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ABSTRACTS

To improve both the quantity and quality of anise (Pimpinella anisum L.) seeds, a field experiment was
conducted in the fall season of 2021-2022 at two locations: Qlyasan Agricultural Research Station and
Kanipanka Research Station. The experiment was designed as factorial experiments (2x2x3) within
Randomized Complete Block Design (RCBD) using 3 replicates, the first factor was two sowing dates
(20™ Oct. and 20™ Nov), the second factor was plant density (50 and 100 plants m’?), and the third
factor was the application of Nitrogen (15 and 30 kg ha™' as well as control). The mean results of the
both locations indicated that the highest seed yield of 2759 kg ha” gained by the combination of the
Oct. 20 sowing date within 100 plants m” density and the application of 30 kg ha' as urea 46%
nitrogen, while the highest essential oil yield of 31 kg ha” occurred with the combination of the sowing
date of Oct. 20 with 100 plants m” and 15 Kg ha™” nitrogen. The Kanipanka location outperformed the
Qlyasan location by 91.50% and 46.60% for the characters' seeds yield and essential oil yield,
respectively.
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INTRODUCTION

Traditional medical systems worldwide have
long utilized medicinal plants to treat a range
of illnesses. Medicinal plants contain various
bioactive compounds that possess therapeutic
properties and can be used to treat several
diseases (20). In recent years, medicinal plants
have gained significant attention in modern
medicine due to their accessibility,
affordability, widespread acceptance, and
safety, making herbal remedies highly valued
globally (8). Anise (Pimpinella anisum L.) is
an annual herb with white flowers and green to
yellow small seeds. It is a member of the
Apiaceae family (33), which is recognized for
the unique flavors derived from its essential
oils. The plant is native to the Mediterranean
area (38) and grows successfully in the
countries neighboring the Kurdistan region. It
produced a seed yield of 562.1 kg ha-1 and
15.1 kg ha-1 of essential oil in Turkey (14).
Anise seed contains around 1.5-5.0% essential
oil (31), and it is characterized by a higher
amount of trans-anethole (90%) and methyl
chavicol (estragole), 0.19 (33). The essence of
the plant is contained in these oils, which are a
mixture of aromatic, volatile substances. Anise
is a fragrant and significant medicinal plant
that is extensively grown for its seeds. Because
these seeds have a high concentration of
essential oils and antioxidants, they are
utilized in a variety of industries, including
food, pharmaceuticals, and cosmetics.
However, the yield and quality of these seeds
are influenced by various environmental
factors and cultural practices, such as sowing
dates, plant density, and nitrogen fertilizer (19,
40). The date of sowing is a crucial factor in
crop productivity. Better use of time, light,
temperature, precipitation, and other elements
is made possible by the ideal sowing date (32).
Sowing dates for anise crops can significantly
affect plant growth, yield, and essential oil
content. Earlier sowing dates generally result
in higher yields and essential oil content, while
later sowing dates can lead to reduced growth
and yield (2). The microenvironment of an
anise field is largely determined by plant
spacing and seed rate. The narrower sowings,
anise branches, and umbels decreased (32).
Sowing at 20 X 10 cm could be the optimum
row space for higher productivity in anise (17).
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For optimum crop production, it's important to
control nitrogen fertilizer application. It
influences photosynthetic efficiency and leaf
development, which results in the generation
of dry matter, making it one of the most crucial
nutrients for crop production (7). The use of
fertilizer nitrogen (N) for crop production
primarily influences soil health through
changes in organic matter content, microbial
life, and soil acidity (29). According to certain
supporting studies, nitrogen fertilization has an
impact on the yield quantity and quality of
medicinal plants (25). The impact of climate
change on natural and managed systems is a
major concern, particularly the effect of
warming on major agricultural crop production
(36). By optimizing these factors, a high yield
can be achieved by improving nutrient
absorption and light exposure in the crop (30).
This research aims to identify the optimum
combinations of sowing dates, plant densities,
and nitrogen fertilizer to increase anise seed
yield and quality. The results of this study
could provide valuable information to farmers
and researchers for optimizing cultural
practices in anise cultivation.

MATERIALS AND METHODS

The methods of the investigation were
performed at two different locations: Qlyasan
agricultural research station, College of
Agricultural Engineering Sciences, University
of Sulaimani (Lat. 35° 34' 307"; N, Long. 45°
21' 992"; E, 765 m.a.s.l.), and Kanipanka
research station, Ministry of Agriculture (Lat.
35° 22' 37"; N, Long. 45° 43' 33"; E, 545
m.a.s.l.) in Shahrazoor, in season 2021-2022.
Each location includes the study of two
sowing dates of anise (20" Oct. and 20" Nov.)
using two plant densities (50 and 100 plants m’
%) and the application of nitrogen fertilizer (15
and 30 kg ha' as well as control); hence
experiment was designed as a (2Xx2x3)
factorial experiment within RCBD using 3
replicates. In both locations of the study, the
area of a plot within replications was (1x1) m?;
each plot contained 5 rows, the length of each
row was 1 m, and the distance between the
rows was 20 cm. The plants in each row were
10 cm apart to represent the density of 50
plants m™, while for the density of 100 plants
m™> the distance between the rows was 10 cm.
They are harvested when they mature. The
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meteorological data for the experimental of branches plant”, Root depth (cm), No. of
season are shown in Table 1. The soil's umbels plant'l, No. of seeds umble‘l, 1000
chemical and physical properties are shown in Seeds weight (g), Seed vyield (kg ha™),
Table 2. Some growth, yield, and yield Essential oil (%), and Essential oil yield (kg
components of anise were studied in both ha') (28).

locations, which were Plant height (cm), No.

Table 1. Metrological data of growing season 2021-2022 at Qlyasan and Kanipanka locations

Qlyasan Kanipanka
Period Temp. C° Rainfall Temp. C° Rainfall
Max. Min. Mm Max. Min. Mm
Oct. 24.8 23.0 0.0 304 15.6 18.5
Nov. 16.3 14.9 36.8 22.8 10.2 17.2
Dec. 10.6 9.3 29.1 15.9 5.1 72.1
Jan. 5.4 4.3 141.0 9.0 1.0 153.5
Feb. 11.2 9.8 54.3 15.2 5.4 57.5
Mar. 11.9 10.6 22.7 153 6.4 58.9
Apr. 21.1 19.3 15.7 26.2 14.6 42.7
May 24.6 229 10.9 28.3 17.3 154
Jun. 34.0 32.2 0.0 37.8 233 0.9
Total 310.5 436.7
Table 2. Soil analysis of both locations of the studies
Soil properties Qlyasan Kanipanka
% Sand 10.64 3.34
% Silt 45.15 65.69
% Clay 44.21 30.97
Texture Clay Clay
EC dS m-1 at 25°C 0.7 0.11
PH 7.85 7.45
N % 0.14 0.15
Organic matter % 1.13 1.139
Essential oil determination The flask was then connected to Clevenger
The Clevenger apparatus was used to quantify equipment to extract the essential oil using
essential oils. For each treatment, 100 g of hydrodistillation for 120 minutes. After being
dried and cleaned mixed seed samples were extracted, the essential oil was dried with
ground up, combined with 1 liter of distilled anhydrous sodium sulfate and stored at 4°C in
water, and put into a 2 L round-bottom flask. a dark glass bottle (25, 26).

- . weight of the vessel with oil (g)—weight of the empty vessel
Essential oil (%) = —=& (g)—weig pty (®

Weight of the seed sample (g) X100 Eq. (1)

Essential oil yield (Kg ha™!) = Seeds yield (Kg ha™!) x Essential 0il(%) Eq. (2)
RESULTS AND DISCUSSIONS 22.91% in the number of umbels plant”,
1- Effect of sowing dates on studied traits 25.79% in the number of seeds umbel’,
The means of some growth, yield, and 63.91% in seeds yield, and 16.70% in essential
essential oil characters of anise as affected by oil yield. Regarding the second location and
sowing dates in both locations and their means the means of both locations, all the studied
are presented in Table 3. In the first location, characteristics showed highly significant
most of the studied characters showed a highly responses (p<0.01) to the sowing dates, except
significant effect (p<0.01). However, the for the number of branches per plant and root
essential oil yield was found to be significant depth, which did not exhibit significant
(p<0.05), while the root depth and 1000-seed differences. Sowing on 20™ Nov. resulted in a
characters showed no significant differences. significant increase of 40.44% in plant height
Sowing on 20™ Nov. resulted in a significant and 14.00% in the essential oil for the second
increase of 30.76% in plant height, 9.83% in location, and 5.37% and 25.26% respectively
the number of branches per plant, and 34.99% for the means of both locations. On the other
in the amount of essential oil, compared to hand, sowing on 20™ Oct. led to a significant
sowing on October 20", Conversely, sowing increase of 40.80% in the number of umbels
on 20™ Oct. led to a significant increase of plant”, 12.14% in the number of seeds umbel
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! 16.25% in 1000 seed weight, 89.85% in
seeds yield, and 55.74% in essential oil yield
for the second location, and 33.05%, 17.94%,
7.21%, 80.40%, and 38.33% for the means of
both locations, respectively. These results
suggest that the growth, yield traits, and
essential oil quality of the anise plant are
significantly influenced by the date of sowing.
Plant height, branching, umbel and seed
production, seed weight, and essential oil
content may all be impacted by different
sowing dates. As shown in Table 3, the first
sowing date had a significant influence on
most of the characters in comparison with the
second sowing date. The shortening of the
development period could reduce the
vegetative growth of plants and cause smaller
plants with a lower number of branches and
umbels, and lead to lower fruit numbers.
Lower anise fruit yield due to delayed sowing
was found to be related to the reduction of
vegetative growth (39). It was found that anise
umbel buds developed when the air
temperature was above 4°C (5). The flowering
stage was delayed due to the delayed sowing
date because of the high temperature and low
humidity, which may have inhibited the

development of the plant's reproductive organs
and seed sets (12). The earlier sown crops
during the fall season are exposed to higher
temperatures and day lengths compared to
later sowing dates (23). This could be because
the lower fruit number is observed in plant™
or, per unit area, for this treatment (Table 1).
The results are consistent with the widely
recognized observation that anise plants are
vulnerable to unfavorable weather conditions
when they are in flower (37). The thousand-
seed weight was not affected by sowing dates
in the Qlyasan location. Likewise, Ullah and
Honermeier (34) found no impact of different
sowing dates on the weight of a thousand
seeds. This suggests that the growth of anise is
primarily influenced by environmental
conditions, particularly temperature. In a study
conducted by Maheshwari et al. (14), it was
observed that sowing anise on either October
25 or November 5 resulted in higher yields of
fruit, essential oil, and trans-anethole
compared to sowing on November 30. Another
investigation by Fazecas et al. (11) found that
anise fruits sown at the end of November have
produced positive fruit yields.

Table 3. Means of some growth, yield, and essential oil characters of Anise affected by sowing

date
Sowin Plant No. of Root No. of No. of 1000 Seeds Essential Essential
date g height branches depth umbels seeds seeds yield oil (%) oil yield
(cm) plant” (cm) plant’ umbel’  wt.(g) (kgha') ° (kg ha™)
Qlyasan Location
20" Oct.  35.297 7.621 10.963 9.269 74.067 2.248 1187.879 1.552 18.305
th
lflgv 46.157 8.370 10.891 7.541 58.882 2.287 724.719 2.095 15.685
LSD s 1.881 0.516 n.s 0.528 2.160 n.s 98.998 0.068 1.976
LSD 2.556 0.702 n.s 0.717 2.936 n.s 134.556 0.092 n.s
Kanipanka Location
20" Oct.  45.037 9.176 12.314 13.950 89.193 2,632  2399.041 1.329 30.345
th
;gv 63.251 9.094 12.275 9.908 79.539 2.264 1263.635 1.515 19.485
LSD g5 3.177 n.s n.s 0.574 5.520 0.150 218.072 0.043 3.653
LSD 4.318 n.s n.s 0.779 7.503 0.204 296.397 0.058 4.965
Average of both Locations
20" Oct.  40.167 8.398 11.639 11.609 81.630 2.440 1793.460 1.441 24.325
th
;?)V 54.704 8.732 11.583 8.725 69.211 2.276 994.177 1.805 17.585
LSD s 1.794 n.s n.s 0.379 2.880 0.101 116.367 0.039 2.018
LSD o0 2.396 n.s n.s 0.506 3.848 0.135 155.452 0.052 2.696

n.s: not significant

2- Effect of plant densities on studied traits
Results in Table 4 indicate the effects of plant
density on the growth, yield, and essential oil
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characteristics. Concerning the first location,
highly significant effects (p<0.01) were
observed of plant density on the no. of umbels
plant”’, seed yield, essential oil %, and
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essential oil yield. However, the effect was
significant (p<0.05) on the no. of seeds umbel
! and was not significant on the other
characters. The 50 plants m™ exceeded the 100
plants m™ in no. of umbels plant” by 10.28 %,
while for no. of seeds umbel'l, seed yield,
essential oil %, and essential oil yield, the 100
plants m™? exceeded the 50 plants m™ by
3.50%, 89.53%,14.03%, and 96.12 %
respectively. Regarding the second location,
the effect of plant density was highly
significant (p<0.01) on the characters, no. of
umbels plant'l, no. of seeds umbel'l, seed
yield, and essential oil yield. However, it was
not significant for the other characters. The 50
plants m™ showed a significant increase of
23.00% and 10.65% in the umbels per plant
and the number of seeds per umbel,
respectively, compared to the 100 plants m™.
Conversely, for seed yield and essential oil
yield, the density of 100 plants m™ exhibited a
higher value of 53.81% and 34.87%,
respectively. The means of both locations, a
highly significant effect (p<0.01) of plant
density was observed for the characters, no. of
umbels plant”, seed yield, essential 0il%, and
essential oil yield. However, it was only
significant (p<0.05) for no. of seeds umbel™,
and not significant for the other characters.
The results indicated that the 50 plants m™
outperformed the 100 plants m™ by 16.99%
and 4.23% in terms of the no. of umbels plant™
and no. of seeds umbel . Conversely, for seeds
yield, essential 0il%, and essential oil yield,
the 100 plants m™ significantly surpassed the
50 plants m™ by 65.02%, 6.23%and 56.37%

respectively. Results in Table 4 show that the
plant density had a significant impact on anis
growth, yield, and oil. The best possible plant
density has a positive impact on the plant's
ability to absorb nutrients and receive light. It
can be explained by the fact that anise plants
utilize water, light, and nutrients more
effectively when there is less rivalry among
plants at a higher plant density, which lowers
the components that contribute to production
(32, 37). According to a study by Maheshwari
et al. (14), it was found that the amount of
anise seeds harvested showed a positive
correlation with increased spacing between the
plants. In another study, the sowing of anise at
30 cm spacing resulted in higher yields
compared to narrower and wider spacing (22).
Ullah and Honermeier (34) found that an
increase in planting density led to a decrease in
the fruit yield of anise. Yan et al. (37) stated
that narrow planting had a negative impact on
the seed yield of anise. The study conducted
over two years revealed that plants cultivated
with a row spacing of 15 cm and a plant
density of 200300 plants m™ produced the
best fruit production since there was less
competition among the plants (35).
Nevertheless, Tuncturk and Yildirnm (32)
found that narrower sowing resulted in higher
crop yields and taller plant height. These
differences might be due to climatic
characteristics. Another investigation by
Meena et al. (17) stated that sowing at 20%30
cm could be the optimum row space for higher
productivity in anis.

Table 4. Means of some growth, yield, and essential oil characters of Anise affected by plant density

Plant No. of Root No. of

No. of

1000 Seeds

Plant d2e nsity height branches depth umbels seeds seeds yield ES.SeI‘l)tlal ].lesentlal Oﬂ
(m®) (cm) plant™ (cm) plant’ umbel!  wt. (g) (kg ha™") oil (%) yield (kg ha™)
Qlyasan Location
50 41.602 8.121 10.715 8.816 65.331 2.279 660.589 1.704 11.478
100 39.852 7.870 11.139 7.994 67.618 2.256 1252.008 1.943 22.511
LSD g5 n.s n.s n.s 0.528 2.160 n.s 98.998 0.068 1.976
LSD n.s n.s n.s 0.717 n.s n.s 134.556 0.092 2.686
Kanipanka Location
50 53.546 8.947 12.775 13.111 88.632 2.438 1443.101 1.443 21.216
100 54.742 9.323 11.814 10.747 80.101 2.459 2219.575 1.401 28.614
LSD 5 n.s n.s n.s 0.574 5.520 n.s 218.072 n.s 3.653
LSD (.01 n.s n.s n.s 0.779 7.503 n.s 296.397 n.s 4.965
Means of both Locations

50 47.574 8.534 11.745 10.963 76.981 2.359 1051.845 1.574 16.347
100 47.297 8.597 11.477 9.371 73.859 2.357 1735.792 1.672 25.562
LSD g5 n.s n.s n.s 0.379 2.880 n.s 116.367 0.039 2.018
LSD ¢ n.s n.s n.s 0.506 n.s n.s 155.452 0.052 2.696

n.s: not significan
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3- Effect of nitrogen on studied traits

Data in Table 5 illustrates the effect of nitrogen
fertilizer on growth, yield, and essential oil of
anise in both locations and their means. The
effect of nitrogen fertilizer was highly
significant (p<0.01) for the plant height, no. of
seeds per umbel, seed yield, and essential oil
%. However, it was significant (p<0.05) for
no. of branches plant™, no. of umbels plant™,
and essential oil yield, and was not significant
for the other characters in the first location.
Applying 30kg N ha' outyielded other
treatments for the plant height by 15.51%,
7.99% mno. of branches plant’ byll.14%,
2.22%, no. of umbels plant’ by 10.30%,
4.68%, seeds yield by 25.04%, 14.89%,
essential oil by 1.41%, 7.45% and essential oil
yield by13.47%, 23.81% respectively. The no.
of seeds umbel’ applying 15 kg N ha
predominated both control and 30kg N ha-1 by
7.25% and 4.82% respectively. Regarding the
second location, the effect of nitrogen fertilizer
was highly significant (p<0.01) for the
characters no. of umbels per plant and
essential oil %. However, it was significant
(p<0.05) for root depth and no. of seeds umbel
!, and not significant for the other characters.
The application of 15kg N ha exceeded other
treatments for the characters root depth and
essential oil % significantly by 15.11 %,
15.22%, and 6.53%, 10.10% respectively.
However, for no. of umbels plant” applying
30kg N ha™' predominated both control and
15kg N ha™ significantly by 11.81% and
16.43. Control outyielded both 15 kg N ha™
and 30kg N ha-1 for the no. of seeds umbel
by 0.09% and 9.62% respectively. At the
means of both locations, the effect of nitrogen
fertilizer was highly significant (p<0.01) on
the no. of umbels plant’, while it was
significant (p<0.05) on plant height, root
depth, and the number of seeds umbel™'. The
effect was not significant on the other
characters.  Applying 30kg N  ha
predominated control and 15kg N ha™ for
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plant height by 6.30%, 3.57%. The root depth
and no. of umbels plant!, 15kg N ha’
outyielded other treatments by 9.39%, 4.14%
for root depth, and by 3.03%, 7.39% for no. of
umbels plant”, respectively. The treatment of
30kg N ha™! predominated control and 15kg N
ha-1 by 11.21%, 11.39% for no. umbels plant™
respectively. An important factor in the growth
and development of plants is nitrogen
fertilizer. Applying nitrogen to medicinal
plants will encourage growth and the
production of essential oils and other active
ingredients (4, 40). Conversely, inadequate soil
organic matter and imbalanced nitrogen
fertilization have a detrimental effect on plant
output and chemical content. Excessive
nitrogen fertilizer inputs also have an adverse
effect on plant structure, the surrounding soil,
and irrigation water. Generally speaking, every
element that affects photosynthesis may have
an impact on seed output (27). The results in
Table 3 were consistent with earlier findings
by Jevdovi¢ and Maleti¢ (13), demonstrating
that fertilizer application had a major impact
on anise seed yield and quality. Fertilizer
application showed a significant effect on
anise yield characters such as: plant height,
No. branches plant ', no. of umbel plant "', no.
of seeds umbels'], seeds yield, and 1000 seed
wt. (6). According to a related study by
Nabizadeh er al. (18), fertilizer application
produced the maximum oil content and seed
production. A study by Abdullah (1) reported
that the highest seed yield and oil content,
respectively, were achieved (1286 and 179 Kg
ha) by the chemical nitrogen (60 kg ha™)
with a density of 25 plant m™. In contrast to
the other types of fertilizers under
investigation, another study by Ahmed et al.
(3) showed that anise plants treated with
chemical fertilization often produced the
highest values in plant growth (plant height,
number of branches plant™ and herb fresh and
dry weights plant™).=
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Table 5. The means of some growth, yield, and essential oil characters of Anise affected by
nitrogen fertilizer

Nitrogen Fertilizer Pl.a nt No. of Root No. of 1::(;(;’: 1000 Se.seds Essential E§sel}tial
(kg ha) height brancl!es depth umbe_ls umbel’ seeds wt. yleld_ oil (%) oil yle!d
g (cm) plant™ (cm)  plant! 1 g (kg ha™) ¢ (kg ha™)
Qlyasan Location
0 37.889 7.499 10.743 7.988 64.419 2.284 859.258 1.850 16.710
15 40.528 8.153 11.098 8.417 69.091 2.178 935.192 1.746 15.314
30 43.764 8.334 10.940 8.811 65.913 2.340 1074.446 1.876 18.960
LSD s 2.303 0.633 n.s 0.646 2.645 n.s 121.247 0.083 2.420
LSD ¢ 3.131 n.s n.s n.s 3.596 n.s 164.796 0.113 n.s
Kanipanka Location
0 54.237 9.194 11413  11.625  86.936 2.532 1883.831 1.334 24.594
15 54.028 9.418 13.138  11.164  86.854 2.467 1784.054 1.537 27.550
30 54.167 8.793 12333 12998  79.308 2.347 1826.128 1.396 22.601
LSD 5 n.s n.s 1.257 0.702 6.761 n.s n.s 0.052 n.s
LSD .01 n.s n.s n.s 0.955 n.s n.s n.s 0.071 n.s
Means of both Locations
0 46.063 8.347 11.078 9.806 75.678 2.408 1371.545 1.592 20.652
15 47.278 8.785 12.118 9.790 77.973 2.323 1359.623 1.641 21.432
30 48.965 8.563 11.636  10.905  72.611 2.343 1450.287 1.636 20.780
LSD 5 2.197 n.s 0.698 0.464 3.528 n.s n.s n.s n.s
LSD .0 n.s n.s n.s 0.620 n.s n.s n.s n.s n.s

n.s: not significant

4- Interaction of sowing dates and plant
densities: Data present in Table 6 illustrate the
interaction effect between sowing dates and
plant density on some growth, yield, and
essential oil characters of anise in both
locations and their means. In the first location,
the interaction effect was highly significant
(p<0.01) on the no. of seeds umbel”, seed
yield, essential oil %, and essential oil yield,
while non-significant effects were observed on
the other characters. The interaction of 20™
Oct. and 100 plants m™ resulted in the highest
values for the no. of seeds umbel, seed yield,
and essential oil yield. Specifically, the
number of seeds umbel reached 79.126 seeds,
the seed yield was 1644.787 kg ha™', and the
essential oil yield was 25.374 kg ha'. On the
other hand, the interaction between 20" Nov.
and 100 seeds m™ resulted in the minimum
value for no. seeds umbel " which was 56.11
seeds. Additionally, the lowest seeds yield of
590.208 kg h' was recorded with the
interaction of 20™ Nov. and 50 plants m’.
Conversely, the interaction between 20™ Nov.
and 100 plants m? yielded the highest
essential 0il%, reaching 2.295. Furthermore,
the essential oil % and essential oil yield
produced the minimum values of 1.513% and
11235 kg h', respectively, when the
interaction occurred between the 20™ Oct and
the 50 plants m™ interaction. Concerning the
second location, the effect of the interaction
between sowing date and plant density was
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examined, and the results were found to be
highly significant (p<0.01) on the no. of
umbels plant'l, seed yield, and essential oil %.
The interaction between 20" Oct. with 50
plants m™ resulted in a higher no. of umbels
plant’ with the value of 14.443 umbels.
Conversely, the lowest number of umbels
(8.038) was observed when the crop was sown
on the 20" of November with a plant density
of 100 plants m>. When examining the seed
yield, it was found that the interaction between
20" Oct. with 100 plants m”> produced a
maximum value for seed yield of 3032.430 kg
ha'. On the other hand, the minimum yield of
1120.55 kg ha™' was observed when the crop
was sown on the 20™ of November with a
plant density of 50 plants m®. The highest
percentage of essential oil, reaching 1.668%,
was observed with the interaction of the
sowing date on the 20™ Nov. and 100 plants
m?. In contrast, the lowest value of essential
oil percent (1.135%) was obtained when the
crop was sown on the 20™ October with a plant
density of 100 plants m”. At the means of both
locations, the interaction between the 20" Oct.
and 50 plants m™~ showed a maximum no. of
umbels reaching 11.944 umbels. Conversely,
the interaction between the 20"™ Nov. and 100
plants m™ exhibited a minimum no. of umbels,
with a value of 7.467. However, the interaction
of the 20" Oct. and 100 plants m™ resulted in
the maximum no. of seeds umbel™' with 83.328
seeds, and seed yield of 2338.608 kg ha'. On
the other hand, the interaction between the 20"
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Nov. and 100 plants m? yielded the lowest
number of seeds umbel'l, with a mean of
64.39. The lowest value of seed yield,
amounting to 855.379 kg h™', was recorded by
the interaction between 20™ Nov. and 50 plants
m?. Furthermore, the interaction of 20" Nov.,

coupled with 100 seeds m?, exhibited a
maximum percentage of essential oil, with a
value of 1.981%. Conversely, the interaction
between 20™ Oct and 100 plants m” resulted in
the minimum oil percent of 1.363. Current
findings are partially in agreement with (34).

Table 6. Means of some growth, yield, and essential oil characters of Anise affected by the

interaction of sowing date and plant density

Sowin Plant Plant No. of Root No. of No. of 1000 seeds Seeds Essential Essential
Dates g Density  height  branches depth umbels seeds wt. (2) yield oil (%) oil yield
(m?) (cm) plant™ (cm) plant’  umbel” -8 (kg ha™) " (kgha)
Qlyasan Location
20" Oct 50 35.630 7.538 10.908 9.444 69.008 2.224 730.970 1.513 11.235
’ 100 34.963 7.703 11.019 9.093 79.126 2.271 1644.787 1.591 25.374
20" Nov. 50 47.574 8.703 10.522 8.187 61.654 2.334 590.208 1.896 11.721
: 100 44.740 8.037 11.259 6.896 56.110 2.240 859.230 2.295 19.648
LSD 5 n.s n.s n.s n.s 3.055 n.s 140.004 0.096 2.795
LSD ¢ n.s n.s n.s n.s 4.152 n.s 190.290 0.130 3.799
Kanipanka Location
20™ Oct 50 43.721 8.630 12.797 14.443 90.856 2.684 1765.651 1.524 26.954
) 100 46.352 9.722 11.832 13.457 87.531 2.580 3032.430 1.135 33.737
20" Nov. 50 63.370 9.263 12.753 11.779 86.408 2.191 1120.550 1.363 15.479
: 100 63.131 8.924 11.797 8.038 72.670 2.338 1406.720 1.668 23.491
LSD 05 n.s n.s n.s 0.811 n.s n.s 308.400 0.061 n.s
LSD ¢ n.s n.s n.s 1.102 n.s n.s 419.169 0.082 n.s
Means of both Locations
20™ Oct 50 39.676 8.084 11.852 11.944 79.932 2.454 1248.311 1.518 19.094
: 100 40.658 8.713 11.426 11.275 83.328 2.426 2338.608 1.363 29.555
20™ Nov. 50 55.472 8.983 11.638 9.983 74.031 2.263 855.379 1.629 13.600
: 100 53.936 8.481 11.528 7.467 64.390 2.289 1132.975 1.981 21.570
LSD 5 n.s n.s n.s 0.536 4.073 n.s 164.568 0.055 n.s
LSD .01 n.s n.s n.s 0.715 5.442 n.s 219.842 0.073 n.s

n.s: not significant

5- Interaction of sowing dates and nitrogen
fertilizer: The data presented in Table 7 shows
the interaction between sowing date and
nitrogen fertilizer on the growth, yield, and
essential oil percentage of anise in both
locations and their means. In the first location,
this interaction had a highly significant effect
(p<0.01) on the no. of umbels plant'l, essential
oil %, and essential oil yield. However, it had a
significant effect (p<0.05) on plant height and
no. of seeds umbel ™, and no significant effects
were recorded on the other characters. Sowing
on 20™ Nov. under 30kg N ha™ resulted in the
highest plant height of 51.083cm. Conversely,
the lowest plant height of 33.362 was observed
with the interaction of 20™ Oct and control
treatment. Sowing on 20" Oct. with Okg N ha™
showed the highest number of umbels plant
and essential oil yield with the values of 9.362
umbels and 21.061 kg h™" respectively. The
lowest no. umbels plant” and essential oil
yield of 6.613 umbels and 12.359 kg h™"
respectively, were obtained with the
interaction between 20™ Nov. and control
treatment. The interaction between 20" Oct.
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and 15kg N ha"' had a maximum number of
seeds umbel (78.597 seeds). On the other
hand, the lowest number of seed umbel’!
(56.847 seeds) was recorded with the
interaction between 20™ Nov and control. The
maximum essential oil % of 2.356 was
exhibited by the interaction between the 20"
No. under 15 kg N ha™. However, a minimum
oil % of 1.136% was observed with the
interaction between 20" Oct. and 15 kg N ha™.
Regarding the second location, the no. of
umbels plant”’ and essential oil % showed a
significant increase (p<0.01) in response to
this interaction, and no significant effects were
observed for the other characters. The
combination of 20™ Oct. and 30kg N ha
resulted in the highest number of umbels plant’
! reaching 15.330 umbels. Conversely, the
lowest value of 9.252 umbels per plant was
recorded when the interaction occurred
between the 20" Nov. and the control
treatment. Additionally, the combination of
20" Nov. with 30 kg N ha" exhibited the
maximum percentage of essential oil at
1.645%, while the minimum percentage of
essential oil at 1.147% was observed when the
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interaction took place between 20™ Oct. with
30 kg N ha'. Regarding the means of both
locations, the interaction effect between
sowing date and nitrogen fertilizer was highly
significant (p<0.01) for the no. of umbels
plant”’ and essential oil %. Still, it was only
significant (p<0.05) for essential oil yield and
not significant for other characteristics.
Sowing on 20™ Oct. and 30kg N ha™, showed
the maximum number of umbels plant’,
reaching 12.221 umbels. However, the
minimum number of umbels plant”, 7.933
umbels, was recorded for the interaction
between 20™ Nov. under the control treatment.

The interaction between 20™ Nov. with 15 kg
N ha'l, the maximum essential oil % was
observed, reaching 1.944%. Conversely, the
lowest values were obtained from the
interaction between 20" Oct. and 30 kg N ha™,
resulting in 1.338% essential oil. Sowing on
the 20" Oct. with control resulted in the
maximum essential oil yield of 26.233 kg ha™.
In contrast, the lowest values were recorded
for the interaction between 20™ Nov. and
control treatment, with an essential oil yield of
15.071kg ha'. The results were in partial
agreement with the study conducted by
Fatemeh et al. (10).

Table 7. The means of some growth, yield, and essential oil characters of Anise are affected by
the interaction effect of sowing date and nitrogen fertilizer

Sowin  Nitrogen Plant No. of Root  No.of  No.of 1000 Seeds o Esls‘:)‘i‘l“a
g Fertilizer height branches depth umbels seeds seeds yield 1 il (%) jeld (k
Dates (kg ha™) (cm) plant™ (cm) plant™ umbel’  wt.(g) (kgha™) ¢ y ha™) g
Qlyasan Location
20 0 33.362 7.222 10.583 9.362 71.992 2.207  1055.796 1.992 21.061
Oct. 15 36.083 7.417 11.028 9.333 78.597 2.170 1192.335 1.136 14.430
30 36.445 8.223 11.278 9.112 71.612 2367  1315.505 1.529 19.423
20 0 42.417 7.777 10.903 6.613 56.847 2.362 662.720 1.708 12.359
Nov. 15 44.972 8.888 11.167 7.500 59.585 2.187 678.050 2.356 16.198
: 30 51.083 8.445 10.602 8.510 60.215 2.313 833.388 2.223 18.497
LSD 5 3.257 n.s n.s 0.914 3.741 n.s n.s 0.117 3.423
LSD g1 n.s n.s n.s 1.243 n.s n.s n.s 0.159 4.652
Kanipanka Location

20 0 45.223 9.445 11.333 13.998 91.472 2.743  2513.571 1.300 31.405
Oct 15 44.332 9.555 13.500 12.522 87.680 2.707  2162.826 1.542 33.021
’ 30 45.555 8.528 12.110 15.330 88.428 2.447  2520.725 1.147 26.610
20 0 63.250 8.943 11.493 9.252 82.400 2.320 1254.091 1.368 17.784
Nov. 15 63.723 9.282 12.777 9.807 86.028 2.227  1405.282 1.533 22.080
: 30 62.778 9.057 12.555 10.667 70.188 2.247 1131.532 1.645 18.591

LSD 5 n.s n.s n.s 0.993 n.s n.s n.s 0.074 n.s

LSD g1 n.s n.s n.s 1.350 n.s n.s n.s 0.101 n.s

Means of both Locations

20 0 39.293 8.333 10.958 11.680 81.732 2475  1784.684 1.646 26.233
Oct 15 40.208 8.486 12.264 10.928 83.138 2.438 1677.580 1.339 23.725
: 30 41.000 8.376 11.694 12.221 80.020 2.407 1918.115 1.338 23.017
20 0 52.833 8.360 11.198 7.933 69.623 2.341 958.405 1.538 15.071
Nov. 15 54.348 9.085 11.972 8.653 72.807 2.207  1041.666 1.944 19.139
: 30 56.931 8.751 11.578 9.588 65.202 2.280 982.460 1.934 18.544
LSD 05 n.s n.s n.s 0.656 n.s n.s n.s 0.067 3.496

LSD o1 n.s n.s n.s 0.876 n.s n.s n.s 0.090 n.s

n.s: not significant

6- Interaction of plant densities and
nitrogen fertilizer: The interaction between
plant density and nitrogen fertilizer on growth
and yield characters of anise in both locations
and their means is shown in Table 8. In the
first location, the effect of this interaction was
highly significant (p<0.01) on the following
characters: no. of umbel plant™, no. of seeds
umbel™, seed yield, and essential oil %.
However, it was only significant (p<0.05) for
no. of branches plant™', and was not significant
for the other characters. The maximum number
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of branches, plant’ (9.002 branches), was
observed in the interaction of 50 plants m™
under 30kg N ha™', while the interaction of 50
plants m™ coupled with the control treatment
showed a minimum height of 7.443 cm. In
terms of the no. of umbels per plant”, the
highest value of 9.778 umbels was exhibited
by the interaction of 50 plants m™ coupled
with 15kg N ha™', whereas the minimum value
of 7.055 umbels was recorded in the
interaction of 100 plants m™ and 15kg N ha™.
The maximum number of seeds umbel”
(78.105 seeds), was produced by 100 plants m
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* under 15kg N ha' interaction, while the
interaction of 100 plants m™ coupled with
control treatment showed the lowest number of
seeds plant™ (58.892 seeds). Regarding seed
yield, the highest value of 1491.040 kg ha™
was observed in the interaction of 100 Plants
m™ with 30 kg N ha™, while the minimum
value of seed yield (657.852 kg ha') was
recorded in the interaction of 50 plants m™
under 30kg N ha'. The maximum percentage
of oil (2.082%) was observed in the interaction
of 100 seeds m? with the control treatment,
whereas the interaction between 50 plants m™
and 15kg N ha” showed a minimum essential
oil percentage of 1.528%. In the second
location, the effect of this interaction was
highly significant (p<0.01) for essential oil %,
while it was significant(p<0.05) for no. of
umbels plant” and essential oil yield, and was
not significant on the other characters. The
maximum number of umbels plant’ was
14.497, exhibited by the interaction of 50
plants m™ with 30kg N ha”, while the
interaction of 100 plants m™ and control
treatment produced a minimum no. umbels
plant’ of 10.107. The highest values for
essential oil % and essential oil yield were
1.572% and 35.070 kg ha™ respectively,
recorded using 100 plants m™ under 15 kg N
ha'. The lowest value for essential oil %
1.287, was recorded for the interaction
between 100 plants m™ and 30 kg N ha™'. The
lowest value for essential oil yield, of 20.020
kg h' was observed for the interaction
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between 50 plants m™ under 15 kg N ha™'. At
the means of both locations, the number of
seeds umbel’ and essential oil responded
significantly (p<0.01) to this effect, while the
essential oil yield showed a significant
response (p<0.05). No significant effects were
observed on the other characters. The
maximum values for no. of seeds umbel'l,
essential oil %, and essential oil yield were
81.919 seeds, 1.768%, and 28.018 kg ha’,
respectively, recorded by the interaction of 100
plants m™ under 15kg N ha™. The lowest value
of the no. seeds umbel' were 69.60 seeds,
produced by the interaction of 100 plants m™
and 30 kg N ha!, while the minimum essential
oil % was 1.470%, recorded by 50 plants m™
under the control treatment. The interaction
between 50 plants m™ under 15 kg N ha™
exhibited the lowest value of 14.846 kg h’
essential oil yield. Optimal plant spacing plays
a significant role in determining the
microenvironment within an anise field and
has the potential to enhance crop productivity
by positively influencing nutrient absorption
and light exposure for the plants. An
experiment by Faravani et al. (9) showed that
applying fertilizer and maintaining the
optimum plant density combination produced
the highest yields of anise seeds and essential
oil. Likewise, Ram et al. (21) observed that the
integrated use of plant density and fertilizer
resulted in higher percentages of essential oil
and increased essential oil yield in their study.
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Table 8. The means of some growth and yield characters of Anise are affected by the
interaction effect of plant density and nitrogen fertilizer

Plant Nitrogen  Plant No. of Root No. of 1::(; (;)sf 1000 Seeds Essential Essential
density Fertilizer  height branches depth  umbels . seeds wt. yield o o oil yield
(m?) (Kgha')  (cm) plant'  (cm)  plant’ P (2 kgha'y TP (et
Qlyasan Location

0 38.028 7.443 10.250 8.002 69.947 2.315 662.886 1.618 11.539

50 15 41.195 7.917 10.917 9.778 60.077 2.250 661.029 1.528 9.662
30 45.583 9.002 10.978 8.667 65.970 2.273 657.852 1.967 13.234

0 37.750 7.555 11.237 7.973 58.892 2.253 1055.630 2.082 21.881

100 15 39.860 8.388 11.278 7.055 78.105 2.107 1209.355 1.963 20.966
30 41.945 7.667 10.902 8.955 65.857 2.407 1491.040 1.784 24.687

LSD g5 n.s 0.895 n.s 0.914 3.741 n.s 171.470 0.117 n.s

LSD .01 n.s n.s n.s 1.243 5.085 n.s 233.057 0.159 n.s

Kanipanka Location

0 52.917 9.388 11.577 13.143  92.647 2.493 1568.904 1.323 22.055

50 15 53.610 9.617 13.583  11.693 87.975 2.507 1318.927 1.502 20.030
30 54.110 7.835 13.165 14497 85.273 2.313 1441.470 1.505 21.563

0 55.557 9.000 11.250 10.107  81.225 2.570 2198.758 1.345 27.133

100 15 54.445 9.220 12.693 10.635  85.733 2.427 2249.181 1.572 35.070
30 54.223 9.750 11.500 11.500  73.343 2.380 2210.786 1.287 23.638

LSD 05 n.s n.s n.s 0.993 n.s n.s n.s 0.074 6.327

LSD o n.s n.s n.s n.s n.s n.s n.s 0.101 n.s

Means of both Locations

0 45.473 8.416 10913 10.573  81.297 2.404 1115.895 1.470 16.797

50 15 47.403 8.767 12.250 10.736  74.026 2.378 989.978 1.515 14.846
30 49.847 8.418 12.072  11.582 75.622 2.293 1049.661 1.736 17.398

0 46.653 8.278 11.243 9.040 70.058 2.412 1627.194 1.714 24.507

100 15 47.153 8.804 11.986 8.845 81.919 2.267 1729.268 1.768 28.018
30 48.084 8.708 11.201 10.228  69.600 2.393 1850.913 1.535 24.163

LSD 5 n.s n.s n.s n.s 4.989 n.s n.s 0.067 3.496

LSD .01 n.s n.s n.s n.s 6.665 n.s n.s 0.090 n.s
n.s: not significant ) The maximum seed yield and essential oil
7- Interaction of sowing dates, plant  yie]ld were 2067.796 and 29.760 kg ha’,
densities, and nitrogen fertilizer: The respectively, and these values were observed

interaction effect between sowing dates, plant
density, and nitrogen fertilizer on the growth
and yield characteristics of anise was
examined at two different locations. The
results are shown in Table 9. At the first
location, the following characteristics: no. of
umbels plant”’, no. of seeds umbel’, seed
yield, essential oil percent, and essential oil
yield, showed a highly significant response
(p<0.01) to these factors. The maximum value
for the no. of umbels plant’ was 10.333,
which was observed when sowing was done
on the 20™ Oct., with 50 plants m™ and 15 kg
N ha'. In contrast, the minimum value of the
no. of umbels plant’ of 5.777 umbels,
occurred when sowing on the 20™ Nov., with
100 plants m™ and 15 N kg ha™. Similarly, the
maximum number of seeds umbel'], 92.017
seeds, was recorded when sowing was
conducted on the 20™ Oct., with 100 plants m™
and 15 N kg'. Conversely, the minimum
number of seeds umbel'l, which was 50.647
seeds, was obtained by the interaction of 20™
Nov., with 100 plants m™ and 30 kg N ha™.

1844

when sowing was done on the 20™ Oct., with
100 seeds m™ and 30kg N ha™. On the other
hand, the minimum seeds yield of 427.192 kg
ha' and essential oil yield of 5.366 kg ha™
were obtained when sowing on the 20™ Nov.,
with 50 plants m™ and control treatment.
Regarding the essential oil percentage, the
maximum value of 2.601% was observed with
the interaction of the sowing date of 20" Nov.,
100 seeds m™ and 15kg N ha™. In contrast, the
minimum essential oil percentage (0.946%)
was recorded with the interaction of the
sowing date of 20™ Oct., 50 seeds m™ and
15kg N ha™. At the second location, a highly
significant effect (p<0.01) was observed for
the following characters: no. of umbels plant™,
seed yield, and essential oil content. However,
for essential oil yield, this effect was only
significant  (p<0.05), and non-significant
effects were recorded for the other characters.
The maximum values recorded for the no. of
umbels plant” and seed yield were 15.667
umbels and 3449.974 kg ha™', respectively.
These values were obtained through the
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interaction of the 20™ Oct., with 100 plants m?,
and 30 kg N ha'. On the other hand, the
lowest number of umbel plant” and seed yield
were 7.333 umbels and 971.597 kg ha’,
respectively, resulting from the interaction of
the 20™ of November, with 100 plants m?, and
30 kg N ha'. Regarding the essential oil %,
the highest value recorded was 1.680%, which
was obtained through the interaction of the

20" Nov., 100 seeds m™ and 30kg N ha™.
Conversely, the minimum essential oil % of
0.893% was obtained through the interaction
of the 20" October, 100 plants m™ and 30 kg
N ha™. The highest value for essential oil yield
was 39.930 kg ha', which was recorded
through the interaction of 20™ Oct., with 100
seeds m™” and 15 kg N ha™.

Table 9. The means of some growth and yield characters of anise are affected by the
interaction effect of sowing date, plant density, and nitrogen fertilizer

. Plant Nitrogen Plant No. of Root No. of No. of 1000 S?eds . Essential
Sowing . o . seeds  seeds yield Essential .
Dates denszlty Fertlllz_t;,r height branchfs depth umbe!ls umbel  wt. (kg ha' oil (%) oil yle!:i
(m°) (Kgha) (cm) plant (cm) plant 1 (@) 1) (kg ha™)
Qlyasan Location
0 32.500 7.220 10.000 10.000 79.690 2.253 898.580 1.972 17.712
50 15 36.390 6.947 11.500 10.333 65.177 2.180 731.117 0.946 6.907
20™ Oct. 30 38.000 8.447 11.223  8.000 62.157 2.240 563.214 1.620 9.086
0 34.223 7.223 11.167 8.723  64.293 2.160 1213.012 2.012 24.410
100 15 35.777 7.887 10.557 8333  92.017 2.160 1653.552 1.325 21.952
30 34.890 8.000 11.333  10.223  81.067 2.493 2067.796 1.437 29.760
0 43.557 7.667 10.500 6.003  60.203 2.377 427.192 1.263 5.366
50 15 46.000 8.887 10.333  9.223 54977 2.320 590.942 2.110 12.417
20" Nov. 30 53.167 9.557 10.733  9.333  69.783 2.307 752.490 2.314 17.381
: 0 41.277 7.887 11.307  7.223  53.490 2.347 898.247 2.152 19.352
100 15 43.943 8.890 12.000 5.777 64.193 2.053 765.158 2.601 19.979
30 49.000 7.333 10.470 7.687  50.647 2.320 914.285 2.131 19.613
LSD 5 n.s n.s n.s 1.293 5.291 n.s 242.495 0.166 4.841
LSD 4, n.s n.s n.s 1.757 7.191 n.s 329.593 0.225 6.580
Kanipanka Location
0 41.333 9.333 11.500 15.340 95.960 2.787 2056.385 1.579 32.466
50 15 44.220 10.000 13.447 12.997 88.527 2.853 1649.095 1.592 26.111
20" Oct. 30 45.610 6.557 13.443 14.993 88.080 2.413 1591.475 1.400 22.284
0 49.113 9.557 11.167 12.657 86.983 2.700 2970.758 1.020 30.344
100 15 44.443 9.110 13.553 12.047 86.833 2.560 2676.558 1.492 39.930
30 45.500 10.500 10.777 15.667 88.777 2.480 3449.974 0.893 30.937
0 64.500 9.443 11.653 10.947 89.333 2.200 1081.424 1.066 11.645
50 15 63.000 9.233 13.720 10.390 87.423 2.160 988.759 1.412 13.949
20" Nov. 30 62.610 9.113 12.887 14.000 82.467 2.213 1291.466 1.610 20.842
: 0 62.000 8.443 11.333  7.557 75.467 2.440 1426.759 1.670 23.922
100 15 64.447 9.330 11.833  9.223  84.633 2.293 1821.805 1.653 30.211
30 62.947 9.000 12.223 7.333 57910 2.280 971.597 1.680 16.340
LSD g5 n.s n.s n.s 1.405 n.s n.s 534.164 0.105 8.948
LSD o n.s n.s n.s 1.909 n.s n.s 726.022 0.143 n.s
Means of both Locations
0 36.917 8.277 10.750 12.670 87.825 2.520 1477.482 1.776 25.089
50 15 40.305 8.473 12.473 11.665 76.852 2.517 1190.106 1.269 16.509
20" Oct. 30 41.805 7.502 12.333 11497 75.118 2.327 1077.344 1.510 15.685
0 41.668 8.390 11.167 10.690 75.638 2.430 2091.885 1.516 27.377
100 15 40.110 8.498 12.055 10.190 89.425 2.360 2165.055 1.408 30.941
30 40.195 9.250 11.055 12.945 84.922 2487 2758.885 1.165 30.349
0 54.028 8.555 11.077 8.475  74.768 2.288 754.308 1.165 8.505
50 15 54.500 9.060 12.027 9.807 71.200 2.240 789.850 1.761 13.183
20" Nov 30 57.888 9.335 11.810 11.667 76.125 2.260 1021.978 1.962 19.112
’ 0 51.638 8.165 11.320  7.390 64478 2.393 1162.503 1.911 21.637
100 15 54.195 9.110 11917 7.500 74413 2.173 1293.482 2.127 25.095
30 55.973 8.167 11.347  7.510 54278 2300 942.941 1.906 17.976
LSD g5 n.s n.s n.s 0.928 7.055 n.s 285.040 0.095 4.943
LSD g1 n.s n.s n.s 1.239 9.425 n.s 380.778 0.127 6.604

In contrast, the interaction of the 20™ Nov.,
with 50 plants m? and control treatment
produced the minimum essential oil yield of
11.645 kg h”'. Regarding the means of both

locations, the interaction effect among these
factors was highly significant (p<0.01) for the
following characters: no. of umbels plant™, no.
of seeds umbel”, seed yield, essential oil
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percent, and essential oil yield. However, the
interaction effect was not significant for the
other characters. The maximum values for the
no. of umbels per plant” and seed yield were
12.945 umbels and 2758.885 kg ha’,
respectively, recorded with the interaction of
the 20™ Oct. with 100 seeds m™ and 30kg N
ha™. On the other hand, the lowest number of
umbels plant” was 7.390 umbels recorded with
the interaction of the 20" November 100
plants m™ and the control treatment. The
minimum seed yield of 754.308 kg ha™' was
recorded with the interaction of the 20" Nov.,
50 plants m™ and control treatment. As for the
no. of seeds umbel™ and essential oil yield, the
highest values were 89.425 seeds and 30.941
kg ha”', respectively, recorded with the
interaction of the 20™ Oct., 100 plants m™ and
15 kg N ha™'. The lowest no. of seeds umbel’,
54278 seeds, was obtained with the
interaction of 20™ Nov., 50 plants m™> and
control. Similarly, the minimum essential oil
yield of 8.505 kg ha™' was produced with the
interaction of the 20™ Nov., 50 plants m™ and
control. Concerning the maximum essential oil
%, it was 2.127% shown with the interaction
of the 20™ Nov., with 100 seeds m™ and 15kg
N ha™. However, the lowest essential oil %
was 1.165 % with both the interaction of the
20™ Oct., 100 plants m” and 30 kg N ha!, and
20™ Nov., 50 plants m™ and control treatment,

respectively
n.s: not significant

8- Effect of locations on studied traits

The effects of different locations on the
studied characters are illustrated in Table 10.
All the studied characters exhibited a highly
significant response to these effects, except for

the no. of branches plant'l, root depth, and
1000 seeds weight, which showed only a
significant response. The Kanipanka location
outperformed the Qlyasan location for all
characters, except for the essential oil
percentage, where the Qlyasan location
demonstrated a superior oil percentage. The
Kanipanka location surpassed the Qlyasan
location by 25.58%, 14.26%, 12.52%, 41.93%,
26.92%, 7.94%, 91.50%, and 46.60% for the
characters plant height, no. of branches plant™,
root depth, no. of umbels plant™, no. of seeds
per umbel, 1000 seeds weight, seeds yield, and
essential oil yield, respectively. However, the
Qlyasan location had a higher essential oil
percentage, prevailing over the Kanipanka
location by 28.27% These findings suggest
that the location of cultivation significantly
influences the studied characteristics of the
anise plants. The Kanipanka location exhibited
better performance in terms of growth
parameters, seed yield, and essential oil yield.

This could be attributed to favorable
environmental conditions, particularly the
moderate  temperature.  The  provided

meteorological data in Table 1 further support
this observation. Anise plant growth is
hindered when the soil temperature drops to
6°C (35). To achieve a profitable yield and
obtain high-quality essential oil from Anise, it
is advantageous to have a warm, sunny, and
dry autumn season (15), Table 1. McCord (16)
mentioned that the life zone for anise
cultivation is 8-23 °C with 1000-1200 mm
annual precipitation, producing excellent
crops, and soil pH ranged from 6.3 to 7.3.

Table 10. Effect of Locations on the studied characters

Plant No. of Root No. of No. of 1000 Seeds Essential Essential oil
Locations height branches depth umbels seeds seed wt.  yield (kg o o yield (kg ha
(cm) plant" (cm) plant'l umbel’ (g) ha™) oil (%) D)
Qlyasan 40.727 7.995 10.927 8.405 66.474 2.268 956.299 1.824 16.995
Kanipanka  54.144 9.135 12.295 11.929 84.366 2.448 1831.338 1.422 24915
LSD .05 1.591 0.705 0.936 0.776 3.767 0.137 204.470 0.086 4.202
LSD o 2.638 n.s n.s 1.287 6.247 n.s 339.066 0.142 6.969
n.s: not significant essential oil yield, while later sowing on 20™
Conclusion

The findings of this study demonstrate that
sowing date, plant density, and nitrogen
fertilization exert significant influences on the
growth, yield, and essential oil production of
anise. Early sowing on 20" October generally
enhanced seed yield, umbel number, and

November favored plant height and essential
oil percentage. Higher plant density (100
plants m™?) improved seed yield and oil yield
but reduced umbels number and seeds per
umbel compared to lower density (50 plants
m~2). Application of 30 kg N ha™ promoted
plant height, umbel number, and seed yield,
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whereas 15 kg N ha™! increased root depth and
essential oil percentage in some cases.
Significant interactions among sowing date,
plant density, and nitrogen levels indicate that
optimum performance is achieved under early
sowing, higher plant density, and moderate
nitrogen application, reflecting the need to
balance vegetative growth with reproductive
output. These results provide a basis for
optimizing agronomic practices to maximize
both yield and essential oil quality in anise

cultivation under similar environmental
conditions.
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