EURASIAN JOURNAL OF
AGRICULTURAL
RESEARCH

Volume 2, Issue 1, Agust 2018 ‘

http://dergipark.gov.tr/ejar



http://dergipark.gov.tr/ejar

Editorial Board

Chief Editor: M. Ciineyt BAGDATLI, Nevsehir Haci Bektas Veli University, Turkey
Co - Editor: Ilknur UCAK, Nigde Omer Halisdemir University, Turkey

Eleni TSANTILI, Agricultural University of Athens, Greece

Joseph HELLA, Sokoine University of Agriculture, Tanzania

Pradeep SHRIVASTA, Barkatullah University, Applied Aquaculture, Indi

Mirza Barjees Baig, King Saud University, Kingdom of Saudi Arabia

Andrey FILINKOV, Agricultural Academy, Russia

Alessandro PICCOLO, University of Naples Federico Il, Agricultural Chemistry, Italy
Aurel CALINA (Vice-Rector), Faculty of Agronomy, Univerity of Craiova, Romanian
Noreddine KACEM CHAOUCHE, Université fréeres Mentouri constantine, Algeria
Ahmad-Ur-Rahman SALJOGI, The University of Agriculture, Pakistan

Vilda GRYBAUSKIENE (Vice Dean), Lithuanian University, Lithuanian

Mirela Mariana NICULESCU (Vice-Dean) Univerity of Craiova, Romania
Markovic NEBOJSA Univerrsity of Belgrade, Serbia

Liviu Aurel OLARU, Faculty of Agronomy, Univerity of Craiova, Romania

Hamed Doulati BANEH, Agricultural Research Center, Iran

Jenica CALINA, Faculty of Agronomy, Univerity of Craiova, Romania

Zoran PRZIC, Univerrsity of Belgrade, Serbia

Gokhan Onder ERGUVEN, Munzur University, Turkey

Biljana KIPROVSKI, Institute of Field and Vegetable Crops, Serbia

Mina SHIDFAR, Urmia University, Faculty of Agriculture, Iran

Abdul Majeed Kumbhar, Sindh Agriculture University, Tandojam

Ilie Silvestru Nuta, Forestry Division Dolj, Craiova, Romania

Mounira KARA ALI, FSNV, Univ. Fréres Mentouri, Constantine

Asma AIT KAKI, Université M'hamed Bougara Boumerdes, Algeria

Sema YAMAN, Nigde Omer Halisdemir University, Turkey

Jiban Shrestha, Nepal Agricultural Research Council, Nepal

Hafiz Qaisar YASIN, Department of Punjab Agriculture, Pakistan

Erhan GOCMEN, Tekirdag Namik Kemal University, Turkey

Ali Beyhan UCAK, Siisrt University, Turkey


http://www.cuneytbagdatli.com/en/home-2/
http://www.ohu.edu.tr/akademik/ilknurucak

Contents

Article Title

Page Number

Grouping and Selection of 32 Single Cross Sunflower Hybrids Using

Principal Component Analysis 4-12
Effects of Growing Season and Root Presence on Some Yield
Components and Fatty Acid Composition of Sesame in Cukurova 13-21
Region
Effect of Inoculation of Earthworms and Soil Microorganisms on Soil
Structure and Productivity of Alfalfa 22-29
Determining The Yield and Yield Components of Several Genotypes of
Hungarian Vetch (Vicia pannonica Crantz) With Winter Sowing Under

- . " 30-41
Siirt Ecological Conditions
Rural Farmers’ Perception of Communal Conflicts In Benue State,
Nigeria 42-53
Factors Affecting use of Print Media among Farmers in Bwari Area
Council of Federal Capital Territory, Abuja 54-63



http://dergipark.gov.tr/ejar/issue/39001/449230
http://dergipark.gov.tr/ejar/issue/39001/449230
http://dergipark.gov.tr/ejar/issue/39001/424080
http://dergipark.gov.tr/ejar/issue/39001/424080
http://dergipark.gov.tr/ejar/issue/39001/424080
http://dergipark.gov.tr/ejar/issue/39001/432177
http://dergipark.gov.tr/ejar/issue/39001/432177
http://dergipark.gov.tr/ejar/issue/39001/437916
http://dergipark.gov.tr/ejar/issue/39001/437916
http://dergipark.gov.tr/ejar/issue/39001/435807
http://dergipark.gov.tr/ejar/issue/39001/435807

EURASIAN JOURNAL OF AGRICULTURAL RESEARCH

GROUPING AND SELECTION OF 32 SINGLE CROSS SUNFLOWER
HYBRIDS USING PRINCIPAL COMPONENT ANALYSIS

Zia Ullah ZIA™, Hafeez Ahmad SADAQAT?, Saghir AHMAD*, Wajad NAZEER',
Imtiaz ALI®, Abdul JABBAR?!, Amina BIBI*, Nadia HUSSAIN?

'Cotton Research Station, Multan
Department of Plant Breeding & Genetics, University of Agriculture, Faisalabad
*Regional Agriculture Research Institute, Bahawalpur
*Corresponding author e-mail: zia_pbg@yahoo.com

Abstract

Principal components analysis is one of the multivariate statistical methods and was used to
access the genetic diversity of 32 sunflower hybrids developed at the Department of Plant
Breeding and Genetics, University of Agriculture, Faisalabad during 2014-15. Eight males were
crossed with 32 females to produce 32 F; hybrids using North Carolina Mating Design-I. Data
were recorded on plant height, head diameter, percent filled achenes, 100-achene weight, achene
yield per plant, harvest index, oil content, palmitic acid, stearic acid, oleic acid and linoleic acid.
The first four principle components with Eigen value greater than one contributed 69.28 % of the
total variability. The first principal component showed higher values for 100-achene weight
(0.860), achene yield per plant (0.903), harvest index (0.777), second had higher values for oleic
acid (-0.780) and linoleic acid (0.834), third had higher values for head diameter (-0.749) and
percent filled achenes (0.782), whereas the fourth was associated with plant height (0.741). Four
distinct groups can be differentiated on the basis of biplot diagram. H-1 and H-32 were the best
hybrids having higher achene (94.63g, 91.45g) and oil yield (46.24%, 44.08%) respectively.

Keywords: Genetic diversity, hybrid, principal components analysis, sunflower, variability

INTRODUCTION

Sunflower (Helianthus annuus L.) ranks fourth, among the crops grown for edible oil, in
the world after soybean, palm and rapeseed while, second in Europe after rapeseed. Sunflower is
cultivated on area of about 26 mha with the seed production of 45 million tones in the world. It is
largely grown in Russia, Argentina, China, Europe, USA and India (FAOSTAT 2013).

Sunflower was introduced as an oilseed crop in early sixties in Pakistan, but now it is the
third most important source of edible oil after cottonseed and rapseed/mustard. It is grown on
area of 0.214 million acres with the seed production of .092 million ton in the country (GOP
2015-16). It has shown wide range of adaptability over different types of environments which
made it popular among the farmers (Sattar and Abbas 2014). Sunflower breeding programs in
Pakistan generally focus on development of hybrid cultivars through heterosis breeding.
Exploitation of heterosis or hybrid vigor is directly correlated with the selection of parental lines.
It is believed that the genetic distance among the parental lines is a good predictor of heterosis.
Principal Component Analysis is an excellent tool which can be used for the estimation of
genetic diversity among the parental lines by drawing a two or three dimensional scatterplot with
minimal loss of the variability (Uzma, Muhammad et al. 2014). Individuals in aggregation are
closely related to each other in the scatter plot. In this way differences among the individuals
can be estimated and the possible groups can be identified. The original variables are
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transformed linearly into a new set of variables which are known as principal components
(Mohammadi and Prasanna 2003; Ramzan, Noor et al. 2014). These principal components are
uncorrelated and represent different properties of the original data. Because the principal
components are independent of each other therefore should be interpreted separately
(Mohammadi and Prasanna 2003; Tabrizi 2009; Tabrizi, Sahin et al. 2011). Previously Uzma,
Muhammad et al. (2014) applied principal component and cluster analysis to approximate
genetic diversity and character association among sunflower lines and hybrids. Tabrizi (2009);
(2011), Arshad, Khan et al. (2010) and Ghaffari, Farrokhi et al. (2011) estimated genetic
diversity of single cross hybrids using principal component analysis. Tersac, Vares et al. (1993),
de la Vega and Chapman (2001), Sankar, Vanaja et al. (2004) and Ghaffari, Farrokhi et al.
(2011) also demonstrated the effectiveness of principal component analysis in selection of best
hybrids or genotypes in their experiments.

Keeping in view the significance of this multivariate technique, current study was carried
out to group similar hybrids, selection of best hybrids and to assess the proportional contribution
of variation contributed by each principal component in the expression of various qualitative and
quantitative traits in sunflower.

MATERIAL AND METHODS

This study was carried out at the Department of Plant Breeding and Genetics University
of Agriculture Faisalabad during 2014-15. The plant material consisted of a set of 32 sunflower
hybrids (Table 1.).

Table 1. List of 32 F; single cross sunflower hybrids

Hybrids Parentage Source Hybrids Parentage Source
H-1 Al12 x HBRS-5 | PBG UAF* H-17 V12 x L44 PBG UAF*
H-2 L49 x HBRS-5 z H-18 V18x L44 z
H-3 L52 x HBRS-5 z H-19 L33x L44 z
H-4 L54 x HBRS-5 z H-20 L35x L44 z
H-5 A30 x L42 z H-21 L38 x L53 z
H-6 L45 x L42 z H-22 L48 x L53 z
H-7 L61 x L42 z H-23 L62 x L53 z
H-8 V1 x 142 z H-24 V9 x 153 z
H-9 G32 x A19 2 H-25 V27 x L36 s
H-10 A2 x A19 z H-26 HBRS1 x L36 z
H-11 L50 x A19 z H-27 G82 x L36 z
H-12 L37 x A19 z H-28 A23 x L36 z
H-13 V3 x A4l z H-29 Al x L31 z
H-14 Vo6 x A4l z H-30 Al18 x L31 z
H-15 V10 x A4l z H-31 G40 x L31 z
H-16 L41 x A4l z H-32 A45 x L31 z

* Department of Plant Breeding and Genetics University of Agriculture Faisalabad

These hybrids were evaluated in triplicate in the field using randomized complete block design.
The planting scheme was 75 and 25 cm. All standard cultural and agronomic practices were
performed for a good crop stand. Competitive/representative plants 10 in number were tagged
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randomly for each entry in each replication. The data were recorded on plant height, head
diameter, percent filled achenes per head, 100-achene weight, achene yield per plant, oil content,
palmitic acid, stearic acid, oleic acid and linoleic acid contents. Principal Component Analysis
(PCA) was used to arrange the entries in two dimensional biplots (Kroonenberg 1995) based on
their field performance. Data were analyzed using XLSTAT software for computation of
Principal Component Analysis (Kroonenberg 1995; Dong, Liu et al. 2007). The character
loadings were used to calculate the accession component scores. The first two components were
extracted for a two dimensional ordinations of accessions.

RESULTS AND DISCUSSION

PCA is a data reduction technique which is used to obtain small number of linear
combinations with minimum loss of variability (Biabani and Pakniyat 2008; Sultana and Ghafoor
2008). In this technique, each principal component is uncorrelated with the other one but the
variables in each component display correlations with each other. Number of principal
components is always equal to the number of variables but the selected components are not
always equal to the number of variables (Leite 2012). Usually first 2-3 principal components or
components having eigenvalue greater than 1 are selected which are enough to explain maximum
variability and only a small fraction of the total variability is lost (Biabani and Pakniyat 2008;
ljaz, Shabir et al. 2011; Ghaffari, Toorchi et al. 2012). In this study four principal components
have been extracted which accounted for 69.28 % of the total variability. Only those principal
components were retained which have Eigen value greater than or equal to 1. The proportion of
each of the four components was 23.54, 20.08, 15.51 and 10.14 percent of total variance
respectively (Table 2). Good separation of genotypes is highly influenced by the amount of
variability represented by these components. Principal component provides suitable grouping of
the genotypes if there exist any correlation among various traits or similarities among the
genotypes (Tabrizi 2009).

Scree plot
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Fig 1. Scree plot diagram for quantitative and qualitative traits of 32 sunflower hybrids

Table 2. Principal components analysis of 32 single cross sunflower hybrids

Eigenvalue Variability (%) Cumulative %
PC-1 2.59 23.54 23.54
PC-2 2.21 20.08 43.62
PC-3 1.71 15.51 59.13
PC-4 1.12 10.14 69.28
PC-5 0.97 8.83 78.12
PC-6 0.93 8.43 86.54
PC-7 0.53 4.84 91.37
PC-8 0.48 4.33 95.71
PC-9 0.23 2.12 97.82
PC-10 0.19 1.69 99.52
PC-11 0.05 0.48 100.00

Table 3 shows each component weight. Only those traits which have component weights
greater than 0.5 were considered to be important and are highlighted in bold in Table 3. For
example in first component achene yield per plant, 100-achene weight and harvest index had the
highest weights respectively along with the positive signs. This indicates that the first principal
component was associated with achene yield per plant. The sign and magnitude of the factor
loadings with in same component shows the type of association between the two traits (Seiler
and Stafford 1985; Tabrizi 2009). The highest factor loadings of achene yield per plant, 100-
achene weight and harvest index with positive sign clearly shows the presence of a strong
positive correlation among these traits (Dagustu 2002; Zia, Sadaqgat et al. 2013). These relations
can be easily seen in Fig. 1, where achene yield per plant, 100-achene weight and harvest index
are at the right side of the biplot diagram (first component) and had a narrow angle with each
other. A strong positive correlation between these three traits can also be verified from the
correlation matrix in Table 4.

Second principal component had the highest factor loading for oleic acid and linoleic
acid. This component was associated with the oil quality. The negative sign for oleic acid and
positive sign for linoleic acid indicates the existence of a strong negative correlation between the
two traits. This association can be viewed in the biplot as well where both the traits are close to
the y-axis but in the opposite direction and far from the origin. The correlation estimates in Table
4 are also in conformity with these results. A negative correlation between oleic acid and linoleic
acid is also well supported in the literature (Singh, Singh et al. 2002; Tahmasebi-Enferadi, Rabiel
et al. 2004; Joksimovi¢, Atlagi¢ et al. 2006). Negative correlation between the two traits is due to
combined action of two enzymes oleate desaturase and linoleic acid desaturase at the
endoplasmic reticulum. Oleate desaturase converts the oleic acid into linoleic acid, whereas the
linoleic acid desaturase converts the linoleic acid into oleic acid. Therefore, increase in oleic acid
content will always be at the cost of linoleic acid and vice versa. (Mollers 2002; Tahmasebi-
Enferadi, Rabiei et al. 2004; Zia, Sadagat et al. 2013).

The third principal component was associated with the achene filling percentage. Factor
loadings of head diameter and filled achenes were high but with opposite signs which shows a
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strong negative correlation between the two traits. Fourth component was associated with plant
height and this was the only trait which has considerable loading at this component.

Table 3. Loadings of the first four principal components of quantitative and qualitative traits of
sunflower hybrids

Traits PC-1 PC-2 PC-3 PC-4
Plant height 0.026 0.464 0.227 0.741
Head diameter 0.115 0.459 -0.749 0.082
Filled achenes -0.201 -0.323 0.782 0.157
100-achene weight 0.860 -0.226 0.125 -0.087
Achene yield per plant 0.903 -0.022 -0.262 -0.080
Harvest index 0.777 -0.109 0.341 0.155
Oil content -0.424 0.174 -0.192 0.298
Palmitic acid 0.115 -0.443 -0.220 0.439
Steric acid -0.400 -0.291 0.060 -0.367
Oleic acid -0.112 -0.780 -0.308 0.258
Linoleic acid 0.109 0.834 0.316 -0.118

Principal component analysis has been used as an efficient multivariate tool for
identification of superior genotypes, inbred lines and hybrids in sunflower (Ghafari 2003;
Ghaffari and Farrokhi 2008; Tabrizi 2009; Tabrizi, Sahin et al. 2011; Leite 2012; Uzma,
Muhammad et al. 2014). This technique enables us to group the genotypes by using the weights
of the traits on principal components. Achene yield per plant has the highest weight on first
principal component followed by 100-achene weight and harvest index. H-1, H-31 and H-32 are
the hybrids scattered around harvest index, 100-achene weight and achene yield per plant vector.
These hybrids can be selected for higher achene yields based on the PCA. This can also be
verified from the mean values of these hybrids in Table 5 which verifies that these three hybrids
produced the highest achene yield. The second group consisted of H-4, H-6 and H-24. These
hybrids had higher values of palmitic acid and filled achenes. The third group comprised of H-
10, H-14 and H-16 which were clustered around linoleic acid vector. These hybrids were
relatively taller with larger heads and had high linoleic acid content. The fourth group consisted
of four hybrids i.e. H-2, H20, H23 and H-26. These hybrids had lower values of achene yield per
plant and harvest index therefore were clustered together on the opposite side of achene yield per
plant and harvest index vectors in the negative region. Hybrid H-5 and H-27 because of low
values for majority of the traits were in negative region of the two components and far from the
vector loadings and origin. Biplot provided a clear cut grouping of hybrids for multi-trait
selection procedure. The hybrids positioned closer to the tail end of a vector have higher values
for the corresponding trait and vice versa (Ghaffari 2014). For example H-31, the highest
yielding hybrid, was positioned on the extreme right side of the biplot close to the achene yield
vector, whereas H-12 and H-27 had the lowest achene yield and were positioned on the extreme
left side of the biplot but opposite to the achene yield vector. It was also observed that vectors for
achene yield and most of the related traits were projected towards the right side of the biplot
whereas vectors associated with oil content and quality traits were projected towards the left side
of the biplot. The hybrids related to these traits were also scattered around their respected
vectors. For example the highest yielding hybrids H-31 (102.55g), H-1 (94.63g) and H-32



(91.45g) were grouped together in the lower right corner of the biplot around yield vectors
whereas the hybrids H-12 (48.80%) and H-20 (46.83) with the high oil content were scattered
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around the oil content vector in the upper left corner of the biplot.

It is obvious from the results that H-1 and H-32 are the best hybrids with respect to achene yield
and oil content, whereas H-12 had the highest oil content but low achene yield and H-31 had the

highest achene yield but low oil content.

Principle Component 2 (20.08 %)

Biplot (axes PC1 and PC2: 43.62 %)

® H-12

® H-27

® OHHASBO

Principle Component 1 (23.54 %)

Fig. 2.

Biplot of the 1% and the 2™ principal component for agronomic means

Table 4. Correlation (Pearson) coefficient of various plant traits in sunflower

PH HD FA  HAW AYPP HI oC PA SA OA
HD 0.11
FA 0.07 -0.57
HAW -004 -020 -0.11
AYPP -010 031 -032 0.73
HI 011 -0.16 018 0.63 0.65
oC 0.15 0.07 -012 -0.36 -0.21 -0.16
PA 002 003 -0.04 018 000 0.08 -0.13
SA -022 -019 0.08 -013 -030 -0.18 0.14 0.08
OA -023 -015 007 001 001 -006 008 028 0.06
LA 033 011 -0.12 000 -0.04 008 002 -031 -017 -0.75

PH = Plant height (cm), HD = Head diameter (cm),

FA = Percent filled achenes (%), HAW = 100-achene weight
(9), AYPP = Achene yield per plant (g), HI = Harvest index (%), OC = Qil content (%), PA = Palmitic acid (%), SA

= Stearic acid (%), OA = Oleic acid (%), LA = Linoleic acid (%)
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CONCLUSION

Principal component analysis is a useful technique for grouping and selection of promising
breeding material based on their quantitative and qualitative traits. PCA showed that first four
components contributed most of the variability (69.28%). First principal component has the
highest proportion, and achene yield per plant, harvest index and 100-achene weight were the
most important traits. Principle component analysis effectively grouped the high yielding hybrids
(H-31, H-1 and H-32) in Quadrant-I, while hybrids (H-12 and H-20) with high oil content in
Quadrant-111. Among the evaluated material H-1 and H-32 are the best hybrids with respect to
achene yield and oil content.
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Table 5. Mean values for different traits of 32 sunflower hybrids

PH HD FA HAW | AYPP | HI OC |PA |SA |OA |LA
H-1 237.23 | 19.24 | 80.62 | 7.30| 94.63 | 21.47 | 46.24 | 6.30 | 4.43 | 21.92 | 64.98
H-2 237.05| 21.13 | 96.95| 5.16| 69.07| 12.29 | 44.24 | 5.61 | 2.76 | 23.98 | 65.77
H-3 | 237.05| 20.95| 97.70 | 5.45| 66.87 | 20.04 | 43.98 | 5.60 | 2.13 | 19.37 | 66.01
H-4 | 239.55| 19.15| 9433 | 6.79| 70.47 | 18.95| 39.48 | 7.66 | 2.56 | 23.17 | 62.75
H-5 | 238.33| 18.75| 93.31| 4.79| 56.44| 1541 | 4244 | 6.26 | 2.96 | 27.60 | 56.61
H-6 | 251.70 | 21.34| 9732 | 7.09| 86.18 | 21.80 | 40.27 | 6.76 | 3.53 | 26.66 | 60.80
H-7 270.60 | 17.64 | 9559 | 7.66 | 82.17| 33.89 | 40.61 | 7.28 | 2.98 | 16.66 | 71.28
H-8 | 240.82 | 19.25| 9462 | 5.75| 68.15| 19.99 | 4540 | 6.30 | 4.17 | 25.48 | 60.99
H-9 | 265.79 | 22.27 | 95.00 | 5.70| 72.14 | 21.46| 46.42 | 7.31| 1.57 | 23.53 | 65.28
H-10 | 274.29 | 23.67 | 88.30 | 5.42| 67.37 | 14.75| 4269 | 6.64 | 2.41 | 20.02 | 68.95
H-11 | 251.70 | 23.05| 86.88 | 5.63| 68.76 | 13.53 | 38.87 | 6.97 | 3.64 | 22.99 | 64.77
H-12 | 258.19 | 20.30 | 90.73 | 3.97| 46.80| 8.19| 4880 | 6.17 | 3.12| 21.78 | 67.17
H-13 | 243.97 | 22.87 | 8543 | 5.23| 6/7.34| 12.30| 4193 | 6.49 | 2.05| 21.66 | 65.89
H-14 | 242.78 | 25.29 | 78.49 | 550 | 72.80 | 13.91 | 42.65| 6.26 | 2.75 | 18.00 | 66.34
H-15 | 245.55| 15.77 | 93.16 | 7.18| 59.12 | 14.40 | 38.78 | 7.50 | 2.56 | 25.39 | 61.99
H-16 | 266.42 | 20.20 | 97.09 | 5.92| 65.27 | 18.85| 42.16 | 535 | 2.75| 16.74 | 71.93
H-17 | 234.10 | 22.30 | 95.33 | 5.04 | 67.48 | 16.74 | 4143 | 6.51 | 3.65| 21.61 | 65.43
H-18 | 237.18 | 25.04 | 76.95| 7.20| 89.98 | 15.60 | 41.90 | 6.38 | 3.29 | 21.81 | 65.16
H-19 | 239.02 | 21.93| 95.69 | 5.26| 68.24 | 1423 | 4155 | 7.44 | 3.61 | 17.60 | 60.10
H-20 | 248.40 | 19.01 | 94.21 | 6.01 | 56.24 | 12.26 | 46.83 | 6.25| 3.47 | 19.56 | 65.03
H-21 | 264.37 | 23.48 | 90.04 | 6.15| 83.23 | 15.24 | 40.17 | 6.37 | 2.55 | 22.56 | 61.83
H-22 | 254.55| 24.05| 8457 | 6.67| 8587 | 11.56 | 43.06 | 6.53 | 1.87 | 20.50 | 65.13
H-23 | 247.22 | 19.15| 91.86 | 5.85| 58.59 | 12.86 | 43.57 | 5.77 | 3.63 | 21.02 | 65.33
H-24 | 228.57 | 21.00 | 96.55| 6.37| 74.04 | 16.39 | 36.48 | 7.36 | 3.64 | 21.58 | 64.37
H-25 | 222.98 | 20.95| 93.00 | 6.02| 67.07 | 15.06 | 4531 | 7.46 | 4.45| 23.25 | 63.03
H-26 | 256.00 | 19.78 | 93.87 | 6.01| 49.37 | 9.83| 4254 | 6.80 | 3.45| 20.86 | 65.37
H-27 | 225.45| 19.94 | 9239 | 5.08| 4456 | 7.92| 43.29 | 6.53 | 4.69 | 22.05| 65.12
H-28 | 224.02 | 19.28 | 89.75| 5.79| 6497 | 1412 | 36.79 | 558 | 2.35 | 18.06 | 69.90
H-29 | 236.48 | 23.29 | 86.17| 6.47| 8583 | 17.32 | 42.55| 6.49 | 2.41| 18.50 | 69.99
H-30 | 247.18 | 2298 | 91.62 | 6.60| 86.71 | 26.67 | 41.73 | 5.82 | 3.33 | 19.70 | 65.27
H-31 | 22494 | 17.79 | 96.81 | 7.88 | 102.55 | 24.29 | 39.62 | 540 | 1.78 | 22.23 | 62.71
H-32 | 226.10 | 23.23 | 83.10 | 6.65| 91.45| 21.90 | 44.08 | 7.65| 1.69 | 26.09 | 61.73

PH = Plant height (cm), HD = Head diameter (cm), FA = Percent filled achenes (%), HAW = 100-achene weight
(9), AYPP = Achene yield per plant (g), HI = Harvest index (%), OC = Oil content (%), PA = Palmitic acid (%), SA
= Stearic acid (%), OA = Oleic acid (%), LA = Linoleic acid (%)
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Abstract

Sesame is harvested manually in Turkey. The traditional harvesting system which are ripped
and bound in small bundles by labor and later dry plants are threshing. This system is being
not only increases the cost of sesame, but also leads to a gradual decrease in planting area of
sesame in Turkey. In the Turkey has been working on complete mechanization of sesame
harvesting and threshing. Till now, the farmers do not prefer to mechanical harvest system
because they are considering that the quality of seed are reduce by cutting the roots at the
harvest. The main purpose of the study is to determine the relationship between root presence
and seed quality in sesame. For this purpose, some quality parameters were compared to the
seeds obtained from rooted and without root plants.It was carried out randomized complete
split plot design, four replicates in Cukurova Region and for two years under main and second
crops conditions. In the study, 1000 seed weight, fat-protein ration and fatty acid composition
were determined in sesame seeds obtained from plants rooted and without root. As a result,
this study found that root presence has no statistically significant effect on palmitic, stearic,
oleic, linoleic acid. But, it was determined that root presence was a significant effect on seed
weight (P<0.05). Despite could be determined that the growing season (main and second crop
conditional) has statistically significant effect on stearic (p<0.05) and oleic acids (p<0.01),
could not be determined this effect on palmitic and linoleic acid.

Keywords: Sesame, root presence, harvest, fatty acid composition.

INTRODUCTION

The sesame (Sesamum inducum L.) belongs to the family of Pedaliaceae and one of
the oldest oil seeds known by humans. It contains about 50-60% seed oil with superior quality
comparable to olive oil (Aslan et al., 2007). Seeds of sesame are very rich in iron,
magnesium, copper, calcium and vitamin B1 and E. It contain phytosterols associated with
reduced levels of blood cholesterol (Bedigian, 2004). Sesame has an important place among
oil plants with highest oil and containing an amount 25% of protein and sesame oil is
remarkable stability to oxidation due to the present of lignins (Lee et al., 2008).

Sesame is grown in tropical zones as well as in temperate zones. Especially in Asia
and Africa it is cultivated from centuries (Khan & et al., 2016) and one of the traditional
crops of Turkey, too. In Turkey Sesame genotypes has highest oil content changed between
40.0-61.8% (Tan, 2012). In despite of the nutritional value and oil quality of sesame seeds,
research on this important crop has been not enough yet. Although seed yield in Turkey is
higher than the world average, it is not satisfactory. Turkey sesame production at 289 332 da;
and with 12.48% of this, which is 36 114 da, is total production of the Adana (TUIK, 2017).
According to statistics between in 1966-1970 in terms of Turkey sesame planting area was
ranked 4™ in the World (ilisulu, 1973). The amount of sesame planting area in Adana (1970 s)
was almost the same as total amount planting in Turkey in 2012. The production of sesame
decrease year to year due to manual harvesting in Adana. Sesame is a highly profitable crop,
but in order to reduce the cost of production even further, the mechanization of harvesting is
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essential. Mechanization of some aspects of sesame farming, such as forming a ridge,
mulching, and seeding, have been developed, but weeding and harvesting operations are
entirely dependent on manual labor (Yilmaz et al., 2008). The most important expense is
human work in the harvesting by hand. In a study conducted by Ugurluay (2002), the most
consumption time in the total process time was determined in to be pulled up the plants and to
be made brunches by hand (107 h ha™). Harvesting is the most costly input at sesame
cultivation. This cost was found to be 59% by Flip (1988). In another study, the cost of
harvest was determined 54.5% at the main crop and 41.0% at the second crop condition
(Vurarak et al., 2014). High priority must be given to the solution of manually harvesting
issue, and as a potential alternative to it, mechanized or semi-mechanized harvesting systems
must be presented to the farmers. Thus, the harvesting cost that is about 70% of the
production input cost will be able to be reduced. Yet, while doing this to reduce the cost, it
also must be remembered that crop quality must not be affected negatively. In Turkey it was
done a few researches on sesame harvesting mechanization (Ugurluay, 2002). Generally,
harvesting loss was determined in that research, however, effect of machine harvesting on
seed quality and fatty acid composition was not determined earlier studies. This issue in
sesame farming needs to be solved in order to increase the production areas. High priority
must be given to the solution of manually harvesting issue, and as a potential alternative to it,
mechanized or semi-mechanized harvesting system must be present to the farmers.

Sesame cultivars grown all over the world have dehiscent capsules; therefore, 99% of
the fields are harvested manually (Georgiev et al., 2009). A lot of sesame varieties and
ecotypes which have been grown for hundreds of year are distributed in various ecological
regions of Turkey (Baydar et al., 1999). Sesame is commonly grown in small-scale farms
with less input and less mechanization in most of major sesame producing countries as well as
in Turkey. Sesame yield is low, mainly attributed to low yield of the cultivars with an
indeterminate growth habit, pest and diseases occurrence, insufficient weed control, uneven
ripening of capsules, seed shattering, susceptibility to environmental stress, lack of
mechanized harvest and lack of adequate research (Furat & Uzun, 2010). Sesame harvesting
takes 5-8 days and lack of labor during the harvest period give rise to high cost and low yield
(Tan, 2012). Together with that shed their seed. It is very important to harvest in sesame seeds
if not timely harvested causing yield losses. Sesame yield could be improved by using better
management practices and adapt to crop to the mechanical agricultural systems (Caliskan et
al., 2004).

It is very important that the sesame harvesting at time is correctly determined. The
rightest harvest moment occurs when the seeds in the base of the stem start to open. A
common feature in most variety, especially in dehiscent ones, is the speedy process of natural
dehiscence of capsules, with eventual seed fall. This happens right after the best maturity
stage, which, in case of late harvests, can mean great losses in production (Queiroga et al.,
2008). It is noteworthy that determining the ideal harvest moment for dehiscent sesame is
hard because capsule maturity is uneven, for it is a plant that has indetermined growth
(Banerjee & Kole, 2009). In Turkey, there is not a breeding program for the development of a
new type of sesame cultivars with in dehiscent capsules and suitable for mechanized
harvesting. According to mechanical harvesting of sesame, the cultivars should have an
upright habitus with a limited number of branches, strong and lodging resistant stem. In order
to decrease the losses in mechanized harvesting, the height at first branch and pod should be
25-30 cm from soil surface.

Harvesting by machine or used combine harvester is limited in the world. Generally,
in Turkey sesame harvest method is to pull up maturity plants in the field two or three times.
Sesame plants are pulled up from the roots of the sesame plants and ten of fifteen plants
banding together are made bunch in the field. Bunches are pressed about seven or ten days
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(Yilmaz et al., 2008) and fallowing the bundles are then inverted, and the seed falls out
(thresing). In the Turkey has been working on complete mechanization of sesame harvesting
and threshing. In an effort to mechanize the harvest of sesame, have introduced recently the
use of binders in Turkey. The binders were used to cut and bundle the sesame plants, manual
labor was used to shock the cut plants, and combines were brought in to thresh the shocks.
This methodology is very little used in Turkey and is considered “semi-mechanized harvest”
because it still requires some manual labor. Till now, the farmers do not prefer to mechanical
harvest system because they are considering that the quality of seed are reduce by cutting the
roots at the harvest.

The fatty acids, as the other elements that from oil, are found in different forms of
compositions in each of oil plants (Baydar, 1999). That’s why, the factors that effect the
amount of oil and fatty acids in the plant should be done accordingly in order to meet the need
for the consuming purpose, whatever it is (Karaca & Aytag, 2007). Tahini is widely used in
foods in the Middle East and its quality related to oil and fatty acid contents (Ozcan, 1993).
Quality of sesame seed rooted and without root of bunched plant is important both sesame
farmers. Farmers can be easily prefer to mechanical harvesting if they know the impact of the
harvest on quality.

One purpose of this research examined whether it is or not change seed oil and fatty
acid composition. If this goal can be proved, the harvest of sesame in Turkey can quickly
become using mechanization. Farmers can be easily prefer to mechanical harvesting if they
know the impact of the harvest on quality.

The main purpose of the study is to determine the relationship between root presence
and seed quality in sesame. For this purpose, some quality parameters were compared to the
seeds obtained from rooted and rootless plants. It was carried out randomized complete split
plot design, four replicates in Cukurova Region (in Adana province) and for two years under
main and second crops conditions. In the study, 1000 seed weight, fat ration, protein ration
and fatty acid composition were determined in sesame seeds obtained from root and without
root plants.

MATERIAL AND METHOD
Source of plant material and climate values of region

Orhangazi-99 sesame variety was used as material in the experiment. This variety was
preferred because it drops its lower leaves completely at the stage ripeness, and because it
also has a slight lodging. The average yield of this variety change from 1 420 to 2 690 kg ha™.
Average flowers is change 28-45 day, vegetation duration is between 92-100 days depending
on environmental conditions. Additionally, it has a suitable number of side branches for
harvesting, and its height is very suitable for harvesting the early capsules.

The experimental area Adana province which is located in Eastern Mediterranean
Region of Turkey, soils are classified as clay. The region has warm and humidity climate in
summer and the mean annual rainfall is between 650-800 mm, most of which fall in a major
cropping season which extends from December to June. 2011 and 2012 climate data of
experimental area are given in Table 1. Second year temperatures are higher than first year
temperatures as shown in the Table 1.

Method

The study was conducted in the farming fields of Eastern Mediterranean Agricultural
Research Institute for two years under main and second crop conditions in Adana province,
Turkey (latitude 36° 51" N, longitude 35° 20" E and altitude 11.0 meter above sea level). It
was carried out randomized complete split plot design with four replicates. Growing seasons
(main and second crop conditions) were assigned to the main-plots and root presence (rooted
and without root) to the sub-plots during the 2011-2012. The size of each plot was 2.8 m x 5
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m, row spacing (four rows) was 0.7 m and the distance between plants in the row was 0.15 m,
and 2-3 cm of depth. Seed rate was kept 2.5 kg ha™ and agronomic practices were carried out
consistently for all the experimental units during the growing season. The crop was fertilized
with an amount of 70 kg N, and 50 kg of P,Os ha™ applied as basal dose prior to sowing.
Right after sowing, irrigation was performed, and then, when plant height reached 10-15 cm,
hoeing was performed for the first time, and right after that, irrigation was performed for the
first time. Later on, irrigation was performed for three times and pesticide control against
whitefly pest was performed for four times along sesames grown for second crop conditions.
For main and second crop conditions sowing and harvesting dates are given Table 2. While
main crop was sowing at the end of April, second crop was sowing at the end of June after
wheat harvest. The main crop was harvested on August, second crop on September, 2011 and
2012. The traditional harvesting, after the plants were pull up from the roots of the sesame
plants, ten or fifteen plants banding together are made bunched in the field. But at the
alternative harvesting, before sesame plants are made bunched in the field, plant roots were
cut, namely, they are made bunched without root. Bunches are pressed about 5-10 days.
Bunches which including to dry and open capsules and grain are hit with thick stick to be
provide the spilled of the grain from inside the capsule in threshing by hands is done.

Plant height (cm), number of branches per plant (branches plant™), stem thickness
(mm) and height of first capsules (cm) were recorded on ten plants randomly chosen before
harvesting. Biological yield of plant have given as mean. The following methods were applied
to the seeds obtained from each of the parcel and replication to determine the 1000 seed
weight, protein rate, oil rate and fatty acid compositions.

1000 seed weight (g): At maturity, the seed obtained from all the randomly selected
five plants were weighed and calculated on the basis of number of plants threshed to get
average weight of seeds plant.

Protein rate (%): It was determined with Kjeltec method by using the Kjeltec
appliance (Anonymous, 1977).

Oil rate (%): Oil rates were determined an NMR appliance that work with Nuclear
Magnetic Resonance system, within a level of 0 % moisture (Granlund & Zimmerman, 1975).
Measurements for oil rates were done for each parcel in two parallels and then the average
was calculated.

Fatty acid contents (Oleic, Linoleic, Palmitic, Stearic): The composition of fatty acid
was determined by gas liquid chromatography (GC) (Christie, 1973) In according to the
Turkish Food Codex given limit values for sesame seed, palmitic, stearic, oleic and linoleic
acid must be changed 7.9-12.0%, 4.5-6.7%, 34.4-45.5%, and 36.9-47.9% respectively
(Anonymous, 2009). Obtained data is compared to this codex limits.

Data analyzed

The data collected were statistical analyzed by using the computerized statistical
programme JUMP7. Data were subjected to analyses of variance for the combination of two
years, growing season and root presence. Analysis of variance was used to test the
significance of treatment effects (Steel and Torrie, 1980) and Least significance difference
(LSD) test at P = 0.05 was used to compare the treatment means.

RESULTS AND DISCUSSION

Some of the general parameters measured for the main and second crops of sesame
between 2011 and 2012 are given in Table 3. According to Table 3, seed yield was higher by
14.5% at the main crop conditions than at the second crop conditions. Also, it was seen that
second year of seed yield is increased in the second crops conditions. Number of branches per
plant changes between 4.7 and 5.4 for two years. Its showed that effect of growing season on
height of plant and height of first capsules. Second crop condition gave the shortest height to
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first capsule compared to main crop condition. It can be said that height of first capsules is
related to total temperature and environment. Differences due to environmental (total
temperature and others) and growing season were significant. Brigham (1985), Karaca &
Aytac (2007) reported that sesame yield is highly variable depending upon the growing
environment, cultural practices and cultivars.
1000 seed weight

Statistical analysis indicated that growing season had a highly significant effect on
1000 seed weight. Data in Table (4) revealed that 1000 seed weight was significantly affected
by growing season (p<0.01) and root presence (p<0.05). According to data of growing season
and root presence, 1000 seed weight is the highest at main crop and without root conditions.
1000 seed weight ranged from 2.94 g to 3.07 g in growing season. But according to study of
Mandi et al. (2007) found that second crops (3.11 g) had heavier seed than main crops
condition (2.87 g).
Oil content

A perusal of Table 4 exhibits that there is no effect of growing season and root
presence on oil content statistically. However, the oil content ranged from 54.10% to 55.98%.
Different references reported that the total amount of temperature required to grow a sesame
crop ranges from 2500°C to 3500°C (Ilisulu 1973; Tan 2012). In this study, while total
2714°C average temperature measured during growing season for the main crop conditions,
2508°C average temperature measured during growing season for the second crop conditions.
It can be said that temperature differences between main and second crop conditions is not
effect on oil rate. But, oil content ranged from 54.10% to 55.83%.According to ilisulu (1973)
sesame seeds contain average 40-60% oil. Tan (2012) reported that oil content of Orhangazi-
99 variety has been changed between 55.3-57.9%. As seen in Table 3, oil contents were
higher in main crop conditions (by 55.83%) than second crop conditions but these variations
were not significant for growing season. Uzun et al. (2002) reported that oil content of sesame
can be varied by climate conditions and it can decrease by delaying planting time. In
additionally, seed oil content may vary considerably between genotype and seasons, and oil
percentage tends to rise with increasing length of photoperiod (Weiss, 2000). Our results
showed that oil content is inversely related to growing season.
Protein content

It is a fact that, both oil and protein raters for all oil plants are desired to be high, and that

applies for sesame as well (Smith, 1991). It is determined that growing season was effective
at (p<0.01) importance level on protein rate statistically. Protein content ranged from 18.39%
to 21.17%. It was higher by 13.3% at the second crop conditions than at the main crop
conditions. There is an inverse relation between oil and protein values (Wilcox & Shibles,
2001). Similar results are found in this study. However, root presence was not effective
statistically on protein rate (Table 4).
Oil fatty acid composition

Results which are related oil fatty acid compositions according to the cases were given
Table 5. According to combined variation analysis, an important level of a difference the
effect of growing stages on the palmitic and linoleic fatty acid was not found statistically. On
the other hand, growing season was found to be effective on the stearic fatty acid p<0.05
importance level, on oleic fatty acid p<0.01. There was no significant and statistically effect
of root presence on fatty acid compositions. When these results are evaluated, it is possible to
say that growing season is more effective on fatty acid composition compare to root presence.

Statistical analysis indicated that the effects on palmitic fatty acid neither growing
season nor root presence. Palmitic fatty acid ranged from 10.77% to 10.84%. According to
statistical analysis, it was determined that growing season is effective on stearic fatty acids
statistically. The stearic acid is reduced 3.75 % at the second crop conditions compare to main
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crop conditions. Stearic acid ranged from 6.40% to 6.65%. Growing season is effective on
oleic acids statistically. Oleic acid is reduced 1.72% at the main crop conditions compare to
second crop conditions. Oleic acid ranged from 40.38% to 41.09%. It was determined that the
cases was no effects on linoleic acid statistically. There was no significant and statistically
effect of root presence on linoleic acid compositions. Linoleic acid ranged from 40.32% to
40.49% (Table 5). Genetic structure, development stages and fruit formation is effect of fatty
acid content of cultivars (Karaca & Aytac, 2007). Oil quality is determined to its fatty acid
compositions which is palmitic, stearic, oleic and linoleic fatty acid content percentage. Those
values may change under different genetic, morphological, ecological, physiological, and
cultural factors (Beatrice et al., 2006)

CONCLUSION

In the end of this study, it was determined that stearic and oleic fatty acid content may
change under main and second crop conditions. This situation is thought to be related to the
climate of the country.However, it was determined that root presence was not effective on
fatty acid content. At the Turkish Food Codex declaration, palmitic fatty acid is ranged
between 7.9-12.0%, stearic fatty acid 4.5-6.7%, oleic fatty acid 34.4-45.5%, linoleic fatty acid
36.9-47.9% (Anonymous, 2009). In our study, all results were found in the limits specified by
Turkish Food Codex declaration.

At the end of this study, it can be said to sesame growers that seed quality of with root
and without root is same. This result supported that sesame can be harvested with machine
instead of harvest with hands. Therefore, the effect of different harvesting method on sesame
quality were determined that can be potentially an alternative harvesting process which is the
most difficult, time consuming and costly one is sesame farming.
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Table 1. Temperature ('C), relative humanity (%), total rainfall (mm), and wind speed (m s™) for 2011 and 2012
in the experimental area

Mean of Mean of Total Mean of
Months temperature relative humidity rainfall wind speed
2011 2012 2011 2012 2011 2012 2011 2012

April 16.5 18.1 65.4 68.3 117.3 36.0 0 9.7
May 20.1 20.8 70.2 74.0 30.0 97.0 0 9.7
June 245 26.7 724 66.2 0 355 9.4 7.5
July 27.9 29.3 715 65.3 0 18.3 8.8 10.6
August 28.8 29.3 68.6 62.5 0 0 9.7 10.2
September 26.9 27.0 65.7 64.9 0 0 9.6 10.0
October 20.7 22.6 49.7 61.9 6 51.9 11.7 35.0

Table 2. Experimental area sowing and harvest dates for main and second crop

Years Process Main crop Second crop
Sowing 04.05.2011 29.06.2011
2011 Harvest 12.08.2011 26.09.2011
Sowing 28.04.2012 19.06.2012
2012 Harvest 06.08.2012 21.09.2012

Table 3. Some of plant parameters for main and second crop conditions

Parameters Main crop Second crop

2011 2012 Average 2011 2012 Average
Plant height (cm) 189.1 179.6 184.3 145.3 170.7 158.0
Stem thickness (mm) 13.3 125 12.9 11.9 14.2 13.1
Branches (per plant) 4.7 5.0 4.8 4.8 54 5.1
Height of first caps. (cm) 735 51.0 62.3 48.0 53.0 50.5
Seed yield (kg ha™) 1728.2 1437.3 1582.8 1151.7 1553.8 1352.2
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Table 4. Summary of the variation from average 1000 seed weight, oil content, protein content

Parameters 1000 seed Oil content Protein content
weight (9) (%) (%)
Growing season
Main crop 3.07+0.09a 55.83+3.36 18.39+3.03a
Second crop 2.94+0.38b 54.10+£2.12 21.17+£2.49b
LSD0.05) 0.0016 - 0.006
Root presence
Rooted 2.98+0.30b 54.95+3.40 19.69+2.90
Without root 3.03£0.27a 54.98+2.40 19.86+3.29
LSD .05 0.0009 - -
CV (%) 0.65 6.67 4.10
Growing season 0.0077" 0.174"™ <.0001”
Root presence 0.021" 0.968™ 0.725"™
Growing season*Root presence 0.94"™ 0.242" 0.548™

Means followed by similar letters in columns or rows are not significantly different according to least significant
difference (LSD). * and ** significant at 0.05 and 0.01 level of probability, respectively.

Table 5. Summary of the variation from average palmitic, stearic, oleic and linoleic fatty acid.

Parameters Palmitic Stearic Oleic Linoleic
(%) (%) (%) (%)
Growing Season
Main crop 10.79+0.62 6.40+0.43b 41.09+0.47a 40.32+1.16
Second crop 10.82+0.43 6.65+0.74a 40.38+0.53b 40.49+1.21
LSD0.05) - 0.004 0.0042 -
Root Presence
Rooted 10.77+0.50 6.53+0.62 40.81+0.60 40.44+1.14
Without root 10.84+0.60 6.51+£0.61 40.62+0.64 40.36+1.21
LSD(O.OS) - - - -
CV(%) 0.99 2.47 0.93 0.73
Growing season 0.708™ 0.023 0.0001"™ 0.431™
Root presence 0.462" 0.834™ 0.173™ 0.674™
Growing season*Root presence 0.201"™ 0.388"™ 0.845"™ 0.060™

Means followed by similar letters in columns or rows are not significantly different according to least significant
difference (LSD). * and ** significant at 0.05 and 0.01 level of probability, respectively.
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Abstract

The paper deals with exploration the influence of earthworms and soil microorganisms on soil
structure and productivity of alfalfa. The observation was carried out on Chromic-Vertic
Luvisols (fine texture) from Sofia field (Bulgaria) in pot experiment. The inoculations were
made with three ecological groups of lumbrids: anecic (Lumbricus terrestris), epigeic
(Eisenia fethida) and endogeic (Aporrectodea rosea, Aporrectodea caliginosa and Octolasion
lacteum) earthworms. The inoculation with soil microorganisms was provided with nitrogen-
fixing bacteria from genus Rhizobium. The soil structure of studied treatments was
characterized by indicators derived from the soil water retention curve and total porosity. The
most pronounced effect of inoculations of earthworms and microorganisms was found in the
volume of macropores which increased with depth while in the control variant it decreased
with depth. The results showed that interaction between earthworms and soil microflora
increased the biomass of alfalfa. Our study demonstrated that earthworms and soil
microorganism have positive effect on the aeration of roots and yield of forage crops.

Key words: Alfalfa, Earthworms, Forage crops,Soil microorganisms, Soil structure.
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MATERIAL AND METHOD

The experiment was carried out during 2017. Chromic-Vertic Luvisol was used in this
study. Soil was collected from top layer (0-20 cm) of crop field from Chelopechene village,
Sofia County. The soil was characterized with fine texture. Organic carbon content was 1.61
%, the available nitrogen content was 8.6 mg/kg, the available phosphorus content (P,Os) —
13.5 mg/100 g, the exchangeable potassium content (K;O) — 23.0 mg/100g and the soil pH
(H20) was 6.1. The soil was air-dried and sieved through a 2.0 mm sieve. The experiment was
carried out using 10 L pots. The soil in each pot was mixed with 250g cow dung and,
additionally, 250g cow dung were added in the center of the top soil. Three pots were
prepared for each variant. All pots were arranged in the greenhouse.

The earthworms were collected from Sofia field by digging and hand sorting. Six
earthworms were inoculated in each pot. The nitrogen-fixing bacteria Rhizobium melliloti
strain 116 was used for alfalfa seed inoculation. The strain was obtained from soil
microorganisms collection of the Soil microbiology Department of the Institute of Soil
Science, Agrotechnologies and Plant Protection “N. Poushkarov”, Sofia. The experiment was
designed with seven variants: 1) controls without inoculation, 2) inoculation with endogeic
earthworms (Aporrectodea rosea, Aporrectodea caliginosa and Octolasion lacteum), 3)
inoculation with anecic earthworms (Lumbricus terrestris), 4) inoculation with epigeic
earthworms (Eisenia fethida), 5) mixed inoculation with the epigeic, endogeic and anecic
earthworms, 6) mixed inoculation with the epigeic, endogeic and anecic earthworms and
Rhizobium melliloti strain 116 and 7) inoculation with Rhizobium melliloti 116.

Fifty alfalfa seeds (cultivar Pleven 6) were planted in each pot. After the emergence of
the fifth leaf, only 15 plants were kept per pot. The soil was irrigated daily to maintain the
moisture content at approximately 60% of the soil field capacity. The shoots were collected,
when the plants were at the blooming phase. The shoots were cut at the soil surface and the
biomass was weighed. After that the shoots were dried with oven drying at 60°C for 48h. At
harvesting the roots were collected and their fresh and dry biomass was determined.

Vertically oriented cores were sampled at the end of the experiment at 0-5 cm and 10-
20 cm soil depth in 100 cm® metal cylinders for determination of bulk density (1SO
11272:1998). Soil water retention at suction less than 33 kPa was determined using the
undisturbed soil cores (100 cm®) by a suction plate method similar to those proposed in 1SO
11274: 1998. The drainage of the wetted samples at suction (P) 1, 5, 10, and 33 kPa (pF 1.0,
1.7, 2.0, and 2.5) was done by suction type apparatus (Shot filters G5 with diameters of pores
1.0-1.6 um). Total porosity (P;) was calculated using the measured bulk density and particle
density 2.65 g.cm™. Volume of air filled pores at given suction P was calculated as the
difference between soil total porosity P; and the measured volume of water content (6)
retained at this suction. The effective pore diameter & corresponding to P was calculated by
Jurin’s formula: §=4*o/P, where the surface tension is 6=7.29%*10? N m™ and P is in Pa. The
effective diameters of pores corresponding to suctions 1, 5, 10, and 33 kPa, are 300, 60, 30,
and 10 pum, respectively.

Statistical analyses of the study were conducted using SPSS software. Data on soil
physical properties are presented as mean + standard deviation. Means of plant biomass are
compared by Least Significant Differences (LSD) test at p=0.05.

RESULTS AND DISCUSSION

Alfalfa is widely grown throughout the world as forage for cattle, and is most often
harvested as hay, but can also be made into silage, grazed, or fed as greenchop. Alfalfa usually
has the highest feeding value of all common hay crops (Nikolova et al., 1995). The
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productivity and nutritive value of alfalfa defined her as a leading perennial legume forage
crop (Georgieva and Nikolova, 2012). It is used less frequently as pasture. When grown on
soils where it is well-adapted, alfalfa is often the highest-yielding forage plant, but its primary
benefit is the combination of high yield per hectare and high nutritional quality (Lenkov,
1973). Alfalfa is known for its tolerance to drought, heat, and cold and for the remarkable
productivity and quality of its herbage. The plant is also valued for soil improvement and it is
grown as a cover crop and as a green manure (Bratanov, 1987).

Earthworms are considered as ecosystems engineers with great impact on physical,
chemical and biological properties of the soils (Lavelle et al., 2007). Availability of
earthworms can increase soil aeration and drainage, whilst soil gut passage can improve soil
crumb structure and lead to enhanced water holding capacity. The activity of earthworms has
a decisive role in the formation of macro- and microaggregates (Six et al., 2005). The
incorporation of organic material and its mixing with mineral soil can also lead to increased
nutrient availability (Butt, 2011). Earthworms in a soil resulted in improved forage crop yields
and a better quality of grasslands (Edwards et al., 1980).

Soil microorganisms influence plants and their growth may be limited, or promoted by
the soil microorganisms (Turbe et al., 2010). Soil microorganisms are involved in many
processes like: soil structure formation, decomposition of organic matter and the cycling of
carbon, nitrogen, phosphorus, and sulphur (Van Elsas et al., 1997). In addition,
microorganisms play key roles in promoting plant growth and in changes in vegetation (Doran
etal., 1996).

RESULTS AND SUGGESTIONS

The results showed that the fresh and dry biomass of alfalfa increased in all variants
with earthworms (Table 1). The highest values of biomass were registered in variants with
anecic earthworms, mixed inoculation with the three ecological groups of earthworms and
mixed inoculation with earthworms + Rhizobium melliloti 116 (treatment 3, 5 and 6). The
inoculation with epigeic earthworms had slightly positive effect on the fresh and dry biomass
of alfalfa. The single inoculation with Rhizobium melliloti 116 (treatment 7) had no
significant effect on alfalfa biomass at the first blooming stage.

Table 1. Shoot biomass of alfalfa at the first cutting. Means with the same letter are not significantly different at
p=0.05. LSD — Least Significant Difference

Treatment Fresh Dry
biomass (g) | biomass (q)

1. control 48.83 a 12.16 a
2. endogeic earthworms 55.86 bc 13.6 bc
3. anecic earthworms 57.6 cd 14.6 cd
4.epigeic earthworms 51.66 ab 12.43 ab
5. mixed inoculation with earthworms 59.00 c 15.3d
6.mixed inoculation with earthworms + Rhizobium melliloti 116 61.66 15.5d
7.Rhizobium meliloti 116 476 a 12.23 a
LSD p-0.05 5.26 1.19

At the end of the experiment the fresh and dry biomass of alfalfa were nearly twice

higher (Table 2). The results revealed positive effect of mixed inoculation with earthworms
and nitrogen-fixing bacteria. The highest values of biomass were registered in variants with
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endogeic earthworms, anecic earthworms and mixed inoculation with the three ecological
groups of earthworms + Rhizobium melliloti 116 (treatments 2, 5 and 6). At this stage of the
experiment Rhizobium melliloti 116 showed positive effect on the alfalfa fresh and dry

biomass. The inoculation with epigeic earthworms also increased the yield of alfalfa.

Table 2. Shoot biomass of alfalfa at the second cutting. Means with the same letter are not significantly different

at p=0.05. LSD - Least Significant Difference

Treatment Fresh Dry
biomass (g) | biomass (g)

1. control 87.07 a 1793 a
2. endogeic earthworms 102.5d 22.83 e
3. anecic earthworms 103.96 cd 22.4 de
4.epigeic earthworms 93.1ab 21.1cd
5. mixed inoculation with earthworms 93.9 abc 19.46 ab
6.mixed inoculation with earthworms + Rhizobium melliloti 116 | 102.03 bcd 20.8 bcd
7.Rhizobium meliloti 116 93 ab 20.3 bc
LSD p=0.05 10.82 1.63

The fresh and dry roots biomass of the alfalfa at the end of the experiment is shown on
Figure 1. No significant differences between the variants were found except in treatment 3.
Anecic earthworms (variant 3) have slightly positive effect on the fresh root biomass of
alfalfa. They create deep permanent vertical burrows in the soil, which improve the root

growth.
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Figure 1. Root biomass of alfalfa. Legend: 1. control, 2. endogeic earthworms; 3. anecic earthworms; 4.epigeic
earthworms; 5. mixed inoculation with earthworms; 6.mixed inoculation with earthworms + Rhizobium melliloti

116; 7. Rhizobium meliloti 116
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As it was expected, the inoculations with earthworms had positive effect on the soil
aeration in all treatments. This was expressed in bulk density decreasing and respectively in
total porosity increasing in depth (Table 3). The relative decrease of soil bulk density at 10-20
cm depth was the highest (16% and 18%, respectively) in anecic earthworms and earthworms
+ Rhizobium melliloti 116 variants. The treatments with anecic earthworms (variant 3, 5, and
6) had slightly more compacted surface 0-5 cm soil layer and, respectively, the total porosity

was 2-3% less than in the control (Table 3).

Table 3. Bulk density and soil porosity at the end of the experiment

Treatment Depth, Soil moisture | Bulk density Total
(cm) (%) (g.cm?) porosity
(%oviv)
1. control 0-5 15.4 1.12 57.8
10-20 17.4 1.20 54.8
2. endogeic earthworms 0-5 14.84+0.2 1.15 +0.03 56.7+1.3
' 10-20 14.1 1.06 59.9
3. anecic earthworm 0-5 17.8£2.0 1.17 £0.03 55.8+1.2
' 10-20 13.7 1.00 62.2
4. epigeic earthworms 0-5 13.9£1.2 1.14 £0.02 56.9+0.7
' 10-20 12.8 1.08 59.3
5. mixed inoculation with 0-5 17.2+0.5 1.19 £0.02 54.9+0.8
earthworms 10-20 13.9 1.10 58.4
6. mixed inoculation with 0-5 17.1£1.4 1.18 £0.05 55.4+1.9
earthworms + Rhizobium 10-20 15.6 0.99 62.8
melliloti 116
. . L 0-5 13.5+0.7 1.10 +£0.02 58.4+0.7
7. Rhizobium melliloti 116 10-20 124 110 586

The experiment set up explained the homogeneity of water retention properties in
depth in the control variant. (Table 4) The endogeic earthworms (variant 2), mixed
inoculation with earthworms + Rhizobium melliloti 116 (variant 6), and inoculation with
Rhizobium melliloti (variant 7) did not increase the water retention at suctions less than 33
kPa. The treatments with anecic earthworms increased the water content hold at -33 kPa in the
surface 0-5 cm by near 3%w/w. Slight increase (by 1%w/w) was observed also in the
treatments with epigeic earthworms (variant 4) and mixed inoculation with earthworms
(variant 5) (Table 4). The increased water retention capacity can be explained with initiation
of microaggregate formation within worm casts in the surface layer.
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Table 4. Soil water retention (W, %w/w) at different potential (kPa) and depth of the soil.

treatment Sampling | 4 b | 5kpa | -10kPa | -33kPa
depth ,cm
1. control 0-5 26.0 23.0 21.5 21.4
' 10-20 25.7 22.1 20.8 20.1
2. endogeic earthworms 0-5 26.9+1.2 | 22.9+0.6 | 21.4+0.6 | 20.9+0.4
' 10-20 26.4 22.9 21.2 20.3
3. anecic earthworms 0-5 29.5+2.9 | 26.0+£2.9 | 24.3+£2.3 | 24.0+£2.2
10-20 27.6 23.5 21.6 20.4
4. epigei h 0-5 28.3+1.7 | 24.5£1.8 |22.9+1.8 | 22.3+1.8
- epigeic earthworms 1020 | 25.0 22.2 20.9 20.7
5. mixed inoculation with 0-5 28.6=1.2 | 24.3+1.1 | 22.7+0.8 | 22.2+0.7
earthworms 10-20 27.0 23.1 21.2 20.7
6. mixed inoculation with 0-5 25.5+1.7 | 22.0+£1.2 | 20.5+1.1 | 19.8+1.2
earthworms + Rhizobium 10-20 26.5 22.4 20.7 20.3
melliloti 116
. . L 0-5 27.4+0.1 | 23.2+0.2 | 21.4+0.4 | 20.7+0.2
7. Rhizobium melliloti 116 10-20 6.4 518 196 165
The amount of air-filled soil pores increased in 10-20 cm soil depth in all studied

variants of inoculations (Table 5). It can be concluded that the increase of total porosity in
depth was on the account of the increasing of large macropores (Table 5). The increase of soil
aeration capacity (volume of pores with diameter greater than 60 um) in depth is highest
(10%vol. and 12%vol.) at the variants with inoculation of anecic earthworms and mixed
inoculation with earthwormss (Figure 2). The improvement of soil aeration status allowed the
roots of alfalfa to reach more nutrients and water in the soil which resulted in the highest
biomass formation (Tables 1 and 2) found in this experiment.

Table 5. Size (effective diameter in um) distribution of air-filled soil pores (%vol.)

treatment gs‘gﬁ" 09 | >300 um | >60 um | >30pm | >10 um
1. control 0-5 28.7 32.1 33.7 33.9
10-20 23.9 28.2 29.8 30.7
2. endogeic earthworms 0-5 25.8+3.6 | 30.4+2.7 | 32.2+2.7 | 32.7+2.4
' 10-20 31.8 35.6 37.4 38.3
3 . h 0-5 21.3+1.3 | 25.3+1.3 | 27.3+0.7 | 27.7+0.7
- anecic earthworm 10-20 | 345 38.6 405 417
4. epigeic earthworms 0-5 24.6+£0.6 | 29.0+0.9 | 30.9+0.9 | 31.4+0.9
' 10-20 32.3 35.4 36.8 37.0
5. mixed inoculation with 0-5 20.8+2.8 | 25.9+2.7 | 27.8+2.3 | 28.4+2.1
earthworms 10-20 28.5 32.9 35.0 35.6
6. mixed inoculation with 0-5 25.3+5.2 | 29.4+4.5 | 31.1+4.2 | 31.9+4.4
earthworms + Rhizobium 10-20 36.6 40.6 42.3 42.8
melliloti 116
_ - 0-5 28.2+1.2 | 32.8£0.9 | 34.8+0.7 | 35.6+0.8
7. Rhizobium melliloti 116 10-20 9.7 348 372 205
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Figure 2. Soil aeration capacity (volume of soil pores>60 um).

In conclusion, the inoculation of soil with earthworms and nitrogen-fixing bacteria in
conditions of a pot experiment with alfalfa increased the crop productivity and improved the
soil aeration status. The treatments had positive effect on soil aeration capacity in depth.
Results obtained suggested that earthworm inoculations could be successfully used in
practices to improve soil structure and productivity of alfalfa.
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Abstract

The study aims to determine the yield and yield components of several lines and varieties of
Hungarian Vetch with winter sowing under Siirt ecological conditions. The trials were
conducted in the trial and demonstration area under the Department of Field Crops according
to randomized complete block design with 3 replications. In this study, Hungarian vetch
varieties (Anadolu Pembesi-2002, Ege Beyazi-79, Tarm Beyazi-98, Budak) and lines (Line-3,
Line-10, Line-2109) were used.

The heights of the varieties used in this research ranged from 36.00 to 51.67 cm, the
fresh hay yield from 6427 to 20427 kg ha™, the hay yield from 2224 to 3954 kg ha™, the
number of sub-branches per plant from 2.00 to 3.67, the crude protein ratio from 22.12% to
27.23%, the crude protein yield from 584 to 986 kg ha™, the acid detergent fiber (ADF) ratio
from 28.55% to 31.44%, and the neutral detergent fiber (NDF) ratio from 33.11% to 39.16%.
Out of the sample cultivars, it is determined that the most acceptable varieties for either
gender yield or hay quality are Anadolu Pembesi and Ege Beyazi.

Keywords: Winter sowing, Hungarian Vetch (Vicia pannonica Crantz), hay yield, yield
components

INTRODUCTION

Hungarian Vetch (Vicia pannonica Crantz) is an annual forage legume species, a cool-
season plant able to survive freezing without any damage even in tough winters and grow in
high altitude conditions, as well as water-efficient and drought-tolerant. This can be grown as
main crop or intercrop in almost any ecological and edaphic conditions in every region in our
country (Acikgoz, 1991).

Hungarian vetch with winter sowing in the province of Siirt where winters are not
much severe will grow fast in spring and complete its development without much water.
However, no growing is possible for its spring sowing without irrigation.

Roughage sources in our country are inadequate to meet our livestock’s needs. The
yield and quality of pasture grounds that are the most valuable forages have considerably
reduced due to unseasonable and excessive grazing or something else. It is suggested that since
range improvement is highly time-consuming, costly and laborsome, the most effective way is
to enhance planting and production of forage in field agriculture in order to close the shortage
of roughage in a short time (Tosun 1996).

For long years, the breeding and maintenance work of our meadow and pasture areas
used in non-compliance with amenajman rules are also made insufficiently. Therefore, they are
degrading day by day and the roughage shortage is getting wider. The plantation areas for
forage crops have expanded by means of the state aids under livestock breeding subsidies but
not up to the desired level. For this, it is necessary to increase supports and explain the
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importance of forage to farmers. The production costs, particularly feed costs, are very high.
The farm gate prices for milk and dairies are low. Major one of the most fundamental factors
for operational profitability are lowering input costs and raising product quantities and prices.
In order to have profitable livestock enterprises and satisfactorily animal products, roughage
resources should be effectively utilized. The local farmer folks cannot produce forage plants at
a sufficient level. The amount of quality roughage obtained from current forage production
remains non-satisfactory, and therefore the shortage is at the highest level.

In a study on Hungarian vetch (Acar et al., 2009) in which row spaces were 15, 30, and
45 cm, seed numbers 6, 7.5, 9, 10.5 and 12 kg decare, it was reported the row space was 30 cm
at optimum level in terms of seed and hay yield, the seed quantity 9 kg decare, and the hay
quantity 4078 kg ha™*. In the study on the forage feeding values of Hungarian vetch, common
vetch and hairy vetch at different harvests, Turgut et al. 2006) stated that the crude protein
ratios in earlier inflorescence ranged from 23.2% to 19.6% in common vetch, 24.1% to 17.9 %
in Hungarian vetch, and 20.2% to 16.0 % in hairy vetch, and the NDF ratios from 35.9 % to
44.3 %, 43.9% to 54.0 %, and 37.0% to 42.7%, respectively. In the study of Akkopru et al.
(2007) conducted with 20 cm and 40 cm row spaces and 5 seeds (100, 150, 200, 250, and 300
per sq meter) in VVan ecological conditions, it was observed that the highest fresh hay yield was
8116 kg ha, obtained from the pair of 40 cm and 300 seeds per sq meter. Yuksel et al. (2007)
performed a study on Hungarian vetch in Isparta conditions to determine a number of
morphological, biological and agricultural traits in the year 2006 and reported that randomly
selected 10 plant species were observed and measured on 11 different days (March 17, March
24, March 31, April 7, April 14, April 21, April 28, May 5, May 19, and May 26) at one-week
intervals during their vegetation, related to plant height, root length, branch number, leaf
length, leaf number, leaflet number, leaflet length, leaflet width, plant weight, root weight, and
hay ratio, and according to the study results, the plant height ranged from 5.0 cm to 74.6 cm
and the branch number from 2.7 to 3.2 in Hungarian vetch within the period from the
commencing sampling period to the forming time.

In the study made on several vetch cultivars, Tosun et al. (1991) used Menemen (hairy
vetch) and Ege Beyazi (Hungarian vetch) whose plant heights were respectively 62 cm and 41
cm and fresh hay yield and hay yield were respectively 3290 kg ha® and 2200 kg ha™;
Balabanli (1992) used in the study on Hungarian vetch that the highest hay yield was 3488 kg
ha™* obtained from the parcel in the row spacing of 17.5 cm x 1 cm and with winter sowing; in
the study that Bakoglu et al. (2004) conducted with 4 Hungarian vetch (Vicia pannonica
Crantz) lines (5, 16, 23, and 28) and Ege Beyazi variety and determined that though seed yield
and its several traits vary with line and variety, the fresh hay yield was 1635.81 kg, the hay
yield 322.41 kg, and caly x yield 231.47 kg per decare, and the mean plant height 46.20 cm,
the branch and sub-branch numbers were 2.50 and 2.15 respectively; Orak et al. (2005)
conducted an adaptation study with 5 Hungarian vetch lines, 1 population, 1 variety (Ege
Beyaz) at 3 locations in Thrace Region between 2002 and 2004, and the average plant height
of line and variety ranged from 61.9 cm to 83.3 cm, the branch number of the plant 2.2 to 4.1,
the fresh hay yield 8881 kg ha™ to 16859 kg ha™, and the hay yield 2033 kg ha™ to 4058 kg ha’
1 Suzer and Demirhan (2005) performed a study to identify the relevant several winter vetch
cultivars and the mixture of vetch and grain, with the cultivars and varieties of Efes-79 (hairy
fruit vetch), Menemen-79 (hairy vetch), Karaelgi (common vetch), husband vetch, Tarm
Beyaz1-98 (Hungarian vetch), Ege Beyazi-79 (Hungarian vetch) in Edirne ecological
conditions for two years between the years of 2000 and 2003 and observed that with plain
sowing, the fresh hay yield of Tarm Beyaz1 was 31150 kg ha™ while the fresh hay yield of Ege
Beyazi was 4040 kg ha™, and the mean plant height was 71 ¢cm in Tarm Beyazi1 and 53 cm in
Ege Beyazi. In 2003, in the study of Sahar (2006) with the aim of discovering appropriate
vetch varieties in Van ecological conditions, Ege Beyazi-79 was used as Hungarian vetch

31



variety, and Efes-79 as vetch variety, and according to the study results, the plant height was
43.5 cm, the fresh hay yield 7340 kg ha™, dry matter yield 2168 kg ha™, the crude protein ratio
17.4%, and the crude protein yield 379 kg ha™ for Hungarian vetch.

In another study to investigate several traits of 12 Hungarian vetch variety and lines at
five different locations in Southern Anatolian Region from 2008 to 2009 and 2009 to 2010,
Sayar (2011) found that according to two-year average results, the flowering day number
ranged from 165.7 to 177.9 days, the fresh hay yield 2.462 kg decare to 3.133 kg decare, the
hay yield 531.5 kg decare to 699.8 kg decare, the plant height 56.5 cm to 60.9, the branch
length 71.0 cm to 79.1 cm, and the branch number 2.9 to 3.2. Unal et al. (2011) studied several
phonological and morphological traits of 4 Hungarian vetch and a variety of its at Haymana
and Ankara locations in the years of 2006-07 and 2007-08, and two-year average results
revealed that the crude protein yield of variety and lines ranged from 16.9 to 22.8 kg decare,
the crude protein ratio 21.5 to 23.2%, the plant height from 32.28 to 37.20 cm and the branch
number 2.53 to 3.86 per plant. In a research conducted at the location of Ankara Field Crops
Central Research Institute between the years of 2010 and 2011, Mutlu (2012) observed that the
highest fresh hay yield was 52329 kg ha®, obtained from Segmen-2002 variety in full
flowering season and 36863 kg ha™ from Tarm Beyaz1-98 variety in half flowering season, and
the highest hay yield was 8431 kg ha™, found on Segmen-2002 variety and 36863 kg ha™ on
Tarm Beyaz1-98 variety in full flowering season, and in the same period, the highest average
point was 44375 kg ha™ in fresh hay yield and 7563 kg ha™ hay yield, and the highest crude
protein ratio was 20.5% for Segmen-2002 and 19.9% for Tarm Beyazi-98 in the earlier
flowering, and the highest crude protein yield was 1535 kg ha™, obtained from Segmen-2002
in full flowering season, and 1083 kg ha™ from Tarm Beyaz1-98 in half flowering. In the study
made by Sayar et al. (2012) with 12 different genotypes of Hungarian vetch on the farming
land at Village Cagil in the town of Kiziltepe in Mardin between the years of 2009 and 2010, it
was found that the fresh hay yield ranged from 12270 to 23360 kg ha™, the plant height from
44.90 to 54.33 cm, the hay yield 2950 to 5750 kg ha™, the branch number 2.23 to 3.06, and out
of the genotypes of Hungarian vetch in Kiziltepe conditions, the highest fresh hay yield and
hay yield was obtained from the varieties of Oguz-2002 and Anadolu Pembesi-2002. In a study
conducted in Diyarbakir ecological conditions, for Ege Beyazi variety the mean plant height
was 45.2 cm, the fresh hay yield 12690 kg ha™, the hay yield 2910 kg ha™ (Basbag et al.
2001). In Kirsehir conditions, intercropping Hungarian vetch (Vicia pannonica Crantz) with
Italian ryegrass (Lolium multiflorum L) were experimented in a study and the quality features
including the ratios of crude protein, NDF, ADF and ADL and the LER values were studied.
The values obtained ranged from 11.58 to 17.86%, 37.12 to 59.67%, 28.69 to 39.66%, 6.22 to
7.84% and 1.09 to 1.27%, respectively. The highest ratios was from Italian ryegrass with plain
sowing while the highest fresh hay yield and hay yield were discovered on the mixture of
Hungarian vetch (80%) and Italian ryegrass (20%). The lowest NDF and ADF ratios were
obtained from Hungary vetch with plain sowing. According to the study results, as the portion
of Hungary vetch in the mixtures was rising, the crude protein ratio was increasing and however
the NDF and ADF ratios were decreasing. Consequently, the mixtures of Hungarian vetch
(80%) and Italian ryegrass (20%) was found to be superior than the cultivars and other mixtures
with crude plantation in terms of yield and quality (Simsek, 2015). In the province of Siirt,
there are plantation areas of pasture-meadow (124.000 ha) and forage (8.000 ha) (Anonymous,
2015a). It was estimated that the hay crop was 190.000 tons, 130.000 tons from pasture-
meadow area and 60.000 tons from forage plantation area.

However, there are livestock including 23.000 cattle and 750.000 ovine (equivalent to
102.000 (BBHB)) in the province of Siirt (Anonymous, 2015a). The annual average quantity
of roughage need for these animals is 370.000 tons while the shortage for forage crops is about
180.000 tons. The hay produced (190.000 tons) is sufficient only for 51% of livestock.
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Therefore, it is necessary to raise the forage plantation portions in field agriculture in
eliminating or diminishing the roughage shortage.

MATERIALS AND METHOD
Materials

This study was conducted in the trial and demonstration area under the Department of
Field Crops in the Faculty of Agriculture at Siirt University in 2006. The materials used in the
study were 4 Hungarian vetch ((Vicia pannonica Crantz) varieties (Tarm Beyazi-98, Anadolu
Pembesi-2002, Ege Beyazi-79, and Budak) and 3 Hungarian vetch lines (Line-3, Line-10, and
Line-2109).
Ecological Characteristics For The Research Field

Siirt province has a mostly continental climate. On its eastern and northern parts,
winters are more severe and snowy, and on its southern and south-western parts, summers are
hotter and arid while winters are mild climate. Mean precipitation quantity of the years of 2015
to 2016 is 833.6 mm, annual average rate of relative humidity is 51.2 %, and January is the
highest month with 70.5 %. While long years average for temperature is 13.5 °C, the mean
temperature of the trial crop season of 2015 to 2016 is 15.3 °C (Anonymous, 2016).

Table 1. The ecological data for the research field

Temperature (°C) Precipitation (mm)
Relative Humidity (%0)
Long Long
Years 2015- Years 2015- Long Years

Months (1950- 2016  (1950- 2016  (1950-2015) 2015-2016
2015) 2015)
September 251 315 53 0.1 34.0 185
October 18.1 20.7 48.7 189.6 50.3 52.3
November 10.4 125 80.2 41.0 64.0 58.3
December 4.8 6.6 93.8 70.4 72.4 57.1
January 3.2 27 80.0 200.6 72.0 725
February 45 9.9 99.1 63.8 66.6 625
March 8.7 11.9 107.3 136.6 61.3 56.2
April 14.3 19.2 99.7 66.8 58.2 415
May 19.7 223 57.8 64.7 49.9 41.9
g\t/aelrage n 135 153 666.6 833.6 56.4 51.2

For the trial season the total average values of temperature and precipitation are
higher, and that of relative humidity lower than those for long years term, as can be seen in
Table 1.

Soil Properties For The Research Field

A soil analysis was made with the soil specimens taken prior to sowing in the
Laboratory of Science and Technology Research Center Directorate under the Siirt
University, and a number of physical and chemical properties for the soil samples from the
trial area were identified.
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Table 2. A number of physical and chemical properties for the trial area (0 to 20 cm)*

Nature (%) Salt Lime  Organic Receivable Receivable

Clay Sand (EC) Phosphor  Potasium
Silt PH  mmhos/cm (C?é/i ?3) 'Véf,‘/ff)er (P,0s) (K20)
kg/da kg/da
51.32 4164 7.04 6.87 602 0.64 0.90 1.67 114

*:The assays were done in the Laboratory under Science and Technology Application and
Research Centre Directorate.

As can be understood in Table 2, the soil from the trial area is clay-sandy in nature,
with little lime concent, low quantity of receivable phosphor, rich in potasium, and poor in
organic matter.

RESULTS AND DISCUSSION

The F values and the significance levels of variance analysis results for Hungarian
vetch varieties are presented in Table 3.

Table 3. The F values and significance levels of Hungarian vetch (Vicia pannonica Crantz)
varieties and lines

Plant Fresh Ha Sub- Crude Crude

V.K. . hay 1ay branch  protein  protein ADF  NDF
height . yield : :
yield number  ratio yield

Fuar. 18.98**  5.42** 8.79**  5.16* 4.97* 4.09*
4.63* 10.08**

*: Significant at P<0.05; **: Significant at P<0.01

Plant height (cm) and fresh hay yield (kg ha™)

According to the variance analysis of Hungarian vetch varieties and lines, there was a
statistically significant difference between the varieties for plant height and fresh hay yield
(p<0.001) (see Table 3). The mean plant height is 42.38 cm; the highest value is 51.67 cm in
the Budak variety, and the lowest value is 36.00 cm in the Anadolu Pembe variety. The mean
fresh hay yield is 9203 kg ha™*; the Anadolu pembe has the highest fresh hay yield (10427 kg
ha™) and the lowest value is obtained from Line-3 (6427 kg ha™) (See Table 4).
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Table 4. Duncan Test results and averages of plant height and fresh hay yield for Hungarian
vetch varieties and lines

Plant height (cm) Fresh hay yield (kg ha™)
Variety Mean Group** Variety Mean Group**
Budak a Anadolu a
51.67 Pembesi 10427

Ege Beyazi 47.33 ab Ege Beyazi 9729 a
Line-10 41.67 bc Line-2109 9666 a
Line-2109 41.00 C Line-10 9646 a
Tarm Beyazi 41.00 c Budak 9625 a
Line-3 38.00 c Tarm Beyazi 8906 ab
Anadolu C Line-3 b
Pembesi 36.00 6427
Total Average 42.38 Total Average 9203

**: There is no significant difference between the values in the same letter group according to
Duncan’s 1% test.

The study results for plant height yield are lower than the values found by Siizer and
Demirhan (2005) and Basbag et al. (2001) and higher than those by Unal et al. (2011) and
equal to those by Yuksel et al. (2007) and Sayar et al.(2012).

The findings obtained for fresh hay yield are lower than the values by Mutlu (2012),
Sayar et al. (2012), and Sayar (2011) and equal to those by Sahar (2006), Akkopru et al.
(2007).

In Siirt conditions, acording to the trial study made with the row spacing (20 cm)
using the 100 kg ha® seed, the lowest plant height was of Anadolu Pembesi variety
despite other higher parameters. Based on other varieties and lines, it is observed that
the germination rate is higher in the Anadolu Pembesi seeds, and therefore the plant
number per decare is so big to cover the parcel area. Furthermore, the significant
differences could be caused by ecological and edaphic properties in the trial field of
study, low organic matter, plant number per decare, variety properties, excessive
temperature, growing season, ecological factors, cultural processes, and genotypic
properties.

Hay yield (kg ha™) and sub-branch number (per plant)

According to variance analysis results, there is a statistically significant difference
between the varieties and lines for hay yield (p<0.01) and sub-branch number (p<0.05) (see
Table 3). In the study, it was found that mean hay yield is 3257 kg ha™ while the highest hay
yield is 3954 kg ha™ in the Anadolu Pembesi variety and however the lowest hay yield is
2224 kg ha! in Line-3.

Mean sub-branch number is 2.95 per plant. The highest sub-branch number is 3.67 per
plant in Anadolu Pembesi and Line-3 while the lowest sub-branch number 2.00 per plant in
the Budak variety (see Table 5).
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Table 5. Duncan Test results and averages of hay yield and sub-branch number for Hungarian
vetch varieties and lines

Hay yield (kg ha™) Sub-branch number (per plant)
Variety Mean Group** Variety Mean Group**
Anadolu a Anadolu A
Pembesi 3954 Pembesi 3.67
Budak 3667 ab Hat-3 3.67 A
Ege Beyazi 3681 ab Hat-10 3.33 ab
Hat-10 3243 ab Ege Beyazi 3.00 ab
Hat-2109 2798 ab Hat-2109 2.67 ab
Hat-3 2224 bc Tarm Beyazi 2.33 ab
Tarm Beyazi 3235 c Budak 2.00 B
Total Average 3257 Total Average 2.95

**: There is no significant difference between the values in the same letter group according to
Duncan’s 1% test.

The study results for hay yield are higher than those by Tosun et al. (1991), Sahar
(2006), and Balabanli (1992) and lower than those by Sayar et al. (2012), Mutlu (2012),
Sayar (2011), Basbag et al. (2001), Suzer and Demirhan (2005), and Bakoglu et al. (2004)
and equal to those by Orak et al. (2005).

The findings in the study for sub-branch number are lower than those by Orak et al.
(2005) and higher than those by Bakoglu et al. (2004) and equal to those by Yuksel et
al. (2007), Unal etal. (2011), and Sayar et al.(2012).

The lower yield and yield differences could be caused by such factors as ecological
and edaphic properties in the trial field, low organic matter, plant number per decare, variety
properties, and excessive temperature.

Crude protein ratio (%) ve crude protein yield (kg ha™)

According to variance analysis results, there is a statistically significant difference
between the varieties for crude protein ratio and crude protein yield (p<0/05) (see Table 3).
Average value of crude protein ratio is 25.07 %, and the highest crude protein ratio is 27.23%
in Line-2109, and the lowest 22.12% in Anadolu Pembe. Mean crude protein yield is 810 kg
ha?, and the highest crude protein yield is 956 kg ha™ in the Ege Beyazi variety, and the
lowest 584 kg ha™ in Line-3 (see Tablo 6).
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Table 6. Duncan Test results and averages of crude protein ratio and crude protein yield for
Hungarian vetch varieties and lines

Crude protein ratio Crude protein yield (kg ha™)

(%)

Variety Mean Group** Variety Mean Group**
Line-2109 27.23 a Ege Beyazi 956 a
Line-3 a Anadolu a

26.27 Pembesi 874
Ege Beyazi 25.98 ab Budak 861 ab
Tarm Beyazi 25.67 ab Tarm Beyazi 829 ab
Line-10 24.66 ab Line-10 796 ab
Budak 23.54 ab Line-2109 772 ab
Anadolu b Line-3 b
Pembesi 22.12 584
Total Average 25.07 Total Average 810

**: There is no significant difference between the values in the same letter group according to
Duncan’s 1% test.

The study results for crude protein ratio are higher than those by Mutlu (2012), Sahar
(2006), Unal et al. (2011), and Simsek (2015).

The findings for crude protein yield are lower than those by Mutlu (2012) and higher
than those by Unal et al. (2011) and Sahar (2006).The researchers argued that crude protein
yield is more realistic criterion for selection by yield than hay yield, and for nutritional value,
the maximum crude protein yield per decare for forage plant is more significant than hay yield
(Carpici, 2009). In this study, higher crude protein yield could not be achieved, and it is
concluded that this might be caused by a number of factors, particularly insufficiency of
organic matter in soil, ecological factors ve antigonistic effect among nutrient elements.

ADF (Acid Detergent Fiber ) (%) ve NDF ( Neutral Detergent Fiber) (%)

According to variance analysis results, the statistically significant difference is 5% for
varieties and lines for ADF ratio and 1% for NDF ratio (see Table 3). Averages of ADF and
NDF percentages are 30.02% and 35.85% respectively. The highest ADF and NDF ratio are
respectively 31.44% ve 39.16 % in Anadolu pembesi, and the lowest 28.55% and 33.11% in
Line-2109 (see Table 7).
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Table 7. Duncan Test results and averages of ADF and NDF ratios for Hungarian vetch
varieties and lines

ADF ratio (%) NDF ratio (%)

Variety Mean Group** Variety Mean Group**
Anadolu A Anadolu a
Pembesi 31.44 Pembesi 39.16
Tarm Beyazi 30.83 ab Budak 38.02 ab
Ege Beyazi 30.74 ab Ege Beyazi 36.83 abc
Budak ab Tarm Beyazi b

30.27 35.23 cd
Line-3 ab Line-3 b

29.38 34.94 cd
Line-10 b Line-10

28.96 33.64 cd
Line-2109 b Line-2109

28.55 33.11 d
Total Average 30.02 Total Average 35.85

**: There is no significant difference between the values in the same letter group according to
Duncan’s 1% test.

The study results for ADF ratio are lower than those by Mutlu (2012) and Simsek
(2015) and however for NDF ratio lower than those by Mutlu (2012), Simsek (2015), and
Turgut et al. (2006).

CONCLUSIONS

This study aims to determine the Hungarian vetch varieties for winter plantation in
the Siirt ecological conditions, and as a conclusion, the results obtained reveal that there is
statistically significant effect for fresh hay yield, hay yield, plant height, and NDF ratio
(p<0.01). Furthermore, it is found that there are significant differences for sub-branch
number, crude protein ratio, crude protein yield, and ADF ratio (p<0.05). According to the
trial results, the plant height values are ranging from 36.00 cm to 51.67 cm, the fresh hay
yield from 6427 to 10427 kg ha™, the hay yield from 2224 to 3954 kg ha™, sub-branch
number from 2.00 to 3.67 per plant, the crude protein ratio 22.12% to 27.23 %, crude protein
yield 584 to 956 kg ha™, ADF ratio 28.55% to 31.44% and NDF ratio 33.11% to 39.16 %. In
this study the highest values are 10427 kg ha™ for fresh hay yield, 3954 kg ha™ for hay yield,
3.67 per plant for sub-branch number, 31.44% for ADF ratio, and 39.16 % for NDF ratio in
the Anadolu Pembesi variety, 51.67cm for plant height in the Budak variety, 27.23 % for
crude protein ratio in Line-2109, and 956 kg ha™ for crude protein yield in the Ege Beyazi
variety. In forage legumes including vetch, the difference between NDF and ADF ratios is
desired to be around 10 %. In the present study, the average of NDF and ADF ratios ranges
from 35.23% to 30.02%, and the highest ADF-NDF percentage from 39.16% to 31.44 %.
The study results reveal that the Anadolu Pembesi variety for fresh hay yield, hay yield, sub-
branch number, ADF ratio and NDF ratio, the Budak variety for plant height, Line-2019 for
crude protein ratio, and the Ege Beyazi variety for crude protein yield are featured. When
considering the yield and yield components of the varieties and lines according to the one-
year studied parameters, the Anadolu Pembesi variety is more significant in the Siirt
ecological and edaphic conditions. In order to more clearly determine the yield differences
and nutritional values of the varieties studied, further studies can be conducted in a more
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extensive way that they are cultivated as winter and summer crops and aftercrop at different
locations in the Siirt province for at least two years.

In Turkey, the percentage of forage plantation areas was 2.5% to 3% in the 1990’s and
has recently become about 11 % by means of the state aids provided by the Ministry of Food,
Agriculture and Livestock while that is 25% to 30% in developed countries (Anonymous,
2015b). In our country, despite the fact that the agricultural land is nearly 27 million ha, it is
estimated that area of 5 million ha is fallowed (Anonymous, 1999). One way to increase the
portion of forage plantation within the field crops is to cultivate the catch crops such one-year
forage plants as vetch, field pea, grasspea in the fallowed lands. In addition, the state aids for
forage crops should progressively continue. Certified seeds must be used to gain quality and
high yield in forage production. Seed supply for farmers at a reasonable cost is required for
sustainable cultivation of efficient and quality crops. Therefore, the seed prices should be kept
low, and the selective supports raised to encourage the production and use of certified seeds.
Additionally, the relevant institutions and agencies should provide for producers information
utility about variety, harvest and cultivation techniques in forage plantation and promote and
enhance forage production through demonstration works.
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Abstract

The study assessed rural farmers’ perception of communal conflict in Benue State. Multi-
stage random sampling was adopted in selecting four Local Government Areas. In each of the
local government areas selected, three villages were purposively selected based on
occurrence of communal conflicts in the area. Simple random sampling was used in
administering structured questionnaire through interview to the 120 respondents. Data
collected were analyzed through descriptive statistics and graph. Results of the findings
revealed that 57.50% of communal conflicts were caused by land disputes, 38% communal
conflicts reduced development, 65% communal conflicts caused social vices and promoted
negative cohesion, 62% communal conflicts reduced volume of trade, 22.09% leaders and
political appointees of communities involved in communal conflicts should be removed and
12.0% land communities are fighting over it should be taken over by government. It is
recommended that proper boundary demarcation should be carried out in all places to avoid
communal conflicts.

Keywords: Rural, farmers, perception, communal, conflicts, Benue State

INTRODUCTION

Conflict is that form of social interaction in which the actors seek to obtain scare
reward by eliminating or weakening other contenders. This may take the form of a fistfight,
threats, or total destruction (Ekong, 1988). In Nigeria, village/community conflict may arise
where there is difference of opinion between group leaders or in situations where one group
tends to be exploiting the other. This often triggers off a strong defence reaction resulting in
the reappearance of old grievances with each group trying to obtain dominant position over
the other. The use of pressure groups by a section of the community to gain advantage over
the rest may precipitate conflict (Onigwu and Olawale, 1999).

Competition over scarce resources, particularly land and water, often causes or
exacerbates communal conflict (Homer-Dixon, 1999; Kahl, 2006; Ban, 2007). Communal
conflict involves groups with permanent or semi-permanent armed militias but does not
involve government. However, it can escalate to include government forces, as in the
massacres in Darfur, Rwanda and Burundi. These conflicts have the potential to escalate to
civil war when government is perceived to be supporting, tacitly or otherwise, one communal
group at the expense of the other (Kahl, 2006).

The increase in competition for arable land has often times led to serious
manifestation of hostilities and social friction among different user-groups in many parts of
the world. Conflicts have not only heightened the level of insecurity, but have also
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demonstrated high potential to exacerbate the food crisis in many affected countries due to
loss of farmer lives, animals, crops and valuable properties (Cotula et al., 2004).

In their explanation of the spate of conflicts in Africa, analysts have used economic
and non-economic factors. One of the often cited non-economic factors is the concept of state
failure, which has been blamed for conflict in Somalia, Rwanda, Liberia and Sierra-Leone
(Herbst 2002). A state is supposed to provide essential public goods such as law and order,
defence, contract enforcement and infrastructure. In Africa, however some states provide
very few of these things. Indeed, many states are unable to exercise control over much of
their territory, not to speak of providing order or public goods (Richardson, 2002).

Militarization is another concept that has been used to explain conflict in Nigeria. In
his study of armed conflicts in Nigeria, Mohammed (2000) found a causal linkage between
military expenditure and armed conflict. But Omitoogun (2001) was more cautions,
suggesting that the relationship between militarization and conflict was rather tenuous and
indirect. Military expenditure, he argued, amasses out expenditure on social programmes and
thus reduces the quality of life of citizenry. It is thus, the welfare-reducing effects of
militarization that causes conflict and not proliferation of arm in the society.

Angya (2005) conflict is the number one enemy of development. In order for any
society to effectively develop through harnessing its human, material and financial resources,
there is need for a harmonious and peaceful co-existence. It is within this harmonious
condition that development thrives best. For a number of societies, this condition attracts
investment and encourages completion of projects. Conflict is not only an enemy of progress
but it is also a number one cause of psychological trauma that affects children, women and
men. The causalities during conflicts often range from the highly placed to the lowest in the
society; it is not a respecter of persons. During conflict, community cohesion and solidarity
increase and this positive effect can be directed for a more efficient attainment of group
goals.

According to Kaufmann (1999), loss of livelihood have many causes in the world
today, some of them are amendable policy changes, while others are not and have to be met
by addressing the challenges they pose. Nigeria is particularly severely challenged by the
social consequences resulting from scarcity of job opportunities in relation to the number
required as a result of the unavoidable part of the population increase. Failures to meet such
challenges create opportunities for extremely vile crises. The loss of livelihood resulting from
environmental scarcity of arable land and water form a special case of growing importance.
Although roughly half of human population now at the turn of the century is living in cities,
agriculture is still by far the largest single source of livelihood and income. Loss of livelihood
as a result of environmental scarcity of arable land and water result to livelihood conflicts
(Ohlsson, 1999).

In the twenty-first century, violent conflicts are overwhelmingly a phenomenon of
countries with low income per capita, which also suffer from food insecurity (Blattman and
Miguel, 2010; Collier et al., 2003; Fearon and Laitin, 2003). Rates of development matter as
well as levels of development. Civil conflict, protest, rioting and social conflict are all more
prevalent during periods of slow or negative economic growth (Miguel et al., Sergenti, 2004;
Blattman and Miguel, 2010). Economic shocks are strongly correlated with civil conflict;
economic shocks redistribute incomes and political power and can create incentives for
rebellion, while reducing the capacity of governments to repress or accommodate potential
challengers (Blattman and Miguel, 2010).

Societies with greater economic inequality experience more civil conflict, though the
type of inequality matters. Vertical inequality — inequality across households — has not been
robustly linked to political conflict (Cramer, 2003; Hegre and Sambanis, 2006), though there
is some evidence to suggest that vertical inequality makes civil and guerrilla wars more likely
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when a country’s wealth is in the form of immobile assets such as natural resources (Boix,
2008).

Individual perception on issues differ among people, in the case of communal
conflicts people view it depending on how it is perceived, to many it is considered to be very
disintegrative. In contrast, Ekong (1988) reported that until there is public conflict, people
might not know that certain nagging issues exist. Thus conflicts lead to clear definition of
issues. Once such issues are identified, it can be resolved amicably. The general objective of
the study is to assess rural farmers’ perception of communal conflicts, while the specific
objectives are to describe the causes of communal conflict; identify the effects of communal
conflicts on development; describe the effects of communal conflicts and social vices; find
out effects of communal conflicts on volume of trade; ascertain the removal of community
leaders and political appointees from communities involved in communal conflicts and find
out land communities are fighting over it should be taken over by government.

MATERIAL AND METHODS

Benue State is one of the 36 states in Nigeria. It has one of the longest stretches of
river systems in the country (Anon. 2004). Benue State lies in the North-central region of
Nigeria and share boundaries with five other states: Nassarawa to the north, Taraba to the
east, Cross-Rivers to the south, Enugu to the south-east and Kogi to the west. The state also
shares a common boundary with the Republic of Cameroon in the south-east. It is made up of
23 Local Government Areas (LGAS), occupying a landmass of 30,955 square kilometres and
has a population of 4,219,244 (NPC, 2006).

The state experiences tropical climate with two distinct seasons, the rainy season
which lasts from April to October with annual rainfall of 1500-1800mm, and the dry season
which begins in November and ends in March. Temperature fluctuates between 23°C and
38°C in the year. The state is made up of several ethnic groups. Most of the people are
farmers, while the inhabitants of the riverine areas engage in fishing as their primary or
secondary occupation (Anon. 2004).

Stratified purposive and simple random sampling technique was used. In the first
stage four LGAs in the state were purposively selected out of 23 LGAs on the basis of
frequent occurrence of communal conflicts. The LGAs were Gboko, Katsina-Ala, Konsisha
and Ushongo. The second stage involved the selection of three villages in each of the LGAs.
The third and the final stage, in each of the villages selected simple random sampling was
used in selecting (20) twenty thus giving a total of 120 respondents. Structured questionnaire
was administered to the respondents (people affected by communal conflicts). Data for the
study were collected from primary sources only. A 5 point Likert-type scale was used in
obtaining data on perception of the respondents. Data collected were analyzed using
descriptive statistics and graph.

Likert-type scale ranking:
SA = Strongly Agreed = 4

A = Agreed =3

Ni = Undecided =0

D = Disagreed = 2

SD = Strongly Disagreed = 1
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RESULTS AND DISCUSSION

Table 1: Distribution of Respondents According to Causes of Communal Conflicts

Causes Frequency Percentages
Land disputes 69 57.50
Livestock grazing 21 17.50
Political positions 18 15.00
Militant groups 12 10.00

Results in Table 1 depicted that land disputes 57.50%, livestock grazing 17.50%,
political positions 15.0% militant groups 10% are major causes of communal conflicts.
Majority (57.50%) of the respondents communal conflicts were caused by land disputes.
Land is essential for farming, therefore the need for every farmer to acquire land which is a
scarce resource necessitated conflicts. Without land there is no farming, land is necessary for
farming and the bigger a piece of land, the more the quantity of crops planted and harvested
which in turn boost both the social and economic status of a farmer. The finding is similar to
Failola and Ihonvbere (1995); Angya (2005) who reported that the major occupation of most
Nigerians is farming, hence the need to acquire and use land for farming which has been a
root of several crises. Similarly Bur (2000) also reported that communal conflict has
destroyed a lot, for instance, the Ipav and Ukan communal clash of 2004 in Benue State
which led to the death of hundreds of people and displacement of many others was linked to
land dispute.

In contrast, Kughur et al. (2017) reported that communal crises were caused by
religion, because of the increasing employment of religion as a political weapon in the
struggle for power, people preach in their places of worship drawing a distinction line
between various religions. This has created a lot of disparity between Muslims and
Christians. The findings corroborate Onigwu and Olawale (1999) who reported that farmers,
pastoralists, fishermen, foresters, have clashed throughout Nigeria over control and use of
land resources.
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Figure 1: Distribution of Respondents According to Effects of Communal Conflicts on
Development

Figure 1 showed that Katsina-Ala and Ushongo LGAs have the highest proportions of
38.0% and Gboko LGA has the lowest proportion of 17.0% indicating that communal
conflicts does not encourage development. During conflict, residents of areas involved in
conflict do not have time to concentrate on other issues except to run away for their life.
Konshisha and Katsina-Ala LGAs share boundaries with Taraba and Cross-Rivers States,
therefore during conflict; people especially young able-bodied men who are able to loot
property of victims of communal conflict tend to acquire wealth within a short period of time
and it is seen as a positive development to the residence of the two LGAs. On the contrary,
other people involved in the looting to acquire wealth during communal conflicts may lose
their lives. The issue of looting to acquire ill-wealth during communal conflict may lead to
persistent conflicts especially inter-state communal conflicts.

The finding contradicts Angya (2005) who reported that communal conflict is the
number one enemy of development. Alcira (2000) similarly reported that initiation,
development and completion of project can only take place in an environment characterized
by peace. The finding also contradicts Kughur et al. (2017) who reported that during
communal conflict, depending on its intensity lives are lost and other property destroyed
which inhibits development.
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Figure 2: Distribution of Respondents based on Communal Conflicts cause Social Vices

Figure 2 showed that Konshisha LGA has the highest proportion of 65.0% and
Ushongo LGA with the lowest proportion of 40.0%. A major (65.0%) proportion of the
respondents in Konshisha LGA, communal conflicts cause social vices. Konshisha LGA
shares boundary with Cross-Rivers and Taraba States. Due to frequent communal conflicts
experienced in the area residents hardly have time to embark on meaningful development
projects. During conflicts; lives, crops and other property are destroyed.

Communal conflict causes social vices; this is clearly seen in destruction of life and
property by the stronger community involved in the conflict. During communal conflict,
youth within the warring communities engage in looting of property especially where
residences of such areas have fled to other areas to escape being lynched by the crises.
Conflicts leads to destruction of existing cordial relationship that has been built over several
years, and also physical structures.

In contrast, Ekong (1988) observed that until there is public conflict, people might not
know that certain nagging issues exist. Thus, conflicts lead to clear definition of issues, once
such issues have been identified, they can be resolved amicably.
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Figure 3: Distribution of Respondents by Effects of Communal Conflicts on Volume of Trade

Figure 3 indicated that Katsina-Ala and Ushongo LGAs have the highest and the
lowest proportions of 62.0% and 7.0% respectively. Majority (62%) of the respondents’
communal conflicts reduced volume of trade. During communal conflict, relationships that
have been built for many years are destroyed and physical facilities like buildings,
roads/bridges, livestock, farms and markets places among others things are destroyed. The
destruction of market places/centres leads to reduction in volume of trade because agriculture
is mainstay of the rural settlers the income generating activity can no longer be practiced,
market places that were used for the exchange of goods and services no longer exist. Human
beings who are the main participants in the exchange of goods and serves also flee the
conflict areas for the fear of been killed. Conflicts lead to displacement of people who are the
main stakeholders in trading.

The finding confirms Deininger (2003); Justino (2011) who reported that communal
conflicts reduce market efficiency. Contraction in the supply of goods and higher transactions
costs cause price increases and reductions in the size of trade. Similarly, Abadie and
Gardeazabal (2003); Justino and Verwimp (2013) observed that conflicts lead to decline in
aggregate agricultural production also drop in household income and consumption.
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Figure 4: Distribution of Respondents by removal of Community Leaders and Political
Appointees of Communities involved in Conflicts

Figure 4 depicted 22.09% of the respondents in Ushongo LGA and 7.0% in Katsina-
Ala LGA. The appointment of both community leaders and political office holders is done on
rotational basis within the political districts that make up a communal/political area in Benue
State. The traditional rulers and political appointees would try to do everything humanly
possible to ensure that there is no communal conflict within their domain during their time as
traditional ruler or political appointee. On the contrary, their opponents would attempt to
instigate communal conflict so that those appointed to such exalted positions are removed.

Similarly, the financial incentives attached to such positions are very attractive which
make many people compete for it. On the other hand the removal of some people appointed
to such positions would create more anarchy. Angya (2005) affirmed that political and
traditional positions are symbol of authority. Therefore, those who have ascended to such
positions always wish to remain there mostly in African and this often causes serious crises.
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Figure 5: Distribution of Respondents based on Land Communities are Fighting over it
should be taken over by Government

Figure 5 revealed that a meagre proportion of the respondents 12.0% in Ushongo
LGA strongly disagreed that land communities are fighting over it should be taken over by
government, while Gboko, Katsina-Ala and Konshisha LGAs have the same proportions of
8.0% each. Land is a very important resource to all human beings, apart from its use for
farming it is use for construction of residential and recreation centres among others.

Land is an important resource for human beings. Apart from its use for cultivation of
crops it can also be sold to get money therefore, people in the study area would not want
government to take over their land irrespective of whatever situations. Majority of the people
in study area are farmers who use land for planting of crops, livestock grazing among others
hence, any attempt to take over their scare resource because of communal would be resisted.

Faiola and Ihonvbere (1985); Angya (2005) affirmed this, when they stated that the
major occupation of Nigerian is farming and the need to acquire and use it for farming is the
root cause of several crises.

CONCLUSIONS

The rate of conflicts in the world today is very high; in Nigeria, conflicts occur within
and between communities, it could be farmer-farmer, politicians and farmer-herdsmen among
others. The perception of people on conflicts differs depending on how it affects them. The
study revealed that communal conflicts in the area were caused by land disputes. Communal
conflict is an enemy of development, it caused a lot of social vices, reduce volume trade and
community and political leaders of people involved conflicts should not be removed and land
communities are fighting over should not be taken over by government.
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Abstract

The study assessed the use of print media among farmers in Bwari Area council of the
Federal Capital Territory. Stratified purposive and simple random sampling technique was
used in selecting 150 respondents from five (5) council wards. Data were collected using
structured questionnaire, data collected were analyzed using descriptive and inferential were
used. The findings revealed that the respondents were age between 21-40 years 58.9%,
married 55% had Higher National Diploma/Bachelor degree 28.1%, household size of
between 6-10 persons 45.2% with farming experience of less than 10 years 37%, estimated
annual income of at least 350,000.0 35.5% with a farm size of more than 4 hectares. The
results further indicated that the type of information available on the print media was prices
of agricultural produce 54.1%, type of print media mostly source for was newspapers 88.4%,
print media mostly accessed newspapers 92.5%, reason for preference of a particular source
easy access 65.8%, constraints faced was low level of education 87.7% and logit regression
showed that none of the socio-economic characteristics was significant. It it recommended
that adult classes should be organized for the farmers to improve their level of education.

Keywords: Factors, use, print, media, farmers.

INTRODUCTION

It is imperative that the generated information from these sources reach farmers or
intended users and ultimately meet their needs. It should be noted that accessibility of
agricultural information by farmers differs from locality to locality. Respondents got
agricultural information from friends and relatives; this means that once a few of the farmers
have access to agricultural information through other sources like the media, extension
workers and local leaders, they share the information with their friends and relatives.

Agriculture forms the backbone of many developing economies and serves as the
means of revenue of almost 50% of the world's population (Abdullah et al., 2005). Nigeria is
predominantly an agrarian country, having sufficient natural resources, suitable climatic
conditions, good soils, favourable topography, water and human resources, thus the country
has huge potentials for agricultural production (Mallah, 2005 and Khan, 2006). Agriculture
has played an important role in generating economic growth for several decades in Nigeria it
employs more than 65% of the total work force. However, average per hectare yield of
farmers of various crops is far less than that obtained at the research stations (FAO, 2008).
This low yield may be attributed to non-adoption of the latest agricultural technologies and
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poor farm management by farmers (Farooq et al., 2007). Abbas et al., (2008) argue that lack
of information adapted to local needs and lack of technical knowledge at farm level are the
important factors responsible for this low yield.

Information is therefore considered as one of the most important resources in
agriculture that assists farmers to make decision and appropriate actions for farming
purposes. Agricultural information dissemination is a crucial point in agricultural technology
development and transfer. It is crucial because if it is not done properly and through the
appropriate channel it would not serve the purpose it was intended to serve. Importance of
information in agricultural production can never be over emphasized. Information generally
is considered as being an essential production factor in agriculture (Zijp 2002, Dutoit and Mc
Connell, 1995). Munyua 2000 observed that scientific and technical information are
particularly important in both subsistence and commercial agricultural production system.

Information is one of the basic human needs after air, water, food and shelter
(Stanley, 1990). Camble (1992) in agriculture, information is required to manipulate factors
of production such as land, labour and capital resources into meaningful and productive use.
It is this recognized capacity of information to facilitate and bring about significant changes
within an individual, group or a country that makes it so vital in the development process.
According to Adedoyin (1990), a steady flow of accurate, understandable and factual
information links the scientists with the farmers and for any agricultural progress, farmers
must know, understand and act in accordance with information. Therefore, the productivity of
farmers depends largely on the availability and access of accurate and reliable information.

Apata (2010) the print media is a printed form of technological apparatus which is
capable of reproducing the same message simultaneously for a large number of people over a
given period of time appearing in a printed form. This may be through large printing press,
broadcasting transmitters, film-camera, bill board exhibitions and audio-visual system of
messages. Olowu and Oyedokun (2000) print media such as newspapers, magazines,
newsletters, leaflets, pamphlets and posters have been widely used to disseminate information
to farmers by governments, non-governmental organizations and other concerned groups. In
this regard, the print media like newspapers, magazines, leaflets, etc, can be harnessed to
provide information and even make up for shortage of trained extension personnel in a
developing country like Nigeria.

Information disseminated through print media tools like newspapers and magazines
are mostly made to cover all agricultural innovations which are of importance to farmers. A
striking thing about the print media is its detailed nature. Another point of interest is that the
print media can easily afford the dissemination of information to illiterate farmers through the
interpretation of content into local dialects comprehensible to farmers. The print media is also
of significance as information on the printed form can be better handled and documented for
futuristic purposes by the users (Apata, 2010).

Nigeria is a nation blessed with plenty of both natural and human resources in the area
of agriculture that could have maintained the sustainability of food production.
Unfortunately, Nigeria continues to experience poor yield in agricultural production due to
poor or non-dissemination of research findings to the end users. According to Ekoja (2003),
farmers’ decision and other management functions for the farm depend on experience and
nature of agricultural information available to them. Agricultural messages to farmers need to
be well refined for proper and adequate utilization. This is rarely achieved due to poor
agricultural extension system.

According to Hussain (2005); Farooq et al. (2007), print media include all forms of
printed materials including words, diagrams and pictures that are used to disseminate precise
and unambiguous information on a mass scale. Print media consist of newspapers,
magazines, newsletter, books/booklets, posters, pamphlets, leaflets, folders, brochures,
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bulletins, circulars, wall newspapers and handbills. The printed word with its properties of
transportability and translatability offer the opportunity to quickly disseminate agricultural
information among farmers

According to Kashmira (2015), print media is a process that uses ink on paper to show
images and text by making use of printing press. The primary use of print media is to spread
information daily on events and news; it is the fastest way to reach the public. There are
various types of print media which help different people to target a particular segment of
people, these includes book, handbill or flyer, pamphlet billboard, banner, newsletter and
magazine among others.

The accessibility and utilization of agricultural innovations made available on print
media is limited by interest of the farmers, language barrier, literacy level of the farmers and
relevance of the information among others. However, print media could be cost
effective/inexpensive if magazine or newspaper space is free and writers would be writing a
regular column for a newspaper or magazine.

MATERIALS AND METHODS

Bwari is one of the six (6) Areas Councils in the Federal Capital Territory (FCT),
Abuja, Nigeria. Bwari area council is located at North East of the FCT Abuja, Nigeria, which
is located just north of the confluence of the Rivers Niger and Benue. FCT is bordered by
Niger State to the West and North, Kaduna State to the Northeast, Nassarawa State to the
East and South and Kogi State to the Southwest. The original inhabitants of Bwari area are
the Gbagyi speaking people. The mineral resources in the Area are casseterite, clay, dolomite,
gold, lead/zinc, marble and tantalite.

Bwari is made up of several ethnic groups such as Gbagyi, Koro, Fulani and other
minority migrants in the area. Bwari area council lies between Longitude 10° N and Latitude
8° E. Bwari LGA has land mass of about 914km? and a population of 229,274 (NPC2006).
Two distinct seasons are observed in the area; the rainy season which kicks off from March to
November, and the dry season which commences from November to February. The
environment is favoured by climate that permits the cultivation of different food crops such
as; yam, banana, groundnut, and maize.

The population of the study consisted of all the rural farmers in Bwari Area Council.
Due to the enormity of this population, five (5) council wards were deliberately selected
Kuduru, Shere, Ushafa, Usuma and Kawu out of ten (10) council wards based on farmers’
use of print media. In each of the council wards selected, 30 (farmers) respondents were
selected randomly, thus given a total of 150 respondents.

Data were collected using primary and secondary sources. Primary data were
gathered using a well-structured questionnaire, while secondary data were obtained from
journals, textbooks government documents and internet.

Data collected were analysed using descriptive statistics such as frequencies,
percentages, mean scores while logit regression was used to determine the relationship
between variables.

The model specification is as follows:

Z =0+ byxqg+hoxot+. ... bgxg

Where z = probability that respondents will use print media (1 = use, 0 = do not use)
o = Constant

b; - b, = Coefficients of explanatory changes in Z caused by changes in X

X1=Age in years

X, = Education level, number of years spent for education.

X3 =Household size 1, 2, 3, etc.

X4 = Farming experience in years
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Xs =Annual income in Naira 1, 2, 3, etc.
X = Farm size in hectares 1, 2, 3, etc.

RESULTS AND DISCUSSION

Table 1: Socio- economic Characteristics of Respondents

Variables Frequency Percentage
Age

21-40 86 58.9
41-60 49 33.6
60 and above 10 6.8
<20 1 0.7
Marital Status

Married 81 55.5
Single 41 28.1
Separated 21 144
Widowed 3 2.0
Educational level

HND/Bachelor Degree 41 28.1
ND/NCE 40 27.4
Primary 37 253
Non-formal 28 19.2
Household size

6-10 66 45.2
At least 5 44 30.1
11-15 28 19.2
16 and above 8 5.5
Farm size (hectares) Frequency Percentage
4 and above 69 47.3
At least 1 30 20.5
2 27 18.5
3 20 13.7
Farming experience (Years)

At least 10 54 37
21 and above 44 30.1
11-15 35 24
16-20 13 8.9
Annual Income (Naira)

At least 50, 000.0 52 355
50,001- 100,000.0 51 34.9
150,000.0 and above 28 19.2
100,001-150,000.0 15 10.3

Results in Table 1 show age of respondents 21-40 58.9%, 41-60 33.6%, 61 and above
6.8%, and at least 20 0.7%. Majority (58.9%) of the respondents were between 21-40 years of
age. This implies that a good number of the respondents were within the active age and
therefore needed information to be productive in their agricultural activities. Age plays a
significant role in adoption of innovations. Young people are receptive to adoption of
innovations and old people are conservatives. Young people could read and write, interact
with their peers at different locations using different means all these therefore, predisposes a
young person to adoption of innovations. Bembridge (1984) reported that as people get older,
they may be more willing to take risk. However, they work fewer hours and this is likely to
affect their farm output. Younger farmers are expected to work on a more acreage as they are
stronger than older farmers. As farmers get older the farm output decreases (Bembridge,
1984). This could be why farming activity needs a strong healthy person and older farmers
are not easily willing to change to new farming practices that may increase farm output (Elias
etal., 2013).
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Results in Table 1 indicate that married 55.5%, single 28.1%, separated 14.4% and
widow 2.0%. Majority (55.5%) of the respondents were married. Married people have more
responsibilities than people who are not married. Farmers with family responsibilities tend to
adopt innovations to improve their farm production; this is because adoption of technology
leads to increase production of agricultural production and the more the farm produce, the
more the resources to cater for the family.

Results in Table 1 reveals that HND/Bachelor degree 28.1%, ND/NCE 27.4%,
primary education 25.3%, while non-formal education 19.2%. A small (28.1%) proportion of
the respondents acquired HND/Bachelor degree. This is an indication that the literacy level
among respondents is reasonable. The literacy level determines the use of print media. The
higher the literacy level of the respondents the more the use of the print media. Print media is
a source of information that the user does not need assistance from anybody for him/her to
make of the information. Like the electronic one, many senses are used for the
comprehension of the information.

Results in Tablel shows household size 6-10 45.2%, <5 30.1%, 11-15 19.2%, and>16
5.5%. A reasonable (45.2%) proportion of the respondents had household size of 6-10
persons. In the traditional African culture, having a large family size was an indication that
the person is wealthy. However, people are becoming aware of what it cost to maintain a
large family and are now conscious that a large family means spending more resources.
However, in the villages especially where manual labour is practiced people are resources
that are used on the farm for manual labour. Therefore, the larger the family size the more the
people is available for manual labour.

Results in Table 1 depicts farming experience in years less than 10 years 37.0 %, more
than 21 30.1%,11-15 24.0%, and 16-20 8.9%. A meagre (37.0%) proportion of respondents
had farming experience of at least 10 years. This shows that a good number of the
respondents were experienced in farming. Farming experience is a very important factor
among farmers as it helps in decision making in different ways including but not limited to
the kind of enterprise to practice, where to source for credit, membership in farmers
organization among others.

Results in Table 1 show the estimated annual income in Naira at least %50,000
35.5%, ¥50,001-100,000 34.9%, more than ¥150001 19.2%, and ¥100,000-150000 10.3%.
This indicates that a meagre (35.5%) proportion of the respondents had annual income of at
least 3¥50,000. The amount income obtained by a farmer is determined by the level of
investment. In Nigeria, majority of the farmers operate at subsistence level. A reasonable
number of them do not have resources to acquire agricultural inputs expected to increase their
production, therefore the value of what is invested is small, so also the corresponding value
of what is obtained.

The Results in Table 1 shows farm size in hectares, more than 4.00 47.3%, less than
1.00 20.5%, 2.00-2.00 18.5%, and 3.00-3.00 13.7%. A reasonable (47.3%) of the respondents
had farm size of less than 4 hectares. This is an indication that farmers had large farm size.
However the land is usually scattered at different locations making it difficult to mechanize
their agricultural production.
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Table 2: Distribution of Respondents by Types of Agricultural Information Available on Print
Media

Type of information Frequency* Percentage*
Prices of agricultural produce 79 54.1
Agricultural innovations 74 50.7
Credit facilities 73 50.0
Land tenure systems 71 48.7
Prices of agricultural inputs 71 48.6
Methods of preservation 68 46.6
Weather and climate reports 66 45.2
Agricultural imports and exports commodities 59 40.4
Sustainable agricultural practices 58 39.7
Organic agriculture 57 39.0

*Multiple responses

The results in Table 2 shows that prices of agricultural produce, 54.1%; agricultural
innovation, 50.7%; credits facilities, 50.0%; land tenure systems, 48.7%; prices of
agricultural inputs, 48.6%; methods of preservation, 46.6%; weather and climate reports,
45.2%; agricultural imports and export commodities, 40.4%; sustainable agricultural
practices, 39.7%; organic agriculture, 39.0% and others 3.4%. Majority (54.1%), prices of
agricultural produce was one of the agricultural information available on print media.
Information on prices of agricultural produce is very important to farmers as they are
informed especially on how much agricultural produce are sold at different markets in
different locations. The information on prices of agricultural produce is a very important to
farmers as with the information, they compare the prices of the same farm produce at other
places with how much the same produce is sold in their location and decide where to sale
their farm produce and get more profit. The issue of where to sale farm for more money is for
profitability, this is because farming is practiced as a business.

Table 3: Distribution of Respondents According to Sources of Information on Print Media

Sources of information Frequency* Percentage*
Newspapers 129 88.4
Books 65 44.5
Magazines 55 37.7
Pamphlets 53 36.3
Banners/posters 51 34.9
Handbills 44 30.1
Billboards 42 28.8
Journals 40 27.4
Bulletins 25 17.1
Newsletters 19 13.0

*Multiple responses

Results in Table 3 indicates sources of information, newspapers, 88.4%; books,
44.5%; magazines, 37.7%; pamphlets, 36.3%; banners/posters, 34.9%; handbills, 30.1%;
billboards, 28.8%; journals, 27.4%; bulletins, 17.1% and newsletters, 13.0.%. Majority
(88.4%) obtained news on agricultural information through newspapers. This means that
newspapers were available and provided the agricultural information required by farmers.
Newspapers are common in Nigeria especially within the township; people who are literate
make use newspapers as a source of information. This because newspapers are produced in
different parts of the country and distributed depending on the type of newspaper used; some
of the newspapers are produce on daily basis, weekly basis and monthly basis.
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Table 4: Distribution of Respondents based on Print Media mostly accessed by Respondents

Print media mostly accessed Frequency* Percentage*
Newspapers 135 92,5
Books 79 54.1
Magazines 77 52.7
Pamphlets 67 45.9
Banners/posters 66 45.2
Billboards 52 35.6
Handbills 40 27.4
Journals 30 20.5
Bulletins 26 17.8
Newsletters 24 16.4

* Multiple responses

Results in Table 4 depict the print media mostly accessed by farmers: newspapers,
92.5%; books, 54.1%; magazines, 52.7%; pamphlets, 45.9%; banners/posters, 45.2%;
billboards,35.6%; handbills, 27.4%; journals, 20.5%; bulletins, 17.8% and newsletters,
16.4%. Majority (92.5%) of the respondents mostly accessed newspapers. This means that
newspapers were one of the print media that was available to farmers most of the times. The
finding confirms Irfan (2006) who reported that an overwhelming majority was aware and
had accessed newspapers, posters, pamphlets books and magazines on agricultural
information.
Table 5: Distribution of Respondents by Reasons for Preference to Information Sources

Reason Frequency* Percentage*
Easy access 96 65.8
Quality of information 89 61.0
Easy of language used 82 56.2
Low cost 78 53.4
Relevance of information 66 45.2
Timely information 64 43.8

*Multiple responses

Results in Table 5 reveal that easy access 65.8%, quality of information 61.0%, easy
of language used 56.2%, low cost 53.4%, relevance of information 45.2% and timely
information 43.8%. Majority (65.8%) newspapers were easily accessed. The ability to access
information with ease could encourage farmers to utilize such information sources. Easy
access to agricultural information has made the use of neighbours and relations as one of the
frequently used information by farmers in most rural areas in Nigeria. In the case of
newspapers, the distribution channels of most functional national newspapers effective and
this allows for quick and timely dissemination of information.

Table 6: Distribution of Respondents based on Constraints faced by Respondents in
Accessing Agricultural Information on Print Media

Factor Frequency* Percentage*
Low level of education 128 87.7
High cost of accessing print media 88 60.3
Untimely provision of information 69 47.3
Provision of inadequate information 66 45.2
Non-availability of agricultural information print 38 26.0
media

Provision of irrelevant information 53 24.0

* Multiple responses
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Results in Table 6 shows that low level of education 87.7%, high cost of accessing
print media 60.3%, untimely provision of information 47.3%, provision of inadequate
information 45.2%, non-availability of information on print media 26.0%, and irrelevant
information 24.0%. Majority (87.7%) of the respondents had low level of education. This
implies that not every farmer in the area can read the information provided in the print media.
Level of education determines the ability to read and write. Education is an important aspect
that plays a vital role in developing positive attitude among the respondents regarding an
innovation. Therefore, it is believed that the higher the level of education of the farmers, the
better their ability to read and write. For example, primary school leavers cannot read and
understand what a university graduate can read. The result confirms Aroyewun et al. (2014)
who reported that education is the main and vital weapon for bringing about desirable change
in the behaviour of an individual.

Table 7: Logit Regression Showing the Socio-economic Factors affecting the use of Print
Media by Respondents

Variable Coefficient
Age 0.013(0.132)
Educational level 0.184(1.509)
Household size -0.005(0.017)
Farming experience -0.014(0.300)
Annual income 0.000(1.558)
Farm size -0.012(0.745)
Constant -0.616(0.507)
Chi-square 6.018

Homer and Lemeshow chi-square 10.323

The result in Table 7 shows that chi-square (6.018) was not significant at all
conventional levels (P> 0.10). This implies that the socio-economic factors included in the
model were not significantly related to the level of print media used.

CONCLUSIONS

Access to agricultural information by farmers cannot be overemphasized, farmers
require timely and adequate information to increase farm production and ultimately improve
their standard of living. Print media provide farm information to farmers especially for those
that are able to read the print media. The information accessed by farmers range from prices
of agricultural produce, climate change, farmers mostly accessed newspapers and were faced
with several constraints including low level of education, untimely provision and and
irrelevant information. It is recommended that adult education classes should be organized
for the farmers and timely provision information.
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