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The present study was carried out on a farm located in Virouni village situated 10km from Astara as a two-facto factorial 
study with a completely random block design with three iterations in 2020. The experimental treatments included factor 
"a" at two levels (a1: direct cultivation and a2: indirect cultivation (cultivation in the greenhouse and transfer to the farm)), 
and factor b at five levels (a1: control (no fertilizer), a2: 25kg nitrogen fertilizer, a3: 50kg nitrogen fertilizer, a4: 75kg 
nitrogen fertilizer, and a5: 100kg nitrogen fertilizer). The measured traits include plant height, biological performance, 
grain yield and yield components, number of umbels per plant, number of grains per umbel, grain weight, harvest index, 
and essential oil content. Variance analysis of the studied traits (Table 1) indicated significant differences at 1% and 5% 
significance levels across factor a (the type of cultivation) in terms of all traits except the harvest index and across the 
levels of factor b (nitrogen fertilizer content) in terms of all traits except the harvest index, the number of umbels, and 
grain weight. Moreover, the mutual impact of cultivation type in nitrogen fertilizer revealed significant differences only in 
terms of plant height and the number of grains per umbel while the other traits did not vary significantly. Indirect 
cultivation increased the traits of plant height, biological performance, grain yield, and yield components, number of 
umbels per plant, number of grains per umbel, grain weight, harvest index, and essential oil content by 1.02, 4.87, 0.26, 
2.19, 7.12 and 3.31% compared to direct cultivation. Nitrogen fertilizer increased grain yield, biological performance, and 
essential oil content up to the point of 50kg, while the consumption of 75-100kg of nitrogen fertilizer reduced grain yield, 
biological performance, and essential oil content. In other words, the optimal nitrogen fertilizer consumption is 50kg to 
improve grain yield, biological performance, and essential oil content. Chemical fertilizer was revealed to have a 
significant impact on the growth, yield, and essence content of dill so that the consumption of 50kg chemical fertilizer per 
hectare resulted in the highest economic yield (grain) and essential oil production which was significantly higher than the 
control.  
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INTRODUCTION 

Dill (Anethum graveolens L) is an annual plant from 
the Apiaceae family with a height of 30cm to one meter (Bi 
et al. 2021, Gholamin and Khayatnezhad, 2020a, Guo et 
al. 2021, Huang et al. 2021, Jia et al. 2020, Ma et al. 
2021b, Ali et al. 2015). Dill originated from Southern 
Europe and Asia Minor (Abril et al. 2007), was first 
cultivated in Palestine, and was probably later transferred 
from ancient Rome to other European countries (Aydin 
and Uzun, 2005). Sill is cultivated in many areas of Iran, 
Abyssinia, Egypt, India, Caucasus, Spain, Italy, Hungary, 
and Britain. This plant is native to Central and 
southwestern Asia and is currently cultivated in many 
regions of the world including Iran, south Europe, Egypt, 

America, and China (Chen et al. 2021, Cheng et al. 2021, 
Karasakal et al. 2020b, Khayatnezhad and Gholamin, 
2020a, Peng et al. 2021, Si et al. 2020, Sun et al. 2021). 
The most important components found in dill essential oil 
include D-caron, D-alpha-Flandern, dihydrocaron, 
limonene, alpha-pinene, terpinene, and several other 
terpenoids (Abdi, 2021, Alizadeh, 2021, Karasakal, 2021, 
Mohammadzadeh, 2021, Radmanesh, 2021). Dill grains 
are used to reduce blood lipid –particularly triglyceride- 
and prevent and treat biliary disorders, atherosclerosis, 
indigestion, and several other diseases (Wang et al. 
2022a, Wang et al. 2022b, Xu et al. 2021, Zhu et al. 
2021b). Therapeutic plants have lower needs for inputs 
such as fertilizer and water and a higher price or 
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production value compared to crops, so plans must be 
devised to increase the area under cultivation of medicinal 
herbs aiming to contribute to sustainable agriculture in the 
country (Ren and Khayatnezhad, 2021). no statistics on 
the area under cultivation and yield of dill at the national 
level are available, but this plant is cultivated in most 
regions of the country. Major changes in the agricultural 
economy and technologies have occurred over the recent 
century, as a result of which the consumption of chemical 
compounds has increased and numerous tillage 
operations are conducted to increase economic benefit 
and production (Gholamin and Khayatnezhad, 2020c, Hou 
et al. 2021, Karasakal et al. 2020a). The use of chemical 
fertilizer to produce crops has increased worldwide (de 
Almeida, 2020). Results of research on the adverse 
impacts of chemical fertilizers on natural ecosystems and 
environmental balance have concerned many 
environmentalists regarding the future condition of the 
world. The adverse effects of pesticides and fertilizers on 
the environment have led to more focused attention to the 
use of methods with no or insignificant consumption of 
chemicals which has attracted attention to sustainability in 
agriculture and the dialogue on ecological agriculture (Sun 
and Khayatnezhad, 2021, Tao et al. 2021). Using 
chemicals would also impose serious risks on human 
health (Graham and Vance, 2000, Jamali and 
Martirosyan, 2013). The consumption of fertilizers –
especially nitrogen- is among the extremely important 
aspects of the cultivation of medicinal herbs. The efforts to 
increase production per unit of area and the excessive 
and unbalanced consumption of chemical fertilizers over 
the recent decades have brought about adverse 
environmental impacts and increased production 
expenses. Consumption of chemical fertilizers containing 
nitrogen will lead to water and soil pollution given their 
durability in nature. Thus, increasing the efficiency of the 
consumed nitrogen-based fertilizers and replacing them 
with organic sources of nitrogen appear imperative in 
modern agriculture (Khayatnezhad and Nasehi, 2021, 
Wang et al. 2021, Yin et al. 2021, Zhang et al. 2021). 
Malone et al. (2007) reported a significant difference 
between 30kg and 120kg nitrogen per hectare in terms of 
the number of umbels in a panicle, the number of panicles 
per plant, number of grains per umbel, grain yield, and 
harvest index of dill.  

Cropping systems get depend more on their internal 
and renewable resources by inducing diversity through 
rotation, which increases their sustainability and, 
subsequently, nitrogen efficiency (Khayatnezhad and 
Gholamin, 2020b, Ma et al. 2021a). Many ecologists and 
agronomists currently agree that the rotation of crops 
increases profit and yield over the long term and keeps 
production stable (Gholamin and Khayatnezhad, 2021). 
Montemurro et al. (2006) reported the highest essential oil 
and grain yield in treatment with 60kg nitrogen per hectare 
and essential oil percentage and oil yield in treatment with 
40kg nitrogen at the plant density of 80 plants per square 

meter. Zehtab et al. (2006) reported that biological 
fertilizer increased the biological yield and other plant 
indices and that the use of biological fertilizer alone or 
combined with 10% chemical fertilizer can increase dill 
yield and reduce environmental pollution. Overall, nitrogen 
plays a significant role in nurturing forage in terms of both 
yield and qualitative traits including protein. Fertilizers 
containing nitrogen have been reported to increase protein 
content and yield in raw forage (Gholamin and 
Khayatnezhad, 2020d, Li et al. 2021, Li et al. 2022, Zheng 
et al. 2021). No comprehensive study has yet been 
conducted on the influence of cultivation type and nitrogen 
on the qualitative and quantitative traits of dill in northern 
Iran and Astara. Thus, the present seeks to determine the 
best cultivation method and nitrogen-based fertilizer 
content to achieve maximum dill yield. 
  
MATERIALS AND METHODS 
The present study was conducted on a farm located in 
Virmouni Village, Astara, a moderate cold region with an 
annual rainfall of 721mm and silty clay soil situated 15km 
from Astara in 2020. The experimental treatments 
included factor "a" at two levels (a1: direct cultivation and 
a2: indirect cultivation (cultivation in the greenhouse and 
transfer to the farm)), and factor b at five levels (a1: 
control (no fertilizer), a2: 25kg nitrogen fertilizer, a3: 50kg 
nitrogen fertilizer, a4: 75kg nitrogen fertilizer, and a5: 
100kg nitrogen fertilizer). Experiment plots had a 
dimension of 2*5m and included six cultivation rows with a 
length of 6meters. The plants were cultivated 20cm from 
one another. Land preparation operations were carried out 
in early spring. Dill seeds were cultivated through direct 
wet cultivation in mid-May, and indirect cultivation 
(cultivation in greenhouse and transfer to the experiment 
sire). Farm irrigation was performed using leakage 
methods in six-day intervals, and the field was weeded 
manually. Dill harvest was performed at the stage of 
complete grain ripening (the stage in which the grains turn 
brownish-green). Samples were taken from the four 
middle rows in each plot after the elimination of marginal 
effects. The measured traits include plant height, 
biological performance, grain yield and yield components, 
number of umbels per plant, number of grains per umbel, 
grain weight, harvest index, and essential oil content. The 
total dry weight of the harvested plants after the 
elimination of marginal effects was used to determine the 
biological and grain yield. Samples were dried in shade 
and at environment temperature to maintain the quality 
and quantity of plant essence (Khayatnezhad and 
Gholamin, 2021b). The plants were weighed after being 
completely dried to determine their biological yield. The 
grains were separated from the inflorescence, and their 
dry weight was considered as grain yield. All biological 
and economic (grain) yield calculations were conducted 
considering a 14% moisture, and the harvest index was 
obtained using the following formula: 
Harvest index=economic yield/biological yield*100 
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Essence extraction from the ripe dried grains was 
performed using water vapor and a Clevenger over two 
hours. The essence was dehydrated using anhydrous 
sodium sulfate. Dill essence was injected into a 
chromatography device after preparation to determine its 
components. Data were analyzed using SPSS-22 and 
MSTAT-C statistical software, and Duncan's multiple 
range test was used to compare the means from various 
treatments.  
 
RESULTS  

Results of variance analysis of the studied traits 
(Table 1) indicated a significant difference between factor 
"a" levels (cultivation type) in terms of all traits and factor b 
levels (Nitrogen fertilizer consumption) in terms of all traits 
except the number of umbels, and weight per 1000 grain 
at 1% and 5% significance levels. The mutual impact of 
the type of harvest in nitrogen fertilizer was also 
significantly influential on plant height and the number of 
grains per umbel (Table 1). Shah (2007) reported that 0, 
40, 60, and 100km/ha of nitrogen had no significant effect 
on the physiological traits of caraway.  

Results of variance analysis (Table 1) demonstrated 
that plant height was significantly influenced by the 
individual and mutual impact of cultivation type and 
nitrogen fertilizer at 1% and 5% significance levels. The 
result of the mean comparison of the figures associated 
with the mutual impact of cultivation type and nitrogen 
fertilizer (Figure 1) revealed that indirect cultivation 
increased plant height compared to direct cultivation 
across all fertilizer treatments. The greatest plant height 
was observed at 88cm in the 50km/ha nitrogen treatment 
with indirect cultivation, and the lowest plant height was 
observed to be 80.51cm in the control treatment (no 
fertilizer) with direct cultivation (Figure 1).  

 

 
Figure 1: mean mutual impact of cultivation type and 
nitrogen fertilizer level on plant height 

The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
 

The number of umbels per plant was only under the 
significant impact of nitrogen fertilizer at the 1% 
significance level and was not significantly affected by the 
factor "a" or the mutual impact of the two factors (Table 1). 
Results indicated that 50kg/ha nitrogen resulted in the 
largest number of panicles per plant (44), while the control 
treatment (no fertilizer) had the smallest number of 
panicles per plant (38) (Figure 2) 

 
Figure 2: mean individual impact of nitrogen fertilizer 
levels on the number of panicles per plant 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
Results of variance analysis (Table 1) revealed that 

the number of grains per umbel was significantly affected 
by cultivation type and nitrogen fertilizer levels individually 
and mutually at 1% and 5% significance levels. Indirect 
cultivation increased the number of grains per umbel 
across all fertilizer treatments, and the increase was the 
most tangible in the 25kg/ha treatment. The largest 
number of grains per umber was observed at 15.7 in the 
combination of 75kg/ha nitrogen fertilizer treatment and 
indirect cultivation, while the smallest number of grains per 
umber was observed at 14.2 in the control treatment (no 
fertilizer) with direct cultivation (Figure 3).  

 
Figure 3: mean mutual impact of cultivation type and 
nitrogen fertilizer level on the number of grains per 
umbel 

The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
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Table 1: results of variance analysis of the studied traits 
Mean of Square 

df S.O.V Essential oil 
percentage 

Harvest 
index 

Grain Yield 
Biological 

Yield 
Weight of 

1000 seeds 
Number of 

seeds per umbel 
Number of 
umbrellas 

Plant 
height 

0.0038 ns 0.542** 345.2** 341 ns 0.00045 ns 0.11 ns 0.101 ns 0.28 ns 2 Rep 

2.88** 0.075 ns 10854** 74122** 0.003** 80.2** 145.2** 60.85** 1 Culture type (a) 

0.218** 0.045 ns 548.21** 1845.5** 0.00004ns 2.11** 0.852 ns 4.28** 4 
Nitrogen 

fertilizer (b) 

0.028 ns 0.064 ns 71.84 ns 298 ns 0.00045 ns 0.945** 0.345 ns 2.18* 4 b   × a 

0.0045 0.068 55.28 214.75 0.00021 0.048 0.248 0.528 18 Error 

2.6 12.8 1.2 1.67 7.62 1.42 1.19 0.82 C.V.% 

*, ** Significant at the level of five and one percent probability 
 

Weight per 100 grains was only significantly affected at 
the 1% significance level by cultivation type and was not 
significantly influenced by factor b or the mutual impact of 
the two factors (Table 1). Indirect cultivation increased 
weight per 1000 grains by 17.39% compared to direct 
cultivation (Figure 4), which was consistent with the 
results of other researchers (Gholamin and 
Khayatnezhad, 2020b, Zhu et al. 2021a). 
 

 
 
Figure 4: mean individual impact of cultivation type on 
weight per 1000 grains 
The biological yield was significantly influenced at the 1% 
significance level by cultivation type and nitrogen fertilizer 
level individually but not mutually (Table 1), which is 
consistent with the results of Zehtab-Salmasi et al. (2006) 
and Khayatnezhad and Gholamin (2021a). Indirect 
cultivation resulted in a 2.19% increased biological yield 
compared to direct cultivation (Figure 5). Nitrogen 
consumption up to 50kg/ha improved biological yield but 
damaged it at 75-100kg/ha. In other words, the best 
concentration of nitrogen-based fertilizer to optimize 
biological yield was 50kg/ha. The lowest biological yield 
was observed in the control treatment at 2150kg/ha 
(Figure 5). Aydin and Uzun (2005) reported that 800kg-ha 
of urea resulted in the highest harvest index and other 
nitrogen concentrations led to no significant change. The 
insignificant need of this plant for fertilizer or the moisture 
retention power of the soil might be the reason for the 
inefficiency of water and fertilizer treatment on dry matter 
accumulation in the vegetative organs and morphologic 
traits of this plant, or sufficient nitrogen for the growth of 
this plant may have already been present in the farm soil.   

 
Figure 5: mean individual impact of cultivation type 
and nitrogen fertilizer level on biological yield 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
Grain yield was significantly influenced at the 1% 
significance level by cultivation type and nitrogen fertilizer 
level individually but not mutually (Table 1). Indirect 
cultivation increased grain yield by 3.3% compared to 
direct cultivation (Figure 6). Results indicated that nitrogen 
consumption up to 50kg/ha improved grain yield, but 
damaged it at 75-100kg/ha. In other words, the best 
concentration of nitrogen-based fertilizer to optimize grain 
yield was 50kg/h, and the lowest grain yield was observed 
at 718kg/ha in the control treatment (Figure 6).  

 
Figure 6: mean individual impact of cultivation type 
and nitrogen fertilizer level on grain yield 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
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Essential oil content was significantly influenced at the 1% 
significance level by cultivation type and nitrogen fertilizer 
level individually but not mutually (Table 1). Indirect 
cultivation increased essential oil content by 3.3% 
compared to direct cultivation (Figure 7). Results indicated 
that nitrogen consumption up to 50kg/ha improved 
essential oil content, but damaged it at 75-100kg/ha. In 
other words, the best concentration of nitrogen-based 
fertilizer to optimize essential oil content was 50kg/h, and 
the lowest grain yield was observed at 2.438% in the 
100kg/ha nitrogen fertilizer treatment (Figure 7). 
 

 
Figure 7: mean individual impact of cultivation type 
and nitrogen fertilizer level on essential oil content 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 

CONCLUSION 
The mutual impact of the type of harvest in nitrogen 
fertilizer was also significantly influential on plant height 
and the number of grains per umbel, and other traits did 
not vary significantly due to the mutual effect. Indirect 
cultivation increased the traits of plant height, biological 
performance, grain yield, and yield components, number 
of umbels per plant, number of grains per umbel, grain 
weight, harvest index, and essential oil content by 1.02, 
4.87, 0.26, 2.19, 7.12 and 3.31% compared to direct 
cultivation. Chemical fertilizers were revealed to have 
significant impacts on the growth, yield, and essential oil 
content of dill so that 50kg/ha of chemical fertilizer 
produced the highest economic (grain) yield and essential 
oil, which was significantly higher than the control 
treatment.  
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