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Abstract

In order to study the influence of compost and biofertilizer on yield and essential oil of dill (Anethum
graveolens L.), an experiment was conducted as factorial experiment in the base of randomized complete
blocks design with eight treatments and three replications,at research field of Agriculture Company of
Ran in Firouzkuh of Iran in 2012. The factors were compost infour levels (0, 5, 10 and 15 ton/ha) and
biofertilizer, mixture of Azotobacter chroococcum andy Azaespirillum lipoferum in two levels (non-
inoculated and inoculated seeds). The present results'have shown that compost had significant effects on
evaluated traits except essential oil content, as the highest seed yield and essential oil yield after using 10
ton/ha compost and the maximum biological yield=after applying 15 ton/ha compost were obtained.
Biofertilizer also showed significant effects onumentioned traits except essential oil content. The highest
biological yield, seed yield and essential ‘ail yield were obtained by using the biofertilizer (inoculated
seeds). Generally, the maximum seed yield and essential oil yield were obtained with the application of
10 ton/ha compost and biofertilizer:
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Introduction

Dill (Anethum graveolens L.) is an annual herb which is native to mediterranean countries and
southeastern Europe, used primarily as a condiment. Dill seed and leaves are used as flavouring in sauces,
vinegars, pastries, and soups. Dill has medicinal value as a diuretic, stimulant, and a carminative. The dill
seeds have essential oil as an active substance, while carvone and limonene are the main constituents of
essential oil (Bailer et al., 2001; Singh et al., 2005; Callan et al., 2007). Using organic manures and
biofertilizers such as compost and nitrogen fixing bacteria has led to a decrease in the application of
chemical fertilizers and has provided high quality agricultural products (Migahed et al., 2004; Mahfouz
and Sharaf Eldin, 2007). Composts are products containing living cells of different types of
microorganisms that have an ability to convert nutritionally important elements from unavailable to
available form through biological processes and are known to help with expansion of the root system and
better seed germination (Vessey, 2003; Ebrahimi et al., 2010). Moreover, compost aids water absorption
and retention by the soil, reducing erosion and run-off and help binding agricultural chemicals, and
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protecting ground water from contamination (Hussein et al., 2006). Free-living nitrogen fixing bacteria
such as; Azotobacter chroococcum and Azospirillum lipoferum, were found to have not only the ability to
fix nitrogen but also the ability to release phytohormones similar to gibberellic acid and indole acetic
acid, which could stimulate plant growth, absorption of nutrients, and photosynthesis (El Ghadban et al.,
2006; Mahfouz and Sharaf Eldin, 2007). By using correct nutritional sources through organic manures
and biofertilizers, yield and active substances of medicinal plants can be maximized (Khalid et al., 2006;
Leithy et al., 2009). Some studies have reported that compost can increase yield and secondry metabolites
in a few medicinal plants such as thyme (Hendawy et al., 2010), dragonhead (Hussein et al., 2006),
geranium (Leithy et al., 2009), basil (Khalid et al., 2006), psyllium (Hendawy, 2008), borage (Ebrahimi et
al., 2010), fennel (Moradi et al., 2009; Moradi et al., 2011), chamomile (Fallahi et al., 2008; Arazmjo et
al., 2010), cumin (Saeid Nejad and Rezvani Moghaddam, 2011), garlic (Suthar, 2009) and sesame
(Rezvani Moghaddam et al., 2010). Several other studies have reported that biofertilizer such as nitrogen
fixing bacteria could cause increased yield and active substances of some medicinal plants such as fennel
(Abdou et al., 2004; Mahfouz and Sharaf Eldin, 2007; Azzaz et al., 2009; Moradi et al., 2011), lemon
balm (Harshavardhan et al., 2007), turmeric (Velmurugan et al., 2008), hyssep (Koocheki et al., 2009),
cumin (Saeid Nejad and Rezvani Moghaddam, 2010), black cumin (Maladabadi‘and Farahani, 2011) and
dill (Darzi et al., 2012). Therefore, the main objective of the present field experiment was to investigate
the influence of compost and biofertilizer on yield and essential oil'efdill (Anethum graveolens).

Methods

Field Experiment

A factorial experiment, arranged in a randomized complete blocks designed with three replications, was
conducted in the Experimental field of the Agricultare Company of Ran, Firouzkuh, Iran during the
growing season of 2012. The geographical location of the experimental station was 35° 45" N and 52° 44°
E with the altitude of 1930 m. The treatments consisted of different levels of compost (0, 5, 10 and 15
ton/ha) and biofertilizer, differentyinoculation conditions of mixture of Azotobacter chroococcum and
Azospirillum lipoferum bacterias(non-inoculated and seed inoculated). Inoculation was carried out by
dipping the dill seeds in the ¢ells suspension of 10° CFU/mI for 15 min. The required quantities of
compost were applied and incorporated to the top 5 cm layer of soil in the experimental beds before the
plantation of dill seeds. Several Soil samples (0-30 cm depth) were taken for the nutrient and trace
element analysis prior toland preparation. Chemical and physical properties of the experimental soil and
compost are presented.n Tablesl and 2. Each experimental plot was 3 m long and 2 m wide with the
spacing of 10 cm between the plants and 40 cm between the rows. There was a space of one meter
between the plots and 2 meters between replications. Dill seeds were directly sown by hand. There was no
incidence of pest or disease on dill during the experiment. Weeding was done manually and the plots
were irrigated weekly (as trickle irrigation system). All necessary cultural practices and plant protection
measures were followed uniformly for all the plots during the entire period of experimentation. Twenty
plants were randomly selected from each plot and the observations were recorded. Fifteen plants were
randomly selected from each plot and the observations were recorded. In this study, quantitative and
qualitative traits of dill consisted of biological yield, seed yield, essential oil content and essential oil
yield were evaluated. For evaluating the biological yield, plants were put in the oven at 80° C for 48 h and
dry weight was calculated using a digital balance (Sartorius B310S; +0.01 g) (Migahed et al., 2004;
Badran and Safwat, 2004). In order to determine seed yield, the plots were manually harvested following
the air-drying of umbels and then the seeds were removed from plants by hand.
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Extraction of Essential oil

In order to determine the essential oil content (%), a sample of 100 g of dill seeds from the each plot were
crushed in electric grinder and were mixed with 500 ml distilled water and then were subjected to hydro-
distillation for 3 h using a Clevenger-type apparatus (Kapoor et al., 2004; Darzi et al., 2012). Essential oil
yield also was calculated with by using essential oil content and seed yield.

Table 1. Some Traits of Physical and Chemical of soil in experiment site

O0.C | EC

Cu Fe K P N pH Texture
(%) | (ds/m)

(mg/kg) | (mg/kg) | (mg/kg) | (mglkg) | (%)

1.2 8 720 48 0.127 | 1.86 | 1.55 7.6 Clay-Loamy

Table 2. Some Characteristics of Chemical of used’Compost

K P N o.C oM

EC pH
(%) (ds/m)
1.2 0.35 1.2 30 51 10.9 6.7

Statistical Analysis

All the data were subjected:to statistical analysis (one-way ANOVA) using SAS software (SAS Institute,
version 8, 2001). Differences between the treatments were performed by Duncan’s Multiple Range Test
(DMRT) at 5% confidence interval. Transformations were applied to the data to assure that the residuals
had normal distribution(Zar, 1996).

Results and Discussion

Biological yield

The results have indicated that biological yield was affected by the application of compost (Figure 1).
Significant increase in biological yield was observed in three treatments of compost application (5, 10 and
15 ton/ha) as compared to the control experiment (non-compopst). The highest biological yield were
obtained with applying 15 ton/ha compost (7529.6 kg/ha). compost increases the growth rate because of
the water and mineral uptake such as; nitrogen and phosphorus (Hendawy, 2008), which leads to the
biological yield improvement. This finding is in accordance with the previous observations (Hendawy,
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2008; Moradi et al., 2009; Leithy et al., 2009; Suthar, 2009; Saeid Nejad and Rezvani Moghaddam,
2011). Biofertilizer showed significant effect on biological yield (Table 3), as the highest biological yield
(6802.5 kg/ha) was obtained in the second treatment level of nitrogen fixing bacteria (inoculated seeds).
Effect of nitrogen fixing bacteria on the biological yield was due to increased nitrogen uptake (Mahfouz
and Sharaf Eldin, 2007; Kalyanasundaram et al., 2008). The result of present work are in agreement with
the reports of Swaminathan et al. (2008) and Kumar et al. (2009) on Artemisia pallens, Valadabadi and
Farahani (2011) on Nigella sativa and Darzi and Haj Seyed Hadi (2012) on dill.

Seed vield
The results presented in Figure 2 have revealed that various levels of compost had significant effects on

the seed yield. The maximum seed yield (1212.5 kg/ha) was obtained by using 10 ton compost per
hectare. Increased seed yield in compost treatments can be owing to the improvement of yield
components such as; umbel number per plant and biological yield. Our findingstare in accordance with
the observations of Fallahi et al. (2008) on chamomile, Moradi et al.. (2009) on fennel, Rezvani
Moghaddam et al. (2010) on sesame, Ebrahimi et al. (2010) on borage and,Saeid Nejad and Rezvani
Moghaddam (2011) on cumin. Significant increase in seed yield“was olserved in treatment of
biofertilizer application (inoculated seeds) as compared to the control (Fable 3). The highest seed yield
(1082.9 kg/ha), however, was found after application of nitrogen fixing bacteria (mixture of Azotobacter
chroococcum and Azospirillum lipoferum). Nitrogen fixing bacteria, promoted seed yield through the
enhancement of yield attributes . These result are in agreement with the investigation of Kumar et al.
(2002) on Coriandrum sativum, Migahed et al. (2004) enwApium graveolens, Abdou et al. (2004) and
Mahfouz and Sharaf Eldin (2007) on Foeniculum vulgare, Valadabadi and Farahani (2011) on Nigella
sativa and Darzi and Haj Seyed Hadi (2012) on Anethum graveolens.

Essential oil content

The results indicated that essential oil content was not affected by compost. This finding is in accordance
with the observations of Fallahi et al. (2008) on Matricaria recutita, Saeid Nejad and Rezvani
Moghaddam (2011) on Cuminum cyminum and Moradi et al. (2011) on Foeniculum vulgare (Figure 3).
However, using 10 ton compost per hectare caused more essential oil content (3.27%). Also, The results
indicated that essential oil content wasynot affected by biofertilizer, despite Inoculated seeds by nitrogen
fixing bacteria showed more.essentialioil content (3.05%) in comparison to the control (2.85%)(Table 3).

Essential oil yield

The results presented in-Figure 4 have demonstrated that essential oil yield was influenced by the
application of compost, significantly. Among various levels, the application of 10 ton compost per hectare
has indicated maximum increase in essential oil yield (39.7 kg/ha). Increased essential oil yield in
compost treatments can be owing to the improvement of yield components such as; seed yield. Our
findings are in accordance with the observations of Hussein et al. (2006) on dragonhead and Khalid et al.
(2006) on basil, Fallahi et al. (2008), Hendawy et al. (2010) on thyme, Ahmadian et al. (2010) and
Arazmijo et al. (2010) on chamomile, Saeid Nejad and Rezvani Moghaddam (2011) on cumin and Moradi
et al. (2011) on fennel. Biofertilizer showed significant effect on essential oil yield (Table 3), as the
highest essential oil yield (32.9 kg/ha) was obtained in the second treatment level of biofertilizer
(inoculated seeds with azotobacter + azospirillum). Biofertilizer, promoted essential oil yield through the
enhancement of yield attributes . These result are in agreement with the investigation of Abdou et al.
(2004) and Mahfouz and Sharaf Eldin (2007) on Foeniculum vulgare, Swaminathan et al. (2008) and
Kumar et al. (2009) on Artemisia pallens, Koocheki et al. (2009) on Hyssopus officinalis, Saeid Nejad
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and Rezvani Moghaddam (2010) on Cuminum cyminum, Valadabadi and Farahani (2011) on Nigella
sativa and Darzi et al. (2012) on Anethum graveolens.

Table 3. Mean comparison of the quantitative and qualitative characteristics of dill at various levels
of biofertilizer

Seed yield (kg/ha) Essential oil content Essential oil yield

Biological yield (%) (kg/ha)
Treatments (kg/ha)
Biofertilizer
bl 5570.2 b 887.6b 2.85a 26.0b
b2 6802.5a 1082.9a 3.05a 329a

Means, in each column for each factor followed by at least on letter in common, are not significantly different at 5% probability
level using Duncans’ Multiple Range Test.

bl and b2 represent non-inoculated and inoculated seeds by azotobacter + azospirillum, respectively.
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Figure 1. Mean comparison for biological yield in different levels of compost

cl, c2, c3 and c4 represent 0, 5, 10 and 15 ton compost per hectare, respectively.
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Figure 2. Mean comparison for seed yield'in different levels of compost
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Figure 3. Mean comparison for essential oil content in different levels of compost
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Figure 4. Mean comparison for essential oil yield in different levels of compost
Conclusion

Generally, it could be concluded that under Firouzkuhsenvironmental conditions, the application of 10
ton/ha compost and biofertilizer (azotobacter and azespirillum bacteria) is recommended for improvement
of yields (seed and essential oil) in dill:

ACKNOWLEDGMENT

The authors wish to thank from Agriculture Company of Ran, Firouzkuh Branch becaused of assistance
for this study.

References

- Abdou MAH, EIl Sayed AA, Badran FS, EI Deen RMS (2004). Effect of planting density and chemical
and biofertilization on vegetative growth, yield and chemical composition of fennel (Foeniculum vulgare
Miller): I - Effect of planting density and some chemical (Nofatrein) and biochemical (Biogen) fertilizers.
Ann. Agric. Sci. Moshtohor., 42(4): 1907-1922.

- Ahmadian A, Ghanbari A, Siahsar BA, Heidary M, Ramroodi M, Mousavinik M (2010). Effects of
Residual of chemical fertilizer, cattle manure and compost on vyield, yield components, some
physiological characterestics and essential oil content of Matricaria chamomilla under drought stress
condition. Iranian Journal of Field Crops Research. 8(4): 668-676.

452 | Page
WWW.SID.ir



Darzi et al. Int J Adv Biol Biom Res. 2013; 2(2):446-455

- Arazmjo A, Heidari M, Ghanbari A, Siahsar B, Ahmadian A (2010). Effects of three types of fertilizers
on essential oil, photosynthetic pigments, and osmoregulators in chamomile under drought stress.
Environmental Stresses in Crop Sciences (ESCS). 3(1): 23-33.

- Azzaz NA, Hassan EA, Hamad EH (2009). The chemical constituent and vegetative and yielding
characteristics of fennel plants treated with organic and bio-fertilizer instead of mineral fertilizer.
Awustralian J. Basic and Applied Sci. 3(2): 579-587.

- Badran FS, Safwat MS (2004). Response of fennel plants to organic manure and bio-fertilizers in
replacement of chemical fertilization. Egyptian J. Agric. Res., 82(2): 247-256.

- Bailer J, Aichinger T, Hackl G, Hueber K, Dachler M (2001). Essential oil content and composition in
commercially available dill cultivars in comparison to caraway. Industrial Crops.and Products., 14: 229-
239.

- Callan NW, Johnson DL, Westcott MP, Welty LE (2007). Herb andwil compaosition of dill (Anethum
graveolens L.): Effects of crop maturity and plant density. Industrial’Cropsiand Products., 25: 282-287.

- Darzi MT, Haj Seyed Hadi MR (2012). Effects of the application of organic manure and biofertilizer on
the fruit yield and yield components in Dill (Anethum graveolens). J. Medicinal Plants Res., 6(16): 3266-
3271.

- Darzi MT, Haj Seyed Hadi MR, Rejali F (2012). Effects of the application of vermicompost and
nitrogen fixing bacteria on quantity and quality of the “essential oil in dill (Anethum graveolens). J.
Medicinal Plants Res., 6(21): 3793-3799.

- Ebrahimi A, Moaveni P, Aliabadi Farahani,H (2010). Effects of planting dates and compost on mucilage
variations in borage (Borago officinalis‘k.) under different chemical fertilization systems. International
Journal for Biotechnology and Maelecular, Biology Research. 1(5): 58-61.

- El Ghadban EAE, Shalan MNgAbdelLatif TAT. 2006. Influence of biofertilizers on growth, volatile oil
yieldand constituents of fennel (Foeniculum vulgare Mill.). Egyptian J. Agric. Res., 84(3): 977-992.

- Fallahi J, KoochekivA, Rezvani Moghaddam P (2008). Investigating the effects of organic fertilizer on
quantity index and. thewm,amount essential oil and chamazulene in chamomile (Matricaria
recutita).Agricultural Research: Water, Soil and Plant in Agriculture, 1(8): 157-168.

- Harshavardhan PG, Vasundhara M, Shetty GR, Nataraja A, Sreeramu BS, Gowda MC, Sreenivasappa
KN (2007). Influence of spacing and integrated nutrient management on yield and quality of essential oil
in lemon balm (Mellisa officinalis L). Biomed., 2(3): 288-292.

- Hendawy SF (2008). Comparative Study of Organic and Mineral Fertilization on Plantago arenaria
Plant. Journal of Applied Sciences Research.4(5): 500-506.

- Hendawy SF Azza A, EI-Din E, Aziz E, Omer EA (2010). Productivity and oil quality of Thymus
vulgaris L. under organic fertilization conditions. Ozean Journal of Applied Sciences..3(2): 203-216.

453 | Page
WWW.SID.ir



Darzi et al. Int J Adv Biol Biom Res. 2013; 2(2):446-455

- Hussein MS, El-Sherbeny SE, Khalil MY, Naguib NY, Aly SM (2006). Growth characters and
chemical constituents of Dracocephalum moldavica L. plants in relation to compost fertilizer and planting
distance. Scientia Horticulturae. 108: 322-331.

- Kalyanasundaram B, Kumar TS, Kumar S, Swaminathan V (2008). Effect of N, P, with biofertilizers
and vermicompost on growth and physiological characteristics of sweet flag (Acorus calamus L.).
Advances in Plant Sci. 21(1): 323-326.

- Kapoor R, Giri B, Mukerji KG (2004). Improved growth and essential oil yield and quality in
Foeniculum vulgare Mill on mycorrhizal inoculation supplemented with P-fertilizer. Bioresource
Technol., 93: 307-311.

- Khalid KHA, Hendawy SF, El-Gezawy E (2006). Ocimum basilicum L. _Preduction under Organic
Farming. Research Journal of Agriculture and Biological Sciecnes. 2(1): 25432.

- Koocheki A, Tabrizi L, Ghorbani R (2009). Effect of biofertilizers onjagronamie’and quality criteria of
Hyssop (Hyssopus officinalis). Iranian J. Agron. Res., 6(1): 127-137:

- Kumar S, Choudhary GR, Chaudhari AC. 2002. Effects of nitrogen and biofertilizers on the yield and
quality of coriander (Coriandrum sativum L.). Ann. Agric. Res., 23(4)#634-637.

- Kumar TS, Swaminathan V, Kumar S (2009). Influence of. nitrogen, phosphorus and biofertilizers on
growth, yield and essential oil constituents in ratoon crop, of davana (Artemisia pallens Wall.). Electronic
J. Environ. Agric. Food Chemistry., 8(2): 86-95.

- Leithy S, Gaballah MS, Gomaa AM (2009). “Associative impact of bio- and organic fertilizers on
geranium plants grown under saling, conditions. INTERNATIONAL JOURNAL Of ACADEMIC
RESEARCH. 1(1): 17-23.

- Mahfouz SA, Sharaf Eldin MA (2007). Effect of mineral vs. biofertilizer on growth, yield, and essential
oil content of fennel (Foeniculum vulgare Mill). International Agrophisics., 21(4): 361-366.

- Migahed HA, Ahmed AE, Abdel:Ghany BF (2004). Effect of different bacterial strains as biofertilizer
agents on growth, preduction,and oil of Apium graveolens under calcareous soil. Arab Universities J.
Agric. Sci., 12(2): 511-525:

- Moradi R, Nasiri Mahallati M, Rezvani Moghaddam P, Lakzian A, Nejad Ali, A (2011). The effect of
application of organic and biological fertilizers on quantity and quality of essential oil in fennel
(Foeniculum vulgare). J. Hortic. Sci., 25(1): 25-33.

- Moradi R, Rezvani Moghaddam P, Nasiri Mahallati M, Lakzian A (2009). The effect of application of
organic and biological fertilizers on yield, yield components and essential oil of Foeniculum vulgare
(Fennel). Iranian J. Agron. Res., 7(2): 625-635.

- Rezvani Moghaddam P, Mohammad Abadi AA, Moradi R (2010). Effects of chemical fertilizer and
organic manure on yield and yield components of sesame (Sesamum indicum L.) in different densities.
Journal of Agroecology. 2(2): 256-265.

454 | Page
WWW.SID.ir



Darzi et al. Int J Adv Biol Biom Res. 2013; 2(2):446-455

- Saeid Nejad AH, Rezvani Moghaddam P (2010). Evaluation of biofertilizer and chemical fertilizer
application on morphological traits, yield, yield components and essential oil percent in cumin (Cuminum
cyminum). J. Hortic. Sci., 24(1): 38-44.

- Saeid Nejad AH, Rezvani Moghaddam P (2011). Evaluation of compost, vermicompost and cattle
manure application on yield, yield components and essential oil percent in cumin (Cuminum cyminum). J.
Hortic. Sci., 24(2): 142-148.

- SAS Ins (2001). SAS Institute, 2001. SAS Procedures Guide, Version 8. SAS Institute, Cary NC, USA.

- Singh G, Maurya S, De Lampasona MP, Catalan C (2005). Chemical Constituents, Antimicrobial
Investigations, and Antioxidative Potentials of Anethum graveolens L. Essential Oil and Acetone Extract:
Part 52. J. Food Sci., 70(4): M208-M215.

- Suthar S (2009). Impact of vermicompost and composted farmyard manure on/growth and yield of
garlic (Allium stivum L.) field crop. International Journal of Plant Produetion. 3(1):427-38.

- Swaminathan V, Kumar TS, Sadasakthi A, Balasubramanian R#(2008). Effect of nitrogen and
phosphorus along with biofertilizers on growth, yield and physiological characteristics of Davana
(Artemisia pallens Wall.). Advances in Plant Sci. 21(2): 693-695.

- Valadabadi SA, Farahani HA (2011). Investigation ofsbiofertilizers influence on quantity and quality
characteristics in Nigella sativa L. J. Hortic. Forestry., 3(3): 88-92.

- Velmurugan M, Chezhiyan N, Jawaharlal M (2008). Influence of organic manures and inorganic
fertilizers on cured rhizome yield and quality of.turmeric (Curcuma longa L.) cv. BSR-2. International J.
Agric. Sci., 4(1): 142-145.

- Vessey JK (2003). Plant growth,prometingirhizobacteria as biofertilizers. Plant Soil. 255: 571-586.

- Zar JH (1996). Biostatistical Amalysis. Prentice-Hall, Upper Saddle River, New Jersey.

455 | Page
WWW.SID.ir



