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Abstract

two dill cultivars.

Background: Two cultivars (Balady and Dukat) of dill plants were grown in the Experimental Farm Station of
Agriculture Faculty, Cairo University, during two seasons of 2014/2015 and 2015/2016. This investigation aims to
determine the response of two dill cultivars to seven fertilizer treatments, i.e., control, 100% mineral fertilizer, 100%
biofertilizer, 100% organic fertilizer, 50% organic fertilizer, 100% organic fertilizer with biofertilizer, and 50% organic
fertilizer with biofertilizer. Data on plant height, leaf number, and some chemical composition such as antioxidant
and nitrate accumulation were recorded in the vegetative growth stage.

Results: The results demonstrated that dill cv. Dukat gave the highest plants (cm), maximum leaf number per plant,
pigment content (mg/g), total carbohydrates (%), nitrogen, and phosphorus percentages in the vegetative growth
stage. Meanwhile, dill cv. Balady recorded the maximum potassium percentage and low content of nitrate
accumulation (mg/kg) in the vegetative growth stage. Both dill cultivars contained antioxidants without significant
differences between them. The best fertilization treatments were 100% organic fertilization with biofertilizer and
100% chemical fertilizer for plant height (cm), leaf number per plant, pigment content, antioxidant percentage, total
carbohydrate percentage, and N and P percentages of two dill genotypes. On the other hand, 50% organic
fertilization with biofertilizers was recorded as the best treatment for nitrate accumulation and K percentage with

Conclusion: These results prove that chemical fertilizers could be completely replaced by organic sources
supplemented by NPK Symbion without any negative effect on dill vegetative growth and or nutrient contents.
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Introduction

Dill (Anethum graveolens) is a biennial or annual herb of
the Apiaceae or Umbelliferae family. It grows up to 90—
120-cm tall and has slender branched stems, finely di-
vided leaves, and small umbels of yellow flowers. The
leaves could be used as food such as the popular food in
Egypt Mahshe, salads, seafoods, and soups. The seeds
could be used in bread and flavoring pickles and soups.
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The literature demonstrates that dill leaf consumption
could lower the risk of cancer and reduce the level of
cholesterolemia (Lanky et al. 1993). Dill leaves provide
good antioxidant activities (Singh et al. 2005).

Fertilization is a major factor affecting growth, fresh
yield, and quality of dill and all leafy vegetables. One of
the main problems of excessive use of chemical
fertilization is nitrate accumulation in the plant which
can directly inhibit oxygen transport by blood, a medical
condition known as methemoglobinemia, because of the
reduction of converting nitrate to nitrite. Because chem-
ical fertilization strategies might cause this problem, it
was necessary to develop alternative strategies to supply
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nutrients to the growing plant, in order to produce
chemical-free medicinal and aromatic plants. That trend
has been the main target of many researchers and pro-
ducers in order to ensure the high quality and safety
product, not only for humans but also for the environ-
ment. Therefore, it has become essential to use organic
and biofertilizers (Glala et al. 2010; Saleh et al. 2010;
Glala et al. 2012; Ezzo et al. 2012; and Glala et al. 2013).
Organic fertilizers, i.e., (Cattle, chicken manure—com-
post) not only supply growing plants with nutrients, but
also improve soil stricture, soil fertility, water holding
capacity, physical and chemical properties, soil pH, mi-
crobial activity, root distribution, and crop production in
term of (Muhammad and Khattak 2009). Biofertilizers
mainly comprise nitrogen fixer, phosphate dissolvers, sili-
cate bacteria, and others. These organisms may affect their
host plant by one or more mechanisms such as nitrogen
fixation, production of growth-promoting substance or or-
ganic acids, enhancing nutrients uptake, or protection
against pathogens (Glala et al. 2010; Hassan et al. 2012).
The application of organic and/or biofertilizer is a low
cost, effective, and renewable source of plant nutrients to
supplement chemical fertilizers.

The aims of this investigation were to determine the
response of two dill cultivars to different types of
fertilizer and study the effect of these fertilizer treat-
ments (organic and biofertilizer) on growth, nutrients
contents, and fresh yield of dill.

Material 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 laboratory work was conducted in the National Re-
search Centre, Dokki, Giza, Egypt. Seeds of two dill cul-
tivars “Balady and Dukat” were used in this study.
Balady cv. seeds were obtained from the Laboratory of
Horticulture Crops Technology, National Research
Centre, while cv. Dukat seeds were obtained from the
Takii Seed Company, Japan.

The recommended dose of NPK chemical fertilizers
(50 N: 30 P,Os5: 50 K,0) according to The Ministry of
Agriculture and Land Reclamation, Egypt, was used in
the experiment. As for 100% chemical fertilizer treat-
ment, 150 kg/fed. ammonium nitrate (33.5% N), 200 kg/
fed. calcium superphosphate (15.5% P,Os), and 100 kg/
fed. potassium sulphate (48—50% K,O) was applied. Am-
monium nitrate and potassium sulphate were applied as
a basal dressing, in two equal doses. The first dose was
applied during furrow holding, and the second was
added 1 month after sowing, while calcium superphos-
phate was applied during soil preparation. Chicken ma-
nure (5.4 pH, 8.7 EC, 33.6 organic matter, 2.9 N%, 0.87%
P, and 1.02 K) was used as an organic fertilizer source
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and was applied at the rate of five m?/fed. (as an equiva-
lent of 50 kg N/fed. to represent 100% organic treat-
ment). All quantity of organic fertilizer of both 100%
organic fertilizer and 50% organic fertilizer treatments
were mixed with soil during furrow holding in both in-
vestigation seasons. An equivalent amount of organic
manure content of potassium and phosphorus was
substituted from the (Feldspar and rock phosphate) as
an organic source of both elements. The biofertilizers
were Symbion-N of nitrogen-fixing bacteria (Rhizobium,
Azospirillum, and Azotobactor), Symbion-P phosphate
solubilizing bacteria (Bacillus megatherium) and
Symbion-K. potash solubilizing, bacteria (Frateuria aur-
antia) available in liquid (1 x 10° bacterial cells/ml) for-
mulation. Biofertilizers were used alone or in
combination with 100% and 50% organic fertilizers. Bio-
fertilizers were added as a drench to the soil twice (after
germination directly and after one month of germin-
ation). The soil was prepared and divided into plots of 2
x 1.5 m, with three rows and 20 cm between hills. Dill
seeds were sown on the 19th of October, directly in the
field in both seasons. All agriculture recommendation
was carried out as required during the two growing sea-
sons. Two cultivars Balady and Dukat plants were fertil-
ized by seven fertilizer treatments as follows: without
fertilization (control), 100% mineral fertilizers, 100% bio-
fertilizers, 100% organic fertilizers, 50% organic fertil-
izers, 100% organic fertilizer with biofertilizers, and 50%
organic fertilizer with biofertilizers. A random sample of
five plants was taken from each plot after 90 days from
sowing date (vegetative growth stage). The following
data were recorded during the two seasons, plant height,
number of leaves, plant pigments, total carbohydrates
percentage, nitrate accumulations, antioxidants, and
some minerals in leaves (N, P, and K) for two dill culti-
vars in the vegetative growth stage.

The split-plot design was adopted in the study, since
cultivars were arranged in the main plots and the
fertilizer treatments were applied to subplots with three
replicates for each treatment. Data were statistically ana-
lyzed using MSTAT-C (1988), and means were com-
pared using Duncan multiple range test as reported by
Gomez and Gomez (1984).

Results

Effect of fertilizer treatments on dill vegetative and
chemical traits

The results in Figs. 1, 2, and 3 showed that dill cv. Dukat
plants recorded the maximum plant height (cm), leaf
number per plant, and total carbohydrate percentage,
compared with dill cv. Balady plants which gave the
minimum plant height, leaf number per plant, and total
carbohydrate percentage. The differences between the
two cultivars were significant in both seasons.
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Fig. 1 Effect of fertilizers treatments on plant height (cm) of two dill cultivars during the two growing seasons
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Fig. 2 Effect of fertilizer treatments on leaf number of two dill cultivars during the two growing seasons
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Fig. 3 Effect of fertilizer treatments on total carbohydrate percentage in a dry plant of two dill cultivars during the two growing seasons

Results of Figs. 1, 2, and 3 showed clearly that all
fertilizer treatments had a significant effect on plant
height, leaf number per plant, and total carbohydrate
percentage in the vegetative growth stage, compared to
control plants. Both mineral fertilizers (100%) and or-
ganic with biofertilizer (100%) treatments significantly
increased plant height, leaf number per plant, and total
carbohydrate percentage compared to other fertilizer, in
both seasons. However, the shorter plant, minimum leaf
number per plant, and minimum total carbohydrate

percentage were obtained with the control and 50% or-
ganic fertilizer treatment, in both seasons, respectively.
There were significant effects for the interaction among
dill cultivars and fertilizer treatments in Figs. 1, 2, and 3,
the tallest plants, maximum leaf number per plant, and
maximum total carbohydrate percentage were obtained
from cv. Dukat fertilized by 100% mineral fertilizers,
followed by cv. Dukat fertilized by 100% organic with bio-
fertilizer treatment. Meanwhile, the shortest plants, mini-
mum leaf number per plant, and minimum total
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Fig. 4 Effect of fertilizer treatments on chlorophyll a in fresh leaves of two dill cultivars during the two growing seasons
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carbohydrate percentage were obtained from control and
100% biofertilizer for cv. Balady in the first season and sec-
ond season by 50% organic fertilizer treatment.

Effect of fertilizer treatments on pigment content (mg/g
F.W.)

It is evident from data in Figs. 4, 5, and 6 that Dukat cultivar
recorded the maximum chlorophyll a, b and carotenoid con-
tents, compared to Balady cultivar which gave the minimum
chlorophyll a, b and carotenoid contents in both seasons.

Results clearly showed that all treatments had an insig-
nificant effect on pigment content in the vegetative
growth stage in the first season. Meanwhile, in the sec-
ond season, different fertilization treatments had a sig-
nificant effect on pigment content.

The maximum pigment content in the first season was
achieved at 100% mineral fertilizer treatment. However,
in the second season, the maximum pigment content
was recorded in both 100% mineral fertilizers and 100%
organic fertilizer with biofertilizer treatments. Date in
Fig. 4 showed that the minimum chlorophyll a content
was obtained with 100% biofertilizer and 50% organic
fertilizer treatments. Meanwhile, Figs. 5 and 6 showed
that the minimum chlorophyll b and carotenoid content
were recorded with 100% organic fertilizer and 100%
biofertilizer treatment in the second season.

There were significant effects for the interaction be-
tween dill cultivars and fertilizer treatments, the highest
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carotenoid content was obtained in dill cv. Dukat plants,
and there were insignificant effects of fertilizer treat-
ments on pigment content for this cultivar; thus, the
highest value of pigment content was 100% organic
fertilization treatment in the first season. In the second
season, 100% organic with biofertilizer treatment showed
the maximum pigment content; meanwhile, the mini-
mum pigment content was obtained from Balady culti-
var fertilized with 100% biofertilizer treatment in the
first season. However, 100% organic fertilizer treatment
showed the minimum pigment content in the second
season in the vegetative growth stage.

Effect of fertilizer treatments on antioxidant content
Figure 7 showed that the highest antioxidant percentage
was recorded in plants fertilized with 100% mineral fertil-
izers, while the lowest antioxidant percentage was obtained
with 50% organic fertilizer with biofertilizer treatment.
While, in the second season, there were no significant ef-
fects for fertilizer treatments on antioxidant percentage.
The results showed that the effect of the interaction be-
tween fertilizer treatments and dill cultivars indicated that
the highest antioxidant percentage was recorded in Dukat
cultivar fertilized by 100% mineral fertilizers in the first sea-
son, also in the second season, Balady cultivar unfertilized
content the highest percentage of antioxidant. Meanwhile,
the lowest antioxidant was obtained with Balady cultivar fer-
tilized with 50% organic fertilizer with biofertilizer treatment
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Fig. 5 Effect of fertilizer treatments on chlorophyll b in fresh leaves of two dill cultivars during the two growing seasons
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Fig. 6 Effect of fertilizer treatments on carotenoid in fresh leaves of two dill cultivars during the two growing seasons

in the first season, also in the second season, Dukat cultivar
fertilized by 100% biofertilizers was recorded the lowest anti-
oxidant in the vegetative growth stage.

Effect of fertilizer treatments on nitrate accumulation

The results in Fig. 8 indicated that Dukat cultivar gave
the highest values of nitrate accumulation, compared to
Balady cultivar which recorded the lowest values of ni-
trate accumulation in a dry herb at a vegetative growth

stage in both seasons. The content of nitrate accumula-
tion (mg/kg D.W) was affected by the different fertilizer
applications, and the highest values of nitrate accumula-
tion content in the dry herb were obtained with 100%
mineral fertilizer treatment during both seasons. The
lowest values of nitrate accumulation content in a dry
herb was obtained with control treatment, followed by
100% biofertilizer treatment in both seasons, in the vege-
tative growth stage.
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Fig. 7 Effect of fertilizer treatments on antioxidant (%) of two dill cultivars during the two growing seasons
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Fig. 8 Effect of fertilizer treatments on nitrate accumulation (mg/Kg) in a dry plant of two dill cultivars during the two growing seasons

The interaction between dill cultivars and fertilizer
treatments in Fig. 8 was significant, and the highest
values of nitrate accumulation content were obtained
with dill cv. Dukat plants fertilized with 100% chemical
fertilizer treatment; meanwhile, the lowest nitrate accu-
mulation contents were obtained with unfertilized
Balady cultivar, followed by unfertilized Dukat cultivar
in both seasons.

Effect of fertilizer treatments on mineral herb content (N,
P, and K)

The results in Figs. 9 and 10 indicated that the higher
nitrogen and phosphorus percentages were recorded by
Dukat cultivar, compared with Balady cultivar which
gave lower nitrogen and phosphorus percentages in both
seasons. Data in the same figures indicated that 100%
mineral fertilizer treatment gave the highest nitrogen
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Fig. 9 Effect of fertilizer treatments on nitrogen (%) in a dry herb of two dill cultivars during the two growing seasons (2014-2015

and 2015-2016)
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Fig. 10 Effect of fertilizer treatments on phosphorus (%) in a dry herb of two dill cultivars during the two growing seasons

J

and phosphorus percentages, followed by 100% organic
fertilizer treatment, while the lowest nitrogen and phos-
phorus percentages were obtained with the control
plants in both seasons.

The interaction between dill cultivars and fertilizer
treatments had a significant effect, and the highest nitro-
gen and phosphorus percentages were obtained with
Dukat cultivar fertilized with 100% mineral fertilizer
treatment, followed by 100% organic fertilizer treatment
in both seasons, respectively. Meanwhile, the lowest ni-
trogen and phosphorus percentages were obtained with

unfertilized Balady cultivar, followed by Balady cultivar
fertilized with 100% biofertilizer treatment in the first
and second seasons.

The data presented in Fig. 11 indicated that there was
no significant effect between two cultivars Balady and
Dukat on the percentage of potassium in a dry herb in
both seasons at the vegetative growth stage.

The percentage of potassium was significantly affected
by the different fertilizer applications in both seasons.
The data indicated that the 50% organic fertilizer with
biofertilizer treatment gave the highest potassium
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Fig. 11 Effect of fertilizer treatments on potassium (%) in a dry herb of two dill cultivars during the two growing seasons
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percentage, followed by 100% organic fertilizer with bio-
fertilizer treatment in both seasons, respectively, while
the lowest potassium percentage was obtained with
unfertilized plant treatment and 50% organic fertilizer
treatments in both seasons in the vegetative growth
stage. There was a significant effect for the interaction
between dill cultivars and fertilizer treatments.

The highest potassium percentage was obtained with
Balady cultivar fertilized with 50% organic with biofertili-
zer treatment, followed by. Dukat cultivar fertilized with
50% organic fertilizer with biofertilizer treatment in both
studied seasons; meanwhile, the lowest potassium per-
centage was obtained with unfertilized Dukat cultivar,
followed by Dukat cultivar treated by 50% organic
fertilizer, respectively, in the first and second seasons.

Discussion

One of the most effective factors affecting not only plant
growth but also the security of food (nitrate accumulation)
is fertilization. In our investigation, growth parameters
and some components in dill plants were significantly in-
crease or decreased underused different types of fertilizers.
In harmony with our results, the increments in growth pa-
rameters and the decrease in nitrate accumulation in the
vegetative growth stage with organic and biofertilizer
treatments were due to the corrosion of the organic ma-
nures and the slow release of nutrients (nitrogen form) in
organic fertilizers which are slower than that in inorganic
fertilizers which were adequate to meet the requirements
of plants. Moreover, Hosseny and Ahmed (2009) reported
that the lowest nitrate content in the edible part of the
plants is very important for human health, due to its po-
tential transformation to nitrites which have the highest
possibility to interact with hemoglobin and affect blood
oxygen transportation. Obtained results matched well
with those of Shaimaa (2010) on celery plants, Ghazal and
Shahhat (2012) on fennel, Zeinab et al. (2015) on sweet
fennel, and Massoud et al. (2019) on parsley.

The increase in total carbohydrate content in plants
treated with the mixture of compost and nitroxin might
be related to the effect of compost and nitroxin in in-
creasing the root surface area per unit of soil, water-use
efficiency, and photosynthetic activity, which directly af-
fects the physiological processes and utilization of carbo-
hydrates. These findings are in agreement with the
results of Al Ahl (2005) on dill herb Mahfouz and
Sharaf-Eldin (2007) on fennel plants Khalid (2012) on
anise, coriander, and sweet fennel and Fatemeh et al.
(2014) on Thymus vulgaris.

Using the chicken manure as organic fertilizers in-
creased mineral contents compared to unfertilized plants
which content could be related to its relatively high con-
tents of nutrients, a higher degree of holding water, the
decomposition of the organic manures, and the slow
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release of nutrients in available forms that were suffi-
cient to meet the requirements of growing plants. The
obtained results matched well with those of, Khalid
(2012) on sweet fennel, coriander, and anise plants and
Shaimaa (2018) on dill.

Conclusion

We were concluded from results that Dukat cv. is the rec-
ommended cultivar for cultivation in Egypt. Dukat cultivar
gave the higher measurements at the vegetative stage than
Balady cultivar. On the other hand, Balady cv. gave the
lowest content of nitrate accumulation. The best fertilizer
treatments at the vegetative stage were 100% mineral fer-
tilizers and 100% organic with biofertilizer treatments. Al-
though 100% biofertilizer treatment showed the lowest
values in most parameters at the vegetative growth stage,
it could be considered as the best treatment for nitrate ac-
cumulation which gave the lowest content of nitrate.
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