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Determination of the ploidy level in chamomile

(Chamomilla recutita (L.) Rausch.) strains rich

in �-bisabolol

Katarzyna SEIDLER-£O¯YKOWSKA

Research Institute of Medicinal Plants, Poznañ

Abstract. The present study aimed to identify morphological traits whose performance
depends on plant ploidy in Chamomilla recutita. Flowerhead diameter, 100-flowerhead
weight, 1000-seed weight, pollen grain diameter, stoma length, and number
of chloroplasts per guard cell, were examined in 5 tetraploid and 5 diploid strains. Out
of these traits, stoma length, number of chloroplasts per guard cell, 100-flowerhead
weight, and 1000-seed weight, proved to be significantly higher in tetraploid than
in diploid strains, and can be used for indirect identification of tetraploid and diploid ge-
notypes in various developmental stages of this species.
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Chamomile (Chamomilla recutita (L.) Rausch.) is one of the most important me-
dicinal plants commonly cultivated in Poland. Its documented healing properties
include: anti-inflammatory, antiseptic, sedative and spasmolytic. Chamomile
flowerheads (Anthodium chamomillae) are the raw material, which contains about
120 chemical constituents, such as terpenoids, flavonoids and others.
Chamazulene and �-bisabolol are the most important components of the essential
oil (SCHILCHER 1987).

Increasing demands of pharmaceutical and cosmetic industries regarding
the quality of chamomile raw material, resulted in breeding programmes aiming
to obtain homogeneous cultivars with high yields and high concentrations of ac-
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tive substances. Tetraploid chamomile cultivars, which are widely introduced into
cultivation, produce higher yields of flowerheads, essential oil and flavonoids per
hectare (SCHILCHER 1987). They are also quite stable in their chemical composi-
tion, as compared to diploids (REPÈÁK et al.1993). In breeding programmes, it is
important to determine the ploidy level in a quick and simple way in various
stages of plant development. This study aimed to determine which morphological
traits depend on plant ploidy and can be used for indirect identification of diploids
and tetraploids. The experiment was a part of a chamomile breeding programme
initiated in the Research Institute of Medicinal Plants (RIMP) in Poznañ, Poland,
in order to obtain a tetraploid chamomile cultivar with a high �-bisabolol content
of essential oil.

Colchicine (0.5 and 1.0%) treatment was done to obtain tetraploid strains
of chamomile rich in �-bisabolol. Five diploid (C1, C3/2, C3/3, C3/41, C3/42)
and five tetraploid (C2/2, C6/4, C6/5, C6/8, C10) strains of the sixth generation
were compared. Chamomile cultivars: Bona (2n), Promyk (2n), Goral (4n),
and Z³oty £an (4n), were used as controls.

The following traits were analysed: (1) flowerhead diameter: from each strain,

100 flowerheads were randomly chosen and measured with accuracy �0.1cm;
(2) 100-flowerhead weight: from each strain, 100 flowerheads in three replica-

tions were randomly chosen and weighed with accuracy �0.01g; (3) 1000-seed
weight: from each strain, 100 seeds in three replications were randomly chosen

and weighed with accuracy �0.0001g; the mean result was recalculated per
1000 seeds; (4) pollen grain diameter: from each strain, 100 pollen grains stained

in 4% acetocarmine were measured under a microscope (350�); (5) stoma length;
and (6) number of chloroplasts per guard cell. The last two traits were measured in
the fifth or sixth leaf. On the lower epidermis, 20 measurements of those two pa-
rameters were taken for each strain in four replications. Each replication repre-
sented a different plant.

The ploidy level of all studied strains was confirmed by direct chromosome
counting. Chromosomes were counted in shoot apical meristems of plantlets
whose cotyledons were fully developed. Meristems were fixed in anhydrous alco-
hol and chloroform (2 : 1) and stained in acetoorceine. The chromosomes were
counted in metaphase of mitosis in 20 cells from each strain.

Table 1 presents mean values of studied traits in diploid and tetraploid geno-
types. Analysis of variance revealed significant differences between diploid
and tetraploid strains and cultivars in respect of all studied traits. Differences in
the traits between individual genotypes were statistically analysed with Student’s
t-test.

Flowerhead diameter ranged from 1.75 to 1.93 cm in diploids, and from 1.94 to
2.24 cm in tetraploids, so it was about 10-15% longer in tetraploids than in dip-
loids. LETCHAMO et al. (1994), who studied 100 diploid genotypes
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and 84 tetraploid genotypes presented similar results. CZABAJSKA (1963), who
compared 6 diploid genotypes and 13 tetraploid genotypes, observed that
flowerheads of tetraploids were 50% larger than those of diploids.

The weight of 100 fresh flowerheads of diploid strains varied from 12.26
to 15.69 g, while tetraploids had values from 20.75 to 24.80 g, so flowerheads
of tetraploids were about 60% heavier than those of diploids. Although
LETCHAMO et al. (1994) reported wider ranges of variation: from 20.0 to 31.0 g
in tetraploids and from 15.0 to 24.0 g in diploids, the general trend was the same.
CZABAJSKA (1963) found that the weight of tetraploid flowerheads was about
twice as high as that of diploids.

The weight of 1000 seeds of diploid plants ranged from 0.058 to 0.067 g,
whereas the corresponding scores of tetraploid plants ranged from 0.096
to 0.105 g, so they were about 60% higher than those of diploids. Similar results
were reported by CZABAJSKA (1963), while LETCHAMO et al. (1994) did not use
this feature in their investigation.

Determination of the ploidy level in chamomile 153

Table 1. Performance of selected morphological traits of diploid and tetraploid strains
and cultivars of Chamomilla recutita

Strain
or cultivar

Flowerhead
diameter

[cm]

100-flower-
head weight

[g]

1000-seed
weight

[g]

Pollen grain
diameter

[m]

Stoma length

[m]
Chloroplasts/

guard cell

Diploids

C1 1.82 ab 13.8 abc 0.061 ab 22.13 e 39.05 a 7.08 c

C3/2 1.77 a 15.69 c 0.063 ab 20.30 abc 40.33 ab 6.82 bc

C3/3 1.83 ab 15.58 c 0.062 ab 20.68 bcd 44.00 c 5.81 a

C3/41 1.83 ab 14.93 bc 0.064 ab 21.05 d 44.28 c 8.42 d

C3/42 1.87 bc 15.48 c 0.067 b 20.18 abc 40.21 ab 8.06 d

Promyk 1.93 c 13.08 ab 0.058 a 19.88 ab 39.47 ab 6.45 b

Bona 1.75 a 12.26 a 0.058 a 19.38 a 40.95 b 6.49 bc

Tetraploids

C2/2 2.20 ef 24.80 f 0.105 e 26.13 g 58.04 e 11.07 e

C6/4 2.11 de 21.60 de 0.101 cde 24.73 f 59.79 f 14.89 hi

C6/5 2.12 de 23.38 ef 0.102 cde 26.10 g 59.76 f 14.70 h

C6/8 2.24 f 24.14 f 0.103 de 26.35 gh 59.95 f 13.99 g

C10 2.05 d 23.41 ef 0.105 e 26.75 h 53.88 d 15.36 i

Z³oty £an 2.18 ef 22.27 def 0.097 cd 25.33 f 59.53 ef 13.82 g

Goral 1.94 c 20.75 d 0.096 c 24.84 f 58.74 ef 12.77 f

LSD 0.05 0.083 2.139 0.007 0.602 1.607 1.188



The mean diameter of pollen grains varied from 19.38 to 22.13 �m in diploids
and from 24.73 to 26.75 �m in tetraploids, so it was about 25% higher
in tetraploids than in diploids. In the study carried out by LETCHAMO et al. (1994),
pollen grain diameter varied from 13 to 24 �m in diploids and from 24 to 52 �m
in tetraploids. Similar results were obtained by CZABAJSKA (1963), but she noted
that the diameter of pollen grains can depend on other factors, such as: the stage
of flowerhead development, position of the flowerhead (main or lateral shoot),
and even on the level of fertilization.

The mean length of stoma varied from 39.05 to 44.28 �m in diploid plants
and from 53.88 to 59.95 �m in tetraploids, so it was about 40% higher
in tetraploids than in diploids. An identical difference was reported
by CZABAJSKA (1963). LETCHAMO et al. (1994) observed wider ranges of varia-
tion: mean stoma length for diploid forms ranged from 16 to 43 �m, while
for tetraploids from 40 to 71 �m.

The mean number of chloroplasts per guard cell ranged from 5,81 to 8,42
in diploids, and from 11,07 to 15,36 in tetraploids, so the values for tetraploid
strains were nearly twice as high as those for diploids. In investigations conducted
by LETCHAMO et al. (1994), the number of chloroplasts ranged from 5 to 11
in diploid forms and from 11,5 to 14,5 in tetraploids. CZABAJSKA (1963) obtained
similar results: on average 6.5 chloroplasts in diploids and 12.4 in tetraploids.

The authors cited above (CZABAJSKA 1963, LETCHAMO et al. 1994)
emphasise the importance of stoma length and the number of chloroplasts per
guard cell. They pointed out that these traits make it easy to distinguish diploid
forms of chamomile from tetraploid ones throughout the growing period. Similar
results were obtained for other medicinal plants. For example, GRESENS (1996)
reported that tetraploids of marjoram (Origanum majorana L.) and savory
(Satureja hortensis L.) had about 35% longer stomata than diploid forms. Accord-
ing to D¥BROWSKA (1996) the stoma length and pollen grain diameter may con-
stitute suitable markers for determination of the ploidy level in yarrow (Achillea

millefolium L.), as the investigated tetraploid strains contained nearly twice as
many chloroplasts as diploids.

It can be concluded that observation of stoma length, number of chloroplasts
per guard cell, 100-flowerhead weight, and 1000-seed weight are suitable, quick
and easy methods for identifying the ploidy level of chamomile in various stages
of the plant development. These indirect methods could be easily used for screen-
ing and selection of breeding materials. Another advantage of using indirect meth-
ods is no need of sophisticated techniques or equipment, so anybody can use them
after a short training.
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