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ABSTRACT: The present study was carried out at the Experimental 
Farm, Horticulture Department, Faculty of Agriculture, Suez Canal 
University during two seasons of 2017/2018 and 2018/2019 to study 
the effect of foliar application of seaweeds extract at 2, 4 and 6 ml/l, 
chitosan at 2, 4 and 6 ml/l and potassium silicate at 6, 9 and 12 ml/l as 
well as the interaction between seaweeds extract and chitosan on 
growth, biochemical, and essential oil characteristics of rosemary 
plants grown in a sandy soil. These compounds were applied as foliar 
spray three times after 15 days from planting. The results showed that 
foliar applications of seaweeds extract at 6 ml/l, chitosan at 6 ml/l and 
potassium silicate at 12 ml/l significantly affected all studied 
parameters compared with control. The results clearly indicated that 
the different applied treatments increased the measured growth 
characteristics i.e. plant height, number of branches/plant, fresh and 
dry weights as well parallel increase of photosynthetic pigments. Also, 
constituents of N, P, K, total carbohydrates, percentage of essential oil 
and the G.L.C. of essential oil of plant age were existed in the two 
assigned seasons. In addition, the most effective combined treatment 
was that of seaweed at 6 ml/l + chitosan at 6 ml/l in this respect. 
 
Key words: Rosemary, Rosmarinus officinalis L., seaweed extract, 

chitosan, potassium silicate, growth and essential oil. 
 

INTRODUCTION 
Rosemary (Rosmarinus officinalis L.) is 

a member of the mint family, Lamiaceae. It 
is an evergreen, perennial shrub that is 
endemic to the Mediterranean Region and 
has been cultivated since ancient times 
(Simon et al., 1984). Numerous studies were 
conducted on medicinal plants to increase 
their productivity using different methods. 
Chitosan is a natural biopolymer modified 
from chitin, which can be transformed into 
chitosan by extracting the acetyl group and 
turn it into amino. Many investigators 
reported that using chitosan as foliar spray 
increased vegetative growth, yield and 

quality of different crops including Castro et 
al. (2016) on coriander; Mahdavi (2013) on 
isabgol and Kim et al. (2005) on basil. 
Furthermore, chitosan has been recognized 
as a product to enhance crop production due 
to its bioactivities: biodegradability. growth 
stimulation and seed germination, increasing 
nutrient uptake, reducing oxidative stress, 
increasing chlorophyll content, 
photosynthetic and chloroplast enlargement 
in the leaves, antifungal, antiviral and 
antibacterial properties (Hadrami et al., 2010 
and Hadwiger, 2013). 

Seaweeds extract plays role as an 
activator of cell division, and gives rise to 
antioxidants levels for protection against 
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adverse environmental conditions (Smirnoff, 
1995). Nasiroleslami and Safaridolatabad 
(2014) reported that foliar application of 
seaweed increased vegetative growth of dill 
plants. 

Horticultural crops take potassium in 
large quantities, especially at tuberlization 
filling stages. Potassium fertilizer 
application can be performed in several 
ways by banding, fertigation or by spraying 
liquid fertilizers on to the leaves (Magen, 
2004). Potassium is an important nutrient for 
plant meristematic growth and physiological 
functions, including regulation of water and 
gas exchange in plants, protein synthesis, 
enzyme activation, photosynthesis and 
carbohydrate translocation in plants. 
Potassium has favourable effects on 
metabolism of nucleic acids, proteins, 
vitamins and growth substances, energy 
transfer, phloem transport, cation-anion 
balance and enabling their ability to resist 
pests and diseases (Wang et al., 2013). 
Potassium silicate is a source of highly 
soluble silicon; it is used in agricultural 
production system primarily as a silicon 
fertilizer (Abou-Baker et al., 2011). Foliar 
spray with potassium silicate increased plant 
growth, chlorophyll content, N, P and K 
contents in the leaves and yield and its 
components (Wand and Galletta, 1998) on 
strawberries. 

Therefore, this study was aimed to 
investigate the effect of seaweed extract, 
chitosan and potassium silicate on the 
growth, herb, essential oil yield and 
constituents as well as chemical composition 
of rosemary (Rosmarinus officinalis L.) 
plant. 

MATERIALS AND METHODS 
The present study was carried out at the 

Experimental Farm, Horticulture 
Department, Faculty of Agriculture, Suez 
Canal University, Egypt during two seasons 
of 2017/2018 and 2018/2019 to investigate 
the effect of seaweed extract, chitosan and 
potassium silicate on the growth, herb, 
essential oil yield and constituents as well as 

chemical composition of rosemary 
(Rosmarinus officinalis L.) plant. 
Experimental design: 

Healthy terminal stem-cuttings of 15-20 
cm tall with at least 3-4 leaves of rosemary 
(R. officinalis L.) plants were treated by 
dipping in 1000 ppm IAA for 5 min and 
planted during two successive seasons of 
2017/2018 and 018/2019 at Experimental 
Farm, Faculty of Agriculture, Suez Canal 
University. The plants were treated by 
spraying extracts of seaweeds (2, 4 and 6 
ml/l water), chitosan (2, 4 and 6 ml/l water) 
and potassium silicate (6, 9 and 12 ml/l 
water) as well as combinations between 
seaweeds and chitosan (2:2, 2:4, 2:6, 4:2, 
4:4, 4:6, 6:2, 6:4, and 6:6 ml/l). Chemical 
and physical properties of the experimental 
soil are shown in Table (a), while chemical 
properties of the used water are shown in 
Table (b). Oligo-X was used as a source of 
seaweeds extract, chemical constituents of 
Oligo-X are shown in Table (c). 
Morphological attributes: 

Data of the morphological traits were 
recorded in each cutting (after 3-4 months) 
separately for estimating the variability in 
the effect of the different treatments on 
growth plant. These data included plant 
height (cm), number of branches/plant, fresh 
and dry weights of plant and leaves (g/plant). 
The first cut was done on July and the 
second cut was done on October of both 
seasons. 
Chemical analysis: 
 The contents of chlorophylls a, b and 

carotenoids were determined in the fresh 
leaves as described by Mazumdar and 
Majumder (2003). While, total 
chlorophylls were determined (mg/g f.w.) 
according to Wettestein (1957). 
 Contents of leaf minerals were estimated 

according to Piper (1947).  
 Nitrogen percentage was determined 

according to the micro-Kjeldhle method as 
described by Jackson (1967).  
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 Phosphorus percentage was 
colorimetrically determined according to 
Murphy and Reilly (1962). 
 Potassium percentage was determined 

using the atomic absorption 
spectrophotometer (3300) according to 
Wilde et al. (1985).   
 Total carbohydrate was determined 

according to Herbert et al. (1971).  
 Essential oil percentage (EO) was 

determined according to British 
Pharmacopoeia (2000). The essential oil 
constituents of dry herb weight were 
analyzed using gas liquid chromatography 
(GLC) to determine the main constituents 
of essential oil according to Hoftman 
(1967). GLC was carried out as described 
by Guenther and Joseph (1978). 

Statistical analysis: 
The experiment design was complete 

randomized blocks design as included 19 
treatments + control treatment with three 
replicates. Data were subjected to analysis of 
variance (ANOVA) by the general linear 

models (BLMS) procedure using (CoStat) 
statistical analysis system. Mean 
comparisons were performed using the least 
significant differences (L.S.D) method at 
significance level of 5 % according to 
Gomez and Gomez (1984). 

RESULTS AND DISCUSSIONS 
1. Effect of foliar spray with seaweed 

extract, chitosan and potassium 
silicate: 

a. Vegetative growth and herb yield:  
Data presented in Tables (1, 2, 3 and 4) 

reveal that potassium silicate, seaweeds 
extract and chitosan at all concentrations 
significantly increased rosemary vegetative 
growth in terms of plant height, number of 
branches/plant as well plant fresh and dry 
weights in both growing seasons.  

Plant height (cm), number of 
branches/plant, herb fresh and dry weights 
(g/plant) were increased with increasing 
foliar sprayed level of seaweed extract at 4 
and 6 ml/l and chitosan up to 4 and 6 ml/l as 
well as potassium silicate up to 12 ml/l in  

Table a. Chemical and physical properties of the experimental soil. 
EC 

1-m dS  
Anions (ppm) Cations (ppm) 

-3CO -3HCO -lC -4SO ++Ca  ++Mg +Na +K 
0.58 -- 2.12 2.54 1.67 4.61 0.83 0.82 0.08 

pH  Macro-elements (mg/1000g) Micro-elements (mg/1000 g) 
N K P  ++Cu ++Fe ++Mn ++Zn 

8.0 53.0 55.8 0.90  0.90 2.20 1.54 0.59 
 
Table b. Chemical properties of water used. 

EC 
dS.m-1 

Anions (ppm) Cations (ppm) 
CO3- HCO3- Cl- SO4- Ca ++ Mg++ Na+ K+ 

0.40 -- 1.42 0.85 2.00 2.82 1.08 0.26 0.11 
Elements mg/l 

pH NH4+ NO3- B Cu Fe Mn P Zn 
7.10 1.05 1.75 0.30 0.20 0.20 0.011 1.50 0.30 

 
Table c. Chemical constituents of Oligo-X seaweed extract. 
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Table 1. Effect of seaweed extract, chitosan and potassium silicate on plant height 
(cm)/plant of Rosmarinus officinalis L. for two cuts during 2017/ 2018 and 
2018/2019 seasons. 

Treatments 
Plant height (cm) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 16.00 18.41 16.33 20.33 
Sw. at 2 ml/l 25.16 27.00 24.50 25.50 
Sw. at 4 ml/l 26.50 32.33 35.53 31.50 
Sw. at 6 ml/l 31.50 38.16 38.00 44.26 
Chi. at 2 ml/l 22.33 23.50 23.50 24.50 
Chi. at 4 ml/l 26.00 27.66 28.30 35.16 
Chi. at 6 ml/l 29.66 36.50 30.00 44.50 
KSi. at 6 ml/l 22.00 24.50 25.50 29.00 
KSi. at 9 ml/l 32.16 32.50 31.50 37.33 

KSi. at 12 ml/l 38.50 43.50 39.16 47.50 
LSD 5% 2.2442 1.8762 3.1409 3.0495 

Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
 
Table 2. Effect of seaweed extract, chitosan and potassium silicate on number of 

branches/plant of Rosmarinus officinalis L. for two cuts during 2017/ 2018 
and 2018/ 2019 seasons. 

Treatments 
Number of branches/plant 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 15.08 20.00 22.00 25.00 
Sw. at 2 ml/l 21.50 24.33 26.10 30.16 
Sw. at 4 ml/l 25.50 31.00 31.50 35.50 
Sw. at 6 ml/l 30.33 35.80 35.00 39.00 
Chi. at 2 ml/l 21.00 23.16 22.33 28.50 
Chi. at 4 ml/l 24.00 26.66 23.00 35.00 
Chi. at 6 ml/l 27.80 31.16 27.50 37.50 
KSi. at 6 ml/l 23.50 33.50 28.00 32.00 
KSi. at 9 ml/l 27.10 37.83 36.00 36.50 
KSi. at 12 ml/l 34.50 46.16 43.50 49.83 

LSD 5% 2.6491 2.6311 3.392 2.8949 
Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
 
Table 3. Effect seaweed extract, chitosan and potassium silicate of on fresh weights plant 

(g) of Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons. 

Treatments 
Herb fresh weight (g/plant) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 19.66 23.15 24.35 23.60 
Sw. at 2 ml/l 24.90 27.33 28.02 31.14 
Sw. at 4 ml/l 28.23 32.00 36.90 42.39 
Sw. at 6 ml/l 35.35 38.60 46.11 50.71 
Chi. at 2 ml/l 21.80 26.50 26.70 33.80 
Chi. at 4 ml/l 24.40 30.80 34.83 36.68 
Chi. at 6 ml/l 32.63 37.70 37.31 47.76 
KSi. at 6 ml/l 25.40 28.20 28.62 36.89 
KSi. at 9 ml/l 29.60 37.00 38.98 40.93 
KSi. at 12 ml/l 37.59 42.60 49.20 51.74 

LSD 5% 2.4406 2.9255 2.6092 3.05117 
Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
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both seasons and for the two cuts. These 
results were in harmony with the finding of 
El-Leithy et al. (2019) on Plectranthus 
amboinicus and Nasiroleslami and 
Safaridolatabad (2014) on dill as they 
reported that foliar application of seaweed 
increased vegetative growth. Also, the 
obtained results of chitosan are in agreement 
with those reported by Fawzy et al. (2012) 
and Ahmed (2015) on garlic and El-Miniawy 
et al. (2013) on strawberry. They showed 
that spraying plants with chitosan increased 
vegetative growth parameters compared to 
untreated plants. A number of possible 
mechanisms are proposed by which Si can 
increase resistance of plants against salinity 
stress. Hussein and Nesreen (2014) reported 
that addition of silicon as the nutrient 
reversed the salt inhibited mainly by 
reducing the Na uptake into the shoot. 
Bradbury and Ahmed (1990) on Prosopis 
juliflora, found that silicon application 
enhanced fresh matter yield of salt sensitive 
and salt tolerant genotypes under stressful 
conditions created by salt application.  

It could be noticed that spraying 
rosemary with potassium silicate at 12 ml/l 
or seaweeds extract at 6 ml/l showed higher 
significant increases in all studied growth 
characters compared to control unsprayed 
during both seasons. Also, Abou ElYazied et 
al. (2012) mentioned that foliar application 
of seaweeds extract enhanced snap bean 

growth. Moreover, Kim et al. (2005) 
reported that chitosan has been shown to 
stimulate growth of sweet basil plants and 
Saif Eldeen et al. (2014) on globe artichoke 
plants attained similar results.  
b. Chemical constituents: 

1. Photosynthetic pigments content:  
Data presented in Tables (5, 6, 7 and 8) 

showed chlorophyll a, b, carotenoids and 
total chlorophylls in fresh leaves of R. 
officinalis, L. plant foliar sprayed with 
seaweed extract, chitosan and potassium 
silicate, respectively. 

In general, chlorophylls content in the 
fresh leaves of rosemary recorded a 
significant increase as a result of foliar 
sprayed seaweed extract levels comparing to 
control. The highest values of chlorophyll a 
(1.273,1.285, 1.280 and 1.288 mg/g f.w.) 
were obtained with using foliar seaweed 
extract at 6 m/l in the two seasons, 
respectively compared to control values 
(0.990, 0.996, 0.995 and 0.999 mg/g f.w. in 
both cuts of both seasons, respectively). 
Chitosan levels at 6 m/l gave the highest 
values of chlorophyll a (1.256, 1.261, 1.270 
and 1.282 mg/g f.w.) in both seasons, while 
the lowest values resulted from control 
plants (0.990, 0.996, 0.995 and 0.999 mg/g 
f.w, respectively). Chlorophyll a was 
increased with increasing potassium silicate 
levels in both seasons at 12 m/l gave  

Table 4. Effect of seaweed extract, chitosan and potassium silicate on dry weights plants 
(g) of Rosmarinus officinalis L. for two cuts during 2017/ 2018 and 2018/ 2019 
seasons. 

Treatments 
Herb dry weight (g/plant) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 11.13 15.47 13.41 18.25 
Sw. at 2 ml/l 15.60 19.80 16.00 21.65 
Sw. at 4 ml/l 18.82 21.50 22.00 27.00 
Sw. at 6 ml/l 23.15 29.30 31.33 34.57 
Chi. at 2 ml/l 14.59 18.10 18.87 21.85 
Chi. at 4 ml/l 18.07 21.62 23.40 27.39 
Chi. at 6 ml/l 20.00 28.29 27.03 31.75 
KSi. at 6 ml/l 18.00 18.30 20.91 28.16 
KSi. at 9 ml/l 20.60 25.78 24.72 32.30 
KSi. at 12 ml/l 25.58 32.89 33.28 37.48 

LSD 5% 2.2671 2.8502 1.7985 2.345 
Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
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Table 5. Effect of seaweed extract, chitosan and potassium silicate on chlorophyll a (mg/g 
f.w.) of Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons. 

Treatments 
Chlorophyll a (mg/g f.w.) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 0.990 0.996 0.995 0.999 
Sw. at 2 ml/l 1.130 1.143 1.175 1.181 
Sw. at 4 ml/l 1.235 1.247 1.240 1.245 
Sw. at 6 ml/l 1.273 1.285 1.280 1.288 
Chi. at 2 ml/l 1.150 1.157 1.094 1.112 
Chi. at 4 ml/l 1.230 1.239 1.202 1.215 
Chi. at 6 ml/l 1.256 1.261 1.270 1.282 
KSi. at 6 ml/l 1.305 1.315 1.309 1.317 
KSi. at 9 ml/l 1.318 1.321 1.321 1.320 
KSi. at 12 ml/l 1.345 1.350 1.349 1.362 

LSD 5% 0.00365 0.00368 0.00489 0.00209 
Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
 
Table 6. Effect of seaweed extract, chitosan and potassium silicate on chlorophyll b (mg/g 

f.w.) of Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons. 

Treatments 
Chlorophyll b (mg/g f.w.) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 0.200 0.212 0.261 0.270 
Sw. at 2 ml/l 0.298 0.309 0.290 0.298 
Sw. at 4 ml/l 0.366 0.375 0.361 0.372 
Sw. at 6 ml/l 0.376 0.380 0.381 0.395 
Chi. at 2 ml/l 0.285 0.291 0.287 0.294 
Chi. at 4 ml/l 0.328 0.226 0.324 0.338 
Chi. at 6 ml/l 0.370 0.379 0.369 0.379 
KSi. at 6 ml/l 0.366 0.373 0.362 0.378 
KSi. at 9 ml/l 0.376 0.381 0.379 0.382 
KSi. at 12 ml/l 0.388 0.388 0.376 0.389 

LSD 5% 0.00389 0.00356 0.00553 0.00337 
Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
 
Table 7.  Effect of seaweed extract, chitosan and potassium silicate on carotenaids (mg/g 

f.w.) of Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons. 

Treatments 
Carotenoids (mg/g f.w.) 

First season Second season 
1st cut 2nd cut 1st cut 2nd cut 

Control 0.181 0.110 0.170 0.117 
Sw. at 2 ml/l 0.260 0.162 0.267 0.167 
Sw. at 4 ml/l 0.369 0.280 0.297 0.288 
Sw. at 6 ml/l 0.438 0.305 0.320 0.312 
Chi. at 2 ml/l 0.253 0.140 0.238 0.152 
Chi. at 4 ml/l 0.365 0.210 0.355 0.216 
Chi. at 6 ml/l 0.432 0.359 0.398 0.369 
KSi. at 6 ml/l 0.294 0.220 0.211 0.228 
KSi. at 9 ml/l 0.380 0.210 0.299 0.219 
KSi. at 12 ml/l 0.410 0.390 0.375 0.304 

LSD 5% 0.0308 0.0055 0.0038 0.0039 
Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
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1.345,1.350, 1.349 and 1.362 mg/g f.w. 
which were the best values in both seasons, 
respectively. The superiority was to this 
above-mentioned treatment when compared 
with control and other treatments. 

Chlorophyll b was increased with 
increasing foliar sprayed seaweed extract 
levels. The best results of chlorophyll b 
(0.376, 0.382, 0.381 and 0.395 mg/g f.w.) 
were recorded by foliar sprayed seaweed 
extract level of 6 m/l in the first and second 
seasons, respectively. Chlorophyll b 
increased with using chitosan level as 
recorded the best results (0.370, 0.379, 0.369 
and 0.379 mg/g f.w.) from chitosan levels at 
6 m/l in the first and second seasons, 
respectively. The lowest values were 
obtained from control plants (0.200, 0.212, 
0.261 and 0.270 mg/g f.w. in both cuts for 
both seasons, respectively).Chlorophyll b 
was increased with using potassium silicate, 
the best results (0.376, 0.387, 0.376 and 
0.398 mg/g f.w.) were recorded by 
potassium silicate at 12 ml/l in the first and 
second seasons, respectively.  

Total content of chlorophylls was the 
highest for the plants sprayed with chitosan 
at 6 ml/l (1.626, 1.640, 1.636 and 1.659 mg/g 
f.w.) while the least values resulted from 
control (1.252, 1.268, 1.1256 and 1.269 mg/g 
f.w.) in both season for both cuts.  

The total content of chlorophyll was the 
highest for sprayed plants with potassium 
silicate at 12 ml/l (1.733, 1.748, 1.716 and 
1.751 mg/g f.w.) while the least values 
resulted from control (1.252, 1.268, 1.256 
and 1.269 mg/g f.w.) in both seasons for 
both cuts. These results are in harmony with 
finding of Gharib et al. (2014) who showed 
that foliar application of seaweed on 
rosemary plant was positive active on 
microelement content and photosynthetic 
pigments compared to the untreated plant. 
Also, this result is in accordance with the 
results obtained by Pise and Sabale (2010) 
on fenugreek plant, Nasiroleslami and 
Safaridolatabad (2014) on dill and El-Leithy 
et al. (2019) on Plectuanthus amboinicus 
(Lour). 

Carotenoids contents were increased 
with increasing foliar sprayed seaweed 
extract levels. The best results were  
obtained from foliar sprayed seaweed extract 
level at 6 m/l which gave 2.008, 2.012, 2.212 
and 2.129 mg/g f.w. for both cuts in the first 
and second seasons, respectively, while the 
less carotenoids content values were 
obtained with control (1.410, 1.417, 1.470 
and 1.481 mg/g f.w., in both seasons and 
cuts respectively). Carotenoids increased 
with increasing chitosan level. The best 
results were obtained from chitosan at 6 ml/l 
which gave 1.859, 1.869, 1.698 and 1.879 
mg/g f.w. for both cuts in the first and 

Table 8.  Effect of seaweed extract, chitosan and potassium silicate on total chlorophylls 
of Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons. 

Treatments 
Total chlorophyll (mg/g f.w.) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 1.191 1.208 1.256 1.269 
Sw. at 2 ml/l 1.428 1.452 1.465 1.479 
Sw. at 4 ml/l 1.601 1.622 1.601 1.617 
Sw. at 6 ml/l 1.649 1.667 1.661 1.683 
Chi. at 2 ml/l 1.435 1.448 1.381 1.406 
Chi. at 4 ml/l 1.558 1.465 1.526 1.553 
Chi. at 6 ml/l 1.626 1.637 1.639 1.661 
KSi. at 6 ml/l 1.671 1.691 1.671 1.695 
KSi. at 9 ml/l 1.694 1.702 1.701 1.702 

KSi. at 12 ml/l 1.733 1.738 1.725 1.751 
LSD 5% 0.0035 0.0039 0.0043 0.0034 

Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
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second seasons, respectively. Carotenoids 
also, increased as the highest level of 
potassium silicate (12 m/l) was applied, 
which gave 1.990, 1.904, 2.675 and 
2.681mg/g f.w. for both cuts in the first and 
second seasons, respectively.  

The results of chitosan are in harmony 
with those reported by Chookhongkha et al. 
(2012). Also, with potassium silicate are in 
harmony with Al-Sobhi et al. (2005) on 
Calotropts procera they reported that high 
levels of salinization gave a significant 
decrease in the contents of Chlorophyll a, b 
and carotenoids. 

2. Nitrogen percentage in the leaves: 
Data illustrated in Table (9) showed that, 

the percentages of nitrogen in dry rosemary 
leaves was increased by increasing seaweed 
extract levels. The highest values of nitrogen 
percentage in the two cuts of both seasons 
(1.400,1.420, 1.390 and 1.440%) were 
obtained by the plants received the highest 
rate of foliar sprayed seaweed extract (6 
m/l). The percentages of nitrogen in dry 
rosemary leaves were increased by 
increasing the chitosan levels (Table, 9). The 
highest values of nitrogen percentage in the 
two cuts in both seasons (1.370, 1.390, 1.380 
and 1.390%) were obtained from chitosan 
level of 6 m/l. Also, increasing potassium 
silicate rate led to increase the percentages of 
nitrogen in dry leaves. The highest values of 
nitrogen percentage in the two cuts of both 
seasons (1.900, 1.930, 1.910 and 1.940%) 
were obtained by the plants which received 
the highest rate of potassium silicate (12 m/l 
water). The superiority was to this above-
mentioned treatment when compared with 
control and other treatments. In this regard, 
percentage of nitrogen in control plants were 
1.190, 1.200, 1.210 and 1.230% in the two 
cuts of both seasons, respectively.  

3. Phosphorus percentage in the leaves: 
As shown in Table (10) the percentages 

of phosphorus in dry rosemary leaves were 
increased by increasing the sprayed seaweed 
extract level. The highest values of 
phosphorus percentage (0.336, 0.386, 0.369 

and 0.389%) were obtained by the plants 
which received the highest level (6 m/l). 
Increasing chitosan levels led to increase the 
percentage of phosphorus in dry leaves. The 
highest values of phosphorus percentage 
(0.289, 0.291, 0.299 and 0.340%) were 
obtained in the plants which received the 
highest level of chitosan (6 m/l). The 
percentage of phosphorus in dry leaves were 
increased by increasing the potassium 
silicate rates. The highest values of 
phosphorus percentage (0.218, 0.329, 0.325 
and 0.345%) were obtained by the plants 
which received the highest rate of potassium 
silicate (12 m/l), when compared with 
control and other treatments, whereas such 
percentages in control plants were 0.245, 
0.251, 0.252 and 0.256% in the two cuts of 
both seasons, respectively. 

4. Potassium percentage in the leaves: 
Data in Table (11) showed that, 

percentage of potassium in dry leaves was 
increased by increasing the seaweed extract 
rates. The rate of 6 m/l recorded a significant 
increase in this regard compared with 
control. The percentage of potassium in dry 
leaves was obtained as 1.400 and 1.490% for 
the first and second cuts, respectively in the 
first season and 1.440 and 1.520% for the 
first and second cuts, respectively in the 
second one.  

The percentage of potassium in dry 
leaves was increased by increasing the 
chitosan rate. Chitosan at 6 m/l recorded a 
significant increase in this regard compared 
with control. The percentage of potassium in 
dry leaves was obtained as 1.300% for the 
first cut, 2.930% for the second cut in the 
first season and 1.340 and 2.970% for the 
first and second cuts in the second season, 
respectively. The percentage of potassium in 
dry leaves was increased by increasing the 
potassium silicate rate as 9 and 12 m/l 
recorded a significant increase in this regard 
compared with control and other treatments. 
The percentage of potassium in dry leaves 
was obtained as 1.810 and 2.760% for the 
first cut, 1.860 and 2.930% for the second 
cut in the first season and 1.820 and 2.800%  
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Table 9. Effect of seaweed extract, chitosan and potassium silicate on nitrogen (% of 
d.w.) of Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons. 

Treatments 
Nitrogen (% d.w.) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 1.190 1.200 1.210 1.230 
Sw. at 2 ml/l 1.290 1.310 1.300 1.330 
Sw. at 4 ml/l 1.370 1.390 1.360 1.390 
Sw. at 6 ml/l 1.400 1.420 1.390 1.440 
Chi. at 2 ml/l 1.310 1.280 1.310 1.320 
Chi. at 4 ml/l 1.330 1.340 1.350 1.370 
Chi. at 6 ml/l 1.370 1.390 1.380 1.390 
KSi. at 6 ml/l 1.720 1.760 1.730 1.770 
KSi. at 9 ml/l 1.810 1.860 1.820 1.880 

KSi. at 12 ml/l 1.900 1.930 1.910 1.940 
LSD 5% 0.00279 0.00336 0.00305 0.00294 

Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
 
Table 10. Effect of seaweed extract, chitosan and potassium silicate on phosphorus (% o  

d.w.) of Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons. 

Treatments 
Phosphorus (% d.w.) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 0.045 0.051 0.052 0.056 
Sw. at 2 ml/l 0.076 0.085 0.082 0.091 
Sw. at 4 ml/l 0.080 0.089 0.087 0.095 
Sw. at 6 ml/l 0.122 0.130 0.133 0.137 
Chi. at 2 ml/l 0.055 0.070 0.063 0.079 
Chi. at 4 ml/l 0.092 0.099 0.099 0.102 
Chi. at 6 ml/l 0.102 0.118 0.110 0.120 
KSi. at 6 ml/l 0.208 0.221 0.210 0.225 
KSi. at 9 ml/l 0.215 0.227 0.220 0.229 

KSi. at 12 ml/l 0.218 0.239 0.225 0.245 
LSD 5% 0.00337 0.00388 0.00275 0.00349 

Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
 
Table 11. Effect of seaweed extract, chitosan and potassium silicate on potassium (% 

d.w.) of Rosmarinus officinalis L. for two cuts during 2017/2018 and 
2018/2019 seasons. 

Treatments 
Potassium (% d.w.) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 1.170 1.210 0.210 0.220 
Sw. at 2 ml/l 1.320 1.250 1.290 1.380 
Sw. at 4 ml/l 1.380 1.480 1.420 1.500 
Sw. at 6 ml/l 1.400 1.490 1.440 1.520 
Chi. at 2 ml/l 1.190 2.350 1.230 2.370 
Chi. at 4 ml/l 1.290 2.680 1.330 2.720 
Chi. at 6 ml/l 1.300 2.930 1.340 2.970 
KSi. at 6 ml/l 2.350 2.430 2.370 2.460 
KSi. at 9 ml/l 2.500 2.680 2.550 2.720 

KSi. at 12 ml/l 2.760 2.930 2.800 2.970 
LSD 5% 0.0490 0.0371 0.0337 0.0327 

Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
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and 1.880 and 2.970% in the second one for 
9 and 12 ml/l, respectively.  

These results are in harmony with those 
mentioned by Gharib et al. (2014) on 
rosemary they showed that foliar application 
of seaweed on rosemary plant was positively 
active on microelement content and 
photosynthetic pigments compared to the 
untreated plant. Similar findings were also 
obtained by Fawzy et al. (2012) on garlic 
who found that treated plants with chitosan 
increased N, P and K contents in leaves than 
unsprayed ones. Ahmed (2015) indicated 
that sprayed garlic plants with chitosan at 4 
and 6 ml/l recorded the highest N, P and K 
contents of leaves and bulbs than untreated 
plants.  

Exogenous applications of elicitor 
compounds as chitosan (i.e., deacylated 
chitin) induces mineral nutrition. Pise and 
Sabale (2010) showed that carbohydrate, and 
proteins, free amino acids, polyphenols and 
nitrogen content increased in seaweed treated 
plants. In the same direction, there was 
significant effect due to seaweed extract (sea 
force1) on chlorophyll, carbohydrates, 
nitrogen, phosphorous and potassium in 
leaves of artichoke plants (Saif Eldeen, 
2014). 

5. Total carbohydrates in leaves: 
Results in Table (12) revealed that the 

total carbohydrates percentage in rosemary 
leaves were significantly increased by 
increasing sprayed foliar seaweed extract 
rates under each level in the both seasons as 
6 ml/l recorded the highest values of total 
carbohydrate (30.72 and 32.35% in the first 
season and 34.35 and 35.71% in the second 
one for the two cuts, respectively). The 
increase in carbohydrates (%) of rosemary as 
a result of using seaweed extract may be due 
to the higher energy caused by these 
treatments in synthesis of biochemical 
metabolites for the plant. El-Leithy et al. 
(2019) found that using the seaweed extract 
significantly increased all the studied 
characters of chemical composition of 
Plectuanthus amboinicus (Lour). 

The results revealed that increasing 
chitosan level significantly led to increase 
total carbohydrates percentage in rosemary 
leaves in both cuts of both seasons. Chitosan 
at 6 m/l recorded the highest values of total 
carbohydrates (28.33 and 30.21%) in the first 
season and 30.19 and 33.53% in the second 
one for both cuts. The increase in 
carbohydrates content of rosemary as a result 
of using chitosan may be due to the higher 
energy caused by these treatments in 
synthesis of biochemical metabolites for the 
plant. Ahmed (2015) on garlic indicated that 
sprayed garlic plants with chitosan at the 
highest rates gave the best results for 
increasing mineral content and total 
carbohydrates in cloves at harvest than 
control treatment. 

The results revealed that total 
carbohydrates percentage in rosemary leaves 
were significantly increased by increasing 
potassium silicate levels in both seasons as 
12 ml/l recorded the highest values of total 
carbohydrate when compared with control 
and other treatments as recorded 34.60 and 
35.45% in the first season and 35.85 and 
38.65% in the second one, for both cuts. The 
increase in carbohydrates content of 
rosemary as a result of using potassium 
silicate may be due to the higher energy 
caused by these treatments in synthesis of 
biochemical metabolites for the plant. Also, 
foliar application of potassium silicate 
enhanced plant growth as reported by Diwate 
(2018) on sweet orange, El-Leithy et al. 
(2019) on Plectranthus amboinicus and 
Gharib et al. (2014) on rosemary.  
c. Essential oil percentage in the herb: 

The two levels of sprayed foliar seaweed 
extract gradually increased essential oil 
percentage in both seasons (Table, 13). 
These increments were statistically 
significant as compared to control plants, 
except for the lower concentration of 
seaweed extract at 2 ml/l for the first cut in 
the two studied seasons. The most effective 
treatments were the medium and higher 
concentrations (4 and 6 ml/l). The highest 
values of the essential oil percentage ranged  
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between 0.37, 0.48, 0.43 and 0.46% 
compared to the control (0.21, 0.23, 0.25 and 
0.26%) in both seasons. The increase in the 
essential oil percentage when rosemary 
plants received the high level of seaweed 
extract may be attributed to the higher 
energy in synthesis of biochemical 
metabolites as a result to applied seaweed 
extract. These results are in agreement with 
those mentioned by Nasiroleslami and 
Safaridolatabad (2014) on dill. Gharib et al. 
(2014) on rosemary reported that foliar 
application of seaweed significantly 
increased rosemary oil percentage compared 
to the untreated plant. Karthikeyan and 
Shanmugam (2015) found that the highest oil 
content obtained from foliar application of 
seaweed on peanut and sunflower compared 
to other applications or control plant 

(untreated). El-Leithy et al. (2019) found 
that using the seaweed extract significantly 
increased all the studied characters of 
essential oil and chemical composition of 
Plectuanthus amboinicus (Lour). 

The three levels of chitosan gradually 
increased essential oil percentage in both 
seasons. These increments were statistically 
significant as compared to unsprayed plants, 
except for the lower concentration of 
chitosan (2 m/l) for the first cut in the two 
studied seasons. The most effective 
treatments were the medium (4 ml/l) and the 
highest concentration (6 ml/l). The highest 
values of the essential oil percentage ranged 
between 0.35, 0.44, 0.41and 0.42% 
compared to the control (0.21, 0.23, 0.25 and 
0.27%) in the both seasons. 

Table 12. Effect of seaweeds, chitosan and potassium silicate on carbohydrates (%) of 
Rosmarinus officinalis L. for two cuts during two seasons. 

Treatments 
Total carbohydrates (%) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 18.62 21.48 20.13 23.54 
Sw. at 2 ml/l 24.36 25.51 26.52 27.77 
Sw. at 4 ml/l 26.43 28.54 29.52 30.46 
Sw. at 6 ml/l 30.72 32.35 34.35 35.71 
Chi. at 2 ml/l 22.48 23.34 23.55 26.16 
Chi. at 4 ml/l 25.35 27.51 26.53 28.73 
Chi. at 6 ml/l 28.14 30.21 30.19 33.53 
KSi. at 6 ml/l 25.45 27.85 25.18 29.18 
KSi. at 9 ml/l 28.50 31.81 32.39 33.45 

KSi. at 12 ml/l 34.60 35.45 35.85 38.65 
LSD 5% 1.8355 1.9322 1.7053 1.8320 

Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
 
Table 13. Effect of seaweeds, chitosan and potassium silicate on essential oil percentage 

of Rosmarinus officinalis L. for two cuts during two seasons. 

Treatments 
Essential oil (%) 

First season (2017/2018) Second season (2018/2019) 
1st cut 2nd cut 1st cut 2nd cut 

Control 0.21 0.23 0.25 0.27 
Sw. at 2 ml/l 0.25 0.32 0.29 0.35 
Sw. at 4 ml/l 0.34 0.43 0.37 0.40 
Sw. at 6 ml/l 0.37 0.48 0.43 0.46 
Chi. at 2 ml/l 0.24 0.26 0.26 0.33 
Chi. at 4 ml/l 0.31 0.38 0.31 0.38 
Chi. at 6 ml/l 0.35 0.44 0.41 0.42 
KSi. at 6 ml/l 0.26 0.28 0.27 0.38 
KSi. at 9 ml/l 0.37 0.39 0.35 0.43 

KSi. at 12 ml/l 0.45 0.48 0.45 0.50 
LSD 5% 0.0325 0.0229 0.0249 0.0355 

Sw.: seaweeds extract; Chi.: chitosan; KSi.: potassium silicate.  
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The increase in the essential oil 
percentage when rosemary plants received 
the high level of chitosan may be attributed 
to the higher energy in synthesis of 
biochemical metabolites as a result to 
applied chitosan. These results are in 
harmony with those mentioned in by Kim et 
al. (2005) who reported that essential oil 
compounds were increased with application 
of chitosan at 0.5 % in sweet basil. 

The three levels of potassium silicate 
gradually increased essential oil percentage 
in both seasons. These increments were 
statistically significant as compared to 
control plants, except for lower 
concentration of potassium silicate (6 ml/l) 
for the first cut in the two studied seasons. 
The most effective treatments were the 
medium (9 ml/l) and higher concentrations 
(12 m/l). The highest values of the essential 

oil percentage ranged between 0.45, 0.48, 
0.45 and 0.50% compared to the control 
(0.21, 0.23, 0.25 and 0.27%) in the both 
seasons. 

The increase in the essential oil 
percentage when rosemary plants received 
the high level of potassium silicate may be 
attributed to the higher energy in synthesis of 
biochemical metabolites as a result to 
applied potassium silicate.  
2. Effect of combination treatments 

between seaweed extract and chitosan: 
Foliar spraying with chitosan and 

seaweeds extract combinations significantly 
affected all growth characters (plant height, 
number of branches/plant, herb fresh 
weight/plant and dry weight of herb/plant) in 
both seasons in the two cuts (Table, 14). 
However, the previous studies proved that 

Table 14. Effect of combination treatments between seaweed extract and chitosan on 
vegetative growth of Rosmarinus officinalis L. for two cuts during 2017/2018 
and 2018/2019 seasons.  

Treatments Plant height (cm) No.  of 
branches/plant Plant f.w. (g) Plant d.w. (g) 

Sw. 
ml/l 

Chi. 
ml/l 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 

First season 2017/2018 
0 0 16.0 18.4 15 20 19.6 23.1 11.1 15.4 
2 2 28.3 33.5 28 33 38.1 40.3 24.7 25.4 
2 4 32.3 35.8 31 35 41.1 44.3 26.1 28.4 
2 6 35.7 38.2 34 36 43.1 45.3 28.1 33.8 
4 2 39.5 41.5 37 38 46.1 47.4 31.2 33.5 
4 4 44.2 46.8 42 43 52.1 55.4 35.2 38.5 
4 6 47.3 49.2 45 47 56.1 59.4 36.2 40.6 
6 2 42.6 43.5 39 41 49.2 52.5 33.3 34.6 
6 4 48.6 51.8 46 47 58.2 64.5 37.3 39.6 
6 6 53.3 55.2 48 50 64.2 65.5 38.3 42.7 
LSD 5% 1.845 1.769 3.726 1.664 3.162 3.307 3.301 3.757 

Second season 2018/2019 
0 0 16.3 20.3 22 25 24.3 23.6 13.4 18.2 
2 2 29.2 31.2 34 36 40.1 41.4 27.5 28.6 
2 4 33.5 35.5 37 39 42.2 44.3 32.5 34.4 
2 6 37.8 48.0 39 43 45.3 47.6 34.0 36.0 
4 2 38.2 39.1 42 45 47.3 49.4 34.0 35.0 
4 4 46.5 48.4 45 47 53.3 56.4 37.0 38.0 
4 6 49.8 51.7 49 53 58.4 63.7 39.7 41.0 
6 2 41.2 44.3 45 46 51.4 54.6 35.0 37.0 
6 4 52.0 57.3 49 54 62.4 66.3 45.1 43.0 
6 6 55.8 59.6 52 56 65.5 70.3 43.8 45.0 
LSD 5% 3.421 3.063 3.319 2.972 3.442 2.791 3.788 3.824 

Sw.: seaweeds extract; Chi.: chitosan.  
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seaweeds and/or chitosan can, directly or 
indirectly, influence the physiological 
activities of the plants (Kamal and Ghanem, 
2011 and Shehata et al., 2012).  

The combination between spraying 
seaweeds at 6 ml/l + chitosan at 6 ml /l 
treatments significantly produced the highest 
plants (53.3, 55.2, 55.8 and 59.6 cm for the 
first and second seasons and its two cuts, 
respectively) compared with control which 
gave the shortest plants as recorded 16.0 and 
18.4 in the first season and 16.3 and 20.3 cm 
in the second season for both cuts.  

Data of foliar spraying of chitosan and 
seaweeds extract levels combinations 
showed that, chlorophyll a, b, carotenoids 
and the total content of chlorophylls in fresh 
leaves of R. officinalis L. plant significantly 
were affected at concentration of seaweeds at 
6 ml/l + chitosan 6 ml/l in the two seasons 

for the two cuts (Table, 15). These results 
were in harmony with Saif Eldeen et al. 
(2014) on Globe artichoke. 

Data in Table (16) showed that 
combination between spraying with 
seaweeds at 6 ml/l + chitosan at 6 ml /l 
significantly produced the highest essential 
oil percentage (0.48 and 0.49%) and (0.51 
and 0.54%) for the first and second seasons 
and its two cuts compared with control 
which gave the lowest values (0.21 and 
0.23% in the first season and 0.25 and 0.27% 
in the second one for both cuts). 

The results in Table (16) revealed that 
total carbohydrates percentage in rosemary 
leaves were significantly increased by 
increasing spraying combination between 
seaweeds at 6 ml/l + chitosan at 6 ml/l 
treatments in both seasons. The highest 
values of total carbohydrates were 27.53 and  

Table 15.  Effect of combination treatments between seaweed extract and chitosan on 
chlorophylls a, b, carotenoids and total chlorophylls (mg/g f.w.) o  
Rosmarinus officinalis L. for two cuts during 2017/2018 and 2018/2019 
seasons.  

Treatments Chlorophyll a Chlorophyll b Carotenoids Total chlorophylls 
Sw. 
ml/l 

Chi. 
ml/l 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 

First season (2017/2018) 
0 0 0.96 0.98 0.20 0.21 0.181 0.110 1.19 1.20 
2 2 1.28 1.29 0.38 0.39 0.230 0.205 1.67 1.69 
2 4 1.37 1.38 0.43 0.44 0.350 0.263 1.81 1.84 
2 6 1.38 1.38 0.44 0.45 0.210 0.319 1.82 1.84 
4 2 1.35 1.36 0.45 0.46 0.380 0.288 1.80 1.82 
4 4 1.38 1.38 0.45 0.46 0.290 0.299 1.84 1.86 
4 6 1.39 1.39 0.46 0.47 0.285 0.305 1.85 1.87 
6 2 1.39 1.41 0.42 0.48 0.447 0.489 1.87 1.89 
6 4 1.43 1.44 0.48 o.49 0.559 0.567 1.91 1.93 
6 6 1.46 1.47 0.48 0.49 0.600 0.620 1.95 1.96 

LSD 5% 0.0039 0.0034 0.0035 0.0034 0.0341 0.0043 0.0033 0.0036 
Second season (2018/2019) 

0 0 0.95 0.99 0.26 0.27 0.170 0.117 1.25 1.26 
2 2 1.27 1.28 0.38 0.39 0.252 0.167 1.67 1.68 
2 4 1.27 1.28 0.43 0.44 0.359 0.269 1.81 1.73 
2 6 1.34 1.35 0.46 0.45 0.327 0.338 1.82 1.80 
4 2 1.36 1.37 0.43 0.45 0.245 0.353 1.80 1.82 
4 4 1.38 1.39 0.45 0.46 0.390 0.399 1.84 1.86 
4 6 1.38 1.37 0.46 0.48 0.221 0.132 1.85 1.85 
6 2 1.37b 1.40 0.47 0.40 0.282 0.294 1.87 1.78 
6 4 1.45 1.46 0.48 0.49 0.474 0.485 1.91 1.96 
6 6 1.46 1.48 0.48 0.50 0.599 0.610 1.95 1.99 

LSD 5% 0.0182 0.0173 0.0199 0.0437 0.0045 0.0033 0.0355 0.0628 
Sw.: seaweeds extract; Chi.: chitosan. 
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29.39% in the first season and 30.46 and 
32.42% in the second one compared with 
control (18.62, 21.48, 20.13 and 23.54% in 
both seasons and its cuts, respectively). 
These results were in harmony with finding 
of Olle and Schnug (2016).  

The essential oil components (%) of 
Rosmarinus officinalis L. plant was 
influenced by the combination between 
foliar extract seaweed and chitosan in the 
first cut at the second season as shown in 
Table (17) and illustrated in Fig. (1). The 

components were α–pinene, limonene, 
camphene, camphor, α–terpineole, 1.8-
cineole, borneol, bornyl-acetate, eugenol, β-
pinene, β-caryophyllene. The highest value 
of the main components was α–pinene, 
camphor and 1.8-cineole. The Spraying 
combination between seaweeds at 6 ml/l + 
chitosan at 6 ml/l treatment gave 99.98%, 
while the spraying combination between 
seaweeds at 4 ml/l + chitosan at 6 ml /l 
treatment gave 98.08% compared to spraying 
seaweeds at 2 ml/l treatment as gave  

Table 16. Effect of combination treatments between seaweed extract and chitosan on 
essential oil percentage and carbohydrates (%) of Rosmarinus officinalis L. 
for two cuts during two seasons. 

Treatments Essential oil (%) Total carbohydrates (%) 
Sw. 
ml/l 

Chi. 
ml/l 

First season Second season First season Second season 
1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 

0 0 0.21 0.23 0.25 0.27 18.62 21.48 20.13 23.54 
2 2 0.37 0.38 0.39 0.39 19.50 21.40 21.43 23.61 
2 4 0.38 0.42 0.40 0.43 21.50 22.40 23.32 25.57 
2 6 0.41 0.43 0.44 0.46 23.00 24.30 24.90 27.62 
4 2 0.40 0.41 0.42 0.43 24.40 25.50 27.10 28.35 
4 4 0.44 0.43 0.44 0.46 22.40 24.60 25.10 27.13 
4 6 0.45 0.47 0.49 0.50 26.20 28.57 28.10 29.16 
6 2 0.42 0.44 0.43 0.45 24.00 25.50 26.20 28.51 
6 4 0.47 0.49 0.49 0.52 26.60 27.40 28.35 31.68 
6 6 0.48 0.49 0.51 0.54 27.53 29.39 30.46 32.42 

LSD 5% 0.0168 0.0153 0.0187 0.0148 2.253 3.367 3.408 3.0387 
Sw.: seaweeds extract; Chi.: chitosan.  
 

Table 17. Essential oil components (%) of Rosmarinus officinalis, L. plant as affected by 
the combination between foliar extract seaweed and chitosan in the 1st cut in 
the second season. 

Components (%) 
Treatments 

Sw. 2 Sw. 4 Sw. 6 
Cont. Chi. 2 Chi. 4 Ch. 6 Cont. Chi. 2 Chi. 4 Chi. 6 Cont. Chi. 2 Ch. 4 Chi. 6 

α-pinene 1.31 4.54 4.91 7.11 4.31 5.65 1.43 13.68 5.61 3.11 12.36 6.81 
Limonene 4.59 2.61 3.24 3.77 1.52 1.66 5.11 20.68 2.46 4.88 19.36 18.39 
Camphene 1.41 1.13 3.44 _ 13.75 20.24 1.53 2.56 5.47 1.89 4.55 8.34 
Camphor 13.82 11.35 12.97 14.61 9.84 9.71 19.06 18.89 12.65 16.72 16.39 8.01 
α-Terpineole 10.82 9.52 9.85 5.21 6.39 8.14 13.42 11.04 2.19 10.99 10.67 9.41 
1.8-cineole 1.63 5.23 4.96 - 5.34 1.91 - 1.47 1.43 7.51 2.81 19.31 
Borneol 5.67 8.31 5.87 - 11.03 5.31 15.34 9.97 1.54 4.72 8.38 22.76 
Bornyl-acetate 4.71 18.75 15.97 22.14 2.86 2.01 17.91 13.76 - 13.81 14.24 4.42 
Eugenol 13.3 10.28 11.15 11.24 1.76 3.04 - 4.83 19.38 3.56 3.43 2.51 
β-pinene 1.79 4.01 8.79 12.38 2.49 16.74 19.27 - 9.72 18.3 1.04 - 
β-Caryophyllene 1.95 4.01 4.46 11.03 3.36 4.46 - 1.12 12.32 4.97 3.12 - 
Total components 60.99 79.71 85.61 87.46 62.65 78.84 93.07 98.08 72.76 90.47 96.96 99.98 
Cont.: control. 
Sw. 2, 4 and 6: seaweeds extract at 2, 4 and 6 ml/l.  
Chi. 2, 4 and 6: chitosan at 2, 4 and 6 ml/l.  
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Control Sw. 4 ml/l + Chi. 4 ml/l 

  
Sw. 2 ml/l + Chi. 6 ml/l Sw. 6 ml/l + Chi. 6 ml/l 

  
Sw. 6 ml/l Sw. 6 ml/l + Chi. 2 ml/l 

  
Sw. 4 ml/l + Chi. 6 ml/l Sw. 2 ml/l 

  
Sw. 4 ml/l + Chi. 2 ml/l Sw. 4 ml/l 

Fig. 1. G.L.C. chromatogram analysis of Rosmarinus officinalis L. oil constituents as 
affected by combination treatments between seaweed extract and chitosan foliar 
spraying.  
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60.99%. These results were in harmony with 
those of Kim et al. (2005) on Ocimum 
basilicum L., Lei et al. (2011) on Artemisia 
annua and Bistgani et al. (2016) on Thymus 
daenensis. 

Analysis by GLC of essential oil 
samples was done for the first cut at the 
second season. In general, under all 
treatments of seaweed, chitosan and their 
combinations markedly increased the 
percentage of most essential oil components 
extracted from rosemary plants. Seaweed at 
4 ml/l combined with chitosan at 1 ml/l gave 
the highest values of camphor, α–terpineole, 
bornyl-acetate and β-pinene. While, seaweed 
at 4 ml/l combined with chitosan at 6 ml/l 
gave the highest values of 1.8-cineole and 
borneol.  

Data of foliar spraying with chitosan and 
seaweeds extract levels combinations 
showed that N, P and K% were greatly 

affected by all treatments compared with the 
control in the two seasons and two cuts 
(Table, 18). The significant increments in the 
obtained characters over control may be 
attributed to its effects on enhancing ion 
uptake (Marschner, 2013). 

CONCLUSION 
From the results it could be concluded 

that the application of seaweed extract and 
chitosan on rosemary had positive effects 
separately or combining together and 
significantly increased the vegetative 
growth, yield (herb) and percentage of 
essential oil. The best rate of using them was 
a result of using at the highest concentrations 
of seaweed extract and chitosan (seaweed 
extract 6 ml/l water + chitosan 6 ml/l water). 
From that, it can therefore be recommended 
that the application of bio-fertilities is useful 
and important to increase the quality and 
yield of production in rosemary plants. 

Table 18. Effect of combination treatments between seaweed extract chitosan on 
nitrogen, phosphorus and potassium (% d.w.) of Rosmarinus officinalis L. for 
two cuts during 2017/ 2018 and 2018/2019 seasons.  

Treatments N% P% K% 
Sw. 
ml/l 

Chi. 
ml/l 1st cut 2nd cut 1st cut 2nd cut 1st cut 2nd cut 

First season (2017/2018) 
0 0 1.19 1.20 0.045 0.051 1.17 1.21 
2 2 1.49 1.48 0.145 0.169 1.52 1.61 
2 4 1.50 1.51 0.158 0.177 1.57 1.63 
2 6 1.51 1.54 0.178 0.190 1.58 1.69 
4 2 1.81 1.96 0.191 0.203 1.67 1.78 
4 4 2.50 2.52 0.202 0.219 2.54 2.63 
4 6 2.54 2.59 0.216 0.223 2.57 2.69 
6 2 1.92 1.98 0.205 0.215 1.77 1.80 
6 4 2.57 2.66 0.225 0.234 2.63 2.73 
6 6 2.63 2.68 0.231 0.242 2.84 2.98 
L S D 0.05% 0.0036 0.0038 0.0321 0.0035 0.0034 0.0035 

Second season (2018/2019) 
0 0 1.21 1.23 0.052 0.056 0.21 0.22 
2 2 1.43 1.94 0.154 0.172 1.21 1.65 
2 4 1.51 1.52 0.167 0.183 1.56 1.67 
2 6 1.51 1.54 0.185 0.199 1.61 1.73 
4 2 1.81 1.97 0.199 0.210 1.65 1.82 
4 4 2.51 2.53 0.209 0.221 1.71 2.67 
4 6 2.55 2.59 0.221 0.228 2.58 2.75 
6 2 1.97 1.98 0.215 0.226 2.67 1.85 
6 4 2.57 2.66 0.231 0.242 2.67 2.77 
6 6 2.64 2.68 0.239 0.248 2.87 2.99 

LSD 5% 0.0036 0.0040 0.0036 0.0034 0.0034 0.0040 
Sw.: seaweeds extract; Chi.: chitosan.  
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تأثیر الرش الورقى بمستخلص الطحالب البحریة والشیتوزان وسلیكات البوتاسیوم على نبات 
 لیة ملارض الرالبان فى الحصا

 
،  **الموافى عبده الموافى الغضبان  ،*محمد احمد الصدیق حسن  ،*د عبد الفتاحــى محم ـیح، *ي وال السلام القوى عبد عبد

 **علیة شعبان عبد الله
 ، مصرجامعة قناة السویس ،ة الزراعةلیك ،قسم البساتین *

 ر ، مصمركز البحوث الزراعیة ،معھد بحوث البساتین ،قسم النباتات الطبیة والعطریة  **
 

ة جامعة قنا ،) بمزرعة كلیة الزراعة ۲۰۱۸/۲۰۱۹و ۲۰۱۷/۲۰۱۸أجریت ھذه الدراسة خلال موسمین متتالیین (
 ,٤, ۲خلص الطحالب البحریة بتركیزات عض انواع الرش الورقى (مستعیلیة وذلك لدراسة تأثیر بسمامحافظة الإ ،السویس

مل/لتر) والتفاعل بین  ۱۲ ,۹, ٦وسلیكات البوتاسیوم بتركیزات  مل/لتر ٦, ٤ ,۲مل/لتر والشیتوزان بتركیزات  ٦
ثیر ذلك وتأ یوم ۱٥بین الرشة والاخرى  مرات بفاصل ۳تھ وتم الرش لطحالب بتركیزاتھ مع الشیتوزان بتركیزامستخلص ا

أعطى الرش الورقى   النتائج المتحصل علیھا كالأتى: وكانت على النمو الخضرى والكیماوى ونسبة الزیت ومكونات الزیت
ً  اً أثیرمل/لتر ت۱۲مل/لتر وسلیكات البوتاسیوم  ٦مل/لتر والشیتوزان  ٦بمستخلص الطحالب البحریة بتركیز  لجمیع  معنویا

جمیع المعاملات أدت الى زیادة معنویة فى الصفات الخضریة  لكنترول بدون رش حیث أن ت تحت الدراسة مقارنة باالصفا
( طول النبات وعدد الفروع والوزن الطازج والوزن الجاف للاوراق) واظھرت النتائج ان جمیع المعاملات أدت الى زیادة 

 يالمحتوى الكیماو يعلي زیادة ف اأثیرللمعاملات ت توكذلك كان وى الكلى للكلوروفیلالمحتو يفى صبغات البناء الضوئ
ونسبة الزیت ومكونات الزیت خلال موسمى  البوتاسیوم والكربوھیدرات الكلیةتروجین والفوسفور ویللأوراق من الن

أعلى نتائج  مل/لتر ٦الشیتوزان + تر مل/ل ٦الدراسة وقد أعطت معاملة التفاعل بین مستخلص الطحالب البحریة بتركیز 
   الدراسة. يفات خلال موسمفى جمیع الص

 
 


