for the respective precursors- C18:2n-6 and C18:3n-3 

(Cho et al., 1999, Dunbar and Bauer, 2002). The results of the present study showed considerably higher 

Δ5+Δ6 desaturase activity in the pastured birds. As mentioned above the content C18:3n-3 in the grass 

is much higher than that of the feed (48.41%). Rymer and Givens (2005) reported that the increased 



  International Journal of Innovative Approaches in Agricultural Research 

Volume 2 Issue 2, June 2018 

 

130 
 

levels of C18:3n-3 in the diet of the birds can result in sufficiently increased content of this fatty acid in 

the tissues which is not noticeable for C20:5n-3 and C22:6n-3. These authors also reported that 

desaturase activity can be influenced by the dietary factors but also depends on the genetic factors which 

is confirmed by our results, showing the significant interaction between the two factors of interest in 

this study.  

Although the rearing system and the line of the birds interacted significantly in regard to the   n-

6/n-3 ratio, it was almost twice lower in the pastured birds, with values within the range of 19.46- 21.71. 

Such values are considerably higher than the limit of 4 (Simopoulos, 2004) and it could be suggested 

that pasture alone is not sufficient to reduce the n-6/n-3 ratio.  The observed high values of n-6/n-3 might 

be successfully compensated by the positively augmented values of P/S, higher than 0.4 (Wood et al., 

2003) and the ratio h/H. In order to characterise the dietetic quality of the thigh meat in the slow-growing 

chickens as affected to the rearing system, the atherogenic and thrombogenic indices were calculated. 

The values of both were strongly influenced by the rearing system, showing lower values in the two 

lines having access to pasture. Thrombogenic index in the thigh meat of the pastured chickens varied 

0.88-0.89. In our previous study on the breast meat, values of TI in the pastured birds were 0.90-1.02. 

The AI was within the range of 0.41-0.42 in the thigh meat of the pastured birds, while in the birds 

reared conventionally the values varied between 0.57-0.58. According to Ulbricht and Southgate (1991), 

the values of AI should not be higher than 0.5, while according to Knock (2007) AI <1 is desirable for 

human health. In both cases the results of our study show that poultry meat, particularly from the chicks 

reared on pasture has good dietetic value.  

Conclusions 

The access to pasture affected to a greater extent than the line the fatty acid composition of the 

thigh meat. In general, its influence was positive and associated with lower contents of 

hypercholesterolemic C16:0 and total SFA. On the other hand, significant increase was observed in the 

pastured birds in terms of the PUFA, which led to significant improvement of the dietetic quality of the 

thigh meat displaying lower atherogenic index n-6/n-3 ratio, while higher values of P/S and h/H 

indices.The results of our work appear promising and reveal potential for further research concerning 

the rearing practices of the indigenous slow-growing lines in order to produce high quality meat with a 

healthier lipid profile.  
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Abstract 

Assessment of the poverty alleviation among beneficiaries of Fadama III agricultural project was studied at midline of 

implementation in Benue State, Nigeria. The study focused on determining the average income of project beneficiaries and 

comparing with non Fadama III households based on their crop, livestock and off-farm activities as well as comparing the quality 

of life of Fadama users with non-users. A sample size of 314 households in 20 LGAS had a breakdown of 192 Fadama Community 

Associations (FCA) and 2727 Fadama User Groups (FUGs). Data was collected by ten enumerators deployed to the study area as 

research assistants using well-structured electronic questionnaires administered via pre-programmed computer templates for the 

households and community surveys. STATA software was used in cleaning raw data, matching households and community data as 

well as in analysis of results. The impact of Fadama III on income distribution by a Lawrence curve on income inequality, for the 

treatment group and the gini coefficient in the Laurence curve was 0.37830 while the concentration coefficient was 0.35921. For 

non-Fadama group, the non-Fadama III beneficiaries, the gini coefficient in the Laurence curve was 0.25562 while the 

concentration coefficient was 0.401243. Our current results show that the Fadama III treatment group displayed the lowest gini 

coefficient and thus confirm the highest impact of the Fadama III project on the income distribution among members of the 

beneficiary population studied. This study recommends that the Fadama III project should be sustained as a model for promoting 

poverty alleviation among rural communities in Nigeria. 
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INTRODUCTION 

Fadama connotes a Hausa indigenous term used to describe irrigable land that covers low-lying 

plains which are underlined by shallow aquifers and they are prevalent along the river systems in 

Nigeria. Such lands are especially suitable for irrigated production and fishing, and traditionally provide 

feed and water for livestock. The enormous potential of this land is only very partially developed. The 

Fadama I and II projects successfully refined approaches for improved utilization of these lands in 

Nigeria. Fadama III is implementing an innovative local development planning (LDP) tool and building 

on the success of the community-driven development mechanisms (CDD). The cumulative impact of 

these earlier successful Bank-assisted projects attests to the robustness of the small-scale and 

community-based approach to fadama development in an environmentally sensitive manner in Nigeria. 

The Fadama III Project is coordinated by the National Fadama Coordination Office (NFCO) of 

the NFRA, the implementing agency of the FMARD, while the day-to-day implementation took place 

at the state level. The national project aimed to cover an estimated 7,400 Fadama Community 

Associations in 37 participating states including FCT. Each new participating State was expected to 

implement Project activities in up to 20 Local Government Areas while the old Fadama II States 

implemented in 10 additional Local Government Areas.  

The development objective of Fadama III Project for Nigeria is to sustainably increase the 

incomes of users of rural land and water resources on a sustainable basis. By increasing their incomes, 

the project was expected to help reduce rural poverty, increase food security and contribute to the 

achievement of a key millennium development goal. This study validates the millennium Development 

Goals which States as follow: That, MDGs has eight goals to be achieved by the year 2015 that respond 

to the world’s main development challenges. This paper on the whole is concerned with goal one and 

this could be seen further in the discussion and the analysis of the paper. The Fadama III Project is 

anchored on the Community Development Driven (CDD) approach, and relies on facilitation for 

demand-driven investments and empowerment of local community groups and to improve productivity 

and land quality.  

Objective of the study 

The main aim of the study was to assess the Impact of Fadama III projects on poverty alleviation 

among beneficiaries as compared to the control groups. Other aims were to determine the impacts of 

Fadama III projects on the income distribution among the beneficiaries as well as determining the 

average income of fadama III project users and non fadama user households based on their crop, 

livestock and off farmer activities. 
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Scope of the study 

The study area is Benue State of Nigeria. Benue State is one of the 36 states of Nigeria located in 

the North-Central part of Nigeria. The State has 23 Local Government Areas, and its headquarters is 

Makurdi. Located between Longitudes 60 35’E and 100E and between Latitudes 60 30’N and 80 10’N. 

The State has abundant land estimated to be 5.09 million hectares. This represents 5.4 percent of the 

national land mass. Arable land in the State is estimated to be 3.8 million hectares. This State is 

predominantly rural with an estimated 75 percent of the population engaged in rain-fed subsistence 

agriculture. The state is made up of 413,159 farm families (BNARDA, 1998). These farm families are 

mainly rural. Farming is the major occupation of Benue State indigenes. Popularly known as the “Food 

Basket” of the Nation, the State has a lot of land resources. For example cereal crops like rice, sorghum 

and millet are produced in abundance. Roots and tubers produced include yams, cassava, cocoyam and 

sweet potato. Oil seed crops include pigeon pea, soybeans and groundnuts, while tree crops include 

citrus, mango, oil palm, guava, cashew, cocoa and Avengia species. Benue State is divided into three (3) 

agricultural zones viz: (Zone A, Zone B and Zone C). Zone A and Zone B are made up of seven local 

government areas each while Zone C is made up of nine local government areas. The LGAs are Buruku, 

Gboko, Guma, Gwer-East, Gwer-West, Katsina-Ala, Konshisha, Kwande, Logo, Makurdi, Obi, 

Ogbadibo, Ohimini, Oju, Okpokwu, Oturkpo, Tarka, Ukum, Ushongo, Vandeikya  

Statement of the research problem 

Fadama III is implemented in all states of Nigeria including the 12 states that benefitted from 

Fadama II. Benue state incidentally did not benefit from Fadama II. Out of the 23 LGAs of Benue State, 

only 20 LGAs are currently benefitting from Fadama III.  

The national framework shows seven groups made up of three treatment groups and four control 

groups as follows: 

Treatment groups: 

a) Fadama III in Fadama II LGAs. In theory, this is likely to comprise the largest impact due to

its baseline advantage of Fadama II support.

b) Fadama III LGAs in Fadama II LGAs that is not likely to receive a spill over from Fadama II

LGAs within the state.

c) Fadama III in non-Fadama II LGAs. Assuming that all remains constant, this group will likely

have the smallest impact due to having no-prior Fadama II support
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Control groups: 

a) Non-Fadama III in Fadama II LGAs that received only capacity building from Fadama III.

Probably due to the spillover, these LGAs will exhibit least difference with the LGAs that

received full Fadama III grants.

b) Non-Fadama III in Fadama II LGAs but in non-Fadama III LGAs. This group will also receive

only capacity building support from Fadama III. These LGAs will also have some spillover

from the Fadama II but the spillover will not be as large as in the case above.

c) Non-Fadama III LGAs in non-Fadama II LGAs, who received only capacity building support.

d) Non-Fadama III LGAs in non-Fadama II LGAs not receiving any support from Fadama III.

It is expected that an assessment of this group with the first treatment group will produce the

largest disparity.

The reports of the baseline survey suggested that not all groups that participated in Fadama III 

were identified and this needs to be noted in the midline analysis. The baseline report also suggested 

that during the commencement stage, Fadama III invited groups to submit applications for participation 

in Fadama III. These groups were required to fulfill certain conditions, including ensuring representation 

of women and vulnerable groups. Hence many economic interest groups (EIGs) were formed by 

communities as part of preparation to join Fadama III, but owing to inadequate funds, not all (EIGs) 

were supported to access Fadama’s impact on capacity building and other outcomes that can only be 

accessed at group level.  

Methodology 

Three hundred and fourteen (314) households were selected for participation in the Fadama III 

Project in 20 LGAs of Benue State. The breakdown included 192 FCAs and 2727 FUGs. Data was 

collected by ten enumerators who were recruited based on a minimum qualification of a University 

degree or HND and trained specifically for this assignment. Data was collected through the use of well-

structured electronic questionnaires using pre-programmed Computer templates for the Households and 

Community surveys. STATA software was used in cleaning data as well as matching households and 

community data.  

Data was analyzed through the use of Descriptive and Inferential statistical tools. The single-

difference (SD) and the Double-Difference (DD) Estimators were used to compare changes in outcome 

measures from the multiple regression analysis. Matching comparing Fadama III participants with non 

participants on the outcomes using ‘Preferred analysis of choice by Kato when matching’ was used to 

run the analysis. The Analysis of impacts was run considering the Homogenous impact and 

Heterogeneous impacts such as the Distribution of beneficiaries (female/male, poor farmers versus non-
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poor farmers, youth versus middle age versus older people). The differences in outcome between 

baseline and midline data were now generated. The selection of the variables that will be used in the 

matching only considered baseline variables such as Age of household head, Value of productive assets, 

Education level of household head, Sex of household head, Distance to all weather roads and Distance 

to market. These variables were then logged and a log file of the detailed multi regression analysis was 

generated. 

Results and discussion 

The impact of Fadama III on the intermediate and ultimate outcomes 

Socio economic variables 

      The baseline and midline surveys reported a sample size of members consisting of 192 

households and 2727 FUGs. The percent of women in the FUGs was 34% of sample population as 

shown in Table 1.  

Table 1. Number of households who participated in baseline and midline survey 

Type Number of 

households 
Number of EIGs % of women in EIGs 

Fadama III in Fadama II state 

Type 

Treatment Group 

Fadama III in non Fadama II 

LGAs 
192 2727 34% 

Control Group 

Non-Fadama III in Non- fadama 

II LGA with capacity building 

support 

Non-Fadama III in Non- fadama 

II LGA ,no capacity building 

support 

Total treatment 

Total control 192 2727 34% 

Undefined indifference 

Source: Field Survey (2013). 

However, the Midline survey encountered a situation in which some of the households visited 

during the baseline survey could not be accessed for interview during the midline survey. These were 

mainly due to some communal conflicts in some areas during the survey. 

The reported findings indicate that the average age of the respondents was 48 years while 66.7 

were males and about 69% were married with 32% having no formal education. 76.3% of the 

respondents reported household sizes that ranged between 4 to 15 members.  
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None of the Fadama III beneficiary was recorded as being less than 20 years (Table 2). 

Table 2. Impact of Fadama III on socio-economic variables 

 Socioeconomic variables FIII NON-FIII 

Male Female Male Female 

Age Freq % Freq % Freq % Freq % 

<20 0 0.0 0 0.0 0 0.0 0 0.0 

21 to 30 23 6.7 2 2.7 7 2.5 2 0.7 

31 to 40 51 18.7 8 8.9 37 13.3 2 0.7 

41 to 50 54 23.1 7 10.5 26 9.4 1 0.4 

51 to 60 29 10.4 5 3.8 5 1.8 8 2.9 

Above 60 34 11.5 4 5.4 5 1.8 0.0 

Total 191 62.2 26 33.3 80 28.8 13 4.7 

Source: Field Survey (2013). 

6.7% of the male beneficiaries were between 20 to 30 years age group while the female 

beneficiaries in this age range category were 2.7%. 18.7% of the male beneficiaries in Fadama III were 

between the age bracket of 31-40 years, while the females had 8.9% participants in that age 

bracket.23.1% males were between 41 to 50 years while only 10.5% of the females. The 51-60 age 

group recorded 10.4% males as compared to 3.8% female participants. Beneficiaries that were above 60 

years were 11.5% males and 5.4% females and suggesting a fairly active male activity in farming 

activities at that age range. 

Impact of Fadama III on the social capital 

The average per capita income of the Fadama user households before the project implementation 

was N49,724.00 while that of the Fadama III non beneficiaries was N52,724.81.Midline evaluation 

however revealed that Fadama III beneficiaries earned an average income of N117,000.00. The 

distribution across gender and 5 income categories showed that the value of income of Fadama III 

beneficiaries was less than N40,000 in 7.1% male beneficiaries and 2.4% in female beneficiaries. An 

income of between N40,000 to N80,000 was obtained among 4.9% males and 2.4% females. Earnings 

of between N81,000 to N120,000 was among 7.3% males and 2.5% females while those earning between 

N121,000 to N160,000 were 9.2% males and 12.8% females and those earning above N160,000 

accounted for the largest proportion of 47.1% males and 2.9% females (Table 3). 
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Table 3. Impact of Fadama III on the social capital contributions 

 Social capital contributions FIII Beneficiaries NON-FIII Beneficiaries 

Value of income (Naira 000) Male Female Male Female 

Freq % Freq % Freq % Freq % 

<40 16 7.1 2 2.4 9 3.2 4 1.4 

40 to 80 10 4.9 2 2.4 2 0.8 2 0.7 

81 to 120 15 7.3 3 3.1 4 1.4 3 1.1 

121 to 160 17 9.2 4 12.8 3 2.1 0.0 

>160 133 47.9 15 2.9 62 22.3 4 1.4 

Total 191 62.2 26 21.2 80 29.8 13 4.6 

Source: Field Survey (2013) 

The per capita agricultural income after project implementation was found to be N92,401.02 

(Table 4) showing a 53% increase from baseline and this is an indication of an endorsement of a highly 

significant impact of Fadama III on social capital among beneficiaries. 

Impact of Fadama III on the productive assets 

The results of the group owned productive assets are shown in Table 4. The results tend to indicate 

that all beneficiaries got 53% increase in group owned productive assets as a result of participation in 

Fadama III.  

Table 4. Impact of Fadama III on the group-owned productive assets 

Matching methods % increase due to 

participation in Fadama 

III Kernel 10 nearest neighbors 

Naira 

-All beneficiaries 92041.02*** 

(11891.69) 

90493.17 ** 

(12122.99) 
53% 

Gender: 

Male beneficiaries 57211.86*** 

(11218.17) 

60418.86*** 

(10921.76) 
65% 

Female beneficiaries 98186.9*** 

(18437.24) 

98186.9*** 

(19213.47) 
30% 

Poverty terciles: 

Tercile 1 (Asset Poor) 89170.12*** 

(17211.3) 

89170.12 *** 

(19215.9) 
25% 

Tercile 2 76813.83*** 

(15295.27) 

76813.83*** 

(17312.97) 
32% 

Tercile 3 (Asset Rich) 66970.22*** 

(14938.98) 

66769.22*** 

(13281.3) 
41% 

Source: Field Survey (2013). 

Notes: *, ** and *** mean the associated ATT is respectively significant at 0.10, 0.05 and 0.01 level 
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Also, male beneficiaries got 65% increase in group owned productive assets as a result of 

participation in Fadama III as compared to their female counterparts that received a 30% increment. 

From these results, the female beneficiaries had lower tendency of owning group productive assets. It is 

however a common practice in reality to have more female dominated groups that own assets such as 

grinding machines. The results of this survey may however indicate that during this survey, the male 

dominated group assets such as irrigation or pumping machines, knapsack sprayers and cattle fattening 

machines were captured by the enumerators and this skewed the preponderance (65%) of the group 

owned productive assets in favour of the male beneficiaries. 

The poverty tercile 1for poor in assets showed an increase of 25% due to Fadama III support and 

the middle (tercile 2) showed a percentage increase of 32% while the tercile 3 with asset rich showed 

41% increase due to Fadama III 

Impact of Fadama III on the changes in savings for replacing or repairing productive asset 

 The saving realized for replacing or repairing productive assets is shown in Figure 1. 

Figure 1. Impact of Fadama III project on the labour savings 

Source: Field Survey (2013). 

     Savings of N6, 980.00 were realized between non-Fadama III and Fadama III beneficiaries. 

Apart from the signal that Fadama III seems to have introduced a culture of savings among beneficiaries, 

this is also a strong indicator of the sustainability of the Fadama III programme. 

Impact of Fadama III on the poverty reduction 

The poverty terciles shown in Tables 5, 6 and 7 clearly express the reduction of poverty among 

Fadama III beneficiaries for group owned productive assets, crop productivity and livestock income, 

non-farm income and household agricultural income.  

0

50

100

150

200

250

300

350

Family Labor Hired Labor

ch
an

ge
 in

 la
b

o
u

r 
d

ay
s

Labor

Non-FadamaIII

FadamaIII



International Journal of Innovative Approaches in Agricultural Research 

Volume 2 Issue 2, June 2018 

141 

Table 5. Impact of Fadama III on crop productivity and livestock income 

Crop productivity (Profit per ha) 

% 

increase 

due to 

FIII 

Profit from livestock 

production per household 

% 

increase 

due to 

FIII 

Matching methods 

Kernel 
Nearest 5 

neighbors 
Kernel 

Nearest 10 

neighbors 

ATT ATT ATT ATT 

Naira 

-All Fadama III

beneficiaries 78333.33 *** 

(10061.82) 

78333.33 

*** 

(10111.88) 

51% 
53761.23 

(89649.93) 

53761.23 

(76563.37) 
41% 

Gender: 

Male beneficiaries 
71184.88 *** 

(11654.64) 

71184.88 

*** 

(12709.58) 

23% 
77597.06 

(67889.34) 

77597.06 

(64408.51) 
43% 

Female beneficiaries 70868.3*** 

(16834.81) 

70868.3** 

(17839.48) 
17% 

21181.15 

(166866) 

21181.15 

(154655.7) 
17% 

Poverty terciles: 

Tercile1 (Asset Poor) 72947.62 *** 

(18698.06) 

72947.62*** 

(16978.49) 
25% 

41383.86 

(165374) 

41383.86 

(112779.1) 
23% 

Tercile2 85696.64 *** 

(19040.35) 

85696.64 

*** 

(16150.15)

45% 
85739.26 

(128096.5) 

85739.26 

(121994.4) 
28% 

Tercile3 (Asset Rich) 59411.88*** 

(21022.9) 

59411.88*** 

(19890.59) 
53% 

37106.9 

(87756.62) 

37106.9 

(78053.17) 
36% 

Source: Field Survey (2013). 

Notes: *, ** and *** mean the associated ATT is respectively significant at 0.10, 0.05 and 0.01 level 

For the group owned productive assets, the poverty tercile 1 for poor in assets showed an increase 

of 25% due to Fadama III support and the middle (tercile 2) showed a percentage increase of 32% while 

the tercile 3 with asset rich showed 41% increase due to Fadama III. This seems to suggest that the 

poverty was impacted across the groups. It is clear that poverty was reduced with beneficiaries having 

access to group owned productive assets. 
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Table 6. Impact of Fadama III on non-farm income 

Matching methods % increase due to 

participation in Fadama 

III Kernel 10 nearest neighbors 

Naira 

-All beneficiaries 26212.36*** 

(10896.13) 

26212.36*** 

(8214.28) 
225% 

Gender: 

Male beneficiaries 17296.26 

(13281.20) 
17296.26 (13013.05) 212% 

Female beneficiaries 34852.71 

(28213.28) 

34852.71* 

(19519.5 ) 
2461% 

Poverty terciles: 

Tercile 1 (Asset Poor) 
5567.31*** (2377) 

5567.31 *** 

(2516.466) 
2971% 

Tercile 2 27292.72 ** 

(17975.33) 

27292.72 ** 

(14687.31 
120% 

Tercile 3 (Asset Rich) 87504.23 

(85274.98) 
87504.23 (92370.93) 39% 

Source: Field Survey (2013). 

Notes: *, ** and  *** mean the associated ATT is respectively significant at 0.10, 0.05 and 0.01 level 

The poverty tercile for crop productivity profit per hectare for the poor group of Fadama III 

farmers increased by 25% and by45% for the middle poor category and by 53% among the rich farmer 

beneficiaries. The poverty tercile for profit from livestock among the poor also increased by 23% and 

by28% for the middle poor category and by 36% among the rich beneficiaries. The average treatment 

effect on the treated (ATT) for both the crop productivity profit per hectare and the livestock profit were 

all significant at 0.1, 0.05 and 0.01% suggesting a reduction in poverty as a result of Fadama III impact. 
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Table 7. Impact of Fadama III on the household agricultural income (Naira) 

Matching methods % increase due to 

participation in Fadama 

III Kernel 10 nearest neighbors 

Naira 

-All beneficiaries 79693.7 * 

(6785.83) 

79693.7 * 

(4217.70) 
41% 

Gender: 

Male beneficiaries 42231.00 * 

(7514.32) 

42231.00 * 

(7976.56) 
35% 

Female beneficiaries 93478.9* 

(16123.74) 
93478.9* (17876.21) 56% 

Poverty terciles: 

Tercile 1 (Asset Poor) 98334.4* 

(12381.1) 

98334.4* 

(16887.12) 
33% 

Tercile 2 98334.4* 

(16236.65) 
98334.4* (13799.05) 42% 

Tercile 3 (Asset Rich) 
91008.7* (11868.12) 

91008.7* 

(8342.71) 
33% 

Source: Field Survey (2013). 

Notes: *, ** and *** mean the associated ATT is respectively significant at 0.10, 0.05 and 0.01 level 

The poverty terciles of the asset poor for non-farm income was 2971% and highly significant at 

0.01% (1%), showing that poverty reduced. The poverty terciles of the middle group (tercile 2) increased 

by 120% and was significant only at 0.05 (5%) whereas the poverty terciles of the asset rich (tercile 3) 

was 39% but not significant.  

The poverty terciles of the asset poor for household agricultural income recorded a 33% increase 

due to participation in Fadama III whereas the tercile 2 group was 42% and the asset rich group was 

33% increment due to Fadama III influence. All these were significant only at 10% of associated ATT. 

It is a fact that beneficiaries’ capacity was improved and built to enhance management skills 

through some of the Fadama III pre disbursement and post disbursement capacity building, advisory and 

extension services.  

Farm education remains a key and dynamic factor to the reduction of rural poverty in general 

irrespective of whether the household heads are male or female. The welfare levels of households 

increase when educational attainment increases. Household heads with no education remain the poorest 

among rural farming households. This study recommends that there is a need for improved adult literacy 

programme in Benue State so that Fadama III participants and other farmers in general can improve 

their educational exposure.  
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To be able to sustain income generation and development among the Fadama III beneficiaries and 

user groups, it is important that the Federal Government should sustain Fadama III project beyond the 

current timeline. The mutual success of Fadama III from this study is an appealing strength towards the 

inspiring of other people to uplift their earning potentials, thereby reducing the high level of poverty in 

the state.  

Conclusion 

This study has shown that the evaluated Fadama III components in Benue state have favorable 

impact on the key outcomes of alleviating poverty such as income, productive assets and farm inputs. 

The component of sustainable land management practices such as the use of organic fertilizers, 

mulching, green manure is known to increase crop productivity and is readily available and cheap. These 

are some key indicators to ensuring profitability in the farm sector.  
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