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Abstract

Medicina herbs have been used to promote health for centuries, and have increased in popularity
and sales in the last 10-20 years. Pot marigold (Calendula officinalis L.) is a medicina herb whose
dried flower heads are used to heal wounds. In order to understand the effects of sowing dates and
plant density on grain and flower yield of pot marigold, an experiment was conducted at Agricultural
Research Center of Islamic Azad University, Birjand Branch in 2005. Three sowing dates (30
March, 14 April and 30 April) and three plant densities (plant distances on row were 10, 20 and 30
centimeters) were compared in a split- plot design based on randomized complete blocks with 3
replications. Seed and flower yield were significantly different at planting dates and plant densities.
Sowing date had significant effects on flower and seed harvest index. The latest sowing date had the
highest flower and seed harvest index. Plant density did not have any significant effect on flower
harvest index, but the effect on seed harvest index, was significant. In total, the result showed that
the first sowing date with 25plants/m? had the highest grain and flower yield.
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Introduction

Iran plains have different climates, so different plant
species (more than 7500) grow in these areas. Some of
these species are useful as medicina herbs. According
to harmful effects of chemical and synthetic medicines
in human, using medicinal products of plants has
increased. Medicinal herbs have been used to promote
health for centuries, and have increased in popularity
and salesin thelast 10- 20 years.

Pot marigold (Calendula officinalis) is a perennial or
annual herb originating from southern Europe and
eastern Mediterranean areas. The plant has many
traditional culinary and herbal uses. The dye obtained
from the flowers is used to color and flavor foods like
rice, soup, cheese and butter. An infusion made from
the crushed foliage has antiseptic properties and is used
for healing skin wounds (ADAS consulting Ltd.,
2002).
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Some results have shown that organic extract of
flowers from pot marigold possesses anti-HIV
properties of therapeutic interest (Kalvatchev et al.,
1997).

The seed of Calendula contains 18-22% oil and this
contains 55-60% calendic acid. Some research has
shown that the oil can be successfully used in paint
formulations (Kalvatchev et a., 1997).

For the agronomy of a new crop to be refined
successfully, there must be a detailed understanding of
its interaction with major agronomic, genetic and
climate factors (ADAS consulting Ltd., 2002). To
access maximum yield, we require deciding
appropriate sowing date. The effect of environmental
factors on plant physiological process causes sowing
date to be varied in different places and varieties
(Hadley and Summer Field, 1983; Sandhu, 1984).
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In the very early sowing dates, low temperatures and
freezing injury cause the seedling to become weak.
Very late sowing dates have undesirable effects on
plant's growth and development. This results from
reducing plant growth season. In this condition plant
anthesis might be done in high temperatures
(Majumdar, 1986).

According to a trial that was conducted on
Calendula officinalis in Chillan, Chile this plant can be
sown there from June to October (www. aerce. inia
cl/agriculturatec/ Documentos/).

Plant density is an important factor in determination
of plant yield. Totally, inlow density the plants can not
completely use environmental factors such as light,
water and soil; however intra-species competition in
high density decreases the yield.

Martin and Deo (1999) in a trial at Lincoln, New
Zealand on Calendula officinalis studied the effects of
plant density on seed and flower yield. Total flower
yield was not significantly different at populations over
46 plantgm? but declined with lower plant
populations. The number of fully opened flower heads
collected off each plot increased from 164 to 650 per
m® with increasing plant population. Seed yield
increased with increasing plant population from 128
gm? 9 plants m® to 300g/m’ a the highest
populations.

Cromack and Smith (1998) studied the effect of plant
populations (10 to 80 plantsm? on Calendula
officinalis. In this experiment, the effect of plant
density on yield was significant, which increased up to
aplant density of 40 m.

In an experiment that was conducted by Borm and
van Dijk (1994) seed yield was increased with raising
plant population up to 40 plantsm® Robbelen et al.
(1?94) reported seed yield increasing up to 60 plant/
m-.

This experiment was conducted to determine
appropriate sowing date and plant density of Calendula
officinalis in Birjand, Iran. In addition, the effects of
these two factors on seed and flower yield and some
morphological characteristics were studied.

Materials and methods

This experiment was conducted at Agricultural
Research Center of Ilamic Azad University, Birjand
Branch in 2005. Longitude, latitude and altitude of
Birjand are 59° 13’, 32° 53" and 1480 m, respectively.
The climate of Birjand is dry and warm, becauseit is at
the vicinity of Loot plain. Maximum and minimum
temperature averages in Birjand are 27.5 and 4.6
degrees centigrade. Annual rainfall average is 170mm.
Maximum and minimum humidity averages are 59.6%
and 23.5%.

Soil texture in experiment place was sandy- loam
and soil pH was 8.1. Electrical conductivity of
irrigation water was 2.6 mmoh/cm. Applied fertilizers
consisted of decomposed animal manure (10 t/ha pre-
planting), Urea (80 kg/ha pre-planting and 80 kg/ha
one month after sowing) and Ammonium phosphate
(100 kg/ha pre-planting).

Sowing was conducted on the two sides of ridge. The
distance between ridges was 80 cm, therefore the
planting interval rows were 40 cm. Experimenta
design was split-plot based on randomized complete
block with 3 replications. Three sowing dates (30
March, 14 April and 30 April) were main- plot and
three plant densities (plant distances on row were 10,
20 and 30 centimeter that produced plant densities: 25,
12.5 and 8.33 plants per m? respectively) were sub-
plot. Irrigation interval was 7 days. According to seed
importance, seed has been harvested as well as its
flower. Each plot had 6 rows. The first and final rows
were considered as marginal effect. Two rows were
considered for seed harvesting and two for flower.
Anaysis of variance was conducted using Mstatc
software.

Results and Discussion

1-Yield

There was no significant difference between flower
yield in sowing dates of 30 March and 14 April (105.8
and 112.5 g/m?, respectively), but these yields were
more than sowing date of 30 April (80.7 g/m?) (Tables
1 and 2). In these sowing dates, seed yield was 276.5,
198.5 and 167.8 g/m?, respectively and there was
significant difference between them. Seed and flower
had the highest yield in earlier sowing date. Because
it's growth season was be longer than the others and
plant could enjoyed suitable climatein early spring.

Flower and seed yield were not significantly
different at the two lowest plant populations (Table 3).
Flower and seed yield were the highest at 25 plants/m?
(125.4 and 233.6 g/m? respectively). These results
suggest, athough calendula is a indeterminate plant,
insufficient plant per m? couldn't be compensated by
more branching in low density.

Martin and Deo (2000) also reported that flower
yield increased from 0.5 to 1.4 kg/m? by increasing
plant population from 9 to 26 plantsm?, but didn't
significantly differ at the highest population.

In separately experiments done by Cromack and
Smith (1998) and Borm and van Dijk (1994) a
significant effect of plant density (up to 40 plants/m?)
on flower yield was found.

An experiment that was conducted in Norfolk,
Virginia demonstrated that densities above 40 plant/m?
offered little extra benefit in terms of increased seed
yield. Indeed, mutual shading of lower leaves and
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flower heads of Calendula may have impeded yield
formation (ADAS consulting Ltd., 2002).

In this experiment biomass yield was determined by
flower and seed, separately. Results suggested biomass
yield has similar changes in seed and flower. On the
whole, the earliest sowing date and the highest plant
density have the greatest biomass yield (Tables 2 and
3).

2-Harvest index

Flower harvest index in 30 March sowing date was
lower than the others (Table 2).This suggests that
increasing growth season through earlier sowing date,
caused increase plant vegetative structures to be greater
than increasing plant reproductive structures.

The effect of plant density on flower harvest index
was not significantly different (Tables 1 and 3). This
suggests that producing reproductive and vegetative
structures increased equally, as plant population
increased.

Seed harvest index was increased by postponing
sowing date (Table 2). Just like flower, this suggest
that increasing growing season through early sowing
date, caused increase plant vegetative structures to be
greater than increasing plant reproductive structures.

Considering the fact that seed harvest index
decreased when plant population increased (Table 3),
and plant population did not have a significant effect
on flower harvest index, it can be concluded that
athough flower production has increased in high
density, flower fertilization decreased. Therefore,
increasing seed yield was less than flower yield.

3- Flower number and diameter

The effect of sowing date and plant population on
flower number per plant and per m* was significant
(Table 4). Late sowing date decreased flower number
per plant (Table 5).

The effect of plant population on flower number per
plant and per m? was reverse. When plant population
increased, flower number per plant decreased, but per
m? increased (Table 6) which results from increasing
interplant competition.

Flower diameter was significantly different at plant
populations and sowing dates. Flowers produced in late
sowing dates were larger (probably because less flower
production per plant in late sowing date causes less
competition between flowers) (Table 5).

Increasing plant population significantly decreased
flower diameter. This is because of increasing
competition and mutual shading (Table 6).

Conclusion

In this experiment early sowing date and more plant
population had the highest flower and seed yield. More
flower yield of early sowing date was the result of
increasing growth period and suitable climate condition
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in early spring. These caused more flowers and seeds
produced per m%. Results showed although calendula is
an indeterminate plant, insufficient plant per m?
couldn’t be compensated by more branching in low
density. In total, sowing at 30 March with 25 plants/m?,
to be recommended for marigold in Birjand.
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Table 1: Mean square for the effects of sowing date and plant density on grain and flower yield, biomass and harvest
index of Pot Marigold

Flower : Biomass (with Biomass Seed Flower
S0V df  'yjag  Seedyield seed) (with flower) Hi Hi

Replication 5 870  27657* 24032™ 1200.7™ 3/9** 1957
Sowing date (A) 2 25356*  282431%%  2508783%* 131587.1 ** 281*% 1940+

1error 4 3424 157.8 7143 1264.6 16 123
Plant density (B) > 4532%* 36648+ 941263 ** 103494.2**  1384%*  138"™
AxB 4 5531  10474" 142194 11765.0 * 131™ 464"

ond error 12 2191 910.4 5417.8 2674.9 10.7 17.6

ns: Non significant *: Significant at the 5% level **: Significant at the 1% level

Table 2: The effects of sowing date on flower and seed yield and harvest index of Pot Marigold

. Dry flower yield ; 2 Biomass yield with Biomassyield with Seed Flower
Sowing date (g/m) Seed yield (g/m”) (gm) flower (g/m?) HI
30 March 105.8a 276.5a 728.2a 557.4 a 38.6¢C 19.0b
14 April 1125a 1985b 4926 b 406.7 b 40.4b 27.7a
30 April 80.7b 167.8¢c 4055c¢c 318.2c 422a 26.2a

Means followed by the same lettersin each column are not significantly different
at the 5% level of probability

Table 3: The effects of plant density on flower and seed yield and harvest index of Pot Marigold

Plant density Dry flower Seed yield Biomass yield with Biomass yield with Seed Flower
(m?) yield (g/m?) (g/m?) seed (g/m?) flower (g/m?) HI HI

25 1254 a 2336a 659.6 a 551.3a 36.3b 23.7a

125 84.3b 193.4b 473.2b 364.2b 408 a 235a

8.33 89.2b 215.8ab 4935b 366.9b 44.1a 25.7a

Means followed by the same lettersin each column are not significantly different
at the 5% level of probability

Table 4: Mean square for the effects of sowing date and plant density on number of flower and flower diameter of Pot
Marigold

Flower number per Flower number Flower
SOV df plant per m* diameter
Replication 2 495™ 15431.2™ 6.3*
Sowi nsg date (A) 2 500.0 * 118907.3 ** 10.7*
1error 4 28.7 6490.8 0.8
Plant density (B) 2 2612.6 ** 234118.8 ** 12.0**
AxB 4 93.3 ** 23566.0 ** 3.0™
2nd error 12 10.0 32574 11

ns: Non significant *: Significant at the 5% level **: Significant at the 1% level

Table 5: The effects of sowing date on flower number and diameter of Pot marigold

Sowing date Flower number per plant Flower number per m* Flower diameter (mm)
30 March 49.2a 645.4b 32.1b
14 April 548 a 762.5a 335a
30 April 40.1b 532.6 ¢ 342a

Means followed by the same lettersin each column are not significantly different
at the 5% level of probability

Table 6: The effects of plant density on flower number and diameter of Pot marigold

Plant density (m°) Flower number per plant Flower number per m* Flower diameter (mm)
25 333c 833.1la 321c
125 44.1b 551.6b 33.2b
8.33 66.7 a 555.9b 34.4a

Means followed by the same lettersin each column are not significantly different
at the 5% level of probability
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