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ABSTRACT  
 

A field experiment was carried out at the Department of Ornamental Horticulture, Faculty of 
Agriculture, Cairo University during two successive seasons of 2014 and 2015. The experimental 
design was a factorial in split plot with three replicates. The aim of the work was to study the effect of 
different irrigation intervals at (1, 2 and 3 weeks) and spraying with cyto flow amin-50 at the rates of 
(zero, 1 and 2g/l) on growth, yield and oil production of rosemary (Rosmarinus officinalis L.) plants. 
Cyto flow amin-50 was monthly sprayed and after the first cut, during both seasons. The results 
showed that in both seasons, irrigation interval every 7 days increased plant height at the two cuts and 
No. of branches/plant (first cut), fresh and dry weights/plant at the second cut, and essential oil 
percentage. Prolonging the irrigation interval to 14 days increased herb dry weight/fed at both cuts. 
Irrigation every 21 days increased essential oil yield/ plant and per fed. Irrigation every 7 days gave 
the highest % of Camphene, Camphor, and α - Terpineol in the essential oil, while irrigation every 14 
days gave the highest α-Pinene, Eugenol and  β - Caryophyllene percentages. Prolonging irrigation 
interval to 21 days gave the highest percentages of β Pinene, Limonene, 1,8 Cineole, Linalool, 
Borneol, and Bornyl acetate. 

Treating rosemary plants with Cyto flow amin-50 had no significant effect on plant height, No. of 
branches (2nd cut), leaves: stem ratio, fresh and dry weights /plant and/feddan.  Whereas, cyto flow 
amin-50 at 1g/l slightly increased plant height, No. of branches, fresh and dry herb yield/feddan, oil 
yield/plant and per fed at the first cut of both seasons and gave the highest Camphene, β - Pinene and 
1 , 8 Cineole percentages. Cyto flow amin at 2g/l gave the highest essential oil percentages at the two 
cuts of both seasons, the highest α – Pinene, Linalool, α – Terpineol, Borneol and Eugenol 
percentages, compared with control plants. Irrigation every 7 days combined with cyto flow amin-50 at 
1g/l gave the tallest plants at two cuts and the highest No. of branches/plant in the first cut of both 
seasons, whereas irrigation every 14 or 21 days combined with the treatment of cyto flow amin-50 at 
1g/l gave the heaviest fresh and dry weights/plant and per feddan. Irrigation every 21 days combined 
with Cyto flow amin-50 at 1g/l gave the highest oil yield/fed, especially at the first cut.  

 
Keywords: Rosmarinus officinalis L., Irrigation intervals, Cyto flow amin-50, Essential oil.  

 
Introduction 
 
          Rosemary (Rosmarinus officinalis L.) plant belongs to the family Lamiaceae (Labiatae) and has 
been an important medicinal plant since earliest times, and commonly used as spice and flavoring 
agent. Its essential oil is used therapeutically, in particular in balneology. There are several species 
within the Genus Rosmarinus, with a range of varieties and forms (Guenther, 1972).Essential oils of 
R. officinalis, known as rosemary oils, are obtained by steam distillation of the fresh leaves and twigs, 
and it range from 0.5 to 1.0% (Tewari and Virmani, 1987), it is an almost colorless to pale yellow 
liquid with a characteristic, refreshing and pleasant odor. Major constituents of the  rosemaryoil are α-
Pinene, 1,8-Cineole and Camphor (Bauer et al., 1997). Rosemary also has sedative, diuretic, 
stomachic, cholagogic, tonic, aromatic, antispasmodic and antiseptic properties, it is especially 
beneficial for fatigue and neuralgia (Stodola and Volàk, 1992). 
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       Amino acids can act as growth factors of higher plants, since they are the build blocks of protein 
synthesis, which could be enzymes important for metabolic activities, Aberg (1961). One of the most 
important factors affecting plant growth and production of secondary metabolites is water supply 
(Randhawa et al., 1992). Also, Flevas and Medrano (2002) mentioned that moisture deficiency 
induces various physiological and metabolic responses in plants like stomatal closure and decline in 
growth rate and photosynthesis. Water supply is an important factor affecting growth and metabolic 
activities in plant species. There are reports on the positive effects of limited water supply, as far as 
the biosynthesis of secondary metabolites, enzyme activities and solutes accumulation (Singh-
Sangwan et al., 2001). 
       The present study was carried out to investigate the physiological response of rosemary plants to 
different concentrations of cyto flow amin-50 and irrigation intervals in order to enhance vegetative 
growth, yield and oil production of Rosmarinus officinalis L.plant.  
 
Materials and Methods 
 
          This study was carried out at the Department of Ornamental Horticulture, Faculty of 
Agriculture, Cairo University during two seasons of (2014/2015) and (2015/2016).  
The rosemary rooted cuttings used in this study (average height of 14-15 cm) were obtained from a 
private nursery.  
        On 10th October for the first and second seasons the soil was prepared, by adding Super-
phosphate 15.50% P2O5 (200kg/fed), while potassium sulfate (48% K2O) at (150 kg/fed) was added in 
two equal doses, the first dose during the soil preparation, while the second one was added two weeks 
after the first cut. Each experimental unit (plot) was 2×1.2 m (2.4m2) divided into 2 rows with 60 cm a 
part and 40 cm between the plants, i.e. the plot contained 12plants. Then, the treatments replicated 
three times (27 plots). 
       The experiment was designed as split plots, the main plots were assigned to different irrigation 
intervals every (7, 14 and 21days), while subplots were assigned to cyto flow amin spraying at the 
rates of (0, 1 and 2gm/L). The experiment included 9 treatments, in three replicates; each was 
comprised of randomly distributed plots.  
       Cyto Flow Amin-50(CFA) is a special fertilizer of amino acids in a soluble powder form.  
Cyto Flow Amin–50 Richness Guaranteed:Free amino acids50%, total organic matter 50%  and total 
nitrogen15%.The established rosemary plants were sprayed with CFA every month and after the first 
cut. 
 
Table A: Physical and chemical analyses of the soil used for growing rosemary (Rosmarinus 

officinalis, L.) plants according to (Jackson, 1973). 
 
Physical properties 

Textural class 
Sand Clay Silt B.D F.C 

% g/cm3 (by volume) 
Sandy loam 87.3 6.2 6.5 1.67 14.6 

Chemical properties 
pH 

(1:1) 
EC 

dS/m 
Soluble cations and anions (meq/L) 

Available N-P-K 
(mg/kg) 

O. M% 

CO3
- HCO3

- Cl SO4
- Ca++ Mg++ Na+ K+ N P K 

7.39 5.57 _ 4.0 28.0 29.0 25.0 11.0 23.7 1.3 149.6 6.2 420.0 0.6 

 
         Rosemary (Rosmarinus officinalis L.) plants were harvested twice/ season; on 8th of April and 
9th of July for the first and the second cuts, respectively, in the first season 2015 and on 7th April and 
8th July for the first and the second cuts, respectively, in the second one 2016. The plants were 
harvested by cutting above ground vegetative parts at 10 cm from soil surface. 
Data were recorded in the two seasons as the following: 
1. Pant height (cm) 
2. Number of branches/plant.  
3. Fresh leaves: stems ratio. 
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4. Fresh herb yield (g)/plant. 
5. Dry herb yield (g)/plant. 
6. Fresh herb yield (ton)/feddan.  
7. Dry herb yield (ton)/feddan. 
8. Essential oil yield/plant (ml).  
9. Essential oil yield/feddan (L). 
10- The essential oil percentage was determined in dry herb in both seasons using the hydro-
distillation method (Clevenger apparatus) as descried by Guenther (1961). 
        The obtained oil samples were then dehydrated over anhydrous sodium sulfate and stored in 
glass vials with Teflon-sealed at 2°C in the absence of light for oil analysis the essential oil percentage 
was estimated as follows: 
                                           Essential oil vol. (Measuring pipette reading) 
        Essential oil %     =     100×   ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ                                                                

Weight of sample (g) 
11- Essential oil constituents 
 
       Samples taken from the essential oil obtained in the second cut of the second season were 
analyzed using GC analysis, to determine their main constituents. The quantitative determination of 
the main components was performed using the methods described by Tatjana et al., (2009), Bunzen et 
al., (1969) and Hoftman (1967), based on peak area measurements. Briefly, 0.3 ml of the volatile oil 
was dissolved in 10 ml diethylether and 1µLwas injected into a gas chromatograph (HD ewlett 
Packard, 5890 Series II) equipped with a fused silica capillary column with a coating film of HP-20M 
carbowax (0.32 mm i.d. and 25 m long). Nitrogen flow rate at 30 ml/min., hydrogen flow rate at 30 
ml/min., and air flow rate of 300 ml/min. with an initial temperature of 40 °C/min., final temperature 
of 150° C and the flame ionization detector temperature was 170° C. Chart speed was 120 Sec./cm., 
Range 32. The reference (authentic) materials were injected with the samples to be analyzed and the 
authentic samples were compared for the identification of the components of the oil from different 
treatments. The area of each peak was first calculated by an automatic integrator. The areas were then 
summed. The total area of the peaks represented the whole sample. The percentage of each 
component was the ratio between its peak areas in the total peak area, multiplied by 100.  
Statistical analysis of data:  
         Data recorded on vegetative parameters as well as essential oil 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 and Discussion 
 
1-Plant height 
 

Data presented in Table (1) showed that irrigation intervals had no significant effect on plant 
height of rosemary in both seasons (except for the second cut, of the first season). Irrigation every 7 
days or 14 days significantly increased plant height (47.02 and 46.48 cm respectively) compared with 
irrigation every 21 days (44.48 cm). In this concern, Kandeel (2001) on R. officinalis, showed that 
irrigation intervals every 7 or 14 days gave the tallest plants. Leithy et al., (2006) stated that water 
stress decreased plant height at different cuts of rosemary. Aziz et al., (2008) on thyme (Thymus 
vulgaris) found that, increasing the irrigation period to 10 days gave the lowest growth parameters. 
Abdel-Ghani (2008) on rosemary found that irrigation every 7 days gave the tallest plants in the first 
cut (both two seasons), every 11 days gave the tallest plants in the second cut (both seasons) as 
compared to irrigation every 15 days.                   

Treating rosemary plants with Cyto flow amin-50 insignificantly increased plant height in most 
cuts. Whereas, in the first cut (first season) cyto flow amin-50 at 1g/l significantly increased plant 
height (50.36cm) compared with control and cyto flow amin-50 at 2g/l. In this respect, Hendawy et al., 
(2015) on Mentha piperita var. citrata reported that, humic acid and/or amino spot fertilizer (Algae 
extract) had a significant effect on growth characters during both cuts. Increasing amino spot doses 
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increased plant height in the two cuts. Also, these results showed the same trend as reported by 
Hassanein (2003) on fennel and Mahgoub and Talaat (2005) on Pelargonium graveolens plants.  

Interaction had a significant effect on plant height in all cuts, except in the second cut of the first 
season.  Irrigation every 7 days combined with cyto flow amin-50 at 1g/l, gave the tallest plants. 
Whereas, in the first cut of the both seasons irrigation every 14 days combined without CFA 
treatment, and in the second cut of both seasons, irrigation every 21 days plus CFA at 1g/l, gave the 
shortest plants.  
 
Table 1: Effect of irrigation intervals, cyto flow amin-50 and their interaction on plant height (cm) of 

rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 2015/2016 seasons. 
First season 2014/2015 

 First cut Second cut 
Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 48.67 51.61 47.17 49.15 44.06 49.22 47.78 47.02 
14 days 46.67 50.68 49.28 48.88 44.89 49.00 45.55 46.48 
21 days 47.83 48.78 49.00 48.54 45.33 44.00 44.11 44.48 
Mean 47.72 50.36 48.48  44.76 47.41 45.81  

Second season 2015/2016 
7 days 47.56 49.56 46.94 48.02 42.44 47.34 43.89 44.56 
14 days 45.07 47.89 47.44 46.80 42.45 46.00 45.00 44.48 
21 days 46.33 45.66 46.00 46.00 42.33 40.00 43.44 41.93 
Mean 46.31 47.70 46.80  42.41 44.45 44.11  
L.S.D. value at 0.05         First season                                     Second season 

    1st cut             2nd cut                   1st cut       2nd cut 
Irrigation intervals N.S. 1.39  N.S. N.S.   
Cyto flow amin-50   1.85 N.S.  N.S. N.S.   
Interaction A×B 3.21 N.S.  3.21 2.97   

 
2) Number of branches / plant 
 

Data presented in Table (2) indicated that, irrigation intervals had a significant effect on No. of 
branches/plant at the first cut only in both seasons. In general irrigation intervals every 14 days 
significantly increased the No. of branches/ plant (19.33 and 19.04) at the first cut of both seasons, 
respectively. Whereas at the second cut (both seasons), irrigation every 7 days significantly gave the 
highest No. of branches compared with the other irrigation treatments. In this respect, Yassen et al., 
(2003) on Ocimum basilicum, pointed out that irrigation at 0.6 and 0.8 irrigation water: cumulative 
pan evaporation ratio resulted in the greatest No. of branches/plant. Palizdar et al., (2013) on 
Carthamus tinctorius L. showed that with increasing irrigation level the No. of branches / plant, 
increased significantly.  

Cyto flow amin-50 had a significant effect on number of branches/plant at the first cut only( both 
seasons). Spraying plants with cyto flow amin-50 at 1g/L increased the No. of branch per plant, the 
means were 19.26 and 18.04 in the first season and 19.15 and 16.15 at the first and second cuts, 
respectively, followed by Cyto Flow Amin-50 at the high rate 2g/L, compared with control plants, 
which produced the lowest No. of branches/ plant in both seasons. These results are in agreement with 
those obtained by Hassanein (2003) on fennel plant, Talaat (2005b) on geranium plants and Talaat et 
al., (2005) on periwinkle plants showed that foliar application of tryptophan significantly increased 
No. of branches/ plant. Mahgoub and Talaat (2005) showed that spraying Pelargonium graveolens 
plants with phenylalsnine at 50 and 100 mg/L increased No. of branches. Foroutan et al., (2014) on 
rosemary stated that bio-stimulators significantly gave the maximum No. of branches/ plant. 

Concerning the effect of the interaction between irrigation intervals and cyto flow amin-50 
treatments, the highest values (21.22 and 20.44 branches/plant) were obtained from the interaction 
between irrigation every 7days + spraying with cyto flow amin-50 at 1g/l and irrigation every 14 days 
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+ spray by cyto flow amin-50 at 2g/l at the first cut of both seasons, respectively. While, at the second 
cut of both seasons, irrigation every 7 days combined with cyto flow amin-50 at 1g/l gave the highest 
number of branches/plant. On the contrary, irrigation every 21 days combined without CFA gave the 
lowest No. of branches/ plant.  

 
Table 2: Effect of irrigation intervals, cyto flow amin-50 and their interaction on number of branches 

of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 2015/2016 seasons. 
First season 2014/2015 

 First cut Second cut 
Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 16.56 21.22 18.88 18.89 17.56 20.22 15.11 17.63 
14 days 17.88 20.00 20.11 19.33 16.56 16.00 17.78 16.78 
21 days 15.67 16.56 17.55 16.59 14.78 17.89 19.67 17.44 
Mean 16.70 19.26 18.85  16.30 18.04 17.52  

Second season 2015/2016 
7 days 16.33 18.67 15.44 16.81 15.89 18.22 14.33 16.15 
14 days 17.00 19.67 20.44 19.04 14.33 14.33 16.45 15.04 
21 days 14.10 19.11 19.00 17.70 12.55 15.89 17.11a 15.18 
Mean 16.11 19.15 18.30  14.26 16.15 15.96  
L.S.D. value at 0.05         First season                                     Second season 

1st cut          2nd cut                    1st cut       2nd cut 
Irrigation intervals 2.38 N.S.       1.52      N.S.   
Cyto flow amin-50   1.67 N.S.      1.68      N.S.   
Interaction A×B 2.90 N.S.      2.90      2.97   

 
3-Fresh leaves: stem ratio 
 

The data in Table (3) revealed that, in the first and second seasons, prolonging the irrigation 
intervals increased the leaves: stem ratio, in the first season (two cuts), irrigating every 7 and 21 days 
gave the highest fresh leaves: stems ratio (3.003 and 4.050, respectively), whereas irrigation every 21 
days and every 14 days decreased the ratio to 2.559 and 3.467 at the first and second cuts ( first 
season), respectively, while in the second season the irrigation interval every 14 days gave the highest 
fresh leaves: stems ratios in the two cuts (2.983 and 4.283, respectively). These results are in 
agreement with those obtained by Abdel-Ghani (2008) on (Rosmarinus officinalis, L) she found that, 
in first cut (both seasons) irrigation intervals every 15 days gave the highest values of fresh 
leaves/stems ratio. Whereas, in the second cut, irrigation interval every 11 days gave the highest 
values of fresh leaves/stems ratio, compared to plants irrigated every 7 days.  

Cyto flow amin-50  had no significant effect on leaves: stem ratio, in both seasons (Table 3), but at 
the first cut (both season), the untreated plants exhibited the highest fresh leaves: stems ratio. Whereas 
at the second cut of both seasons, cyto flow amin-50 at 2g/L increased this ratio. Similar results were 
obtaind by Reham et al., (2016) on genoveser basil plant showed that the combined treatment of 100 
ppm phenylalanine + 50 ppm nickel resulted in the maximum values of all growth parameters. 

Interaction between irrigation intervals and cyto flow amin-50 treatments had a significant effect 
on leaves: stems ratio, expect for the first cut of the second season. In the first cut of the first season, 
irrigating rosemary plants every 7 days + without application of CFA recorded fresh leaves/stems 
ratio of 3.00. While at the second cut of the first season, this ratio increased to 4.520 when plants were 
irrigated every 21 days and sprayed with CFA at 1g/L. In the first cut of the second season, the 
treatment of irrigation interval every 14 days and spraying with cyto flow amin-50  at 2gm/L gave the 
highest value (3.063). While in the second cut of the second season, the treatment of irrigation every 
14days + spraying with cyto flow amin-50 at 1gm/L gave the highest value (4.523).  
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Table 3: Effect of irrigation intervals, cyto flow amin-50 and their interaction on leaves: stem ratio of 
rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 2015/2016 seasons. 

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 3.200 2.870 2.940 3.003 3.383 3.810 4.137 3.777 
14 days 2.860 2.673 2.400 2.644 3.447 3.570 3.383 3.467 
21 days 2.530 2.613 2.533 2.559 3.613 4.520 4.017 4.050 
Mean 2.863 2.719 2.624  3.481 3.967 3.846  

Second season 2015/2016 
7 days 2.933 2.937 2.880 2.917 3.560 3.653 4.410 3.874 
14 days 3.047 2.840 3.063 2.983 3.850 4.523 4.477 4.283 
21 days 2.523 2.700 2.410 2.544 4.257 3.257 4.400 3.971 
Mean 2.834 2.826 2.784  3.889 3.811 4.429  
L.S.D. value at 0.05         First season                                     Second season 

  1st cut       2nd cut                      1st cut       2nd cut 
Irrigation intervals N.S. 0.382  N.S. N.S.   
Cyto flow amin-50   N.S. N.S.  N.S. N.S.   
Interaction A×B 0.68 1.084  N.S. 1.209   

 
3-Fresh and dry weights of herb /plant.  
 

Data presented in Table (4) indicated that irrigation intervals had no significant effect on the 
F.W. in both seasons, but prolonging irrigation intervals decreased herb fresh weigh/plant, in both 
seasons. The treatment of irrigation intervals (every 14 and 7 days) gave the highest values of F.W. of 
herb/plant (113.10 and 121.80 g/ plant) at the first and second cuts of the first season, respectively) 
compared with irrigation every 21 days which gave the lowest values 102.23 and 71.33 g/plant, 
respectively. In the second season, irrigation every 21 days gave the heaviest herb fresh weight/ plant 
at the first cut, while irrigation every 7 days gave the highest value at the second cut. These results are 
in agreement with the findings obtained by Hammoda (2001) on moghat, Hammam (2002) on Cassia 
acutifolia and Abdel-Ghani (2008) on rosemary as the short irrigation intervals increased plant fresh 
weight. Abdel–kader et al., (2014) on (Cymbopogon citratus) stated that irrigation intervals every 
3days increased herb fresh weight/plant.  

Data presented in Table (4) indicated that cyto flow amin had no significant effect on herb fresh 
weight /plant at all cuts of the two seasons. In general, increasing cyto flow amin- 50 level decreased 
herb fresh weight /plant. Whereas the heaviest fresh weight/plant (111.74 and 108.36 g/plant) in the 
first season and 104.70 and 81.39 g/ plant in the second one were obtained from control plants. 
Spraying plants with cyto flow amin- 50 at 2g/L gave the lowest herb fresh weight/ plant. Whereas, 
Shoala (2000) on  Lavandula multifida , Attoa et al., (2002) on Iberis amara L., Naguib et al., (2003) 
on  Catharanthus roseus, Hassanein (2003) on fennel (foeniculum vulgare L.) and Hadi et al., ( 2011) 
on Matricaria chamomilla  indicated that spraying plants with amino acids increased herb fresh 
weight.  

As shown in Table (4) the highest values of fresh weight in the first season, (124.91 and 138.70 
g/plant) were obtained with irrigation intervals 14 days in plants treated with 2g/L cyto flow amin-50) 
and (7 days + 2g/L cyto flow amin-50) in the first and second cuts, respectively.  
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Table 4: Effect of irrigation intervals, cyto flow amin-50 and their interaction on herb fresh 
weight/plant (g) of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 
2015/2016 seasons. 

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 110.50 120.18 100.01 110.23 105.20 121.49 138.70 121.80 
14 days 116.37 98.02 124.91 113.10 115.35 103.08 83.11 100.51 
21 days 108.37 100.51 97.81 102.23 80.53 66.88 66.57 71.33 
Mean 111.74 106.24 107.58  100.36 97.15 96.12  

Second season 2015/2016 
7 days 100.30 91.99 94.04 95.45 90.65 102.60 83.35 92.19 
14 days 106.30 112.80 103.60 107.60 75.42 77.39 75.57 76.13 
21 days 107.50 121.40 99.20 109.40 78.12 76.27 48.96 67.78 
Mean 104.70 108.70 98.95  81.39 85.41 69.29  
L.S.D. value at 0.05         First season                                     Second season 

   1st cut           2nd cut                     1st cut       2nd cut 
Irrigation intervals N.S. 28.98  N.S. 20.07   
Cyto flow amin-50   N.S. N.S.  N.S. N.S.   
Interaction A×B N.S. N.S.  22.82 N.S.   

 
Irrigation intervals had no significant effect on dry herb weight/plant at the first cut of both 

seasons. Whereas at the second cut of both seasons an opposite trend was obtained, i.e. irrigation 
intervals had a significant effect on dry herb weight/plant, Table (5). In general, dry herb weight/plant 
decreased with prolonging irrigation intervals in both seasons. At the first cut of both seasons the 
treatment of irrigation interval (every 14 days) gave the heaviest herb dry weight/plant (53.91 and 
65.33 g/plant, respectively) compared to the treatment of irrigation every 21 days. At the second cut 
(of both seasons) irrigation intervals every 7 days gave the heaviest dry weight/plant. These results are 
in agreement with those obtained by Hammoda (2001) on moughat plants, Koocheki  et al., (2011) on 
Khorasan thyme (Thymus transcaspicus Klokov)  indicated that increasing irrigation intervals 
significantly reduced plant biomass. Mameli et al.,( 2011) on Thymus vulgaris L., Salvia officinalis L. 
and Rosmarinus officinalis L. reported that different water saving irrigation strategies could have a 
strong significant influence and improve the dry biomass of the three crops.  

Treating rosemary plants with cyto flow amin-50 (Table 5) had no significant effect on herb dry 
weight/plant in both seasons, (except at the first cut of the second season). At the first cut of the first 
season, control treatment gave the highest dry weight/plant. Plants treated with cyto flow amin-50 at 1 
g/L at most cuts increased herb dry weight/plant compared to cyto flow amin-50 at 2 g/L. Hendawy et 
al., (2015) on Mentha piperita var. citrata reported that, amino spot fertilizer (Algae extract) 
significantly increased herb dry weight.  

Concerning the effect of interaction, (Table 5), irrigating plants at 7, 14 and 21 days plus CFA 
had no significant effect on herb dry weight/plant at the first cut of the first season and at the second 
cut of the second season. Irrigation every 7 days + cyto flow amin-50 at 2 g/L at the second cut of the 
first season as well as irrigation every 7 days combined with cyto flow amin-50 at 1 g/L at the second 
cut of the second season gave the highest values of dry weight/plant (63.31 and 51.14 g/plant, 
respectively).  
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Table 5: Effect of irrigation intervals, cyto flow amin-50 and their interaction on herb dry weight/plant 
(gm) of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 2015/2016 
seasons. 

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 53.08 59.64 46.57 53.09 48.71 58.82 63.31 56.95 
14 days 56.01 48.32 57.41 53.91 60.08 50.39 36.03 48.83 
21 days 51.55 46.34 46.48 48.13 30.01 35.91 30.66 32.19 
Mean 53.55 51.43 50.15  46.27 48.37 43.33  

Second season 2015/2016 
7 days 62.06 64.41 60.33 62.27 44.00 51.14 47.60 47.58 
14 days 63.51 67.31 65.17 65.33 33.98 42.12 31.33 35.81 
21 days 65.86 67.35 60.84 64.68 32.16 34.87 24.53 30.52 
Mean 63.81 66.36 62.11  36.71 42.71 34.49  
L.S.D. value at 0.05         First season                                     Second season 

    1st cut       2nd cut                    1st cut       2nd cut 
Irrigation intervals N.S. 15.25  N.S. 16.31   
Cyto flow amin-50   N.S. N.S.  3.38 N.S.   
Interaction A×B N.S. 22.01  5.85 N.S.   

  
4-Fresh and dry herb yield (ton)/ feddan 
  

The data in Tables (6 and 7) showed that, irrigation intervals had no significant effect on fresh 
and dry herb yield/feddan (ton) in both seasons. In both seasons at the first and second cuts irrigation 
interval (every 7 days) gave the heaviest fresh herb yield/feddan (1.86 and 1.68 ton/fed), at the two 
cuts of the first season, respectively).Whereas in the second season irrigation every 14 days gave the 
heaviest fresh herb yield/ fed at the two cuts of the second season, respectively. On the contrary, 
prolonging irrigation interval to 21 days gave the lowest values at the first and second cuts of both 
seasons, whereas, the data showed that, in both seasons the treatments of irrigation interval (every 7 
and 14days) gave the highest values of dry weight of the herb/fed (0.89 and 0.81 ton/fed at the two 
cuts of the first season, respectively), while at the two cuts of the second season, irrigation every 14 
days gave the highest values (1.11 and 0.71 ton/fed, respectively.). Whereas irrigation every 21 days 
gave the lowest herb dry weight/ fed in the two seasons. In this concern, Hammam (2002) on Cassia 
acutifiolia, showed that the highest values of fresh and dry weights of leaves/fed. were obtained from 
plants which irrigated weekly, while the highest values for fresh and dry weights of pods/fed were 
obtained from plants irrigated every 2 weeks. Koocheki et al., (2011) on Thymus transcaspicus, found 
that increasing irrigation intervals in the second year significantly reduced plant biomass. Hassan 
(2013) on rosemary, showed that deficit irrigation significantly reduced growth parameters. Khalil 
and Khalil (2015) on Rosmarinus officinalis L. showed that the herb growth and yield were influenced 
by different levels of irrigation intervals (every 5, 10 and 15 days).  

Regarding the effect of cyto flow amin-50 (Table 6) the highest fresh herb yield/feddan (1.89 
and 1.79 ton/ fed.) were obtained with using cyto flow amin-50 at 1 g/L at the first cut of both two 
seasons, while unfertilized plants gave the heaviest herb dry weight/ fed at the second cut of both 
seasons (Table 7). The effect of cyto flow amin-50 on herb dry weight/ fed was significant at the 
second cut of the first season only. In case of dry weight cyto flow amin-50 at 1 g/L gave the heaviest 
dry herb/ fed at the first cut of both seasons, while control treatment gave the highest values at the 
second cut of both seasons. Increasing cyto flow amin-50 rate decreased dry herb/fed. These results are 
in agreement with those obtained by Foroutan et al., (2014) on rosemary (Rosmarinus officinalis L.) 
investigated the effects of bio-stimulators compounds on growth and phytochemical traits of rosemary 
(Rosmarinus officinalis L.) treatments were significant on all of the traits in a way that the maximum 
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value of total dry weight (246.78 kg.ha-1), In contrast, the least amounts of traits were observed in 
control treatment. 
Interaction between irrigation intervals and different rates of cyto flow amin-50 had no significant 
effect on fresh herb yield/feddan in the two seasons. Data in Table (6) showed that the highest values 
of fresh herb yield/feddan  (2.08 ton/fed.) was obtained with adding (irrigation every 21 days + 1g/L 
cyto flow amin-50) at the first cut of the first season, irrigation every 21 days + control at the second 
cut of the first season, irrigation every 14 days + 2g/L cyto flow amin-50 at the first cut of the second 
season and irrigation every 14 days + control at the second cut of  the second season. 

 
Table 6: Effect of irrigation intervals, cyto flow amin-50 and their interaction on fresh herb 

yield/feddan (ton) of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 
2015/2016 seasons. 

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 1.84 1.94 1.80 1.86 1.76 1.93 1.34 1.68 
14 days 2.00 1.63 1.68 1.77 2.03 1.72 1.11 1.62 
21 days 1.67 2.08 1.63 1.79 2.31 1.39 1.11 1.60 
Mean 1.84 1.89 1.70  2.03 1.68 1.19  

Second season 2015/2016 
7 days 1.67 1.77 1.79 1.75 1.51 1.26 1.30 1.36 
14 days 1.53 1.88 2.03 1.81 1.71 1.29 1.27 1.42 
21 days 1.57 1.73 1.65 1.65 1.39 1.26 0.82 1.15 
Mean 1.59 1.79 1.82  1.54 1.27 1.13  
L.S.D. value at 0.05         First season                                     Second season 

     1st cut       2nd cut                    1st cut          2nd cut 
Irrigation intervals N.S. N.S.  N.S. N.S.   
Cyto flow amin-50   N.S. 0.48  N.S. N.S.   
Interaction A×B N.S. N.S.  N.S. N.S.   

 
Table 7: Effect of irrigation intervals, cyto flow amin-50 and their interaction on dry herb yield/feddan 

(ton) of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 2015/2016 
seasons.  

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 0.88 0.93 0.86 0.89 0.81 1.00 0.50 0.77    
14 days 0.99 0.81 0.77 0.86 0.98 0.84 0.60 0.81 
21 days 0.78 0.96 0.77 0.84 1.05 0.60 0.51 0.72 
Mean 0.88 0.90 0.80  0.95 0.81 0.54  

Second season 2015/2016 
7 days 1.03 1.06 1.10 1.06 0.73   0.57 0.54    0.61 
14 days 1.07 1.12 1.12 1.11 0.86 0.70 0.58 0.71 
21 days 1.01 1.09 1.01 1.04 0.79 0.52 0.41 0.57 
Mean 1.04 1.09 1.08  0.79 0.60 0.51  
L.S.D. value at 0.05         First season                                     Second season 

    1st cut          2nd cut                     1st cut       2nd cut 
Irrigation intervals N.S. N.S.  N.S. N.S.   
Cyto flow amin-50   N.S. 0.25  N.S. N.S.   
Interaction A×B N.S. N.S.  N.S. N.S.   
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6.  Essential oil percentage 
 

Table (8) showed that in the first and second seasons, irrigation intervals had insignificant 
effect on the oil percentage in dry herb. In the first season, in the first cut, irrigation every 7 days gave 
the highest oil percentage in dry herb (0.70%) compared to (0.697 %) from plants irrigated every 14 
days, while at the second cut of the first season, the highest values of oil percentage (0.693 and 
0.696%) were obtained from plants irrigated every 7 and 14 days, respectively compared to (0. 668 
%) from plants irrigated every 21 days with significant difference between them. At the first cut of the 
second season, irrigation interval every 7 days gave the highest value (0.699 %) compared to (0.679 
%) from plants irrigated every 14 days, while at the second cut the highest value (0.704 %) was 
obtained from plants irrigated every 14 days compared to (0.686 %) for plants irrigated every 21 days. 
Similar results were obtained by Hassan et al., (2013) and Khalil and Khalil (2015) on rosemary, 
showed that essential oil percentage was influenced by different levels of irrigation intervals.  

Spraying plants with Cyto flow amin had a significant effect on the oil percentage in dry herb in 
both seasons. Cyto flow amin at 2gm/L gave the highest essential oil percentages at the first and 
second cuts (of both seasons) giving (0.877, and 0.858 %, respectively) compared to 0.594 and 0.596 
% in the first and second cuts of the first season, and 0.867 and 0.888%, in the first and second cuts, 
respectively in the second season compared to 0.590 and 0.0.599% for control plants. The stimulation 
effects of amino acids on increasing essential oil was reported by many authors, Mahgoub and Talaat 
(2005) on geranium, Hadi et al., (2011) on (Matricaria chamomilla, Reham  et al.,(2016) on basil and  
Foroutannia et al., (2014) on rosemary. 
 
Table 8: Effect of irrigation intervals, cyto flow amin and their interactions on essential oil percentage 

(%) in dry herb of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 
2015/2016 seasons. 

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 0.533 0.667 0.900 0.700 0.560 0.623 0.897 0.693 
14 days 0.613 0.613 0.863 0.697 0.607 0.643 0.837 0.696 
21 days 0.637 0.567 0.867 0.690 0.620 0.543 0.840 0.668 
Mean 0.594 0.616 0.877  0.596 0.603 0.858  

Second season 2015/2016 
7 days 0.540 0.640 0.917 0.699 0.550 0.633 0.920 0.701 
14 days 0.597 0.600 0.840 0.679 0.613 0.623 0.877 0.704 
21 days 0.633 0.540 0.843 0.672 0.633 0.557 0.867 0.686 
Mean 0.590 0.593 0.867  0.599 0.604 0.888  
L.S.D. value at 0.05         First season                                     Second season 

   1st cut          2nd cut                     1st cut       2nd cut 
Irrigation intervals N.S. 0.013  N.S. N.S.   
Cyto flow amin-50   0.001 0.010  0.003 0.046   
Interaction A×B 0.001 0.018  0.006 0.080   

 
Interaction between irrigation intervals treatments and cyto flow amin had a significant effect 

on oil percentage in both two seasons. At the first cut of the first and second seasons the treatment of 
irrigation every 7days combined with cyto flow amin at 2gm/L gave the highest values of oil 
percentage (0.900 and 0.917 %, respectively) compared to (0.533 and 0.540 %, respectively) which 
obtained from plants irrigated every 7 days and sprayed with water (control).  While at the second cut 
of the first and second seasons, the highest values of oil percentages in dry herb (0.897 and 0.920 %, 
respectively) were produced from plants irrigated every 7 days and sprayed with cyto flow amin at 
2gm/L compared to (0.560 and 0.550 %, respectively) for plants irrigated every 7 days and unsprayed 
with cyto flow amin. 



Middle East J. Agric. Res., 7(3): 752-767, 2018 
ISSN: 2077-4605 

762 

7-Essential oil yield (ml/plant) 
 

Irrigation intervals had a significant effect on oil yield (ml/plant) at the first cut of both seasons, 
Table (9). In the first season, irrigation every 21 days significantly increased oil yield/ plant compared 
with irrigation every 7 or 14 days treatments which gave the lowest oil yield/plant at the first cut. At 
the second cut similar results were obtained, irrigation every 21 days increased oil yield/ plant 
compared with irrigation every 7 days or 14 days. Similar results were observed in the second season, 
irrigation every 21 days gave the highest oil yield/plant with significant difference at the first cut only 
as compared with irrigation every 7 days which gave the lowest oil yield/plant at both two cuts. In this 
concern, Kandeel (2001) on Rosmarinus officinalis L. obtained the highest oil yield from plants 
irrigated every 14 days followed by irrigation every 21 days and every 7 days. Singh and Sharma 
(2001) found that essential oil yield of Cymbopogon martinii increased with increasing irrigation 
rates. Singh and Singh (2002) on Ocimum basilicum L., reported that irrigation at 0.75 irrigation 
water: cumulative pan evaporation (IW: CPE) ratio increased oil yield compared with that of 0.25 
irrigation water: cumulative pan evaporation ratio. Singh (2004) found that irrigation at 0.50 irrigation 
water: cumulative pan evaporation ratio produced the highest oil yields of rosemary. El-Mekawy 
(2013) on  Achillea santolina L. found that the moderate irrigation interval every 14 days was the 
prior for producing higher yield of volatile oil than the intervals every 7 and 21 days. Hassan and Ali 
(2014) on Coriandrum sativum L showed that increasing the irrigation level from 40% to 120% 
increased the volatile oil yields.  
 
Table 9: Effect of irrigation intervals, cyto flow amin-50 and their interaction on essential oil yield in 

dry herb (ml/plant) of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 
2015/2016 seasons. 

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 0.28 0.34 0.33 0.32 0.27 0.36 0.19 0.27 
14 days 0.40 0.29 0.26 0.32 0.37 0.32 0.20 0.29 
21 days 0.42 0.49 0.40 0.44 0.57 0.30 0.26 0.38 
Mean 0.37 0.38 0.33  0.40 0.33 0.21  

Second season 2015/2016 
7 days 0.34 0.38 0.42 0.38 0.24 0.21 0.21 0.22 
14 days 0.41 0.40 0.36 0.39 0.33 0.27 0.20 0.26 
21 days 0.55 0.55 0.51 0.54 0.44 0.27 0.21 0.31 
Mean 0.43 0.44 0.43  0.34 0.25 0.20  
L.S.D. value at 0.05         First season                                     Second season 

1st cut             2nd cut                     1st cut         2nd cut 
Irrigation intervals 0.07 N.S.  0.04 N.S.   
Cyto flow amin-50   N.S. 0.01  N.S. 0.01   
Interaction A×B N.S. N.S.  0.06 N.S.   

 
The oil yield of dry herb/plant was significantly affected by cyto flow amin-50 at the second cut 

of both seasons (Table 9). Cyto flow amin-50 at 1 g/L increased oil yield/plant, giving(0.38, and 0.44 
ml/plant at the first cut of both seasons, respectively, compared with cyto flow amin-50 at 2 g/L, which 
gave the lowest values (0.33 and 0.43 ml/plant, respectively.  At the second cut of both seasons, cyto 
flow amin at 1 and 2 g/L decreased oil yield/plant with significant differences as compared with 
control. Hendawy  et al., (2015) on Mentha piperita var. citrata reported that, humic acid or  amino  
spot (Algae extract)  had  a significant effect on essential oil percentage and yield (ml plant).  

The interaction between irrigation intervals and cyto flow amin-50 treatments had no significant 
effect on the oil yield/plant in both seasons, except at the first cut of the second season. In general, 
irrigation intervals every 21 days combined with cyto flow amin at 1gm/L gave the highest oil yield/ 
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plant at the first cut of both seasons, while irrigation intervals every 21 days combined with control 
gave the highest oil yield/plant at the second cut of both seasons as compared with all other 
combination treatments.  
 
8. Essential oil yield/feddan (liter) 
 

The results in Table (10) showed that in the first and second seasons irrigation every 21 days 
was the most effective treatment, for oil yield/fed (7.31, 6.28, 8.96 and 5.13 liter/fed.) at the two cuts, 
respectively. Whereas irrigation every 7 days gave the lowest oil yield/ fed, giving 5.32, 4.56, 6.28 
and 3.65 litre/fed at the two cuts of both seasons, respectively. 

Cyto flow amin–50 had a significant effect on oil yield/ fed at the second cut of the first and 
second seasons.  The highest values (6.28 and 7.37 liter/fed.) were obtained from plants sprayed with 
1g/L cyto flow amin–50 at the first cut of both seasons, respectively. At the second cut, control 
treatment gave the highest values (6.69 and 5.61 liter/fed.) in both two seasons, respectively. Similar 
results were obtained by Mahgoub and Talaat (2005) on Pelargonium graveolens, Talaat (2005) on 
Lavandula angustifolia, L. plants, showed that foliar application of cysteine and nicotineamide at 
100mg/L increased essential oil percentage and yield. El-Awadi et al., (2016) found that ascorbic 
acid, thiamine or pyridoxine at all doses caused significant increases in oil yield and its components. 

The highest value was obtained from (irrigation every 21 days + cyto flow amin-50  at 1g/L). 
Whereas irrigation every 21 days combined with control gave the highest oil yield/ fed at the second 
cut of the first season and at the two cuts of the second season.  
 
Table 10: Effect of irrigation intervals, cyto flow amin-50 and their interaction essential oil 

yield/feddan (liter) of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 
2015/2016 seasons. 

First season 2014/2015 
 First cut Second cut 

Cyto flow 
amin-50(B) 

 
Irrigation  
Intervals (A) 

Control 1 g/L 2 g/L Mean Control 1 g/L 2 g/L Mean 

7 days 4.72 5.72 5.50 5.32 4.50 6.06 3.11 4.56 
14 days 6.67 4.89 4.39 5.32 6.11 5.33 3.28 4.91 
21 days 7.00 8.22 6.72 7.31 9.44 5.05 4.33 6.28 
Mean 6.13 6.28 5.54  6.69 5.48 3.57  

Second season 2015/2016 
7 days 5.61 6.28 6.96 6.28 4.05 3.44 3.44 3.65 
14 days 6.89 6.72 6.06 6.56 5.44 4.44 3.28 4.39 
21 days 9.22 9.11 8.56 8.96 7.33 4.56 3.50 5.13 
Mean 7.24 7.37 7.19  5.61 4.15 3.41  
L.S.D. value at 0.05         First season                                     Second season 

     1st cut       2nd cut                   1st cut           2nd cut 
Irrigation intervals 1.15 N.S.  0.60 N.S.   
Cyto flow amin-50   N.S. 1.61  N.S. 1.66   
Interaction A×B N.S. N.S.  1.04 N.S.   

 
9. Essential oil components 
           Data presented in Table (11) and illustrated in Figs.( 1, 2 and 3) indicated that, irrigation every 
7 days gave the highest Camphene, Camphor, and α - Terpineol percentages in the essential oil, while 
irrigation every 14 days gave the highest α-Pinene, Eugenol and  β - Caryophyllene percentages. 
Prolonging irrigation intervals every 21 days gave the highest percentages of β Pinene, Limonene, 1,8 
Cineole, Linalool, Borneol, and Bornyl acetate. Similar results were obtained by Hassan et al., (2013) 
on rosemary showed that the main components were affected by deficit irrigation.  
       Cyto flow amin at 2 g/L gave the highest α – Pinene, Linalool, α – Terpineol, Borneol and 
Eugenol percentages compared with control plants. While Cyto flow amin at 1 g/L gave the highest 
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Camphene, β - Pinene and 1 , 8 Cineol percentages. On the other hand, control essential oil contained 
the highest percentage of Limonene, Camphor, Bornyl acetate and B – Caryophyllene percentages. 
These results agreed with those obtained by Foroutan et al., (2014) on rosemary, as the highest 
content of α-Pinene, 1,8-Ccineole, Linalool, z-Pinocamphone, Bornyl acetate, Caryophyllene oxide 
and Camphor were obtained at 1.5 L ha-1 Fosnutren. The maximum contents of β-Pinene, Camphene, 
Borneol, and α-Terpineol were related to the both concentrations of Aminolforte.  
Regarding interaction between irrigation intervals and cyto flow amin, the data showed that irrigation 
intervals and cyto flow amin application at 1 or 2gm/L had no clear trend on the main constituents of 
the essential oil of rosemary plant.  
 
Table 11.  Effect of irrigation intervals, cyto flow amin rates and their interaction on essential oil 

components  (%)of  Rosmarinus officinalis L. plants at the second cut of the second 
season, 2015/2016. 
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 Cont. 1.97 11.56 2.78 0.96 14.75 0.64 8.13 25.95 4.31 9.50 7.53 2.19 
7 Days 1gm/L 2.76 19.13 1.96 0.92 14.71 1.12 7.36 24.53 3.59 9.85 8.40 2.59 
 2 gm/L 2.14 2.51 0.93 0.74 13.76 -- 7.43 26.36 3.90 9.17 10.98 2.40 
 Mean 2.29 11.07 1.89 0.87 14.41 0.88 7.64 25.61 3.60 9.51 8.97 2.39 
 Cont. 3.29 1.62 0.62 0.30 12.11 0.84 7.55 25.30 3.68 10.56 11.39 3.06 
14 Days 1gm/L 2.08 3.36 1.26 1.83 13.39 1.55 6.70 22.07 3.38 7.95 7.11 2.04 
 2 gm/L 2.46 1.58 0.11 0.32 13.65 -- 6.84 26.82 4.18 9.64 10.64 2.40 
 Mean 2.61 2.19 0.66 0.82 13.05 1.20 7.03 24.73 3.75 9.38 9.71 2.50 
 Cont. 1.66 3.15 0.40 4.01 15.41 1.45 6.59 23.92 3.50 11.84 7.50 2.26 
21 Days 1gm/L 1.85 15.45 3.58 1.24 14.62 1.65 6.35 23.69 4.02 6.45 8.16 2.22 
 2 gm/L 4.32 3.80 2.34 2.43 15.16 1.44 -- 23.56 8.13 11.79 8.81 2.50 
 Mean 2.41 7.47 2.12 2.56    5.06 1.51 6.47 23.72 5.22 10.03 8.16 2.33 
Mean of Cont. 2.31 5.44  1.267 1.76 14.09 0.98 7.42 25.06 3.83 10.63 8.81 2.50 
Mean of 1 gm/L 2.03 12.65   2.27 1.33 14.24 1.44 6.80 23.43 3.33 8.08 7.89 2.28 
Mean of 2 gm/L 2.97 2.63   .127 1.16 14.19 1.44 7.14 25.58 5.403 10.20 10.14 2.43 

 

   
Fig. 1: Chromatogram of rosemary (Rosmarinus officinalis L.) essential oil distilled from control 
plants irrigated every 14 days in the second cut of the second season. 

  
Fig. 2: Chromatogram of rosemary (Rosmarinus officinalis L.) essential oil distilled from plants 
irrigated every 14 days and treated with cyto folw amin-50  at 1gm/L in the second cut of the second 
season. 
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Fig. 2: Chromatogram of rosemary (Rosmarinus officinalis L.) essential oil distilled from plants 
irrigated every 14 days and treated with cyto folw amin-50  at 2gm/L in the second cut of the second 
season. 
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