1

A Fibonacci Phyllotaxis Prime Number Sieve

[note: this article is in draft form, last revised May 24, 2004 which describes a mathematical discovery I made in December 2001. The
document contains several borrowed images for which I have yet to gain permission for their use from the copyright holders; this
document is for educational purposes only. This is the first report of a plant growth algorithm (a botanical integer matrix) as a prime
number sieve and prime number generator. –
ABSTRACT. A daisy integer matrix has an unusual mathematical property; it serves as a simple and naturally efficient prime
number sieve. The data reveal a mutual dependency between prime numbers and Fibonacci numbers, and the natural and
central symmetry of prime numbers within three-dimensional objects. Botanical objects literally contain a natural prime
number generating algorithm within their structural growth algorithms.

This manuscript describes and illustrates a natural prime number sieve found in a daisy. Thus, the natural daisy
growth algorithm produces an amazing mathematical byproduct: an efficient prime number growth algorithm.
Interestingly, the multiples of each prime number emanate from primes along symmetrically unique spiral
multiplication sequences in the matrix. This lends a natural beauty and elegance to the sieve and underscores the chief
spatial importance of prime numbers within a biological matrix.
Multiples of primes are determined spatially by the relationship of a prime number to an evenly divisible Fibonacci
number. Thus, where primes are divisible by Fibonacci numbers, the natural symmetry of primes is expressed in the
matrix of objects with Fibonacci phyllotaxis.
Phyllotaxis is the spatial and temporal arrangement of leaves or subunits around a stem or plant axis. The
subunits emerge singly and in succession, retaining spatiotemporal relation to each other and to the central axis. Growing
and expanding together, they harden into the shapes of common biological objects such as a pine cones, pineapples, or
flowers.
Botanists often use a flexible model of a cylinder or cone to describe plant growth phenomena and the position of
emerging subunits. A daisy’s shape, for example, is topographically congruent with a flattened cone, or disk. The
growing subunits in a daisy’s seed head are florets, arrayed in spiral paths within a circle whose central point connects
with the stem. The subunits form a discrete, finite, circular matrix of yellow daisy florets. Larger/older florets are near the
outer perimeter of the matrix. Younger, newly emerging florets are smaller and packed toward the axis.
Florets in the daisy seed head can be assigned numbers, according to their order of emergence; ‘1’ is the oldest
floret (largest in size and farthest from center), and ‘1+n’ is the youngest (smallest in size and closest to center). A
numbered daisy matrix was published by Conway and Guy (The Book of Numbers). A number of integer or number maps
are present in the literature; documented, for example, in Symmetry in Plants.
The integer matrix, a semi-infinite cylinder, is a three-dimensional form whose structure is defined by the
particular array of the elements which comprise it. Although consecutive integers are assigned to each emerging daisy
floret (i.e., 1, 2, 3, 4, …n), the locations of consecutive florets constantly diverge, such that the final matrix has no
consecutive integers (florets) which are spatially adjacent. For a daisy with (21,34)-phyllotaxis, the divergence constant
between consecutive florets is defined by an angle, 137.5 degrees. Thus, in relation to the center of the seed head,
numbered florets which emerge in succession are actually separated by 137.5 degrees within the circular (conical,
cylindrical) matrix.
The structure and composition of the phyllotaxis integer matrix are determined in two ways by Fibonacci numbers:
(a) the number of rows and columns of the matrix (matrix structure); and (b) the relationship of adjacent integers within the
matrix (matrix composition). For point (a), the 21 rows and 34 columns which comprise the daisy are consecutive
numbers in the (1,3) Fibonacci sequence. These are the 21 clockwise and 34 counter-clockwise spirals, respectively, in
the daisy seed head. For point (b), adjacent integers (elements) within the matrix are separated by one four Fibonacci
differences (13, 21, 34 or 55). In other words, the matrix structure and spatial composition of its elements is defined by
Fibonacci numbers.
In theory, the phyllotaxis integer matrix is infinitely expandable, and may be represented as a two-dimensional
spreadsheet. The spreadsheet is unusual; it is a sloping array of numbers with saw-tooted leading and trailing edges.
I hypothesize that the phyllotaxis matrix could be an efficient prime number sieve for very high numbers; however,
I have only developed the sieve for approximately 2000 numbers in this document.
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INTRODUCTION
Phyllotaxis is the arrangement of leaves on a stem. More specifically, phyllotaxis is the referenced spatial
arrangement of plant parts (organs) or plant subunits (petals, seeds) in three-dimensions. The subunits always refer to an
axis (e.g., stem) or central reference point.

(a)

(b)

(c)

(d)

Figure 1. Phyllotaxis growth patterns in flowering plants. Four plants, each with a reproductive structure exhibiting
variations of Fibonacci phyllotaxis. From left to right: artichoke (a); water lily (b); sunflower (c); and cauliflower (d). Each
floret or growth subunit lies at the intersection of two opposing spiral arrays of florets/subunits. Each floret, therefore, is a
component of one clockwise and one counter-clockwise spiral of florets. The number of clockwise and counterclockwise
spirals is always consecutive numbers in a Fibonacci sequence. This fact defines those plants as being governed by and
having “Fibonacci phyllotaxis.” For the cauliflower (right), notice that the subunits are actually comprised of sets of spirals
themselves, at a smaller scale. This fact illustrates the concept that plant growth matrices are fractals.

Phyllotaxis has attracted interest and research from a wide range of scientific disciplines, such as botanists, number and
geometry theorists, mathematicians and physicists.
Phyllotaxis results in the growth of botanical shapes which closely resemble cones, spheres, cylinders, disks and toroids.

Spherical shapes: Ivory nut
[13 x 13 phyllotaxis]

Conical shapes: pine cone
[3 x 5 phyllotaxis]

Figure 2. Many natural objects exhibit various forms of Fibonacci phyllotaxis, expressing a range of geometric forms. The
phyllotaxis growth patterns are not limited to plant life, but also are associated with the structure of animals.
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Plants grow by positioning their growth subunits (organs, etc.) in layers along the surface of a geometric object. A cone is
a realistic and convenient model to demonstrate the process. In this model, the subunits appear in a pre-determined
order and with fixed geometry in relation to center. In the case of the capitulum (seed head) of a daisy or chrysanthemum,
the cone is flattened into a disk.

In the case of a daisy or
chrysanthemum with Fibonacci
(21,34)-phyllotaxis, florets are added
to an expanding matrix of florets one
at a time until growth is complete.
Initially, the florets appear at or near
the center of the capitulum and are
then pushed out over time along the
parastichies as new florets are added
to the expanding, growing flower.
Succeeding florets in the progression
are separated by a divergence angle
of approximately 137.5 degrees.

Figure 3. A hypothetical distribution of growth units on the surface of a cone, showing the distribution of the first 6
consecutive plant growth subunits on the surface of a cone (after Conway and Guy, The Book of Numbers). Figure (a)
shows that the subunits have a specific position on the surface of the cone. Consecutive subunits (e.g., florets) diverge
from each other in succession by the same angle in relation to center (b). This growth process produces sets of opposing
spirals on the surface of the object and a botanical matrix of integers in space and time (c).

The divergence angle
between successively
numbered florets is
always 137.5 degrees.

Figure 4. Divergence angle (L) for a flower with (21,34)-phyllotaxis and hypothetical phyllotaxis generative spiral (R).
LEFT: A simulated daisy capitulum numbered in modulo 9, showing the constant divergence angle of 137.5 degrees
between consecutive growth elements (florets) added to the matrix. Floret number 1 (the first floret produced near center,
but later pushed out to the edge by emerging florets) and Floret 2, for example, are separated by 137.5 degrees in relation
to the central axis of the flower.
RIGHT: A hypothetical phyllotaxis generative spiral, connecting the first 26 consecutive growth units on the surface of a
cone or cylinder. The generative spiral on the right is not intended to correspond with the simulated daisy inflorescence
on the left. The generative spiral is distinct from the two, opposing sets of Fibonacci spirals.
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The generative spiral of plant growth can be represented as a matrix of integers in two- or three-dimensional space. The
generative spiral (Figure 4, right) reveals the geometric basis of such a matrix; the natural, nonlinear relationship of
consecutive numbers. The relationship of adjacent numbers (florets) in their orderly, sequential appearance is linear in
time, but is nonlinear in space. This spatially nonlinear growth process creates an interesting matrix of numbers that forms
the basis of a natural prime number sieve.
As demonstrated above, plants with Fibonacci phyllotaxis have organs or plant subunits arranged in two sets of opposing
spirals. For example, a daisy or a chrysanthemum has 21 clockwise and 34 counterclockwise spirals. This is referred to
as (21,34)-phyllotaxis. Individual florets exist as the point of intersection between 1 of 21 clockwise and 1 of 34
counterclockwise spirals. These two sets of opposing spirals are referred to as the F21 and F34 parastichies.

Simulated daisy inflorescence (Deborah Fowler)
(21,34)-phyllotaxis

Chrysanthemum inflorescence
(21,34)-phyllotaxis

Figure 5. Simulated daisy inflorescence (L) and a chrysanthemum inflorescence (R).
LEFT: A Simulated daisy inflorescence (after Deborah R. Fowler). A daisy inflorescence has florets arranged in two
systems of spirals that radiate from a central axis. Although it appears to be symmetrical, the number of clockwise versus
counterclockwise spirals is not equal. There are 34 clockwise spirals and 21 counterclockwise spirals of florets. These
spirals are referred to as parastichies. Many plants (e.g., pineapple, sunflower, pine cones) exhibit similar patterns of
growth. There are usually two systems of florets, seeds, twigs, petals, etc., going in opposite directions, and the numbers
of spirals in these systems are always consecutive Fibonacci numbers (1, 1, 2, 3, 5, 8, 13, 21, 34, 55…).
RIGHT: An actual chrysanthemum inflorescence, with florets also arranged in (21,34)-phyllotaxis. Each floret is at the
intersection of two opposing spirals of florets (clockwise versus counterclockwise), numbering 21 clockwise and 34
counterclockwise, respectively. Florets near center are youngest, whereas outer florets are the oldest (oldest, most
exterior are produced first, and then pushed outward by the growth and expansion of the flower and the addition of new
florets near center).
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The two sets of opposing spirals in the simulated daisy and in the chrysanthemum number 21 and 34.
These are consecutive Fibonacci numbers in the (1, 3) Fibonacci sequence: (1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89…).
Phi (1.6180339…) is an irrational number defined by the ratio of consecutive Fibonacci numbers of higher and higher
order. This ratio governs many spiral growth forms:

Figure 6.
Left: “Golden Mean” rectangles in phi proportion, their corners connect by circular arcs to create an organic spiral form.
Center: Nautilus shell with chambers in phi ratio.
Right: phi (1.618…), the Greek character which represents the ratio of consecutive numbers in the (1,3) Fibonacci
sequence (1, 1, 2, 3, 5, 8, 13, 21, 35, 55, ….).
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The Botanical Integer Lattice
For the past century, botanists have studied the emergence, over time and space, of plant organs and subunits. They
observe and record the location of each emerging organ in relation to the stem or central axis. The goal is to gain an
understanding of the nature of phyllotaxis and the mechanisms and geometry which govern plant growth patterns.
The elements of a daisy flower, the florets which eventually could become seeds, emerge one by one from the center of
the capitulum. As they emerge, they diverge from each other by about 1317.5 degrees. As newer and younger florets
emerge from the center, the older florets assume a more distal location in relation to center; i.e., they are “pushed out”
along spiral paths to the edge of the capitulum.
One can assign a number to each floret as it emerges from center. This process creates a botanical integer matrix.
For plants with Fibonacci phyllotaxis, the integer matrix is governed by Fibonacci differences among adjacent elements of
the matrix.
One can then represent the integer matrix on a plane or as a semi-infinite cylinder or other topographically congruent
shape.
Many integer matrices have been recorded for a range of plants. This paper investigates a published daisy integer matrix.

Figure 7. A numbered daisy capitulum (left) published by Conway and Guy (The Book of Numbers) and corresponding
simulated daisy inflorescence (right) by Deborah R. Fowler, showing the two sets of 21 and 34 opposing spirals. The
yellow diamonds (right) are the florets in the daisy seed head (capitulum).
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This diagram shows the relationship between a three-dimensional object (daisy) and a two-dimensional representation of
the object (i.e., in a plane, or spreadsheet). It helps students to see this relationship and to be able to think of two- and
three-dimensional objects are related in specific, geometric ways.



Cut along the blue line to produce the
spreadsheet below (left).

Numbered daisy capitulum
published by Conway and Guy in
The Book of Numbers. Blue line
Indicates scissors cut to create
Two-dimensional spreadsheet

Simulated daisy inflorescence
before florets are numbered
according to their age.

“Growth Cylinder”

Spreadsheet version of the daisy
inflorescence for the first n = 233
florets.
The irregular, sloping array of
numbers is unusual and has
interesting numerical properties.

ABOVE: How to turn a 3-D daisy matrix into a 2-D spreadsheet.
The three-dimensional daisy can be represented as a two–dimensional plane. First, sever the daisy matrix with a pair of
scissors, by cutting along the blue line between 14 and 35 (see above right). Then, “stretch out” the matrix to forma a
spreadsheet. Note the unusual, sloping, saw-toothed aspect to the integer matrix when it is presented in two dimensions.
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BUILDING A FIBONACCI PHYLLOTAXIS ARRAY ON A SPREADSHEET
Spreadsheet “growth” algorithm for Fibonacci (21,34)-phyllotaxis
1) Construct a blank spreadsheet comprised of 21 rows x 34 columns.
(2) Place the number ‘1’ in [row, col] lattice position [21, 34].
(3) Place the number ‘2’ in the position [row minus 8, column minus 13], which is [row, col ] value [13, 21].
(4) Place the number ‘3’ (i.e., the third floret added to the matrix, designated by the color cyan) in the lattice position of
[row minus 8, column minus 13], which is equal to [row , col] value [5, 8].
(5) Place the number ‘4’ (i.e., the fourth floret added to the matrix, designated by the color blue) in the lattice position [row
minus 8, column minus 13], which is [row, col] value [18, 29]. Note how the lattice actually forms a cylinder and the
algorithm wraps around from left to right indicated by the arrow to the right of the number 4.
(6) Place the number ‘5’ (i.e., the fifth floret added to the matrix, designated by the color purple) in the position [row minus
8, column minus 13], which is [row, col] value [10, 16].
Note that this algorithm creates a sloping, saw tooth array of numbers. As will be demonstrated, this type of sloping,
Fibonacci phyllotaxis matrix is a highly efficient and elegant prime number sieve.

This sloping array of numbers defines the
surface or skin of a semi-infinite cylinder.
Column # 34 (right) when connected with
column #1 (left) forms the cylinder, and
the arrows wrap around it.

ABOVE: 21x34 initial daisy growth lattice. The growth algorithm determines the spatial position of successive daisy florets
in the lattice, shown in two dimensions on a spreadsheet. Phyllotaxis integer lattice in a 2-dimensional spreadsheet,
showing the algorithm that expresses 137.5-degree divergence angle the first 5 florets on a plane representing a semiinfinite cylinder.
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 Use a pair of scissors to cut along the dotted lines.

Join the left and right ends of the matrix (columns #1
and #34, respectively) to form a cylinder or other shapes, which are possible with a stretchable spreadsheet
substance such as rubber.
daisy flower as
a spreadsheet

FROM LEFT TO RIGHT: A numbered daisy inflorescence, a cylinder,
a sphere, a disk and a torus: all adapted by a phyllotaxis growth lattices.
A daisy appears to correspond to a disk, flattened cone, or a torus.
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Daisy integer lattice on a spreadsheet, showing the first 233 numbers added to the matrix. To “grow” the
matrix, simply add “34” to the number at the top of each column.

Successive numbers in each column
of the matrix increase by (n + 34) in
this direction.
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This is an important figure. It shows the numerical structure of the daisy integer matrix is governed by Fibonacci
differences among adjacent elements of the matrix. The black arrows indicate the direction of integer sequences in the
matrix. The integer sequences have consecutive integers separated by a Fibonacci number.

ABOVE: The four principal parastichies shown in a section of a semi-infinite cylinder represented by a 2-dimensional
spreadsheet. Fibonacci number sequences determine the structure of the phyllotaxis growth lattice (daisy shown above)
For example, the four parastichies (or spiral sets of florets) which intersect at or emanate from the number 5 in the daisy
lattice are comprised of the following four integer sequences:
*The F13 parastichy – [e.g., (5, 18, 34, 44, 57, 70, 83, ...)]
Consecutive integers in the sequence are separated by the Fibonacci number, 13
The F21 parastichy – [e.g., (5, 26, 47, 68, 89, 110, 131, ...)]
Consecutive integers in the sequence are separated by the Fibonacci number, 21
The F34 parastichy – [e.g., (5, 39, 73, 107, 141, 175, 209, ...)]
Consecutive integers in the sequence are separated by the Fibonacci number, 34
The F55 parastichy – [e.g., (5, 60, 115, 170, 225, 280, ..)]
Consecutive integers in the sequence are separated by the Fibonacci number, 55
*F stands for ‘Fibonacci’
Relationship of parastichy number series to Fibonacci numbers. The numbers (13, 21, 34 and 55) are consecutive
numbers in the following Fibonacci sequence: [1, 1, 2, 3, 5, 8, 13, 21, 34, 55 ...]. These sequences define the entire
growth process in terms of spatial and temporal location and occurrence of numbers (florets) in the matrix. The same
Fibonacci differences are manifest at any point of origin within the matrix.
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The infinitely
expandable
Fibonacci plant
growth matrix.

Simulated daisy integer matrix (above), expanded [after Conway and Guy (1996)]. The first 233 florets added to the
lattice are highlighted in yellow. Florets toward the center of the lattice are numbered in modulo 9 and are shown in white.
Numbers near the center of the matrix are represented in Base 10 (modulo 9) to conserve space. NOTE: If this matrix
were expanded to a very large size, one could compare the pattern of prime numbers with the famous Ulam’s Spiral. One
may be able to observe the “organic” patterns of prime numbers heretofore unrecognized.

Daisy image for n = 233 florets (Conway and Guy, 1996)

13

THE 3-DIMENSIONAL BOTANICAL INTEGER LATTICE, in situ.
A DAISY INFLORESENCE WITH FIBONACCI (21, 34)-PHYLLOTAXIS.
A botanical integer lattice may be defined as a matrix of integers 1 to n used to map the spatial location of plant organs
or units, such as florets in a daisy capitulum. As already mentioned, integers are assigned in arithmetic progression to
new units as they appear in the plant lattice. Integer maps have been produced by phyllotaxis researchers for a wide
range of plants. The maps were useful in developing several models and theories of phyllotaxis.
The first n = 233 floret nodes in the lattice were numbered in arithmetic progression with Fibonacci differences 21 and 34
for a daisy or chrysanthemum with (21, 34)-phyllotaxis (after Conway and Guy, 1996).

A botanical integer lattice for Fibonacci (21,34)-phyllotaxis , modeling florets in a daisy capitulum. Nodes are
numbered in arithmetic progression for the first 233 florets (integers) added to the lattice. Florets nearer the center are
numbered in modulo 9. Florets are numbered with Fibonacci differences 13, 21, 34 and 55 along the four principal
parastichies, F13 , F21, F34 , and F55 .
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DAISY PRIME NUMBER SIEVE
FOR N = 233 FLORETS
USING A SIMULATED DAISY FLOWER
(THREE DIMENSIONS)
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The Sieve of Eratosthenes, an algorithm for making tables of primes (for comparison with phyllotaxis sieve).
Compared with the famous Sieve of Eratosthenes, the Daisy Prime Sieve functions by a similar algorithm. The main difference is that
the number matrices vary significantly in comparison. The Eratosthenes matrix (sieve) is linear and numbers are placed in a linear,
arbitrary array. The Phyllotaxis sieve (matrix) is not arbitrary; rather is it empirically derived, not random, systematic, and symmetrical
and a completely natural product of Fibonacci numbers. A simple, stepwise version of the Sieve of Eratosthenes (for n = 646) is
presented as follows:
(1) Sequentially write down the integers 1 to n. In this case, 1 to 64.

1
7
13
19
25
31
37
43
49
55
61

2
8
14
20
26
32
38
44
50
56
62

3
9
15
21
27
33
39
45
51
57
63

4
10
16
22
28
34
40
46
52
58
64

5
11
17
23
29
35
41
47
53
59

6
12
18
24
30
36
42
48
54
60

(2) Find the first number in sequence after 1: the number 2. Circle the number 2, because it has not been crossed out yet and is
therefore a prime number. Cross out all numbers > 2 which are divisible by two (i.e., every second number; red arrows).

1
7
13
19
25
31
37
43
49
55
61

2
8
14
20
26
32
38
44
50
56
62

3
9
15
21
27
33
39
45
51
57
63

4
10
16
22
28
34
40
46
52
58
64

5
11
17
23
29
35
41
47
53
59

6
12
18
24
30
36
42
48
54
60

(3) Find the smallest remaining number > 2. It is 3. It has not been crossed out. Circle it and cross out all numbers > 3 which are
divisible by three (every third number; blue arrows).

1
7
13
19
25
31
37
43
49
55
61

2
8
14
20
26
32
38
44
50
56
62

3
9
15
21
27
33
39
45
51
57
63

4
10
16
22
28
34
40
46
52
58
64

5
11
17
23
29
35
41
47
53
59

6
12
18
24
30
36
42
48
54
60

(4) Find the smallest remaining number > 3. It is 5. It has not been crossed out. Circle it and cross out all numbers > 5 which are
divisible by seven (every fifth number within columns, and every fifth diagonal; green arrows).

1
7
13
19
25
31
37
43
49
55
61

2
8
14
20
26
32
38
44
50
56
62

3
9
15
21
27
33
39
45
51
57
63

4
10
16
22
28
34
40
46
52
58
64

5
11
17
23
29
35
41
47
53
59

6
12
18
24
30
36
42
48
54
60
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(5) Find the smallest remaining number > 6. It is 7. It has not been crossed out. Circle it and cross out all numbers > 7 which are
divisible by seven (every seventh number within columns, and every seventh diagonal; purple arrows).

1
7
13
19
25
31
37
43
49
55
61

2
8
14
20
26
32
38
44
50
56
62

3
9
15
21
27
33
39
45
51
57
63

4
10
16
22
28
34
40
46
52
58
64

5
11
17
23
29
35
41
47
53
59

6
12
18
24
30
36
42
48
54
60

Continue this process until you have crossed out all numbers which are multiples of primes. If the procedure is continued up to n, the
number of cross-outs gives the number of distinct prime factors of each number. [CRC Concise Encyclopedia of Mathematics, Eric W.
Weisstein (1999)]
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The daisy prime number sieve in 3 dimensions:
A DAISY INFLORESCENCE MODEL (in situ).
Our objective in this example is to find the prime numbers less than or equal to 233, using a sieve created from a daisy
integer lattice. The number 223 was selected arbitrarily on the basis of the published daisy integer map by Conway and
Guy in The Book of Numbers.
To accomplish this, one must identify the first 7 primes in the daisy lattice and then cross out their multiples, leaving only
prime numbers behind. In the daisy integer map, the multiples of primes exist conveniently as strings of integers within
parastichies. For the first 7 prime numbers these integer strings originate from the lattice node position that is adjacent to
the prime number in question, and propagate systematically throughout the lattice.

The first 233 florets (yellow) in the daisy integer lattice
Modified and expanded, after Conway and Guy (1996)
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A daisy integer matrix for the first n = 233 florets (numbered 1 to 233).
Florets nearer center are younger than 233, and numbered in modulo 9.

The daisy sieve uses an approach similar to the sieve of Eratosthenes, but the integer matrix is different; making it
possible for multiples of primes to be placed in predetermined positions within in spiral sequences within the matrix.
An outline of the daisy sieve algorithm: Starting with ‘1’ and each successive number, move 8 steps along the
generative spiral (clockwise) to the next number in sequence from ‘1’ to ‘233’. If the number has not been crossed
out in a previous step, then it is a prime number. Circle it or shade it and then cross out the multiples of that prime;
the multiples of primes always lie in unique symmetrical and spiral patterns within the matrix (i.e., as spirals on the
surface of a cylinder or cone). The multiples of primes always follow multiplication series that are defined by
Fibonacci differences between and among elements (florets) of the matrix. The process of moving from 1 to n
produces a spiral that starts from outside and moves to inside, relative the center. (Please refer to following page).
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STEP 1. Locate the first prime number (2) and cross out the multiples of 2. The first available number in the set of 1 to 233 is 2, at
the circumference of the botanical integer lattice. The n umber two is shaded red. In a spreadsheet, the number 2 is 13 columns and 8
rows away from the preceding number in the arithmetic sequence (1), as are all consecutive numbers.
In the simulated daisy flower below, the number 2 is 8 steps away from number 1 going clockwise around the matrix. The number 2 has
not been crossed out yet, so therefore it is the first prime number.
Then, cross out all multiples of 2. The multiples of 2 occur within every 2nd iteration of the F34 parastichy (multiples of 2 are shaded
light gray).

Start at number 1;
take 8 steps to the
next number in
order (follow the
generative spiral of
flower emergence
around and around
the edge of the
flower, moving
gradually inward
toward center.
flower). If the
number is not yet
crossed, it is prime
and it’s multiples
should be crossed
out.

3
2

4

1
5

6

7

8

2

The number 3, the next in
linear sequence, is 8 steps
away from the previous
number, number 2.
Number 3 was not crossed
out by the multiples of 2
(light gray shading) yet, so
the number 3 also will be
prime in the next step.

Multiples of 2
follow counterclockwise spirals in
every other column,
and form 17 spiral
bands around the
flower.
(34/2) = 17 sets*

The first prime number , ‘2’ (red). Multiples
of 2 (light gray ) occur in every 2nd iteration
of the F 34 parastichy.

(*Formula to
determine number of
“sets” of multiples of 2
in the matrix. )
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STEP 2. Locate the second prime number (3) and cross out the multiples of 3. The next available number is 3 (13 columns and 8
rows away from 2 along the generative spiral). It has not been crossed out yet, and therefore 3 is the second prime number. Cross out
all multiples of 3. The multiples of 3 occur within every 3rd iteration of the F21 parastichy (multiples of 3 are shaded dark gray).

3

The second prime number, ‘3’ (red). Multiples of 2 (shaded dark gray) occur in every 3nd iteration of the F21 parastichy.
Multiples of 3 follow clockwise spirals in every third row, forming 7 spiral bands around the flower. The white arrow shows
the direction in which multiples of primes are crossed out along the 7 spiral bands.
Formula to determine number of “sets” of multiples of 3 in the matrix:
(21/3) = 7 sets
where 21 = the number of clockwise spirals, and 3 = the prime number.
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STEP 3. Locate the third prime number (5) and cross out the multiples of 5. The next available number is 5 (13 columns and 8
rows away from 4 along the generative spiral). It has not been crossed out, and therefore 5 is the third prime number. Cross out all
th
multiples of 5, i.e., integers after 5 within every 5 iteration of the F55 parastichy (multiples of 5 are shaded dark blue).

5

Multiples of 5 ( dark blue) occur in every 5th iteration of the F55 parastichy. Multiples of 5 follow counter-clockwise spirals
in every 5th diagonal of the matrix, forming 11 spiral bands around the flower (determined by formula below). The white
arrow shows the direction in which multiples of primes are crossed out along the 11 spiral bands.
Formula to determine number of “sets” of multiples of 5 in the matrix:
(21 + 34)/5 = 11 sets
where 21 and 34 are the Fibonacci number of opposing spirals in the daisy matrix, and 5 is the prime number.
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STEP 4. Locate the fourth prime number (7) and cross out the multiples of 7. The number 6 was already crossed out in a previous
step. The next potential prime number is the number 7 (13 columns and 8 rows from 6 along the generative spiral). The number 7 has
th
not been crossed out yet, and therefore 7 is the fourth prime number. Cross out all multiples of 7, i.e., integers within every 7 iteration
of the F21 parastichy (multiples of 7 are shaded light blue).

7

Multiples of 7 (light blue) occur in every 7th iteration of the F21 parastichy. Multiples of 7 follow clockwise spirals in every
7th row of the matrix, forming 3 spiral bands around the flower (determined by formula below). The white arrow shows the
direction in which multiples of primes are crossed out along the 3 spiral bands.
Formula to determine number of “sets” of multiples of 7 in the matrix:
(21/7) = 3 sets
where 21 is number of one set of opposing spirals in the daisy matrix, and 7 is the prime number.
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STEP 5. Locate the fifth prime number (11) and cross out the multiples of 11. The numbers 8, 9, and 10 were already crossed out
in a previous step. The next potential prime number is the number 11 (13 columns and 8 rows from 10 along the generative spiral). The
number 11 has not been crossed out yet, and therefore 11 is the fifth prime number. Cross out all multiples of 11, i.e., integers within
th
every 11 iteration of the F 55 parastichy (multiples of 11 are shaded light green).

11

Multiples of 11 (light green) occur in every 5th iteration of the F55 parastichy. Multiples of 11 follow counter-clockwise
spirals in every 11th diagonal of the matrix, forming 5 spiral bands around the flower (determined by formula below). The
white arrow shows the direction in which multiples of primes are crossed out along the 11 spiral bands.
Formula to determine number of “sets” of multiples of 13 in the matrix.
(21 + 34)/11 = 5 sets
where 21 and 34 are the Fibonacci number of opposing spirals in the daisy matrix, and 11 is the prime number.
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STEP 6. Locate the sixth prime number (13) and cross out the multiples of 13. The number 12 was already crossed out in a
previous step. The next potential prime number is the number 13 (13 columns and 8 rows from 6 along the generative spiral). The
number 13 has not been crossed out yet, and therefore 13 is the sixth prime number. Cross out all multiples of 13, i.e., integers within
th
every 13 iteration of the F13 parastichy (Fig. 7, multiples of 13 are shaded orange).

13

Multiples of 13 (orange) occur in every 13th iteration of the F13 parastichy. Multiples of 13 form a single, counterclockwise spiral in the matrix. The numbers in sequence are determined by ( n2 = n1 + 13) … ,etc. There are 13 possible
spirals similar to the one occupied by the multiples of 13. The 13 spirals originate with the numbers [13, 5, 10, 2, 7, 12, 4,
9, 1, 6, 11, 3, 8].
Formula to determine number of “sets” of multiples of 13 in the matrix.
13/13 = 1 set
where 13 (numerator) = number of spirals and 13 (denominator) = the prime number.
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STEP 7. Locate the seventh prime number (17) and cross out the multiples of 17. The numbers 14, 15, and 16 were already
crossed out in a previous step. The next potential prime number is the number 17 (13 columns and 8 rows from 10 along the generative
spiral). The number 17 has not been crossed out yet, and therefore 17 is the seventh prime number. Cross out all multiples of 17, i.e.,
integers within every 17th iteration of the F34 parastichy (Fig. 7, multiples of 17 are shaded purple).

17

Multiples of 17 (purple) occur in every 17th iteration of the F34 parastichy. (34/2) = 17 sets*
Formula to determine number of “sets” of multiples of 2 in the matrix:
(34/17) = 2 sets
where 34 = the number of counter-clockwise spirals in the matrix and 17 is the prime number.
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The completed daisy phyllotaxis prime sieve for the first n=233 florets. This completes the sieving algorithm for
primes for n = 233. All remaining numbers in the lattice that are less than or equal to 233 and have no shading are the
prime numbers. To sieve larger prime numbers, expand the matrix and cross out multiples of primes along 2nd order or
higher order parastichies. The number of cross-outs (color overlaps) gives the number of distinct prime factors of each
number.
CONCLUSION: the multiples of each prime number follow unique spiral paths along the surface of the flower form simple
multiplication series associated with Fibonacci differences.

The un-shaded numbers in the matrix up to n = 233 are primes. The un-shaded numbers in the center of the matrix (in
modulo 9) are potential primes to be determined by higher order sieving.
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PRIME FACTORS.
Similar to Sieve of Eratosthenes, the number of “cross-outs” in the daisy matrix gives the number of
distinct prime factors of each number.

For example, the circled number (39) was crossed out twice:
first as multiples of 3 (dark gray shading) and then as multiples of 13 (orange shading).
Therefore, these two “cross-outs” indicate that the number 39 has two prime factors,
the numbers 3 and 13.

ULAM SPIRAL COMPARISON. It would be interesting so observe the patterns of primes in a much
larger configuration and compare the organic form (daisy) with the arbitrary form posed by Ulam.
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DAISY PRIME NUMBER SIEVE
FOR N = 233
ON AN EXCEL SPREADSHEET
(TWO DIMENSIONS)
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The daisy integer matrix as a two-dimensional spreadsheet for n = 233 florets.

Daisy integer matrix for n=233 florets, before sieving via spreadsheet.
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LEFT: A simulated daisy,
showing the first prime
number (2, red) and its
multiples (shaded gray).
Multiples of 2 are spiral arrays
of seeds within the daisy seed
head. The multiples of 2
comprise 1/2 (17) of the 34
counterclockwise spirals in
the matrix.

SIEVING STEP #1. Locate the
first prime number (2) and cross
out the multiples of 2.

3D

Multiples of 2 occur
in every 2nd column of the
matrix (blue arrows).

Locate the first prime number (2) and cross out the multiples of 2.
The first available number in the set of n = 1 to 233 is the number 2, located at the circumference of the botanical integer
lattice. The number 2 is the first prime number. In the spreadsheet, the number 2 is 13 columns and 8 rows away from
the preceding number (1) in the arithmetic sequence (1, 2, 3 … 233). Cross out all multiples of 2. The multiples of 2 occur
conveniently within every 2nd iteration of the F34 parastichy, as a string of numbers that radiate from the number 2.
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SIEVING STEP #2. Locate the 2nd prime number (3) and cross out the multiples of 3.

Multiples of 3
Occur in every 3rd
row of the matrix
(blue arrows).

Locate the 2nd prime number (3) and cross out the multiples of 3.
The next available number is 3 (which is 13 columns and 8 rows away from ‘2’ within the matrix. i.e., along the phyllotaxis
generative spiral). The number 3 has not been crossed out yet, and therefore 3 is the second prime number. Color it red
and cross out (shade) all multiples of 3 in the matrix. Multiples of three exist exclusively within every third row of the
matrix. In other words, the multiples of 3 occur within every 3rd iteration of the F21 parastichy; or, the multiples of 3
comprise 1/3 (7 out of the original 21) of the total number of 21 clockwise spirals of florets in the face of the daisy.

Multiples of 3
LEFT. A simulated daisy inflorescence with (21,34)phyllotaxis; a 3-dimensional equivalent of the 2dimensional spreadsheet above.
The second prime number, 3 (red), and its multiples
(dark grey). Multiples of 3 occur within every 3rd row
of the matrix. Multiples of 3 comprise 1/3 of the total
of 21 clockwise spirals in the phyllotaxis growth
matrix.

3D
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SIEVING STEP #3. Locate the 3rd prime number (5) and cross out the multiples of 5.

Multiples of 5 (shaded)
(a) Occur in every 5th diagonal of
the matrix (indicated by direction
blue arrows)
(b) Occur in every 5th step within
rows or within columns of the
matrix (indicated, for example, by
the red arrows).

Locate the 3rd prime number (5) and cross out the multiples of 5.
(The number 4 was crossed out in a previous step, as a multiple of the prime number 2). The next available number is 5
(which is 13 columns and 8 rows away from 4 along the phyllotaxis generative spiral). It has not been crossed out, and
therefore 5 is the third prime number. Cross out all multiples of 5, i.e., integers after 5 within every 5th iteration of the F55
parastichy.

Multiples of 5 (shaded)
LEFT. A simulated daisy inflorescence with
(21,34)-phyllotaxis; a 3-dimensional equivalent of
the 2-dimensional spreadsheet above.
The third prime number, 5 (red), and its multiples
(blue) are shown. Multiples of 5 occur within every
5th diagonal of the matrix. Multiples of 5 comprise
1/5 of the total of 55 “diagonal” spirals in the
phyllotaxis growth matrix.

3D
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SIEVING STEP #4. Locate the 4th prime number (7) and cross out the multiples of 7.

Multiples of 7 (shaded)
Occur in every 7th row of
the matrix (blue arrows).

Locate the 4th prime number (7) and cross out the multiples of 7.
The number 6 was already crossed out in a previous step, as a multiple of 3. The next potential prime number is the
number 7 (which is 13 columns and 8 rows from 6 along the phyllotaxis generative spiral). The number 7 has not been
crossed out yet, and therefore 7 is the fourth prime number. Shade it red, and cross out (shade) all multiples of 7, i.e., all
integers within every 7th iteration of the F21 parastichy.

Multiples of 7 (shaded)
LEFT. A simulated daisy inflorescence with (21,34)phyllotaxis; a 3-dimensional equivalent of the 2dimensional spreadsheet above.
The second prime number, 7 (red), and its multiples
(light blue). Multiples of 7 occur within every 7th row
of the matrix. Multiples of 7 comprise 1/7 of the
total of 21 clockwise spirals in the phyllotaxis growth
matrix.

3D
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SIEVING STEP #5. Locate the 5th prime number (11) and cross out the multiples of 11.

Multiples of 11 (shaded)
(a) Occur in every 11th
diagonal, (blue arrows )
(b) Occur in every 11th
step between adjacent
multiples of 11 within rows
or columns (red arrows).

Locate the 5th prime number (11) and cross out the multiples of 11.
The numbers 8, 9, and 10 were already crossed out in a previous step. The next potential prime number is the number 11
(13 columns and 8 rows from 10 along the generative spiral). The number 11 has not been crossed out yet, and therefore
11 is the fifth prime number. Shade it red and cross out (shade) all multiples of 11, i.e., all integers within every 11th
iteration of the F55 parastichy.

Multiples of 11 (shaded)
LEFT. A simulated daisy inflorescence with
(21,34)-phyllotaxis; a 3-dimensional equivalent of
the 2-dimensional spreadsheet above.
The third prime number, 11 (red), and its
multiples (g
green) are shown. Multiples of 11
occur within every 11th diagonal of the matrix.
Multiples of 11 comprise 1/11 of the total of 55
“diagonal” spirals in the phyllotaxis growth matrix.

3D
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SIEVING STEP #6. Locate the 6th prime number (13) and cross out the multiples of 13.

Multiples of 13
(a) Occur in every 13th diagonal
(blue arrow).
(b) Occur in every 13 steps
between adjacent multiples of 13
within rows or columns (red circle).

Locate the 6th prime number (13) and cross out the multiples of 13.
The number 12 was already crossed out in a previous step, as a multiple of 2. The next potential prime number is 13
(which is 13 columns and 8 rows from 6 along the phyllotaxis generative spiral). The number 13 has not been crossed out
yet, and therefore 13 is the sixth prime number. Cross out all multiples of 13, i.e., all integers within every 13th iteration of
the F13 parastichy.

Multiples of 13 (shaded)
LEFT. A simulated daisy inflorescence with (21,34)phyllotaxis; a 3-dimensional equivalent of the 2dimensional spreadsheet above.
The third prime number, 13 (red), and its multiples
(orange) are shown. Multiples of 13 occur within every
13th counter-clockwise “diagonal” of the matrix, of
which there are only 13. Multiples of 13 comprise 1/13
of the total of 13 counter-clockwise “diagonal” spirals in
the phyllotaxis growth matrix.

3D
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SIEVING STEP #7. Locate the 7th prime number (17) and cross out the multiples of 17.

Multiples of 17
Occur in every
17th column of the
matrix (blue
arrows).

Locate the 7th prime number (17) and cross out the multiples of 17.
The numbers 14, 15, and 16 were already crossed out in a previous step. The next potential prime number is 17 (which is
13 columns and 8 rows from 10 along the phyllotaxis generative spiral). The number 17 has not been crossed out yet, and
therefore 17 is the seventh prime number. Shade it red, and cross out (shade) all multiples of 17, i.e., all integers within
every 17th iteration of the F34 parastichy.

Multiples of 17 (shaded)
LEFT. A simulated daisy inflorescence with
(21,34)-phyllotaxis; a 3-dimensional equivalent
of the 2-dimensional spreadsheet above.
The third prime number, 17 (red), and its
multiples (purple) are shown. Multiples of 17
occur within every 17 column of the matrix, of
which there 34. Multiples of 17 comprise 1/17
of the total of 34 columns in the phyllotaxis
growth matrix.

3D
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COMPLETED PRIME NUMBER SIEVE FOR N = 233 FLORETS

RED box numbers are the first
seven prime numbers.
WHITE box numbers are the
sieved prime numbers for n =
233.
SHADED boxes are the
multiples of the prime numbers.

Daisy Prime Number Sieve for n = 233 florets,
Depicted in 2D on a spreadsheet and in 3D on a simulated daisy inflorescence.
RED shading for the numbers indicate the first 7 prime numbers
WHITE shading for the numbers up to 233 indicates they are PRIMES.
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DAISY PRIME NUMBER SIEVE
FOR N = 2000
ON A SPREADSHEET
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The phyllotaxis prime number sieve: A SPREADSHEET MODEL.
The objective in this example is to sieve (identify) all of the prime numbers less n=2000, using a botanical integer lattice
for Fibonacci (21,34)-phyllotaxis on a spreadsheet.
The decision algorithm for determining primes is essentially identical to the Sieve of Eratosthenes, except that a
phyllotaxis integer lattice is used instead of the Eratosthenes table of numbers.
Build a spreadsheet lattice for n = 2000+ numbers with Fibonacci differences 13, 21, 24 and 55.
1. Go through the arithmetic sequence (1, 2, 3 … n) to locate successive numbers and test for prime. Numbers in
sequence are found by moving 8 rows down and 13 rows left in the spreadsheet “cylinder”.
2. At each number, apply test for prime: “is number crossed out yet?” If crossed out, follow the algorithm for finding
consecutive numbers (i.e., in the spreadsheet move 8 rows down and 13 columns to the left to find the next
available number). If the number has yet to be crossed out, then the number is prime.
3. If the number is prime, locate the multiples of that prime number on their own parastichy (spiral) and then cross
them out (algorithm described below).
The most unique and elegant aspect of this sieve is that the multiples of primes in the phyllotaxis array are always and
conveniently located on a spiral (parastichy).For example, for the first 7 prime numbers in the system:

Multiples of prime
Multiples of 2
Multiples of 3
Multiples of 5
Multiples of 7
Multiples of 11
Multiples of 13
Multiples of 17

parastichy location in the spreadsheet
every 2nd
column, with Fibonacci difference 34
every 3rd
row, with Fibonacci difference 21.
every 5th
Left-pointing diagonal, with Fibonacci difference 55.
every 7th
row, with Fibonacci difference 21.
every 11th
Left-pointing diagonal, with Fibonacci difference 55.
every 13th
Right-pointing diagonal, with Fibonacci difference 13.
every 17th
column, with Fibonacci difference 34.

Multiples of higher primes are located on unique, second- or higher-order parastichies with striking symmetry.
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EXPANDED DAISY INTEGER MATRIX. The first 2000+ numbers for a (21, 34)-phyllotaxis daisy integer lattice. The
phyllotaxis sieve algorithm will be applied to the matrix to on the following pages reveal the prime numbers.

Matrix growth within columns is simply determined by adding
the Fibonacci number ‘34’ to the value of the cell below it.

The daisy integer matrix
has sloping, saw-toothed
leading and trailing edges.
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STEP 1. Locate the first prime number (2) and cross out the multiples of 2 . The first available number in the set of 1 to 2000+ is 2,
which is located at the circumference of the botanical integer lattice. The number two is shaded yellow below. In the spreadsheet, the
number 2 is 13 columns and 8 rows away from the preceding number in the arithmetic sequence (the number 1), as are all consecutive
numbers. The number 2 is the first prime number. Cross out all multiples of 2. The multiples of 2 occur within every 2nd iteration of the
F34 parastichy.

The Fibonacci difference between
consecutive integers = 34 in the
columns of the matrix (a blue arrow
shows one column) which contain the
prime number 2 and the multiples of 2.

Multiples of the prime number 2
occur exclusively within every 2nd
column of the daisy Fibonacci
growth matrix, i.e., along the F34
parastichies.

42
STEP 2. Locate the second prime number (3) and cross out the multiples of 3. The next available number is 3 (13 columns and 8
rows away from the number 2 along the generative spiral). It has not been crossed out yet, and therefore 3 is the second prime number.
Cross out all multiples of 3. The multiples of 3 occur within every 3rd iteration of the F21 parastichy.

Multiples of the prime number 3 occur exclusively within every 3rd row of the daisy
Fibonacci growth matrix; e.g., rows 5, 8, 11, ,14, … (i.e., along the F21
parastichies).
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STEP 3. Locate the third prime number (5) and cross out the multiples of 5. The next available number is 5 (13 columns and 8
rows away from 4 along the generative spiral). It has not been crossed out, and therefore 5 is the third prime number. Cross out all
multiples of 5, i.e., integers after 5 within every 5th iteration of the F55 parastichy.

Multiples of the prime
number 5 are crossed
out by black arrows, and
shaded grey.

Multiples of 5 occur exclusively within every 5th
diagonal of the daisy Fibonacci growth matrix, i.e.,
along the F55 parastichies. Multiples of 5 are separated
by 5 row or column steps in all directions.
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STEP 4. Locate the fourth prime number (7) and cross out the multiples of 7. The number 6 was already crossed out in a previous
step. The next potential prime number is the number 7 (13 columns and 8 rows from 6 along the generative spiral). The number 7 has
not been crossed out yet, and therefore 7 is the fourth prime number. Cross out all multiples of 7, i.e., integers within every 7th iteration
of the F21 parastichy.

Multiples of the
prime number 7 are
crossed out by black
arrows and shaded
grey.

Multiples of 7 occur exclusively within every 7th row
of the daisy Fibonacci growth matrix, i.e., along the
F21 parastichies.
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STEP 5. Locate the fifth prime number (11) and cross out the multiples of 11. The numbers 8, 9, and 10 were already crossed out
in a previous step. The next potential prime number is the number 11 (13 columns and 8 rows from 10 along the generative spiral). The
number 11 has not been crossed out yet, and therefore 11 is the fifth prime number. Cross out all multiples of 11, i.e., integers within
every 11th iteration of the F55 parastichy.

Multiples of the
prime number 11
are crossed out by
black arrows and
shaded grey.

Multiples of 11 occur exclusively within every 11th diagonal of the
daisy Fibonacci growth matrix. i.e., along the F55 parastichies.
Multiples of 11 are separated by 11 row or column steps in all
directions.
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STEP 6. Locate the sixth prime number (13) and cross out the multiples of 13. The number 12 was already crossed out in a
previous step. The next potential prime number is the number 13 (13 columns and 8 rows from 12 along the generative spiral). The
number 13 has not been crossed out yet, and therefore 13 is the sixth prime number. Cross out all multiples of 13, i.e., integers within
every 13th iteration of the F13 parastichy.

Multiples of the prime
number 13 are crossed out by
black arrows and shaded grey.

Multiples of 13 occur exclusively within every 13th diagonal of
the daisy Fibonacci growth matrix. i.e., along the F13
parastichies. Multiples of 13 are separated by 13 row or
column steps in all directions.
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STEP 7. Locate the seventh prime number (17) and cross out the multiples of 17. The numbers 14, 15, and 16 were already crossed
out in a previous step. The next potential prime number is the number 17 (13 columns and 8 rows from 16 along the generative spiral).
The number 17 has not been crossed out yet, and therefore 17 is the seventh prime number. Cross out all multiples of 17, i.e., integers
within every 17th iteration of the F34 parastichy.

Multiples of the
prime number 17
are crossed out by
black arrows and
shaded grey.

Multiples of the prime number ‘17’ within rows
of the matrix (e.g., ‘17’ and ‘374’) are located
exactly 17 column-steps apart (as shown in the
enclosed blue box).
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STEP 8. Locate the eighth prime number (19) and cross out the multiples of 19. The number 18 was already crossed out in a previous
step. The next potential prime number after 18 is the number 19 (13 columns and 8 rows from 18 along the generative spiral). The
number 19 has not been crossed out yet, and therefore 19 is the eighth prime number. Cross out all multiples of 19, i.e., integers within
every 19th diagonal of the matrix.

Multiples of the
prime number 19
are crossed out by
black arrows and
shaded grey.

Multiples of 19 within columns of the matrix (e.g., ‘19’ and
‘665’) are located exactly 19 row-steps apart and exactly
19 column-steps apart (enclosed by the blue boxes).
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The Phyllotaxis Prime Number Sieve, after the first 8 steps (the prime numbers up to an including the number 19 are identified and their
multiples crossed out). Numbers in un-shaded boxes are potentially prime numbers, to be determined by further sieving.
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STEPS 9 and 10 (combined in diagram). Locate the ninth and tenth prime numbers (23 and 29) and cross out the multiples of 23 & 29.

Multiples of prime number 23: crossed out by red arrows, shaded
Multiples of prime number 29: crossed out by black rows, shaded

Multiples of 23 within columns (e.g.,
‘23’ and ‘805’ are located exactly 23
rows steps or column steps apart
(enclosed by blue boxes).
Multiples of 29 within columns (e.g., ’29’ and ‘1015’ are
located exactly 29 row-steps apart or 29 column- steps apart
(enclosed by blue box).

THE PRIME ALGORITHM: Multiples of the prime number ‘29’ within columns of the daisy growth matrix follow this sequence:
[29, 29*35, 29*(35+34), 29*(35+34+34), 29*(35+34+34+34)… 29*(35+34n)], where n = the number of 29-row “jumps”
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The phyllotaxis prime sieve for the first 10 prime numbers:
The numbers in un-shaded boxes are either prime or potentially prime.
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STEPS 11 and 12 (combined in diagram). Locate the eleventh and twelfth prime numbers (31 and 37) and cross out their multiples.

Multiples of prime number 31: crossed out by red arrows
Multiples of prime number 37: crossed out by black rows

Multiples of 37 within columns (e.g.,
‘37’ and ‘1295’ are located exactly 37
rows steps [or columns steps for
primes within rows] apart (enclosed
by blue circle). 1295 = 37*35

Multiples of 31 within columns (e.g.,
‘31’ and ‘805’ are located exactly 31
rows steps [or column steps for
primes within rows] apart (enclosed
by blue circle). 805 = 31*35

Multiples of 31 (black arrows) and 37 (red arrows)
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The phyllotaxis prime sieve for the first 12 prime numbers
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STEP 13 and 14. Locate the thirteenth and fourteenth prime numbers (41 and 43) and cross out the multiples of 41 and 43.

Multiples of prime number 41: crossed out by red arrows
Multiples of prime number 43: crossed out by black rows

Multiples of 41 within
columns (e.g., ‘41’ and
‘1435’ are located
exactly 41 row-steps
apart (enclosed by blue
box); 1435 = 41*35

Multiples of 43
within columns
(e.g., ‘43’ and
‘1505’ are located
exactly 43 rowsteps apart
(enclosed by blue
box); 1505 =
43*35
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COMPLETED DAISY PRIME NUMBER SIEVE FOR N = 2000

The phyllotaxis prime sieve for the first 14 prime numbers, which sieves the primes for n = 2000.
Numbers in white boxes are all prime numbers identified by the natural prime number generator found in plants.
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To sieve more than 2000: STEP 15. Locate the fifteenth prime number (47) and cross out the multiples of 47.

Multiples of the prime number 47 within
columns (e.g., ‘47’ and ‘1645’ are located
exactly 47 rows steps apart (enclosed by
blue box). 1645 = 47*35 is the formula.

Daisy growth matrix for n = approx. 2000, showing the first 15 prime numbers (yellow) and their multiples (shaded). The
numbers within white boxes are prime numbers. Multiples of the 15th prime number, 47, are shaded red, and form a spiral
on the surface of a cylinder.
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