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The Fibonacci sequence is a well-known numerical sequence that frequently
appears in nature. One of the most notable examples can be seen in how
sunflower (Helianthus annuus) seeds are arranged. In this observational
study, we examine the Fibonacci sequence and golden ratio in the spiral
(parastichies) patterns created by sunflower seeds. The seed arrangement
shows two sets of spirals, one in the clockwise direction and the other in the
anticlockwise direction. The number of spirals usually matches consecutive
Fibonacci numbers. Our aim is to study these spiral patterns mathematically
and to find a connection between natural growth processes and Fibonacci
numbers. The findings are based on a visual analysis of sunflower images
from open educational sources. The results confirm the presence of Fibonacci
numbers in sunflower seed arrangements, highlighting an interesting link

between math and natural patterns.
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1. Introduction

Mathematics is an important tool for understanding, identifying, and recognizing how nature's systems
and processes work. It helps us discover all of the repeating patterns found throughout the natural
environment. Many naturally occurring objects conform to the same basic patterns. For example,
plants grow according to a specific ratio that can be defined by the Fibonacci sequence, which is
defined by the recurrence relation:

Fn= Fn.1 + Fn2, n>2 with initial terms Fo= 0 and F1=1.

The sequence appears in various natural phenomena, such as branching of trees, arrangement of leaves,
pinecones, shells, and flowers.

When discussing flowering plants, the sunflower has been frequently mentioned as an example that
illustrates how Fibonacci numbers can clearly be seen. This is due to the way sunflower seeds are
placed in a spiral pattern throughout the entire flower head. There are two directions that these spirals
can take - clockwise or counter-clockwise and the number of spirals in each direction is commonly 21
and 34, or 34 and 55.
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Figure 1: Sunflower seed arrangement showing spiral patterns
Source: Online reference image (academic use)

The goal of this study is to perform a mathematical study of the Fibonacci sequence as seen in
sunflower seed arrangement. In addition to Fibonacci numbers, the Golden Ratio is also an important
integral part of understanding natural growth patterns, as it relates directly to how many growths will
occur. The Golden Ratio mathematically relates to the Fibonacci Sequence, enabling us to
mathematically model the optimal layout of living organisms in nature.

The study will focus on the recognition of patterns, numerical analysis, and logical interpretation,
rather than biological explanation. The purpose of this study is to illustrate how basic mathematical
sequences manifest naturally due to growth patterns and the optimization of space.

2. Literature Review

The occurrence of Fibonacci numbers in natural patterns has been widely studied in mathematics and
natural sciences. Many scientific researchers have observed that the configuration of seeds in
sunflowers follows the pattern of spirals that correspond to the numbers found in the Fibonacci series.
The reason for this phenomenon has been attributed to the phyllotaxis pattern seen with the
arrangement of plant structures.

When researchers have mathematically calculated the number of spirals that have been created by
counting clockwise and counter-clockwise, they often find consecutive Fibonacci numbers, such as
21, 34, 55, or 89. However, the majority of previous research has relied on visual evidence and
geometrical explanations, as opposed to biological studies. This study emphasizes the importance of
applying simple mathematical principles to understand and describe complex patterns in nature.

Many studies show through observation that Fibonacci patterns occur in a number of natural forms,
and when we take the limit of dividing two consecutive Fibonacci numbers (Fu/Fn1), we can
approximate the Golden Ratio we have so far discussed with respect to plant design efficiency,
sunflower layout etc.

The present study also uses a similar observational approach to demonstrate the presence of a
Fibonacci sequence amongst the sunflower seeds and to describe how to identify the sequence through
the counting of spirals.

3. Fibonacci Sequence & Golden Ratio

The Fibonacci sequence is one of the most fundamental sequences in mathematics and is defined
recursively. Each term of the sequence is obtained by adding the two preceding terms. Mathematically,
the sequence is expressed as

Fo=Fn1+ Fn—2, n>2
with initial conditions
Fo=0and Fi1=1
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The initial terms of the Fibonacci sequence are:
0,1,1,2,3,5,8,13,21,34,55,89, ...

The Golden Ratio is a special mathematical constant, denoted by ¢, defined as the ratio of two
quantities such that the ratio of their sum to the larger quantity is equal to the ratio of the larger quantity
to the smaller one. Its numerical value is

p="20= 1618
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Figure 2: Fibonacci sequence spiral diagram.
Source: GeeksforGeeks (educational resource).

The Fibonacci sequence has multiple mathematical properties and applications. One unique
characteristic of the Fibonacci series is that as you continue along the sequence of Fibonacci numbers,
the ratio of one Fibonacci number to the next Fibonacci number approaches the golden ratio. In this
observational study, however, we will examine the actual Fibonacci numbers in relation to the patterns
they form within nature; therefore, we will restrict our discussion to Fibonacci numbers, not their
limiting ratios.

Within many natural systems, Fibonacci numbers will also occur when considering questions of
optimal packing or growth. An excellent example of how this occurs is the sunflower, where the
Fibonacci numbers can easily be seen without sophisticated models of biological growth.

3.1 Relation Between Fibonacci Sequence and Golden Ratio: The important of the Fibonacci
sequence is that as n increases (n—0), there is a ratio between two adjacent numbers in the Fibonacci
sequence that approaches to the same number, termed the Golden Ratio. This convergence can be
demonstrated through the Fibonacci Ratio (Fn/Fu.1) by validating as n increases.

S.No. Fibonacci sequence Ratio for Fn/Fn-1

1 1 1.000000
2 2 2.000000
3 3 1.500000
4 5 1.666667
5 8 1.600000
6 13 1.625000
7 21 1.615384
8 34 1.619048
9 55 1.617647
10 89 1.618182
11 144 1.617977
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12 233 1.618055
13 377 1.618025
14 610 1.618037
15 987 1.618033
16 1597 1.618034
17 2584 1.618034

Table 1: Fibonacci sequence and the ratio for Fn/Fn.1

As shown in the table, the Fibonacci ratio of the two adjacent Fibonacci Numbers (Fn/Fn-1) approaches
an approximate limit of 1.618 as the Fibonacci Numbers grow larger. This limiting value is equal to
the mathematical definition of the Golden Ratio(¢), thereby establishing a mathematical connection
between the Fibonacci sequence and the Golden Ratio.

3.2 Relation Between Fibonacci Sequence and Pascal’s Triangle: The Fibonacci sequence is closely
related to Pascal’s triangle through the sums of its diagonals. Pascal's triangle is a triangle-shaped
arrangement of the combinations of r elements selected from n elements (denoted as »C* or n choose
r). Each number in Pascal's triangle is made up of the two numbers immediately above it.

The shallow diagonals of Pascal's triangle sum to produce a series of Fibonacci numbers. The
combination of Pascal's triangle (binomial coefficients) and the Fibonacci numbers (recursive
sequences) provides an intuitive combinatorial representation of how to interpret Fibonacci numbers.

Fibonacci : Pascal Relation
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Figure 3: Fibonacci & Pascal's triangle relation
Source: GeeksforGeeks (educational resource)

For example:
The sum of the first diagonal gives Fi1 =1
The sum of the next diagonal gives F> =1

The following diagonal sums produce F3 =2, F4 =3, Fs =5, and so on

4. Methodology and Observation

4.1 Methodology: During the time of this study, no fresh sunflower samples could be obtained. As a
result, the study used high-resolution images of sunflower heads sourced from open educational and
other non-commercial sources. This study's approach is purely observational and mathematical in
design.

The following steps were taken:
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1. A sunflower head with clear seed spiral patterns was chosen.

2. The sunflower's center was marked as the point of origin.

3. The spiral patterns were visually traced from the center in both clockwise
and anticlockwise directions.

4. The number of seed spirals in each direction was counted.

5. The counts of spirals were compared with the known Fibonacci numbers.
6. The ratio of the spiral counts was evaluated to examine its approximation to the golden ratio.

4.2 Observations: The sunflower seed arrangement exhibited two distinct sets of spirals:

1. Clockwise spirals
2. Anticlockwise spirals

The counted spiral numbers are presented in Table.

Direction of Spiral Number of Spirals
Clockwise 34 Fibonacci Number
Anti-Clockwise 21 Fibonacci Number
Ratio 34 )
— = ~ Golden Rat
(Clockwise/Anti- o7~ 1619~ ¢ olden Raho
Clockwise)

It is noted that spiral counts may vary between different sunflower heads. However, the observed
values are consecutive Fibonacci numbers their ratio approximates the golden ratio, thus confirming a
significant amount of Fibonacci sequence within the spiral arrangement of sunflower seeds.

Figure 4: Clockwise spiral patterns observed in the sunflower head.
Figure 5: Anticlockwise spiral patterns observed in the sunflower head.

5. Results and Discussion

It is apparent from this observation that the number of spirals in a sunflower seed arrangement is based
upon Fibonacci numbers, and the ratio of the number of clockwise spirals to anticlockwise spirals is
approximately equal to the golden ratio. Moreover, the presence of two consecutive Fibonacci numbers
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creating spirals in opposing directions is not purely coincidental, but rather, can be logically attributed
to optimal packing arrangements.

From a mathematical perspective, this configuration is advantageous in terms of maximizing available
growing space while ensuring uniform seed spacing throughout the sunflower. The manner in which a
sunflower develops leads to its formation of spirals which closely correspond to Fibonacci numbers
and the observed Fibonacci spiral counts indicate an underlying structure that is consistent with the
golden ratio. Fibonacci numbers demonstrate close to the maximum efficiency for properly spacing
the seeds during growth.

While a biological or physical measurement technique was not utilized within this study, the close
correspondence between the spiral count results and the corresponding Fibonacci numbers strongly
establishes that the Fibonacci series must be a factor in the configuration of sunflower seeds.

The clear simplicity of this technique makes this case an excellent opportunity to illustrate how
mathematical principles can be applied within nature.

6. Conclusion

A Fibonacci sequence was mathematically studied within a sunflower's arrangement of seeds. The
study found that consecutive Fibonacci numbers correspond to the seed count of sunflower spiral
structures. The study demonstrates the occurrence of mathematical logic within biological systems.

The study supports the idea that simple mathematical sequences develop through natural methods
where complicated governing laws and rules do not exist. The sunflower is used as an excellent
educational and visually enhanced example to show how mathematics relates to nature.

Thus, the relationship between Fibonacci numbers and the golden ratio provides a clear mathematical
explanation for the spiral structure observed in sunflower seed arrangements.

Potential future research may include an extension of this study to other types of flowers and/or natural
forms to help prove the universality of the Fibonacci pattern.
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