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Abstract 

 

Basil herb (Ocimum basilicum L.) is an aromatic plant that cultivated for essential oil production, utilizing in culinary, cosmetics, 
biopesticides, and pharmaceutical productions. The production of essential oil influenced by different biotic and abiotic stress. However, 
nutrients deficiency is a major problem for basil growth and production in alkaline soil. Thus, this field study was preformed to evaluate 
applying different rates of NPK nano-fertilizer (0, 2.5, 5.0, 7.5, 10.0, 12.5, and 15.0 ml/10L) on agronomic traits, essential oil, and seed 
production. Utilizing a moderate rate of NPK nano-fertilizer is proposed to be sufficient for leaf SPAD trait. However, increasing the nano-
fertilizer rate showed a positive response to most agronomic traits. There was a linear-relationship between plant traits and NPK nano-
fertilizer rate. Moreover, results highlighted the using NPK nano-fertilizer as a sufficient way in increasing plant growth, essential oil, and 
seed production under high soil pH conditions.    
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Introduction 

Basil plant (Ocimum basilicum L.) is a native plant in 
tropical and subtropical regions and belongs to the 
Lamiaceae family (Esetili et al., 2016; Dzida, 2010). 
Nowadays, basil herb is planted as medicinal or aromatic 
plants in the United States, Iran, Egypt, Greek, France, and 
other countries (Ekren et al., 2012). Esetili et al., (2016) state 
that basil herb is utilized in culinary and traditional 
medicines. Basil is also used in biopesticides and 
pharmaceutical productions; moreover, basil herb is utilized 
in the cosmetic industry (Bufalo et al., 2015). Basil herb 
contains up to 1.5% of essential oil, containing different 
concentration of terpenoids and phenylpropanoids (Esetili et 

al., 2016), linalool and eugenol (Dzida, 2010), and estragole, 
methyl cinnamate, methyl chavicol, 1,8-cineole, neral, 
geranial, and caryophyllene oxide (Ekren et al., 2012). The 
essential oil rate in the basil plant influenced by 
environmental factors, genetic factor and soil conditions such 
as nutrition deficiency (Esetili et al., 2016; Dzida, 2010). 
Thus, the differences in compounds of essential oil determine 
the flavors and specific aroma for each basil species, cultivar, 
and genotype (Bufalo et al., 2015). A nanotechnology is a 
tool for increasing the value of essential oil and vegetative 
production. Moreover, applying nano-fertilizer can also 
reduce environmental pollution when traditional chemical 
fertilizers applied with high rates (El-Labban et al., 2016). 
Kottegoda et al., (2011) stated that using nano-fertilizer and 
nano-pesticide can reduce environmental pollution by 
reducing release fertilizer. Thus, nanotechnology has an 
important role in agricultural science in recent years 
(Elshamy et al., 2019). There is a strong interest in 
cultivating medicinal and aromatic plants in an effort to 
increase essential oil production. The vegetative biomass 
production and essential oil yield can be increased by using 
nano-fertilizers: magnetite nano-fertilizer on sweet basil 
Ocimum basilicum L. (Elfeky et al., 2013), iron, zinc, and 
potassium nano-fertilizer on peppermint Mentha piperita L. 
(Hassani and Tajali, 2014), zinc nano-fertilizer on basil (El-
Kereti et al., 2013), potassium nano-fertilizer on chamomile 

Matricaria chamomilla L. (Ibrahim, 2019), nano-iron chelate 
on basil (Nazari et al., 2012), nano-fertilizer on black cumin 
Nigella sativa L. (Safaei et al., 2014) and nano-fertilizer on 
Saffron Crocus sativus L. (Amirnia et al., 2014) as well as, 
application of potassium nano-fertilizer on sweet basil 
(Najafian and Zahedifar, 2018). This study aims to evaluate 
the influence of the foliar application of the NPK nano-
fertilizer on growth traits and essential oil yield as well as 
seed yield in basil (Dolly cultivar) grown in the field 
conditions at Al-Diwaniyah governorate, Iraq.  

Material and Methods 

A field experiment was carried out during the summer 
season of 2019 at Al-Diwaniyah Station for Crop Cultivation 
and Development, Al-Diwaniyah city, Al-Qadisiyah 
Province, Iraq, to investigate the response of basil (Dolly 
cultivar) to foliar application of NPK nano-fertilizer. Seeds 
of Dolly cultivar was obtained from the Johnny’s Selected 
Seeds company (USA), and seeds were sown in the plastic 
seedling trays, which were filled with peat moss. Seedlings 
were transferred to the field after 35 days after planting 
(DAP). Treatments consisted of seven rates of the fertilizer; 
0, 2.5, 5.0, 7.5, 10.0, 12.5, and 15.0 ml L-10 distilled water. 
Soil samples were taken from a field location to do the soil 
analysis, and all samples were taken from depth 0 to 30 cm. 
The soil physical and chemical characteristics were shown in 
Table 1.  

Table 1 : Soil physical and chemical properties of the field 
study. 

Soil texture Silt clay loam 

Organic matter (g.kg-1 soil) 0.49 
Electrical conductivity EC (ds.m-1) 1.4 

pH 8.6 
Nitrogen availability (mg.kg-1 soil) 18 

Phosphorus availability (mg.kg-1 soil) 11 
Potassium availability (mg.kg-1 soil) 157 
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Basil seedlings were transferred to the plots (6 ×4 m2), 
which laid out in the completely randomized design (CRD) 
with three replicates. Plants treated with foliar application of 
NPK nano-fertilizer in different rates (0, 2.5, 5, 7.5, 10, 12.5, 
and 15 ml/10L) at 30, 45, and 60 days after transplanting 
(DAT). Different agricultural management such as 
controlling weeds and application pesticides were applied at 
the growing season. Moreover, hand irrigation was used to 
water plants at the seedling stage, while the flood irrigation 
system was utilized to avoid drought stress during the 
growing season in the field.      

At 65 days after transplanting (DAT), chlorophyll was 
measured by using the SPAD-502 meter. Basil plants were 
harvested by cutting at 10 cm above the soil surface and most 
plant traits (plant height, stem diameter, number of leaves per 
plant, and vegetative biomass yield) were measured. Basil 
plants (leaves and shoots) were air-dried until constant 
weight for three days, and dried samples were taken to 
measure essential oil. The essential oil was extracted from 
the whole plant (leaves and shoots) and was determined by 
using the hydro-distillation method (Clevanger). Moreover, 
the plant samples (50 g for each sample) were distilled for 
three hours in 500 ml of distillation water. Finally, basil 
plants were harvested at the end of the experiment (last week 
in October 2019) to account for the seed yield. The R 
software system was used for doing the statistical analysis, 
which was carried out through using the regression analysis.   

Results and Discussion 

Growth parameters were taken to determine if the NPK 
nano-fertilizer rates influence plant development and 
production. Chlorophyll content was measured by using the 
healthy and fully expanded leaves, and SPAD-502 meter was 
used to measure the chlorophyll content at 65 days after 
transplanting (DAT). Applying NPK nano-fertilizer at 
different rates showed significantly increased the chlorophyll 
trait compared to untreated basil plants. There is a 
polynomial relationship between the leaf SPAD value and 
NPK nano-fertilizer rate (Fig.1). The plant height trait was 
significantly increased by applying different rates of NPK 
nano-fertilizer, and there was a linear relationship between 
plant height and NPK nano-fertilizer rate (Fig. 2). At the 
flowering stage, applying different rates of nano-fertilizer 
increased the number of leaves per plant, and stem diameter. 
There is a linear relationship between the leaves number per 
plant and NPK nano-fertilizer rate (Fig. 3), while the 
relationship between stem diameter and the NPK nano-
fertilizer rate was a polynomial (Fig. 4). The vegetative 
biomass yield (g m-2) was significantly increased through 
applying the NPK nano-fertilizer compared to untreated 
plants (control) at the flowering stage, and there was a linear 
relationship between this trait and NPK nano-fertilizer rate 
(Fig. 5). The essential oil of basil was significantly increased 
by using different rates of NPK nano-fertilizer compared to 
control when plant samples were harvested at the flowering 
stage. There was a non-linear (polynomial) relationship 
between the essential oil of basil (%, v/w) and NPK nano-
fertilizer rate (Fig. 6). Finally, the F-test and regression 
analysis were significant for the seed yield trait, and a linear 
relationship between the seed yield (g m-2) and NPK nano-
fertilizer rate existed (Fig. 7). 

Influence of NPK nano-fertilizer applied as foliar 
spraying on plant growth, vegetative biomass yield, seed 

yield, and essential oil production has been suggested as an 
important way for increasing plant growth of different crops 
without impact on our environment (Al-Juthery et al., 2018; 
Abdel-Aziz et al., 2016; Ekinci et al., 2014; Drostkar et al., 
2016; and Jameel and Al-Tai, 2017). Al-Juthery et al., 2018 
stated that the NPK nano-fertilizer increased the chlorophyll 
content in wheat compared to untreated plants. Increasing 
chlorophyll content in plant tissues leads to increase and 
enhance the efficiency of photosynthesis, which leads to 
increase the plant growth parameters such as plant height, 
leaf area, and the number of branches (Mohamed et al., 
2015). Increasing plant height by applying NPK nano-
fertilizer has been reported by Jameel and Al-Tai (2017), 
Ibrahim (2019), and Hegab et al., (2018). In this respect, 
Hasaneen et al., (2016) stated that applying NPK nano-
fertilizer as foliar application increased different plant growth 
traits, which include root length, shoot length, and leaf area. 
Thus, increasing plant growth leads to an increase in the 
vegetative biomass yield under applying the NPK nano-
fertilizer compared to normal or unfertilized treatments. The 
applying NPK nano-fertilizer at different rates increased the 
production of vegetative biomass compared to untreated 
plants (control). Similar results have been reported by Jameel 
and Al-Tai (2017) and Elshamy et al., (2019). The high value 
of essential oil was produced by applying the NPK nano-
fertilizer. Similar results have been obtained by Jameel and 
Al-Tai (2017) in three species of Apiaceae at field conditions 
and El-Labban et al., (2016) in Cuminum cyminum L. Seed 
yield was increased with applying different rates of NPK 
nano-fertilizer. Similar results have been obtained by Burhan 
and Hassan, (2019) and Abdel-Aziz et al., (2016) in wheat, 
and Safaei et al (2014) in black cumin (Nigella sativa L.). 

 
Fig. 1 : Influence of NPK nano-fertilizer rate on chlorophyll at 65 

days after transplanting (DAT) for the cultivar Dolly basil. 
 

 
Fig. 2 : Influence of NPK nano-fertilizer rate on plant height (cm) 

for the cultivar Dolly basil. 
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Fig. 3 : Influence of NPK nano-fertilizer rate on a number of leaves 

per plant for the cultivar Dolly basil. 
 

 
Fig. 4 : Influence of NPK nano-fertilizer rate on stem diameter 

(mm) for the cultivar Dolly basil. 
 

 
Fig. 5 : Influence of NPK nano-fertilizer rate on vegetative biomass 

yield (g m-2) for the cultivar Dolly basil. 
 

 
Fig. 6 : Influence of NPK nano-fertilizer rate on essential oil yield 

(%, v/w) for the cultivar Dolly basil. 

 
Fig. 7 : Influence of NPK nano-fertilizer rate on seed yield (g m-2) 

for the cultivar Dolly basil. 
 

Conclusion 

According to obtained results, NPK nano-fertilizer rate 
has a positive influence on plant growth and essential oil 
production of basil by increasing chlorophyll content, leaves 
number, plant height, vegetative biomass yield, and seed 
yield of plants treated compared to untreated plants. 
Applying 7.5 (ml/10L) showed the highest value for some 
plant parameters compared to other treatments. However, 
most plant traits increased with increasing rates of NPK 
nano-fertilizer. Therefore, it can be concluded that the foliar 
application of NPK nano-fertilizer can be suggested as 
increasing the plant growth, essential oil, and vegetative 
biomass yield of basil without negative influences on plants 
and the environment.  
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