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ABSTRACT  
 

This study was conducted during two successive seasons 2016 and 2017 to investigate the 
effect of organic fertilization and humic acid treatments on growth, essential oil production and 
external secretory structures (glands) of Ocimum basilicum ‘Red Rubin' plant compared with the 
recommended dose of chemical fertilization.  

The results showed that using humic acid at 1 and 2 g/L and organic fertilizer at 100 g /pot gave 
significant increase over control plants in all growth parameters. Plants treated with humic acid at 1 
g/L and organic fertilizer at 100 g/pot gave the highest value of the number of glands per unit and per 
leaf in the upper and lower surface. The highest content of Linalool and Eugenol was obtained from 
plants treated with humic acid at 1 g/L. Estragol resulted from control plants was higher than of all 
treatments. 

 

Keywords: Red Rubin, humic acid, organic fertilizer, glands and Linalool 

 
Introduction 
 

Red Rubin basil (Ocimum basilicum 'Purpurascens') is a member of Lamiaceae family also 
called purple basil. Red Rubin Basil is new cultivars of basil (Ocimum basilicum x O. forskolei ) and 
needs a significant amount of full sun to achieve their deep and distinctive coloration and it holds very 
strong purple color in hot summers (Dudai et al., 2002). Basil is perennial herb mostly native to India, 
Asia and Africa but now grows in many regions throughout the world including Italy, Thai, 
Vietnamese and Laotian (Bufalo et al., 2015).  Basil ‘Red Rubin’ has a stronger flavor than sweet 
basil. It is used as a culinary herb and ornamental uses. Leaves of basil are used fresh, frozen or dried 
as specie a flavor (Biesiada and Kus, 2010). In traditional medicine, the essential oils and leaves of 
basil can be used as aroma and flavors for foods (Lu et al., 2014).  

Application of organic fertilizers can increase plant qualities and decreased environmental 
pollution which produced from chemical fertilization (Li et al., 2017). Organic matter is an important 
source of plant fertilization, which affects positively on soil quality and crop productivity (Ibrahim et 
al., 2013). The positive effect of organic fertilization on soil fertility is increasing soil organic matter 
and plant growth parameters (Daneshian et al., 2011). 

Humic acid affect on plant growth by improving uptake of nutrient and hormonal effects 
(Nikbakht et al., 2008). Humic acids promoted the root length of plants and increase the fresh and dry 
weights of plants (Khaled and Fawy, 2011). 

The objective of this study was to investigate the effect of organic fertilization and humic acid 
treatments on growth, essential oil production and external secretory structures (glands) of Ocimum 
basilicum ‘Red Rubin’ plant. 
 
Material and Methods 
 

This study was conducted at the Department of Ornamental Horticulture, Faculty of 
Agriculture, Cairo University, Giza, Egypt, during the two successive seasons of 2016 and 2017. The 
seeds were sown in clay medium on mid of February 2016 and 2017 (in the two seasons) in nursery 
beds inside the greenhouse. Fifty days after sowing, the seedlings were 10-15 cm height. They were 
then transplanted to prepared plastic pots (30 cm) at the experimental field in the two seasons. 
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Organic fertilizer was applied 15 days before transplanting at the rates of 100 g/pot. One month after 
transplanting, humic acid was applied at the rates of 1 and 2 g/L and repeated after every cut. NPK 
treatment was fertilized by kristalon (NPK 19:19:19) as a basic dressing at the rate of 5 g/pot. The 
fertilization treatments were as follows: 

1- Control(without fertilization) 
2-  Recommended dose of  NPK (19N:19P2O5:19K2O- 5 g pot -1) 
3-  Organic fertilizer  at 100 g/pot  
4-  Humic acid at 1 g / L 
5-  Humic acid at 2 g / L 

6-  Humic acid at 1 g / L and  organic fertilizer at 100 g/pot 
7-  Humic acid at 2 g / L and  organic fertilizer at 100 g/pot 

 
Recorded data 
 

The plants were harvested in the middle of June, July and August 2016 and 2017 at the early 
bloom stages by cutting the vegetative parts at 10 cm above the soil surface. 
Data were recorded in the two seasons as follows: 

1. Plant height (cm).  
2. Number of branches/ plant.  
3. Leaf area (cm2) of the fifth leaf from the apex.  
4. Fresh weight of herb (g/plant). 
5.  Air dry weight of herb (g/plant).  
6. Leaf :stem ratio 
7. Essential oil percentage in the fresh herb. 
8. Essential oil yield ml/ plant. 
9. Number of glandular hairs per unit surface area of leaves (0.04 cm2) and per leaf at the second cut of 

the first season. 
10. Essential oil components by GC-MS. 

 
Anatomical characteristics  
 

A piece of basil leaf (3 to 10 mm size) was cut off. The slices were mounted examined on 
scanning electron microscope (SEM) stubs with a conductive adhesive tab. The fresh samples were 
examined without drying (Ensikat et al., 2010). 

 
Essential oil percentage in the fresh herb 
 

The hydro-distillation method used to extract the essential oil from fresh herb in both seasons 
according to Guenther (1961). Basil fresh herb (100 g) was placed in a flask of 1 L capacity for 
distillation. The solution was steam distilled for three hours until no further increase in the oil was 
observed. 

 
 Essential oil components 
 

The essential oil was analyzed in the second cut on a TRACE GC Ultra Gas Chromatographs 
(THERMO Scientific Corp., USA), coupled with a THERMO mass spectrometer detector (ISQ Single 
Quadrupole Mass Spectrometer). The GC-MS system was equipped with a TG-WAX MS column (30 
m x 0.25 mm i.d., 0.25 μm film thickness). Analyses were carried out using helium as carrier gas at a 
flow rate of 1.0 mL/min at a split ratio of 1:10 and the following temperature program: 40º C for 1 
min; rising at 4.0º C/min to 150º C and held for 6 min; rising at 4º C/min to 210º C and held for 1min. 
The injector and detector were held at 210º and 200º C, respectively. Diluted samples (1:10 hexane, 
v/v) of 0.2 μL of the mixtures were always injected. Mass spectra were obtained by electron 
ionization (EI) at 70 eV, using a spectral range of m/z 40-450. Most of the compounds were identified 
using two different analytical methods: (a) KI, Kovats indices in reference to n-alkanes (C9-C22), and 
(b) mass spectra (authentic chemicals and Wiley spectral library collection) (Adams, 1995). 
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 Statistical analysis: 
 

This experiment was designed using randomized complete block design with two factors; the 
first was treatments (7) and the second was cuts (3). Recorded data on growth and oil content were 
statistically analyzed and separation of means was performed using the Least Significant Difference 
(L.S.D.) test at the 5% level (Little and Hills. 1978). 
 
Results  
 
Plant height 
 

Data presented in Table (1) showed that the plant height of O. basilicum ‘Red Rubin’ was 
affected by organic treatment in both seasons. The tallest plants were obtained from plants treated 
with NPK (46.22 and 43.66 cm in the first and second seasons, respectively) compared to other 
treatments. On the other hand, control plants gave the shortest plants in both seasons (36.79 and 36.44 
cm in the first and second seasons, respectively). 

 
Table 1: Effect of organic fertilization and humic acid on plant height(cm) and number of 

branches/plant of Ocimum basilicum‘Red Rubin’ during 2016 and 2017 seasons. 
  Plant height(cm)   Number of branches/plant 
 First season(2016) 
  1st cut 2nd 

cut 
3 rd 
cut 

Mean  1st cut 2nd 
cut 

3 rd 
cut 

Mean 

Control 35.88 37.85 36.64 36.79   7.00 5.83 8.50 7.11 
NPK 43.00 46.67 49.00 46.22   11.00 12.00 11.00 11.33 
O.F  35.22 39.63 38.96 37.94   8.67 6.67 9.00 8.11 
H.A at 1 g / L 41.00 42.42 42.75 42.06   9.00 7.00 10.00 8.67 
H.A at 2 g / L 40.00 40.09 46.83 42.31   8.00 11.00 8.00 9.00 
H.A at 1 g / L and  O.F  46.67 46.59 42.00 45.09   12.00 6.00 11.00 9.67 
H.A at 2 g / L and  O.F  41.00 40.80 40.33 40.71   8.00 7.00 9.00 8.00 

Mean 40.40 42.01 42.36     9.10 7.64 9.50   
LSD (0.05)          
Treatments (T) 1.18        0.94       
Cuts (C) 1.18        0.65       
TX C 2.04        1.62       
 Second season(2017) 
Control 36.78 37.03 35.52 36.44   7.83 6.17 8.00 7.33 
NPK 41.50 41.58 47.89 43.66   11.00 10.00 11.00 10.67 
O.F  36.83 40.19 38.51 38.51   8.00 8.04 9.89 8.64 
H.A at 1 g / L 39.42 43.29 42.60 41.77   9.00 7.00 9.00 8.33 
H.A at 2 g / L 40.11 44.28 43.78 42.72   8.00 11.00 9.00 9.33 
H.A at 1 g / L and  O.F  44.67 43.78 41.76 43.40   10.00 6.00 11.00 9.00 
H.A at 2 g / L and  O.F  37.16 40.21 40.78 39.38   8.00 7.00 8.00 7.67 
Mean 39.50 41.48 41.55     8.83 7.60 9.41   
LSD (0.05)          
Treatments (T) 1.46        0.94        
Cuts (C) 1.61        0.55        
TX C 2.53        1.63        
NPK=NPK(5g/pot), O.F=organic fertilizer at 100g/pot,  H.A=humic acid 

In the first season, at the third cut, plants gave the tallest plant with mean value of 42.36 cm. 
Also, in the second season, the tallest plant (41.55 cm) recorded at the third cut. Whereas, the shortest 
plant were obtained at the first cut (40.40 and 39.50 cm in the first and second seasons, respectively). 

Plants height significantly affected by the interaction between organic treatments and cuts. Data 
revealed that in both seasons the plants treated by NPK gave the tallest plants at the third cut (49.00 
and 47.89 cm in the first and second seasons, respectively). Followed by the plants treated with humic 
acid at 2 g / L (46.83 cm at the third cut and 44.28 cm at the second cut in the first and second 
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seasons, respectively). Moreover, in the first season the shortest plants obtained from plants treated by 
organic fertilization at 100 g/pot at the first cut (35.22 cm). Whereas, in the second season, the 
shortest plants obtained from control plants at the third cut (35.52 cm). The concentrations of 2,3 or 5 
g humic acid are the best for increasing plant height depend on species of plants( Wright and Lenssen 
2013 ). The similar increase in plant height reported by Jamali et al. (2015) on O. basilicum and El-
Sayed et al. (2015) on Ocimum sp. 
 
Number of branches/plant 
 

The results in Table (1) showed that, in both seasons, O. basilicum ‘Red Rubin’ plants treated 
with NPK had the highest number of branches (11.33 and 10.67 branches/plant) in the first and 
second seasons, respectively, followed by plants treated with humic acid at 2 g  L (9 and 9.33 
branches /plant) in the first and second seasons, respectively compared to the control plants. On the 
other hand, lowest number of branches of 7.11 and 7.33 cm in the first and second seasons, 
respectively were obtained from control plants.    

Data in Table (1) also indicated that the harvest time had a significant effect on the number of 
branches/plant. In both seasons, the third cut gave the highest number of branches/plant (9.50 and 
9.41 branches/plant in the first and the second seasons, respectively) as compared to the first and 
second cuts (9.10 and 7.64 in the first and 8.83 and 7.60 branches/plant in the second seasons, 
respectively). 

Regarding the interaction between different treatments and the timing of cuts on the number of 
branches/plant of O. basilicum ‘Red Rubin’ plants, the data presented in Table (1) showed that, in the 
first season, the highest number of branches were obtained from plants treated with NPK at the second 
cut and humic acid at 1 g  /L humic with organic fertilization at 100 g/pot at the first cut (12 
branches/plant). Moreover, in the second season, plants treated by NPK at the first and third cuts and 
plants treated with humic at 2 g  /L gave the highest number of branches (11 branches /plant). 

When the epical bud is removed, the small concentration of IAA led to growing the lateral buds 
and gave new shoots (Cline, 1994). The third cut gave higher mean values of the number of branches 
than those of the first and the second cuts, which could be caused by the fact that cutting activates 
branching and increased new shoots (Taie et al. 2010). 

 
Leaf area (cm2) 

 
Data in  Table (2) showed that, in both seasons the plants treated with humic acid and organic 

fertilizers leaf area of  O. basilicum ‘Red Rubin’ to control plants. In both seasons, plants treated with 
humic acid at 1 g /L and organic fertilizers at 100 g/ pots had the largest leaves with the mean area of 
3.40 and 3.58 cm2 in the first and the second seasons, respectively. Accordingly, the smallest leaves 
(1.44 and 1.53 cm2 in the first and the second seasons, respectively) were those formed on control 
plants. 

Data in Table (2) also showed that, in both seasons the largest leaves (with mean areas of 2.41 
and 2.34 cm2 in the first and the second seasons, respectively) were obtained at the second cut 
compared to the first and third cuts. 

The interaction between the two factors (different treatments and the timing of cuts) showed 
that, in both seasons the plants treated with humic acid at 1 g/ L and organic fertilization at the second 
cut gave the largest leaves (4.03 and 3.74 cm2 in the first and the second seasons, respectively) 
compared to control plants which gave the smallest leaves in all cuts. Organic fertilizer and humic 
acid promoted leaf area growth which depends on cell division and cell elongation. Increasing in cell 
number responsible for enlargement leaf area (Gonzalez et al., 2010). 
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Table 2: Effect of organic fertilization and humic acid on leaf area(cm2) and herb fresh 
weight(g/plant) of Ocimum basilicum‘Red Rubin’ during 2016 and 2017 seasons. 

  Leaf area(cm2)   Herb fresh weight (g/plant) 
 First season(2016) 
  1st 

cut 
2nd 
cut 

3 rd 
cut 

Mean  1st cut 2nd 
cut 

3 rd 
cut 

Mean 

Control 1.47 1.49 1.37 1.44  194.4 192.6 212.3 199.8 

NPK 1.53 2.46 1.90 1.96  165.9 210.7 256.8 211.1 

O.F  1.58 1.63 1.63 1.61  226.5 176.6 220.7 207.9 

H.A at 1 g / L 1.68 2.19 1.88 1.92  192.7 217.2 240.2 216.7 

H.A at 2 g / L 1.70 2.37 2.00 2.02  265.7 221.4 210.5 232.5 

H.A at 1 g / L and  O.F  2.83 4.03 3.33 3.40  217.2 265.7 253.1 245.3 

H.A at 2 g / L and  O.F  2.09 2.69 2.33 2.37  210.5 210.5 288.8 236.6 

Mean 1.84 2.41 2.06    210.4 213.5 240.3  

LSD (0.05)             

Treatments (T) 0.09        15.12    

Cuts (C) 0.07        18.38    

T X C 0.15     26.18    

 Second season(2017) 

Control 1.44 1.63 1.53 1.53  208.1 218.2 222.2 216.2 

NPK 1.72 2.41 1.76 1.96  237.9 300.3 294.8 277.7 

O.F  1.64 1.91 1.68 1.75  219.8 241.5 226 229.1 

H.A at 1 g / L 1.91 2.11 1.98 2.00  198.6 289.2 243.1 243.7 

H.A at 2 g / L 1.97 2.20 1.95 2.04  176.6 287 238.2 233.9 

H.A at 1 g / L and  O.F  3.46 3.74 3.53 3.58  276.9 260.5 300.3 279.3 

H.A at 2 g / L and  O.F  1.73 2.38 1.91 2.01  211.8 312.8 250.3 258.3 

Mean 1.98 2.34 2.05    218.5 272.8 253.6  

LSD (0.05)             

Treatments (T) 0.09        11.64    

Cuts (C) 0.07        9.355    

T X C 0.16     20.16    

Control, NPK=NPK(5g/pot), O.F=organic fertilizer at 100g/pot, H.A=humic acid 

 
Herb fresh weight (g / plant) 
 

The data presented in Table (2) revealed that humic acid at 1g /L with organic fertilizer gave 
the heaviest herb fresh weight/ plant. The mean values were 245.3 and 279.3 g/ plant in the first and 
second seasons, respectively. Whereas, the control plants gave the lowest herb fresh weight (199.8 
and 216.2 g / plant in the first and second seasons, respectively).  

The timing of cuts had a significant effect on herb fresh weight. Data in Table (2) showed that, 
the third cut obtained the heaviest herb fresh weight (240.3 and 253.6 g/ plant in the first and second 
seasons, respectively) followed by the second and first cuts. 

Interaction had a significant effect on the herb fresh weight. In the first season, the heaviest 
herb fresh weight was produced from the treatment of humic acid  at 2g / L with organic fertilizer at 
100g/ pot at the third cut (288.8 g/ plant), whereas in the second season the highest value produced 
from the second cut (312.8   g/ plant). On the other hand, the lowest value of herb fresh weight 
obtained from plants treated with NPK at the first cut of the first season(165.9 g/ plant), whereas in 
the second season plants treated by humic acid at 2g / L at the first cut(176.6 g/ plant). These  results 
are agreement with those obtained by Prabhu, et al. (2010) on Ocimum sanctum and Darzi  (2012) on 
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coriander, indicated that the organic fertilizer gave vegetative growth similar to NPK fertilizer but 
increased the quality of soil. 

 
Herb dry weight (g / plant) 
 

The herb dry weight/plant significantly affected by organic treatments. The highest values of 
herb dry weight were obtained from plants treated with humic acid at 1 g/ L with the organic fertilizer 
at 100 g/pot (36.05 and 32.41 g/ plant in the first and second seasons, respectively) compared to 
control and other treatments(Table, 3). The second cut recorded the heaviest herb dry weight in both 
seasons (35.71 and 30.04 g/ plant in the first and second seasons, respectively) compared to the first 
and third cuts. 
 
Table 3: Effect of organic fertilization and humic acid on herb dry weight (g/plant) and leaf: stem 

ratio of Ocimum basilicum‘Red Rubin’ during 2016 and 2017 seasons. 
  Herb dry weight (g/plant)   Leaf: stem ratio 
 First season(2016) 
  1st cut 2nd 

cut 
3 rd 
cut 

Mean  1st cut 2nd 
cut 

3 rd 
cut 

Mean 

Control 24.67 28.33 30.94 27.98  8.31 8.01 8.51 8.28 

NPK 25.24 35.67 37.24 32.72  7.05 5.90 12.86 8.60 

O.F  28.15 29.80 27.69 28.55  7. 70 7.59 8.83 8.04 

H.A at 1 g / L 26.87 41.04 33.20 33.70  7.84 8.93 9.13 8.63 

H.A at 2 g / L 31.23 38.82 36.04 35.36  6.77 7.55 10.03 8.12 

H.A at 1 g / L and  O.F  34.66 37.81 35.67 36.05  10.78 7.90 18.41 12.36 

H.A at 2 g / L and  O.F  22.22 38.51 33.58 31.44  9.64 7.23 15.76 10.88 

Mean 27.58 35.71 33.48   8.30 7.59 11.93  

LSD (0.05)          

Treatments (T) 2.93     0.55    

Cuts (C) 2.63     0.45    

T X C 5.07     0.89    

 Second season(2017) 

Control 25.45 23.74 24.86 24.68  8.38 7.78 8.21 8.12 

NPK 21.3 30.46 30.22 27.33  5.66 7.11 8.757 7.18 

O.F  23.09 22.11 21.2 22.13  7.54 8.01 8.62 8.06 

H.A at 1 g / L 19.64 30.55 24.32 24.84  7.50 9.38 8.58 8.49 

H.A at 2 g / L 23.36 31.81 26.89 27.35  8.07 12.16 10.36 10.19 

H.A at 1 g / L and  O.F  27.91 38.87 30.46 32.41  9.02 8.58 16.17 11.36 

H.A at 2 g / L and  O.F  16.94 32.76 34.2 27.97  9.35 9.81 10.94 9.92 

Mean 22.53 30.04 27.45   7.93 8.98 10.23  

LSD (0.05)          

Treatments (T) 2.22     0.39    

Cuts (C) 2.33     0.31    

T X C 3.84     0.68    

NPK=NPK(5g/pot), O.F=organic fertilizer at 100g/pot,  H.A=humic acid 

Data in Table (3) showed that, the interaction between fertilizer treatments and timing of cuts 
had a significant effect on herb dry weights. In the first season, the plants sprayed with humic acid at 
1 g / L gave the heaviest herb dry weight (41.04 g/ plant) at the second cut.The highest value in the 
second season was obtained from plants treated with humic acid at 1 g / L with the organic fertilizer at 
the second cut (38.87 g/ plant). In both seasons, the lowest value of herb dry weight obtained from 
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plants treated by humic acid at 2 g/ L with the organic fertilizer at 100 g/pot at the first cut (22.22 and 
16.94  g/ plant the first and second seasons, respectively).   
 
Leaf: stem ratio 
 

Data in Table (3) showed that, leaf: stem ratio of Red Rubin basil plants significantly affected 
by organic fertilizer treatments. Treating plants by humic acid at 1 g / L with the organic fertilizer at 
100 g/ pot gave the highest values of leaf: stem ratio in both seasons (12.36 and 11.36 in the first and 
second seasons, respectively). 
The effect of timing of harvest on leaf: stem ratio indicated that, the third cut gave the highest leaf: 
stem ratio with mean values 11.93 and 10.23 in the first and second seasons, respectively compared to 
other cuts. The first cut gave the lowest values of leaf: stem ratio 8.30 and 7.93 in both seasons, 
respectively.   

Regarding the interaction between treatments and timing of cuts, data presented in Table (3) 
showed a significant effect on leaf: stem ratio. The highest value of leaf: stem ratio produced from the 
treatment of humic acid at 1 g / L with the organic fertilizer at 100 g/ pot at the third cut (18.41 and 
16.17 in the first and second seasons, respectively). Moreover, in both seasons, the lowest leaf: stem 
ratio were obtained from plants treated by NPK (5.9 at second cut and 5.66 at first cut in the first and 
second seasons, respectively). 

 
Essential oil percentage (%) in the fresh herb 
 

Data indicated that the organic treatments had a significant effect on the oil percentage in the 
fresh herb of Red Rubin basil. The results in Table (4) showed that the plants treated with humic acid 
at 1 g / L gave the highest oil percentage in both seasons (0.16 and 0.15% in the first and second 
seasons, respectively). Whereas, the lowest values of oil percentage in both seasons obtained from 
control plants (0.05 and 0.06% in the first and second seasons, respectively).  
The mean values of oil percentage at the first cut (0.12 and 0.13%) were higher than the second and 
the third cuts in the first and second seasons, respectively. 
Both of organic treatments and timing of cuts had a significant effect on oil percentage of Red Rubin 
basil. Application of humic acid at 2 g / L with the organic fertilizer at 100 g/ plant especially in the 
first cut gave the highest value of oil percentage 0.19% in the first season. Whereas in the second 
season plants treated by humic acid at 2 g / L gave the highest oil percentage in the first cut (0.19%). 
On the other hand, control plants and plants treated with organic fertilizer at 100 g/ pot at all cuts gave 
the lowest values of oil percentage compared to all other treatments. Oil percentage of red rubin basil 
affected by temperature. In high temperature condition the among of essential oil decreased (Salah, 
1970). Depending on this the first cut gave the highest oil percentage because the harvest was in June 
and temperature lower than July and August.  
 
Essential oil yield (ml/plant) 
 

The results presented in Table (4) showed the effect organic fertilization, humic acid and their 
interaction on the essential oil yield ml/plant of basil plants in the two growing seasons. In the first 
season plants treated with humic acid at 1 g/ L with the organic fertilizer at 100 g/pot gave the highest 
essential oil yield per plant (0.39 ml/plant). Whereas, in the second season, plants treated with NPK  
resulted ( 0.41 ml/plant).  On the contrary, control plants gave the lowest value of oil yield/plant in 
both seasons (0.10 and 0.13 ml/plant in the first and second seasons, respectively). 

The effect of harvest time (number of harvests) had no significant effect on essential oil yield 
per plant. The first cut gave the highest value followed by third and second cuts.   

Regarding the interaction between organic treatments and cuts significantly affected on 
essential oil yield per plant. In the first season, plants treated with humic acid at 2 g/ L with the 
organic fertilizer at 100 g / pot at the first cut gave the highest mean value of essential oil yield per 
plant (0.50 ml/plant). Whereas, in the second season, the plants treated with NPK at the third cut gave 
the highest mean value of essential oil yield per plant (0.47 ml/plant). On the other hand, control 



Middle East J. Agric. Res., 7(3): 740-751, 2018 
ISSN: 2077-4605 

747 

plants gave the lowest value of oil yield/plant in both seasons (0.09 ml/plant at first cut and 0.13 
ml/plant at the third cut in the first and second seasons, respectively). 
 
Table 4: Effect of organic fertilization and humic acid on oil percentage(%) and essential oil yield 

(ml/plant)of Ocimum basilicum‘Red Rubin’ during 2016 and 2017 seasons. 
  Oil percentage%    Essential oil yield (ml/plant) 
 First season(2016) 
  1st 

cut 
2nd 
cut 

3 rd 
cut 

Mean  1st cut 2nd 
cut 

3 rd 
cut 

Mean 

Control 0.05 0.06 0.05 0.05  0.09 0.11 0.11 0.10 

NPK 0.17 0.15 0.16 0.16  0.35 0.32 0.46 0.38 

O.F  0.01 0.08 0.06 0.05  0.12 0.17 0.15 0.15 

H.A at 1 g / L 0.08 0.10 0.04 0.07  0.18 0.17 0.10 0.15 

H.A at 2 g / L 0.16 0.10 0.16 0.14  0.31 0.20 0.38 0.30 

H.A at 1 g / L and  O.F  0.18 0.15 0.15 0.16  0.39 0.40 0.38 0.39 

H.A at 2 g / L and  O.F  0.19 0.10 0.15 0.15  0.50 0.22 0.32 0.34 

Mean 0.12 0.10 0.11   0.28 0.23 0.27  

LSD (0.05)          

Treatments (T) 0.03     0.09    

Cuts (C) 0.05     N.S.    

T X C 0.05     0.11    

 Second season(2017) 

Control 0.07 0.06 0.06 0.06  0.14 0.14 0.13 0.13 

NPK 0.15 0.13 0.13 0.14  0.36 0.39 0.47 0.41 

O.F  0.07 0.06 0.08 0.07  0.22 0.17 0.19 0.20 

H.A at 1 g / L 0.09 0.10 0.07 0.09  0.19 0.24 0.14 0.19 

H.A at 2 g / L 0.19 0.09 0.13 0.14  0.38 0.26 0.32 0.32 

H.A at 1 g / L and  O.F  0.15 0.13 0.16 0.15  0.32 0.41 0.33 0.35 

H.A at 2 g / L and  O.F  0.16 0.08 0.13 0.12  0.44 0.21 0.39 0.35 

Mean 0.13 0.09 0.11   0.29 0.26 0.28  

LSD (0.05)          

Treatments (T) 0.03     0.06    

Cuts (C) 0.06     N.S.    

T X C 0.05     0.09    

NPK=NPK(5g/pot), O.F=organic fertilizer at 100g/pot,  H.A=humic acid 

Number of glandular hairs using SEM 
 

Data presented in Table (5) and figures (1 – 4) show the effect of different organic fertilizater 
treatments on the number of glandular hairs per unit (0.04 cm2) and per leaf of basil at the first cut in 
the second season (2017). Generally, the number of glandular hairs per unit (0.04 cm2) and per leaf 
was higher on the lower epidermis of mature leaf than on the upper epidermis leaf at all organic and 
humic acid treatments. All organic ferilizar treatment had an effect on the number of glandular hairs 
of Red Rubin basil. Plants treated with humic acid at 1 g / L and organic fertilizer at 100 g / pot gave 
the highest value of the number of glandular hairs per units (13.0 and 18.0 in the upper and lower 
surface, respectively). Control plants gave the lowest number of glandular hairs per units (3.0 and 4.0 
in the upper and lower surface, respectively).   
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Table 5:  Effect of organic fertilization and humic acid on the number of glands per unit surface area 
(0.04 cm2) and per leaf of Ocimum basilicum‘Red Rubin’. 

 Numbers of glands 
 Upper surface  Lower surface 

  Per (0.04 
cm2) 

Per leaf 
Mean 

Per (0.04 
cm2) 

Per leaf Mean Total 
leaf 

Control 3.0  108.0  4.0  144.0  252.0 

NPK 5.0  245.0  17.0  833.0  1078.0 

O.F  6.0  241.5  7.0  281.8  523.3 

H.A at 1 g / L 6.0  288.0  15.0  720.0  1008.0 

H.A at 2 g / L 10.0  505.0  12.0  606.0  1111.0 

H.A at 1 g / L and  O.F  13.0  1105.0  18.0  1530.0  2635.0 

H.A at 2 g / L and  O.F  5.0  296.3  15.0  888.8  1185.0 

NPK=NPK(5g/pot), O.F=organic fertilizer at 100g/pot,  H.A=humic acid 

Moreover, the mean values of glandular hairs per leaf were 1105.0 glands/leaf on the upper 
surface compared to 1530.0 glands/ leaf on the lower surface.  On the other hand, control plants gave 
the lowest number of glandular hairs per leaf (108.0 and 144.0 in the upper and lower surface, 
respectively). There are studies to be comparable with current results such as Stefan et al. (2013) who 
found that the highest density of the peltate hairs was noticed on lower epidermis of the petals and 
sepals in O. basilicum and O. gratisimum. At the end of their development, a large space developed 
above the glandular cells in order to allow the accumulation of the essential oils. 
  

  

Fig. (1-4): Effect of organic fertilization and humic acid on the number of glands per unit surface area 
(0.04 cm2) and per leaf of Ocimum basilicum‘Red Rubin’. 
  
(1) Total glandular hairs (0.04 cm2) in the lower surface (2) Glandular hair in the lower surface (3) 
Total glandular hairs (0.04 cm2) in the upper surface (4) Glandular hair in the upper surface  

 

1 

4 

3 

2 
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Essential oil component by GC-MS  
  

The data presented in Table (6) showed the main constituents of the essential oil of O. 
basilicum ‘Red Rubin’ of all treatments in the second cut as identified by GC-Mas. Fourteen 
components had been identified in O. basilicum ‘Red Rubin’ essential oil Linalool, α-Bergamotene,  
β-Elemen, Trepene-4-Ol, α-Cadenen, Estragolen γ-Elemen, Germacrene B, Z-Citral, Citral, Nerolidol, 
Methyleugenol, Eugenol and t-Cadinol. The main components were linalool, estragol, eugenol. The 
mean values of the major component were 33.62, 5.70 and 27.10%, respectively. The highest content 
of Linalool 45.08 % was obtained from plants treated with humic acid at 1 g/L, but the lowest 28.34% 
was obtained from control plants. Also, the highest content of Eugenol was recorded in the plants 
treated with humic acid at 1 g/L (32.05%), while the lowest value (24.69%) was obtained from plants 
treated humic acid at 2 g/L. On the other hand, Estragol resulted from control plants (8.38%) was 
higher than of all treatments. Essential oils of basil associated with higher Eugenol contents showed 
the highest antimicrobial and antioxidant activity and can has a number of bioactivities for the 
nutraceutical industry (Koroch et al. 2017). 
 
Table 6: Effect of organic fertilization and humic acid on the components (%) of the essential oil of 

Ocimum basilicum‘Red Rubin’. 
 The components (%) of the essential oil 
Component Treatments 
  T1 T2 T3 T4 T5 T6 T7 Mean 
Linalool 28.34 33.84 30.15 45.08 33.53 31.3 33.11 33.62 

α-Bergamotene 11.56 12.41 5.17 10.11 15.45 15.05 13.24 11.86 

β-elemen 2.16 2.73 1.91 1.25 3.37 0.11 3.8 2.19 

Trepene-4-Ol 2.62 1.94 1.89 1.92 3.37 0.11 3.38 2.18 

α-Cadenen 10.92 1.94 ---- ---- ----- 8.84 ---- 3.10 

Estragole 8.38 5.63 6.82 ---- 5.93 7.08 6.09 5.70 

γ-Elemen 3.41 2.11 ---- 1.99 2.82 ---- 2.67 1.86 

Germacrene B 1.85 ---- ---- ---- ---- ---- ---- 0.26 

Z-Citral 0.29 ---- ---- 0.47 ---- ---- ---- 0.11 

Citral 0.46 0.34 ---- 0.66 ---- ---- ---- 0.21 

Nerolidol 1.06 ---- ---- ---- 0.63 ---- 0.73 0.35 

Methyleugenol 0.5 0.66 0.44 0.45 0.47 0.41 0.6 0.50 

Eugenol 25.65 27.5 26.07 32.05 24.69 27.66 26.06 27.10 

t-Cadinol 0.6 ---- ---- 0.38 0.45 ---- 0.49 0.27 

Fourteen  components representing =  (identified)                                               89.31 

Other  components representing = (unidentified) 
 

10.69 

T1= Control   

T2= NPK(5g/ p) 

T3= Organic fertilizer  at 100 g/pot 

T4= Humic acid at 1 g / L 

T5= Humic acid at 2 g / L 

T6= Humic acid at 1 g / L and  organic fertilizer at 100 g/pot 

T7= Humic acid at 2 g / L and  organic fertilizer at 100 g/pot 

 
The chemical constituents of basil essential oil vary depending on the geographical origins. 

Tsasi et al. (2017) found that five varieties of Ocimum basilicum L. namely lettuce, cinnamon, 
minimum, latifolia, and violetto showed a different essential oil composition as affected by the 
harvests time and the cultivation site.  Variety latifolia has as major compounds Linalool (17.1–
35.6%), Eugenol (10.1–23.3%) and Trans-Bergamontene (8.8–16.1%).Muráriková et al. (2017) 
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mentioned that solar irradiation, temperature, and relative humidity during growing period are 
responsible for biotransformation processes leading to changes in the composition of basil essential 
oils. Increasing solar irradiation and temperature enhance the production of important components of 
the basil essential oils such as Eucalyptol, Linalool, Estragole, and Eugenol while production of less-
preferred Methyl Eugenol was decreased under these conditions. 
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