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ABSTRACT 
 

To investigate the effects of sowing date on yield, yield components and essential oil of three population of 
fennel (Foeniculum vulgare mill.), this experiment was conducted in 2012 at Shahrekord Junior college in 
Shahrekord, Iran. The experiment was conducted in split plot in the form of a randomized complete block 
design with three replications. The main plots were sowing date (10 may, 20 may and 30 may). The sub plots 
were three fennel populations (Hamedan, Esfehan and Malayer). The measured traits were day to germination, 
day to flowering, day to maturity, plant height, number of umbel per plant, number of seed in umbel, 1000 seed 
weight, seed yield, harvest index, Biomass, percent of essential oil and essence yield. Mean comparison was 
conducted using LSD range test (at 1% level). The results showed that sowing date had significant effect on day 
to maturity, number of umbel per plant, number of seed in umbel, seed yield, harvest index, Biomass, percent of 
essential oil and essence yield in 1% level. Mean comparison indicated that essential oil percentage was the 
highest in second sowing date with 2.73%. Second sowing date reported highest number in plant height, number 
of umbel per plant, number of seed in umbel, 1000 seed weight, seed yield, Biomass, Essential oil percentage 
and essence yield. The result showed seed yield in first sowing date was 811 kg/ha, this trait in second sowing 
date significantly increased to 956 kg/ha but in third sowing date with reduced showed 554 kg/ha. Between 
population Esfahan population reported high mean in seed in umbel, 1000 seed weight, seed yield, harvest 
index, Biomass, percent of essential oil and essence yield. Generally; in this research second sowing date and 
Esfahan population are the best factors. 
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Introduction 
 

Fennel (Foeniculum vulgare mill.) is an 
herbaceous and perennial plant that originated from 
the Mediterranean and southern Europe; hot air is 
favorable for its development. Generally, the 
cultivation of this plant in areas with warm summers 
and long, cold winter is not too successful. 
Germination occurs at 6 to 8 ° C, but the optimum 
temperature for germination is 16 to 65 degrees 
centigrade [20]. The roots of the fennel are bulb, 
spindle-shaped, straight and white. The plant stems 
upright, cylindrical, light green, height 150 to 200 cm 
and is radiating. [15]. 

Now in most parts of the world, such as in 
central and southern Europe, Asia (India, Japan and 
China) and many African countries as well as Brazil 
and Argentina, most agricultural lands are cultivated 
fennel. Fennel is used in folk medicine as a 
stimulant, diuretic, carminative and sedative [8] and 
galactagogic, emmenagogic, expectorant and 
antispasmodic [9]. Fennel fruits are used to treat 
diseases like cholera bile disturbances, nervous 
disorder, constipation, dysentery and diarrhoea [16]. 

Today the pharmaceuticals ingredients from 
fennel to treat cough, abdominal pain, and are used to 
digest food. All figures of plant are essences. The 
essential oils in the leaves are 1 to 1.5 percent, is at 
the root 0.6 to 0.7% and 2 to 6% of the fruit.  
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Fennel essential oil terpenes or terpenoids more 
than thirty types of compounds are formed. The most 
important of these compounds are: Anethole, 
Fenchone, Estragole and methychavicol.  
The growth and production of medicinal plants like 
other types of plants are affected by genetic and 
agronomic factors and maximum yield is only 
obtained when an appropriate combination of these 
factors such as sowing date is provided for the plant 
[21]. Sowing date is very important and this is one of 
important factors for obtaining maximum yield in 
plants. Effect of environmental factors on plant 
physiological steps causes the sowing date to vary 

significantly from one area to another or even in an 
area depending on genetic differences [13]. 
 
Materials And Methods 

 
This experiment was conducted under field 

conditions in 2012 at Shahrecord Junior college in 
Shahrecord, Iran. Shahrecord Junior college is 
located in 20 km south east of Shahrecord (32° 8' N, 
50° 51' E, 2017 m above the sea level). Average 
annual precipitation at the site is 1600 mm and 
average annual air temperature is 11.5°C. The 
properties of soil at the test site are listed in Table 1.

 
Table 1: Physio-chemical characteristics of the experimental soil. 

Soil 
dept(cm) 

Organic 
carbon(%) 

T.N.V K(mg kg-

1) 
P(mg kg-1) N(%) Zn Mn Fe Cu Ec(ds m-

1) 
Ph 

0.30 1.021 17.5 125 9.5 0.086 0.63 6.43 3.98 0.83 0.658 7.96 
 
The experiment was conducted in split plot in 

the form of a randomized complete block design with 
three replications. 

Plot size was 2.5×5 m with 5 rows, row distance 
was 50 cm and the distance between plans in each 
row was 10 cm. The main plots were sowing date (10 
may, 20 may and 30 may), and the sub plots were 
populations of Foeniculum vulgar mill. (collected 
from Hamedan, Esfehan and Malayer). Seeds were 
obtained from the Esfehan Pakanbazr co. Treatments 
were continued for three months under natural 
conditions. Tinning was conducted after emergence, 
when plants were at four leaves stage. 

Day to germination, day to flowering, day to 
maturity, plant height, number of umbel per plant, 
number of seed in umbel, 1000 seed weight, seed 
yield, harvest index, Biomass, percent of essential oil 

and essence yield were measured. A 50 g sample of 
seeds was mixed with 250 mL of tap water in flask 
and water was distilled for 2 h using a Clevenger-
type apparatus. The essential oil percentage was 
measured. Data were analyzed using MSTAT-C 
statistical program and means were compared using 
an LSD test (p<0.01). 
 
Results And Discussion 
 
Day to germination/Day to flowering: 

 
Analysis of variance showed that sowing date, 

population and the interaction of sowing date × 
population had no significant effect on day to 
germination and day to flowering (Table 2).

 
Table 2: Analysis of variance of studied traits in Fennel population. 

Seed in umb Umb in plant Height Maturity Flowering germination df Source of variance 
70.778 0.778 6.037 0.481 46.704 2.704 2 Replication 
9910.111** 78.778** 392.926* 1487.815** 14.037 ns 26.704 ns 2 Sowing date(A) 
38.222 3.889 53.537 0.981 5.148 4.481 4 Error 
670.333* 2.333 ns 6.037 ns 2.481 ns 1.037 ns 1.593 ns 2 population(B) 
68.278 ns 1.278 ns 65.037 ns 1.315 ns 7.148 ns 3.370ns 4 A.B 
143.685 3.852 23.759 1.148 5.056 1.333 8 Error 
11.36 22.08 9.59 0.83 2.85 8.16 C.V 

ns, *and**:non Significant, Significant difference in 5% and 1% level respectively 
 
Continue 2: Analysis of variance of studied traits in Fennel population. 

Yield Ex essential 
oil  

Hi biomass yield 1000 seed df Source of variance 

93.630 1.388 3.878 17487.815 231.593 0.120 2 Replication 
462.253** 1.063** 59.151** 703492.704** 403011.370** 0.003 ns 2 Sowing date(A) 
8.120 0.042 2.023 16560.870 1455.037 0.025 4 Error 
43.613** 0.064** 3.033 ns 101417.370 ns 39931.815** 0.006 ns 2 population (B) 
0.937 ns 0.003 ns 1.318 ns 11257.426 ns 958.593 ns 0.010 ns 4 A.B 
1.874 0.003 4.108 40482.463 2054.944 0.072 8 Error 
7.25 2.44 6.11 12.73 5.71 7.66 C.V 

ns, *and**:non Significant, Significant difference in 5% and 1% level respectively 
 
Day to maturity: 

 
Analysis of variance showed that sowing date 

significantly in 1% level affected the Day to maturity 

(Table 2). However, the effect of population and the 
interaction of Sowing date × population had no 
significant effect on this trait. Mean comparison 
indicated that the day to maturity increased from 119 
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day in 10 may, 125 day in 20 may and 144 day in 30 
may (Table 3). 
 
Plant height: 

 
Sowing date had significant effect on Plant 

height in fennel (p< 0.05).The means of this trait in 
first sowing date (10 may) was 52.2cm, in 20 may 
was 56.7cm and in 30 may was 43.7cm. The effect of 
population and the interaction of sowing date × 
population had no significant effect on Plant height 
(Table 2). Blazewicz [7] on Foeniculum vulgare mill 
and Aghaei et al [2] on moldavian balm reported 
same result. 
 
Number of umbel in plant: 

 
Number of umbel in plant of fennel was 

significantly by sowing date (p< 0.01). In first 
sowing date (10 may) number of umbel in plant was 
8.6 and in second sowing date was increased to 12 
but the number of umbel in plant was decreased to 6 
(Table 3). Population and the interaction of the two 
factors had no significant effect (Table 2). The 
results of number of umbel in plant in this 
experiment are in agreement with these of Blazewicz 
[7] on Foeniculum vulgare mill., mousavi [18] on 
coriander (coriandrum sativum) and zareie et al [25] 
on Coriander. zareie reported Maximum umbel 
number per plant was obtained in March 30 which 
was 10.6 and 76.7 percent higher than sowing dates 
of April 14 and 29, respectively. Reduction in 
number of umbel per plant with delay in cultivation 
can be attributed to an increase in temperature during 
the plant growth and prolonged days. Shortening of 
vegetative growth period and reducing fewer 
branches possibly caused reduction in leaf area and 
plantphotosynthesis potential and consequently 
decreasing the production of reproductive organs 
such as umbel in plant. This result is in agreement 
with study results of Tiwari et al. [23] and Gujar et 
al. [12] on Coriandrum sativum L. and Rasam et al. 
[21] and Zahtab Salmasi et al. [24] on Pimpinella 
anisum L. 
 
Number of seed in umbel: 

 
Sowing date had highly significant effect on 

Number of seed in umbel (p< 0.01).The means of 
this trait in first sowing date (10 may) was 119.6 and 
in second sowing date number of seed in umbel was 
129.4 but in third sowing date (30 may) this trait was 
significantly decrease to 67.7 (Table 3). The Number 
seed in umbel of fennel was significantly by 
population in 5% level(Table 2). The highest seed in 
umbel was Isfahan population with 115.3 and this 
trait in malayer and hamedan was 102.3 and 99 
respectively (Table 3). The interaction of sowing 
date × population had no significant effect on these 
traits (Table 2). In early cultivation the plant has 

enough opportunity for completing vegetative 
growth, so more leaf area and photosynthesizing 
surfaces (more powerful source) caused increasing 
production of reproductive organs such as number of 
seed in umbel. this result showed in Blazewicz [7] on 
Foeniculum vulgare mill. Heidari Zolleh et al. [14] 
on Cuminum cyminum L. 
 
1000-Seed weight: 

 
Analysis of variance showed that sowing date, 

population and the interaction of Sowing date × 
population had no significant effect on 1000-Seed 
weight (Table 2).  
 
Seed yield: 

 
Sowing date had highly significant effect on 

seed yield (p< 0.01)(Table 2). The means of this trait 
in first sowing date (10 may) was 811 kg/ha and in 
second sowing date seed yield was 956 kg/ha and 
seed yield in third sowing date (30 may) was 
significantly decrease to 554 kg/ha (Table 3). The 
seed yield of fennel was significantly by population 
in 1% level. The highest seed yield was Isfahan 
population with 857 kg/ha and seed yield in 
Hamedan and Malayer population was 800 and 724 
kg/ha respectively (Table 3). The interaction of 
sowing date × population had no significant effect on 
Seed yield (Table 2). El-Gengai and Abdallah [10] 
and Bianco et al. [6] reported significant effect of 
sowing date on seed yield of fennel (Foeniculum 
vulgar Mill). The results of seed yield in this 
experiment are in agreement with these of Ahmad [3] 
and Blazewicz [7] on Foeniculum vulgare mill. The 
earlier cultivation increased the length of effective 
growth period, number of produced branches and 
length of main stem so that maximum of biomass and 
reproductive organs such as umbel, umbelet and fruit 
per plant were produced in this treatment which 
finally caused an increase in fruit and biological 
yield. The reason for severe reduction of fruit yield 
in delayed cultivation in addition to shortening of 
growth season is related to coincidence of 
inoculation period and pollination with summer heat 
which resulted in severe reduction in the numbers of 
fertile umbels per plant and fruits per umbel and 
finally decreasing fruit yield. This result is in 
agreement with findings of Gujar et al. [12], 
Zhelgazkov et al. [26] on Coriandrum sativum L., 
Zahtab Salmasi et al. [24] and Rasam et al. [21] on 
Pimpinella anisum, Malhotra and Vashishtha [17] on 
Anethum graveolens and Ghorbani et al. [11] on 
Cuminum cyminum. Also, Soleimani et al. [22] 
reported 29.9% decrease in fennel yield due to the 
delay in sowing date from March 25 to May 5. 
 
Biomass: 

 
Biomass of fennel was significantly by sowing 

date in 1% level (Table 2). Biomass in second 
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sowing date was 1830 kg/ha and in first sowing date 
this mean was 1633 kg/ha and in third sowing date 
with significantly decrease was 1279 kg/ha (Table 3). 
Population and the interaction of the two factors had 
no significant effect (Table 2). The results of biomass 
in the experiment are in agreement with these of 
zareie et al [25] on coriander and Rasam et al. [21] 
on Pimpinella anisum. 
 
Harvest Index: 

 
Analysis of variance showed that sowing date 

significantly in 1% level affected the harvest index 
(Table 2). Harvest index in first and second sowing 
date was 34.81% and 34.49% respectively. Also 
harvest index significantly reduced in third sowing 
date with 30.22% (Table 3). The effect of population 
and the interaction of Sowing date × population had 
no significant effect on this trait. The results of dry 
weight in this experiment are in agreement with these 
of Okut and Yidirum [19] and zareie et al [25] on 
coriander. 
 
Essential oil percentage: 

 
Sowing date had highly significant effect on 

essential oil percentage (p< 0.01) (Table 2). The 
highest means of this trait reported in second sowing 
date (30 may) with 2.73%. After second sowing date 
essential oil percentage the first and third sowing 
date were low essential oil percentage 2.16% and 
2.11% respectively (Table 3). The essential oil 
percentage of fennel was significantly by population 
in 1% level (Table 2). The highest essential oil 
percentage showed in Isfahan population with 
2.42%, Hamedan and Malayer populations reported 
essential oil percentage 2.32% and 2.25% 
respectively (Table 3). The interaction of sowing 

date × population had no significant effect on 
essential oil percentage (Table 2). Delaying in 
sowing increases the essential oil percentage of more 
medicinal and aromatic plants, because the latest 
period of plant growth exposed with low 
temperature, more metabolites are produce in the 
plants and substances prevent from oxidization in the 
cells, but essential oil content reduce under delaying 
in planting, because the interaction between the 
amount of the essential oil percentage and shoot 
yield is consider important as two components of the 
essential oil content and by delay in sowing, 
increases the essential oil percentage but shoot and 
seed yield decreases by the delaying in sowing, 
therefore essential oil content reduces [4]. 

 
Essence yield: 
 
Essence yield=seed yield × Essential oil percentage: 
 
(Essence yield=shoot yield × Essential oil 
percentage): 

 
Analysis of variance showed that sowing date 

significantly in 1% level affected the Essence yield 
(Table 2).The highest mean of Essence yield showed 
in second sowing date with 26.1 kg/ha. First and 
second sowing date reported significantly different in 
Essence yield with 18.9 and 11.7 kg/ha respectively 
(Table 3). The Essence yield of fennel was 
significantly by population in 1% level (Table 2). 
The highest Essence yield reported in Isfahan 
population with 21.1 kg/ha and Essence yield in 
Hamedan and Halayer was 18.8 and 16.7 kg/ha 
respectively (Table 3). The interaction of sowing 
date × population had no significant effect on 
Essence yield (Table 2).  

  
Table 3: Effects of Sowing date and population on growth, yield,  yield components and essential oil content in fennel 

Means of traits Y
ield Ex 

Extract 

H
I 

biom
ass 

yield 

1000 seed 

Seed in um
b 

U
m

b in plant 

H
eight 

M
aturity 

Flow
ering 

germ
ination 

Treatment 

            Sowing date 
18.9 b 2.16 b 34.81 a 1633 a 871 b 3.49 a 119.6 a 8.6 ab 52.2 ab 119.3 c 77.8 a 15.9 10 may 
26.1 a 2.73 a 34.49 a 1830 a 956 a 3.51 a 129.4 a 12 a 56.7 a 125 b 78.6 a 14.1 a 20 may 
11.7 c 2.11 b 30.22 b 1279 b 554 c 3.48 a 67.7 b 6.1 b 43.7 b 143.9 a 80.2 a 12.4 a 30 may 

            Genotype 

18.8 b 2.32 b 33.44 a 1574 a 800 a 3.48 a 99 b 9.4 a 51.8 a 129.2 a 78.6 a 14.4 a Hamedan 

21.1 a 2.42 a 33.57 a 1690 a 857 a 3.52 a 115.3 a 8.4 a 50.2 a 129 a 78.8 a 13.7 a Esfahan 

16.7 c 2.25 b 32.51 a 1478 a 724 b 3.48 a 102.3 b 8.8 a 50.6 a 130 a 79.2 a 14.3 a Malayer 
Means that have at least one common letter didn,t show significant difference in 1% level 
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Table 4: Effects of interaction between sowing date and population on growth, yield, yield components and essential oil content in fennel  
Treatment                                                                       Means of traits Y

ield Ex 

Extract 

H
i 

biom
ass 

yield 

1000 seed 

Seed in um
b 

U
m

b in plant 

H
eight 

M
aturity 

Flow
ering 

germ
ination 

population 

Planting D
ate 

19.2 a 2.14 a 35.28 

a 1641 a 895 a 3.53 a 115.3 a 9.7 a 50.7 a 119 a 79 a 17a Ham 

10 m
ay 

20.5 a 2.22 a 35.47 

a 1683 a 919 a 3.47 a 129 a 7.3 a 55.3 a 118.7 

a 76.7 a 14 a Esf 

16.9 a 2.11 a 33.68 

a 1574 a 799 a 3.47 a 114.3 a 8.7 a 50.7 a 120.3 

a 77.7 a 16.7 

a Mal 

25.4 a 2.69 a 35.19 

a 1771 a 949 a 3.5 a 118.3 a 12.3 a 62.7 a 124.3 

a 76.3 a 14 a Ham 

20 m
ay 

28.9 a 2.83 a 34.18 

a 1981 a 1019 a 3.53 a 144.3 a 11.7 a 50.7 a 125.3 

a 79.7 a 14.3 

a Esf 

23.8 a 2.66 a 34.1 a 1739 a 899 a 3.5 a 125.7 a 12 a 56.7 a 125.3 

a 79.7 a 14 a Mal 

18.8 a 2.12 a 29.84 

a 1310 a 556 a 3.4 a 63.3 a 6.3 a 42 a 144.3 

a 80.3 a 12.3 

a Ham 

30 m
ay 

13.9 a 2.21 a 31.07 

a 1406 a 633 a 3.57 a 72.7 a 6.3 a 44.7 a 143 a 80 a 12.7 

a Esf 

9.5 a 2.0 a 27.74 

a 1120 a 474 a 3.47 a 67 a 5.7 a 44.3 a 144.3 

a 80.3 a 12.3 

a Mal 

Means that have at least one common letter didn,t show significant difference in 1% level 
 
Essence yield in third planting date was 

significantly decreased because seed yield was very 
decreased in 30 may sowing date (third sowing 
date).This result showed in other researches as Abd 
el-wahab et al [1], al-dalain et al [5], Ahmad et al [3] 
on fennel and Aghaei et al [2] on moldavian balm. 
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