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Abstract

This experiment was conducted, to study the effect of planting time and planting density on savory (Satureja
sahendica Bornm.) in 2012 in Alborz Research Station, Research Institute of Forests and Rangelands, Karaj,
Iran. The experiment was carried out in split plot in time in the form of a randomized complete block design
with three replicates. The main plots were planting times in two levels (including fall and spring planting) and
the sub plots were planting density in four levels (including 20×20, 40×40, 60×60 and 80×80 cm). The results
indicated that planting time significantly affected the number of lateral branches on the main stem, the number
of flowering branches, flowering shoot yield and essential oil yield, the number of tillers, plant height, single
plant shoot yield and essential oil percentage. The effect of planting density had also significant differencein all
measured traits except the plant height. Mean comparison of planting time showed that in all planting densities,
fall planting was better than spring plantingin all traits. Mean comparison of planting densities indicated that the
highest number of tillers (7.67), the number of flowering stems (6.5), single plant shoot yield (22.98 g/plant) and
essential oil percentage (2.01%) were achieved in the lowest planting density (80×80 cm). However, the highest
number of lateral branches (5.67), flowering shoot yield (1587.5 kg/ha) and essential oil yield (14.53 kg/ha)
were achieved in the highest planting density (20×20 cm). The interaction of planting time × planting density
significantly affected all measured traits except for the number of tillers and the number of flowering branches.
The results of this experiment indicated that selection of suitable planting time and planting density is important
to obtain high essential oil yield; fall planting × the highest density (20×20 cm) could produced an acceptable
yield in Karaj climatic conditions.
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Introduction

Since the side effects of synthetic medications are
revealed to the public, consumption of medicinal
plants to cure diseases is increasingly under
attention. Because very low data is in hand about
yield improvement in medicinal plants, It is
important to conduct researches on the techniques
of improving yield and quality of these plants [1].
The savory genus with the scientific name Satureja
is mainly distributed in the Mediterranean area. It
has 15 species in Iran which nine of them are

endemic; other species are found in Iran,
Turkmenistan, Turkey, Caucasian area and Iraq [2].
Satureja sahendica Bornm. is one of the endemic
species to Iran. It is a perennial aromatic shrub with
white to violet flowers which help attracting
pollinating bees [3]. These species mainly grow in
mountain slopes of north, northwest, northeast,
center and south west of Iran, usually on calcareous
soils or rocks [2]. Flowering shoots and all aerial
parts of this plant are aromatic and are used to cure
various diseases [4]. Essential oil of this plant has
many applications in food and hygienic industries;
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it has anti microbial activities [5]. Study of eight
populations of S. sahendica indicated that the main
compounds in the essential oil were thymol, p-
Cymene and gamma-terpinene [6].
Selection of suitable crop management techniques
is important to take the highest advantages of the
environmental factors and reach the highest plant
potential. Among these management techniques,
planting time and planting density are the very
important ones; seriously affecting medicinal plants
growth and yield [7]. Planting time is important for
plant development; plant phenology is affected by
different planting times [8]. There is a suitable
planting date for each plant and other dates reduce
plant growth and yield [9]. Noormohammadi et al.
reported that most morphologic features such as
tillers and height are under control of both genetic
and environmental factors [10]. Ebadi et al. studied
the effect of planting dates (Nov. 6, Mar. 6 and
April 4) on yield of chamomile and concluded that
flower yield was the highest in November and
essential oil yield was the highest in March [11].
Sales et al.also tested the effect of planting date on
Isatis tinctoria and Isatis indigotica and found that
planting dates at the early winter had higher
biomass compared with the early spring dates [12].
Naguib et al. studied the effect of two planting
dates on Ruta graveolens and reported that plant
height, the number of leaves and stem dry weight
were the highest in Oct. 1, and the highest number
of branches, leaf fresh weight and stem dry weight
were the highest in Nov. 1 [13].
Various studies on the effect of planting density on
plant yield and yield components represents that in
most cases, higher planting densities results in the
reduction of a single plant growth and yield and
enhancement of total yield in hectare [14].
Seghatoleslami and Ahmadi Bonakdar studied the
effect of different planting densities (10, 20, 30 and
40 plants/m2) on fenugreek and reported that grain
yield was the highest in 40 plant/ha density [15].
Mert and Ayanoglu conducted an experiment to
evaluate the effect of planting density (5,10,15,20
and 30 plants/m2) on yield and essential oil of
artemisia and reported a significant effect; essential
oil was the highest in 15 plants/m2 [16]. Arabaci
and Bayram tested basil under three planting
densities (20×20, 40×20 and 60×20 cm) and found
that plant fresh and dry weight and leaf dry weight
were the highest in the highest planting density
(20×20 cm) [17].

Reduction of the number of tillers as the result of
higher planting densities was reported by
KhaliliMoheleh et al. on sorghum and by Blue et
al. and Rezaei et al. on triticale. Singh et al.
observed that fenugreek grew taller in higher
planting densities [18-21]. NaghdiBadi et al.
conducted experiments on thyme and reported that
the highest shoot dry weight was achieved in the
highest planting density [22]. Heidari et al. tested
peppermint under 8, 12, 16 and 20 plants/m2

densities and concluded that essential oil was the
highest in 8 and 12 plants/m2 densities; however,
essential oil yield was the highest in 20 plant/m2

[23]. Because there is no information about the
proper planting density and planting time of
Satureja sahendica, this experiment was conducted
with the aim of determining the best planting
density and planting time of the plant.

Material and Methods

This experiment was conducted in 2012 in Alborz
Research Station, Research Institute of Forests and
Rangelands, Karaj, Iran. The experiment was
conducted in split plot in time in the form of a
randomized complete block design with three
replicates. The main plots were planting time in
two levels (including fall and spring planting) and
the sub plots was planting density in four levels
(including 20×20, 40×40, 60×60 and 80×80 cm).
Plots were 2×3 m.
The seeds were collected from a natural habitat and
were tested for germination. Theseeds were planted
in pots in early fall and early spring and were
transplanted in the field in mid fall and mid spring.
Irrigation was conducted two times a week in early
growth stages after transplanting and one time a
week later. No pests or diseases were observed;
Weeding operated manually. The measured traits
included the number of tillers, plant height, the
number of lateral branches on the main stem, the
number of flowering branches, shoot yield,
essential oil percentage and essential oil yield.
Sampling was conducted at full flowering stage to
measure fresh and dry weights and essential oil.
The samples were dried in shadow, grinded and
essential oil was extracted by hydrodistillation
using the Clevenger. Essential oil percentage was
calculated based on shoot dry weight. Statistical
analysis was conducted using SAS and MSTAT-C.
Data were normalized by SQRT and Arc sine and
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mean comparison was by the Duncan's multiple
range tests and LSD.

Results and Discussion

Analysis of variance indicated that planting time
significantly affected the number of lateral
branches on the main stem, the number flowering
branches, flowering shoot yield and essential oil
yield at P≤0.01, and the number of tillers, plant
height, single plant shoot yield and essential oil
percentage(Table 1). Mean comparison of planting
time showed that all measured traits had higher
values in the first planting time (fall) compared
with the second time (spring) (Table 2). The results
indicated that planting density had significant effect
on the number of tillers, the number of lateral
branches, single plant shoot yield, shoot yield and
essential oil yield at P≤0.01, and the number of
lateral branches on the main stem and essential oil
percentage at P≤0.05 (Table 1).
Mean comparison of the planting density showed
that reduction of planting intervals reduced the
number of tillers in the way that 80×80 cm had the
highest number of tillers (7.67 tillers/plant). The
lowest number of tillers (3.2) was achieved in
20×20 cm. The results of mean comparison of the
effect of planting density on the number of lateral
branches on main stem indicated that high planting
density (20×20 cm) resulted in the highest number
of lateral branches (5.67); reducing the planting
density decreased the number of lateral branches.
Mean comparison of different planting density
levels (Table 3) showed that the number of
flowering branches had no significant differences
in two lower densities (80×80 and 60×60 cm); it
was significantly higher compared with the tow
low densities. Mean comparison also showed that
the highest single plant shoot yield (22.98 g/plant)
was achieved in 80×80 cm. This trait was reduced
when planting density increased; it was the lowest
in 20×20 density (6.35 g/plant). No significant
differences were observed in other treatments.
Shoot yield in hectare was unlike the shoot yield of
a single plant; it was higher in higher planting
densities in the way that the highest shoot yield
(1587.5 kg/ha) was achieved in 20×20 cm. The
lowest essential oil percentage and the highest
essential oil yield were both observed in 20×20 cm
and other treatment were significantly the same.
The interaction of planting time×planting density
significantly affected essential oil yield at P≤0.01

and all other traits at P≤0.05, except for the number
of tillers and the number of flowering branches.
Mean comparison of the interactions (Table 4) also
showed that the number of lateral branches on the
main stem was the lowest (1.33) in 80×80
cm×spring planting time which was significantly
the same as 60×60 cm×spring. The highest yield of
a single plant flowering shoot (36.07 g) was the
highest in 80×80 cm×fall planting time; it was
lower in higher planting densities. However,
flowering shoot yield in hectare was unwise single
plant shoot yield and it was the highest in 20×20
cm×fall and 20×20 cm×spring. Generally, results
indicated that the highest essential oil percentage
was achieved in fall planting time and 40, 60 and
80 cm. The highest essential oil yield was also
achieved in fall planting time×20, 40 and 60 cm
(18.74, 18.23 and 21.26 kg/ha) without significant
differences.
Studying the correlation of the measured traits
indicated that the number of lateral branches was
significantly correlated to plant height (P≤0.01).
The number of flowering branches, single plant
flowering shoot yield and essential oil percentage
had also significant correlation with the number of
tillers. Essential oil percentage was significantly
correlated to the number of lateral branches and
single plant shoot yield. Essential oil yield had also
a significant correlation with plant height, the
number of lateral branches, flowering shoot yield
and essential oil percentage (Table 5).
According to the results of this experiment,
planting time affects biologic yield and essential oil
yield of savory; the number of tillers, plant height,
the number of flowering branches, the number of
lateral branches on the main stem, single plant
shoot yield, flowering shoot yield, essential oil
percentage and essential oil yield were higher in
fall planting time than in spring planting time. So it
can be concluded that cultivation of Satureja
sahendica is preferred in fall because it gives the
plant a longer growth season and make it possible
to take higher advantages of the environmental
sources and it also helps plant to avoid contact with
harsh environmental conditions of late spring and
early summer [7-13].
Tillering is under control of genetic and
environmental factors; the reduction of the number
of tillers in higher planting density may be
attributed to the lack of sufficient space for growth
of plants which limits their access to resources and
their potential for tillering. The reduction of the
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number of tillers in high planting densities was
reported on sorghum and triticale [1,10,8-20].
The non significant effect of planting density on
plant height (Table 3) indicates that the competition
was not high enough to stimulate plants vertical
growth. This may be related to the size of leaves,
which are too small and their arrangement on the
stems which allows light to penetrate to the lower
layers of canopy. Lebaschy et al. conducted a three
year experiment on fennel and observed that the
effect of planting density was not significant on
plant height in the first and second year [24].
Similar results were achieved in the experiments of
Seghatoleslami and Ahmadi Bonakdar on
fenugreek and Dadkhah et al. on chamomile
[15,25]. However, Singh et al. reported the
enhancement of fenugreek height in higher planting
densities [21]. Although in lower planting densities
flowering shoot of a single plant was higher
because of access to more resources and lower
competition; however, total shoot yield in hectare
was higher in high planting density. In other words,
in very low planting densities, yield would reduce
because of lower leaf area and later canopy
development which prevents the field to take the
highest advantages from the environmental
resources and reaching the highest yield.
NaghdiBadi et al. conducted an experiment on
thyme and reported that the highest dry matter yield
was achieved in the highest planting density [22].
Russelle et al. also reported that in high planting
density, single plant yield was reduced but total
plant yield in hectare was increased [14]. Similar
results were reported in the experiments of
Seghatoleslami and Ahmadi Bonakdarand Arabaci
and Bayram [15,17].

Results indicated that increasing the planting
density resulted in higher essential oil yield. This
was directly related to the enhancement of biomass
production in 20 × 20 cm treatment because in this
treatment, essential oil percentage was the lowest.
The essential oil of savory mainly accumulates in
leaves and flowering shoots. So, the treatments
with high planting density which had the highest
leaf yield and flowering shoot yield, had also the
highest essential oil yield. These findings were in
agreement with those of Heidari et al. who tested
the effect of different planting densities (8,12,16
and 20 plants/m2) on peppermint and reported that
the highest essential oil percentage was achieved in
the lowest planting densities (8 and 12 plant/m2);
however, the highest essential oil yield was
achieved in the highest planting density (20
plant/m2) [23]. Similar results were also reported
by Arabaci and Bayram on basil and Rahmati et al.
on chamomile [17,26].
Study of the correlation of the measured traits
indicated that there was significant correlation
between essential oil yield, plant height, the
number of lateral branches on the main stem,
flowering shoot yield and essential oil percentage.
In fact, high planting density affects all the
mentioned traits. The interaction of planting
time×planting density had no significant effect on
the number of tillers and flowering branches.
Results of this experiment indicated that selection
of suitable planting time and planting density
affects essential oil yield and 20×20 cm×fall
planting time resulted in good yield in the first
year.

Table 1 Analysis of variance of the effect of treatments on the measured traits.

S.O.V df
Mean Squares (MS)
N of
tillers

P.
height

N. of
L.branche

N. of F.
branches

S.P.Sh.
yield

T.F.Sh.
yield

E. oil
percentage

E. oil
yield

Block 2 ns ns ns ** ns ns ns ns
Planting time (A) 1 * * ** ** * ** * **
Error 2 10.79 333.65 0.29 0.06 3.07 46300 1.5 2305
Planting density (B) 3 ** ns * ** ** ** * **
A × B 3 ns * * ns * * * **
Error 12 1.26 99.42 0.12 0.83 0.36 29418 0.11 274.9
CV (%) - 20.28 29.56 17.22 23.22 17.27 21.48 19.84 22.35

Ns, non significant; *, significant at P≤0.05; **, significant at P≤0.01.
N=number, P=plant, L=lateral, S=single, Sh= shoot,  F=flowering, T=total, E=essential, O=oil
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Table 2 Means comparision of the measured traits.under planting times

Treatments N of tillers
P. height
(cm)

N of L.
branches

N. of F
branches

S.P. Sh
(g/plant)

T.F. Sh.
yield
(kg/ha)

E. O.
percentage

E.O. yield
(kg/ha)

Fall 7.83 a 40.9 a 5.5 a 5.9 a 21.33 a 992.9 a 2.4 a 18.29 a
Spring 3.25 b 26.5 b 3.08 b 3 b 8.1 b 604 b 0.9 b 3.33 b

Means in a column followed by the same letter are not significantly different at P≤0.01.

Table 3 Means comparision of the measured traits.under plant densities

Treatments N of tillers
P. height
(cm)

N of L.
branches

N. of F
branches

S.P. Sh
(g/plant)

T.F. Sh.
yield
(kg/ha)

E. O.
percentage

E.O. yield
(kg/ha)

80 × 80 7.67 a 31.5 a 3 b 6.5 a 22.98 a 359 c 2.01 a 7.94 b
60 × 60 6.5 a 32.08 a 3.66 b 6.2 a 17.16 ab 476.8 bc 1.2 a 10.142 ab
40 × 40 4.83 b 32.83 a 4.83 ab 2.7 b 12.3 bc 769.7 b 1.74 a 10.47 ab
20 × 20 3.2 c 38.5 a 5.67 a 2.5 b 6.35 c 1587.5 a 1.2 b 14.53 a

Means in a column followed by the same letter are not significantly different at P≤0.01.

Table 4 Interaction of planting densities in planting times on the measured traits.

Treatments
N of
tillers

P. height
(cm)

N of L.
branches

N. of F
branches

S.P. Sh
(g/plant)

T.F. Sh.
yield
(kg/ha)

E. O.
percentage

E.O. yield
(kg/ha)

Fall × 80 10.67a 39.33 ab 4.67 ab 8 ab 36.07 a 563.5 bc 2.96 a 14.6 ab
Fall × 60 9 ab 41.67 ab 5 ab 8.67 a 25.6 b 711b c 2.37 a 18.74 a
Fall × 40 7 b 36ab 5.33 a 3.67 bc 17.13 bc 1071 ab 2.46 a 18.23 a
Fall × 20 4.67 c 46.67 a 7 a 3 c 6. d 1625 a 1.53 b 21.26 a
Spring × 80 4.67 c 23.67 b 1.33 c 5 abc 9.9 cd 155 d 1.06 bc 1.3 c
Spring × 60 4c 24 ab 2.33 bc 3.66b c 8.7 cd 143 cd 0.91 bc 1.6 c
Spring × 40 2.67 cd 28.17 ab 4.33 ab 1.67 c 7.5 cd 469 bcd 0.84 c 2.71 c
Spring × 20 1.67 d 30.33ab 4.33 ab 1.67 c 6.2 d 1550 a 0.79 c 7.8b c

Means in a column followed by the same letter are not significantly different at P≤0.01.

Table 5 The correlation between the measured traits.

The
number
of tillers

Plant
height

The
number of
lateral
branches

The
number of
flowering
branches

Single
plant
shoot
yield

Total
flowerin
g shoot
yield

Essential
oil
percentag
e

Essentia
l oil
yield

The number of
tillers

1 - - - - - - -

Plant height
0.55ns 1 - - - - - -

The number of
lateral branches 0.23ns 0.86** 1 - - - - -

The number of
flowering branches 0.91** 0.41ns 0.01ns 1 - - - -

Single plant shoot
yield 0.96** 0.40ns 0.11ns 0.14ns 1 - - -

Total flowering
shoot yield -0.12ns 0.67ns 0.83* 0.28ns 0.19ns 1 - -

Essential oil
percentage 0.95** 0.67ns 0.45ns 0.78* 0.88** 0.12ns 1 -

Essential oil yield
0.56ns 0.95** 0.87** 0.26ns 0.42ns 0.73* 0.74* 1

ns, non significant; *, significant at P≤0.05; **, significant at P≤0.01.
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