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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 2014/2015 and 2015/2016. 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 cyto flow amin-50 treatments 
at the rates of (zero, 1 and 2gm/L) on plant constituents. The foliar spraying of cyto flow amin-50 was 
done once every month and after first cut, during both seasons.  chlorophyll a and b contents at the 
first cut of both seasons, while irrigation every 21 days increased chlorophyll a and b contents at the 
second cut of both seasons. Irrigation every 7 days gave the highest N% in the dried herb in the first 
cut of the two seasons, while irrigation every 14 days gave the highest P % in herb. Prolonging 
irrigation intervals to 21 days gave the highest K% in both seasons, except in the first cut of the 
second season. Irrigation interval every 14 days gave the highest total carbohydrates % in herb at the 
two cuts of the first and second seasons compared to irrigation interval every 7 days which gave the 
lowest total carbohydrates %, while increased total free amino acids and total phenolic compounds in 
the herb in the first and second seasons. 

Spraying rosemary plants with cyto flow amin–50 had  no significant effect on chlorophyll (a) 
content in both seasons. Cyto flow amin-50  at 2g/L gave the highest chlorophyll (b) contents. Cyto 
flow amin-50 treatments had a significant effect on carotenoids contents at the second cut of both 
seasons. Cyto flow amin-50 at 1 g/L gave the highest P and K% at all cuts of both seasons, compared 
with control. Cyto flow amin-50 had no significant effect on total carbohydrates contents, total free 
amino acids and total phenolic compounds in fresh herb in the two seasons.  

The control plants which irrigated every 21 days gave the highest chlorophyll (a) and b contents 
in most cases, except at the first cut of the first season where irrigation every 21 days combined with 
cyto flow amin-50 at 2g/L gave the highest chlorophyll (b) content. Irrigation every14 days + 
unfertilized plants gave the highest values of carotenoids content in the second cut of the two seasons.  

Irrigation every 7days combined with cyto flow amin at 2g/L gave the highest total free amino 
acids. Irrigation intervals every 14 days + cyto flow amin-50 at 1gm/L gave the highest P and total 
carbohydrates (%). irrigation every 21 days + cyto flow amin-50 at 1g/L.) gave the highest values of K 
%. Irrigation every14 days + control plants gave the highest total phenolic compounds contents. 

 
Keywords: Rosemary  Rosmarinus officinalis L., irrigation intervals, cyto flow amin-50, essential oil 

percentage, chemical composition. 
 

Introduction 
Rosemary (Rosmarinus officinalis L.) Fam. Lamiaceae (Labiatae), is one of the most important 

medicinal and aromatic perennial plants since earliest times. It is commonly used as spice and 
flavouring agent. Its essential oil is used therapeutically, in particular in balneology, European 
Medicines Agency (2011). It used externally as parasiticide, cicatrisant, for muscular pains and 
rheumatism, dermatitis, dandruff and exzema. It promotes hair growth and stimulates scalp. Internally 
it is used for asthma, bronchitis whooping cough, to stimulate poor circulation, it is employed for 
palpitation, debility, headache, neuralgia, rental fatigue, nervous exhaustion, and stress-related 
disorders, dyspepsia, flatulence, hepatic disorders, hyper cholesterolaemia, and jaundice.  Valnet 
(1973). Its oil is extensively used in soap, detergents, cosmetics, house-hold sprays and perfumes 



Middle East J. Agric. Res., 7(3): 768 -781, 2018 
ISSN: 2077-4605 

769 

especially colognes. Also, it extensively used in most major food categories, especially meat products 
and drink. Serves as a natural antioxidant, Lawless (1992). The herb and its oil are largely employed 
in most major food categories, especially meat products. The main constituents of the essential oil are: 
pinenes, camphene, limonene, cineole, borneol, camphor, linalool, terpineol, octanone, bornyl acetate. 

Several studies showed the importance of amino acids on plant physiology and their application 
on plants may change the secondary metabolite composition indirectly, Drew and Demain (1977).  
Amino acids are involved in the synthesis of other organic compounds such as essential oil, proteins, 
amines, alkaloids, vitamins, enzymes and terpenoids, Ibrahim et al., (2010). 

Irrigation regime had a significant effect and can influence the phytochemistry of plants;  Khalil 
and Abdel-Kader  (2011)  on Hibisicus sabdariffa, Pirzad   et al., (2011) on chamomile, Rahmani et 
al., (2012) on marigold, Hassan et al., (2013) on rosemary, Sarani et al., (2014) on rosemary, 
Yazdiani and Taheri  (2014)  on marigold, Mousavi et al.,(2014) on oregano,  Khalil and Khalil  
(2015) on Rosmarinus officinalis  and Alinian  et al., (2016)  on cumin. 

Amino acids use can stimulate plant performance. Many studies have reported that foliar 
application of amino acids caused an increase in the growth and plant composition, Talaat and 
Youssef (2002) on basil; Talaat (2005) on Lavandula angustifolia, Gamal-El-Din and Abd El-wahed 
(2005) on chamomile, Mahgoub and Talaat (2005)on geranium, Hadi et al., (2011) on (Matricaria 
chamomilla, El-Awadi et al., (2016) on Lupine plant, Reham  et al.,(2016) on basil and  Foroutan et 
al., (2014) on rosemary.   

 Although irrigation intervals and plant biostimulants based on amino acids can influence the 
phytochemistry of plants, there is no research work done on the effect of plant biostimulants on the 
quantity and quality of rosemary essential oil. Therefore, this study aimed to evaluate the changes in 
rosemary plant constituents by using irrigation intervals and plant biostimulants as a possibility to 
reduce the use of chemical fertilizers.  

  
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 15 cm) were obtained from a 
private nursery on 26th October in the first and second seasons.  

The soil was prepared on 10 October 2014 and 2015 for the first and second seasons: as super-
phosphate 15.50% P2O5 (200kg/fed) were added during soil preparation, while potassium sulfate 
(48% K2O) as a mineral fertilizer (150 kg/fed) was added in two equal doses, the first dose added 
during the soil preparation, while the second one was added two weeks after the first cut. 

The experiment was designed as split plots, the main plots were assigned to different irrigation 
intervals levels (1, 2 and 3 weeks), while subplots were assigned to cyto flow amin spraying at the 
rates of (0 , 1 and 2g/L). The experiment included 9 treatments, in three replicates; each was 
comprised of randomly distributed plots. Cyto flow amin was sprayed once every month and after 
first cut, during both seasons. Each experimental unit (plot) was 2×1.2 m (2.4 m2) divided into 2 rows 
with 60 cm a part and 40 cm between the plants, i.e. the plots contained 12plants. Then, the treatments 
replicated three times (27 plots).The physical and chemical analyses of the experimental soils are 
represent in Table (A). 
 

Table A: Physical and chemical analyses of the soil used for growing Rosemary (Rosmarinus 
officinalis L.) plants according to Jackson, (1973). 

 
Physical properties of the experimental soil 

Textural class 
Sand Clay Silt B.D F.C F.C 

% g/cm3 (by mass) (by volume) 
Sandy loam 87.3 6.2 6.5 1.67 8.7 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 
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Cyto Flow Amin-50 special fertilizer amino acids in soluble powder form  
Cyto Flow Amin–50 Richness Guaranteed: Free Amino acids 50%, total organic matter 50%  and total 
nitrogen 15%.  
 
Recorded data: 
 

Rosemary (Rosmarinus officinalis L.) plants were harvested twice, on 8th of April and 9th of July 
2015 for the first and the second cuts, respectively, in the first season and on 7th April and 8th July 
2016 for the first and the second cuts, respectively, in the second season. The plants were harvested 
by cutting vegetative parts at 10 cm above the soil surface. 
Data were recorded in the two seasons on the following: 
 
1-Determination of pigments 
 

Chlorophyll a, b and total carotenoids were determined in the fresh leaves (mg/g f.w) according 
to the method mentioned by Saric et al.,(1967). Fresh samples (0.2g) were homogenized with acetone 
(85% v/v) in presence of little amount of Na2CO3 and silica quartz, and then filtered through a central 
glass funnels (G4). The residue was washed several times with acetone until the washings become 
colourless. The combined extract was completed to a known volume (250ml.). An adequate volume 
was taken for the colorimetric determination of chlorophyll a, b and carotenoids at wavelengths of 
660, 640 and 440 nm, respectively. The determination was conducted using acetone (80% v/v) as 
blank. 

The pigment contents were calculated according to the following:  
- Chlorophyll a (mg/l) = 9.784 x E 660 - 0.99 x E640 
- Chlorophyll b (mg/l) = 21.426 x E 640 - 4.65 x E660 
- Carotenoids (mg/l) = 4.695 x E 440 - 0.268 x (chl a+b) 
Where: E = reading of sample. 

 
2-N, P and K contents (% D.W.) 

  
        Dry herb samples were oven- dried at 70º C until a constant weight was obtained. The dried 
samples were then digested for extraction of nutrients, using the method described by Piper (1947). 
The percentages of the three main nutrients (N, P and K) in the extract were determined as follows: 
Nitrogen determination was carried out using the modified micro-Kjeldahl method, as described by 
Pregl (1945).The phosphorus content was estimated, as recommended by King (1951).  Potassium 
was determined by using a "Pye Unicam, Model SP-1900" atomic absorption spectrophotometer with 
a boiling air-acetylene burner according to Isaac and Kerber (1971). 
 
3-Total carbohydrates contents in the dried herb were determined as described by Herbert et al., 
(1971). 
  
3-Ethanol extract 
 
       Ethanol extract of shoots was used for the determination of total free amino acids and total 
soluble phenols. For preparation of ethanol extract two grams of fresh materials (herb) were cut into 
small pieces and crushed in a porcelain mortar using about 25 ml of 80% boiling ethanol for 24 h., 
and then filtrated through a sintered glass silica-G3 filter. The residue was re extracted and filtrated 
twice with 80% boiling ethanol, and then the volume was adjusted to 50 ml with 70% ethanol. 
 
 4-Total free amino acids  
 

  In ethanol extract, total free amino acids were determined by using Ninhydrin reagent according 
to Moore and Stein (1954). One ml of ethanol extract and half ml of ninhydrin (3%) were mixed and 
the mixture was heated in a boiling water bath for 15 min. After cooling the reaction mixture at the 
room temperature or under running water, 5 ml of isopropanol water (1:1 v/v) was added. The 
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absorbance of the developed colour was read at 570 nm using a spectrophotometer (JENWAY-6300). 
A standard curve was carried out using tryptophan with a suitable concentration which treated with 
the same manner as described above. The amount of free amino acids was calculated and expressed as 
mg/g fresh herb of rosemary. 

 
5- Total soluble phenols 
 
         In ethanol extract, total soluble phenols were estimated using the Folin-    Ciocalteaucalorimetric 
method according to Swain and Hillis(1959). Half ml of Folin-Ciocalteau reagent was added to 1 ml 
of the ethanolic extract in a test tube and immediately followed by the addition of 4 ml of 2.5 N 
sodium carbonate, tubes were shackled and left for two min. at room temperature. The absorbance 
was read at a wave length (650 NM) using a spectrophotometer (JENWAY-6300). And the amount of 
total soluble phenols was calculated and expressed as mg/g fresh herb of rosemary. 
 
6- Statistical analysis 
 

Data recorded on essential oil percentage was statistically analyzed, and separation of means was 
performed using the Least Significant Difference (L.S.D.) test at the 5% level as described by Little 
and Hills (1978). 

 
Results and Discussion  
 
1-Leaf pigments 
  
a. Chlorophyll (a) content 
 

Irrigation intervals had a significant effect on chlorophyll (a) content in the second cut of both 
seasons (Table1) showed that, irrigation every 14 days insignificantly increased chlorophyll a contents 
in the first cut of both seasons, while prolonging irrigation interval to 21 days significantly increased 
chlorophyll a contents in the second cut of both seasons as compared with other irrigation treatments. 
In general, prolonging irrigation intervals led to an increase in the chlorophyll (a) content. These 
results are in agreement with the findings obtained by Shokhmgar et al., (2014) on 
fenugreek(Trigonella foenum-gracum L.) investigated the decreasing in water use led to the decrease 
of  chlorophyll a. Yazdiani and Taheri (2014) on marigold (Calendula officinalis L.) indicated that 
drought stress had a significant positive effect on total chlorophyll content, chlorophyll a content. 

The effect of cyto flow amin–50 had  no significant effect on chlorophyll (a) content, in both 
seasons, data presented in Table (1),  indicated that control plants slightly gave a higher chlorophyll 
(a) contents compared with plants sprayed with cyto flow amin–50 at 1 and 2 g/l in the first cut of both 
seasons. Whereas the treatment of cyto flow amin–50 at 2 g/l insignificantly increased chlorophyll a 
contents in the second cut of both seasons compared with control or cyto flow amin–50 at 1 g/l. Talaat 
et al., (2005) indicated that foliar application of tryptophan at (10-5, 10-4, and 10-3 M) to periwinkle 
plants slightly increased chlorophyll a contents in the leaves at flowering and fruiting stages. Omer et 
al., (2013) on Matricaria recutita L., found that amino acids increased significantly chlorophyll a 
contents. El-Awadi et al., (2016) on lupine found that, ascorbic acid, thiamine or pyridoxine at all 
doses caused a significant increases in photosynthetic pigments. Thiamine at 100ppm was the most 
effective treatment. Pyridoxine at 50 ppm caused an increase in chlorophyll a compared to control.  

The interaction between irrigation intervals and cyto flow amin-50 treatments had a significant 
effect on chlorophyll (a) content, except at the first cut of   second season. 
In general, in both seasons, irrigation intervals every 21 days + control plants, increased chlorophyll 
(a) content, gave the highest values of chlorophyll (a) (0.857 and 0.877 mg/g f.w), respectively, at the 
second cut of the two seasons and in the first cut of the first season, while irrigation every 14 days 
combined with control gave the highest chlorophyll a content at the first cut of the second season. 
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Table 1: Effect of irrigation intervals, cyto flow amin-50 and their interaction on chlorophyll (a) 
content (mg/g F.W) 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 0.467 0.467 0.513 0.482 0.520 0.563 0.660 0.581 
14 days 0.463 0.510 0.499 0.488 0.617 0.620 0.727 0.654 
21 days 0.563 0.307 0.480 0.450 0.857 0.787 0.803 0.816 
Mean 0.498 0.428 0.494  0.664 0.657 0.730  
L.S.D. value at 0.05        
Irrigation intervals N.S.    0.160   
cyto flow amin-50   N.S.    N.S.   
Interaction A×B 0.149    0.303   

Second season 2015/2016 
7 days 0.510 0.463 0.520 0.498 0.470 0.517 0.663 0.550 
14 days 0.570 0.520 0.527 0.539 0.657 0.580 0.763 0.667 
21 days 0.540 0.470 0.540 0.517 0.877 0.803 0.850 0.843 
Mean 0.540 0.484 0.529  0.668 0.633 0.759  
L.S.D. value at 0.05                
Irrigation intervals N.S.    0.149   
Cyto flow amin-50   N.S.    N.S.   
Interaction A×B N.S.    0.264   

 
b- Chlorophyll (b) content 

 
    The results in Table (2) showed that irrigation intervals had a significant effect on chlorophyll (b) 
content, except in the first cut of the first season. irrigation intervals every 21 days gave the highest 
values of chlorophyll (b) contents at the two cuts of both seasons, (0.302, 0.363, 0.224 and 0.374 
mg/g fresh matter), respectively, compared with irrigation every 7 days which gave the lowest values 
in both seasons. These results showed the same line as those of Peter  et al., (2012)  on sweet basil 
(Ocimum basilicum L. 'Genovese'), showed that chlorophyll content increased significantly with 
decreasing water supply.Yazdiani and Taheri (2014) on marigold (Calendula officinalis L.) indicated 
that drought stress had a negative significant effect on chlorophyll b content.  

In general, increasing the rate of cyto flow amin-50 led to increase chlorophyll (b) content in 
both seasons. Cyto flow amin-50 had a significant effect on chlorophyll (b) content, in fresh leaves in 
the second season only as shown in Table (2). In the first season, at the first and second cuts, the 
treatments of cyto flow amin-50  at 2g/L and control plants gave the highest chlorophyll (b) contents 
(0.299 and 0.311 mg/g f.w), respectively. In the second season, in both cuts the highest values (0.229 
and 0.327 mg/g f.w), respectively were obtained from control plants. Talaat et al., (2005) indicated 
that foliar application of tryptophan at (10-5, 10-4, and 10-3 M) to periwinkle plants slightly increased 
chlorophyll b contents. Omer et al., (2013) on Matricaria recutita L., found that amino acids 
insignificantly increased chlorophyll b contents. El-Awadi et al., (2016) on lupine, found that, 
ascorbic acid, thiamine or pyridoxine at all doses caused significant increases in photosynthetic 
pigments.Thiamine at 100ppm increased chlorophyll b. 

Interaction between irrigation intervals and cyto flow amin-50, had a significant effect on 
chlorophyll (b) content in both two seasons. It was found that irrigation every 21 days combined with 
control treatment gave the highest chlorophyll b contents in most cases, except in the first cut of the 
first season where irrigation every 21 days combined with cyto flow amin-50 at 2g/L gave the highest 
value of chlorophyll (b) content.   
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Table 2:  Effect of irrigation intervals, cyto flow amin-50 and their interaction on chlorophyll (b) 
content (mg/g F.w) of rosemary (Rosmarinus officinalis L.) plant during 2014/2015 and 
2015/2016seasons. 

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 0.217 0.230 0.247 0.231 0.223 0.207 0.240 0.223 
14 days 0.227 0.237 0.220 0.228 0.273 0.250 0.347 0.290 
21 days 0.273 0.203 0.430 0.302 0.437 0.373 0.280 0.363 
Mean 0.239 0.223 0.299  0.311 0.277 0.289  
L.S.D. value at 0.05        
Irrigation intervals N.S.    0.083   
cyto flow amin-50   N.S.    N.S.   
Interaction A×B 0.195    0.138   

Second season 2015/2016 
7 days 0.247 0.140 0.150 0.179 0.267 0.243 0.260 0.257 
14 days 0.193 0.190 0.193 0.192 0.283 0.260 0.320 0.288 
21 days 0.247 0.187 0.240 0.224 0.430 0.370 0.323 0.374 
Mean 0.229 0.172 0.194  0.327 0.291 0.301  
L.S.D. value at 0.05                
Irrigation intervals 0.041    0.072   
Cyto flow amin-50   0.046    0.056   
Interaction A×B 0.080    0.097   

c- Total carotenoids content 

Data presented in Table (3) showed that irrigation intervals treatments had no significant effect 
on carotenoids contents in both seasons. 

Irrigation intervals every 14 days gave the highest carotenoids contents in both seasons, except 
in the first cut of the first season, while irrigation every 21 days gave the highest value. These results 
are in agreement with those obtained by Aly (2004) on Senna occidentalis,  found that pigments 
content decreased with increasing irrigation intervals (4, 6 and 8 days), except with carotenoids which 
increased with increasing the irrigation intervals. Said (2004) on Sanchezia speciosa L. plant, found 
that prolong the irrigation interval from 3 to 6 days enhanced the leaves content of carotenoids. Pirzad   
et al., (2011) reported that, irrigation had a significant effect on the amount of total chlorophylls and 
chlorophyll a and b. The maximum amount of chlorophyll a, chlorophyll b and total chlorophylls 
obtained from W2 and W3. The minimum amount of chlorophyll a, b and total chlorophylls obtained 
from W1, W4, W4, respectively. Shokhmgar et al., (2014) on fenugreek (Trigonella foenum-gracum 
L.) showed that decreasing in water use led to the decrease of carotenoids content.  

Cyto flow amin-50 treatments had a significant effect on carotenoids contents in the second cut 
of both seasons only. Cyto flow amin-50 significantly decreased carotenoids contents compared to 
control. Whereas in the first cut of the first season, cyto flow amin-50 at 1g/l gave the highest 
carotenoids contents compared with control which gave the lowest value. Talaat et al., (2005) 
indicated  that  foliar application of tryptophan at (10-5, 10-4, and 10-3 M) to periwinkle plants slightly 
increased chlorophyll a, b, and carotenoids contents. Also, Omer et al., (2013) on Matricaria recutita 
L., obtained similar results. El-Awadi et al., (2016) on lupine, found that ascorbic acid, thiamine or 
pyridoxine at all doses caused a significant increases in photosynthetic pigments. Thiamine at 100ppm 
was the most effective treatment. Pyridoxine at 50 ppm increased chlorophyll a and carotenoids 
compared to control. Thiamine at 100ppm increased chlorophyll b. 
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Table 3: Effect of irrigation intervals, cyto flow amin-50 and their interaction on                      
carotenoids contents (mg/g F.W) 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 0.470 0.500 0.533 0.501 1.573 0.977 1.007 1.186 
14 days 0.480 0.527 0.487 0.498 1.637 1.040 1.193 1.290 
21 days 0.580 0.607 0.590 0.592 1.273 1.093 1.153 1.173 
Mean 0.510 0.544 0.537  1.494 1.037 1.118  
L.S.D. value at 0.05        
Irrigation intervals N.S.    N.S.   
cyto flow amin-50   N.S.    0.366   
Interaction A×B N.S.    0.634   

Second season 2015/2016 
7 days 0.470 0.447 0.487 0.468 1.407 0.883 1.040 1.110 
14 days 0.867 0.547 0.500 0.638 1.553 1.110 1.063 1.242 
21 days 0.550 0.620 0.587 0.586 1.017 1.073 1.103 1.064 
Mean 0.629 0.538 0.524  1.326 1.022 1.069  
L.S.D. value at 0.05                
Irrigation intervals N.S.    N.S.   
Cyto flow amin-50   N.S.    0.266   
Interaction A×B 0.347           0.461   

 
Data presented in Tables (3) showed that interaction between irrigation intervals and cyto flow 

amin-50 had a significant effect, except in first cut of first season. It was found that irrigation every14 
days + unfertilized plants gave the highest values of carotenoids content in the second cut of the two 
seasons (1.637 and 1.553 mg/g f.w, respectively).   

 
2- Elements content 
 
a- Nitrogen (%) in dry herb 
 

The data in Table (4) showed that irrigation intervals had differ effect on nitrogen (%) in dry herb 
in the first and second cuts of both seasons, i.e., irrigation every 7  days gave the highest values of N 
% in herb (1.663 and 1.681%) in the first  cut of the two seasons, respectively, while irrigation every 
21 and 14 days gave the highest N% in the second cut of the first and second seasons. Whereas plants 
irrigated every 21 days gave the lowest N% during the first cut of both seasons. Khalil and Abdel-
Kader  (2011)  on Hibisicus sabdariffa L. and Khalil and Khalil  (2015) on Rosmarinus officinalis L., 
showed that increasing the soil moisture level increased N content.  

The nitrogen percentage was greatly affected by cyto flow amin. Control plants contained the 
highest N% than plants treated with CFA. On the contrary, cyto flow amin at 2 g/L gave the lowest 
N% during both cuts of the first season and second cuts of the second season. Similar results were 
obtained by Zedan (2000) found that spraying tryptophan at 25 and 50 ppm decreased the N contents 
in the Carum carvi L.and Coriandrum sativum, L plants. Whereas, in the first cut of the second 
season, cyto flow amin at 1 g/l gave the highest N %. El-Awadi et al., (2016) found that ascorbic acid, 
thiamine or pyridoxine significantly increases N percentages and thiamine at 100ppm was the most 
effective treatment. 

Interaction between irrigation intervals and cyto flow amin-50 had no clear trend in both seasons.  
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Table 4: Effect of irrigation intervals, cyto flow amin-50 and their interaction on N (%) 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 1.883 1.677 1.430 1.663 1.793 1.467 1.493 1.584 
14 days 1.640 1.543 1.430 1.538 1.657 1.770 1.253 1.560 
21 days 1.563 1.430 1.400 1.464 1.753 1.810 1.590 1.718 
Mean 1.695 1.550 1.420  1.734 1.682 1.445  

Second season 2015/2016 
7 days 1.523 1.883 1.637 1.681 1.733 1.143 1.200 1.359 
14 days 1.487 1.697 1.483 1.556 1.943 1.717 1.273 1.644 
21 days 1.053  1.313 1.560 1.309 1.353b 1.240 0.970 1.188 
Mean 1.354 1.631 1.560  1.677 1.367 1.148  

 
b- Phosphorus (%) in dry herb 
 

The data presented in Table (5) showed that irrigation intervals had a favorable effect on P % in 
the first and second cuts of both seasons. In all cuts, irrigation intervals every (14 days) gave the 
highest values of phosphorus % in herb (0.478, 0.490, 0.486 and 0.487%, respectively). While the 
lowest values resulted from irrigation intervals every 7 days in both cuts of the two seasons (0.348, 
0.357, 0.349 and 0.351%, respectively). Khalil and Abdel-Kader (2011) on Hibisicus sabdariffa L., 
showed that increasing the soil moisture level caused an increase in P content. Khalil and Khalil 
(2015) on Rosmarinus officinalis L., showed that the P contents were influenced by different levels of 
irrigation intervals (every 5, 10 and 15 days). 

Cyto flow amin-50 at 1 g/l gave the highest P % in all cuts of both seasons (0.427, 0.437, 
0.431and 0.437℅, respectively). While the lowest values of P % were obtained from control plants. 
Similarly El-Awadi et al., (2016) found that ascorbic acid, thiamine or pyridoxine enhanced the 
uptake of macro-elements of lupine plants by different degrees.  
 

Table 5: Effect of irrigation intervals, cyto flow amin-50 and their interaction on P (%) 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 0.303 0.317 0.423 0.348 0.310 0.327 0.433 0.357 
14 days 0.403 0.570 0.460 0.478 0.417 0.583 0.470 0.490 
21 days 0.387 0.393 0.300 0.360 0.397 0.400 0.310 0.369 
Mean 0.364 0.427 0.394  0.374 0.437 0.404  

Second season 2015/2016 
7 days 0.297 0.327 0.423 0.349 0.300 0.333 0.420 0.351 
14 days 0.403 0.583 0.470 0.486 0.390 0.593 0.477 0.487 
21 days 0.403 0.383 0.303 0.363 0.397 0.383 0.303 0.361 
Mean 0.368 0.431 0.399  0.362 0.437 0.400  

 
The interaction between irrigation intervals and cyto flow amin-50 treatments indicated that, in the 

first and second seasons, at the first and second cuts (irrigation intervals every 14 days + cyto flow 



Middle East J. Agric. Res., 7(3): 768 -781, 2018 
ISSN: 2077-4605 

776 

amin-50 at 1gm/l) gave the highest values of P (%) in the herb. While, the lowest values were obtained 
from control plants combined with irrigation every 7 days.  

 
c- Potassium (%) in dry herb 
 

The data presented in Table (6) indicated that,  irrigation intervals had no effect on K (%) in dry 
herb, while irrigation every 21 days in most cases gave the highest K % in both two seasons, except in 
the first cut of the second season, which the plants irrigated every 7 days contained the highest K %. 
These results agreed with the finding obtained by Khalil and Khalil (2015) on Rosmarinus officinalis 
L., as the K contents was influenced by different levels of irrigation intervals (every 5, 10 and 15 
days).  
 
Table 6: Effect of irrigation intervals, cyto flow amin-50 and their interaction on K(%) 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 1.007 1.283 1.040 1.110 1.017 1.293 1.050 1.120 
14 days 1.040 1.053 1.017 1.037 1.047 1.063 1.027 1.046 
21 days 1.030 1.317 1.017 1.121 1.040 1.327 1.007 1.124 
Mean 1.026 1.218 1.024  1.034 1.228 1.028  

Second season 2015/2016 
7 days 1.017 1.417 1.050 1.161 1.020 1.303 1.060 1.128 
14 days 1.047 1.060 1.023 1.043 1.067 1.080 1.040 1.062 
21 days 1.040 1.310 1.01 1.121 1.057 1.333 1.057 1.149 
Mean 1.034 1.262 1.029  1.048 1.239 1.052  

 
Cyto flow amin-50 at 1gm/L in the first and second seasons, gave the highest K % at both cuts 

compared with control treatment which gave the lowest K contents in both seasons. Similarly El-
Awadi et al., (2016) found that ascorbic acid, thiamine or pyridoxine at all doses enhanced the uptake 
of macro-elements of lupine plants by different degrees.  

Regarding the interaction between irrigation intervals and cyto flow amin-50 on Potassium (%), 
the data indicated that, in the first and second seasons, (irrigation every 21 days + cyto flow amin-50 at 
1gm/L.) gave the highest values of K % in the herb (1.317 and 1.327 ℅) and (1.310 and 1.333%) in 
the first and second cuts of both seasons as compared to (untreated plants) which gave the lowest 
values of the K % in the herb (1.007 and 1.017℅) in the first season and 1.017 and 1.020 % in the 
second season for both cuts, respectively 

 
3. Total carbohydrates %in the dry herb 
 

The data in Table (7) showed that, irrigation intervals had a significant effect on total 
carbohydrates contents in dry herb, in the first and second seasons, the treatment of irrigation interval 
every 14 days gave the highest values of total carbohydrates contents in the herb (25.992 and 
25.736% in the first season and 26.239 and 26.008% in the second season, for the first and second 
cuts, respectively compared to irrigation interval every 7 days which gave the lowest values of total 
carbohydrates contents (18.810 and 17.125% in the first season and 17.625 and 16.550% in the 
second season in both cuts, respectively. These results are in harmony with those obtained by Hassan 
et al., (2013) on rosemary, showed that the carbohydrates percentage increased by deficit irrigation 
treatments. 
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Table 7: Effect of irrigation intervals, cyto flow amin-50 and their interaction on total carbohydrates 
(%) 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 16.421  20.758  19.250  18.810 11.867  20.508  19.000  17.125 
14 days 26.867  26.892  24.217  25.992 26.617  26.633  23.958  25.736 
21 days 25.133  16.667  15.275  19.025 24.883  16.417  15.017  18.772 
Mean 22.807 21.439 19.581  21.122 21.186 19.325  
L.S.D. value at 0.05        
Irrigation intervals 5.936    5.206   
cyto flow amin-50   N.S.    N.S.   
Interaction A×B 9.666    9.068   

Second season 2015/2016 
7 days 11.533 21.008 20.333 17.625 12.083 17.742 19.825 16.550 
14 days 27.117 27.133 24.467 26.239 27.550 24.175 26.300 26.008 
21 days 25.383 16.917 15.525 19.275 26.083 14.200 17.050 19.111 
Mean 21.344 21.686 20.108  21.906 18.706 21.058  
L.S.D. value at 0.05                
Irrigation intervals 5.422               5.178   
Cyto flow amin-50   N.S.    N.S.   
Interaction A×B 9.666    9.498   

 
The data in Table (7) indicated that, cyto flow amin-50 had no significantly effect on total 

carbohydrates contents in herb in the first and second seasons. Gamal-El-Din and Abd El-wahed 
(2005) on chamomile plant, reported that, amino acids (ornithine, proline and phenylalanine) 
treatments each at (0, 50, 100, 150 mg/L) decreased the total carbohydrates content (except 100 mg/l 
proline).  

The data in Table (7) also indicated a significant effect for the interaction between irrigation 
intervals and cyto flow amin-50 treatments were noticed in both seasons. The treatment of (irrigation 
every 14 days + 1gm/L cyto flow amin-50) gave the highest value in both two cuts of the first season 
and in the first cut of the second season, while the treatment of irrigation (every 14 days + control) 
gave the highest value (27.550%) in the second cut of the second season. Whereas the lowest values 
of total carbohydrates contents were obtained with control plants irrigated every 7 days in the two cuts 
of both seasons. 

 
 4-Total free amino acid (mg/g) in fresh herb 
 

Total free amino acids (mg/g) in fresh herb is shown in Table (8) these data indicated that 
irrigation intervals had no significant effect on total free amino acids, except in the second cut of 
second season, while irrigation every 7 days significantly gave the highest value (0.429 mg/g) 
compared to prolonging irrigation interval to 21 days which gave the lowest value (0.268 mg/g). The 
data indicated that, prolonging irrigation intervals in both seasons increased total free amino acids in 
herb in the first and second seasons. Alinian  et al., (2016)  on cumin (Cuminum cyminum L.), found 
that no significant leaf flavonoid and phenolic contents exhibited greater increases under the 150 mm 
irrigation, while more seed phenolics  as well as leaf anthocyanins were produced under the 200-mm 
irrigation regime. 

Concerning cyto flow amin  on total free amino acid (mg/g) in herb the data shown in Table (8) 
indicated that cyto flow amin  had no significant effect on total free amino acids in the first and 
second seasons, unfertilized plants gave the highest total free amino acids values in herb (0.371 and 
0.371 mg/g) in the first season and(0.379 and 0.373 mg/g) in the second season, in both cuts, 
respectively compared with (0.327 and 0.357 mg/g) in the first season and (0.319 and 0.312mg/g fresh 
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herb)in the second season, in the two cuts, respectively which obtained from plants received cyto flow 
amin at 2gm/L. El-Awadi et al., (2016)showed that ascorbic acid, thiamine or pyridoxine at all doses 
decreased total amino acids by increasing the doses of applied compared to control.  
 

Table 8: Effect of irrigation intervals, cyto flow amin-50 and their interaction on total free amino acids 

(mg/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 0.423ab 0.373ab 0.490a 0.429a 0.437ab 0.373ab 0.507a 0.439a 
14 days 0.397ab 0.377ab 0.313bc 0.362a 0.400ab 0.373ab 0.370bc 0.381a 
21 days 0.293bc 0.343abc 0.177c 0.271a 0.277bc 0.343abc 0.193c 0.271a 
Mean 0.371a 0.364a 0.327a  0.371a 0.363a 0.357a  
L.S.D. value at 0.05        
Irrigation intervals N.S.          N.S.   
cyto flow amin-50   N.S.    N.S.   
Interaction A×B 0.169       0.169   

Second season 2015/2016 
7 days 0.417a 0.387a 0.443a 0.416a 0.423ab 0.403ab 0.460a 0.429a 
14 days 0.413a 0.380a 0.307ab 0.367a 0.400ab 0.373ab 0.300bc 0.358ab 
21 days 0.307ab 0.340ab 0.207b 0.284a 0.297bc 0.330ab 0.177c 0.268b 
Mean 0.379a 0.369a 0.319a  0.373a 0.369a 0.312a  
L.S.D. value at 0.05                
Irrigation intervals N.S.              0.155   
Cyto flow amin-50   N.S.    N.S.   
Interaction A×B 0.159               0.149   

 
The interaction between irrigation intervals and cyto flow amin treatments, had a significant effect 

on total free amino acids in herb. The data indicated that, in both cuts of the first and second seasons, 
irrigation intervals every 7days +2gm/L cyto flow amin-50) gave the highest values of total free amino 
acid in the herb (0.490, 0.507 and 0.443 and 460 mg/g, respectively) as compared to irrigation 
intervals every 21 days +2gm/L cyto flow amin) which gave the lowest total free amino acid % in the 
herb (0.177 and 0.193 mg/g, respectively)in the first and second seasons. 

 
5-Total phenolic compounds (mg/g) in fresh herb 
 

The total phenolic compounds in the fresh herb affected significantly by irrigation intervals, 
Table (9) showed that in the first and second seasons, the treatment of irrigation interval every 7 days 
gave the highest values of total phenolic (0.283 and 0.286 mg/g) and (0.279 and 0.281 mg/g), 
respectively compared to irrigation every 14 days gave the values (0.197 and 0.204 mg/g) in the first 
season, While irrigation interval every 14 and 21 days gave the lowest values of total phenolic (0.192 
and 0.197 mg/g) in the first and second cuts, respectively. Rahmani et al., (2012) revealed that water 
deficit stress did not affect the flavonoid content significantly.  

The total phenolic compounds in the fresh herb were not significantly affected by cyto flow 
amin treatments (Table, 9). In the first and second seasons, untreated plants gave the highest total 
phenolic in herb (0.243 and 0.248 mg/g) at both cuts in the first season and (0.241 and 0.244 mg/g) in 
the second season compared with (0.212 and 0.218 mg/g) and (0.207 and 0.216 mg/g)  at both cuts, 
respectively were obtained from plants sprayed with cyto flow amin50 (2gm/L). Gamal-El-Din and 
Abd El-Wahed (2005) on chamomile plant reported that, amino acids (ornithine, proline, 
phenylalanine) treatments at (0, 50, 100, 150 mg/l) increased total phenols and total indoles, but 
decreased total amino acids (except 100 mg/l proline).      
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 Table 9: Effect of irrigation intervals, cyto flow amin-50 and their interaction on total phenolic 
compounds (mg/g fresh 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 0.330a 0.267ab 0.253ab 0.283a 0.330a 0.267ab 0.260ab 0.286a 
14 days 0.220ab 0.187b 0.183b 0.197b 0.230ab 0.193b 0.190b 0.204b 
21 days 0.180b 0.213ab 0.200b 0.198b 0.183b 0.220ab 0.203b 0.202b 
Mean 0.243a 0.222a 0.212a  0.248a 0.227a 0.218a  
L.S.D. value at 0.05        
Irrigation intervals 0.059    0.059   
cyto flow amin-50   N.S.    N.S.   
Interaction A×B 0.126    0.126   

Second season 2015/2016 
7 days 0.330a 0.260ab 0.247ab 0.279a 0.323a 0.263ab 0.257ab 0.281a 
14 days 0.213b 0.187b 0.177b 0.192b 0.227ab 0.197b 0.187b 0.203b 
21 days 0.180b 0.213b 0.197b 0.197b 0.183b 0.220ab 0.203ab 0.202b 
Mean 0.241a 0.220a 0.207a  0.244a 0.227a 0.216a  
L.S.D. value at 0.05                
Irrigation intervals 0.041    0.041   
Cyto flow amin-50   N.S.    N.S.   
Interaction A×B 0.113    0.126   

 
Interaction between irrigation intervals and flow amin-50 treatments had a significant effect on 

total phenolic content. The treatment of (irrigation every14 days + control planes) in the first and 
second seasons gave the highest values (0.330 and 0.330 mg/g) and (0.330 and 0.323 mg/g). Whereas 
the treatment of irrigation (every 21 days + unfertilized plants) gave the lowest values (0.180 and 
0.183 mg/g) and (0.180 and 0.183% mg/g) in the two cuts of the first and second seasons, 
respectively. 

 
Recommendation 
 

 Irrigation every 7 days combined with the treatment of cyto flow amin at 2gm/l gave the 
highest total free amino acids, wheras irrigation intervals every 14 days + cyto flow amin-50 at 1gm/L 
gave the highest P and total carbohydrates (%). Prolonging irrigation to 21 days + cyto flow amin-50 at 
1gm/L.) gave the highest values of K %. Irrigation every14 days + control plants gave the highest 
total phenolic compounds contents. 
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