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ABSTRACT  
 

Two dill cultivars were grown at the Experimental Farm Station Faculty of Agriculture, Cairo 
University during two seasons of 2014/2015 and 2015/2016. This study aims to investigate the 
differences among seven fertilizer treatments (without fertilization (control), 100 % mineral fertilizer, 
100% biofertilizer, 100% organic fertilizer, 50% organic fertilizer, 100% organic fertilizer with 
biofertilizer and 50% organic fertilizer with biofertilizer) on umbel characters and fruit yield as well 
as essential oil yield and fruit anatomy of two dill cultivars (Balady and Dukat) at flowering and 
fruiting stages. The results proved that dill cv. Dukat gave the highest number of umbelts per umbel 
and umbel diameter (cm) at flowering stage for two growing seasons. while, dill cv. Balady recorded 
the maximum number of umbels per plant, fruit weight (g/plant), fruit yield (ton/fed.), essential oil 
percentage, essential oil content (ml/plant) and essential oil yield (L/fed.). 100% organic fertilizer 
with biofertilizer treatment gave the highest number of umbels per plant, number of umbelts per 
umbel and umbel diameter. Meanwhile, 100% organic fertilizer treatment was the best treatment for 
fruit weight (g/plant), fruit yield (ton/fed.), essential oil percentage, essential oil content (ml/plant) 
and essential oil yield (L/fed.) compared with other treatment at the dried ripe fruits for two growing 
seasons. The best fertilizer treatments for fruit and oil yield production were 100% organic fertilizer 
and 100% mineral without any significant difference between them. Twenty components were 
identified in the essential oil of dill two cultivars (Balady and Dukat) by GC-MS, the major 
components were D-Limonene, carvone, dihydrocarvone and dill apiol. The percentages of these 
constituents were affected by cultivars and fertilization treatments. Worthy to mention that the effect 
of different fertilizer treatments on anatomical structure of dill fruits of both investigated cultivars was 
under consideration. 
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Introduction 

Medicinal and aromatic plants provide important sources of raw materials for pharmaceutical, 
cosmetic and food industries. 

 Dill (Anethum graveolens L.) is an annual plant that belongs to the family Apiaceae 
(Umbelliferae). It originates from the Mediterranean region, therefore, it is used by all Mediterranean 
people as both aromatic and leafy vegetables. The earliest known record of dill as a medicinal herb 
was in Egypt 5,000 years ago, due to its estrogenic activities and uses as a carminative, diuretic, 
antimicrobial and anti-inflammatory (Meena et al. 2013). 

Mineral fertilizers have a number of different negative influences on both the environment and 
health of humans due to accumulation of nitrate in growing plants, ground water and soil. Overusing 
chemical fertilizers has changed the biological ecosystem, affecting non-target organisms and 
adversely influencing microorganisms in the soil. To elude the risk of the bad effects of mineral 
fertilizers, it is necessary to replace chemical fertilizers by organic or biological fertilizers which are 
able to provide plant nutrients and also increase the sustainability of agroecosystems in the long term. 
(Moradi et al. 2011).  
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Biological fertilizers are containing some microorganisms that repair atmospheric nitrogen and 
mobilize other main nutrients from unavailable form to accessible form and improve root system. 
Currently, bio-fertilizers may save up to 25-30% fertilizers application and improve plants production 
and soil fertility in sustainable agriculture which is based on ecologic principles. (Elsen, 2000).  

Organic Fertilizers by application has led to a decrease in the use of mineral fertilizers and has 
provided maximum quality products free of harmful agrochemicals for safety of human and have 
useful effects on soil physical and chemical properties and provide plants with a good and save source 
of nutrients (Darzi, 2012). 

This investigation aims to study the possibility of replacement chemical fertilizers by organic 
and or bio-fertilizers, and its effects on morphological characters (umbels, fruit yield), essential oil 
yield and its constituents as well as anatomy of cremocarp of dill, (Anethum graveolens L. cvs. Balady 
and Dukat). 
 
Materials and Methods 

 
This study was carried out during two successive seasons (2014/2015 and 2015/2016) in the 

Experimental Farm of the Faculty of Agriculture, Cairo University, Giza, Egypt. The chemical 
determinations were conducted at the National Research Centre, Dokki, Giza, Egypt. This 
investigation aims to study the effect of different fertilizers treatments on umbels, fruits and essential 
oil of dill plants (Anethum graveolens).  

Seeds of two dill cultivars "Balady and Dukat" were used as plant material for this study. Dill 
cv. Balady seeds were obtained by the Laboratory of Horticulture Crops Technology, National 
Research Centre, while cv. Dukat seeds were obtained from Takii Seed Company, Japan.  

The soil was prepared and divided into plots of 2 x 1.5 m, with three rows and 25 cm between 
hills. Both dill cvs. (Balady and Dukat) fruits were sown at 19th of October, directly in field for two 
seasons. The recommended dose of chemical fertilizers (50 N: 30 P2O5:50 K2O) according to The 
Ministry of Agriculture and Land Reclamation, Egypt (MALR, 2014), was used in the experiment. As 
for 100% mineral fertilizer treatment, 150 kg/fed. ammonium nitrate (33.5 % N), 200 kg/fed. calcium 
superphosphate (15.5 P2O5 %) and 100 kg/fed. potassium sulphate (48-50% K2O) were applied at 
three equal doses where, the first dose was applied during furrow holding, the second was added one 
month after sowing and the third was applied before the flowering stage. On the other hand, calcium 
super phosphate was applied during soil preparation.  

Meanwhile, chicken manure was used as organic fertilizer source (N: P: K, 2.9: 0.87: 1.02) 
and was applied at the rate of five m3/fed. (as equivalent of 50 kg N/fed. to represent 100% organic 
treatment). Both 100% organic fertilizer and 50% organic fertilizer treatments were mixed with soil 
during furrow holding in both investigation seasons. An equivalent amount of organic manure content 
of potassium and phosphorus was substituted from the (Feldspar and phosphate rock) as source of 
both elements. 

The biofertilizers were symbion-N, symbion-P and symbion-K.  Symbion-N is a biofertilizer 
based on the selective strains of nitrogen fixing bacteria such as Rhizobium, Azospirillum, Acetobactor 
and Azotobactor. Symbion-N available in liquid (1×109 bacterial cells/ ml) formulation. Symbion-P is 
a carrier microbe based on the selective strains of phosphate solubilizing bacteria, Bacillus 
megatherium var. phosphaticum. Symbion-P available in liquid (1×109 bacterial cells/ ml) 
formulation.  Symbion-K is a biofertilizer based on the selective strains of potash solubilizing, 
bacteria Frateuria aurantia. Symbion-K available in liquid (1×109 bacterial cells/ ml) formulation. 
The biofertilizers were used alone or in combination with 100% and 50% organic fertilizer as drench 
to the soil twice (after germination directly and after one month of germination).  

So, two cultivars Balady and Dukat plants were fertilized by seven fertilization treatments as 
follows: without fertilization (control), 100 % mineral fertilizer, 100% biofertilizer, 100% organic 
fertilizer, 50% organic fertilizer, 100% organic fertilizer with biofertilizer and 50% organic fertilizer 
with biofertilizer. The following data were recorded during the two successive seasons; number of 
umbels per plant, number of umbelts per umbel, umbel diameter (cm), fruit weight (g/plant), total 
yield of fruit (ton/fed.), essential oil percentage, essential oil content (ml/plant), essential oil yield 
(l/fed.) and essential oil constituents. 
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 Dried mature fruits were subjected to the essential oil extraction with hydro distillation 
(water distillation) that was carried out in the laboratory of Ornamental Horticulture Department, 
Faculty of Agriculture, Cairo University and Horticulture Crops Technology Department, National 
Research Centre (NRC) Dokki, Giza.  Extraction and quantification of the essential oil for each 
sample were separately performed with hydro-distillation for 3 hours using a modified Clevenger 
apparatus according to the British Pharmacopoeia (1963). The extracted essential oil was dehydrated 
with anhydraus sadium sulphat and stored freezer until used for Gas chromatography/mass 
spectrometry (GC/MS) analysis. 

Gas chromatography/mass spectrometry (GC/MS) analysis was perfomed using a Thermo 
Scientific, Trace GC Ultra/ISQ Single Quadrupole MS, TG-5MS fused silica capillary colomn (30m, 
0.251mm and 0.1mm film thickness). For GC/MS detection, an electron ionization system with 
ionization energy of 70 eV was used, Helium gas was used as the carrier at a constant flow rate of 
1mL/min. The injector and MS transfer line temperature was set at 280◦C. The oven temperature was 
programmed at an initial temperature 40◦ C (hold 3 min.) to 280◦ C as a final temperature at an 
icreasing rate of 5◦C/min ((hold 5 min.). The quatification of all the identified components was 
investigated using a percent relative peak area. A tentative identificaion of the compounds was 
performed based on the comparison of their relative retention time and mass spectra with those of the 
WILLY library data of the GC/ MS system. The confirmation of the identified components of the 
essential oil was carried out by matching with the National Institute of Standards and Technology 
(NIST) and the published data by Adams (2005). 

 
Anatomy of cremocarps (fruits): 

 
At harvest time of the second growing season (2015/2016), specimens from cremocarps taken 

from outer umbelts of the main compound umbel developed on the main stem of plants represented 
the two investigated cultivars received the following fertilization treatments:  
1- Unfertilized plants (plants received zero fertilizers, control treatments). 
2- Plants received 100% chemical fertilizers from NPK (50:30:50 Kg/fed.) as recommended dose. 
3-  Plants received 100% organic fertilizer. Chicken manure was used at the rate of 5 tons per feddan 

as equivalent of 50 Kg N/fed.  
4- Plants received 100% bio-fertilizers (symbion the recommended dose from N, P and K).   

Specimens from control and chosen treatments, for each cultivar were killed and fixed for at 
least 48 hours in F.A.A. (10 ml formalin, 5 ml glacial acetic acid and 85 ml ethyl alcohol 70%).  

The selected materials were washed in 50% ethyl alcohol, dehydrated in a normal butyl 
alcohol series, embedded in paraffin wax of melting point 56◦ C, sectioned to a thickness of 20 micro-
meters (μm), double stained with crystal violet- erythrosine, cleared in xylene and mounted in Canada 
balsam (Nassar and El- Sahhar, 1998). Sections were read to detect histological manifestations of 
noticeable response resulting from investigated treatments and photomicrographed. 

The split plot design was adopted in this study, since cultivars were put in the main plots and 
the fertilizer treatments were applied to sub plots with three replicates for each treatment. All data 
were statistically analyzed using MSTAT-C (1988) and means were compared using Duncan Multiple 
Rang Test as reported by Gomez and Gomez (1984). 

 
Results and Discussion 
 
1- Effect on umbels characters 
 

The data presented in Table (1) show the number of umbels per plant, number of umbelts per 
umbel and umbel diameter (cm) as affected by organic, biofertilizer and mineral fertilizers of two dill 
cultivars (Balady and Dukat) during two successive seasons (2014/2015 and 2015/ 2016).  

As a result, it is inferred from the recorded data in Table (1) that the maximum number of 
umbels per plant was obtained with dill cv. Balady (14.90) in the first season, while, dill cv. Dukat 
recorded the maximum number of umbels per plant (13.51) in the second season. 

Also, the showed that the maximum number of umbels per plant was recorded with 100% 
mineral fertilization and 100% organic with biofertilizer treatments, followed by 50% organic with 
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biofertilizer treatment in the first and second seasons. Meanwhile, the minimum number of umbels 
per plant was obtained with unfertilized plants (12.03 and 10.70), followed by 100% biofertilizer 
treatment (12.50 and 11.57) at the flowering stage for both investigated seasons; respectively. 

A significant difference was observed for interaction between fertilization treatments and dill 
cultivars. The maximum number of umbels per plant (17.53 and 15.93) was recorded with dill cv. 
Balady plants fertilized with 100% mineral fertilization during first and second seasons; respectively. 
On the other hand, the minimum number of umbels per plant was obtained from unfertilized plants of 
dill cv. Balady (11.93 and 9.87) during both seasons; respectively.  

Results in Table (1) indicate that the maximum number of umbelts per umbel and umbel 
diameter were obtained with dill cv. Dukat, but the minimum number of umbelts per umbel and 
umbel diameter were recorded with dill cv. Balady for both seasons at the flowering stage. The 
differences between the two cultivars were significant in both seasons. Data in the same Table showed 
that the maximum number of umbelts per umbel and umbel diameter were recorded with 100% 
mineral fertilization and 100% organic with biofertilizer treatments. However, the minimum number 
of umbelts per umbel and umbel diameter were obtained with control plants, at flowering stage for 
both seasons.  

 
Table 1: Effect of fertilizers treatments on number of umbels/plant, number of umbelts/umbel and umbel 

diameter (cm) at flowering stage of two dill cultivars during two growing seasons (2014-2015 and 
2015-2016) 

Treatments 
2014/15 2015/16 

Number 
of umbels 

/plant 

Number 
of umbelts 

/umbel 

Umbel 
diameter 

(cm) 

Number 
of umbels 

/plant 

Number 
of umbelts 

/umbel 

Umbel 
diameter 

(cm) Cultivars Fertilization 

Balady 

T1 11.93 f 19.67 j 9.30 g 9.87 h 17.67 h 8.70  i 
T2 17.53 a 23.33 g 12.83 d 15.93 a 21.00 ef 11.73 ef 
T3 12.20 ef 19.67 j 10.83 f 11.13 g 18.00 h 10.00 h 
T4 16.00 b 22.00 h 12.63 d 13.60 d 20.33 fg 11.27 fg 
T5 13.33 d 21.33 i 10.90 f 11.40 g 19.67 g 10.13 h 
T6 17.07 a 23.00 g 13.77 c 15.07 bc 21.33 e 12.93 cd 
T7 16.27 b 22.67 g 11.37 ef 13.80 d 20.33 fg 11.27 fg 

Dukat 

T1 12.13 ef 39.67 f 11.77 e 11.53 fg 37.33 d 11.03 g 
T2 15.67 b 47.33 a 14.97 a 15.60 ab 45.67 a 14.03 a 

T3 12.80de 40.33 e 11.90 e 12.00 ef 38.33 c 11.97 e 
T4 14.27 c 46.00 b 14.13 bc 14.00 d 45.33 a 13.37 bc 
T5 12.60 ef 42.33 d 12.83 d 12.40 e 40.67 b 12.63 d 
T6 15.67 b 47.33 a 14.53 ab 14.93 c 45.00 a 13.90 ab 
T7 14.40 c 45.33 c 13.97 bc 14.10 d 44.67 a 13.40 bc 

Mean of main plot       

Cultivars 
Balady 14.90 A 21.67 B 11.66 B 12.97 B 19.76 B 10.86 B 
Dukat 13.93 B 44.05 A 13.44 A 13.51 A 42.43 A 12.90 A 

Mean of sub plot       

Fertilization 

T1 12.03 E 29.67 D 10.54 F 10.70 E 27.50 E 9.87 F 
T2 16.60 A 35.33 A 13.90 A 15.77 A 33.34 A 12.88 B 
T3 12.50 D 30.00 D 11.37 E 11.57 D 28.17 D 10.99 E 
T4 15.14 B 34.00 B 13.38 B 13.80 C 32.83AB 12.32 C 
T5 12.97 C 31.83 C 11.87 D 11.90 D 30.17 C 11.38 D 
T6 16.37 A 35.17 A 14.15 A 15.00 B 33.17AB 13.42 A 
T7 15.34 B 34.00 B 12.67 C 13.95 C 32.50 B 12.34 C 

Means scripted same small letter (s) for interactions, capital letter (s) for cultivars and fertilizers treatments in each column are not 
significantly according to Duncan Multiple Rang Test 
T1 = without fertilizers (control)                                    T2 = 100% Mineral fertilizers  
T3 = 100% Biofertilizers                                                T4 = 100% Organic fertilizers       
T5 = 50% Organic fertilizers                                          T6 = 100% Organic with Biofertilizer 
T7 = 50% Organic with Biofertilizer 

 
Concerning the combination treatments, data tabulated in Table (1) clear that these treatments 

had a significant. Where the maximum number of umbelts per umbel and umbel diameter were 
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obtained with dill cv. Dukat plants fertilized with 100% mineral fertilization, followed by dill cv. 
Dukat plants fertilized with 100% organic with biofertilizer treatment during both seasons. However, 
the minimum number of umbelts per umbel as well as umbel diameter was recorded with unfertilized 
dill cv. Balady plants, followed by dill cv. Balady plants fertilized with 100% biofertilizer treatment 
in both seasons.  

Biofertilizers such as mycorrhiza with fixing nitrogen becteria increased the rate of water 
uptake of plant and nutrient elements from soil. Migahed et al. (2004) studied the effect of 
Azotobacter and Azospirillum on celery (Apium graveolens) and Tehlan et al. (2004) studied the effect 
of Azotobacter on fennel (Foeniculum vulgare) and reported that the number of umbels in these plants 
was increased significantly by use biofertilizers. 

 
2- Effect on fruit yield  
 

The influence of two dill cultivars and/or different types of fertilizers on fruit weight (g/plant) 
and fruit yield (ton/fed.) of two dill cultivars (Balady and Dukat) are presented in Table (2) during 
two successive seasons. 

It could be conducted from data in Table (2) that the lightest fruit weight (g/plant) and fruit 
yield (ton/fed.) were obtained with dill cv. Dukat compared with dill cv. Balady in both seasons. The 
differences between the two cultivars were significant for both seasons.  

 
Table 2: Effect of fertilizers treatments on fruit weight (g/plant) and fruit yield (ton/fed.) at mature fruiting 

stage of two dill cultivars during two growing seasons (2014-2015 and 2015-2016) 

Treatments 
2014/15 2015/16 

Fruit weight 
(g/plant) 

Fruit yield  
(ton/fed.) 

Fruit weight 
(g/plant) 

Fruit yield  
(ton/fed.) Cultivars Fertilization 

Balady 

T1 9.68 c 0.77 cd 8.98 d 0.72 d 
T2 13.41 a 1.07 a 13.02 a 1.04 a 
T3 10.65 b 0.85 b 11.25 b 0.90 b 
T4 13.34 a 1.07 a 12.80 a 1.03 a 
T5 10.53 b 0.84 b 9.92 c 0.80 c 
T6 11.13 b 0.89 b 11.17 b 0.89 b 
T7 12.82 a 1.02 a 12.94 a 1.03 a 

Dukat 

T1 5.41 g 0.43 g 4.80 g 0.38 g 
T2 9.73  c 0.78 c 9.27 d 0.74 d 
T3 6.33 f 0.51 f 6.12 f 0.49 f 
T4 8.97 d 0.72 d 8.66 d 0.69 d 
T5 7.31 e 0.59 e 7.09 e 0.57 e 
T6 9.53 cd 0.76 cd 9.22 d 0.74 d 
T7 9.31 cd 0.74 cd 9.02 d 0.72 d 

Mean of main plot     

Cultivars 
Balady 11.65 A 0.93 A 11.44 A 0.92 A 
Dukat 8.08 B 0.65 B 7.74 B 0.62 B 

Mean of sub plot     

Fertilization 

T1 7.55 E 0. 60 E 6.89 D 0.55 D 
T2 11.57 A 0. 93 A 11.15 A 0.89 A 
T3 8.49 D 0. 68 D 8.69 C 0.70 C 
T4 11.16 AB 0. 90AB 10.73 A 0.86 A 

T5 8.92 D     0. 72 D 8.51 C 0.69 C 

T6 10.33 C 0. 83 C 10.20 B 0.82 B 
T7 11.07 B 0. 88 B 10.98 A 0.88 A 

Means scripted same small letter (s) for interactions, capital letter (s) for cultivars and fertilizers treatments in each column are not 
significantly according to Duncan Multiple Rang Test 
T1 = without fertilizers (control)                                    T2 = 100% Mineral fertilizers  
T3 = 100% Biofertilizers                                                T4 = 100% Organic fertilizers       
T5 = 50% Organic fertilizers                                          T6 = 100% Organic with Biofertilizer 
T7 = 50% Organic with Biofertilizer 
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Concerning the effect of fertilizer treatments, data presented in Table (2) revealed that the 
heaviest fruit weight and fruit yield were augmented with 100% mineral fertilization and 100% 
organic fertilizer treatments without any significance between them in both growing seasons. 
Meanwhile, the lowest mean values of fruit weight as well as fruit yield were obtained with 
unfertilized plants in the two seasons.  

There were significant effects for the interaction between fertilization treatments and dill 
cultivars where, the lightest fruit weight and fruit yield were obtained with unfertilized plants of dill 
cv. Dukat in both seasons, while the heaviest fruit weight was recorded with dill cv. Balady fertilized 
with 100% mineral fertilizers as 100% organic fertilizer treatments in both growing seasons.  

It seems that the application of biofertilizers of mycorrhiza and nitrogen fixing bacteria have 
the highest synergistic effect. Dill fruit yield will be more in the presence of organic and biofertilizers. 
these results confirmed with Fatemeh et al. (2013) on dill plants, Valadabadi and Farahani (2011) on 
Nigella sativa, Akhani et al. (2012) on Coriandrum sativum, Shehata et al. (2012) on Apium 
graveolens and Fatemeh and Fathollah (2014) on Anethum graveolens. 

 
3- Effect on essential oil yield and its constituents  
 
    a. Effect on essential oil percentage and yield  
  

The effect of organic, bio and mineral fertilizers on essential oil percentage, essential oil 
content (ml/plant) and essential oil yield (L/fed.) at the dried ripe fruits  were shown in Table (3) for 
two dill cultivars (Balady and Dukat) during the two growing seasons. 

The results clearly show that the maximum essential oil percentage, essential oil content 
(ml/plant) and essential oil yield (L/fed.) at the fruiting stage were recorded by dill cv. Balady within 
each fertilizer treatments compared with dill cv. Dukat which gave the minimum essential oil 
percentage, essential oil content and essential oil yield in both investigated seasons, and the 
differences between the two cultivars were significant for both seasons. 

Data illustrated in Table (3) show that same of different fertilizers treatments had a significant 
effect on essential oil percentage compared with control in during both seasons. The treatment of 
100% biofertilizer gave the minimum essential oil percentage (1.84 and 1.72%), followed by control 
(1.86 and 1.73%), respectively in the first and second seasons Meanwhile, in the first season, 100% 
mineral fertilizer and 100% organic fertilizer treatments gave the maximum essential oil percentage 
(2.19%). Moreover in the second season, 100% organic with biofertilizer treatment resulted in the 
maximum essential oil (2.21%) compared to other treatments.  

There were significant effects due to the interaction between dill cultivars and fertilization 
treatments (Table, 3).  In this record the maximum essential oil percentage was obtained with dill cv. 
Balady plants fertilized with all fertilization treatments (especially 100% mineral fertilizer as well as 
100% organic fertilizer with biofertilizer), except 100% biofertilizer and control  treatments in the 
first season. 

Also, in the second season, the maximum essential oil percentage was recorded with dill cv. 
Balady plants fertilized with 100% chemical fertilizers and 100% organic with biofertilizer treatments 
compared to other treatments. Meanwhile, the minimum essential oil percentage was obtained with 
dill cv. Dukat plants fertilized with 100% organic with biofertilizer treatment (1.23%) in the first 
season. Moreover, cv. Dukat plants fertilized with 100% biofertilizer treatment gave the lowest 
essential oil percentage (1.08%) in second season, compared to other treatments. 

Used fertilizers showed different significant effects during both seasons. In the first season 
the maximum essential oil content (ml/plant) and essential oil yield (L/fed.) were obtained with 100% 
chemical fertilizer treatment, followed by 100% organic fertilizer treatment. Whereas, the minimum 
essential oil content per plant and essential oil yield (L/fed.) were obtained from control plants, 
followed by 100% biofertilizer treatment. 

In the second season, the highest mean values of essential oil content (ml/plant) and essential 
oil yield (L/fed.) were resulted from plants fertilized with 100% chemical fertilizers as mentioned 
with the first season. There were no significant effects between 100% chemical fertilizers, 100% 
organic fertilizer, 100% organic with biofertilizer and 50% organic with biofertilizer treatments. 
Meanwhile, the lowest essential oil content per plant and essential oil yield per fed. were recorded 
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with control treatment, followed by 100% biofertilizer treatment at the dried ripe fruits in the two 
seasons.  

Data illustrated in Table (3) show effect of the interaction treatments on essential oil content 
(ml/plant) and essential oil yield (L/fed.). It can be noticed that the interaction between every cultivar 
and different fertilizer treatments significantly increased both essential oil content (ml/plant) and 
essential oil yield (L/fed.) comparing with untreated plants. 
 
Table 3. Effect of fertilizers treatments on essential oil yield (ml/plant) and essential oil yield (L/fed.) at the 

dried ripe fruits of two dill cultivars during two growing seasons (2014-2015 and 2015-2016) 

Treatments 
2014/15 2015/16 

Essential 
oil              
(%) 

Essential 
oil yield   
ml/plant 

Essential 
oil yield 
L/fed. 

Essential 
oil        
(%) 

Essential 
oil yield    
ml/plant 

Essential 
oil yield 
L/fed. 

Cultivars Fertilization 

Balady 

T1 2.34 b 0.23 d 18.15 d 2.34 c 0.21 d 16.83 d 
T2 2.81 a 0.38 a 30.13 a 2.82 a 0.37 a 29.36 a 
T3 2.32 b 0.25 d 19.79 d 2.36 c 0.26 c 21.31 c 
T4 2.76 a 0.37 a 29.47 a 2.77 ab 0.36 a 28.39 a 
T5 2.70 a 0.28 c 22.70 c 2.68 b 0.26 c 21.25 c 
T6 2.81 a 0.31 b 25.00 b 2.82 a 0.32 b 25.19 b 
T7 2.77 a 0.36 a 28.43 a 2.79 ab 0.36 a 28.89 a 

Dukat 

T1 1.37 cde 0.07 i 5.94 i 1.12 gh 0.06 h 4.28 h 
T2 1.57 cd 0.15 e 12.26 e 1.37 f 0.13 efg 10.18 ef 
T3 1.35 cde 0.09 hi 6.86 hi 1.08 h 0.06 h 5.26 h 
T4 1.62 c 0.15 ef 11.62 ef 1.51 de 0.13 ef 10.45 ef 
T5 1.42 cde 0.10 gh 8.27 gh 1.47 ef 0.10 g 8.28 g 
T6 1.23 e 0.12 g 9.37 g 1.59 d 0.15 e 11.77 e 
T7 1.33 de 0.12 g 9.89 fg 1.23 g 0.11 fg 8.91 fg 

Mean of main plot       

Cultivars 
Balady 2.64 A 0.31 A 24.81A 2.66 A 0.31 A 24.46 A 
Dukat 1.41 B 0.11 B 9.17 B 1.34 B 0.11 B 8.45 B 

Mean of sub plot       

Fertilization 

T1 1.86 BC 0.15 E 12.05 E 1.73 D 0.14 D 10.56 E 

T2 2.19 A 0.27 A 21.20 A 2.10 BC 0.25 A 19.77 A 
T3 1.84 C 0.17 E 13.33 E 1.72 D 0.16 C 13.29 D 
T4 2.19 A 0.26 AB 20.55AB 2.14 AB 0.24 A 19.42AB 
T5 2.06 A 0.19 D 15.49 D 2.08 BC 0.18 B 14.77 C 
T6 2.02 AB 0.22 C 17.19 C 2.21 A 0.24 A 18.48 B 
T7 2.05 A 0.24 B 19.16 B 2.01 C 0.24 A 18.90AB 

Means scripted same small letter (s) for interactions, capital letter (s) for cultivars and fertilizers’ treatments in each column are not 
significantly according to Duncan Multiple Rang Test 
T1 = without fertilizers (control)                                    T2 = 100% Mineral fertilizers  
T3 = 100% Biofertilizers                                                T4 = 100% Organic fertilizers       
T5 = 50% Organic fertilizers                                          T6 = 100% Organic with Biofertilizer 
T7 = 50% Organic with Biofertilizer 

 
The maximum mean value of oil content (0.38 and 0.37ml/plant)and essential oil yield (30.13 

and 29.36 l/fed.) was observed because of the combination between dill  cv. Balady and 100% 
chemical fertilizer in the during seasons. Meanwhile, the minimum essential oil content and essential 
oil yield was recorded with unfertilized dill cv. Dukat plants, followed by 100% biofertilizer treatment 
in both seasons.  

Generally, essential oil percentage, yield per plant and yield per fed. were higher in dill cv. 
Balady than in dill cv. Dukat at the dried ripe fruits in the two seasons.   

The increase in essential oil might be due to the influence of nutrients (such as nitrogen and 
phosphorus) on synthesis of essential oil. These results are in agreement with those obtained by El-
Desuki et al. (2001) on fennel, Alireza (2012) on fennel and Shahmohammadi et al. (2014) on dill 
plants. 
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b. Effect on essential oil constituents  
 
The main constituents of the essential oil as affected by organic, biofertilizer and mineral 

fertilization treatments identified by GC-MS at the fruiting stage of the two cultivars of dill plant 
(Balady and Dukat) during second season (2015/ 2016) are shown in Table (4) and Figs (1 to 14). 
Twenty components were identified in the essential oil of Anethum graveolens in the two cvs. Balady 
and Dukat. The major compounds were found to be D-Limonene followed by carvone, 
dihydrocarvone and dill apiol for two cultivars with all fertilization treatments. 

In this connection, the quality of dill fruits in determined regarding their main components in 
the essential oil which are D-Limonene and carvone (Virmani and Datta, 1970). Essential oil 
constituents of dill fruiting has been investigated in many regains. 

It is clear from data recorded in Table (4) and Figs (1 to 14 ) that the highest value of D-
Limonene 38.50% was resulted by dill cv. Dukat compared with dill cv. Balady which gave less value 
of D-Limonene (29.98%). 

The maximum D-Limonene content (39.65%) was obtained with 100% biofertilizer 
treatment, while the minimum value of D-Limonene (28.45%) was obtained with control treatment. 

There were significant effects due to the interaction between dill cultivars and fertilization 
treatments. The maximum D-Limonene content (51.14 %) recorded with dill cv. Dukat plants 
fertilized by 50% organic fertilizer treatment, while the minimum D-Limonene content (24.61%) 
found in essential oil of dill cv. Balady plants fertilized by 50% organic fertilizer treatment, in the 
second season. 

 
Table 4: The relative percentages of the main compounds of the essential oil of two dill cultivars as affected by different fertilization 

treatments in seed stage in the second season (2015-2016) 
Treatments Compounds of oil in fruit stage 
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Balady 

T1 0.02 0.08 0.01 0.02 0.13 2.03 27.22 0.02 0.03 0.02 0.05 0.02 0.02 0.16 3.33 26.78 0.20 0.63 26.29 12.69 99.75 0.25 

T2 0.01 0.07 0.01 0.02 0.10 1.62 27.75 0.01 0.01 0.02 0.02 0.01 0.01 0.19 5.05 20.8 0.19 0.11 34.39 8.95 99.34 0.66 

T3 0.04 0.24 0.03 0.05 0.24 6.51 40.41 0.01 0.01 0.02 0.01 0.01 0.01 0.40 8.97 22.17 0.04 0.29 18.23 2.02 99.71 0.29 

T4 0.01 0.08 0.02 0.03 0.15 1.94 31.84 0.01 0.01 0.02 0.04 0.02 0.02 0.25 1.99 15.48 0.12 0.33 33.65 13.47 99.48 0.50 

T5 0.01 0.06 0.01 0.02 0.10 1.62 24.61 0.01 0.03 0.01 0.05 0.02 0.02 0.20 2.44 22.95 0.11 0.58 30.70 16.05 99.60 0.38 

T6 0.02 0.10 0.02 0.02 0.14 2.56 29.32 0.01 0.04 0.01 0.05 0.01 0.02 0.18 2.46 21.01 0.16 0.46 27.24 15.94 99.77 0.23 

T7 0.09 - - 0.04 0.16 1.97 28.72 0.01 0.05 0.04 0.03 0.02 0.02 0.24 2.62 10.62 0.14 0.45 34.83 19.05 99.10 0.98 

Dukat 

T1 0.04 0.26 0.06 0.03 0.21 2.94 29.68 - 0.04 0.01 0.04 0.02 0.02 0.14 3.89 31.08 0.28 0.74 19.03 10.77 99.28 0.76 

T2 0.03 0.75 0.05 0.08 0.25 4.87 44.18 0.04 0.03 0.02 0.02 0.03 0.03 0.20 3.93 21.44 0.19 0.45 13.32 8.98 98.89 0.66 

T3 0.08 0.88 0.38 0.11 0.80 4.31 38.89 0.07 0.04 0.03 0.03 0.03 0.75 0.22 2.46 13.14 0.22 0.40 21.03 14.99 98.86 0.83 

T4 0.05 0.32 0.06 0.03 0.33 3.72 44.55 - 0.05 0.03 0.02 0.02 0.09 0.13 4.22 24.12 0.41 0.72 12.48 7.42 98.77 1.22 

T5 0.08 0.76 0.22 0.08 0.73 5.86 51.14 0.04 0.03 - - 0.04 0.31 0.12 3.04 16.95 0.23 0.49 9.63 9.68 99.43 0.56 

T6 0.02 0.11 0.02 0.02 0.14 1.50 28.55 0.01 0.04 0.02 0.04 0.02 0.02 0.06 5.61 32.74 0.31 0.85 20.27 9.28 99.63 0.35 

T7 0.04 0.37 0.15 0.05 0.35 2.45 32.50 0.99 0.09 - 0.04 0.03 0.35 0.12 4.34 26.38 0.41 0.86 19.71 10.12 99.35 0.63 

Mean of main plot 

Cultivars 
Balady 0.03 0.09 0.01 0.03 0.15 2.61 29.98 0.01 0.03 0.02 0.04 0.02 0.02 0.23 3.84 19.97 0.14 0.41 29.33 12.60   

Dukat 0.05 0.49 0.13 0.06 0.40 3.66 38.50 0.16 0.05 0.02 0.03 0.03 0.22 0.14 3.93 23.69 0.29 0.64 16.50 10.18   
Mean of sub plot 

ertilizati
on 

T1 0.03 0.17 0.04 0.03 0.17 2.49 28.45 0.01 0.04 0.02 0.05 0.02 0.02 0.15 3.61 28.93 0.24 0.69 22.66 11.73   

T2 0.02 0.41 0.03 0.05 0.18 3.25 35.97 0.03 0.02 0.02 0.02 0.02 0.02 0.20 4.49 21.12 0.19 0.28 23.86 8.97   

T3 0.06 0.56 0.21 0.08 0.52 5.41 39.65 0.04 0.03 0.03 0.02 0.02 0.38 0.31 5.72 17.66 0.13 0.35 19.63 8.51   

T4 0.03 0.20 0.04 0.03 0.24 2.83 38.20 0.01 0.03 0.03 0.03 0.02 0.06 0.19 3.11 19.80 0.27 0.53 23.07 10.45   

T5 0.05 0.41 0.12 0.05 0.42 3.74 37.88 0.03 0.03 0.01 0.03 0.03 0.17 0.16 2.74 19.95 0.17 0.54 20.17 12.87   

T6 0.02 0.11 0.02 0.02 0.14 2.03 28.94 0.01 0.04 0.02 0.05 0.02 0.02 0.12 4.04 26.88 0.24 0.66 23.76 12.61   

T7 0.07 0.19 0.08 0.05 0.26 2.21 30.61 0.50 0.07 0.02 0.04 0.03 0.19 0.18 3.48 18.50 0.28 0.66 27.27 14.59   

T1 = Without fertilizers (control)        T2 = 100% Mineral fertilizers                    T3 = 100% Biofertilizers     T4 = 100% Organic fertilizers 
T5 = 50% Organic fertilizers             T6 = 100% Organic with Biofertilizer         T7 = 50% Organic with Biofertilizer 
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The data in Table (4) and Figs (1 to 14) indicate that the essential oil of dill cv. Balady 
contained higher percentage of carvone component than that of dill cv. Dukat essential oil which 
contained less percentage of carvone. 

The highest value of carvone percentage (27.26%) was recorded with 50% organic with 
biofertilizer treatment, while the lowest one (19.63%) was recorded with 100% biofertilizer treatment 
at the fruiting stage. 
 
 

 
Fig 1: GC–MS Chromatogram of essential oil of dill 
fruits for Balady cultivar obtained from unfertilized 
plants.  
 

Fig 2: GC–MS Chromatogram of essential oil of dill 
fruits for Balady cultivar obtained from plants treated 
with 100% mineral fertilizer.  
 

  
Fig 3: GC–MS Chromatogram of essential oil of dill 
fruits for Balady cultivar obtained from plants treated 
with 100% biofertilizer.  

Fig 4: GC–MS Chromatogram of essential oil of dill 
fruits for Balady cultivar obtained from plants treated 
with 100% organic fertilizer.  
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Fig 5: GC–MS Chromatogram for essential oil of 
dill fruits for Balady cultivar obtained from plants 
treated with 50% organic fertilizer. 
 

Fig 6: GC–MS Chromatogram of essential oil of dill 
fruits for Balady cultivar obtained from plants treated 
with 100% organic with biofertilizer. 
 

  

Fig 7: GC–MS Chromatogram of essential oil of dill fruits for Balady cultivar obtained from plants treated with 
50% organic with biofertilizer.  
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Fig 8: GC–MS Chromatogram of essential oil of dill 
fruits for Dukat cultivar obtained from unfertilized 
plants.  
 

Fig 9: GC–MS Chromatogram of essential oil 
of dill fruits for Dukat cultivar obtained from 
plants treated with 100% mineral fertilizer.  
 

  
Fig 10: GC–MS Chromatogram of essential oil of 
dill fruits for Dukat cultivar obtained from plants 
treated with 100% biofertilizer.  
 

Fig 11: GC–MS Chromatogram of essential oil 
of dill fruits for Dukat cultivar obtained from 
plants treated with 100% organic fertilizer.  
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Fig 12: GC–MS Chromatogram for essential oil of 
dill fruits for Dukat cultivar obtained from plants 
treated with 50% organic fertilizer.  
 

Fig 13: GC–MS Chromatogram of essential oil of dill 
fruits for Dukat cultivar obtained from plants treated 
with 100% organic with biofertilizer. 
 

 

Fig 14: GC–MS Chromatogram of essential oil of dill fruits for Dukat cultivar obtained from   plants treated 
with 50% organic with biofertilizer.  

 
The highest percentage of carvone in essential oil of dill fruits observed with dill cv. Balady 

treated with 50% organic with biofertilizer (34.83%) and 100% mineral fertilizers (34.39%) 
treatments. However, the lowest percentage of carvone observed with dill cv. Dukat treated with 50% 
organic fertilizer (9.63%) in second season.    

Meanwhile, in Figs (1 to 14) the maximum dihydrocarvone percentage (23.69%) was 
recorded with dill cv. Dukat than dill cv. Balady which gave the minimum dihydrocarvone percentage 
(19.97%).   

The highest dihydrocarvone content (28.93%) was obtained with control treatment. 
Meanwhile, the lowest dihydrocarvone content was observed with 100% biofertilizer treatment (17.66 
%). 
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There were significant effects for the interaction between dill cultivars and fertilization 
treatments. The highest dihydrocarvone percentage (32.74%) recorded with dill cv. Dukat plants 
treated by 100% organic with biofertilizer treatment. However, the lowest dihydrocarvone percentage 
(10.62%) recorded with dill cv. Balady plants treated by 50% organic with biofertilizer treatment in 
second season.  

Comparing of dill apiol percentage in the essential oil of the two cultivars indicated that dill 
apiol content in the essential oil of dill cv. Balady (12.60%) was higher than essential oil of dill cv. 
Dukat (10.18%). 

The highest value of dill apiol content was obtained by 50% organic fertilizer with 
biofertilizer treatment, while the lowest dill apiol content was found in 100% biofertilizer treatment 
(14.59 and 8.51%, respectively).  

The maximum dill apiol content was observed with dill cv. Balady plants treated with 50% 
organic with biofertilizer (19.05%), however the minimum content was observed with the same 
cultivar treated with 100% biofertilizers (2.02%). 

Generally, carvone and dill apiol percentages in essential oil extracted from dill cv. Balady 
were higher than that in the essential oil extracted from dill cv. Dukat. On the other hand, D-
Limonene and dihydrocarvone percentages were higher in the essential oil extracted from dill cv. 
Dukat compared to the essential oil extracted from dill cv. Balady. 

Data in the same Table and Figs (1 to 14) reveal that α-Phellandrene content in essential oil of 
dill cv. Dukat (3.66 %) was higher than essential oil of dill cv. Balady which gave the lowest α-
Phellandrene content (2.61%).  

The treatment of 100% biofertilizer gave the highest value of α-Phellandrene percentage 
(5.41%), while the lowest value of α-Phellandrene percentage (2.03%) was found in essential oil of 
dill fruits treated with 100% organic with biofertilizer. 

The highest α-Phellandrene percentage in essential oil of dill fruits was obtained with dill cv. 
Balady treated with application of 100% biofertilizers (6.51%), while the lowest α-Phellandrene 
percentage was obtained with dill cv. Dukat treated with 100% organic with biofertilizer (1.50 %). 

Data in Table (4) and Figs (1 to 14) reveal that cis-dihydrocarvone percentage in essential oil 
of dill cv. Dukat (3.94%) was equal in essential oil of dill cv. Baldy (3.84%).  

The treatment of 100% biofertilizer gave the highest value of cis-dihydrocarvone percentage 
(5.72%), while the lowest value of cis-dihydrocarvone percentage (2.74%) was found in essential oil 
of dill fruits treated with 50% organic fertilizer. 

The highest α cis-dihydrocarvone percentage in essential oil of dill fruits was obtained with 
dill cv. Balady treated with application of 100% biofertilizers (8.97%), while the lowest cis-
dihydrocarvone percentage was obtained with dill cv. Balady treated with 100% organic fertilizer 
(1.99 %) in second season. 

The other identified components percentages (fourteen components) in the essential oil of dill, 
had no similar trend according to cultivars, fertilization treatments and interaction between them in 
second season (2015/2016).   

  
4- Effect on fruit anatomy 
 

Fruits of dill plants are known to public as "seeds". The fruit is a dry schizocarp, known as 
cremocarp, consists of two mericarps, each corresponding to one carpel containing one seed. The 
mericarps are broadly ovate, about 4 mm long and 2-3 mm broad. The fruits are very much 
compressed dorsally, the two central ridges being prolonged into membranous wings, while the dorsal 
ones are inconspicuous. Each mericarp has four vittae on the dorsal surface and two on the 
commissural one. The endosperm is present and much flattened. 

Generally, it is noted that the majority of umbelliferous fruits only develop one fertile seed, 
whereas the other mericarp is usually sterile, i.e., the cremocarp which consists of two mericarps 
usually develop one fertile seed and the other is sterile. This phenomenon may be attributed to the 
nutrient status of the plant and of the soil in which the plant is found and grown. 
         Microphotographs illustrating the effect of mineral, bio and organic fertilizers on anatomical 
structure of fruits of two dill cultivars are shown in Figures (15 and 16) for dill cv. Balady and dill cv. 
Dukat; respectively.  
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 Fig. 15. Transverse sections of the mature fruits (cremocarps) of dill plant cv. Balady as affected 
by different types of fertilizers. 

            A- From unfertilized plants. 
            B- From plants received 100 % chemical fertilizers. 
                                                                                                                              (Cont.) 
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Fig. 15. Cont. 
        C- From plants received 100 % bio - fertilizers. 
        D- From plants received 100 % organic fertilizers. 
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Fig. 16. Transverse sections of the mature fruits (cremocarps) of dill plant cv. Dukat as 
affected by different types of fertilizers.  

              A- (1 and 2) From unfertilized plants. 
              B- From plants received 100 % chemical fertilizers.  
                                                                                                                               (Cont.) 
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Fig. 16. Cont. 
               C- From plants received 100 % bio-fertilizers. 
               D- From plants received 100 % organic fertilizers. 

C 

D 

 

Microphotographs reveal that cremocarps obtained from unfertilized dill plants are decidedly 
semi fertile where one mericarp is fertile and developed one fertile seed, and the other mericarp is 
usually sterile.  

This is true for the two investigated dill cultivars as seen in Figure (15.A) for dill cv. Balady 
and Figure (16.A.2) for dill cv. Dukat. Worthy to note that such treatment ( without fertilizers) 
produce sometimes cremocarps completely sterile where the two mericarps are sterile and developed 
no seeds especially in dill cv. Dukat as seen in Figure (16.A.1).  
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As to the effect of mineral fertilizers on anatomical structure of dill fruits, microphotographs 
shown in Figure (15.B) for dill cv. Balady and in figure (16.B) for dill cv. Dukat indicate that the 
cremocarps produced from dill plants treated with 100% mineral fertilizers are completely fertile 
where the two mericarps are completely fertile and developed fertile seeds and this is true for the two 
investigated dill cultivars. 

On the other hand, dill plants which were treated with 100% biofertilizer, produced semi 
fertile cremocarps. One of the two mericarpes is fertile and developed one fertile seed, and the other 
mericarp is usually sterile as seen in Figure (15.C) for dill cv. Balady and Figure (16.C) for dill cv. 
Dukat. 

At the same time, dill plants which were received 100% organic fertilizers produced bigger 
completely fertile cremocarps and this consequently reflected on yield of fruits per plant and per 
feddan, where such treatment recordered higher yields compared with other treatments in both 
investigated dill cultivars. 

Worthy to mention that cremocarps produced from dill cv. Balady are generally bigger in size 
than those produced from dill cv. Dukat. Information about the effect of different sources of fertilizers 
on the anatomical structure of dill fruits are not available. 
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