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ABSTRACT
This study was carried out in Bingol province on eastern Anatolian Region between 2013 and 2015. In this study, we
obtained 14 bitter vetch genotypes from different sources. The experiment was carried our in three replications in randomized
block design. Each plant was weekly measured for 6 weeks starting from germination. For each plant, plant height, fresh
and dry stem weight, fresh and dry leaf weights were determined. Logistic, Richards and Weibull growth models were
fitted to describe the growth pattern of the genotypes. The best fitting model criteria used were coefficient of determination
and mean squared. Richards’s growth model was found to best fit the data for most of the genotypes. Logistic model was
the worst fit. In Turkey, climate and soil properties have very large variations. For this, local genotypes showed large
variation according to plating areas. YEREL LICE genotype showed more stable and it is the height identified all growth
models than other local genotypes. However, IFVE 2923 SEL and IFVE 2977 SEL 2802 these genotypes gave positive
results in different environmental conditions.

Key words: Bingol province, Bitter vetch, Comparison criteria, Growth models, Local genotypes.

INTRODUCTION
Bitter vetch farming has been grown in Turkey since

very old times. Some sources claim that bitter vetch farming
in our country date back 7000 BC (Ekiz, 1988). Since bitter
vetch is resistant to drought and cold climate conditions, it
is successfully grown in the different parts of Anatolia. Grain
production is important because bitter vetch grains are used
as feeding stuff of animals. However, there has been a
decrease in production day by day. The main reasons in
cultivation area and production are not giving enough
importance and not being able to produce registered types
that can compete with other grain forage crops. In Aegean,
Mediterranean, Central Anatolia and South-eastern Anatolia
regions, farmers use landrace populations and they are
engaged in agriculture in completely traditional ways (Serin
et al. 1997). The shortness of plant length is an advantage in
terms of adaptation to drought (Keatinge et al. 1991). Bitter
vetch, as a short plant, gives good amounts of grain crops
even though its mass yield is not much and increases its value
as forage crop (Ekiz and Ozkaynak, 1984).

Growth is one of the most important features of
living beings. The growth of a living beings is expressed
with the increases related to time in terms of height, weight
and cell number. Growth rate and amount shows significant
differences compared to living things. Bitter vetch has
significant differences on both. These differences affect the

growth and development of plants. Especially, the growth
that is under the influence of environmental factors can show
big and sudden changes (Villegas et al. 2001).

Being able to estimate the growth and development
of bitter vetch in advance is important with regards to
cultivation. For this reason, the stages of the growth and
development of plants can be guessed by using various
mathematical models and it is possible to get ready to
agronomic interventions (Schepers et al. 2000). In growth
studies, the predicted growth needs to have biologically
interpretable parameters (Fekeduleng et al. 1999). If growth
cannot be defined with the acquired parameters, it will
become meaningless. However, it is possible to explain the
biological process of growth and identify the factors affecting
growth by using the data acquired in different periods (Brown
et al. 1976; Behr et al. 2001).

Growth in plants may be different in different areas.
Leaf and trunk growth can vary considerably depending on
environmental conditions. For this reason, evaluation of both
stem and leaf growth together with whole plant growth is
necessary for a good result. In this study, a distinction was
made in this direction and the accumulations of dry matter
in plants, leaves and plants grown were examined. The
purpose of this study is to estimate the dry matter
accumulations with the help of some mathematical models
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Logistic model

Richards

Weibull
Where, a; the value of asymptote, b; value of plants

growth beginning stage, ê; net growth ratio, m; parameter at
inflexion point, t; time.

The coefficient of determination (R2) was
determined by the following equation;

Mean squared error (MSE) was determined by the following
equation;

STATISTICA 6.0V statistical program was used to
evaluate the data obtained in the study. In the analysis,
statistics, nonlinear models and nonlinear estimation method
were followed.
RESULTS AND DISCUSSION

In this study, we are fitting three models and
selecting best for individual genotypes. However, comparing
the models will give to us in fitting the best model for
identification of growth in all the genotypes. If you are fitting
three models and selecting best for individual genotypes,
then comparing the models overall does not serve any
purpose as there is no point in fitting the same model for all
the genotypes. In this case choose that model which fits best
for that genotype. The comparison of estimation successes
according to the plant height models is shown in Table 1.
The average of the coefficient of determination, it is seen

by evaluating the measurement made at different times in
bitter vetch.
MATERIALS AND METHODS

This study was carried out in Bingol province
with 14 bitter vetch genotypes obtained from different
sources. The genotypes forming the material of the work
carried out for two years were obtained from the GAP
International Agricultural Research and Training Center
Directorate. The supplied materials are; IFVE 248-SEL 2785,
IFVE 973-SEL 2795, IFVE 2698-SEL 2798, IFVE 2920-
SEL 2801, IFVE 3977-SEL 2802, IFVE 3351-SEL 2804,
D-357, YEREL LICE, HAT-3, HAT-9, HAT-13, HAT-14 and
HAT-19. The field experiment was set up in three replications
in a trial design of random blocks in cultivator and harrowed
land after the deep release in the 2014 and 2015 raising
season. In the experiment, the parcel sizes were determined
as 1.2 m x 5 m = 6 m2 and the seeds of each of the examined
biter vetch genotypes opened by 30 cm intervals with the
help of a hand marker were planted in 4 rows of 5 m long.
Before sowing, DAP fertilizer was given as 3.6 kg nitrogen
(N) and 9.2 kg phosphor (P2O5). After the planting, sprinkler
irrigation was carried out in trial parcels to ensure the
sprouting. Weed struggle were made during the growing
season in the parcels.

In the trial, height of each plant, green stem and
leaf weights, dry stem and leaf weights of bitter vetch
genotypes were measured every week for 6 weeks starting
from 1 week after the plants emerged onto the soil. The
following models were used for the comparison of the dry
matter accumulations that were examined in the study
depending on the time. In addition, the coefficient of
determination (R2) and mean squared error (MSE) values
were used as comparison criteria to compare models’
forecasting success.

Table 1: Comparison of different models fitted on plant height.
Genotypes                Models and Comparison Criteria
                                                                                      R2                        MSE
                                                     Richards        Logistic               Weibull             Richards            Logistic           Weibull
IFVE 248-SEL 2785 88.1 78.4 86.5 12.76 21.67 16.25
IFVE 973-SEL 2795 89.2 81.2 91.2 12.43 19.04 9.32
IFVE 2698-SEL 2798 91.5 88.9 90.1 9.04 13.77 10.66
IFVE 2920-SEL 2801 75.4 80.1 76.4 18.72 20.05 18.04
IFVE 3977-SEL 2802 91.1 86.4 90.0 9.15 15.77 9.88
IFVE 3351-SEL 2804 94.1 90.2 90.2 7.04 11.29 9.92
D-357 86.8 80.0 88.9 13.32 20.33 12.93
LOCAL LICE 79.0 77.8 74.0 16.90 22.07 18.54
HAT-3 88.9 87.9 90.7 12.78 14.45 10.89
HAT-9 94.2 91.7 88.5 7.88 9.96 11.47
HAT-13 90.6 86.2 91.3 10.12 15.27 9.20
HAT-14 84.2 79.0 83.1 14.52 20.89 14.79
HAT-19 87.5 85.4 85.5 13.29 16.50 14.62
IFVE 248-SEL 2785 88.1 78.4 86.5 12.76 21.67 16.25

HKO =   i-1
Y Observed   - Y Pr  edicted )

2

n

n

Yt = a (1 - be -kt) m

Yt = a-be-ct
d

Yt = [1+ exp(-b*(t-c))] +e
a

R2 =   Sum of squared error

         Corrected sum of squares
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that the explanation rate of the models are as follows: 87.7%
of Richard model, 86.6 of Weibull model and 84.1% of
Logistic model. When examined from the point of view of
error squares, it is seen that Richards model has the lowest
error with 12.15 values. This was followed by the Weibull
model with 12.81 and the Logistics model with a value of
17.00. According to these results, it can be said that the
Richards model is more successful than the other models in
defining the plant length in the bitter vetch plants.

Karadavut et al. (2010) stated that Richards
model was much more successful in terms of the
identification of dry matter accumulation which was the best
determinant of plant length. The fact that the logistic growth
model is symmetrical with respect to the bending point is
considered as a sign that the environmental resistance against
growth is the same in every period of plant height extension
(Yildizbakan, 2005). This is not biologically explicable
(Sandland and Mc Gilchrist, 1979). For this reason,
explaining the actual change is insufficient. It can also be
said that this fact is revealed by having a lower explanation
rate than the Richards and Weibull models.

Model comparison results for fresh stem weight
are shown in Table 2 and model estimates are shown in Figure
2. The highest mean value was observed in the Richards
model with (R2) 86.4, followed by the Weibull model with
85.9. Logistic model was identified at the lowest rate with
84.9. In terms of errors, the average error amount of the
Richards model was the lowest at 7.23, while the logistic
model was the highest at 8.06. The Hat-13 genotype has
been the best-defined genotype in terms of fresh stem weight
by all models. The identification rates of this genotype were
94.2 in the Richards model, 92.3 in the Weibull model and
90.2 in the Logistic model. The lowest definition was
obtained in the genotype IFVE 3351-SEL 2804 with 74.6 in
the Richards model, 75.0 in the logistic model and 74.4 in

the Weibull model. Estimated and observed values of plants
according to plant height are shown in Fig 1.

Model comparison results for dry stem weight
are shown in Table 3 and model estimates are shown in Figure
3. As shown in the chart, the Richards model has the highest
value with 85.53 in terms of the determination coefficient,
while the Weibull model with the value of 84.34 has the
lowest value. However, the logistic model has been evaluated
as the most unsuccessful model since it has the highest error
rate average value. The Local Lice genotype with 94.6
detection coefficient and 1.58 HKO value in the Weibull
model was the best identified genotype while the Richards
model followed the Weibull model with 94.1 detection
coefficient value and 1.63 HKO value. In the logistic model,
this genotype is defined at a quite high rate with 90.0 R2 and
1.92 HKO values. In contrast, the IFVE 2920-SEL 2801

Figure 1: The best predictive graphs of plant height patterns of
  LICE genotype

Table 2: Comparison of estimated fresh stem weight with different models.
Genotypes Models and Comparison Criteria

R2                       MSE
                                                        Richards       Logistic           Weibull         Richards        Logistic           Weibull
IFVE 248-SEL 2785 91.2 78.4 86.5 12.76 21.67 16.25
IFVE 973-SEL 2795 85.3 81.2 91.2 12.43 19.04 9.32
IFVE 2698-SEL 2798 88.2 88.9 90.1 9.04 13.77 10.66
IFVE 2920-SEL 2801 78.0 80.1 76.4 18.72 20.05 18.04
IFVE 3977-SEL 2802 79.3 86.4 90.0 9.15 15.77 9.88
IFVE 3351-SEL 2804 74.6 90.2 90.2 7.04 11.29 9.92
D-357 84.9 80.0 88.9 13.32 20.33 12.93
LOCAL LICE 92.5 77.8 74.0 16.90 22.07 18.54
HAT-3 90.3 87.9 90.7 12.78 14.45 10.89
HAT-9 89.8 91.7 88.5 7.88 9.96 11.47
HAT-13 94.2 86.2 91.3 10.12 15.27 9.20
HAT-14 87.1 79.0 83.1 14.52 20.89 14.79
HAT-19 88.0 85.4 85.5 13.29 16.50 14.62
IFVE 248-SEL 2785
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Figure 2: The best predictive graphs of plant height patterns of
                 LICE genotype

genotype can be identified at least by Richards and Logistics
Models while the IFVE 3977-SEL 2802 genotype is defined
at least in the Weibull model.

Since planting, plants are constantly under the
influence of genetic and environmental factors (Willan,
1985). As a result, there are differences in plant height and
other organs. These differences directly affect all the
characteristics of the plant after germination and germination
(Toon et al. 1990). Depending on this difference, the growth
rates in the plant body also change. The difference in defining
the growth models indicates that the factors that the plants
are exposed to are also changes in the amount of expression
depending on the amount of effect (Hunt, 1982). Some of
the nutrients needed by the plant are taken from the outside,
while others are created in the plant by photosynthesis. If
these requirements are not met adequately, there may be
difficulties in growth and development. Trying to explain
biological life or predicting is through determining the cause-

Figure 3: The best predictive graphs of plant height patterns of

                 LICE genotype

Table 3: Comparison of estimated dry stem weights with different Models.
Genotypes Models and Comparison Criteria

R2 MSE
                                                 Richards              Logistic Weibull               Richards           Logistic         Weibull
IFVE 248-SEL 2785 88.3 83.2 84,7 2.54 3.92 3.77
IFVE 973-SEL 2795 83.5 80.1 83,0 3.87 4.60 4.54
IFVE 2698-SEL 2798 78.8 84.7 82,1 4.13 3.78 3.52
IFVE 2920-SEL 2801 75.4 75.0 78,8 4.52 4.71 4.12
IFVE 3977-SEL 2802 77.3 76.3 77,6 4.28 4.56 4.11
IFVE 3351-SEL 2804 87.6 90.4 84,4 2.69 2.14 2.36
D-357 90.2 89.4 91,8 2.01 2.05 1.75
LOCAL LICE 94.1 90.0 94,6 1.63 1.92 1.58
HAT-3 90.2 87.6 81,7 2.04 3.12 2.17
HAT-9 88.9 85.2 85,1 2.45 3.07 2.88
HAT-13 87.5 86.3 85,6 2.59 2.71 2.74
HAT-14 84.6 83.9 83,4 3.56 3.90 2.85
HAT-19 85.5 85.3 83,8 3.91 3.95 3.78

and-effect relationship. The main feature that distinguishes
biological development from other developments is that a
new part, at least a part of it, is capable of growing by living
things. The growth model is a set of equations predicting
the development of different time and situations. The
variations observed in the fresh body and dry weights of the
plants clearly show that genotypes have different
characteristics.

Model comparison values that were made according
to fresh leaf weights are shown in Table 4 and the model
estimates are shown in Figure 4. When the table was
examined, the body varied according to the fresh and dry
weight and the highest determination coefficient (84.7) was
determined in the Weibull model. The logistics model also
had the lowest explanation value with 82.8. We also see that
Weibull model has the lowest value with 2.21 HKO in terms
of error squared averages. With 2.50 HKO, the logistic model
has the highest value. It is seen that the local Lice genotype
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Table 4: Comparison of estimated fresh leaf weights with different models
Genotypes Models and Comparison Criteria
                                                               Richards                                Logistic                                   Weibull
                                                         R2                 HKO                R2                     HKO                   R2                     HKO
IFVE 248-SEL 2785 86.2 1.92 82.0 2.34 83.6 2.21
IFVE 973-SEL 2795 84.8 2.01 81.5 2.18 84.0 2.02
IFVE 2698-SEL 2798 80.4 2.76 85.5 1.97 88.2 1.85
IFVE 2920-SEL 2801 76.3 4.13 74.9 4.51 80.0 2.45
IFVE 3977-SEL 2802 75.1 4.18 76.3 4.28 74.7 4.57
IFVE 3351-SEL 2804 82.8 2.34 80.2 2.78 85.3 1.96
D-357 90.2 1.30 88.1 1.56 92.3 1.18
LOCAL LICE 93.1 1.03 90.4 1.37 94.5 1.09
HAT-3 78.3 3.89 76.9 3.98 75.6 4.16
HAT-9 84.8 1.97 82.7 2.26 83.0 2.21
HAT-13 86.0 1.79 85.0 1.90 87.3 1.69
HAT-14 87.9 1.72 85.8 1.79 85.1 1.82
HAT-19 88.3 1.56 86.7 1.66 86.8 1.59

Figure 4: The best predictive graphs of plant height patterns of
                 LICE genotype

is the best explained genotype in fresh leaf weight. All models
explained this genotype with the highest value and got the
lowest HKO value.

The model comparison results for dry leaf weights
are shown in Table 5 and the model predictions are shown
in Fig. When the table was examined, the body varied
according to the fresh and dry weight and the highest
determination coefficient (83.37) was determined in the
Richards model. The Weibull model is in the second place
(82.68). The logistic model also had the lowest explanation
value with 82.16. However, judging by the explanation ratios,
it seems that there are not very big differences.

In terms of error squared averages, we also see that
the Richards model has the lowest value with 2.65 HKO.
2.86 With the HKO, the logistics model has the highest value.
Similar to the determination coefficient, it is striking that
the HKO values of all three models are very close to each
other. It is also seen that the local Lice genotype is the best
explained genotype in dry leaf weight. All the models

Table 5: Comparison of estimated dry leaf weights with different models
Genotypes Models and Comparison Criteria
                                                                 Richards                                 Logistic                               Weibull
                                                          R2                    HKO                 R2                    HKO                   R2                HKO
IFVE 248-SEL 2785 88.9 1.97 84.3 2.44 85.6 2.14
IFVE 973-SEL 2795 84.1 2.45 83.7 2.68 84.1 2.41
IFVE 2698-SEL 2798 79.0 3.12 80.6 3.02 78.0 3.27
IFVE 2920-SEL 2801 80.4 3.01 77.5 3.78 78.9 3.55
IFVE 3977-SEL 2802 76.3 3.67 75.0 3.86 79.3 3.12
IFVE 3351-SEL 2804 78.8 3.46 76.3 4.01 78.4 3.55
D-357 90.2 1.38 88.9 1.56 90.4 1.22
LOCAL LICE 93.7 1.02 90.2 1.33 95.0 0.95
HAT-3 83.2 2.56 79.4 2.98 80.3 2.74
HAT-9 87.4 2.13 84.5 2.46 85.6 2.21
HAT-13 80.0 3.16 86.0 2.42 82.7 2.97
HAT-14 81.6 3.41 83.2 3.11 81.8 3.40
HAT-19 80.2 3.05 78.5 3.47 78.6 3.27
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described this genotype with the highest value and had the
lowest HKO value.

The effect of environmental factors on plant growth
is known. Time and amount of activity are more important.
In particular, factors such as impaired enzyme activation,
nutrient imbalance, decreased membrane permeability,
defects in the overall metabolic process, osmotic
incompatibility and imbalance in water intake, oxidative
stress, and overall developmental failure are the most
important factors (Orcutt and Nilsen, 1996). Yakit and Tuna
(2006) found that stress factors significantly reduce fresh
and dry leaf weights in corn plants. Dolarslan and Gul (2012)
reported that environmental stress factors were more likely
to affect greener ground subsurface rather than subterranean
soil. Especially, it has been stated that the fresh and dry
weight of the leaves should be expected to be affected. In
our study, it is seen that the local genotypes collected from
different regions have serious differences in adaptation to
the soil and climate characteristics of the area where the
aquaculture is made.

Some of the plants may have been stressed by
experiencing difficulty in adapting to the environment, which
may have reduced the success of identifying growth and
development fluctuations. It is reported that environmental
stress factors cause closure of stomata in the leaves, decrease
the structure of chloroplasts and reduce CO2 fixation, and
they affect photosynthesis negatively (Zhu, 2001). In our
study, it is seen that some genotypes especially experienced
these troubles.

When comparing the model according to total dry
plant weights, it is seen that Richards and Logistic models
have the same determination coefficient as 84.35. For the HKO
average, the Weibull model was somewhat low (Table 6). In
the Richards model, the HKO was 2.48, while in the Weibull
model it was 2.46. It can be said that a very serious difference
does not appear and the identification is the same in both
models. The logistic model was followed by these models

Table 6: Comparison of estimated plant dry matter weights with different models.
Genotypes Models and Comparison Criteria
                                                             Richards                                Logistic                               Weibull
                                                        R2                   HKO                  R2                     HKO                R2                     HKO
IFVE 248-SEL 2785 87.8 1.94 83.5 2.21 84.7 2.16
IFVE 973-SEL 2795 84.1 2.13 83.0 2.57 83.0 2.56
IFVE 2698-SEL 2798 79.4 2.92 82.2 2.07 82.1 2.10
IFVE 2920-SEL 2801 77.4 3.55 76.6 3.65 78.8 3.41
IFVE 3977-SEL 2802 76.2 3.91 75.4 4.01 77.6 3.86
IFVE 3351-SEL 2804 83.1 2.83 77.6 3.71 84.4 2.67
D-357 90.2 1.44 88.6 1.66 91.8 1.27
LOCAL LICE 93.6 1.13 90.3 1.48 94.6 1.02
HAT-3 83.9 3.21 78.6 3.77 81.7 3.55
HAT-9 87.0 2.02 83.9 2.45 85.1 2.29
HAT-13 84.5 2.42 85.7 2.39 85.6 2.41
HAT-14 84.7 2.51 84.1 2.64 83.4 2.42
HAT-19 84.7 2.19 81.2 2.74 83.8 2.26

Figure 6: The best predictive graphs of plant height patterns of
  LICE genotype

Figure 5: The best predictive graphs of plant height patterns of
  LICE genotype
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with a coefficient of determination of 82.36 and a value of
2.72 HKO. When all the models are evaluated, the most
successful description is in the other features, while in the
local Lice genotype, the lowest definition is the IFVE 3977-
SEL 2802 genotype.

Serious differences can be seen in the land of arid
and semi-arid climates even in very small areas. This problem
is often felt deeper in areas where it is dominated by degraded
soil structure, hard soil layers, unsuitable irrigation pattern,
over fertilization, inadequate drainage system and excessive
evaporation in closed basins (Rabie and Almadini, 2005).

Karakullukçu and Adak (2008) stated that abiotic
factors cause germination retardation in plants, inhibition
of the development of root and supernumerary organs, and
decrease of stem and stem dry weights. It is highly variable
in ecological conditions and has a characteristic that can
affect plant growth and development negatively. For this
reason, the development of plants has made differences in
the different organs of the plant as well as the effect of the
plant as a whole. The difference in the definition of plant
dry weight also causes differences to be seen.
CONCLUSION

Growth is a very complex and multi-factor
phenomenon. It is important that the measurements used in
estimating the parameters included in the growth equations

are obtained at equal time intervals. Thus, it is possible to
predict the factors such as the size, dry weight and yield that
plants can reach in the coming years. However, for reliable
estimates, both the number of samples should be sufficient
and the data must be obtained in a balanced manner over the
longest period of time at which the organism can naturally
experience its onset of growth. The adequacy of the models
can be demonstrated by checking with experiments and real
situations. However, the suitability of models to the data is
not always evidence of the success of the models. It does
not show the correctness of the model to fit into a single
entity. The model should be tested in different situations to
try to prove its correctness. In addition, two demands must
be balanced in a successful growth model. First; the model
can fully represent the real system, and the second is that the
model is as simple as possible.

Given the climate and soil requirements, Turkey,
which has a very large variation, has to develop genotypes
or varieties suited to these differences. For this reason, local
genotypes should be given priority. Local Lice genotype
shows a more stable structure in this study where local
genotypes were collected. It has the highest identification
success in the important parts of the properties. It will be
useful to work on this genotype. It is also understood that
IFVE 2920-SEL 2801 and IFVE 3977-SEL 2802 are
generally not stable and stressed.
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