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ABSTRACT: This study was carried out at a private farm in AL-
Radisiya city, Markaz Edfu, Aswan Governorate, Egypt on the banks
of Nile River and Experimental Laboratory of Horticulture 
Department, Faculty of Agriculture, Benha University, EL-Qaloubia 
Governorate, Egypt during the two successive seasons of 2018/2019
and 2019/2020 on chia (Salvia hispanica L.) plant. A study was 
initiated through various biostimulant and chemical fertilizer aiming 
to evaluate effectiveness of arbuscular mycorrhiza fungi (AMF) or 
seaweed extract and/or humic acid as well as chemical fertilizer (N.P 
and K) and the combination of them on vegetative growth, seed yield, 
chemical constituent's, fixed oil productivity and fixed oil composition 
of chia (Salvia hispanica L.) plant. Plants sprayed by biostimulants
gave the significantly highest mean values for all of studied 
characteristics mentioned above, particularly T6: the combined of 
mycorrhiza, humic acid, seaweed and recommended dose of NPK 
followed by T5: recommended dose of NPK (350:200:100 kg/feddan)
in the first and second seasons. Meanwhile, T4: seaweed (1 ml/l) 
ranked the third values in parameters mentioned before in this 
concern. Whereas, the richest fixed oil percentage was scored by T6, 
followed descendingly by T5 in the 1st and 2nd seasons. 
Chromatography analysis of chia fixed oil revealed the identification 
of four components. i.e. palmitic acid, oleic acid, linoleic acid and α-
linolenic acid. The main component was α-linolenic acid (43.34 to 
53.28%). It can be concluded that T6 was the best for improving 
growth, seed yield, fixed oil productivity, chemical constituents and
fixed oil components of Salvia hispanica L. plant. 
 

Key words: Salvia hispanica, chia, fixed oil, humic acid, arbuscular 
mycorrhiza fungi, seaweed, chemical fertilizer, oil
productivity and GLC. 

 
INTRODUCTION 

Chia (Salvia hispanica L) is native to 
Mexico and Guatemala belongs to the family 
(Lamiaceae) Ixtaina et al. (2008). In pre-
Columbian times, chia is one of the basic 
foods of Central American civilizations 
(Ayerza and Coates, 2005). Possible to grow 
under drought conditions recommended 

cultivation as an alternative to strategic crops 
(Peiretti and Gai, 2009). As chia is 
considered a healthy and well-nourished 
food, it is widely cultivated in Africa 
(Ayerza and Coates, 2000).  

Chia can be up to 1 meter long and have 
opposite leaves. The color of the seed ranges 
from black to gray and speckled black to 
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white, the shape is oval and the size ranges 
from 1 to 2 mm. Shoots are small flower (3-4 
mm) with small corollas and compact parts 
that contribute to a high rate of self-
pollination. Chia seeds are rich in dietary 
fibers, protein, oil and mucilage. It contains 
from 25 to 40% oil with 60-68% of its 
comprising (omega) ω-3 α-linolenic acid 
(ALA) and 20% of (omega) ω-6 linoleic acid 
(Cahill and Provance, 2002; Peiretti and 
Meineri, 2008; Reyes-Caudillo et al., 2008; 
Bresson et al., 2009 and Ayerza, 2013).  

Chia seed contains many important 
chemical components, such as carbohydrates 
(26-41%), protein (15-25%), fats (30-33%), 
ash (4-5%), minerals, vitamins and dry 
substance (90-93%). It also contains a high 
recent of antioxidants (Ixtaina et al., 2008). 

Clearly, any reliable source of omega 3 
fatty acids that can be found which is safe 
for consumption would be attractive. Chia 
contains omega 3 fatty acids and its oil 
provides the richest plant alpha linolenic 
fatty acid known (Ayerza and Costa, 2005). 
Coorey et al. (2012) reported that, S. 
hispanica can be easily added to commercial 
products. It is characterized by its nutritional 
value, as it is one of the largest plant sources 
of linoleic acid. Chia has recently been 
revived as a new crop particularly due to its 
high oil and highest omega-3 fatty acid 
content among productive oil seeds (Cahill, 
2003; Cahill, 2004). 

Mycorrhizal fungi (AMF) can act as a 
biofertilizer, increase plant uptake of 
immobile phosphate ions from root and 
enhance plant yield, as well as N, P, K, Mg 
and some micronutrients leading to 
stimulating growth (Van der Heijden et al., 
2008; Smith et al., 2011 and Veresoglou et 
al., 2011). Hence, Moghith et al. (2021) 
declared that plants inoculum of mycorrhizal 
fungi score the highest significant increases 
of all vegetative growth and seed yield 
characteristics as compared of uninoculated 
plants (control) of (Salvia hispanica L.) 
plants. 

Humic acid is of great importance to 
plants in terms of its effect on growth in 
addition to its obvious importance to soil as 
it improves soil properties and is an 
important component of organic matter in 
aquatic systems. It increases the rate of 
bacterial activity as it enhances the 
absorption of many nutrients as a chelating 
agent. Humic acid is a vital stimulant of 
natural growth. On the other hand, activates 
microorganisms in the soil and works to 
increase humic and organic matter, 
especially in alkaline soils containing little of 
the organic matter. It is known that humic 
materials increase the activity of root growth 
such as auxins, which in turn is reflected in 
the increased growth of the plant in various 
stages of growth, and leaf pigments (Berlyn 
and Russo, 1990). 

The other investigators of humic acid on 
some medicinal plants (Hendawy et al., 
2015, Jamali et al., 2015 and Vafaei et al., 
(2015). Also, Mohamed. (2020). In general, 
it could be recommended that the 
combinations of seaweed extract and 
inoculum arbuscular mycorrhizal fungi 
(AMF) could be achieved the greatest values 
of all studied traits of Dutch fennel. Also, 
humic acid at 5.0 ml/l or amino acid (amino 
bower) at 2 ml/l, combined with inoculum 
mycorrhizal fungi recorded highly 
increments in this concern.  

Biostimulants are used as safe 
alternatives to some chemical fertilizers 
because they contain hormones, such as 
auxins, gibberellins and cytokinins. (Du 
Jardin, 2015). It also leads to increased 
absorption of both macro and micro 
elements, thus reducing fertilizer 
requirements (Ertani et al., 2012). Seaweed 
contains essential minerals and hormones as 
growth stimulants. It gained importance in 
the later period as a foliar spray for many 
crops including various herbs, grains, 
flowers, medicinal and aromatic plants 
(Mooney and Van Staden, 1986; Crouch and 
Van Staden, 1994). 

 seaweed extracts are widely used as 
biostimulants and are widely used in all 
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countries of the world (Du Jardin, 2015; 
Crouch and VanStaden, 1994). Biostimulants 
are expected to reach 894 million Euro in 
2022 (Eef et al., 2018).  

Some previous studies of marine 
seaweed extract, i.e., Mohamed et al. (2016) 
on basil (Ocimum basilicum, L. Ghatas et al. 
(2021) on Artemisia annua. 

 Finally, in recent decades the use of 
chemical fertilizers led to an increase of 33-
66% in the field of agriculture (Fageria and 
Baligar, 2005). On the other side, there was a 
significant decrease in soil fertility and 
productivity, due to the excessive misuse of 
mineral fertilizers (Zargar Shooshtari et al., 
2020). In addition to many problems such as 
soil salinity, heavy metal pollution 
(Hatamian et al., 2020). In contrast, 
biostimulants benefit different soil 
properties, including soil structure, moisture-
holding capacity, and microbial activity 
(Suresh et al., 2004; Shahram and 
Ordookhani, 2011). In this context, Abou El-
Ghait et al. (2021) demonstrated that, T3 
75% R.D. + 25% organic+biotreatment, 
followed by T2 100% R.D. of mineral NPK 
treatment which recorded the greatest values 
of vegetative, seed yield and chemical 
components of the S. hispanica plant. It was 
necessary to estimate the yield of the chia 
under the conditions of Aswan .For this 
reason, the aim of this study was to evaluate 
the influence of using some biostimulants 
treatments and chemical fertilizers on 
growth, seed yield, chemical constituents, oil 
content and fixed oil constituents of Salvia 
hispanica L. plant. 

 

MATERIALS AND METHODS 

The present study involved field 
experiments conducted at a private farm in 
AL-Radisiya city, Markaz Edfu, Aswan 
Governorate, Egypt on the banks of Nile 
River and Experimental Laboratory of 
Horticulture Department, Faculty of 
Agriculture, Benha University, EL-Qaloubia 
Governorate, Egypt during the two 
successive seasons of 2018/2019 and 

2019/2020 on Chia (Salvia hispanica L.) 
plant. A study was initiated through various 
biostimulant and chemical fertilizer aiming 
to evaluate effectiveness of arbuscular 
mycorrhiza fungi (AMF) or seaweed extract 
and/or humic acid as well as chemical 
fertilizer (N, P, K) and the combination of 
the abovementioned treatments on vegetative 
growth, seed yield, chemical constituents, 
fixed oil productivity and fixed oil 
composition of (Salvia hispanica L.) plant. 

Plant material and procedure: 

Seed of chia (1000 seed weight 1.25 g) 
were obtained from Experimental Farm of 
Floriculture of Faculty of Agriculture, Benha 
University, seeds were sown in the field on 
20th and 15th October in the first and second 
seasons respectively, directly in the hills at 
the rate of 10 seeds/hill at distances of 50 cm 
between hill (thinned to two plants/hill) and 
70 cm between rows (33600 plant/fed) soil 
samples representing the experiment area 
was taken at 0–30 cm depth. The soil 
physical and chemical analysis of this 
experiment were evaluated according to 
Jackson (1973) and Black et al. (1965). The 
obtained results of soil analysis are presented 
in Table (1). 

Calcium superphosphate and compost 
were added at the time of soil preparation 
and mixed thoroughly with the soil of the 
experimental area at the rate of 20 m3/ fed of 
compost and 200 kg/fed of calcium 
superphosphate (15.5% P2O5) for each 
season.  

Experimental procedure:  

This study included six treatments: 

1. Control (without any addition; T1) 

2. Inoculated with arbuscular mycorrhiza 
fungi (AMF) treatments (T2): abuscular 
mycorrhizal fungi According to Badr El-
Din et al. (1999) Arbuscular mycorrhizal 
fungi obtained from Agricultural 
Microbiology Department National 
Research Center. AMF inoculation was 
done by mixed 20 g of it with 5g of chia 
seed before cultivation and then after 10 
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days by infection into the soil in roots 
area of seedlings from four side at 3.5 g/ 
hill of inoculum material. 

3. Humic acid (Humate at 75%, K2O at 10%) 
(T3): Humic King product of Egyptian 
Spain company Egypt. Treatment of 
humic acid was applied as soil dressing 
starting from one month after planting 
seeds of chia beginning with the rate of 
0.5 g/plant until the second month the 
doses were increased to 1 g/plant and the 
third doses became 1.5 g/plant in the third 
month.  

4. Seaweed extract (T4): Spirulina platensis 
algae extract was obtained from 
Agricultural Microbiology Department 
National Research Center. Seaweed 
extract contains plant hormones, 
especially cytokinins and minerals such as 
(Fe, Zn, Cu, Mn and Mo) enzymes, 
vitamins,, amino acids. Treatments of 
seaweed extract was applied as foliar 
sprays repeated 10 times starting from 30 
days after planting (1 ml/l) at 10 days' 
intervals until the end of the treatment. 
Also seaweed extract applied as soil 
dressing beside each plant immediately 
after irrigation to avoid any leaching 
effect at the same concentration (1 ml/l). 
The plants were irrigated every 15 days 
until the end of treatment. 

5. Chemical fertilizer N, P and K (T5): 
chemical fertilizer N, P and K as 
recommended dose 350 kg/fed of 
amonium sulfate (20.6% N), every plant 
was fertilized with 9.5 g of ammonium 

sulfate. Recommend dose 100 kg of 
potassium sulfate (K2O 50%, S 14.4%), 
every plant was fertilized with 2.4 g of 
potassium sulfate. The recommended 
dose of calcium superphosphate (15.5% 
P2O5), was applied at 4.7 g/plant. The 
above-mentioned chemical fertilizers 
obtained from factory of Kema Aswan. 
these quantities were applied as dressing 
beside each plant in three equal portions 
at monthly internals except calcium 
superphosphate dose which was added 
during soil preparation with compost 200 
kg/fed. 

6. Combination treatment of all 
aforementioned treatments i.e. 
(mycorrhiza, humic acid, seaweed and 
recommended dose of NPK) (T6). 

At the end of each season on 15th April 
in both seasons, the plants were harvested at 
the beginning of flowering by cutting the 
vegetative growth. 

The experiment included six treatments 
with three replicates, each replicate contains 
10 plants, 30 plants in each treatment 

Data measurements and recorded: 

The vegetative and yield parameters 
were measured and recorded at harvesting 
time on 15th April, 2019 and 2020 as 
follows:  

1. Vegetative characteristics at the beginning 
of flowering:  

Table 1. Mechanical and Chemical analysis of the Experimental soil . 
 

Mechanical properties Chemical analysis 

Parameters 
Values 

Parameters 
Values 

2018/2019 2019/2020 2018/2019 2019/2020 
Sand 68.55% 65.23% Organic matter 1.55 1.77 

Silt 15.12% 16.33% CaCO3 0.97 1.08 

Clay 16.33% 18.44% Available nitrogen (mg kg− 1) 0.69 0.74
Textural class Sandy loam Sandy loam Available phosphorus (mg kg− 1) 0.38  0.42 

   Available potassium (mg kg− 1)  133  144  

 
pH 7.13 7.32
EC (dS/m) 0.84 0.93
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 Plant height (cm): length of the main 
stem from soil surface to the plant 
apex using measuring tape. 

 Number of branches.  

 Number of leaves/plant. 

 Stem diameter (cm).  

 Herb Fresh weight /plant (g).  

 Herb Dry weight/plant (g). 

2. Flowering parameters: main 
inflorescences height/plant (cm): 

3. Seed yield parameters: 

 Seed yield/plant (g).  

 Seed yield/fed (ton). 

4. Chemical constituents : 

Nitrogen, phosphorus, potassium and 
total carbohydrates were determined in dried 
chia leaves according to the methods 
described by Horneck and Miller (1998), 
Hucker and Catroux (1980), Horneck and 
Hanson (1998) and Chaplin and Kennedy 
(1994) respectively.  

5. Fixed oil productivity: 

 The percent of fixed oil was calculated 
as weight/weight using the following 
equation:  

Fixed oil percentage = Extracted fixed oil 
weight ̸ seeds sample weight × 100. 

5. Fatty acids determination: 

The components representing methylated 
fatty acids were analyzed by G.L.C. method 
according to (Stahl, 1967).  

Statistical analysis: 

Data from the studied factors were 
subjected to analyses of variance (ANOVA) 
with simple trials in a randomized complete 
block design. Data were passed through a 
test for analysis of variance (ANOVA) was 
used to assess the significance of the data at 
P≤ 0.05 and differences were evaluated using 

least significant differences (LSD), 
according to (Snedecor and Cochran, 1989).  

RESULTS  

1. Vegetative growth measurements at the 
beginning of flowering: 

Data presented in Table (2) declared 
that, all biostimulants treatments succeeded 
in increasing vegetative growth 
measurements i.e. (plant height, number of 
branches, stem diameter (cm), No. of leaves 
and herb fresh and dry weights/plant (g) of 
(S. hispanica L.) when compared to 
untreated (T1: control) specially T6: the 
combined treatment of AMF, humic acid, 
seaweed and recommended dose of NPK in 
the two seasons. Although all the treatments 
had no significant differences in the 
thickness of the stem diameter in the second 
season only. T5: recommended dose of NPK 
(350:200:100 kg/ha) gave the second 
greatest values of parameters mentioned 
before in this context. On the contrast, the 
minimum values of vegetative parameters 
mentioned afore scored by T1 (control). 

2. Flowering and seed parameters: 

Data presented in Table (3) 
demonstrated that, T6: the combination of 
mycorrhiza, humic acid, seaweed and 
recommended dose of NPK showed to be the 
most effective treatment for increasing the 
height of main inflorescences height/plant, 
seed yield/plant g and seed yield/fed (ton). of 
plant when compared to untreated plant (T1) 
in both seasons. Also, T5 and T4 recorded the 
highest increments of parameters mentioned 
afore in both seasons. Irrespective to control, 
the minimum values of above-mentioned 
parameters were obtained by T3.  

3. Chemical composition determinations: 

Data presented in Table (4) reveal that 
all biostimulants treatments statistically 
increased leaf N, P, K and total carbohydrate 
contents (%) of (S. hispanica L.) when 
compared to control in the two seasons. 
Hence, T6  gave  the  highest  values  in  this  
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Table 2. Effect of some biostimulants and chemical fertilizer treatments, on plant height
(cm), No. of branches, stem diameter (cm), No. of leaves and herb fresh and 
dry weights/plant (g) of chia (Salvia hispanica L.) plant, during 2018/2019 and 
2019/2020 seasons. 

Herb dry 
weight/g 

Herb fresh 
weight/g 

No. of 
leaves 

Stem 
diameter

(cm) 

No. of 
branches 

/plant 

Plant 
height 
(cm) 

Treatments 

1st season  
103.00 405.00 77.33 3.23 31.67 83.00 Control (T1) 

122.33 481.33 87.33 4.17 40.00 92.33 Mycorrhiza at 5 mg/l (T2) 

109.00 410.00 85.67 3.43 34.67 87.00 Humic acid at 1.5 mg/l (T3) 

110.00 413.00 89.33 3.93 42.00 88.33 Seaweed at 1 ml/l (T4) 

122.67 486.67 124.67 4.27 40.33 101.67 Recommended* dose of N.P.K. (T5) 

131.33 487.67 130.00 4.50 46.33 106.00 T2+T3+T4+T5 (T6) 

5.38 7.54 4.40 1.11 3.026 1.032 L.S.D at 0.05  

2nd season  

104.00 410.00 86.33 3.73 34.00 84.67 Control (T1) 

132.33 483.33 90.33 4.50 42. 00 92.00 Mycorrhiza at 5 mg/l (T2) 

111.67 413.00 87.67 4.40 36.67 89.00 Humic acid at 1.5 mg/l (T3) 

112.33 416.00 91.00 4.50 44.00 90.00 Seaweed at 1 ml/l (T4) 

127.33 491.00 133.33 4.50 42.67 104.00 Recommended* dose of N.P.K. (T5) 

134.67 494.33 135.33 4.60 48.0 108.33 T2+T3+T4+T5 (T6) 

5.85 7.71 3.73 N.S. 3.092 2.759 L.S.D at 0.05  

* NPK at 350:200:100 kg/feddan  

 

Table 3. Effect of some biostimulants and chemical fertilizers treatments, on main 
inflorescences height/plant, seed yield/plant, and seed yield /Fed of chia (Salvia 
hispanica L.) plant, during 2018/2019 and 2019/2020 seasons. 

Seed yield/fed (ton) Seed yield /plant (g) 
Main inflorescences 

height/plant 
Treatments 

1st season  
1.15 34.30 26.00 Control (T1) 

2.46 73.16 34.33 Mycorrhiza at 5 mg/l (T2) 

2.36 69.82 34.00 Humic acid at 1.5 mg/l (T3) 

2.56 76.22 37.00 Seaweed at 1 ml/l (T4) 

2.61 77.61 36.33 Recommended* dose of N.P.K. (T5) 

2.71 80.78 36.67 T2+T3+T4+T5 (T6) 

0.081 2.24 1.55 L.S.D at 0.05  

2nd season  

1.22 36.39 30.33 Control (T1) 

2.54 75.66 37.00 Mycorrhiza at 5 mg/l (T2) 

2.40 71.38 36.00 Humic acid at 1.5 mg/l (T3) 

2.59 77.21 38.67 Seaweed at 1 ml/l (T4) 

2.65 78.99 38.33 Recommended* dose of N.P.K. (T5) 

2.77 82.45 40.00 T2+T3+T4+T5 (T6) 

0.058 1.93 3.45 L.S.D at 0.05  

* NPK at 350:200:100 kg/feddan 
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concern, followed descendingly by T5 in both 
seasons. Moreover, the T3 gave the third 
values in this concern. The minimum values 
of parameters mentioned above were 
recorded by T1. 

4. Fixed oil (%):  

Data presented in Table (5) stated that, 
the fixed oil percentage of (Salvia hispanica 
L.) seeds were more affected by using all 
biostimulant treatments as compared to 
control (T1) in both seasons. However, the 
richest fixed oil % were scored by T6, 
followed in descending order with T5 in the 
first and second seasons. Moreover, the T2 
mycorrhiza (5 mg/l) gave the third highest 
values in this concern on the contrast, the 
minimum values of this parameter were 
scored by T1.  

5. Fixed oil content of chia (Salvia 
hispanica L.) seed: 

Table (6) and Fig. (1) declare the data 
belonging to the effect of different 
treatments of biostimulants on the qualitative 
of the fixed oil compositions of chia (Salvia  

Table 5. Effect of some biostimulants and 
chemical fertilizers treatments, 
on fixed oil (%) of chia (Salvia 
hispanica L.) plant, during 2018-
2019 and 2019-2020. seasons.

2nd  
season

1st  

season 
Treatments 

22.22 21.43 Control (T1) 

28.15 27.44 Mycorrhiza at 5 mg/l (T2) 

25.34 24.24 Humic acid at 1.5 mg/l (T3) 

24.08 23.48 Seaweed at 1 ml/l (T4) 

29.26 28.11 Recommended* dose of N.PK. (T5) 

31.84 29.26 T2+T3+T4+T5 (T6) 

2.003 1.740 L.S.D at 0.05  

* NPK at 350:200:100 kg/feddan  

hispanica L.) seed. The fixed oil 
composition of chia contains four major 
components which were identified, i.e. 
palmitic acid, oleic acid, linoleic acid and α-
linolenic acid. The main component was α-
linolenic acid (43.34 to 53.28%). The major 
components were α-linolenic acid (43.34 to 
53.28%), linoleic acid (21.89 to 23.31%), 
oleic acid (14.06 to 20.83%) and palmitic 
acid (10.77 to 14.83%).  Moreover, T6:  the  

Table 4. Effect of some biostimulants and chemical fertilizers treatments, on N, P,  K 
and total carbohydrate percentages (%) of chia (Salvia hispanica L.) plant, 
during 2018/2019 and 2019/2020 seasons. 

Total 
carbohydrates 

(%) 
K (%) P (%) N (%) Treatments 

1st season  

13.73 1.56 0.27 1.56 Control (T1) 

17.70 1.65 0.34 2.23 Mycorrhiza at 5 mg/l (T2) 

16.21 1.59 0.33 1.97 Humic acid at 1.5 mg/l (T3) 

14.44 1.42 0.32 1.83 Seaweed at 1 ml/l (T4) 

21.27 1.67 0.37 2.60 Recommended* dose of N.P.K. (T5) 

23.23 1.72 0.38 2.69 T2+T3+T4+T5 (T6) 

0.223 0.002 0.001 0.331 L.S.D at 0.05  

2nd season  

14.37 1.43 0.30 1.65 Control (T1) 

18.75 1.67 0.36 2.21 Mycorrhiza at 5 mg/l (T2) 

17.36 1.60 0.35 2.01 Humic acid at 1.5 mg/l (T3) 

15.54 1.53 0.33 1.89 Seaweed at 1 ml/l (T4) 

22.10 1.70 0.39 3.10 Recommended* dose of N.P.K. (T5) 

24.44 1.78 0.41 2.77 T2+T3+T4+T5 (T6) 

0.315 0.058 0.002 0.163 L.S.D at 0.05  

* NPK at 350:200:100 kg/feddan  



Eman M. Abou El-Ghait et al. 

 
418

combined of mycorrhiza, humic acid, 
seaweed and recommended dose of N.P.K 
registered the greatest values of α-linolenic 
acid as (53.28%) followed descendingly by 
T5: recommended dose of N.P.K 
(350:200:100 kg/ha) as (47.09%) and T4: 
seaweed (1 ml/l) gave 45.06%) as when 
compared to control as (43.34%) control 
(T1). Meanwhile, T3: humic acid (1.5 mg/l) 
gave the maximum values of linoleic acid 
(23.31%), followed by T4: seaweed (1 ml/l 
(23.04%) Additionally, treatments 
mentioned afore registered decreases in the 
percentage of oleic acid from 20.83 in T1 
(control) to 14.06% of T6. 

Discussion 

Biostimulants and NPK fertilizers 
succeeded in increasing plant growth 
compared to the control, as it improved plant 
height, number of branches and dry weight 
in all fertilization treatments higher than the 
untreated treatment. Mycorrhizal symbioses 
are essential for the sustainable management 
of agricultural ecosystems (Barrios, 2007; 
Smith and Read, 2008). Arbuscular 
mycorrhizal fungi (AMF) play an important 
role in plant growth, health and productivity. 
AMF fungi help plants to absorb nutrients, 
especially the less available mineral nutrients 
such as copper, molybdenum, phosphorus 
and zinc (Chanda et al., 2014). AMF have 
been shown to have benefits to host plants by 
increasing dry leavesivore tolerance, 
pollination, soil stability, and heavy metal 

tolerance (Hart and Trevors, 2005). AMF 
help plant species to uptake water and 
nutrients and make physiological changes to 
increase the growth and productivity of host 
plants, AMF fungi play a key role in soil 
fertility and plant nutrition, enhancing the 
uptake and translocation of mineral nutrients 
(P, N, S, K, Ca, Fe, Cu and Zn) from soil to 
host plants, by means of an extensive below 
ground hyphal network, which spreads from 
colonized roots into the soil environment 
(Smith and Read., 2008 and Raei and 
Weisany., 2013). 

AMF inoculation causes physiological 
changes where the amount of mitochondria 
increases threefold, the nucleus increases in 
size, and increased numbers of mitochondria 
and plastids lead to an increase in energy 
production. (French, 2017). They can move 
towards the arbuscules, forming a net-like 
structure over the fungus. The number of 
plastids also increases and the strands 
become more abundant. (Buee et al., 2000; 
Lohse et al., 2005). Similar results of 
mycorrhizal fungi were obtained by Moghith 
et al., (2021) on (Salvia hispanica L.) plants. 
Mohamed (2020) on Dutch fennel. 

In this concern, the role of humic acid on 
growth and development of the plants. 
Humic acid is one of the natural growths 
biostimulants as it is considered an important 
component of organic substances in aquatic 
systems. Humic acid has a great importance 
for the plant in terms of its effect on growth  

Table 6. Effect of different treatments on fixed oil contents of chia (Salvia hispanica L.) 
plant, during the second season 2019/2020. 

Peak 
No. 

Components 
Area % 

T1 T2 T3 T4 T5 T6 

1 Palmitic acid 13.78 14.83 13.85 12.55 12.08 10.77 

2 Oleic acid 20.83 18.42 19.00 19.36 17.83 14.06 

3 Linoleic acid 22.08 22.22 23.31 23.04 23.01 21.89 

4 α-linolenic acid 43.34 44.54 43.85 45.06 47.09 53.28 

- Total identified 100 100 100 100 100 100 

* Solvent - - - - - - 

T1: Control,  T2: Mycorrhiza (5 mg/l), T3: Humic acid (1.5 mg/l),   T4: Seaweed (1 ml/l), T5: Recommended 
dose of N.P.K (350:200:100 kg/feddan), T6: The combined of mycorrhiza, humic acid, seaweed and 
recommended dose of N.P.K. 
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in addition to its clear importance to the soil 
as it works to increase the content of the soil 
and increase the rate of microbial activity as 
it enhances the absorption of many nutrients 
as a chelating agent. On the other hand, HA 
activates microorganisms in the soil and 
works to increase humic and organic matter, 
especially in alkaline soils containing little of 
the organic matter. It is known that humic 
materials increase the activity of root growth 
such as auxins, which in turn is reflected in 
the increased growth of the plant in various 
stages of growth, and leaf pigments (Berlyn 
and Russo., 1990 ; Graves et al., 2004; 
Frankenberger and Arshad, 1995; Pereira et 
al. (2019). The aforementioned results of 
humic acid concerning studied traits in 
parallel with those obtained Aiyafar et al. 
(2015) on cumin (Nigella sativa L.), El-
Shayeb et al. (2015) on Salvia officinalis L. 
Hendawy et al. (2015) on Mentha piperita 
var. citrata plants, Nasiri et al. (2015) on 
Pelargonium graveolens plant and Awad 
(2016) on Carum carvi plant, El-Khateeb et 
al. (2017) on Majorana hortensis plants, 
Ibrahim and Helaly (2017) on fenugreek 
plants. Mohamed and Ghatas (2020) on chia 
(Salvia hispanica L.) plants. The results of 
safety biostimulants concerning yield 
parameters are in parallel with those 
obtained, Aiyafar et al. (2015) on Nigella 
sativa L., Ariafar and Forouzandeh (2017) 
on black cuminm, Ibrahim and Helaly (2017) 
on fenugreek plants. Mohamed (2020) 
declared that the largest growth, yield and 
chemical components of Dutch fennel can 
achieve combinations of seaweed extract at a 
rate of 2 ml/l and AMF. Also, humic acid at 
5.0 ml/l. Mohamed and Ghatas (2020) 
demonstrated that plants were sprayed with 
safe growth stimulants, which ranked the 
highest significant mean values of all 
vegetative growth, seed yield and chemical 
components of Salvia hispanica L. plants, 
especially humic acid at 5 ml/l. The 
aforementioned results of humic acid 
concerning chemical composition are in 
parallel with those obtained by Salachna et 
al. (2017) on Verbena bonariensis. 

Mohamed and Ghatas (2020) on chia (Salvia 
hispanica L. plants. 

Seaweed extract are used as safe 
alternatives to some chemical fertilizers 
because they contain hormones, such as 
auxins, gibberellins and cytokinins. (Du 
Jardin, 2015). It also leads to increased 
absorption of both macro and micro 
elements, thus reducing fertilizer 
requirements (Ertani et al., 2012). Seaweed 
contains essential minerals and hormones as 
growth stimulants. It gained importance in 
the later period as a foliar spray for many 
crops including various herbs, grains, 
flowers, medicinal and aromatic plants 
(Crouch and Van Staden, 1994 ; Mooney and 
Van Staden, 1986). 

seaweed extracts are widely used as 
biostimulants and are widely used in all 
countries of the world (Du Jardin, 2015; 
Crouch and VanStaden, 1994). Some 
previous studies of marine seaweed extract, 
i.e., Mohamed et al. (2016) on basil 
(Ocimum basilicum, L. Ghatas et al. (2021) 
on Artemisia annua. 

Mineral and organic fertilization causes 
an increase in the production of many crops 
(Goudarzi et al., 2016), The aforementioned 
results of chemical fertilization concerning 
vegetative growth are in parallel with those 
obtained by Said-Al Ahl et al. (2015) on 
Anethum graveolens L. , Ghatas (2020) on 
Coriandrum sativum plants in the two 
seasons in most cases., Abou El-Ghait et al. 
(2021) on chia plants. 

The majors components of chia oil was 
stated by various studies like Ayerza and 
Coates (2005) found that the major 
component were α-linolenic (63.2%), 
linoleic (18%), oleic (3.4%), palmitic 
(7.25%) and stearic (3.4%); Segura-Campos 
et al. (2014) stated that chia oil contains α-
linolenic (68.52%), linoleic (20.40%), oleic 
(2.43%), palmitic (7.74%) and stearic 
(0.29%) and Silva et al. (2016) studied 
quantification of fatty acids in the chia seed 
oils obtained with different solvents and 
stated that α-linolenic arranged (61.48 – 
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62.92%), linoleic (18.10 – 19.76%), oleic 
(6.9 – 6.87%), palmitic (9.13 – 9.95) and 
stearic (2.92 - 2.99%). Moghith et al. (2021) 
declared that the main components were α-
linolenic acid (54.96 to 63.23%) linoleic acid 
(15.82 to 21.36), oleic acid (6.19 to 15.86%) 
and palmitic acid (6.30 to 8.15%). Mohamed 
and Ghatas (2020) on chia declared that the 
main component was α-linolenic acid (37.28 
to 39.72%). The major components were α-
linolenic acid, linoleic acid, oleic acid, and 
palmitic acid. 

CONCLUSION 

From the results obtained conclusively, 
it can be indicated that T6 (the combination 
of mycorrhiza, humic acid, seaweed, and 
recommended dose of N.P.K.) or T5 
(recommended dose of N.P.K. at 
350:200:100 kg/feddan) could be used to 
improve growth, seed yield, chemical 
constituents, fixed oil productivity and fixed 
oil constituents of chia (Salvia hispanica L.) 
plant.  
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ة البذور والمكونات الكيميائي ومحصولعلى النمو  حيوية والتسميد الكيماوىال منشطاتالتأثير بعض 

 تحت ظروف أسوان) .Salvia hispanica L( يااشتية الزيت ومكونات الزيت الثابت لنبات الاجوإنت
 

  

  *يفهابراهيم حامد خل ىيحي ، * محمد  فهمى يوسف  سريي ،** الدايم حسني محمد عبد  ، * الغيط مختار أبو إيمان
  مصر  ، بنها جامعة كلية الزراعة ، ،بساتينلا قسم* 

  مصر  ، بنها جامعة ،راعة ة الزليك  النبات، قسم** 
  
  

رديسية مركز إدفو بمحافظة أسوان بمصر على ضفاف نهر النيل خاصة بمدينة العة مزرب أجريت هذه الدراسة
 ٢٠١٨/٢٠١٩مصر خلال الموسمين المتتاليين  ،ومعمل تجريبي لقسم البساتين بكلية الزراعة جامعة بنها بمحافظة القليوبية

ة من خلال العديد دراسالفي  تم البدء تحت ظروف أسوان. ) (.Salvia hispanica L ياات التشعلى نب ٢٠١٩/٢٠٢٠و 
أو مستخلص الأعشاب   (AMF)وفطريات الميكروهيزا من المنشطات الحيوية والأسمدة الكيماوية بهدف تقييم فعالية 

أعلاه بشأن النمو ورة لمذكت اوالجمع بين المعاملا (NPK) أو حمض الهيوميك وكذلك السماد الكيميائي/البحرية و
. أعطت يااوإنتاجية الزيت الثابتة والتركيب الزيتي الثابت لنبتة التشنات الكيميائية وكمحصول البذور والملخضري وا

ة معنوي لجميع الخصائص المدروسة المذكورة أعلاه ، خاصالنباتات التي تم رشها بمنشطات النمو أعلى قيم متوسط 
 متبوعًا بـ NPK ة الموصى بها منجرعوال (T6)وحمض الهيوميك والأعشاب البحرية الميكروهيزا بين اعل معاملة التف

(T5)  الجرعة الموصى بها من NPK )كجم / فدان) في الموسمين الأول والثاني. بينما احتلت ١٠٠: ٢٠٠: ٣٥٠ (T4) 
أغنى نسبة   (T6) ، بينما سجلته في هذا الشأنأعلا ات المذكورةلتر) المرتبة الثالثة في القراء/مل ١الأعشاب البحرية (

مكونات ثابتة.   تحديد أربعة التحليل الكروماتوجرفى عن كشفوفي الموسمين الأول والثاني.  (T5)تنازلياً  ا ليه، تزيت ثابت 
ئيسي هو الر كان المكون .)مض اللينوليك وحمض ألفا لينولينيأي حمض البالمتيك وحمض الأوليك وحتم التعرف عليها (

هو الأفضل لتحسين النمو ومحصول البذور  (T6) نتاج أن٪). يمكن الاست٥٣٫٢٨إلى  ٤٣٫٣٤لينولينيك ( حمض ألفا
  . ) (.Salvia hispanica Lيااالتشئية ومكونات الزيت الثابتة لنبات المكونات الكيمياوإنتاجية الزيت الثابتة و


