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INTERPRETATION OF FIBONACCI NUMBERS IN BOTANY
ON THE EXAMPLE OF SELECTED FRUITS

Abstract

Introduction and aims: The study shows the interpretation of Fibonacci bers in botany. In
particular, it is shown the interpretation of syntrjdan the cross-sections of selected fruits of
plants and trees. Also have been presented sonmgtides of Fibonacci numbers and discuss
their interpretation in certain cross-sections efested fruits. Therefore, the main aim of this
work is to show the interpretation of Fibonacci ars in the analysis of cross-sections of
selected fruits.

Material and methods: Material consists some pictures of fruits and tleeass-sections which
were made by the Authors of this paper. The metifodsual and theoretical analysis has been
performed in this paper.

Results: In this paper, has been considered a series akstieg images of fruit selected plants
and trees. Presented graphical interpretation @, dwiangular, pentagonal, octagonal and
decagonal symmetry, which shows the occurrencébaingcci numbers.

Conclusions: Fibonacci numbers in botany are interpreted int farbss-sections of various
plants. In some cross-sections of plant and tigesfcan be observed some multiples of Fibonacci
numbers. The interpretation of Fibonacci numberg beaused to supplement the classification of
fruit plants.
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INTERPREATCJA LICZB FIBONACCIEGO W BOTANICE
NA PRZYKLADZIE WYBRANYCH OWOCOW

Streszczenie

Wstep i cele: W pracy pokazano interpretacjiczb Fibonacciego w botanice. W szczegéino
pokazano interpretagj symetrii wysipujgcej przekrojach poprzecznych wybranych owocow
roslin i drzew. Podano definicje liczb Fibonacciegamromowiono ich interpretacjiw okrelo-
nych przekrojach poprzecznych wybranych owocéverZatownym celem pracy jest pokazanie
interpretacji liczb Fibonacciego w analizie przeji poprzecznych wybranych owocow.
Materiat i metody:Materiatem g zdgcia owocow i ich przekrojéw poprzecznych wykonaaez
autorOw pracy. Zastosowano megaghalizy wizualno-teoretycznej.

Wyniki: W pracy otrzymano szereg interegyjch zdi¢ owocow wybranych gtin i drzew.
Przedstawiono interpretagj graficzry symetrii dualnej, trojitnej, peciokgtnej, gmiokgtnej

I dziesgciokgtnej, w ktérej pokazano wystowanie liczb Fibonacciego.

Whioski: Interpretacg liczb Fibonacciego mima znalé¢ w ré&nych przekrojach owocow wybra-
nych raglin. W niektérych przekrojach owocowslia i drzew ména zaobserwowakrotnasci
liczb Fibonacciego. Interpretacja liczb Fibonacatemae by wyteczna w uzupetnieniu klasyfi-
kacji owocow ralin.

Stowa kluczoweBotanika, owoce, przekroje poprzeczne, liczby Flsoiego, interpretacja.
(Otrzymano: 01.06.2015; Zrecenzowano: 15.06.20Hakeeptowano: 30.06.2015)
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1. Fibonacci numbers

Leonardo of Pisa was born around 1175 years ardl idied250. The
Italian mathematician. His father, Guillermo Bonafammily, he was a
diplomatic mission in North Africa and the Fibonatlere just was
educated. The first lessons in mathematics chargm fthe Arabic
teacher inBouia. He has traveled extensively, first with his fatlaed

later alone, visiting and educating themselvedacegs like Egypt, Syria,
Provence, Greece and Sicily. On his travels throkghope and the
countries of the East he had a chance to see kirevament of Arab and
L eonardo Flbonaci Hindu mathematicians, especially the decimal systamber. Fibonacci
(around 1175 —1250) ended around 1200 to travel and returned to Pisa [9

Fibonacci sequence of the general expression B(d¢termined for each natural number
nCIN by the following recursive definition [1], [2]:

F()=1, F@F1 i F(n+2) = F(n+1) + F(n). (1)

On the other hand, the general expression F(fikmdnacci sequence for any number of
natural 21 is defined by Binet formula [1]-[2]:

Eshsl

2 2

F(n)E% (

When using any definition (1)-(2), we obtain thédwing sequence of numbers:
1, 1,2, 3,5 8, 13,21, 34, ... 3)

Sometimes are used Fibonacci numbers which areiptyulty any natural number. For
example, doubled Fibonacci sequence of numbessfidlaws:

(2)

2, 2,4, 6, 10, 16, 26, 42, 68, ... (4)
Moreover tripled Fibonacci sequence of numbersimasgollowing form:

3, 3, 6,9 15, 24, 39, 63, 102, ... (5)
and Fibonacci sequence of numbers multiplied by 4:

4, 4,8, 12, 20, 32, 52, 84, 136, ... (5)

Hence we can construct the following multiplicatigi2=4, 23=6, 25=10, 28=16, 221=42,
33=9, 42=8 and 43=12 which occurs in presented in this paper cressans.

2. Symmetry of fruit

The interpretation of Fibonacci numbers can be doun various issues of botany. In
particular, Fibonacci numbers can be read not tmycross-section of fruit and vegetables,
but also in their foliage [3]-[8]. In this paper,ewshow the interpretation of Fibonacci
numbers in the symmetry of selected fruits. We mi#ésent the dudktrawberry),triangular
(banan and horned melomentagonalapple, pear, carambola, kumquat, lemongtagonal
(lemon)and decagonal symmetfigmon, green lemon).

Furthermore there it will be indicated the angleratation about the central axis of the
fruit. We will also show examples of fruit, in wihidhere is some symmetry simultaneously
(melon, grapefruit, kiwi).
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3. Symmetry in intersectional views of fruits
3.1. Dual symmetry

This variant of radial symmetry, also called duaith rotation angle of 180° about the

central axis there is strawberries (Fig. 1a). lassrsection of the strawberry is observed
Fibonacci number 2 (Fig. 1b).

"
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Fig. 1a.Strawberrygeneral view
Photo: J.Sledziowski
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Fig. 1b.Strawberry cross-section, number 2
Photo: J.Sledziowski

3.2. Triangle symmetry and its multiple

A triangular symmetry with rotation angle T28lso is presented in bananas (Fig. 2a). We

have possibility of interpretation the twice Fibooanumber 3 for cross-sectional where the
sum of baffles and chambers is 63 @ig. 2b).

Fig. 2a. Banans, general view
Photo: G.P. Skorny

Fig. 2b. Banan, cross-section, numBer
the sum of baffles and of chambers 63 2
Photo: G.P. Skorny

Very interesting sections we can found in hornedoméalso called kiwano)ln some
cross-sections of the horned melon there is trimgaymmetry and we can read Fibonacci
number 3 (Fig. 3a,b) and its doubling 63 @ig. 3c,d).
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Fig. 3a. Horned melon, cross-section, Fig. 3b. Horned melon, cross-section,
number 3Photo: G.P. Skorny number 3Photo: G.P. Skorny

Fig. 3c. Horned melon cross-section Fig. 3d. Horned melon, cross-section
the number of baffles 6 42 number of chambers 6 £
Photo: G.P. Skorny Photo: G.P. Skorny

3.3. Pentagonal symmetry and its multiple

This variant of pentagonal symmetry, also calledtaedial, with rotation angle of 72°
about the central axis show some crossé&sabfien Deliciousapples (Fig. 4a) andoyal Gala
(Fig. 5a). Here there is a Fibonacci number 5 (& Fig. 5b).

R -'.;ig&“‘ W
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Fig. 4a. ApplesGolden Deliciousgeneral view Fig. 4b. Apple, cross-section, number 5
Photo: J.Sledziowski Photo: J.Sledziowski
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Fig. 5a. ApplefRoyal Gala general view Fig. 5b. Apple, cross-section, numer 5
Photo: J.Sledzioski Photo: J.Sledzioski

A pentagonal symmetry is also a cross-sectionpkaf (Fig. 6a,b)

Fig. 6a. Pears, general view Fig. 6b Pear, cross-section, number 5
Photo: J.Sledziowski Photo: J.Sledziowski

A pentagonal symmetry is also a cross-sectionahdmbola (Fig. 7a,b)

4 — 3 42T

Fig. 7a. Carambola, number 5 petals Fig. 7b. Carambola, 5 petasd 5 indentations

Photo: G.P. Skorny number 10 = B
Photo: G.P. Skorny

A pentagonal symmetry can be observed in kumquét(fig. 8a). In the kumquat cross-
section, such symmetry is both in the number ofiém{5) and number of chambers (5) (Fig.
8b). You can also see a double Fibonacci numbiee.510 = 25. Then if we take into account

the sum of baffles and chambers, we have here afgletation 38 around a central axis
(Fig. 8b).
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Fig. 8a. Kumquats, cross-section, Fig. 8b. Kumquats, cross-section,

number Soccurring 2 times numberi0 = 25
Photo: G.P. Skorny Photo: G.P. Skorny

3.4. Octangle symmetry

Type the octagonal symmetiy.e. octoradial),with rotation angle 45 we see in the
ig. 9b)

Fig. 9a. Lemon, general view Fig. 9b. Lemon, cross-section
Photo: J.Sledziowski number of parts 9 =[3
Photo: J.Sledziowski

3.5. Decagonal symmetry
A decagonal symmetrfj.e. decaradial) with rotation angle 36about central axis occurs

in lemons (Fig. 10a). There is double of Fibonauanber 5 in the certain cross-sections of
lemon, i.e 10 = 3.

Fig. 10a. Lemon, general view Fig. 10b. Lemon, cross-section
Photo: J.Sledziowski number of sections 10
Photo: J.Sledziowski
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Fig. 11a. Green lemon, general view

Fig. 11b. Green lemon, cross-section,
Photo: J. Sledziowski

number of sections 10
Photo: J. Sledziowski

3.6. The occurrence of several symmetries

Outside the melon may be seen a decagonal symmetrg number of parts, i.e. 10 $2
We have here a doubling of Fibonacci number 5 (E2g).

On the other hand, in the cross-section of melonhaee a quadruple symmetry in a
number slits, i.e. 4 =[2. Moreover, there is some octagonal symmetry inrthmber of

recesses with grains, i.e. 8 24We have in this case some doubling of Fibonaaoilver 2
and the multiplication by 4 of Fibonacci numbeiF&y( 12a,b).

Fig. 12a. Melon, general view, Fig. 12b. Melon, cross-section — number of parts
number of parts 10 =2 number of parts 4 =[2, number of parts 12 =31
Photo: G.P. Skorny Photo: G.P. Skorny

The octangle symmetrfy.e. oktoradial)with rotation angle 45(Fig. 13a) and hexagonal
symmetry (e.g. hexradial)with rotation angle 225is occurred in a cross-sectional of
grapefruit (Fig. 13b). We have doubled Fibonacenbears 4 and 8, i.e. 8 #4and 16 = B.

Wery interestig case may be observed in kiwi f(Hig. 14a). There are 42 baffles in kiwi
fruit. There is an interpretation of Fibonacci dmtbnumber 21, it is 42 =21 (Fig. 14b)
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Fig. 13a. Grapefruit, cross section of the number Fig. 13b. Grapefruit cross section of the total

of baffles calculated what the other 82 4 number of baffles 16 =&
Photo: G.P. Skorny Photo: G.P. Skorny

Fig. 14aKiwi fruit, g Fig. 14b. Kiwi, the cross section - number 42
Photo: J.Sledziowski the total number of baffles 42 £24
Photo: J.Sledziowski

. Conclusions

Fibonacci numbers in botany are interpreted irnt tross-sections of various fruits of plant
and trees. In some cross-sections of fruit plaris be observed some multiples of
Fibonacci numbers.

The interpretation of Fibonacci numbers may be usesupplement the classification of
fruit plants.

Literature

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

Batschelet E.Einfiihrung in die Mathematik fur BiologeBpringer, 1980.

Bopob6res H. H.: Yucra @ubonayuu, N3natensctBo Hayka, Mocksa 1978,u3n. 4 nom.

D’Arcy W.,T.: On growth and formCambridge University Press, 1952.

Esau K.:Anatomia rg@lin, PWRIL, Warszawa 1973.

Halicz B.:Botanika,PWN, Warszawa 1971, wyd. 2.

Malinowski E.:Anatomia rg@lin, PWN, Warszawa 1987, wyd. 9.

Prusinkiewicz P., Lindemayer AThe algorithmic beauty of plantSpringer-Verlag, Berlin, 1990.
Szweykowska A., Szweykowski Botanika-Morfologia Tom ,JPWN, Warszawa 2000.
http://pl.wikipedia.org/wiki/Fibonacci

216



