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Abstract: During the study, the characteristics of fl ower heads and seed yield 
of marigold (Calendula offi cinalis L.) plants harvested at different stages of 
seed maturity (achenes from different types of heads – primary, secondary, 
and tertiary ramifi cations) were measured. The number of total fl ower heads 
(infl orescences), heads with mature seeds, and the diameter of heads with 
mature seeds and weight of seeds of the above mentioned fractions per plant 
were calculated. The results show that there are signifi cant differences among 
treatments regarding several parameters. The plants were harvested when 
90% of the heads formed on the primary ramifi cations and 75% of the heads 
formed on the secondary ramifi cations, having mature seeds superior to plants 
with 50% of the secondary heads with mature seeds.
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1. Introduction

Pot marigold, or calendula (Calendula offi cinalis), from the Asteraceae family is 
an annual plant originating from the Mediterranean area [1]. It is cultivated around 
the globe, predominantly for ornamental purposes [2]. Its medicinal properties are 
also known, the infl orescences being used for the treatment of several diseases [3]. 
There is a vast literature on the composition of the fl owers and their pharmaceutical 
properties [4, 5, 6, 7].

In recent years, calendula has been rediscovered as an industrial oil-bearing 
crop [8]. Its seeds (achenes) contain around 20% of fatty acid, of which calendulic 
acid constitutes approximately 60% [9]. This component has a special chemical 
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structure [10], which provides such properties that make it suitable for utilizations 
such as coatings, paints, cosmetics [1], adhesives, and replacement for volatile 
organic compounds (VOCs) [9].

There are studies analysing the effects of plant density, applied herbicides [1], 
genotype [8], sowing date [9], mineral fertilizers [11], or harvest date [12] on seed yield.

As the plant develops an indeterminate number of fl ower heads [12], defi ning 
the proper harvest time could be diffi cult since the maturing of seeds is continuous 
on the one hand, but previously ripened seeds tend to fall off the plant on the 
other hand.

Another problem originates from the fact that fl ower heads developed on different 
ramifi cations of the plant reach maturity at various rates, this also contributing to 
the uncertainty of optimal harvest time.

The purpose of this pilot experiment was data acquisition for the determination 
of the best phenological phase of the plant for achieving the highest seed yield 
under the climatic conditions of the area.

2. Materials and methods 

Experimental site and experimental design

The fi eld study took place in 2020, in the Medicinal and Aromatic Plants Garden 
belonging to the Didactical and Research Field of the Faculty of Technical and 
Human Sciences, Târgu-Mureş, of Sapientia Hungarian University of Transylvania, 
situated in Târgu-Mureş, Mureş County, Romania. The monthly average temperature 
values and the sums of precipitation of 2020 compared to the multiannual values 
(period of 1971–2000) are presented in Table 1.

Table 1. Air temperature and precipitation values during the vegetation 
period of the experimental year and the multiannual 

mean values representative of the area

Year Month

May June July August

Average air temperature (°C)

2020 13.0 18.6 19.8 20.7

1971–2000 15.7 18.5 20.2 19.6

Precipitation (mm)

2020 71 124 74.2 N/D

1971–2000 65.1 84.8 76.6 66
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The three treatments (seeds’ maturity duration at the time of harvesting) and four 
replications were scheduled in a randomized complete block design (RCBD), with 
each plot having a 10 m2 (2 x 5 m) area and consisting of fi ve rows. Data collection 
was carried out in the three central rows from a number of 12 randomly selected 
plants in the case of each replication.

Preparation of the experimental fi eld

In the autumn of 2019, a 25 cm deep ploughing was performed, followed by 
a rototilling after the pass of the cold season. Prior to sowing, the seedbeds were 
made manually. A total of 150 kg/ha complex mineral fertilizer with 16:16:16 
NPK content and 200 kg/ha ammonium nitrate mineral fertilizer with 33.5% N 
content were applied to the fi eld. Sowing was performed on 10 May 2020 with 
a 40 cm distance between the rows and a depth of 4 cm. The 10 cm fi nal inrow 
distance between plants was achieved manually after the emergence of plantlings, 
resulting in a plant density of 25 plants/m2. A single dose of irrigation was applied 
to the fi eld for a better and more uniform emergence of plants. The harvest was 
effectuated at the stages of 90% mature seeds on the primary heads and 50% and 
75% mature seeds in the secondary heads of the plants (13 and 24 August and 2 
September 2020). The durations of the growth periods were 96, 107, and 116 days.

Data collection

The following measurements were effectuated on the different types of heads 
(developed on the primary, secondary, or tertiary ramifi cations of the plant): 
number of heads and number of heads that reached seed maturity, diameter (in 
mm) and seed yield (in g) of heads with mature seeds.

Data analysis

The data obtained were subjected to data analyses using the PAST program. In 
the case of data with normal distribution, ANOVA and Tukey’s test were performed, 
while for data with non-normal distribution or represented by nominal variables, 
the Kruskal–Wallis and Mann–Whitney tests were used.

3. Results and discussion

Number of fl ower heads per plant

By comparing the data of total infl orescence formation on the primary rami-
fi cations among the three seed maturity groups, it can be said that there are no 
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signifi cant differences. This statement is also valid for the data of head number 
on secondary and tertiary ramifi cations and also for the total number of heads per 
plant regardless of the harvesting group (p > 0.05).

In contrary, the distribution of infl orescences formed on different ramifi cations 
shows statistically signifi cant differences in the case of plants harvested at 90% 
and 50% maturated seed groups, the number of heads formed on the tertiary 
ramifi cations being signifi cantly lower than the other two head types (p < 0.001) 
(Figure 1A–B). The total infl orescence number in the case of the 75% group shows 
no differences (Figure 1C).

Similarly to the above mentioned results, the data regarding the number of 
infl orescences with maturated seeds formed on primary, secondary, and tertiary 
ramifi cations and also the total number of matured infl orescences per plant presents 
no statistically signifi cant differences.

Notes: Lower case letters denote signifi cant differences; /, //, and /// denote p values smaller 
than 0.5, 0.01, and 0.001.

Figure 1. Number of total fl ower heads (A – 90%, B – 50% and C – 75% 
maturity), and matured fl ower heads (D – 90%, E – 50%, and F – 75% maturity) 

on different ramifi cations

However, analysing the data obtained from plants harvested at 90% seed maturity, 
we can observe a decrease in the number of heads formed on the different ramifi cation 
types, the highest number of heads being formed on the primary ramifi cations, while 
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the lowest number of heads can be observed in the case of tertiary ramifi cations. 
The same pattern is present also in the results originating from plants harvested 
at 50% matured seeds on secondary ramifi cations. The differences are statistically 
signifi cant in both cases (p < 0.001 and p < 0.01). A similar tendency is visible at the 
data from plants harvested at 75% maturated seeds on the secondary ramifi cations, 
but in this case only the number of heads formed on the tertiary ramifi cations is 
signifi cantly lower than the other two types (p < 0.01) (Figure 1D–F).

Diameter of fl ower heads

The diameter of fl ower heads formed on primary ramifi cations is greater than 
those from secondary and tertiary ramifi cations. Comparing the head diameters 
of different ramifi cations of plants from the three separate harvest times, it can be 
stated that the differences are statistically signifi cant in the case of primary fl ower 
heads, the plants with 90% and 50% matured seeds having signifi cantly higher 
head diameters compared to plants of 75% matured seeds (Figure 2a.A). Contrary 
to this, in the case of tertiary fl ower head diameter, the highest values come from 
plants of the third harvest date, followed by plants of the second and fi nally 
by the fi rst harvest date, the differences between the fi rst and latter two groups 
being signifi cant (Figure 2a.B). This could be partially explained by the fact that 
the fl ower heads developed earlier on the primary ramifi cations have shrunken 
after ripening. There are no signifi cant differences among the secondary fl ower 
head diameters of the plants of different harvest times. The average fl ower head 
diameter is signifi cantly higher in the case of plants harvested at 90% and 50% 
seed maturity as compared to plants of 75% seed maturity (Figure 2a.C).

Figure 2a. Diameter of matured fl ower heads (A – primary, B – tertiary, and 
C – plant average) and their distribution among different ramifi cations 
in the case of the three harvest times (D – 90%, E – 50%, and F – 75%)
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Notes: Lower case letters denote signifi cant differences; /, //, and /// denote p values smaller 
than 0.5, 0.01, and 0.001.

Figure 2b. Matured fl ower heads distribution among different ramifi cations 
in the case of the three harvest times (D – 90%, E – 50%, and F – 75%)

The dispersion of fl ower heads formed on primary, secondary, or tertiary 
ramifi cations is similar for plants of all harvest dates in such a manner that the 
diameters’ value decreases from primary to tertiary ramifi cations, the differences 
being statistically signifi cant in all cases, with p < 0.01 or even 0.001 (Figure 2b.D–F).

Weight of fl ower heads

The average weight of a fl ower head ranges from 0.38 g to 2.66 g. After analysing 
the data of the dispersion of fl ower head weights of different ramifi cations, we can 
conclude that plants harvested at 90% seed maturity have developed the fl ower 
heads with the greatest weight, followed by plants harvested at 75% and lastly 
plants harvested at 50% seed maturity; the differences between the fi rst group and 
the latter two are statistically signifi cant (p < 0.05) (Figure 3A). Comparing the 
weights of fl ower heads formed on the secondary ramifi cations of plants harvested 
at different seed maturity stages, we can conclude that the lowest values come from 
the 90% seed maturity harvest time, followed by the 50% and 75% seed maturity 
groups, but without signifi cant differences among the groups. The weight of fl ower 
heads formed on tertiary ramifi cations of the fi rst two harvest times are the same, 
and the values of the third harvest date are signifi cantly higher (p < 0.01) (Figure 
3B). An explanation to this phenomenon could be that plants of the third harvest 
date had a longer period to develop their fl ower heads on the tertiary ramifi cations.

Average per plant fl ower head weight was the highest in the case of plants 
harvested at 90% seed maturity, followed by the group of plants harvested at 75% 
and fi nally at 50% seed maturity, the differences being signifi cant among the two 
extreme cases (p < 0.001) (Figure 3C). This tendency is probably due to the fact 
that in later harvest times part of the seeds from the primary heads have already 
fallen to the ground on the one hand and that fl ower heads of secondary and tertiary 
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ramifi cations had a longer period to develop in the case of the third harvest date 
on the other hand; thus, an intermediate harvest time seems less appropriate.

Independently of the harvest date, all plants had heavier fl ower heads 
developed on the primary ramifi cations, followed by secondary and, fi nally, 
tertiary ramifi cations; however, differences are greater in the fi rst harvest group 
and gradually decrease in the second and third harvest groups. It is probable that 
with longer growth periods, plants had the chance to develop bigger and heavier 
fl ower heads also on the secondary and tertiary ramifi cations. In the fi rst and 
second harvest dates, there are signifi cant differences among the values of all types 
of fl ower heads (p < 0.001 and p < 0.01) (Figure 3D–E), but in the case of the third 
harvest date, the weights of primary and secondary ramifi cation fl ower heads do 
not differ signifi cantly from each other, only from the fl ower heads formed on the 
tertiary ramifi cations (p < 0.01) (Figure 3F).

Notes: Lower case letters denote signifi cant differences; /, //, and /// denote p values smaller 
than 0.5, 0.01, and 0.001.

Figure 3. Average weight of matured fl ower head (A – primary, B – tertiary, and 
C – plant average) and their distribution among different ramifi cations in the 

case of the three harvest times (D – 90%, E – 50%, and F – 75%)

Seed yield per hectare was calculated from the average seed yield of one plant 
and the plant density applied in the experiment. The results show that the highest 
yields were achieved when plants were harvested at 90% seed maturity on the 
primary ramifi cation (1,004.9 kg/ha), followed by plants harvested at the stage 
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when 75% of heads of secondary ramifi cations had maturated seeds (875.7 kg/
ha) and, fi nally, by plants at a 50% seed maturity of secondary ramifi cation fl ower 
heads (752.8 kg/ha). These results are lower than those of [1] and [13] but are 
comparable to those achieved by [12].

The values of Spearman’s rank correlation coeffi cient rho indicate that there 
are differences between the three harvest times regarding the positive correlation 
among total fl ower head number and the fl ower head count of primary, secondary, 
and tertiary ramifi cations. In the case of plants harvested at the latest date, the 
fl ower heads of tertiary ramifi cations contributed to a greater extent to total fl ower 
number (Table 4), while contrary, in the case of plants harvested in the fi rst date, 
their contribution was of a lesser signifi cance (Table 2). This tendency is also visible 
when analysing the magnitude of correlation in the case of matured head numbers.

Although there were no statistically signifi cant differences detected between 
either the total or the maturated fl ower head numbers, there is a tendency of 
negative correlation (with rho values exceeding -0.5 only in one case) among fl ower 
head numbers and their diameter. In the case of plants from the fi rst harvest group 
(with the shortest growth period), this effect is mostly notable at the diameter of 
fl ower heads developed on tertiary ramifi cations (Table 2). This trend is repeated 
also in the case of plants from the third harvest group (with the longest growth 
period), but to a lesser extent (Table 4).

For the second harvest group, the negative correlations are visible almost entirely 
in the cases of primary and total fl ower head diameters (Table 3).

A trend of positive correlation is also present between the total fl ower head 
weight of plants and the fl ower head weight of different ramifi cations. For plants 
harvested at 90% seed maturity, the highest contribution to the total seed yield of 
plants can be attributed to fl ower heads developed at primary ramifi cations (rho 
= 0.932) followed by secondary ramifi cation heads (rho = 0.701). In this case, 
tertiary fl ower head weight has a low positive correlation (rho = 0.349) with total 
seed yield (Table 2). The data coming from the second harvest group indicates a 
lower correlation ratio between the mentioned parameters, with only the weight 
of primary ramifi cation fl ower heads having a relatively high rho value of 0.722 
(Table 3). Finally, concerning the plants of the third harvest group, it can be said 
that all types of fl ower heads contributed in a somewhat similar extent to the total 
seed yield of plants, the Spearman’s rank correlations having rho values of 0.881, 
0.838, and 0.752 (Table 4).



133Preliminary results regarding the seed yield of pot marigold…
Ta

bl
e 

2.
 R

es
u

lt
s 

of
 S

p
ea

rm
an

’s
 r

an
k 

co
rr

el
at

io
n

 t
es

t 
ef

fe
ct

u
at

ed
 a

m
on

g 
th

e 
m

ea
su

re
d

 p
ar

am
et

er
s 

of
 p

la
n

ts
 h

ar
ve

st
ed

 
at

 9
0%

 s
ee

d
 m

at
u

ri
ty

N
ot

es
: V

al
u

es
 a

bo
ve

 t
h

e 
d

ia
go

n
al

 r
ep

re
se

n
t 

th
e 

tw
o-

ta
il

ed
 p

ro
ba

bi
li

ti
es

 o
f 

th
e 

la
ck

 o
f 

co
rr

el
at

io
n

, w
h

il
e 

th
os

e 
be

lo
w

 a
re

 S
p

ea
rm

an
’s

 
rh

o 
va

lu
es

.

Matured 
head 

diameter



134 Béla Biró-Janka,* Katalin Molnár, Norbert Székely, Imre-István Nyárádi 
Ta

bl
e 

3.
 R

es
u

lt
s 

of
 S

p
ea

rm
an

’s
 r

an
k 

co
rr

el
at

io
n

 t
es

t 
ef

fe
ct

u
at

ed
 a

m
on

g 
th

e 
m

ea
su

re
d

 p
ar

am
et

er
s 

of
 p

la
n

ts
 h

ar
ve

st
ed

 
at

 5
0%

 s
ee

d
 m

at
u

ri
ty

N
ot

es
: V

al
u

es
 a

bo
ve

 t
h

e 
d

ia
go

n
al

 r
ep

re
se

n
t 

th
e 

tw
o-

ta
il

ed
 p

ro
ba

bi
li

ti
es

 o
f 

th
e 

la
ck

 o
f 

co
rr

el
at

io
n

, w
h

il
e 

th
os

e 
be

lo
w

 a
re

 S
p

ea
rm

an
’s

 
rh

o 
va

lu
es

.

Matured 
head 

diameter



135Preliminary results regarding the seed yield of pot marigold…
Ta

bl
e 

4.
 R

es
u

lt
s 

of
 S

p
ea

rm
an

’s
 r

an
k 

co
rr

el
at

io
n

 t
es

t 
ef

fe
ct

u
at

ed
 a

m
on

g 
th

e 
m

ea
su

re
d

 p
ar

am
et

er
s 

of
 p

la
n

ts
 h

ar
ve

st
ed

 
at

 7
5%

 s
ee

d
 m

at
u

ri
ty

N
ot

es
: V

al
u

es
 a

bo
ve

 t
h

e 
d

ia
go

n
al

 r
ep

re
se

n
t 

th
e 

tw
o-

ta
il

ed
 p

ro
ba

bi
li

ti
es

 o
f 

th
e 

la
ck

 o
f 

co
rr

el
at

io
n

, w
h

il
e 

th
os

e 
be

lo
w

 a
re

 S
p

ea
rm

an
’s

 
rh

o 
va

lu
es

.

Matured 
head 

diameter



136 Béla Biró-Janka,* Katalin Molnár, Norbert Székely, Imre-István Nyárádi 

4. Conclusions

On the basis of the data obtained from the experiment, it can be concluded that 
harvest time, which determines the length of the growth period, has great infl uence 
on the fl ower head parameters and seed yield of Calendula offi cinalis plants. 
Results show that effectuating the harvest when the majority of primary fl ower 
heads have ripened seeds produced the highest yields, while in the intermediate 
harvest time plants obtained the lowest yields. An even longer growth period 
permits the plants to develop enough seeds on secondary and tertiary fl ower heads 
for a greater yield. A possible explanation to this phenomenon could be that after 
having reached full maturity, seeds on primary fl ower heads tend to fall off, and 
so they will not be present in the harvested seeds, reducing the seed yield. At the 
same time, a number of seeds developed on secondary and tertiary ramifi cations 
can reach maturity, thus contributing to the total seed yield. The authors’ opinion is 
that further investigation is needed for the elucidation of further factors infl uencing 
seed yield and for determining even more accurately the proper harvest date for 
calendula plants.
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