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ABSTRACT 

The present work was conducted at a privet farm in Mansoura, Dakahlia Governorate, Egypt during 
the two summer consecutive seasons of 2014 and 2015 to investigate the effect of the treatment of 
lithovit at different rates (0.0, 0.5, 1.0 and 1.5 g/l) in combined with potassium fertilizer levels (0.0, 25 
and 50 kg K2O/fed.) on vegetative growth, root system characters, dry herb yield, volatile oil production 
and some chemical constituents of Lavandula officinalis, Chaix. The obtained results indicated that 
potassium fertilization level at 50 kg K2O/fed. significantly increased plant vegetative growth characters 
(plant height, number of branches/plant and herb dry weight/plant), root system (number of main 
roots/plant, root length and root dry weight/plant), herb dry yield/fed., volatile oil production (volatile 
oil percentage, volatile oil yield/plant and /fed.) and chemical constituents (total chlorophyll content, 
total carbohydrates and N, P and K percentages) compared to control. Moreover, the highest values of 
above mentioned characters were registered by foliar spray of lithovit at the rate of 1.5 g/l with 
significant differences between the other rates under study. Generally, the combined treatment of 
fertilization with potassium at the level of 50 kg K2O/fed. plus spraying with lithovit at the rate of 1.5 
g/l gave the highest values of vegetative growth characters and root system parameters, yield and 
volatile oil production and chemical constituents. 
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Introduction 

Lavandula officinalis, Chaix.is an evergreen bushy shrub with straight and woody branches, the 
lower of which are leafless, putting out numerous herbaceous stems (Chiej, 1984). L. officinalis is a 
native of Southern Europe and the Mediterranean region (Wichtl, 1994). Herbaceous parts and flowers 
of lavender are used for aromatic and medicinal purposes. Treatments of some skin diseases such as 
improving burns, wounds, minor scratches and psoriasis treatment are seen by the plant. In addition, its 
oil is recommended for anxiety, restlessness and insomnia (Najafi et al., 2014).However, lavender is 
used as ornamental plant in gardens because of its beautiful flowers and foliage (Lawless, 1995). 

Potassium (K) in enzyme activation, plays a role to aid substrate binding by lowering energy 
barriers in the ground and/or transition states rather than being the agents of causing catalysis(Page and 
Di Cera, 2006). Potassium could be a soil exchangeable ion and is actively absorbed by plant roots. It is 
a serious element of many soils and is ultimately derived from the weathering of soil parent materials 
like potassium-aluminum-silicates within the soil. If alternative organisms do not quickly take 
up K, it's simply lost from the soil thanks to natural action and runoff (Wiedenhoeft, 2006). 

Furthermore, Nano-fertilizers compounds are used recently as another to standard 
fertilizers thanks to slow unleash and economical use by plants. Lithovit compound particles 
contain calcium carbonate (80%), magnesium carbonate (4.6%) and iron (0.75%). The helpful result of 
this compound is being contains calcium carbonate(CaCO3) decomposes to burnt lime (CaO) 
and greenhouse gas (CO2) in leaves stomata, and this carbon dioxide will increase chemical change 
intensity, resulting in inflated carbon uptake and assimilation, thereby increasing plant growth (Carmen 
et al., 2014). 

However, the most important aim of this study is maximizing growth and productivity of lavender 
(Lavandula officinalis, Chaix.) plants by using different potassium fertilization levels represented as 
potassium sulphate combined with different lithovit rates as nano-fertilization under Dakahlia 
Governorate conditions. 
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Materials and Methods: 
 

This study was conducted during the two consecutive seasons of 2014 and 2015 at a privet farm 
in Mansoura, Dakahlia Governorate, Egypt. This work was carried out to examine the effects of 
potassium fertilization at three levels (0.0, 25 and 50 kg K2O/fed.), lithovit at four rates (0.0, 0.5, 1.0 
and 1.5 g/l) and their interactions on growth, dry herb yield and some chemical constituents of lavender 
plant. The layout of this experiment in both seasons was split-plot design with 3replicates (Mead et al., 
1993). Potassium fertilization levels were assigned to the main plots and lithovit rates treatments to the 
sub plots. 

Lavender seedlings were obtained from Mustafa Abo-Eisa Nursery in Belbas District, Sharkia 
Governorate, Egypt. On April 12th, 2014 and on April 18th, 2015 seedlings were transplanted in the 
experimental plots. The experimental plot area was 3 × 1.8 m containing three rows, with 60 cm between 
them and the distance between plants in the row was 50 cm, so each plot contains 18 plants, under 
surface irrigation system. Table (1) shows some physical and chemical properties of the used soil during 
both seasons according to Chapman and Pratt (1978). 
 
Table 1: Physical and chemical properties of experimental farm soil (average of 2014 and 2015 seasons)       

Physical analysis  Soil texture  
Clay (%)  Silt (%) Coarse sand (%)  

Loamy  
44.60 34.10 21.30  

Chemical analysis 

pH )1-dsmE.C. ( 
Soluble cations (m.mol/l) Soluble anions (m.mol/l) Available (ppm) 

++Ca ++Mg +Na  Fe ++Zn ++Mo -Cl -
3HCO - -

4SO N P K 

7.10 0.62 3.80 1.80 0.20 2.70 1.80 1.72 3.40 2.00 0.80 180 66 70 

 
The three potassium fertilization levels, as potassium sulphate (50% K2O), were divided into 

three equal portions and added as a soil dressing after 30, 55 and 80 days from transplanting.  Four 
lithovit rates were foliar sprayed three times after 35, 50 and 65 days from transplanting. The German 
foliar fertilizer lithovit, which obtained from Agrolink Company as a powder, was used in this study. It 
is 100% organic calcium carbonate from natural limestone deposits.  

All plants received traditional agricultural practices whenever they required. All plants were 
fertilized with nitrogen and phosphorus fertilization at the rate of 200 kg /fed. of ammonium sulphate 
(20.5%N) and200 kg/fed. of calcium super phosphate (15.5% P2O5). Phosphorus fertilizer was added 
as a soil dressing during soil preparation, while nitrogen fertilizer was divided into three equal portions 
and were added to the soil after 30, 55 and 80 days from transplanting. 

 
Data recorded: 

A random sample of five plants from each sub plot was taken and the following data were 
recorded: 

 
Plant vegetative growth and root system characters:  

Plant height (cm), number of branches/plant and herb dry weight (g/plant) were determined. Also, 
root system of lavender plant, i.e., number of main roots/plant, root length (cm) and dry root weight 
(g/plant) were recorded. 

 
Herb dry yield and volatile oil production:  

At harvest stage (about 176 days after planting), total herb dry yield (kg/fed.) was calculated. The 
volatile oil from air-dried leaves of lavender plants was isolated by hydro distillation for 3 hr. in order 
to extract the volatile oils according to Guenther (1961) and the volatile oil yield per plant (ml) and per 
feddan (l) was calculated. 

 
Chemical constituents:  

At harvest time, total chlorophyll (SPAD unit) was determined in lavender fresh leaves by using 
SPAD- 502 meter (Markwell et al., 1995). In addition, carbohydrate percentage in leaves was 
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determined according to the method described by Dubois et al. (1956).Lavender leaves were dried at 
70°C till constant weight and N. P. and K percentages were determined according to AOAC (1990). 

 
Statistical analysis: 

The obtained data were tabulated and statistically analyzed as reported by Gomez and Gomez 
(1984), while the L.S.D test at 5% level was followed to compare between mean values of treatments 
using computer program of Statistix Version 9 (Analytical Software, 2008). 

 
Results and Discussion 
 
A. Plant vegetative growth parameters: 
 
1. Effect of potassium fertilization levels 

Results averaged in Table (2) show that the highest values of lavender plant height, number of 
branches per plant and herb dry weight per plant were obtained from potassium level at 50 kg 
K2O/feddan compared to control (without application) and the other level under study. This increase 
was significantly in both seasons. In addition, plant growth parameters were gradually increased by 
increasing potassium level in the first and second seasons. These results agree with Csizinszky (1999) 
on sweet marjoram and Italian parsley plants. However, it is also very well known that potassium 
fertilizers enhance growth characteristics (Mengel and Kirkby, 2001). Potassium fertilizers proved its 
role in plant metabolism, carbohydrate synthesis, water transport in xylem, cell elongation. The same 
trend was recorded by Hassan et al. (2009) on Catharanthus roseus plants. They found that potassium 
fertilization with 50 kg K2O/feddan significantly increased all growth characters and dry weight of 
periwinkle compared to control and 25 kg K2O/feddan treatment. 
 
Table 2: Effect of potassium fertilization level (P), lithovit rate (L) and their interaction (P×L) 

treatments on vegetative growth parameters of lavender plant during 2014 and 2015 seasons 
Potassium 

fertilization 
level (kg 

K2O/fed.)  

Lithovit rate (g/l)  

0.0 0.5 1.0 1.5 
Mean 

(P) 
0.0 0.5 1.0 1.5 

Mean 
(P) 

2014 season  2015 season  
 Plant height (cm) 

0.0 28.00 32.00 33.67 37.00 32.67 29.67 33.00 34.67 37.33 33.67 
25.0 28.67 31.67 36.33 38.33 33.75 30.67 32.33 36.67 39.00 34.67 
50.0 32.00 34.33 37.00 40.33 35.92 33.67 35.33 38.33 39.67 36.75 

Mean (L) 29.56 32.67 35.67 38.56  31.33 33.56 36.56 38.67  
LSD at 5% (P)= 1.02 (L)= 0.67 (P×L)= 1.43 (P)= 1.51 (L)= 0.73 (P×L)= 1.85 
 Number of branches/plant  

0.0 18.00 19.00 22.67 26.33 21.50 18.33 20.67 23.67 27.67 22.58 
25.0 24.33 28.00 29.67 32.00 28.50 21.00 28.67 30.67 32.33 28.17 
50.0 26.00 30.00 33.33 38.00 31.83 24.33 32.00 36.00 38.67 32.75 

Mean (L) 22.78 25.67 28.56 32.11  21.22 27.11 30.11 32.89  
LSD at 5% (P)= 1.66 (L)= 1.02 (P×L)= 2.24 (P)= 0.46 (L)= 0.58 (P×L)= 0.97 
 Herb dry weight(g/plant) 

0.0 26.49 28.39 29.82 30.73 28.85 26.62 28.97 30.28 30.85 29.18 
25.0 28.68 30.46 30.73 32.89 30.69 29.07 29.71 30.95 32.50 31.56 
50.0 28.95 33.05 36.63 40.61 34.81 29.15 31.31 35.81 41.10 34.34 

Mean (L) 28.04 30.63 32.39 34.74  28.28 29.99 32.35 34.82  
LSD at 5% (P)= 0.49 (L)= 0.89 (P×L)= 1.41 (P)= 0.51 (L)= 1.06 (P×L)= 1.66 

 
2. Effect of lithovit rates 

Results tabulated in Table (2) show that plant height, branch number per plant and herb dry 
weight per plant were gradually increased with increasing lithovit rates in both seasons. Moreover, in 
1st and 2nd seasons, the different rates of lithovit gave significant increase in growth parameters of 
lavender plants compared to control. In addition, the highest rate of lithovit recorded the highest values 
in this connection with significant differences between other ones under study. Esitken and Turan 
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(2004) and Carbonell et al. (2011) found that nano-particles (lithovit) application improved the plant 
growth characters. Also, Byan (2014) showed that lithovit as foliar spraying on snap bean plants 
enhanced vegetative growth characters as compared with the control (distilled water) in the two seasons.  

Nassef and Nabeel (2012) revealed that the foliar spraying of lithovit significantly increased plant 
height, main head length, diameter and weight of broccoli cultivars in favor of 0. 5 g/l rate in the two 
growing seasons. Also, Maswada and Abd El-Rahman (2014) indicated that lithovit with or without 
H2O2 treatments increased shoot dry mass of wheat compared to control. 
 
3. Effect of interaction between potassium fertilization and lithovit 

Results illustrated in Table (2) show that, generally, the interaction between potassium levels and 
lithovit rates significantly increased plant height, branch number per plant and plant herb dry weight 
compared to the control in the two seasons. Furthermore, the best interaction treatment in this regard 
was that of potassium fertilization at 50 kg/feddan with lithovit at 1.5 g/l. Moreover, as mentioned 
above, both potassium fertilization levels and lithovit rates (each alone) increased plant growth of 
lavender plant, in turn; they together might maximize their effects leading to taller plants, more branches 
and heaviest herb. 

 
B. Root system characters: 
 
1. Effect of potassium fertilization levels 

Data presented in Table (3) disclose that the number of main roots per lavender plant, root length 
and root dry weight per plant significantly increased due to all potassium fertilization treatments over 
control in both seasons. Moreover, the values of root system characters were gradually increased with 
increasing the level of potassium. The highest values for the above mentioned characters were obtained 
when potassium was applied at the level of 50 kg K2O/feddan.. 
 
Table 3. Effect of potassium fertilization level (P), lithovit rate (L) and their interaction (P×L) 

treatments on root system parameters of lavender plant during 2014 and 2015 seasons 
Potassium 

fertilization 
level (kg 

K2O/fed.)  

Lithovit rate (g/l)  

0.0 0.5 1.0 1.5 
Mean 

(P) 
0.0 0.5 1.0 1.5 

Mean 
(P) 

2014 season  2015 season  
 Number of main roots/plant  

0.00 24.00 27.33 29.67 30.67 27.92 25.00 29.33 30.67 32.33 29.33 
25.0 26.67 30.67 33.00 35.00 31.33 28.33 31.33 35.00 36.67 32.83 
50.0 31.00 34.00 36.33 37.67 34.75 29.33 33.00 35.67 37.33 33.83 

Mean (L) 27.22 30.67 33.00 34.44  27.56 31.22 33.78 35.44  
LSD at 5% (P)= 0.83 (L)= 0.71 (P×L)= 1.34 (P)= 0.77 (L)= 0.84 (P×L)= 1.46 
  Root length (cm) 

0.00 13.33 14.67 16.67 17.83 15.62 13.83 15.67 15.67 19.17 16.08 
25.0 12.67 15.33 19.00 20.83 16.96 13.17 16.00 20.00 21.83 17.75 
50.0 15.17 17.17 18.00 22.33 18.17 15.17 18.67 20.67 23.17 19.42 

Mean (L) 13.72 15.72 17.89 20.33  14.06 16.78 18.78 21.39  
LSD at 5% (P)= 0.92 (L)= 0.70 (P×L)= 1.38 (P)= 0.42 (L)= 0.76 (P×L)= 1.21 
 Root dry weight (g/plant)  

0.00 7.98 9.04 11.57 16.39 10.99 7.79 9.33 12.58 16.54 11.56 
25.0 8.31 10.66 14.27 17.24 12.62 9.43 12.50 16.83 20.08 14.71 
50.0 10.16 13.54 16.00 17.68 14.35 10.57 16.24 19.98 20.12 16.73 

Mean (L) 8.81 11.08 13.95 16.77  9.27 12.69 16.46 18.91  
LSD at 5% (P)= 0.92 (L)= 0.84  (P×L)= 1.54 (P)= 0.77 (L)= 0.85 (P×L)= 1.49 

 

These results are in agreement with those reported by Seghatoleslami et al. (2013) on fenugreek plant. 
Brintha and Seran (2009) found that higher amounts of potassium are required by radish for tuberous 
root formation. Yang et al. (2004) demonstrated that potassium deficiency has variable effect on 
physiological processes of different rice genotypes, and added that the availability of K in the soil can 
enhance the root growth. Sattelmacher et al. (1994) reported that, ideal root morphology and activity 
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were great significance to K absorption from soil, which play an important role in the growth and 
development for crops 

 
2. Effect of lithovit rates 

It is quite clear from the data in Table (3) that the maximum increase in number of main root per 
plant, root length and dry weight of roots per lavender plant were obtained from the treatment of 1.5 g/l 
lithovit compared with the other ones under study. Such increase was significant in first and second 
seasons. Also, these characters of root system were increased with increasing lithovit rates in both 
seasons. Similar results were found by Prior et al. (1994) who reported that increasing CO2as lithovit 
application increased root length and dry weight densities of cotton plant. 

 
3. Effect of interaction between potassium fertilization and lithovit 

It is evident from the obtained data in Table (3) that number of main roots per plant, root length 
and root dry weight significantly increased in all interaction treatments between potassium levels and 
lithovit rates compared with control in both seasons. The interaction between potassium at the level of 
50 kg K2O/fed. and lithovit at the rate of 1.5 g/l was the most effective treatment on the previous 
parameters and gave the highest values of these measurements in both seasons. 
 

Table 3. Effect of potassium fertilization level (P), lithovit rate (L) and their interaction (P×L) 
treatments on root system parameters of lavender plant during 2014 and 2015 seasons 

Potassium 
fertilization 

level (kg 
K2O/fed.)  

Lithovit rate (g/l)  

0.0 0.5 1.0 1.5 
Mean 

(P) 
0.0 0.5 1.0 1.5 

Mean 
(P) 

2014 season  2015 season  
 Number of main roots/plant  

0.00 24.00 27.33 29.67 30.67 27.92 25.00 29.33 30.67 32.33 29.33 
25.0 26.67 30.67 33.00 35.00 31.33 28.33 31.33 35.00 36.67 32.83 
50.0 31.00 34.00 36.33 37.67 34.75 29.33 33.00 35.67 37.33 33.83 

Mean (L) 27.22 30.67 33.00 34.44  27.56 31.22 33.78 35.44  
LSD at 5% (P)= 0.83 (L)= 0.71 (P×L)= 1.34 (P)= 0.77 (L)= 0.84 (P×L)= 1.46 
  Root length (cm) 

0.00 13.33 14.67 16.67 17.83 15.62 13.83 15.67 15.67 19.17 16.08 
25.0 12.67 15.33 19.00 20.83 16.96 13.17 16.00 20.00 21.83 17.75 
50.0 15.17 17.17 18.00 22.33 18.17 15.17 18.67 20.67 23.17 19.42 

Mean (L) 13.72 15.72 17.89 20.33  14.06 16.78 18.78 21.39  
LSD at 5% (P)= 0.92 (L)= 0.70 (P×L)= 1.38 (P)= 0.42 (L)= 0.76 (P×L)= 1.21 
 Root dry weight (g/plant) 

0.00 7.98 9.04 11.57 16.39 10.99 7.79 9.33 12.58 16.54 11.56 
25.0 8.31 10.66 14.27 17.24 12.62 9.43 12.50 16.83 20.08 14.71 
50.0 10.16 13.54 16.00 17.68 14.35 10.57 16.24 19.98 20.12 16.73 

Mean (L) 8.81 11.08 13.95 16.77  9.27 12.69 16.46 18.91  
LSD at 5% (P)= 0.92 (L)= 0.84  (P×L)= 1.54 (P)= 0.77 (L)= 0.85 (P×L)= 1.49 

 
C. Yield and volatile oil production: 
 
1. Effect of potassium fertilization levels 

There were significant differences in dry herb yield per feddan and volatile oil production under 
the effect of all the tested potassium fertilization levels (Table, 4). Furthermore, these parameters were 
increased gradually by increasing the used potassium fertilization level. The highest level of potassium 
(50 kg K2O/feddan) gave significant increases compared to the treatment of 25 kg K2O/fed. and control 
treatment in the two seasons. These results are in line with those found by Meena et al. (2015) on 
cowpea plants. Potassium fertilizers proved its role in plant metabolism, carbohydrate synthesis, water 
transport in xylem, cell elongation. Pal et al. (2016) stated that addition of K resulted with higher herb 
yields of Thymus serpyllum. 
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2. Effect of lithovit rates 
Results in Table (4) show that the values of total herb dry yield per feddan, volatile oil percentage 

and volatile oil yield per plant as well as total volatile oil per feddan of lavender plants significantly 
increased with increasing the tested lithovit rate during the two seasons. The highest values in this 
regard were obtained from the treatment of1.5 g/l lithovit, while the least one was of the control 
treatment in both seasons. These results are in conformity with the findings of Farouk (2015) on 
Solanum tuberosum, who detected significant distinctions amongst four rates of CO2nano fertilizer (in 
the form of lithovit).  
 
Table 4. Effect of potassium fertilization level (P), lithovit rate (L) and their interaction (P×L) 

treatments on dry herb yield/feddan and volatile oil production of lavender plant during 2014 
and 2015 seasons 

Potassium 
fertilization 

level (kg 
K2O/fed.)  

Lithovit rate (g/l)  

0.0 0.5 1.0 1.5 
Mean 

(P) 
0.0 0.5 1.0 1.5 

Mean 
(P) 

2014 season  2015 season  
 Total herb dry yield (kg/fed.) 

0.00 370.86 397.41 417.43 430.17 403.97 372.68 405.53 423.92 431.90 408.51 
25.0 401.57 426.44 430.22 460.41 429.66 407.03 415.99 433.30 455.05 427.84 
50.0 405.25 462.70 512.82 568.54 487.33 408.15 438.39 501.29 575.45 480.82 

Mean (L) 392.56 428.85 453.49 486.38  395.95 419.97 452.84 487.46  
LSD at 5% (P)= 6.88 (L)= 12.42 (P×L)= 19.79 (P)= 7.16 (L)= 14.81 (P×L)= 23.29 
  Volatile oil % 

0.00 0.123 0.127 0.133 0.147 0.132 0.127 0.133 0.137 0.163 0.140 
25.0 0.127 0.147 0.163 0.167 0.151 0.133 0.153 0.173 0.187 0.162 
50.0 0.143 0.163 0.183 0.193 0.171 0.150 0.177 0.187 0.200 0.178 

Mean (L) 0.131 0.146 0.160 0.169  0.137 0.154 0.165 0.183  
LSD at 5% (P)= 0.005 (L)= 0.004 (P×L)= 0.009 (P)= 0.007 (L)= 0.006 (P×L)= 0.012 
 Volatile oil yield (ml/plant) 

0.00 0.327 0.360 0.397 0.450 0.383 0.337 0.387 0.417 0.503 0.411 
25.0 0.363 0.443 0.500 0.550 0.464 0.387 0.457 0.537 0.603 0.496 
50.0 0.413 0.540 0.673 0.787 0.603 0.437 0.557 0.670 0.823 0.622 

Mean (L) 0.368 0.448 0.523 0.596  0.387 0.467 0.541 0.643  
LSD at 5% (P)= 0.21 (L)= 0.021 (P×L)= 0.038 (P)= 0.031 (L)= 0.018 (P×L)= 0.041 

 Total volatile oil yield (l/fed.) 
0.00 4.57 5.03 5.57 6.31 5.37 4.72 5.40 5.80 7.05 5.74 
25.0 5.09 6.26 7.03 7.67 6.51 5.43 6.38 7.51 8.49 6.95 
50.0 5.81 7.57 9.40 10.99 8.44 6.12 7.75 9.35 11.50 8.68 

Mean (L) 5.15 6.29 7.33 8.32  5.42 6.51 7.55 9.01  
LSD at 5% (P)= 0.31 (L)= 0.29  (P×L)= 0.53 (P)= 0.39 (L)= 0.26 (P×L)= 0.54 

 
3. Effect of interaction between potassium fertilization and lithovit 

Recorded data in Table (4) indicate that, in most cases, the interaction treatments between the 
two tested potassium levels (25 and 50 kg K2O/fed.) and the different rates of lithovit (0.5, 1.0 and 1.5 
g/l) gave significant increases in total herb dry yield per feddan, volatile oil percentage and volatile oil 
yield per plant as well as total volatile oil per feddan of lavender compared to control treatments in both 
seasons. The highest values in this respect were detected in the interaction treatments of 50 kg 
K2O/feddan plus1.5 g/l lithovit during both seasons. In a study on rice cultivars, Quampah et al. (2011) 
reported that potassium fertilization enhanced yield under rain-fed conditions and harvest index 
increased with potassium fertilization. However, lithovit acts as an excellent fertilizer. The mechanism 
of this action is still not totally clear. Very probably, it is due to supplying the plants with carbon dioxide 
(CO2) in much higher concentration than that in the atmosphere and so enabling the photosynthesis to 
take place with higher degree leading to a stronger natural growth and increasing yield.  
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D. Chemical constituents: 
 

 1.Effect of potassium fertilization levels 
Data in Tables (5) and (6) reveal that total chlorophyll content and percentages of total 

carbohydrates as well as percentages of N, P and K in lavender leaves were increased by increasing 
potassium fertilization level. Likewise, the two potassium fertilization levels (25 and 50 kg K2O/fed.) 
gave significant increases in this respect compared to control in both seasons. The highest values of the 
above mentioned measurements were obtained from potassium treatment at the level of 50 kg 
K2O/feddan in the two seasons. These resulted are in harmony with those reported by Aladakatti et al. 
(2012) on stevia plant. Nasri et al. (2011) found that the application of 120 kg/ha of potassium 
significantly increased carbohydrate percentage and leaf chlorophyll of beans plant. Recent studies have 
also shown that the plants treated with relatively high level of K improved chlorophyll a, b and a + b 
production in cotton leaves (Onanuga et al., 2011). 

 
Table 5: Effect of potassium fertilization level (P), lithovit rate (L) and their interaction (P×L) 

treatments on total chlorophyll (SPAD unit) and total carbohydrates percentage in leaves of 
lavender plant during 2014 and 2015 seasons 

Potassium 
fertilization 

level (kg 
K2O/fed.)  

Lithovit rate (g/l)  

0.0 0.5 1.0 1.5 
Mean 

(P) 
0.0 0.5 1.0 1.5 

Mean 
(P) 

2014 season  2015 season  
 Total chlorophyll (SPAD unit)  

0.00 42.00 45.67 47.67 49.67 46.25 44.00 47.00 48.67 50.67 47.58 
25.0 45.00 26.67 50.33 53.00 48.75 45.67 49.67 52.33 54.33 50.50 
50.0 46.67 52.00 55.67 58.33 53.17 46.67 52.33 54.00 59.00 53.00 

Mean (L) 44.56 48.11 51.22 53.67  45.44 49.67 51.67 54.67  
LSD at 5% (P)= 0.82 (L)= 0.71 (P×L)= 1.33 (P)= 0.97 (L)= 1.04 (P×L)= 1.84 
  Total carbohydrates percentage in leaves 

0.00 18.87 21.53 23.80 25.57 22.43 16.77 20.40 22.93 24.60 21.17 
25.0 18.57 21.90 24.93 27.13 23.13 17.80 22.40 26.00 27.23 23.36 
50.0 20.23 23.20 25.33 29.43 24.55 21.80 24.40 27.80 29.77 25.94 

Mean (L) 19.22 22.21 24.69 27.37  18.79 22.40 25.58 27.20  
LSD at 5% (P)= 1.49 (L)= 0.65 (P×L)= 1.76 (P)= 0.32 (L)= 0.70 (P×L)= 1.10 

 
2. Effect of lithovit rates 

The obtained data in Tables (5) and (6) demonstrate that increasing rates of lithovit gradually 
increased total chlorophyll content and percentages of total carbohydrates as well as N, P and K 
percentages in lavender leaves. Moreover, all lithovit treatments gave significant differences in this 
concern compared to control in both seasons. In addition, there were significant differences between 
the both treatments of 1.0and1.5 g/l lithovit, in most cases. Furthermore, the highest rate of lithovit (1.5 
g/l) recorded the highest values of these measurements. These results are in accordance with those 
reported by Dragicevic et al. (2016) on soybean plants. Byan (2014) on snap bean plants indicated that 
foliar spraying with lithovit (a natural intensified CO2 foliar fertilizer) enhanced chemical constituents 
of plant foliage i.e. chlorophyll reading, N, P and K percentages as compared with the control (distilled 
water) in both seasons. 

 
3. Effect of interaction between potassium fertilization and lithovit 

Recorded results in Tables (5) and (6) reveal that, in general, the interaction between potassium 
fertilization and lithovit increased total chlorophyll content (SPAD unit) and total carbohydrates as well 
as nitrogen, phosphorus and potassium percentages in lavender leaf tissues as compared to the control 
in both seasons. Increasing lithovit rate from 0.5, 1.0 to1.5 g/l resulted in significant increases in above 
mentioned characteristics under different levels of potassium fertilization. In addition, the highest 
values in this connection were observed under the effect of interaction treatments between K level of 
50 kg K2O/feddan and lithovit at 1.5g/l in first and second season with significant increase compared 
to control. 
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Table 6. Effect of potassium fertilization level (P), lithovit rate (L) and their interaction (P×L) 
treatments on N, P and K percentages in leaves of lavender plant during 2014 and 2015 
seasons 

Potassium 
fertilization 

level (kg 
K2O/fed.)  

Lithovit rate (g/l)  

0.0 0.5 1.0 1.5 
Mean 

(P) 
0.0 0.5 1.0 1.5 

Mean 
(P) 

2014 season  2015 season  
 N 

0.00 2.31 2.41 2.55 2.70 2.49 2.38 2.47 2.70 2.82 2.59 
25.0 2.47 2.60 2.75 2.92 2.68 2.45 2.55 2.72 2.88 2.65 
50.0 2.68 2.80 2.97 3.17 2.90 2.63 2.77 2.93 3.13 2.87 

Mean (L) 2.49 2.60 2.75 2.93  2.49 2.59 2.78 2.94  
LSD at 5% (P)= 0.09 (L)= 0.06 (P×L)= 0.13 (P)= 0.07 (L)= 0.06 (P×L)= 0.12 
 P 

0.00 0.350 0.380 0.387 0.393 0.377 0.353 0.377 0.397 0.407 0.383 
25.0 0.370 0.383 0.397 0.420 0.392 0.367 0.387 0.400 0.443 0.399 
50.0 0.370 0.403 0.443 0.457 0.418 0.373 0.400 0.447 0.463 0.421 

Mean (L) 0.363 0.389 0.409 0.423  0.364 0.388 0.414 0.438  
LSD at 5% (P)= 0.006 (L)=0.009 (P×L)=0.015 (P)= 0.007 (L)= 0.008 (P×L)= 0.014 
 K 

0.00 1.73 1.95 2.17 2.22 2.02 1.82 2.15 2.19 2.24 2.10 
25.0 1.86 2.21 2.29 2.44 2.20 1.95 2.22 2.29 2.40 2.21 
50.0 2.14 2.25 2.34 2.51 2.32 2.21 2.32 2.40 2.55 2.37 

Mean (L) 1.91 2.14 2.27 2.39  1.99 2.23 2.29 2.40  
LSD at 5% (P)= 0.043 (L)= 0.020 (P×L)= 0.077 (P)= 0.032 (L)= 0.017 (P×L)= 0.041 

 
Conclusion 

From the previous results, it could be suggested to supply Lavandula officinalis, Chaix. plants 
with the high potassium fertilization level (50 kg K2O/fed.) plus spraying them three times in the season 
with lithovit at 1.5 g/l to improve plant growth, herb dry yield per feddan, volatile oil production per 
plant and per feddan, total chlorophyll and carbohydrates contents as well as N, P and K content of 
lavender plants under Dakahlia Governorate conditions. 
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	A random sample of five plants from each sub plot was taken and the following data were recorded:
	Plant vegetative growth and root system characters: 
	Plant height (cm), number of branches/plant and herb dry weight (g/plant) were determined. Also, root system of lavender plant, i.e., number of main roots/plant, root length (cm) and dry root weight (g/plant) were recorded.
	Herb dry yield and volatile oil production: 
	At harvest stage (about 176 days after planting), total herb dry yield (kg/fed.) was calculated. The volatile oil from air-dried leaves of lavender plants was isolated by hydro distillation for 3 hr. in order to extract the volatile oils according to Guenther (1961) and the volatile oil yield per plant (ml) and per feddan (l) was calculated.
	Chemical constituents: 
	At harvest time, total chlorophyll (SPAD unit) was determined in lavender fresh leaves by using SPAD- 502 meter (Markwell et al., 1995). In addition, carbohydrate percentage in leaves was determined according to the method described by Dubois et al. (1956).Lavender leaves were dried at 70°C till constant weight and N. P. and K percentages were determined according to AOAC (1990).



