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ABSTRACT

Sunflower petal is one of the parts of the sunflower which has drawn attention and has
several applications these days. These applications justify getting information about phys-
ical properties, mechanical properties, drying trends, etc. in order to design new machines
and use new methods to harvest or dry the sunflower petals. For three varieties of sun-
flower, picking force of petals was measured; number of petals of each head was counted,
unit mass and 1000-unit mass of fresh petals were measured and length, width, and pro-
jected area of fresh petals were calculated based on image processing technique; frequency
distributions of these parameters were modeled using statistical distribution models
namely Gamma, Generalized Extreme Value (G. E. V), Lognormal, and Weibull. Results of
picking force showed that with increasing number of days after appearing the first petal
on each head from 5 to 14 and decreasing loading rate from 150 g min~* to 50 g min*
ues of picking force were decreased for three varieties, but diameter of sunflower head had
different effects on picking force for each variety. Length, width, and number of petals of
Dorsefid variety ranged from 38.52 to 95.44 mm, 3.80 to 9.28 mm and 29 to 89, respectively.
The corresponding values ranged from 34.19 to 83.18 mm, 4.28 to 10.60 mm and 21 to 89,
respectively for Shamshiri variety and ranged from 44.47 to 114.63 mm, 7.03 to 20.31 mm

val-

and 29 to 89 for Sirena variety. Results of frequency distribution modeling indicated that
in most cases, G. E. V and Weibull distributions had better performance than other

distributions.
© 2018 China Agricultural University. Publishing services by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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1. Introduction

Sunflower (Helianthus annuus L.) is one of the most important
oil seed crops due to its high amount of unsaturated fatty
acids [1,2]. Sunflower originated in North America and was
probably first introduced to Europe through Spain, and spread
through Europe as a curiosity until it reached Russia where it
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was readily adapted and where it is cultivated more than any
other country in the world. It was selected in Russia in 1860
for its oil. Attempts were conducted to produce hybrid vari-
eties with more oil content; as a result, the oil content of
seeds has increased from 28% to 50% [3].

The area under sunflower has increased more than 15
times during the last fifteen years, indicating strong motiva-
tion of the farmers [4]. Although food consumption of the
seeds and oil extraction from the seeds are the main reasons
of cultivation of sunflower [3], the other parts of sunflower
have many applications; for example in some areas, after har-
vesting sunflower, farmers grind the remained sunflower
stems and spread them on the farms as an organic fertilizer.
However, sunflower can be consumed wholly by ruminants
and no part of sunflower is poisonous.

Sunflower petals are one of the most important parts of
the sunflower that have several applications. Petals are often
brightly colored or unusually shaped to attract pollinators.
The sunflower petals can be made into an infusion that can
be used in the bath as soap and often used for their decorative
element in crafts such as candles, paper making, potpourri,
and dye. Sunflower petals can be used as food ingredient in
soups, salads or as a garnish for cakes and cookies to add
color and flavor to recipes.

Moreover, dried sunflower petals are a great ingredient for
herbal tea blending. Sunflower petals were used as herbal
teas in Iranian and Chinese ancient medicine to heal wounds,
accelerate childbirth, lower blood pressure and strengthen
the stomach. Tendency towards traditional medicine has
increased all around the world. Along with this tendency,
consumption of herbal teas is prevalent in many countries.
One of these herbal teas that recently has become prevalent
in Iran, is sunflower petal herbal tea so much that, according
to local farmers reports, many people refer to farmers to buy
sunflower petals.

One important aspect of each agricultural product and its
manufacturing process is economic issues. We compare
amount and price of harvested sunflower seed and dried har-
vested sunflower petal. We realized revenue arising from the
sunflower petal is remarkable and even there is no big differ-
ence between revenue arising from the sunflower petal and
sunflower seed. However, this revenue justifies the produc-
tion, drying and selling sunflower petals, as well as research
on medicinal and chemical properties of sunflower petals
and also on methods of harvesting and drying them.

In the first step, we must be able to harvest the petals. In
order to harvest the petals we must design and build up a
new harvester. The physical and mechanical properties of
agricultural products are useful parameters in the design of
handling and processing equipment. Size and shape are
important for designing the related handling, separating,
and sorting machines [5]. Also, picking force is a necessary
parameter to estimate power consumption of harvester
machines. Therefore, to design a new harvester for sunflower
petals we need to know physical and mechanical properties
of sunflower petals like picking force, mass, size, shape, etc.

To the best knowledge of the authors of this paper, there
are lots of scientific publications on physical, mechanical,
and chemical properties of the sunflower seeds [6-11] but

there is no published literature on physical properties of the
sunflower petals.

Therefore, the aims of present study were to measure sun-
flower head diameter (SHD), unit mass of petals, and 1000-
unit mass of petals, count number of petals of each sunflower
head (SH), determine relation between SHD and number of
petals, calculate length, width, and projected area of the
petals based on image processing technique. Also, effect of
loading rate (in two levels 50 and 150 gmin~?%), sunflower
head diameter (in three levels 10, 20, and 30 cm), and number
of days after appearing the first petal on each head on picking
force of petals from their head (in four levels: 4, 8, 11, and 14
days) were investigated. In addition, Gamma, Generalized
Extreme Value, Lognormal, and Weibull were used to model
frequency distribution of sunflower head diameter, number
of petals of each head, length, width, and unit mass of the
petals.

2. Materials and methods

2.1. Materials

Three varieties of sunflower were used in the present
research, namely Dorsefid, Shamshiri and Sirena, which
are widely cultivated in Iran. The Dorsefid, Shamshiri and
Sirena varieties are native of Iran. The three varieties were
planted on April 27th, 2012 in research farms of university
of Tehran, located on Pakdasht, Tehran province, Iran with
a longitude of 35.47°N, a latitude of 51.67°E, average annual
Precipitation 110 mm, height above the sea level of 1025 m,
average annual temperature of 18.0°C (Shahid Beheshti
University of Medical Sciences, 2016; The Ministry of Agricul-
ture Jihad of Iran, 2016). Data collection was carried out in
late July and early August, when sunflower petals were
mature and fresh.

2.2 SH diameter and number of petals

From each variety, 50 sunflower heads were selected ran-
domly. First, sunflower head (SH) diameter was measured
based on image processing technique. For measuring of each
SH, several diameters were measured in different directions,
and the maximum value was selected. Then numbers of
petals for each SH were counted. Correlation between SH
diameter and number of petals was investigated to see
whether with increasing the maximum diameter, the number
of petals also increase.

2.3.  Dimensions of petals

In order to measure the petals length, width and projected
area, for each variety, sunflower petals were carefully and
randomly manually harvested (sunflower heads were cut by
knife). The petals were immediately transported to laboratory.
Bulk samples were selected randomly and the unwanted deb-
rides and materials were removed from bulk sample of petals.
Length, width and projected area were measured based on
image processing technique.
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2.4.  Image processing set up

The image processing set up consisted of a camera (Canon,
IXY 600F, Japan) with 3X IS lens capable of filming up to 120
frames per second (fps) and 12.1 megapixels, with a USB con-
nection, four white-colored fluorescent lamps (32 W) and a
computer (DELL, INSPIRON 1558, CHINA) equipped with
MATLAB R2012a software package [12,13]. The camera was
mounted on an image processing box (Fig. 1).

In order to calibrate the image processing system, two dif-
ferent methods including chess board plate (or primary cali-
bration) and three metal spheres (or real time calibration)
were used. For primary calibrating, a 8 x 8 chess board plate
with black and white squares was used. Intersections of black
and white squares were 115 points. By knowing coordinates of
the points in image (by counting number of the pixels
between these points) and also by knowing coordinates of
the points on the chess board (knowing dimensions of
squares), root mean square method was used for 115 points
and the convert matrix between real world and image world
was obtained. In order to do secondary calibration, three
spheres in three specific positions were used. The spheres
were placed on the perimeter of the circle with radius of
150 mm (which every petal was placed in its center). The
angle between the spheres was 120°. Actually, secondary cal-
ibration was used to increase the accuracy of the image pro-
cessing system.

Each sunflower petal was placed at the center of the cam-
era’s field of view and three metal spheres with the same and
identified diameters were put at the side (three different and
specific positions) of the sunflower petal (Fig. 1).

In the first step of processing, one RGB color images were
captured from up view of the petals and the RGB color space
images of calluses were converted into eight-bit gray-scale
level.

In the second step of processing, the threshold technique
was performed to isolate each object from its background.
Eight-bit gray-scale intensity represents 256 different shades
of gray from black to white (from O to 255). The eight-bit

gray-scale images were digitized to binary image by using bin-
ary transformation on the basis of all the pixels with a bright-
ness level equal to the average of the brightness levels of the
three channels [12,13].

In the third step of processing, the threshold values of the
sunflower petals were determined experimentally. The holes
and noise of binary images were filled by morphological clos-
ing and opening. From the gray-scale image of Dorsefid vari-
ety, pixel values less than 145 were converted to 0 (black),
and the values higher than 145 were converted to 255 or
white. The threshold levels of the Shamshiri and Sirena vari-
eties gray-scale image were chosen as 149 and 156, respec-
tively. The threshold levels (145, 149, and 156) were
determined experimentally [13,14]. The pixels with value of
255 showed the sunflower petals, and the pixels with value
of 0 showed the remainder. The holes and noise of binary
images were filled by morphological closing and opening [15].

Examples of the original, gray-scale, binary and boundary
images of a sunflower petal and different steps of processing
are shown in Fig. 2. The number of pixels representing the
length (L) and width (W) of the petals and was also measured
on the captured images using MATLAB R2012a software
package.

In each photo, the number of the pixels in two perpendic-
ular axes were counted for each sphere. After that, by know-
ing the diameter of the spheres, the number of the pixels in
each millimeter was counted. Then for each sunflower petal,
the number of the pixels in two perpendicular axes which had
the maximum number of the pixels (length and width) were
calculated. At the final step, the number of the pixels of the
petal was multiplied by the number of the pixels in each mil-
limeter and length and width of each petal were calculated.

Projected area of each petal was calculated (projected area
of spheres equals 3.1415 R?, R is the radius of the spheres and
was measured by digital micrometer with an accuracy of
0.01 mm) using Eq. (1):

Projected area of the petal = Number of pixels of petal

" Projected area of the sphere
Number of pixels of sphere

)

USB Conection

Light Source
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Sunflower Petal

Computer

—

e —

Fig. 1 - Experimental set up was used to image processing.
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Fig. 2 - Image processing steps to measure length and width
of sunflower petal.

For each photo all the above steps were done manually to
calculate length, width and projected area.

2.5. Unit mass and 1000-unit mass

In order to measure the unit mass and 1000-unit mass of
three varieties, after harvesting, sunflower petals transported
to laboratory and the unwanted materials were removed from
bulk sample of petals. At first mass of the each petal was
measured using digital balance with an accuracy of 0.0001 g
(KERN, JAPAN, ALT 160-4B). To calculate the 1000 petal mass,
100 petals were randomly selected from the bulk sample;
the mass of 100 petals were measured and multiplied by 10
to determine 1000-unit mass. Measuring the 1000-unit mass
was done with 5 repetitions.

2.6.  Picking force

At the first sight, designing a vacuum harvester seems a great
idea to pick sunflower petals. However, in order to design a
harvester to pick sunflower petals, based on any possible
methods, we need to know amount of picking force of petals.
In order to measure the sunflower petals’ picking force, a set
up portable to the farm was designed and built. The portable
set up worked based on water displacement method as
follow:

The water is sucked out of the reservoir using a water
pump. The water pump was driven by an electromotor
working with 3.5 v DC power. The water was pumped to
the flow control valve. By regulating the flow rate of the

flow control valve, the loading rate was regulated and
water enters the off-on valve. Water was come out of
off-on valve and enters a plastic beaker, which was con-
nected to a clamp with a string. The clamp held the sun-
flower petal. The plastic beaker and the clamp were made
so that their mass was equal.

The water entered the beaker until the petal was picked.
As soon as the petal was picked, the off-on valve stopped
the water flow. In order to measure picking force, mass of
the water in beaker was measured. Value of picking force
was equal to value of mass of water in the beaker. Mass of
the water was measured using digital balance with an accu-
racy of 0.01 g (KERN, Japan, PLS 360-3).

To study the effect of the sunflower head size on picking
force, the head diameter of each sunflower was measured
and SHs were divided into three different categories, based
on their diameters. If the diameter of SH ranged from 5 to
15 cm, it was named small SH; if the diameter of SH ranged
from 15 to 25 cm, it was named medium SH; f the diameter
of SH ranged from 25 to 35 cm, it was named big SH. From
each variety, 10 sunflower heads with diameter of 10, 20,
and 30 were selected randomly.

The effect of loading rate on picking force at two levels (50
and 150 g min~?) was examined. In order to change the load-
ing rate, the water flow was changed. Also, the effect of time
on picking force was investigated at 4 levels 5, 8, 11, and 14
days after appearing of the first petal in each sunflower head.
In order to get the best intervals we did some pretests. We
wanted to determine the effect of the time when the petals
are fresh and also the difference between levels be clear. So,
based on the results of the pretests and suitable interaction
between freshness of petals and clear differences for picking
force in each level with the other levels, the levels were
selected.

2.7.  Statistical analysis

Statistical indices including maximum, minimum, average,
and standard deviation for two principal dimensions, dimen-
sional properties and unit mass of petals were calculated
using Microsoft Office Excel 2010. The skewness and kurtosis
were calculated using the following Egs. (2) and (3) as reported
by [13,16], respectively:

n

n Xi — Xay, 3
Skewness = T 2)2( 5 9) 2)

i=1

o n(n-1) (X Xaug) *
Kurtosts{(nl)(nz)(ng)Z( 5 9)}

3(n—1)>°
EI D) (3)

where n is the number of occurrences, § is standard deviation,
Xavg 1S Mmean petals size, x; is midpoint of each class interval in
metric. Kurtosis is a measure of whether the data are peaked
or flat relative to a normal distribution Positive kurtosis indi-
cates a relatively peaked distribution. Negative kurtosis indi-
cates a relatively flat distribution. Two times of standard
errors of skewness (SEs) and kurtosis (SEk) for a normal distri-
bution are equal to [17,18]:
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2 6n(n—1)

SES_\/(n—Z)(n+1)(n+3) @)
— (2« 2 (n2 —1)

SEx = (2 x SEg) =3+ 5)

where n is number of occurrence; in the present study for all
the parameters n was equal to 50. So, in order to calculate the
values of SEs and SEg, 50 replaces in Egs. (4) and (5) and values
of SEs and SEgx were obtained 0.0337 and 0.663, respectively. If
for each parameter the result of this division is between
—2 < Skewness/SEs < +2, it can suggest that population data
are neither positively or Negatively skewed. If for each
parameter the result of this division is between
—2 < Kurtosis/SEx < +2, it can suggest that population data
are neither positively or negatively kurtosis.

2.8.  Modeling of dimensional properties and mass

Dimensions, mass, and dimensional properties can be deter-
mined for a single petal, grain, fruit, nut or kernel, but values
of these properties differ for each individual seed. Normally,
we are not interested to know the properties of each individ-
ual seed, but description of the frequency distributions of the
dimensions, mass and physical properties of the whole sets of
the seeds is needed for designing agricultural machinery [5].
There are many researches on modeling the properties of
agricultural products based on statistical distributions
[19-21].

Number, length, width, and mass of petals and SH diame-
ter distributions were modeled with four probability density
functions. These functions were: (1) Gamma, (2) Generalized
Extreme Value (G.E.V), (3) lognormal and (4) Weibull. The
probability density function and cumulative frequency for
Gamma, Generalized Extreme Value, Lognormal, and Weibull
distribution are described in Table 1 [5,20-22].

In fact, a probability distribution is characterized by loca-
tion, scale, and shape parameters. These parameters are typ-
ically used in modeling applications. The effect of the location
parameter is to translate the graph, relative to the standard
normal distribution. That is, a location parameter simply
shifts the graph left or right on the horizontal axis. The effect
of the scale parameter is to stretch out the graph. The effect
of a scale parameter greater than one is to stretch the proba-
bility density function. The greater the magnitude, the greater

the stretching. The effect of a scale parameter less than one is
to compress the probability density function. The compress-
ing approaches a spike as the scale parameter goes to zero.
A scale parameter of 1 leaves the probability density function
unchanged (if the scale parameter is 1 to begin with) and non-
positive scale parameters are not allowed. Shape parameter is
any parameter of a probability distribution that is neither a
location parameter nor a scale parameter (nor a function of
either or both of these only, such as a rate parameter). Such
a parameter must affect the shape of a distribution rather
than simply shifting it (as a location parameter does) or
stretching it (as a scale parameter does).

In fact, if P(x) is a density function for a characteristic of a
petals sample, then:

/ab P(x)dx =

In Eq. (6), if P(x) is interpreted as a probability density func-
tion, then the right hand of the equation will be equal to the
probability that a < x < b [23]. We also know that for any den-
sity function:

Fraction of petals
sample for which (6)
a<x<b

/ " pdx =1 )

0

Furthermore, the cumulative distribution function for the
seeds characteristic is defined as [23]:

P(t) = /t P(x)dx (8)

The adjustable parameters for each probability density
function were calculated using the commercial spreadsheet
package of Easy Fit 5.5. Kolomogrov-Smirnov methods were
used for comparing of all probability density. The test is based
on the vertical deviation between the observed cumulative
density function and estimated cumulative density function
based on the Eqg. (9):

Ks = max[s(x) — f(X)] 9)

where S(x) is the cumulative frequency distribution observed
and F(x) is the probability of the theoretical cumulative fre-
quency distribution. In this equation, small values of the test
statistics Ks indicate a better fit. Also the Kolmogorov-
Smirnov index for each probability density function was cal-
culated using the commercial spreadsheet package of Easy
Fit 5.5.

Table 1 - The probability density function and cumulative frequency for Gamma, Generalized Extreme Value, lognormal and

eibull distribution.

Name Probability density function Cumulative frequency function
)1 5 Cix-0)/0(2)
Gamma f(x) = ()Z‘TZS) exp (_ xTo) F(x) = & l"()s) G

Generalized Extreme Value

Lognormal

Weibull

f(x) = {1+ 5(%)](71/6’1exp{_[1+ 5<%>]—1/¢}

1
v
100 = (i) esp( 4 (*)’)

#o - xp{-[ure ()] )

F(x) = ¢<ln(x—f(})—}>
F(x)=1- exp<f (%) )
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3. Results and discussions

3.1.  Dimensional properties

Statistical indices (maximum, minimum, average, standard
deviation, skewness and kurtosis) for number of petals, unit
mass of petals, length of petals, width of petals and SHs
diameter of Dorsefid, Shamshiri and Sirena varieties are
shown in Table 2.

The length, width and thickness are important in design-
ing of separating, harvesting, sizing and grinding machines
[24,25]. Length and width of Dorsefid variety ranged from
38.52 to 95.44 mm and 3.80 to 9.28 mm, respectively. Length
and width of Shamshiri variety were ranged from 34.19 to
88.18 mm and 4.28 to 10.60 mm, respectively. The correspond-
ing values for Sirena variety were found to be 44.47 to 114.63
mm and 7.03 to 20.31 mm, respectively.

The projected area is an important parameter to deter-
mine aerodynamic properties. Projected area of petals was
calculated based on image processing technique and obtained
results of three varieties are shown in Table 2. Projected areas
of petals of Dorsefid, Shamshiri and Sirena varieties were ran-
ged from 111.93 to 695.59 mm?, 252.32 to 1782.36 mm? and
116.00 to 734.100 mm?, respectively (Table 2).

A comparison between length, width and projected area of
the sunflower petal of the three varieties shows that mean
value of length, width and projected area of Sirena variety
were more than the other varieties; while length, width and
projected area of Dorsefid variety were the least (Table 2).

Skewness and kurtosis are the two statistical indices cal-
culated so that the reader would better understand the prob-
ability density distribution data. The first usually noticed
about a distribution’s shape is whether it has one mode (peak)
or more than one. If it's unimodal (has just one peak), like
most data sets, the next thing noticed is whether it is sym-

metric or skewed to one side. If the bulk of the data is at
the left and the right tail is longer, the distribution is skewed
right or positively skewed; if the peak is toward the right and
the left tail is longer, the distribution is skewed left or nega-
tively skewed (see to the Table 2). For all the varieties, all
the characteristics have no significant positively or negatively
kurtosis problem. Also, all the characteristics except pro-
jected area of Sirena variety and the number of petals of
Shamshiri variety, have no significant positively or negatively
skewness problem.

3.2. Number of petals

The number of petals of Dorsefid, Shamshiri and Sirena vari-
eties were ranged from 29 to 89, 21 to 89, and 29 to 89, respec-
tively. Correlation between number of sunflower petals and
sunflower head diameter for three varieties are shown in
Fig. 3. Results indicated that with increasing SH diameter,
number of sunflower petals increases. Dependence of Dorse-
fid, Shamshiri and Sirena varieties’ number of petals on sun-
flower head diameter is described by linear equation that
follows, respectively (N, is number of petals and the equa-
tions were obtained based on linear regression method):

Np = 0.4713SHp — 21.0120, R? =0.9313
Np = 0.5329SHp, — 26.7870, R? = 0.9024
Np = 0.3729SHp — 4.0384, R? = 0.8550

The Fibonacci sequencehas been observed widely
throughout the structures of living organisms in the natural
world, from the geometrical distribution of leaves on plant
stems to the spiral of nautilus shells. Even the ratios of the
different sizes of many organisms of physical structures tend
to follow Fibonacci sequences or its derivation into two

Table 2 - Statistical indices for number of petal, length of petal, width of petal, unit mass of petal and sunflower head

diameter of the three varieties of sunflower.

Variety Parameter Max Min Mean Skewness Kurtosis
Dorsefid Np 89.00 29.00 54.06 + 14.69 0.30" —0.22°
Mp 0.2318 0.0789 0.1473 + 0.04 0.14 —0.89°
SHD 221.00 100.00 159.28 + 30.08 0.07" —0.43
Ly 95.44 38.52 67.03 + 13.45 —0.26° —0.16"
Wp 9.28 3.70 6.53 +1.31 —0.24" —0.06"
Pap 695.59 111.93 357.06 + 134.89 0.28" 0.00°
Sirena Np 89.00 29.00 54.36 + 13.46 0.19" 0.80°
Mp 0.3198 0.0973 0.1964 + 0.05 0.30" —0.41"
SHD 238.00 100.00 156.60 = 33.37 —0.06" —-0.51"
Ly 114.63 4447 80.03 + 15.88 -0.27" 0.09°
Wp 20.31 7.03 12.69 = 3.01 0.42" —0.29°
Pap 1782.36 252.32 827.20 + 337.83 0.73" 0.48*
Shamshiri Np 89.00 21.00 48.06 + 16.77 0.71" -0.10°
Mp 0.1888 0.0406 0.1222 + 0.03 —0.14" —0.67
SHD 210.00 88.00 140.44 + 29.88 0.46' —-0.16"
L 88.18 34.19 61.53 + 12.29 —0.28" —0.02°
Wp 10.60 4.28 7.42 +1.48 -0.21" —0.08
Pap 734.10 116.00 372.25 + 140.19 0.31 0.08

* and ** indicated respectively a distribution with no significant and significant positively or negatively Skewness or Kurtosis.
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Fig. 3 - Experimental set up that was used to measure the
picking force of sunflower petals. 1: reservoir, 2: water
pump, 3: frame, 4: flow control valve, 5: off-on valve, 6:
plastic beaker, 7: string, 8: clamp.

dimensions as the golden spiral. The sequence of the Fibo-
nacci numbers are: 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144 ...
and generally:

Fuo=Fn+Fna n=0,1,273,45,... (10)

While other studies of sunflowers found that Fibonacci
sequences occur in around 90% of seed heads, this new study
found some flowers that display newer pattern. Using the
Fibonacci recurrence relation and different initial conditions,
we are able to construct new number sequences [26]. For
instance, let L, be the n™ term of sequence with Ly = 1, L, =
2, and in general:

Ln = Ln—l + Ln—z nz= 3 (11)

The resulting sequence 1, 3, 4, 7, 11, 18, 29, 47, 76, 123 . .. is
called the Lucas sequence [26] (see Fig. 4).

The sunflower seed pattern used by the National Museum
of Mathematics contains many spirals. If you count the spi-
rals in a consistent manner, you will always find a Fibonacci
number. Sunflower seed pattern motivated us to investigate
matching number of sunflower petals to Fibonacci and Lucas
sequences. Results of this work indicated that number of
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Fig. 4 - Correlation between number of sunflower petals and
sunflower head diameter.

counted petals of Dorsefid variety equals to one number of
Lucas and Fibonacci series in 32 and 40% of cases. Results
indicated that number of counted petals of Shamshiri variety
equals to one number of Lucas and Fibonacci series in 38 and
38% of all cases. The corresponding value for Sirena variety
was found to be 28 and 42%, respectively.

3.3. Unit mass

Unit mass of Dorsefid variety, at 80.05% (d.b) moisture con-
tent, were ranged from 0.0789 to 0.2318 g. The corresponding
values for Shamshiri and Sirena varieties, at 80.15% (d.b) and
80.82% (d.b) moisture content were found to be 0.0406 to
0.1888 g and 0.973 to 0.3198 g, respectively (Table 2). 1000-
unit mass of Dorsefid, Shamshiri and Sirena varieties, at
80.05, 80.15 and 80.82% (d.b) moisture content, were found
to be 144.2582, 122.6128 and 198.6842 g, respectively.

A comparison between unit mass of the three varieties
shows that mean value of unit mass of Sirena variety was
greater than the other varieties; while unit mass of Shamshiri
variety was the least (Table 2). When the unit mass of one
variety is greater than the other varieties, it is obvious that
1000-unit mass of the variety will be greater than the other
varieties; the obtained results of three varieties confirm that
1000-unit mass of Sirena variety is greater than the Dorsefid
and Shamshiri varieties.
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3.4.  Picking force

The results of PFSP of Dorsefid variety are shown in Fig. 5. The
results indicated that in all cases, with increasing the number
of days from 5 to 14 days, values of PFSP decreased from 1.772
to 1.223, 1.624 to 1.119, and 1.308 to 0.890 N, respectively,
when the loading rate was 50 g min~*. The corresponding val-
ues for loading rate of 150 g min~* were 1.891 to 1.329, 1.743 to
1.188, and 1.393 to 0.967 N, respectively. Also, the results of
Dorsefid variety showed that in all cases with increasing load-
ing rate, PFSP increased. Moreover, results showed that with
increasing SHD, value of PFSP decreased.

The results of PFSP of Shamshiri variety are illustrated in
Fig. 6. The results showed that in all cases, with increasing
the number of days from 5 to 14 days, values of PFSP
decreased from 2.308 to 1.514, 2.376 to 1.663, and 1.561 to
1.059 N, respectively, when the loading rate was 50 gmin .
The corresponding values for loading rate of 150 g min~* were
2.440to0 1.616, 2.618 to 1.812, and 1.673 to 1.144 N, respectively.
Also, the results showed that in all cases with increasing load-
ing rate PFSP increased. Moreover, results showed that with
increasing SHD from 10 to 20 cm and increasing SHD from
30 to 20 cm value of PFSP increased.

The results of PFSP of Sirena variety are illustrated in Fig. 7.
The results indicated that in all cases, with increasing the
number of days from 5 to 14 days, values of PFSP decreased
from 2.440 to 1.877, 2.777 to 2.181, and 3.096 to 2.407 N,
respectively, when the loading rate was 50 gmin '. The
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Fig. 6 - Effect of loading rate (LR), sunflower head diameter
(SHD) and number of days after appearing the first petal in
each flower on picking force of sunflower petal (PFSP) of
‘Shamshiri’ variety.
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corresponding values for loading rate of 150 gmin~" were

2.605 to 2.131, 2.983 to 2.415, and 3.330 to 2.671 N, respectively.
Also, the results of Sirena variety indicated that in all cases,
with increasing loading rate, PFSP increased. Moreover,
results showed that with increasing SHD, value of PFSP
increased.

3.5.  Distribution modeling

Number, length, width and mass of petals and SH diameter
distributions were modeled using the Gamma, Generalized
Extreme Value (G. E. V), Lognormal, and Weibull probability
density functions distribution; the results for Dorsefid, Sham-
shiri and Sirena varieties are shown in Tables 3, 4 and 5,
respectively.

Results of Dorsefid variety showed that to model the num-
ber, mass and length of the petals, G. E. V distribution had the
best performance, while to model the width of the petals and
SHs diameter, Weibull distribution had the best performance.
Also to model the mass, length and width of the petals,
Gamma distribution had the worst performance (Table 3).

Results of Shamshiri variety showed that to model the
number, length and width of the petals, Weibull distribution
had the best performance, while to model the unit mass of
petals and SH diameter, G. E. V and Lognormal distributions
had the best performances, respectively (Table 4). Also to
model the mass, length and width of the petals, Gamma dis-
tribution had the worst performance.
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Table 3 - Constant coefficients and capability of models to fit the dimensional data, number of petal, unit mass of petal of the
Dorsefid variety.

Parameter Distribution Shape Scale Location Kolmogorov Rank
name parameter parameter parameter Smirnov index
Number of petals Gamma 16.489 3.615 5.552 0.1380 3
G EV —0.190 13.895 48.272 0.1279 1
Lognormal 0.140 4.631 —49.581 0.1412 4
Weibull 2.163 33.714 24.178 0.1334 2
Mass of petal Gamma 15.503 0.010 —0.011 0.0858 4
G EV —0.227 0.039 0.132 0.0773 1
Lognormal 0.112 —1.043 —0.207 0.0857 3
Weibull 2.141 0.090 0.067 0.0844 2
Length of petal Gamma 141.940 1.140 —94.681 0.1065 4
G EV —0.400 14.181 63.032 0.0787 1
Lognormal 0.035 5.948 —316.120 0.1023 3
Weibull 4.505 57.236 14.828 0.0818 2
Width of petal Gamma 147.130 0.108 —9.485 0.0961 4
G EV —0.391 1.370 6.136 0.0873 3
Lognormal 0.037 3.578 —29.287 0.0774 2
Weibull 4.362 5.424 1.590 0.0740 1
Sunflower head diameter Gamma 79.962 3.370 —110.240 0.0641 3
G EV —0.282 30.434 148.530 0.0595 2
Lognormal 0.051 6.361 —420.100 0.0668 4
Weibull 2.875 87.550 81.292 0.0596 1

Table 4 - Constant coefficients and capability of models to fit the dimensional data, number of petal, unit mass of petal of the

Shamshiri variety.

Parameter Distribution Shape Scale Location Kolmogorov Rank
name parameter parameter parameter Smirnov index
Number of petals Gamma 3.251 9.474 17.257 0.1093 2
G EV —0.009 13.636 40.313 0.1155 3
Lognormal 0.413 3.619 7.496 0.1161 4
Weibull 1.765 31.831 19.738 0.1047 1
Mass of petal Gamma 108.120 0.003 —0.239 0.0701 4
G EV —0.330 0.036 0.110 0.0478 1
Lognormal 0.037 0.067 —0.813 0.0658 3
Weibull 3.988 0.133 0.002 0.0606 2
Length of petal Gamma 148.86 1.020 90.488 0.1092 4
G EV —0.412 12.950 57.972 0.0890 2
Lognormal 0.029 6.041 —358.84 0.1046 3
Weibull 4.623 53.655 12.501 0.0874 1
Width of petal Gamma 151.880 0.120 10.865 0.1057 4
G EV 0.359 1.529 6.952 0.0845 2
Lognormal 0.034 3.755 35.352 0.1005 3
Weibull 4.199 5.943 2.019 0.0842 1
Sunflower head diameter Gamma 9.306 9.809 49.158 0.0663 3
G EV —0.118 26.971 127.710 0.0655 2
Lognormal 0.207 4.939 —2.209 0.0618 1
Weibull 2.117 67.402 80.692 0.0699 4

Results of Sirena variety indicated that to model the unit
mass, length and width of the petals, Weibull distribution
had the best performance, while to model the number of
petals and SH diameter, G. E. V distribution had the best per-
formance (Table 5). Also to model the number of the petals,

unit mass of the petals, length of the petals and SHs diameter,
Gamma distribution had the worst performance.

In order to determine the best distribution, we used the
results in Tables 3-5. Based on the Kolomogrov-Smirnov
index, we ranked the distributions for each parameter of each
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Table 5 - Constant coefficients and capability of models to fit the dimensional data, number of petal, unit mass of petal of the

Sirena variety.

Parameter Distribution Shape Scale Location Kolmogorov Rank
name parameter parameter parameter Smirnov index
Number of petals Gamma 75.687 1.545 —62.678 0.1968 4
G EV —0.264 12.719 49.719 0.1851 1
Lognormal 0.052 5.551 —203.430 0.1896 2
Weibull 2.922 40.465 18.192 0.1915 3
Mass of petal Gamma 16.779 0.013 —0.017 0.0465 4
G EV —0.172 0.045 0.175 0.0411 2
Lognormal 0.148 —1.061 —0.153 0.0453 3
Weibull 2.383 0.130 0.081 0.0400 1
Length of petal Gamma 155.42 1.291 —120.770 0.1155 4
G EV —0.405 16.629 75.391 0.1007 2
Lognormal 0.032 6.215 —420.310 0.1057 3
Weibull 4.528 68.260 17.715 0.0856 1
Width of petal Gamma 9.972 0.955 3.167 0.0596 3
G EV —0.122 2.743 11.403 0.0576 2
Lognormal 0.202 2.669 —2.037 0.0636 4
Weibull 2.263 7.188 6.319 0.0572 1
Sunflower head diameter Gamma 73.693 3.979 —136.560 0.1303 4
G EV —0.402 35.366 146.670 0.0917 1
Lognormal 0.045 6.593 —574.340 0.1249 2
Weibull 2.924 97.499 69.768 0.1268 3

variety. Then we comprised the rank of the distributions. For
easy comparison between three varieties, probability and
cumulative density distributions of number of petals, mass
of each petal, length of each petal, and length of each petal
seeds mass are shown in Figs. 8 and 9, respectively. In sum,
in order to model the number of petals and mass of each
petal, Generalized Extreme Value distribution had the best
performance (see Tables 3-5). Also, totally, in order to model
the length and width of each petal, Weibull distribution had
the best performance. So, we decided to illustrate probability
density distributions of number of petal and mass of each
petal that were modeled by Generalized Extreme Value distri-
bution and also, illustrate probability density distributions of
length and width of each petal that were modeled by Weibull
distribution.

Fig. 8 shows that there was a large overlap between the
probability density distributions of number of petals of Sham-
shiri and Sirena varieties and they are same. But, for mass of
each petal, length of each petal, and width of each petal, there
is more similarity between Dorsefid and Shamshiri varieties.
The more overlap between different varieties in each diagram
means the average of parameter (number, mass, length, and
width) of different varieties are close to each other.

Fig. 9 shows for all parameters (number, mass, length, and
width) values of mean of Sirena variety’s data are more than
the other varieties while, in most cases (for number, mass,
and length) values of mean of Shamshiri variety’s data are
lower than the others.

4, Discussions

A comparison between three varieties showed that in all
cases, values of PFSP of Sirena and Shamshiri varieties are

highest and lowest values, respectively. Also, results of three
varieties showed that with increasing the number of days
from 5 to 14 days and decreasing loading rate from 150 to
50 g min~?, values of PFSP decreased. Furthermore, diameter
of sunflower head had different effects on PFSP for each
variety.

The effect of loading rate and moisture content (in our
study moisture content is equivalent to number of days after
appearing the first petal in each flower) on picking and cutting
force of agricultural crops was also reported by previous
researchers. Shearing properties of sugarcane (Saccharumoffic-
inarum L.) stems at five moisture content levels, three shear-
ing speed and at ten positions on the stem were
investigated [27]. Their results of ANOVA analysis indicated
that effect of the shearing rate was significant at 1% probabil-
ity level. Shearing strength and specific shearing energy
increased with increasing shearing rate and so shearing
strength and specific shearing energy decreased when the
stem moisture content decreased.

Shahbazi & Nazari Galedar, [28] determined bending
stress, Young’s modulus, shearing stress, and shearing energy
of safflower (Carthamustinctorius L.) stalk as a function of
moisture content and stalk region were determined by Shah-
bazi & Nazari Galedar, [28]. Their results indicated that shear-
ing strength and shearing energy increased with increasing in
stem moisture content. Also, Hassan-Beygi et al. [29] men-
tioned that with increasing tension rate, the required tensile
strength per unit, area of saffron stalk increased significantly.

Results of modeling showed that whenever skewness and
kurtosis had negative values, Generalized Extreme Value and
Weibull distribution had good performance, while Gamma
distribution had poor performance to model the data. Also
whenever skewness had positive value and kurtosis a
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negative value, G.E.V and Weibull distributions showed good
performance; while Gamma and lognormal distributions
had poor performance to model data.

Khazaei et al. [5] modeled mass and size distributions of
two varieties of sunflower seeds and kernels using the Log-
normal, normal and Weibull distributions. They cited that
when skewness had a positive value, Log-normal distribution
was the best and normal distribution was the worst model for
data prediction. Mirzabe et al. [23] modeled distance between
adjacent sunflower seeds on sunflower head of three varieties
using the Lognormal, normal and Weibull distributions. They
cited that whenever skewness and kurtosis had negative
value, Weibull distribution was the best fit one.

Skewness and kurtosis are two statistical indices calculated
(based on Egs. (2) and (3)) so that the reader would better

understand the probability density distributions. The first
thing usually must be noticed about a distribution’s shape is
whether it has one mode (peak) or more than one. If it’s uni-
modal (it has just one peak), like most data sets, the next thing
noticed is whether it is symmetric or skewed to one side. If the
bulk of the data is at the left and the right tail is longer, the dis-
tribution is skewed right or positively skewed (see Fig. 8 and
Table 2); if the peak is toward the right and the left tail is longer,
the distribution is skewed left or negatively skewed [30].

Kurtosis is a measure of whether the set of the data are
peaked or flat relative to a normal distribution, that is data
sets with high kurtosis tend to have a distinct peak near the
mean, decline rather rapidly, and have heavy tails [30]. Data
sets with low kurtosis tend to have a flat top near the mean
rather than a sharp peak (see Fig. 8 and Table 2).
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5. Conclusions
Result of this study indicated that with increasing SH diame-
ter, number of sunflower petals increases. Unit mass of
Dorsefid, Shamshiri, and Sirena varieties, at 80.05, 80.15,
and 80.82% (d.b) moisture content, ranged from 0.0789 to
0.2318 g, 0.0406 to 0.1888 g and 0.973 to 0.3198 g, respectively.
1000-unit mass of Dorsefid, Shamshiri and Sirena varieties, at
80.05, 80.15 and 80.82% (d.b) moisture content, were found to
be 144.2582, 122.6128 and 198.6842 g, respectively.

For all the varieties, all the characteristics have no signifi-
cant positively or negatively kurtosis problem. Also, all the
characteristics except projected area of Sirena variety and

number of petals of Shamshiri variety, have no significant
positively or negatively skewness problem.

Frequency distribution of sunflower head diameter, num-
ber of petals of each head, length, width, unit mass, and pro-
jected area of the petals of three varieties were modeled using
four continues statistical distributions, namely Gamma, Gen-
eralized Extreme Value, Lognormal and Weibull. Results of
frequency distribution modeling indicated that in most cases
G. E. V and Weibull distributions had the best performance.

Also, economic analysis showed that harvest of sunflower
petals is a reasonable process because its revenue is remark-
able and even it can be equal to the revenue from the sale of
seeds, themselves. Therefore, an economic analysis justifies
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the production, harvesting, drying and selling sunflower
petals, as well as research on medicinal and chemical proper-
ties of sunflower petals and also on methods of drying them.
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Appendix
F, the nth term of Fibonacci sequence
Ks Kolmogorov-Smirnov index
Ly the nth term of Lucas sequence
Ly length of petal, mm
LR loading rate, g min*
n number of occurrence
N, number of petals
Pap projected area of petal,
PFSP picking force of sunflower petal, N
SEx standard errors of kurtosis
SEg standard errors of skewness
SH sunflower head
SHD sunflower head diameter, cm
W, width of petal, mm
Xaur mean of data
X; midpoint of each class interval
o location parameter in Weibull distribution
B scale parameter in Weibull distribution
r Gamma function
y shape parameter in Weibull distribution
1 location parameter in Gamma distribution
& shape parameter Gamma distribution
0 location parameter in lognormal distribution
A scale parameter in lognormal distribution
0 location parameter in G. E. V distribution
14 shape parameter in G. E. V distribution
o scale parameter in Gamma distribution
T shape parameter in lognormal distribution
v scale parameter in G. E. V distribution
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