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ABSTRACT: Nowadays, Egypt faces a problem in the amount of available irrigation 
water because the Egyptian water quota is fixed, thus the cornerstone of the current 
Egyptian strategy is increasing crop productivity from unit area with the lowest possible 
amount of irrigation water. So, a pots experiment was carried out at the Experimental 
Farm, Faculty of Agriculture, Menoufia University, Shebin El-Kom, Egypt (30.52oN and 
30.99oE) during two successive growth winter seasons, i.e. 2013/2014 and 2014/2015 to 
study the effect of different rates of salicylic acid (SA), different salinity levels of 
irrigation water and their interactions on growth, yield and chemical compositions of 
fennel plants (Foeniculum vulgare, Mill.), variety of purple-bronze foliage grown on 
clayey-textured soil. SA was added as foliar applications at four rates namely 50, 100, 150 
and 200 (mg/l) in addition to control treatment with SA-free water. The water used for 
irrigation (artificial water) has EC of 3, 5 and 7 (dS m-1) for W2, W3 and W4 respectively, 
beside Nile water (W1) which is characterized by EC of 0.37 dSm-1. The design of the 
experiment is a complete randomized block with three replicates.  
In two growing seasons, a vegetative growth characters, i.e. plant height (cm), number of 
main branches/plant and fresh weight of whole plant (g) as well as yield parameters, i.e. 
number of umbels/plant, fresh and dry weights of umbels/plant (g), weight of 100 fruits 
(g/plant) and fruit yield (g/plant), chemical composition together with volatile oil 
percentage, oil constituents, photosynthetic pigments, N, P, K and total carbohydrate 
contents were estimated of fennel plants. The obtained results indicated that, all 
vegetative growth characters and yield parameters were significantly reduced with 
increasing salinity levels of irrigation water, excluding those irrigated by W2 level, in 
which slight increments in all of studied criteria were induced. Also, chlorophyll a and b 
contents followed the same order, where the highest decrease in values was observed in 
plants irrigated by W4 level either individually or together with SA compared to control 
treatment. Contents (%) of N, P and K were reduced with increasing salinity levels. While 
carotenoids, volatile oil and total carbohydrate contents (%) were gradually increased 
with increasing salinity levels, especially in those irrigated by W3 level. Foliar spraying 
with different SA concentrations could have alleviated the harmful effect of salinity 
stress and was associated with high significant values in the most traits under study. 
Interactions between salinity levels of irrigation water and SA concentrations appeared to 
be the most effective on growth and yield parameters especially when fennel plants 
irrigated with W2 level and spraying with SA at 150 mg/l.  
Generally, the results of this study concluded that, under-irrigation by using saline water, 
salicylic acid should be used as foliar application especially at rate 150 mg/l to reduce 
the hazardous effects of irrigation water salinity on both quantity and quality of fennel 
plants.  

Key words: Salicylic acid, Irrigation water salinity, Fennel plant, Growth parameters 
and chemical composition.  
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INTRODUCTION 
Fennel (Foeniculum vulgare, Mill.) is a 

highly flavorful and aromatic plant which 
belongs to the Family Umbelliferae 
(Apiaceae). It is one of the oldest and 
most important field crop used by the 
Egyptian as a remedy. In Egypt, fennel 
plants are mostly cultivated in mid-
southern regions, mainly, Menoufia; El-
Fayom; Menia and Assiut Governorates.  

Mature fennel fruits are considered 
the main product of economic 
importance of fennel, which contain 
essential oil and are used as flavoring 
agents in many food products including 
liqueurs, bread, pickles, pastries, and 
cheese. Moreover, the fruits can be used 
as a stimulant to promote milk flow 
during breast-feeding and to induce 
menstruation (Rahimi and Ardekani, 
2013). Also, fennel is used for several 
medicinal purposes such as a 
carminative, aromatic, diuretic, anti-
inflammatory, antimicrobial, 
galactogogue and estrogenic activities 
(Choi and Hwang, 2004). The volatile oil 
of fennel plants can be used to alleviate 
flatulent dyspepsia and colic's in children 
(Singh et al., 2006). 

The scarcity of water makes it difficult 
and expensive to expand the cultivated 
lands or even protect soils with natural 
cover. In Egypt, there is growing concern 
about the very limited water resource. 
Abu-Zeid (1999) indicated that, the 
country reached the so-called line in 
water resources with a per capita water 
share of almost 1000 m3 / person / year. 
This is expected to fall to less than 500 
m3 by 2030, when the population reaches 
an estimated 100 million. Because of 
increasing population, demand for 
irrigation water will continue to increase. 
Irrigation uses more than 85 % of the 
total renewable water in Egypt. So, 
efficient and effective water management 

is necessary.  Most of plants are 
subjected to multitude of stresses 
through-out their life cycle. Salinity is 
one of the serious abiotic factors which 
are limiting the growth in different arid 
and semi-arid regions (Delgado et al., 
1994). More than 800 million hectare of 
land in the world is affected by salinity 
and sodicity (Munns, 2005). There are 
different detrimental effects of salt stress 
in crop plants, responsible for severe 
decrease in the growth of plants. Ion 
imbalance, Osmotic stress (drought 
problem), particularly with K, Ca, and the 
direct toxic effects of ions on the 
metabolic process are the most 
important and widely studied 
physiological impairments caused by 
salinity (Zhu, 2001).  

Salicylic acid (SA) has an important 
role in the regulation of plant growth and 
development, flowering, fruiting and seed 
germination (Klessig and Malamy, 1994). 
Photosynthetic rate, stomata 
conductance and transpiration could as 
well be influenced by the application of 
SA (Khan et al., 2003). Furthermore, 
using SA multiplies the production of 
reactive oxygen species like superoxide, 
hydrogen peroxide and hydroxyl radicals 
generation under stress, which leads to 
improvement of the antioxidant enzymes 
activities and increase plant tolerance to 
the abiotic stress (He et al., 2002).  

Therefore, the objectives of our study 
are to evaluate the individual and 
combined effects of salicylic acid and 
different levels of irrigation water salinity 
on growth, yield and chemical 
compositions of fennel (Foeniculum 
vulgare, Mill.), variety of purple-bronze 
foliage grown on clayey-textured soil, in 
order to minimize the consumption of the 
fresh water reaching maintenance of soil 
fertility and crop production.  
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MATERIALS AND METHODS  
Soil sampling  

To achieve the purpose of this study, 
surface soil sample (0 - 30 cm) was 
collected from the Experimental Farm, 
Faculty of Agriculture, Menoufia 
University, Shebin El – Kom, Egypt 
(30.52oN and 30.99oE). Soil samples were 
air - dried, ground, well mixed and sieved 
through a 2 mm sieve. A portion of the 
sieved soil sample was taken and 
analyzed for some soil physical and 
chemical analysis according to the 
methods described by Cottenie et al. 
(1982); Page et al. (1982) and Kim (1996), 
as shown in Table (1) .  
 

Irrigation water sources 
In this study, four salinity levels of 

irrigation water were used. Three artificial 
solutions which have EC of 3, 5 and 7 
(dSm-1) for W2, W3 and W4 respectively, 
beside Nile water (W1), which is 
characterized by EC of 0.37 dSm-1. These 
sources were variable in their salinity 
and also in their content of Na+, Ca2+ and 
Mg2+. The chemical composition of water 
sources was listed in Tables (2 and 3). 
The chemical composition of the used 
artificial water was assimilation of the 
ground water in the different regions of 
Menoufia Governorate, Egypt (Abou El-
Nour, 2013). 

Table (1): Some physio-chemical properties and some macro and micro- nutrients of the 
experimental soil.         

Soil properties Value 
Particle size distribution (%) 
Coarse sand  
Fine sand 
Silt 
Clay 
Texture class 

 
6.35 

14.50 
25.00 
54.15 

Clayey 
Water holding capacity (%) 62.8 
Organic matter (%)  1.90 
pH (1:2.5 soil : water suspension) 7.55 
ECe in soil paste extract (dSm-1) 1.51 
CEC (cmol/kg) 37.30 
CaCO3 (%) 4.60 
Soluble cations (meq/l) 
Ca++ 
Mg++ 
Na+ 
K+ 

 
4.48 
1.81 
6.55 
2.27 

Soluble anions (meq/l) 
CO3

-- 
HCO3

- 
Cl- 
SO4

--   

 
-- 

1.44 
10.30 
3.37 

Available macronutrients (mg/kg soil) 
N 
P 
K 

 
43.88 
7.80 

363.50  
Available micronutrients (mg/kg soil) 
Fe 
Mn 
Zn 

 
6.82 
3.21 
1.08 
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Table (2): Chemical composition of Nile water (W1).  

pH 
EC 

(dSm-1) 
Soluble cations (meq/l) Soluble anions (meq/l) 

SAR 
Na+ K+ Ca2+ Mg2+ Cl- CO2-

3 HCO-
3 SO2-

4 

7.80 0.37 1.15 0.20 1.14 1.21 0.94 0.00 1.81 0.95 1.06 
 
Table (3): Chemical compositions of the irrigation artificial water.  

Water 
code 

NaCl CaCl2 MgCl2 EC 
(dSm-1) 

SAR 
(mg/l) (meq/l) (mg/l) (meq/l) (mg/l) (meq/l) 

W2 1233.77 21.09 246.98 4.45 209.48 4.41 3 10.00 

W3 1807.65 30.90 530.03 9.55 449.83 9.47 5 10.00 

W4 2297.30 39.27 861.36 15.52 722.48 15.21 7 10.00 

 
Pot experiment 

During two successive growth winter 
seasons, viz. namely 2013/2014 and 
2014/2015, a pots experiment was carried 
out at the Experimental Farm, Faculty of 
Agriculture, Menoufia University, Shebin 
El-Kom, Egypt to study the response of 
fennel plant to foliar application of 
salicylic acid (SA) at different rates (0, 50, 
100, 150 and 200 mg/l) alone and in 
combinations with different salinity levels 
of irrigation water (W1, W2, W3 and W4) 
to produce 20 treatments. First foliar 
application of SA was done after three 
weeks of planting and was repeated 
every month in the early morning till the 
end of experiment. The experimental 
units were 600 plastic pots, including 5 
rates of salicylic acid × 4 salinity levels of 
irrigation water × 3 replicates × 10 pots 
for each replicate. Plastic pots of 25 cm 
depth and 30 cm diameter were used in 
this study. A disc of filter paper was 
placed at the bottom of each pot to 
prevent soil loss through the drainage 
holes. Each pot was filled with 4 kg of 
prepared fine clay soil. Before planting, 
all pots were fertilized by ordinary 
superphosphate (15.5 % P2O5) at rate of 
200 kg P2O5/fed. "feddan = 4200 m2'' (0.8 
g /pot). Also, every pot received 2 % 
maturely compost. The experiment was 
carried out in completely randomized 

block design (CRBD) with three 
replicates. In two growth seasons, seeds 
of fennel (Foeniculum vulgare, Mill.), 
variety of purple-bronze foliage were 
obtained from Medicinal and Aromatic 
Plants Res. Dept., Hort. Res. Inst., Agric. 
Res. Center, Giza, Egypt. 

Each pot was sown at 1st October, 
2013 and 2014 by five seeds of fennel 
(first and second seasons). After 15 days 
of sowing, plants were thinned to one 
plant. After thinning, all pots were 
fertilized by potassium sulphate (48 % 
K2O) as a potassium fertilizer at rate of 
200 kg K2O/fed (0.8 g /pot) and nitrogen 
was added as ammonium nitrate (33 % N) 
at rate of 240 kg N/fed (0.96 g /pot). Then 
as basic fertilization, and added in four 
equal doses after 30, 60, 90 and 120 days 
of planting. During the experimental 
period (seven months), all pots were 
irrigated by the tested types of irrigation 
water at 60 % of soil water holding 
capacity (WHC).   
 
Preparation and analyses of plant 
samples 

At the end of the two seasons (after 
seven months from planting), the plants 
of each replicate was harvested 
separately to examine parameters as 
follows: 
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1- Morphological parameters 
Fruits were harvested before it was 

fully ripe, in other words when it was 
sufficiently hard and greenish gray in 
color. Umbels were air-dried and the 
following parameters were recorded such 
as plant height (cm), fresh weight of 
whole plant (g/plant), number of main 
branches/plant, number of umbels/plant, 
fresh and dry weights of umbels (g/plant), 
weight of 100 fruits (g/plant) and fruit 
yield (g/plant).  
 
2- Chemical constituents 

Essential oil percentages were 
determined in the air dried fruits in both 
seasons as described by British 
Pharmacopea (1963). Essential oil yield 
per plant was calculated by multiplying 
fruit yield per plant by essential oil 
percentage. The essential oil obtained 
from the fruits in the second season was 
analyzed using GLC Model HP-5890 with 
flame ionization detector that was fitted 
with capillary column, coated with 
carbowax 20M. The operating conditions 
were injector temperature 190 oC, 
detector temperature 220 oC, Linear 
temperature programmed at 4 oC min, to 
150 oC min, nitrogen (carrier gas) flow 
1.5ml/min, hydrogen 30ml/min, air 
300ml/min. The peaks were recorded and 
areas were determined by using HP-
integrator, 0:1 component was identified 
by comparing the relation times of the 
authentic compounds.  

Total carbohydrate (%) in the dried 
herb of fennel plants was determined 
using the colorimetric method described 
by Dubois et al. (1956).  

Photosynthetic pigments (chlorophyll 
a, b and carotenoids) were determined in 
fresh leaves as the methods described 
by Witham et al. (1971).  

Samples of the harvested plants were 
washed several times with a tap-water 
and then two times with distilled water, 
air-dried, oven-dried at 70 oC for 48 hour, 

ground separately to a fine powder in a 
stainless grinder and stored in plastic 
bags until analysis. A half g portion of 
each dried plant sample was digested by 
5 ml of concentrated mixture of H2SO4 + 
HClO4 at (5:0.5 ratio) according to 
Chapman and Pratt (1982). The contents 
(%) of N, P and K were determined as 
described by Cottenie et al. (1982).  
 
Statistical analysis 

The obtained data of growth 
parameters were exposed to proper 
statistical analysis of variance (ANOVA) 
by using Minitab computer program and 
least significant difference (L.S.D.) were 
calculated at level of 5 % (Barbara and 
Brain, 1994). 
 
RESULTS AND DISCUSSION: 
Effect of salicylic acid (SA) 
application and different salinity 
levels of irrigation water and their 
interactions on:  
1-Morphological characteristics: 

A glance on Table (4), the summary of 
the statistical analysis for the 
morphological characteristics show that, 
treated fennel plants with irrigation water 
salinity (W2) slightly increased plant 
height, number of main branches/plant 
and fresh weight of whole plant, while the 
higher levels of salinity W3 and W4 were 
associated by a significant decrease in 
most morphological characteristics 
compared to untreated plants. The 
inhibitory decrease effects of salinity on 
vegetative growth of fennel plants might 
be due to reduced water absorption, 
reduced metabolic activities due to Na+ 
and Cl- toxicity and nutrient deficiency 
caused by ionic interference (De Lacerda 
et al., 2003). Similar reduction effect on 
plant growth due to high salinity levels is 
in harmony with the results obtained by 
Eid et al., (2011) on marigold plants and 
Khalid and Shedeed (2014) on Nigella 
sativa plants.  
 



 
 
 
 
M.M. Moussa and E.A. Abou Hussien 

214 

 

Table (4): Effect of different salicylic acid rates, salinity levels of irrigation water and their 
interactions on morphological characteristics of fennel plants during two 
growing seasons. 

Water salinity  
            levels        

 
Salicylic acid  
       (mg/l)   

2013/2014 2014/2015 

W1 W2 W3 W4 Mean W1 W2 W3 W4 Mean 

                                    Plant height (cm) 

0  97.36 86.94 84.22 84.41 88.23 110.66 103.42 92.71 85.93 98.18 

50  106.73 112.11 100.71 95.91 103.86 113.05 119.50 100.91 92.80 106.56 

100  117.28 121.86 110.73 108.60 114.61 124.39 131.00 128.11 116.23 124.93 

150  123.52 128.09 117.18 112.40 120.29 125.34 138.68 135.75 120.69 130.11 

200  115.25 115.47 107.62 99.53 109.46 117.01 112.80 99.15 90.63 104.89 

Mean  112.02 112.89 104.09 100.17  118.09 121.08 111.32 101.25  

L.S.D. at  5%  Salinity=8.04   SA= 8.92    Salinity × SA =17.80    Salinity= 11.30 SA= 12.50  Salinity× SA= 24.98   

                               Number of main branches / plant 

0  9.65 8.72 8.26 7.71 8.58 9.17 9.03 8.50 8.23 8.73 

50  9.83 10.62 9.65 8.53 9.65 10.15 10.17 9.61 9.27 9.80 

100  10.33 10.90 9.71 9.48 10.10 10.53 11.22 10.85 9.78 10.59 

150  10.60 11.18 10.25 9.93 10.49 11.42 11.63 10.50 10.13 10.92 

200  9.82 9.71 8.59 8.21 9.08 11.07 10.93 9.88 8.76 10.16 

Mean  10.04 10.22 9.29 8.77  10.46 10.59 9.86 9.23  

L.S.D. at  5% Salinity =1.05   SA=1.17      Salinity× SA = 2.33  Salinity= NS      SA= 1.71      Salinity × SA = NS   

                                    Fresh weight of whole plant (g/ plant) 

0  167.18 146.26 125.43 119.56 139.60 181.73 162.25 143.49 127.55 153.75 

50  189.72 209.84 171.95 157.08 182.14 205.18 234.29 182.21 165.33 196.75 

100  225.20 258.16 210.29 181.47 218.78 235.66 264.45 220.79 204.93 231.45 

150  261.52 291.68 243.20 208.75 251.28 272.80 301.15 257.60 216.99 262.13 

200  234.60 246.55 197.24 175.68 213.51 220.40 229.71 192.58 184.39 206.77 

Mean  215.64 230.49 189.62 168.50  223.15 238.37 199.33 179.83  

L.S.D. at  5% Salinity=18.27  SA= 20.28  Salinity× SA= 40.56  Salin.=20.11   SA=22.32   Salinity× SA= 44.64  

 
Also the results in Table (4) show that, 

all the studied vegetative growth 
characters were significantly increased 
as a result of foliar application of SA 
compared to the control in both seasons. 

The most effective enhancement in this 
regard was obtained by using SA at the 
rate of 150 mg/l. The promotive effect of 
SA on morphological growth characters 
could be attributed to its bioregulator 
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effects on physiological and biochemical 
processes in plants, such as ion uptake, 
cell elongation, cell division, cell 
differentiation, sink and source 
regulation, enzymatic activities, protein 
synthesis and photosynthetic activity as 
well as the increase in the antioxidant 
capacity of plant. 

Using SA as anti-stress substance 
may enhance the plant tolerance to 
environmental stresses. These results 
are in quite agreement with the findings 
of Al-Qubaie (2013) on Jasminum sambac 
and Ali et al. (2016) on Ammi visnaga. 

By referring to the obtained data in 
Table (4), it was clear that, plant trails 
growth was markedly influenced by all 
applied salinity levels combined with 
different SA concentrations. The most 
prominent decline in plant growth was 
associated with the highest salinity level 
W4. On the other hand, the greatest 
values of growth parameters were 
recorded in the plants sprayed with SA at 
150 mg/l under low salinity levels. In this 
concern, SA might show anti-stress 
effects under salinity conditions and it 
may enhance the uptake of nutrients and 
reduce the uptake of some toxic 
elements. These results are in 
accordance with Hassan and Ali (2014) 
on jojoba plants. 
 
2-Yield parameters: 

Recorded results in Table (5) show 
that, high salinity levels caused a drastic 
decline in the measured yield 
parameters, i.e. number of umbels per 
plant, fresh and dry weights of umbels 
(g/plant), weight of 100 fruits (g/plant) 
and fruit yield (g/plant). Such inhibition 
was gradually minimized with increasing 
salinity levels. On the contrary, all these 
criteria were increased under the lowest 
level of salinity W2. Reduction in fennel 
yield at high salinity levels might be 

associated with several physiological 
responses including modification of ion 
balance, water status, stomata behavior, 
photosynthetic efficiency, carbon 
allocation and utilization which in turn 
affect the yield (Munns, 2002 and 2005). 
The suppressive effect of salinity on yield 
was also considered as a consequent 
event to the marked inhibition in 
photosynthesis (Chartzoulakis and 
Klapaki, 2000). These results support the 
previous results obtained by Ali et al. 
(2014) on rose and Yu et al. (2015) on 
mint plants.  

The obtained results of the current 
study obviously reveal that, spraying SA 
at 50 to 200 mg/l was responsible for 
enhancing yield parameters (Table, 5). A 
sharp increase of the measured yield 
components were observed especially 
with the foliar application of SA at rate of 
150 mg/l, except seed index (weight of 
100 fruits g/plant), which reached its 
maxima at rate of 100 mg SA/l compared 
to untreated plants and other treatments 
during both seasons.  

The beneficial effect of SA on yield 
may be attributed to the enhancement 
effect of SA on vegetative growth and 
many enzymes activities. These results 
are comparable to those reported by Ali 
et al. (2016) on Ammi visnaga and 
Hassan et al. (2017) on rosemary. 

Concerning the interactions between 
salinity and SA at different rates, the 
combined treatment among salinity at the 
lowest level W2 and SA at (150 mg/l) 
induced the highest mean values of these 
parameters than others salinity levels 
and SA concentrations except seed index 
which reached its maximum value by 
using salt stress at W2 combined with SA 
at (100 mg/l). These results are similar to 
those obtained by Fayez and Bazaid 
(2014) on barley plants. 
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Table (5): Effect of different salicylic acid rates, salinity levels of irrigation water and their 
interactions on some yield parameters of fennel plants during two growing 
seasons . 

  Water salinity     
              levels       
 

Salicylic acid  
       (mg/l)   

2013/2014 2014/2015 

W1 W2 W3 W4 Mean W1 W2 W3 W4 Mean 

                                         Number of umbels/plant 
0  17.06 15.87 14.18 12.74 14.96 19.48 16.37 14.29 14.85 16.24 
50  19.32 22.14 18.65 17.51 19.40 21.18 23.26 20.33 17.60 20.59 
100  22.29 24.12 20.45 19.67 21.63 25.55 29.94 24.87 22.15 25.62 
150  25.81 26.29 22.40 20.65 23.78 26.62 29.37 26.52 23.12 26.40 
200  24.20 24.39 22.67 19.05 22.57 25.87 26.04 22.75 22.23 24.22 

Mean  21.73 22.56 19.67 17.92  23.74 24.99 21.75 19.99  
L.S.D. at 5% Salinity =2.23   SA=2.48   Salinity × SA=4.95   Salinity =2.09  SA= 2.32    Salinity × SA= 4.64 

                                             Fresh weight of umbels/plant (g) 
0  38.56 34.92 29.52 28.12 32.76 41.47 39.18 30.38 29.05 35.02 
50  44.35 49.77 36.03 32.65 40.70 49.27 52.89 41.58 40.76 46.12 
100  49.36 55.20 45.73 37.01 46.82 53.14 58.62 42.95 42.27 49.24 
150  58.27 62.92 48.79 43.32 53.32 62.54 68.32 53.87 48.33 58.26 
200  52.17 57.41 44.56 38.04 48.04 50.41 51.49 47.20 43.99 48.27 

Mean  48.53 52.04 40.92 35.82  51.36 54.10 43.19 40.88  
L.S.D. at  5% Salinity =7.68  SA= 8.52   Salinity×SA=17.05   Salinity=5.91  SA=6.56   Salinity × SA =13.12   

                                           Dry weight of umbels/plant (g) 
0  25.37 22.68 19.05 18.75 21.46 26.25 25.61 20.39 19.52 22.94 
50  27.72 30.48 23.04 20.80 25.51 31.50 33.91 27.18 26.88 29.86 
100  31.05 34.29 29.44 24.51 29.82 34.29 36.48 28.26 28.16 31.79 
150  37.12 39.68 32.50 29.21 34.62 39.84 43.52 33.67 31.59 37.15 
200  33.02 36.12 28.75 25.20 30.77 32.55 33.62 29.84 28.91 31.23 

Mean  30.85 32.65 26.55 23.69  32.88 34.62 27.86 27.01  
L.S.D. at  5% Salinity=4.82   SA= 5.35   Salinity×SA=10.17   Salinity = 5.69  SA= 6.32  Salinity × SA=12.63   

                                     Weight of 100 fruits (g/plant) 
0  0.95 0.91 0.88 0.83 0.89 0.86 0.83 0.81 0.80 0.82 
50  0.98 1.03 0.92 0.86 0.94 0.91 0.91 0.89 0.84 0.88 
100  1.18 1.22 1.13 0.96 1.12 1.23 1.27 1.20 1.16 1.21 
150  1.11 1.16 1.09 0.97 1.08 1.15 1.15 1.00 0.92 1.05 
200  1.07 1.01 0.93 0.89 0.97 1.06 0.97 0.92 0.89 0.96 

Mean  1.05 1.06 0.99 0.90  1.04 1.02 0.96 0.92  
L.S.D. at 5 % Salinity =NS      SA=NS     Salinity× SA = NS  Salinity = NS   SA=0.33       Salinity × SA=0.67 

                           Fruit yield (g/plant) 
0  20.62 18.70 15.13 15.81 17.56 21.28 20.43 16.63 15.17 18.37 
50  22.40 24.57 18.19 16.66 20.45 25.85 27.78 22.99 21.60 24.55 
100  25.08 27.94 23.68 19.52 24.05 27.39 28.58 23.81 22.88 25.66 
150  29.33 31.39 25.81 23.77 27.57 31.09 34.18 27.54 25.75 29.64 
200  27.21 29.40 24.15 21.50 25.56 27.26 29.50 24.33 24.90 26.49 

Mean  24.92 26.40 21.39 19.45  26.57 28.09 23.06 22.06  
L.S.D. at 5 % Salinity= 6.47   SA=7.18   Salinity× SA =14.36   Salinity=4.97   SA=5.52      Salinity× SA=11.03   
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3-Volatile oil content (%) and oil 

yield: 
Data in Table (6) show that, increasing 

salinity levels in the two seasons caused 
significant and progressive increments in 
volatile oil content (%) of fennel fruit, 
where the highest value was obtained in 
plants was irrigated with W3 and the 
lowest mean occurred under plants was 
irrigated with W1 level. While volatile oil 
yield (cc/plant) was slightly increased by 
increasing salinity levels from W1 to W2 
and by using higher salinity levels (W3 
and W4) the value of oil yield (cc/plant) 
has gradually decreased. It has been 
suggested that, salinity can increase the 
synthesis of some secondary 
metabolites such as volatile oil and 

encourage the formation of new 
compounds (Simon et al., 1992). Similar 
findings were reported by Rahimi et al. 
(2012) on fennel plants.   

 Also, data in Table (6) show that, 
there were significant positive effects of 
all SA treatments on volatile oil content 
(%) and oil yield (cc/plant) compared to 
untreated plants, where the highest 
significant content of volatile oil and oil 
yield were happened as a result of SA 
foliar spraying at rates of 100 and 150 
mg/l, respectively. These results are in 
agreements with those investigated by 
Gharib (2006) on basil and marjoram 
plants. 

 
Table (6): Effect of different salicylic acid rates, salinity levels of irrigation water and their 

interactions on volatile oil percentage and oil yield/plant of fennel plants 
during two seasons.  

      
        Water salinity 
                  Levels 
 
Salicylic acid     
     (mg/l)          

2013/2014 2014/2015 

W1 W2 W3 W4 Mean W1 W2 W3 W4 Mean 

                                     Oil  (%) 
0  1.43 1.56 1.66 1.56 1.55 1.55 1.56 1.68 1.68 1.61 
50  1.55 1.68 1.75 1.88 1.71 1.68 1.75 1.80 1.88 1.77 
100  1.80 1.93 2.06 1.98 1.94 1.93 1.98 1.98 1.88 1.94 
150  1.66 1.66 1.93 1.76 1.75 1.56 1.76 1.88 1.80 1.75 
200  1.63 1.88 1.76 1.76 1.75 1.66 1.76 1.63 1.56 1.65 

Mean  1.61 1.74 1.83 1.78  1.67 1.76 1.79 1.76  
L.S.D. at  5 % Salinity=0.12     SA= 0.13      Salinity× SA=NS   Salinity= NS   SA= 0.22  Salinity× SA = NS  

                                         Oil yield ( cc/plant ) 
0  0.29 0.29 0.25 0.24 0.26 0.32 0.31 0.27 0.25 0.28 
50  0.34 0.41 0.31 0.31 0.34 0.43 0.48 0.41 0.40 0.43 
100  0.45 0.53 0.48 0.38 0.46 0.52 0.56 0.47 0.43 0.49 
150  0.48 0.52 0.49 0.41 0.47 0.48 0.60 0.51 0.46 0.51 
200  0.44 0.55 0.42 0.37 0.44 0.45 0.51 0.39 0.38 0.43 

Mean  0.40 0.46 0.39 0.34  0.44 0.49 0.41 0.38  
L.S.D. at  5 %  Salinity= 0.03  SA= 0.04    Salinity× SA = 0.07   Salinity= 0.05  SA= 0.06  Salinity×SA =0.11  
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Dual appliance of SA concentrations 
and salinity levels of irrigation water and 
its interactions resulted in increments in 
the content (%) of volatile oil and oil yield 
(cc/plant) compared to that obtained from 
untreated plants. Combined treatments of 
SA at 100 mg/l + W3 level and SA at 150 
mg/l + W2 level gave the highest content 
(%) of volatile oil and oil yield, 
respectively. These results were found in 
the first and second seasons. Similar 
improvements were obtained by Hassan 
et al. (2017) on rosemary. 
 

4-Photosynthetic pigments: 
With regard to the effect of irrigation 

by different levels of salinity on 
photosynthetic pigments, data in Table 
(7) illustrate that, those plant irrigated by 
W2 and W3 levels increased 
photosynthetic pigments (chlorophyll a, 
b and carotenoids mg/g of fresh weight), 
while the lowest favorable effect was 
reported by the irrigation of W4 level. The 
greatest increment in chlorophyll a and b 
were found in plants irrigated by W2 
level, while plants irrigated by W3 level 
have produced the highest content of 
carotenoids in the fresh leaves. 

 
Table (7): Effect of different salicylic acid rates, salinity levels of irrigation water and their 

interactions on photosynthetic pigments of fennel plants during two growing 
seasons. 

     Water salinity  
             levels 

               
Salicylic acid  
     (mg/l) 

2013/2014 2014/2015 

W1 W2 W3 W4 Mean W1 W2 W3 W4 Mean 

                              Chlorophyll A (mg/g) 
0  3.19 3.25 3.17 3.10 3.17 3.26 3.35 3.30 3.19 3.27 

50  3.30 3.41 3.29 3.22 3.30 3.42 3.56 3.38 3.31 3.41 
100  4.58 4.73 4.52 4.46 4.57 4.36 4.59 4.25 4.17 4.34 
150  4.40 4.47 4.33 4.26 4.36 4.08 4.21 4.29 4.11 4.17 
200  3.67 3.74 3.86 3.59 3.71 3.53 3.64 3.50 3.49 3.54 

Mean  3.82 3.92 3.83 3.72  3.73 3.87 3.74 3.65  
L.S.D. at  5 % Salinity = NS   SA= 1.11   Salinity× SA = NS   Salinity= NS    SA= 1.22     Salinity× SA = NS   

                               Chlorophyll B (mg/g) 
0  1.23 1.31 1.19 1.14 1.21 1.29 1.36 1.24 1.20 1.27 

50  1.45 1.56 1.39 1.28 1.42 1.53 1.60 1.47 1.38 1.49 
100  2.10 2.57 2.42 2.39 2.37 2.02 2.35 2.27 2.13 2.19 
150  2.05 2.20 2.23 2.16 2.16 1.98 2.18 2.11 2.04 2.07 
200  1.58 1.67 1.50 1.48 1.55 1.56 1.64 1.58 1.47 1.56 

Mean  1.68 1.86 1.74 1.69  1.67 1.82 1.73 1.64  
L.S.D. at  5 % Salinity= 0.09   SA= 0.10   Salinity× SA = 0.20  Salinity= 0.11  SA=0.12     Salinity× SA = 0.24  

                          Carotenoids (mg/g) 
0  2.19 2.33 2.30 2.21 2.25 2.35 2.39 2.40 2.31 2.36 

50  2.42 2.56 2.64 2.39 2.50 2.55 2.59 2.71 2.43 2.57 
100  3.12 3.40 3.54 3.32 3.34 3.21 3.38 3.46 3.30 3.33 
150  3.08 3.20 3.16 3.09 3.13 3.18 3.20 3.24 3.15 3.19 
200  2.53 2.66 2.78 2.44 2.60 2.71 2.84 2.69 2.65 2.72 

Mean  2.66 2.83 2.88 2.69  2.80 2.88 2.90 2.76  
L.S.D. at  5 % Salinity= NS      SA= 1.05    Salinity× SA = NS   Salinity= NS      SA= NS     Salinity× SA = NS  
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The negative effects of the highest 

salinity levels on photosynthetic 
pigments could be due to the inhibition 
of chlorophyll biosynthesis or the 
increase of its degradation by 
chlorophyllase, which is more active 
under salinity stress (Khan et al., 2006; 
Ziaf et al., 2009 and Akça and Samsunlu, 
2012). Furthermore, an oxidative stress 
could happen due to salinity stress 
leading to deterioration in chloroplast 
structure, and consequently decrease in 
chlorophyll content. This finding in the 
current study was supported by Abdul-
Qados (2015) on Capsicum annuum 
plants. 

External addition of SA significantly 
increased the values of photosynthetic 
pigments (chlorophyll a, b and 
carotenoids mg/g of fresh weight) as 
shown in Table (7). Spraying SA at rate of 
(100 mg/l) gave the highest values of 
these determinations relative to 
untreated plants during two successive 
winter seasons. It seems that, SA can 
facilitate respiration and photosynthesis 
processes via modified functioning of 
mitochondria and chloroplasts, so that 
the negative effects of abiotic stresses 
on plants can be alleviated by the use of 
SA (Singh and Usha, 2003). Such 
increments were obtained by Kabiri et al. 
(2014) on Nigella sativa plants.  

In view of our results, plants treated 
with both SA and salt stress showed a 
slight increase in the determination of 
photosynthetic pigments during two 
seasons (Table, 7). These plants have 
reached their maximum contents of 
(chlorophyll a and b) in the plants treated 
by SA at rate of 100 mg/l + W2 level while, 
the highest content of carotenoids was 
observed in the plants treated by SA at 
rate of 100 mg/l + W3 level in both 
seasons. These results are in agreement 
with those obtained by Hassan et al. 
(2017) on rosemary plants.  

5-Nutrients and total carbohydrate 
content (%): 
Data of nutrients content (%) of fennel 

plants (Table, 8), reveal that, salinity 
stress had adversely reduced the 
nutrients content of (N, P and K), where 
the magnitude of reduction was 
increased with increasing salinity levels, 
as compared to plants irrigated with non-
saline water (control). On the other side, 
increasing salinity levels of irrigation 
water led to an increase in total 
carbohydrate (%) in most cases which 
reached its maximum value by the 
application of W3 level during two 
growing seasons. 

Salinity treatment at these levels 
enhanced the accumulation of leaf Na+ 
and Cl− ions, thereby reducing plant 
growth rate and hence minimizing the ion 
uptake by the roots and ion accumulation 
in the shoots are important mechanisms 
of salt tolerance (Caia et al.,2014). 
Several researchers found that, 
increasing salinity level decreased 
nutrients content e.g. Hashish et al., 
(2015) on gladiolus plants and Hassan 
and Ali (2014) on jojoba plants.  

The response of N, P, K and total 
carbohydrate contents (%) in the dried 
herb of fennel plants to different 
concentrations of SA are illustrated in 
Table (8). All tested SA concentrations 
increased N, P, K and total carbohydrates 
contents. Foliar applications of SA at 
rates of 100 and 200 mg/L induced the 
highest N and P values, respectively, 
while its adequacy at rate of 150 mg/l 
caused the highest percentages of K and 
total carbohydrate in the two winter 
seasons. This means that, SA might 
show anti-stress effects under salinity 
levels and may enhance the uptake of 
nutrients and reduce the uptake of some 
toxic elements (Karlidag et al., 2009). In 
this respect, previous studies indicated 
that, SA increased membrane 
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permeability which would facilitate 
absorption and utilization of mineral 
nutrients and transport of assimilates 
(Gunes et al., 2005 and Aftab et al., 2010). 

These results are in agreement with 
those obtained by Dat et al. (1998) on 
mustard plants and Ayat (2007) on 
coriander plants.  

 
Table (8): Effect of different salicylic acid rates, salinity levels of irrigation water and their 

interactions on mineral and total carbohydrate contents of fennel plants 
during two growing seasons.  

     Water 
salinity 

       levels 

    
Salicylic acid  
     (mg/l) 

2013/2014 2014/2015 

W1 W2 W3 W3 Mean W1 W2 W3 W4 Mean 

                                     N (%) 
0  2.25 2.21 2.16 2.10 2.18 2.30 2.28 2.22 2.18 2.24 

50  2.42 2.37 2.31 2.29 2.34 2.56 2.40 2.43 2.35 2.43 
100  2.89 2.76 2.52 2.57 2.68 3.18 2.84 2.75 2.66 2.85 
150  2.73 2.61 2.46 2.45 2.56 2.80 2.77 2.66 2.53 2.69 
200  2.52 2.44 2.39 2.33 2.42 2.58 2.50 2.49 2.47 2.51 

Mean  2.56 2.47 2.36 2.34  2.68 2.55 2.51 2.43  
L.S.D. at  5 % Salinity = 0.12   SA=0.13   Salinity× SA=0.27   Salinity= 0.15  SA= 0.17   Salinity×SA=0.33   

                                      P (%) 
0  0.36 0.35 0.33 0.31 0.33 0.37 0.36 0.34 0.28 0.33 

50  0.42 0.38 0.39 0.37 0.39 0.45 0.41 0.38 0.39 0.40 
100  0.48 0.44 0.45 0.40 0.44 0.55 0.51 0.50 0.49 0.51 
150  0.50 0.49 0.47 0.46 0.48 0.53 0.53 0.50 0.48 0.51 
200  0.59 0.54 0.51 0.52 0.54 0.57 0.57 0.55 0.54 0.55 

Mean  0.47 0.44 0.43 0.41  0.49 0.47 0.45 0.43  
L.S.D. at  5 % Salinity=NS     SA= 0.14    Salinity× SA=0.28 Salinity= NS   SA= 0.11  Salinity× SA= 0.22  

                                       K (%) 
0   3.01 2.86 2.81 2.75 2.85 2.95 2.98 2.82 2.79 2.88 

50   3.16 3.08 2.93 2.89 3.01 3.21 3.17 3.05 3.00 3.10 
100   3.38 3.27 3.20 3.15 3.25 3.35 3.29 3.22 3.24 3.27 
150    3.82 3.69 3.44 3.49 3.61 3.68 3.57 3.55 3.40 3.55 
200  3.41 3.36 3.29 3.27 3.33 3.59 3.45 3.31 3.33 3.42 

Mean  3.35 3.25 3.13 3.11  3.35 3.29 3.19 3.15  
L.S.D. at  5 % Salinity= 0.10   SA= 0.11   Salinity ×SA=0.23   Salinity=0.13  SA=0.14  Salinity× SA= 0.29   

                                     Total carbohydrate (%) 
0  10.20 10.50 10.70 10.40 10.45 10.80 11.00 11.30 11.30 11.10 

50  11.50 11.80 11.60 11.20 11.52 11.40 11.60 11.90 11.50 11.60 
100  11.90 11.90 12.20 11.70 11.92 12.00 12.20 12.40 12.10 12.17 
150  12.00 12.40 12.10 11.90 12.10 12.90 13.20 13.10 13.10 13.07 
200  11.60 11.60 11.80 11.70 11.67 12.40 12.60 12.80 12.30 12.52 

Mean  11.44 11.64 11.68 11.38  11.90 12.12 12.30 12.06  
L.S.D. at  5 % Salinity= NS      SA=1.09   Salinity× SA=1.18  Salinity= 0.30  SA= 0.33  Salinity× SA=0.67 
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For the interaction between two 
studied factors for both growing 
seasons, data revealed that, the 
combined treatments of plants irrigated 
by W1 level + each of 100, 150 and 200 
mg SA/l produced the highest values of 
N, K and P, respectively. Moreover, the 
application of water salinity at W2 level + 
SA at rate of 150 mg/l produced the 
highest total carbohydrate content (%) 
during two seasons. These results could 
be supported by findings of El-Hedek 
(2013) on wheat plants. 

6- Volatile oil components: 
Data presented in Table (9) reveal that, 

essential oil of the produced fennel 
seeds in all treatments were subjected to 
fractionation using gas liquid 
chromatography (GLC). In the second 
season fennel oil samples appeared 11 
peaks, six of them were identified (α, ß-
Pinene, Myrcene, α–Phellandrene, 
Fenchone, Limonene and Anethole) and 
the others were unidentified. 

 
Table (9): Effect of different salicylic acid rates, salinity levels of irrigation water and their 

interactions on essential oil composition of fennel plants during two growing 
seasons.  

                Oil composition  
 

Treatments  
1 2 3 4 5 6 

α- Pinene Myrcene α –Phellandrene Fenchone Limonene Anethole 
Water salinity levels       
W1 2.25 1.66 0.62 18.82 4.47 69.03 
W2 2.01 1.86 0.57 19.00 4.46 70.07 
W3 1.69 1.56 0.52 19.05 3.59 71.56 
W4 1.58 1.55 0.51 18.23 3.94 71.89 
SA (mg/l)       
0 2.25 1.67 0.46 18.54 5.29 69.19 
50 1.94 1.54 0.52 19.37 3.94 70.59 
100 1.79 1.75 0.63 19.43 3.02 70.70 
150 1.78 1.55 0.64 18.80 4.44 70.93 
200 1.67 1.78 0.52 17.73 3.88 71.77 
SA(mg/l) X salinity levels       
                           W1 2.75 1.89 0.53 17.95 5.64 67.38 
0                         W2 2.82 1.73 0.41 18.63 5.27 68.45 
                           W3 1.75 1.65 0.51 19.25 5.35 69.32 
                           W4 1.70 1.42 0.40 18.34 4.93 71.61 
                           W1 1.82 1.18 0.66 19.53 3.98 69.75 
50                       W2 1.91 1.93 0.53 19.44 3.73 70.44 
                           W3 1.99 1.65 0.40 20.29 3.42 70.52 
                           W4 2.04 1.40 0.49 18.25 4.65 71.68 
                          W1 1.88 1.58 0.62 20.53 3.27 69.29 
100                    W2 1.91 1.91 0.74 19.46 3.80 70.08 
                          W3 1.72 1.70 0.55 18.85 2.81 72.15 
                          W4 1.65 1.84 0.63 18.91 2.22 71.30 
                          W1 2.51 1.80 0.74 19.34 4.70 68.26 
150                    W2 1.84 2.02 0.66 19.68 4.59 70.03 
                          W3 1.36 1.15 0.59 18.75 3.17 73.64 
                          W4 1.41 1.23 0.60 17.46 5.30 71.80 
                          W1 2.33 1.85 0.59 16.77 4.80 70.47 
200                    W2 1.58 1.71 0.51 17.80 4.92 71.35 
                          W3 1.67 1.66 0.57 18.15 3.22 72.19 
                          W4 1.10 1.90 0.43 18.20 2.60 73.09 
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The main compounds which 
characterized the essential oil of fennel 
plants were (α-Pinene, Myrcene, α–
Phellandrene, Fenchone, Limonene and 
Anethole) according to Guenther (1961). 
The combined treatments of W2 level 
without SA, W2 level + 150 mg/l SA, W2 
level+ 100 mg/l SA, W1 level + 100 mg/l 
SA, W1 level without SA, W3 level + 150 
mg/l SA produced the highest values of 
(α-Pinene, Myrcene, α–Phellandrene, 
Fenchone, Limonene and Anethole), 
respectively. Meanwhile, the lowest 
enhancement on (α-Pinene, Myrcene, α–
Phellandrene, Fenchone, Limonene and 
Anethole) were obtained by using W4 
level + 200 mg/l SA, W3 level + 150 mg/l 
SA, W4 level without SA, W1 level + 20 
mg/l SA, W4 level + 100 mg/l SA, W1 level 
without SA, respectively during the 
second season.   
 
CONCLUSIONS 

Salinity of irrigation water even at 
moderate and high levels significantly 
decreased growth and biomass 
production of fennel plants. High salinity 
stress decreased the photosynthetic 
pigments, nutrients content and the yield 
of fennel. The result suggested that, 
salicylic acid has a great positive 
potential in alleviating salinity stress on 
plant growth, especially at rate of 150 
mg/l.  
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 تأثیر إضافة حامض السلسلیك علي النمو و المكونات النشطة لنبات الشمر
 تحت ظروف الإجهاد الملحي 

 

  )2(الحسیني عبد الغفار أبو حسین ، )1(محمد محمد موسي
 مصر  –شبین الكوم  - جامعة المنوفیة -كلیة الزراعة  -قسم البساتین ) 1(
 مصر  –شبین الكوم  - جامعة المنوفیة -كلیة الزراعة  -قسم علوم الأراضي ) 2(

  الملخص العربي
في هذه الآونة تواجه مصر مشكلة في كمیات میاه الري و ذلك لثبات حصة مصر المائیة، ولهذا فإن الخطوة الرئیسیة في 
الإستراتیجیة المصریة هي زیادة إنتاجیة المحصول الناتجة من وحدة المساحة مع إستخدام أقل كمیة من میاه الري. من أجل 

شمالاً و  30‚52مصر ( –شبین الكوم  –جامعة المنوفیة  –جریبیة بكلیة الزراعة ذلك، تم إجراء تجربة أصص في المزرعة الت
لدراسة التأثیر الفردي و المشترك  2014/2015و  2013/2014 :شرقاً ) وذلك خلال موسمي نمو شتاء متتالیین  30‚99

یة لنبات الشمر النامي في أرض ذات لكلٍ من حامض السلسلیك و ملوحة میاه الري علي النمو و المحصول و المكونات الكیمیائ
مللیجرام / لتر ،  200و  150، 100، 50في أربعة مستویات إضافة هي رشاً . وقد تم إضافة حامض السلسلیك  قوام طیني

وذلك بالإضافة إلي معاملة الكنترول التي إستُخدم فیها الماء بدون حامض السلسلیك. و كانت میاه الري المستخدمه (میاه 
التوالي وذلك بجانب میاه  علي)  4و میاه  3، میاه  2میاه  (دیسیسیمنز/متر  7و  5، 3مصنعة) ذات درجة توصیل كهربي 

دیسیسیمنز/متر. وقد صُممت التجربة في قطاعات كامله العشوائیة  0‚37) التي تمیزت بدرجة توصیل كهربي  1النیل (میاه
 . ومثلت كل معامله بثلاث مكررات

رئیسیة لكل نبات في كلٍ من موسمي النمو، تم تسجیل صفات النمو الخضري للنبات مثل طول النبات (سم) ، عدد الأفرع ال
و الوزن الطازج للنبات و أیضاً تم حساب المقاییس المحصولیة مثل عدد النورات الخیمیة في كل نبات، الوزن الطازج و الجاف 

نبات) و كذلك المحتوي (٪) من كلٍ من  نبات) محصول الثمار (جم/ ثمرة (جم/ 100للنورات الخیمیة في كل نبات (جم) ، وزن 
كونات الزیت، صبغات البناء الضوئي ، النیتروجین ، الفوسفور ، البوتاسیوم وأیضاً المحتوي الكلي للكربوهیدرات الزیت الطیار، م

في نبات الشمر. وقد أوضحت النتائج أن جمیع صفات النمو الخضري و مقاییس المحصول تتناقص معنویاً مع زیادة مستوي 
حبها زیادة بسیطة في كل المقاییس المدروسة. كما أن محتوي الكلوروفیل أ ، التي صا 2ملوحة میاه الري، بإستثناء الري بمیاه 

سواءً كانت معاملات منفردة أو  4ب أخذ نفس الإتجاه ، حیثُ كانت القیم الأكثر إنخفاضاً موجودة في النباتات المرویة بمیاه 
توي (٪) من النیتروجین و الفوسفور و مع حامض السلسلیك وذلك بالمقارنة بمعاملة الكنترول. كما وجد أن مح مجتمعة

البوتاسیوم یتناقص بزیادة مستوي ملوحة میاه الري ، بینما محتوي الكاروتیندات و الزیت الطیار و الكربوهیدرات الكلیة یتزاید 
من التأثیر . الرش بحامض السلسلیك بمختلف التركیزات یُخفف  3تدریجیاً مع زیادة ملوحة میاه الري و خاصة عند الري بمیاه 

بین  التفاعل. ویظهر تأثیر  الضار للإجهاد الملحي حیثُ كانت القیم الأعلي معنویة مصاحبة لمعظم المقاییس تحت الدراسة
مستویات ملوحة میاه الري و تركیزات حامض السلسلیك علي معظم مقاییس النمو و المحصول و خاصة عند ري نباتات الشمر 

 .  مللیجرام/ لتر 150بتركیز و رش حامض السلسلیك  2بمیاه 
و خاصة عند معدل  رشاً وعموماً تُوصي الدراسة ، إنه في حالة الري بمیاه مالحة فإنه یجب إستخدام حامض السلسلیك 

 مللیجرام/ لتر وذلك للتخفیف من التأثیرات الضارة لملوحة میاه الري علي كلٍ من كمیة و جودة نباتات الشمر. 150
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