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Keywords Abstract: In this study, two varieties of faba beans were grown in two different
Correlation analysis, locations at three different plant densities and their grain quality criteria were
P““CIPal component examined. As a result, the ash, oil, moisture, protein, starch and hundred grain
;rrlggisrlls' weight (HGW) values of the faba beans varied between 3.44-3.76%, 1.16-1.70%,
Quality‘criteria, 10.63-11.58%, 25.71-31.15%, 37.86-44.75% and 97.53-157.50 g respectively. In
Starch correlation analysis, the highest interaction between moisture and oil; between

protein and ash, oil and moisture; and between HGW and oil, moisture. In addition,
it was determined that the significance level of the interaction among properties
varies in terms of factors. PCA results, it was noted that each location formed
separate groups. In general, all the features in Sanli-Urfa location were high and
positive. In terms of varieties, the data of all properties except HGW were
statistically the same, while the HGW value was high in Salkim variety. The distance
row spacings significantly affected the starch and HGW properties, the highest
values in terms of starch and HGW were obtained between the 60 cm and 50 cm row
spacings respectively. According to these results, it was understood that the
varieties and plant densities used significantly affected the quality criteria according
to the locations.

Baklada Cesit, Bolge ve Bitki Yogunlugu gibi Farkliliklarin Tane Kalite Kriterleri
Arasindaki iliskiye Etkileri

Anahtar Kelimeler 0z: Bu calismada, iki ¢esit bakla iki farkli lokasyonda ii¢ farkl bitki yogunlugunda
Korelasyon analizi, yetistirilmis ve tane kalite kriterleri incelenmistir. Sonug olarak baklagillerin kiil,
Temel bilegenler analizi, yag, nem, protein, nisasta ve yiiz tane agirhg (HGW) degerleri sirasiyla %3.44-3.76,
Protein, %1.16-1.70, %10.63-11.58, %25.71-31.15, %37.86-44.75 ve 97.53-157.50 g

Kalite kriterleri,

Nisasta arasinda degismistir. Korelasyon analizinde, nem ile yag; protein ile kiil, yag ve nem;

ylz tane agirhig ile yag ve nem arasinda onemli etkilesim gozlenmistir. Ayrica,
ozellikler arasi etkilesimin anlamlilik diizeyinin faktérlere gore farklilik gosterdigi
belirlenmistir. PCA sonuclarinda, her lokasyonun ayri gruplar olusturdugu
kaydedilmistir. Genel olarak Sanli-Urfa lokasyonunda tiim o&zellikler yiiksek ve
olumlu bulunmustur. Cesitler agisindan yiiz tane agirligi disindaki tiim 6zelliklerin
verileri istatistiksel olarak aymi iken, yiiz tane agirligi degeri Salkim cesidinde
ylksektir. Sira aras1 mesafeler nisasta ve HGW 6zelliklerini 6nemli dl¢iide etkilemis,
nisasta ve HGW ag¢isindan en yliksek degerler sirasiyla 60 cm ve 50 cm sira araliklari
arasinda elde edilmistir. Bu sonuglara gore, kullanilan c¢esitlerin ve bitki
yogunluklarinin lokasyonlara goére kalite kriterlerini onemli ol¢iide etkiledigi
anlasilmistir.

1. Introduction [t plays an important role in the renewal of soil fertility

as a suitable rotation product by fixing the free
Faba bean is used as a source of protein in human nitrogen in the atmosphere; thus, it saves money by
nutrition, as a forage and fodder crop for animals [1]. causing less fertilizer use for small scale farmers [2].
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Therefore, it is a very valuable legume crop due to its
benefits such as improving soil health, reducing
diseases, reducing insect pests and weed formation,
contributing to the sustainability and diversification of
crop systems [3]. Itis also included in crop rotation for
green manure production or with cereal crops [4].

It is generally accepted that faba bean seed has a long
history of use in human food or animal feed due to its
high quality nutritional value [3]. Faba beans have
been confirmed to be rich in protein and other
nutrient contents [5]. However, the starch, protein and
fiber contents of faba bean seeds have been exhibited
alarge genetic variability depending on genotypes. [6].
Plant based proteins have created an alternative to
animal derived proteins as a sustainable protein
source [7]. In recent years, the trend of consumer has
turned to increasing consumption of plant based
proteins [8]. Faba beans contain many nutritional
compounds such as carbohydrates (starch, sugars,
dietary fibers), proteins and amino acids, polyphenols
(flavonoids, tannins), alkaloids, terpenoids,
jasmonates, organic acids, nucleosides / nucleotides
[9]. On the other hand, faba beans are low in terms of
sodium and fat, free of cholesterol [10].

Differences in protein concentration may be a result of
variety, climate, and cultural processes [7]. Increasing
global temperatures and more irregular climate
conditions seriously affect legumes [11]. Vicia faba is
resistant to lower temperatures than other grain
legumes [12]. Therefore, grain legumes are grown
especially in conditions of seasonal weather
fluctuations such as rainfall and temperature [13]. Itis
also a source of cash to farmers and foreign currency
to the country and serves as a "break” to pests and
restores soil fertility when grown in rotation with
cereals and other crops [14]. As a long day plant, faba
bean grows better in cool climates [3], flowering and
seed filling periods, in watery conditions [15].
However, when the faba bean is exposed to biotic and
abiotic stresses (soil acidity and others), the average
yield decreases [16]. For this reason, in faba bean
cultivation, the area grown, the variety used, the
climatic conditions, the plant density and cultural
processes are very important to obtain high quality
and high yield.

In this study, faba bean, which is an important plant in
many aspects, was investigated in terms of varieties,
locations and plant densities. Thus, the effects of these
factors on grain quality were tried to be determined.

Table 1. Properties of soil in the study area

2. Material and Method

The study was conducted both Kahramanmaras (K)
and Sanliurfa (U) locations in 2017. In the study, 2
cultivars [Salkim (S) and Fontes (F)] supplied from a
commercial company. The experiment was analyzed
according to the divided plots pattern in random
blocks repeated in different places and in factorial
order with 4 replications. Sowing in Kahramanmaras
conditions on January 24, 2017, harvest on June 6,
2017; In Sanliurfa, the sowing was done on 25 January
2017 and the harvest was on 26 May 2017. Row
spacing were determined as 40 cm (1), 50 cm (2) and
60 cm (3) and also intra-row distance was determined
10 cm. And the plots were constituted as 4 rows.

Soil samples belonging to the trial sites were taken
from 0-30 cm depth to represent the whole area and
analyzed according to Kara et al. [17] (Table 1).
According to Table 1, the soil of the trial area in
Kahramanmaras was composed that it is very low in
organic matter, high in potassium and phosphorus
content. The texture of soil was sandy-clay loam, pH
was light alkaline near neutral. Other hands, the soil of
the trial area in Sanliurfa was composed with medium
in organic matter, very high in potassium and low in
phosphorus content. The texture of soil was Clayey-
loam, pH was light alkaline near neutral.

Some climate data in experiment areas were given in
Table 2. The Kahramanmaras region has characteristic
temperature and humidity of the mediterrenean
climate. But the Sanliurfa region has characteristic of
the terrestrial climate. Temperature and humidity
values of vegetation period were lower to the Sanliurfa
region, and temperature values were higher to
Kahramanmaras. However, the rainfall was erratic
and inadequate compared with the long years average.

All traits investigated on grains collected from per
plot. Ash, oil, moisture protein and starch in grain and
hundred grain weight were measured, means and
standard deviations values were calculated. The
values obtained were subjected to variance analysis
according to the randomized complete block design
using the SAS package program, and differences
between means were tested at 1% significance level
according to Duncan multiple comparison method.
Also, these values were first subjected to correlation
analysis Using a Pearson correlation model
imlemented in the SPSS package program. A Principal

Phosphorus (P20s)  Potassium (K20)

. 1 0,
Location Structure pH Organic matter % ke/da keg/da
Values Comment Values Comment Values Comment Values Comment Values Comment
Sandy- Light . )
Kahramanmaras 32.1 clay loam 7.60 Alkali 0.73  Very low 11.4 High 50.40 High
Sanhurfa 561 Cveys  5og Light = 550 Medium — 3.73 Low  119.72 Very high
loam Alkali
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Table 2. Some climate values of belonging to the Kahramanmaras and Sanhurfa provinces covering the research season

Rainfall (mm) Average Temperature (°C) Relative Humidity (%)

Kahramanmaras Sanliurfa Kahramanmaras Sanlurfa Kahramanmaras Sanlurfa
Long years Long Long Long Long Long
2017 average 2017 years 2017 years 2017 years 2017 years 2017 years

average average average average average

January 126.7 129.3 9.0 85.7 3.8 49 5.4 5.7 65.9 70.2 61.9 70.3
February 3.7 112.8 1.8 71.4 7.4 6.6 7.7 7.0 440 66.4 60.1 66.9
March  74.5 97.5 55.2 64.1 12.2 10.8 12.7 11.0 55.4 60.4 57.1 60.4
April 67.8 73.4 79.2 46.8 15.8 15.5 16.6  16.2 49.0 58.0 50.2 56.2
May 105 40.6 7.2 28.1 19.6 20.3 229 223 55.0 54.5 39.0 449
June 3.1 6.8 0.0 3.6 26.4 25.2 29.7 282 429 49.1 27.0 32.8
Total 380.8 460.4 1524  299.7 85.2 83.3 95.0 904 3122 3586 2953 3315
Mean 55.2 76.7 254 49.95 14.2 13.9 15.8 15.1 52.0 59.8 49.2  55.25

Referances: [18; 19]

Component Analysis (PCA) on the investigated traits
was carried out conssidering the overall mean values
of both region using the PCORD 6 program.

3. Results

The two faba bean varieties were grown as three
different row spacing in two different locations. As a
results of the study, the grain quality characteristics of
beans were measured. According to this, the means
and standard deviation values of examined features
were shown Table 3, and differences between means
of examined features according to Duncan test and
distribution to groups were shown Table 4.

The ash values were changes between 3.44 to 3.76%.
The highest ash was determined in UF1 and the lowest
one was observed KF3. However, the difference
between locations was statically significant, other

hand, difference between varieties and row spaces
were not significant (p>0.05). The oil values were
change between 1.16 (KF3) to 1.70 % (UF3). Oil had a
significant variation among locations. But, differences
the terms of varieties and row space were not
significant.

The values obtained in terms of moisture content
varied between 10.63 to 11.58%. The lowest of these
values was obtained from KF2 with 10.63, while the
highest value was obtained from UF2 with 11.58. The
moisture contents were found to significantly differ
between locations (p<0.01). On the other hand, the
values obtained in terms of protein content varied
between 25.71 to 31.15% and were found to
significantly differ between locations (p<0.01). The
lowest of these values was obtained from KS2 with
25.71, while the highest value was obtained from UF1
with 31.15.

Table 3. The means and standard deviation values of examined features

Location Variety RS Ash 0il Moisture Protein Starch HGW
K S 1 3.67 0.20 1.18 +0.09 10.94 =+0.39 28.15 #2.61 37.86 *3.62 11827 +12.34
K S 2 357 +0.23 1.22 #0.08 10.86 +0.18 25.71 =+1.78 40.31 #4.56 13442 +15.41
K S 3 352 +0.04 1.29 #0.05 10.81 =0.21 26.52 *0.47 4337 +0.47 12252 +18.14
K F 1 348 =0.09 1.18 #0.08 10.78 #0.20 28.18 #0.86 42.08 +1.01 10296 +4.74
K F 2 355 #0.11 1.23 #0.13 10.63 0.33 27.99 #1.09 4236 +£0.73 109.78 +4.06
K F 3 344 #0.03 1.16 =0.03 1096 =0.09 27.81 +0.62 4390 =0.60 97.53 +13.46
U S 1 368 +0.09 1.63 %0.07 1140 =+0.18 30.12 *1.40 43.74 =*1.57 14250 +11.90
U S 2 373 £0.12 1.62 021 1147 +£0.18 2994 =+0.73 44.22 *1.61 157.50 +18.20
U S 3 370 #0.12 1.59 =0.16 1149 =+0.10 30.53 +0.81 4445 =+1.39 14250 +15.00
U F 1 3.76 +0.22 159 #0.12 11.56 +0.29 31.15 *0.37 43.08 285 12125 +1493
U F 2 374 %013 159 0.25 11.58 £0.23 30.52 136 43.51 222 12875 854
U F 3 369 #0.08 1.70 +0.11 11.50 #*0.24 2998 +0.97 44.75 =+1.37 126.25 +11.09

K: Kahramanmaras; U: Sanliurfa; S: Salkim; F: Fontes; RS: Row space; HGW: Hundred grain weight

Table 4. Differences between means of examined features according to Duncan test and distribution to groups

Ash 0il Moisture Protein Starch HGW
Location 14.67** 248.88** 99.23** 87.41** 7.81* 66.17**
Kahramanmaras 3.54b 1.21b 10.83 b 27.39b 41.65b 114.25b
Sanhurfa 3.72a 1.62 a 11.50 a 30.37 a 43.96 a 136.46 a
Variety 0.55 0.34 0.02 5.91 1.35 64.13**
Salkim 3.65 1.42 11.16 28.49 42.32 136.29 a
Fontes 3.61 1.41 11.17 29.27 43.28 114.42b
Row Spacing 1.24 0.31 0.24 2.98 8.41** 3.86*
40 cm 3.65 1.39 11.17 29.40 41.69b 121.25b
50 cm 3.65 1.41 11.13 28.54 42.60b 132.61a
60 cm 3.59 1.43 11.19 28.71 4412 a 122.20b
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The starch values of grain were changes between
37.86-44.75 %. The highest starch was determined in
UF3 and the lowest one was observed KS1. However,
the difference between locations were statically
significant (p<0.05) and the difference between row
spaces were statically significant (p<0.01). The other
hand, difference between varieties were not
significant (p>0.05). The HGW values were change
between 97.53 (KF3) to 157.50 g (US2). HGW had a
significant variation among locations and varieties
(p<0.01). But, differences the terms of row space were
significant (p<0.05).

3.1. Correlation analysis
The correlation coefficients between the quality traits

for all factors and general means are reported in Table
5. Protein values showed a high correlation (r=0.79**)

with moisture values in terms of 60 cm row spacing.
Also, oil values had a positive significant correlation
with ash values of Fontes variety (r=0.55**), 60 cm
row space (r= 0.61*) and means of all factors (r=
0.35*) but oil values had negative significant
correlation with ash values of Sanliurfa lacation (r= -
0.62**). Moisture values had a positive significant
correlation with ash values of Fontes variety
(r=0.53**), 60 cm row space (r= 0.78**) and means of
all factors (r= 0.37**) but oil values had negative
significant  correlation with ash values in
Kahramanmaras location (r=-0.57**). Moisture value
had a positive significant correlation with oil values in
terms of Salkim variety (r=0.58**), Fontes (r= 0.55*%),
20 cm row space (r= 0.59*), 60 cm row space (r=
0.67**) and means of all factors (r= 0.56**) but
moisture values had negative significant correlation
with oil values in terms of Kahramanmaras (r= -
0.59**) and Sanliurfa location (r=-0.60**).

Table 5. Correlation coefficients among the quality traits of faba bean on mean data each factor and means of all factors.

Characters  Factors Ash 0il Moisture Protein Starch
Kahramanmaras 0.14
Sanliurfa -0.62**
Salkim 0.10
= Fontes 0.55**
© 20 cm 0.37
40 cm 0.20
60 cm 0.61*
Means of all factors 0.35*
Kahramanmaras -0.57** -0.59**
Sanliurfa 0.34 -0.60**
o Salkim 0.17 0.58**
2 Fontes 0.53** 0.55%*
2z 20 cm 0.13 0.59*
= 40 cm 0.40 0.47
60 cm 0.78%* 0.67**
Means of all factors 0.37** 0.56**
Kahramanmaras 0.45* -0.16 -0.38
Sanliurfa 0.14 0.15 0.08
- Salkim 0.68** 0.64** 0.49*
T Fontes 0.63** 0.76** 0.69**
E 20 cm 0.51* 0.69** 0.39
40 cm 0.68** 0.62* 0.54*
60 cm 0.69** 0.73** 0.79**
Means of all factors 0.61** 0.65** 0.55%*
Kahramanmaras -0.85** 0.08 0.03 -0.46*
Sanliurfa -0.85** 0.38 -0.19 -0.23
Salkim -0.44* 0.62** 0.62** 0.05
f) Fontes -0.32 0.34 0.28 0.07
g 20 cm -0.43 0.49 0.59* 0.13
40 cm -0.40 0.49 0.43 0.09
60 cm -0.02 0.61* 0.30 0.44
Means of all factors -0.38** 0.46** 0.44** 0.09
Kahramanmaras 0.22 0.06 0.17 -0.43* -0.28
Sanliurfa -0.07 0.19 -0.23 -0.15 0.03
Salkim 0.18 0.51* 0.51* 0.32 0.32
= Fontes 0.60** 0.74** 0.61** 0.61** 0.12
g 20 cm 0.18 0.63** 0.55%* 0.08 0.30
40 cm 0.38 0.45 0.38 0.37 -0.01
60 cm 0.56%* 0.59* 0.58* 0.38 0.21
Means of all factors 0.36* 0.53** 0.45** 0.24 0.12

* Significant at p<0.05; ** Significant at p<0.01.
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The grain protein values had a positive significant
correlation with ash values in terms of
Kahramanmaras location (r= 0.45%), Salkim (r=
0.68**), Fontes verieties (r= 0.63**), 20 cm row space
(r= 0.51*) 40 cm row space (r= 0.68**), 60 cm row
space (r= 0.69**) and means of all factors (r= 0.61**).
Protein values had a positive significant correlation
with oil values in terms of Salkim (r= 0.64**), Fontes
varieties (r= 0.76**), 20 cm row space (r= 0.69**), 40
cm row space (r= 0.62%), 60 cm row space (r= 0.73**)
and means of all factors (r= 0.65**). Protein values had
a positive significant correlation with moisture values
in terms of Salkim (r= 0.49*), Fontes varieties (r=
0.69**), 40 cm row space (r= 0.54*), 60 cm row space
(r= 0.79**) and means of all factors (r= 0.55**).

The grain starch values showed a lowest correlation
(r= -0.85*f) with ash values in terms of
Kahramanmaras and Sanliurfa locations. Also, starch
values had a positive significant correlation with oil
values in terms of Salkim (r=0.62**) and means of all
factors (r= 0.46**); with moisture values in terms of
Salkim variety (r= 0.62**) and means of all factors (r=
0.44**). But starch values had negative significant
correlation with ash values in terms of Salkim variety
(r=-0.44*) and means of all factors (r= -0.38**); with
protein values in terms of Kahramanmaras location
(r=-0.46%).

The HGW had a positive significant correlation with
ash values in terms of Fontes (r= 0.45*), Salkim
varieties (r= 0.68**), Fontes variety (r= 0.63**), 20 cm
row space (r= 0.51*) 40 cm row space (r= 0.60**), 60
cm row space (r= 0.56*) and means of all factors (r=
0.36*); with oil values of Salkim (r= 0.51%*), Fontes

varieties (r= 0.74**), 20 cm row space (r= 0.63**), 60
cm row space (r= 0.59%) and means of all factors (r=
0.53**). HGW had a positive significant correlation
with moisture values of Salkim (r= 0.51%*), Fontes
varieties (r= 0.61**), 20 cm row space (r= 0.55%), 60
cm row space (r= 0.58%) and means of all factors (r=
0.45**); with protein values of Fontes variety (r=
0.61**). But HGW had negative significant correlation
with protein values in terms of Kahramanmaras
location (r=-0.43*).

3.2. Principal component analysis

The first three principal components (PCs) computed
for the quality traits explained about 97% of the total
variation among the traits evaluated (Figure 1 and
Table 6). Oil and moisture were the important
variables, and contributed largely to the first principal
component (PC1; -0.979 and -0.963, respectively),
explaining 71 % of the total variation.

The values of the investigated characteristics showed
significant differences in both Sanliurfa and
Kahramanmaras locations. However, it has been
determined that the values of Sanliurfa location are
higher than those of Kahramanmaras location. When
the applications of the study were evaluated in terms
of quality characteristics, moisture, oil and protein
properties came to the fore in UF1, UF2 and US1
applications in order of importance. The application is
protein, oil and moisture, whose importance is US3;
Among other applications, it has been noted that
starch and protein, respectively, of UF3, and ash,
moisture and HGW properties of US2 are dominant.
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Figure 1. Principal component graph of quality traits based on the all of the factors.
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Table 6. Principal component analysis factor loadings (PC1, PC2, and PC3) among the quality traits of faba bean
based on the mean data of the each factor and means of all factors.

Traits PC1 PC2 PC3

Ash -0.875 -0.429 -0.173
0il -0.979 0.079 0.075

Moisture -0.963 0.023 -0.125
Protein -0.884 0.133 -0.402
Starch -0.580 0.768 0.262
HGW -0.715 -0.401 0.562
Standard deviation 4.281 0.959 0.597
Propotion of variance 71.347 15.982 9.955
Cumulative proportion 71.347 87.329 97.284

On the other hand, KF3 application attracted attention
in terms of starch, KF1, KF2 and KS3 applications in
order of importance in terms of protein, starch and oil
properties. Among the remaining applications, KS2
was found to be higher in terms of HGW and ash
properties, respectively, while KS1 application had
higher ash and HGW properties.

The second component (PC2) accounted for 16% of
the total variation and differentiated the accessions by
starch and protein (0.768 and 0.133, respectively).
The third component (PC3) explained an additional
10% of the total variation and was attributed HGW for
positive loadings (0.562) and protein for negative
loadings (-0.402).

4, Discussion and Conclusion

In this study, the quality performance of two faba bean
varieties were investegated to grown three different
row spacing in two different locations. When the
results obtained were evaluated, it was seen that
different locations caused significant differences in
terms of all traits even for the same cultivars. It has
been understood that these differences are mainly due
to the differences in the soil structure as well as the
climate. On the other hand, the reaction of varieties to
environmental factors also causes differences.

Regarding the ash and moisture contents of the faba
bean grain, Yildiz [20] determined 4.0-6.7% and 12.1-
12.6% respectively, while Baloch et al. [21] reported
that it varied between 3.7-3.8% and 7.5-9.5%. The fat
content has been measured by Baloch et al. [21] 1.7-
2.1% and Ksiezak et al. [22] determined it as 1.3-1.8%
in faba bean. In this study, in which the differences
between variety, location and row were examined, it
was observed that the ash, oil and moisture contents
obtained were compatible with previous studies.
Sarah et al. [23] reported that the content of proteins,
carbohydrates, ash, fat, and fibre depends on a
cultivar.

Starch concentrations are the dominant and
significant component of faba bean and it was
determined in the previous studies that the starch
concentration varied between 39-42% [24; 25]. Our
findings were equal to or even slightly higher than
these values. However, some researchers also

obtained values such as 12.6-34.9% [20] and 12.4-
40.5% [26] in their studies. These results were found
to differ according to the varieties used, the regions
where they were grown and different cultural
practices. Furthermore, Mekkei [27] stated that
regardless of a variety, large faba bean seeds contain
more protein and carbohydrates.

Another important component after starch is protein.
In previous studies, it was reported that during seed
development, faba beans can accumulate up to 25-
35% of protein in dry seeds [28; 15]. In some other
studies, protein contents 19.9-26.8% [20], 27.5-33.4%
[26], 21.6-22.4% [21] and 26.4-29.2% [22] was
determined. It has been determined that the protein
values of this study were showed different according
to cultivar and enviromental.

In this study, it was seen that the HGW value, which is
an important reference in determining yield and
quality, ranged between 114.3-136.5 g. Other
researchers reported the HGW values as 25.3-64.8 g
[20], 62.3-97.0 g [29] and 59.9-187.9 g [30]. It has
been observed that the values obtained from other
studies except Turkeri [30] study are quite low
compared to this study. It was recognized that HGW
were affected by the variety characters as well as
environmental.

According to Hendawey and Younes [31], the
differences between faba bean cultivars resulted from
both genetic and environmental factors. Musalam et al.
[32] studied the chemical composition of pod seeds
under soil irrigation conditions. They found that such
seeds had higher protein, ash and fiber content but
significantly lower fat and carbohydrate content.
Pisulewska et al. [33] found a strong correlation
between oil content in seeds and weather conditions
during the growing season.

It has been determined that the correlation values of
the examined quality characteristics of faba bean
beans vary depending on the factors. It has been
observed that the most and important differences are
between moisture and oil, protein and ash, oil and
moisture, HGW and oil and moisture. In some studies,
they stated that the nutritional value of legume seeds
is variable and depends on a number of factors such as
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variety, environmental and agrotechnical factors
(growing conditions, fertilization) [34-36].

As a result of research, it has been observed that the
values of all properties are high in Sanli-Urfa location.
The difference of the varieties used only caused a
significant difference in the HGW feature and it was
determined that the Salkim variety got a higher HGW
value than the Fontes. It was noted that row spacing
significantly affected starch and HGW properties, the
highest starch value was obtained from 60 cm row
spacing and the highest HGW value was obtained from
50 cm row spacing.

When the correlation values between features are
examined, it was also determined that it varies
depending on the factors. The PCA results revealed the
importance of location difference by separating the
samples into two different groups. The samples within
the groups are positioned according to their
dominance in terms of quality criteria. It has been
observed that all these differences and distributions
vary between locations depending on the climate and
soil structure, and the effect of higher temperatures in
Sanli-Urfa location has positive results in quality
parameters. Differences in varieties and plant
densities have caused changes in the proportions of
quality components in the grain.

The study also revealed that the obtained data can be
analyzed with different statistical programs and
methods, correlation analysis can not only be done on
different genotypes, but also the effects of
environmental and cultural processes can be
investigated. It was determined that PCA application
can not only be performed in genotype x environment
interaction, but also can be analyzed by adding factors
such as plant density. In fact, it has been clearly
observed that making these analyzes as used in our
study can evaluate multiple factors on a single
platform, and it is concluded that a better evaluation
will be made.

Acknowledgment

Yunus Emre Cabar's master's thesis was used to obtain
data on the Kahramanmaras location of the research,
and this thesis was supported by the KSU Scientific
Research Projects fund with the number 2017/1-
13YLS. This research was partially supported by
‘TUBITAK 2237 BIDEB  Project  number:
1129B371901423’. We thank our colleagues from
“TUBITAK and Isparta University of Applied Sciences’
who provided insight and expertise that greatly
assisted the research, although they may not agree
with all of the interpretations/conclusions of this

paper.
Declaration of Ethical Code

In this study, we undertake that all the rules required to
be followed within the scope of the "Higher Education

Institutions Scientific Research and Publication Ethics
Directive” are complied with, and that none of the
actions stated under the heading "Actions Against
Scientific Research and Publication Ethics” are not
carried out.

References

[1] Maalouf, F. 2011. Faba Bean Improvement at
ICARDA: Constraints and Challenges. Grain
legumes, 56, 13-14.

[2] IFPRI (International Food Policy Research
Institute). 2010. Fertilizer and Soil Fertility
Potential in  Ethiopia. @ Working Paper.
Washington: IFPRI. Institute. UK. 26- 47p.

[3] Jensen, E. S., Peoples, M., Hauggaard-Nielsen, H.
2010. Faba Bean in Cropping Systems. Field
Crops Research, 115(3), 203-216.

[4] McVicar, R, Panchuk, D., Brenzil, C., Hartley, S.,
Pearse, P., Vandenberg, A. 2013. Faba Bean Gov.
Saskatchewan, Agriculture, Crops.

[5] Fekadu, G. Lire, E., Asfaw, A, Alemayehu, F,
Rezene, Y., Ambachew, D. 2012. GGE-Biplot
Analysis of Grain Yield of Faba Bean Genotypes in
Southern Ethiopia. Electronic Journal of Plant
Breeding, 3(3), 898-907.

[6] Duc, G. Pascal, M., Paolo, A. 2011. Breeding
Priorities for Improved Nutritional Value of Vicia
faba Seeds. Grain Legumes, 56, 17-18.

[71 Multari, S., Stewart, D., Russell, W. R. 2015.
Potential of Faba Bean as Future Protein Supply
to Partially Replace Meat Intake in the Human
Diet. Comprehensive Reviews in Food Science
and Food Safety. 14(5), 511-522.

[8] Vasilean, L. I, Aprodu, I, Vasilean, 1., Patrascu, L.
2018. Pulse Flour Based Emulsions - The Effect of
0Oil Type on Technological and Functional
Characteristics. Studia Universitatis Babes-
Bolyai Chemia., 63, 199-214.

[9] El-Feky, A. M., Elbatanony, M. M., Mounier, M. M.
2018. Anti-cancer Potential of the Lipoidal and
Flavonoidal Compounds from Pisum sativum and
Vicia faba Peels. Egyptian Journal of Basic and
Applied Sciences., 5(4), 258-264.

[10] Shevkani, K., Singh, N., Chen, Y., Kaur, A, Yu, L.
2019. Pulse Proteins: Secondary Structure,
Functionality and Applications. Journal of Food
Science and Technology., 56(6), 2787-2798.

[11] Daryanto, S., Wang, L., Jacinthe, P. A. 2017. Global
Synthesis of Drought Effects on Cereal, Legume,
Tuber and Root Crops Production: A Review.
Agricultural Water Management 179, 18-33.

[12] Maalouf, F., Hu, ]., Sullivan, D. M. O., Zong, X,
Hamwieh, A, Kumar, S., Baum, M. 2019. Breeding
and Genomics Status in Faba Bean (Vicia faba).
Plant Breeding., 138, 465-473.

242



G. Zulkadir et al.. / The Effects of Differences such as Variety, Region and Plant Density on the Relationship between Grain Quality Criteria in Faba Bean

[13] Daryanto, S., Wang, L., Jacinthe, P. A. 2015. Global
Synthesis of Drought Effects on Food Legume
Production. PLoS One, 10(6), e0127401.

[14] Tadele, M. 2019. Breeding Achievements of Faba
Bean (Vicia faba L.) and Its Impact In The
Livelihood of Ethiopian Farmers. International
Journal of Agriculture and Bioscicence, 8 (5),
263-269.

[15] Parvin, S., Uddin, S., Tausz-Posch, S., Fitzgerald, G.,
Armstrong, R., Tausz, M. 2019. Elevated CO:
Improves Yield and N2 Fixation But Not Grain N
Concentration of Faba Bean (Vicia faba L.)
Subjected to Terminal Drought. Environmental
and Experimental Botany, 165, 161-173.

[16] Gemechu, K., Asnake, F. Million, E. 2016.
Reflections on Highland Pulses Improvement
Research in Ethiopia. Ethiopian Journal of
Agricultural Sciences, 1(16), 17-50.

[17] Kara, Z., Yururdurmaz, C., Cokkizgin, A., Keles, H,,
Gonen, E. 2021. The Effects of Wheat Straw used
as Mulch on Some Chemical Properties of the Soil
and Grain Yield in Durum Wheat. Elixir
Agriculture 154, 55382-55386.

[18] Anonymous, 2018a. Records of Kahramanmaras
Meteorology Directorate. Kahramanmaras.

[19] Anonymous, 2018b. Sanliurfa
Directorate Records. Sanliurfa.

Meteorology

[20] Yildiz, K. 2018. Determination of Using Suitable
Genotypes of Faba Bean (Vicia faba L.) for the
Purpose of Fresh and Dry Grains. Ondokuz Mayis

University, Graduate School of Sciences,
Department of Agronomy, Master’s Thesis, 110s,
Samsun.

[21] Baloch, K, Rizwan, S., Mahmood, K., Jan, M. H,,
Hussain, J., Shah, A., Khan, 1., Mehmood, Z., Igbal,
S., Azam, M., Sajjad, A. 2017. Biochemical and
Trace Elements Composition of Faba Bean (Vicia
faba L.) Cultivated in Panjgur and Kech Districts
of Balochistan. Pure and Applied Biology (PAB),
6(3),981-988.

[22] Ksiezak, ]., Bojarszczuk, ], Staniak, M. 2018.
Evaluation of the Concentration of Nutrients in
the Seeds of Faba Bean (Vicia faba L. major) and
Pea (Pisum sativum L.) Depending on Habitat
Conditions. Polish Journal of Environmental
Studies, 27(3), 1133-1143.

[23] Sarah, A., Abusin, E., Hassan, A. B., Babiker, E. E.
2009. Nutritional Evaluation of Cooked Faba
Bean (Vicia faba L.) and White Bean (Phaseolus
vulgaris L.) Cultivars. Australian Journal of
Applied Science, 3(3), 2484.

[24] Crépon, K., Marget, P., Peyronnet, C., Carrouée, B.,
Arese, P., Duc, G. 2010. Nutritional Value of Faba
Bean (Vicia faba L.) Seeds for Feed and Food.
Field Crops Research, 115, 329-339.

[25] Ivarsson, E., Neil, M. 2018. Variations in
Nutritional and Antinutritional Contents Among
Faba Bean Cultivars and Effects on Growth
Performance of Weaner Pigs. Livest Science, 212,
14-21.

[26] Korsvold, K. K. 2020. Starch and Protein
Accumulation During Seed Development of Field
Grown Faba Beans (Vicia faba L. cv. vertigo) in
Norway. Norwegian University of Life Sciences,
Faculty of Biosciences, Master’s Thesis, 38s,
Norway.

[27] Mekkei, M. E. 2014. Effect of Intra-Row Spacing
and Seed Size on Yield and Seed Quality of Faba
Bean (Vicia faba L.). International Journal of
Agriculture and Crop Sciences, 7(10), 665-670.

[28] Karkanis, A., Ntatsi, G., Lepse, L., Fernandez, J. A,
Vagen, 1. M,, Rewald, B., Alsina, ., Kronberga, A,
Balliu, A., Olle, M., Bodner, G., Dubova, L., Rosa, E.,
Savvas, D. 2018. Faba Bean Cultivation -
Revealing Novel Managing Practices for More
Sustainable and Competitive European Cropping
Systems. Frontiers in Plant Science, 9(1115), 1-
14.

[29] Akgun, D. 2020. Evaluation and Selection of Some
Faba Bean (Vicia faba L.) Genotypes for
Agricultural and Biochemical Properties. Akdeniz
University, Institute of Natural and Applied
Sciences, Department of Field Crops, Master’s
Thesis, 60s, Antalya.

[30] Turkeri, M. 2016. Determining Some
Morphological and Agronomical Characters of
Faba Bean (Vicia faba L.) Landraces Collected
from Turkey. Cukurova University, Institute of
Natural and Applied Sciences, Department of
Field Crops. PhD Thesis, 120s, Adana.

[31] Hendawey, M. H. Younes, A. M. A. 2013.
Biochemical Evaluation of Some Faba Bean
Cultivars Under Rainfed Conditions at El-heikh
Zuwayid. Annals of Agricultural Sciences, 5892,
183.

[32] Musalam, I. W,, Al-Karaki, G., Ereif, K. I, Tawaha,
A. M. 2004. Chemical Composition of Faba Bean
Cultivars Under Rained and Irrigation
Conditions. International Journal of Agriculture
and Biology, 6(2), 359.

[33] Pisulewska, E., Hanczakowski, P., Szymczyk, B.,
Ernest, T., Kulig, B. 1996. Comparison of Chemical
Composition, Content of  Anti-Nutritive
Substances and Nutritive Value of Seeds of Nine
Faba Bean Varieties (Vicia faba L.) Cultivated in
Two Growing Seasons. Roczniki Naukowe
Zootechniki, 23(2), 253.

[34] Fordonski, G., Pszczétkowska, A., Krzebietke, S.,
OlszewskKi, J., Okorski, A. 2015. Yield and Mineral
Composition of Seeds of Leguminous Plants and
Grain of Spring Wheat as well as Their Residual
Effect on the Yield and Chemical Composition of

243



G. Zulkadir et al.. / The Effects of Differences such as Variety, Region and Plant Density on the Relationship between Grain Quality Criteria in Faba Bean

Seed. Journal of

Winter Oilseed Rape
Elementology, 20 (4), 827.

[35] Wozniak, A. Soroka, M., Stepniowska, A,
Makarski, B. 2014. Chemical Composition of Pea
(Pisum sativum L.) Seeds Depending on Tillage
Systems. Journal of Elementology, 19(4), 1143.

[36] Milczarek, A., Osek, M. 2016. Partial Replacement

244

of Soya Bean with Low-Tannin Faba Bean
Varieties (Albus or Amulet): Effects on Growth
Traits, Slaughtering Parameters and Meat Quality
of Pulawska Pigs. Annals of Animal Science,
16(2),477.



