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Abstract: Fertilizer production and application are growing excessively with increased 

agricultural expenses and environmental damage. As alternatives, organic fertilizers issued 

from natural resources such as seaweed liquid extracts (SLE) are considered as potential 

plant biostimulant agents. In this study, the impact of the green algae Chaetomorpha linum 

SLE on seed germination, yield and pigmenting characteristics of the chickpea Cicer 

arietinum was investigated in laboratory settings and in pots. Several SLE concentrations 

varying from 1%, 3%, 5%, 8% to 10% were prepared using distilled water. 

 

The application of SLE significantly affected all assessed parameters over the control (0%). 

Use of SLE at the lowest concentration (1%) showed maximum seed germination, root and 

shoot length and contents of total chlorophyll, chl (a), and chl (b). Accordingly, the results 

suggest that C. linum SLE could be used as an alternative organic fertilizer because it is 

environmentally friendly and profitable. This extract, rich in plants growth components, could 

find its future use in various sectors. 

 

Keywords: Chaetomorpha linum; Cicer arietinum; Seaweeds; Biofertilizers; Plant growth; 

Pigments. 

 

 

1. Introduction 

 
The use of algal extracts has become 

increasingly popular because of their 

potential use in sustainable and organic 

farming (Nabti et al., 2016). Seaweed liquid 

extracts (SLEs) are more commonly used 

than fresh seaweed owing to their 

marketability and ease of implementation 

 

 
(Verkleij, 1992; Hernández-Herrera et al., 

2014). Besides, seaweed extracts have 

been shown to be more effective than 

chemical fertilizers owing to their important 

organic matter content which facilitates 

holding moisture and minerals in the soil 

top layer accessible to the roots (Zodape et 
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al. 2010). These organic fertilizers derived 

from renewable marine resources are the 

most effective complement to chemical 

fertilizers. Thus, they can be applied at 

different levels to crops for soil or root 

soaking or foliar spraying (Spagnuolo and 

Domenico, 2021). 

Additionally, the seaweed extracts are 

used to boost seed germination, to provide 

plants with resistance to biotic-abiotic 

stressors and to increase nutrient uptake 

into the soil (Ali et al., 2021). These positive 

findings are credited to SLE high levels of 

micro and macro elements, vitamins, 

polysaccharides as well as a multiple plant 

growth regulators including cytokinins and 

auxins at varying levels and other 

substances that support plant growth 

(Karthikeyan and Shanmugam 2016). 

Thus, SLE growth stimulating effects on 

seed germination (Venkataraman et al., 

1993, Mostafa et al., 1999), production 

(Sekar et al., 1995) and biochemical 

properties (Thirumalthangam et al., 2003) 

of agricultural culture have been 

extensively described. 

SLEs are efficient biostimulant in several 

crops such as potato (Lopez-Mosquera 

1997), olives (Chouliaras et al. 2009), 

watermelons (Abdel-Mawgoud et al., 

2010), soybean (Rathore et al., 2009), 

tomato (Campobenedetto et al., 2021, 

Cozzolino et al., 2021 ), wheat plants 

(Latique et al. 2017, Chebil Ajjabi et al. 

2019, Latique 2021), strawberries (Kapur 

et al., 2018), spinach (Rouphael et al., 

2018), grapevines (Frioni et al., 2018), 

cucumber (Hassan et al., 2021) and 

raddish (Spain et al., 2022). 

Seaweeds which are considered as source 

of natural products are described with plant 

biostimulating potentials in numerous 

research works (Godlewska et al., 2016, 

Gibilisco et al., 2020). Seaweeds present a 

considerable performance in agriculture, 

particularly in developing countries where 

unreasonable utilization of pesticides and 

chemical fertilizers is a matter of 

consideration. 

Increasing number of liquid fertilizers and 

biostimulants based on seaweed products 

gained the global bio-fertilizer markets as 

they enclose several plant growth 

regulators like gibberillin and auxin 

(Zodape et al., 2010). 

The brown alga Ascophyllum nodosum is 

widely used to produce biofertilizers in land 

cultivation (Crouch and Van Staden, 1993). 

Besides this species, more brown 

seaweeds belonging to Turbinaria, 

Sargassum, Fucus and Laminaria, 

genuses are tested (Hong et al., 2007). 

Recently, an increased interest in using 

green algae such as Ulva reticulata 

(Ganapathy et al., 2013), Codium 

tomentosum (Mohy El-Din, 2015), 

Chaetomorpha linum (Chebil Ajjabi et al., 

2019), and Chaetomorpha antennina 

(Chanthini et al., 2019) for growing vine, 

wheat and tomatoes respectively. 

C. linum flourish amply in nutrient rich 

environments as anthropogenic coastal 

areas. Such seaweed material interferes 

with human activity, disrupting, for 

instance, navigation, aquaculture, and 

tourism. Environment protection agencies 

are thus compelled to clean algal thalli and 

dispose them as waste. Each profitable use 

of this waste material is much desired from 

the standpoint of environmentally 

sustainable development. 

The chickpea Cicer arietinum L., 1753, a 

dicotyledonous of Fabaceae family, is 

among the important food leguminous 

plants cultivated in Tunisia. Chickpeas are 

grown in Tunisia on 30,000 hectares, a 

third of the total area (110,000 ha) of 

pulses, with an average yield of 300 

thousand tons per year and an average 

productivity of 630 Kg/ha (Sleïmi et al., 

2001). 

In keeping with these aspects, the present 

work was undertaken to study the 

biostimulating potential of the local green 

alga C. linum (O.F.Müller)  Kützing 1845 
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extract with regard to growth, yield 

parameters and seed germination of the 

chickpea C. arietinum. 

 

2. Materials and Methods 

 
2.1. Collection of seaweeds 

C. linum, is a thread-like green macroalga, 

very abundant on the Tunisian coasts, and 

especially in lagoon environments (Ksouri 

et al., 1997). Sampling was carried out on 

the southern shore of the Northern Lake of 

Tunis (36°49'N, 10°14'E) where salinity 

was 37-38 PSU and water temperature 

varied between 15-20°C.The seaweed was 

hand-picked and washed rigorously with 

seawater and lastly, with fresh water to 

eliminate epiphytes and sticking sand 

particles. 

 
2.2. Preparation of seaweed liquid 

extract 

 
Seaweeds were left to dry in the shade for 

four days, then dried in the oven for 24 

hours at 60°C. Afterwards, materials were 

ground by hand and made into fine powder 

with an electrical crusher. Seaweed 

powder was added using distilled water in 

a 1:20 (w/v) ratio and was then incubated 

for 30 minutes in a 40°C water bath 

(Mohanty and Adhikary, 2018). The 

contents were filtered into a double-layer 

cheese fabric and cooled at room 

temperature. Filtrate was centrifuged at 

10000 rpm during 10 minutes and kept in 

the fridge at 4°C until later use. The 

resulting supernatant was considered as 

100 % seaweed liquid extract and from 

which five different concentrations 1%, 3%, 

5%, 8% and 10%, were prepared using 

distilled water. 

The physical observations such as color 

and pH were determined by Konica minolta 

colorimeter and Eutech instruments 

pHmeter model pH 2700, respectively. 

The chemical elements such as total 

nitrogen, magnesium, potassium, calcium, 

phosphate, iron, zinc, copper and chloride 

were quantified using Inductively Coupled 

Plasma Spectrometry (ICP-OES Optima 

8000 Perkin Elmer). 

 
2.3. Experimental design and       treatments 

2.3.1. Germination assays 

The chickpea Cicer arietinum seeds were 

provided to us from the laboratory of food 

legumes at the National Institute of 

Agronomic research of Tunis. Seeds of 

consistent size, color and weight were 

chosen. Chickpea seeds were disinfected 

with ethanol (80%) for 30 seconds and 

sodium hypochlorite (5%), successively, 

and then washed three to five times with 

sterilized distilled water. The healthy 

selected seeds with about the same size 

(0.9 cm), were divided into batches of 10 

each and put to germinate in Petri dishes 

between two layers of cotton moistened 

with 5 mL of the varied concentration of 

SLE (1%, 3%, 5%, 8% or 10%) depending 

on the treatment. 

The Petri dishes were maintained in 

incubator at 25°C ±2°C. In control (0%), 

seeds were treated with distilled water and 

maintained under the same conditions. 

The germination is marked by the exit of 

the radicle out of the seed tegument. The 

experiment is conducted in triplicate and 

germination is followed for 7 days. 

 

2.3.2. Field trial 

In order to stimulate their growth, the seeds 

already germinated in the Petri dishes and 

became seedlings at the end of the first 

stage (7 days) were transplanted three 

germinated seeds per pot filled with 100 g 

of fine soil. The seedlings were planted in 

earth pots to a depth of 2.5 cm below 

ground level and were left to grow. The 

seeds were then watered in their pots with 

algal extract at a rate of 5 mL per day per 

pot to avoid mineral deficiencies. The 

treatments were implemented according to 
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the different concentrations of SLE (1%, 

3%, 5%, 8% or 10%). At the same time, the 

control pots (0%) were watered only with 

tap water. The pots were placed outside 

and at ambient temperature 22-25°C. 

Seedlings were allowed to grow for 30 

days. 

 
2.4. Biostimulant assays 

Growing parameters including seed 

germination percentage, root length, shoot 

length and biochemical parameters were 

regularly monitored. 

 

2.4.1. Germination assays 

Germination was registered daily by 

counting the emergent radicle. Each 

species has specific germination precocity 

according to its nature. This parameter is 

expressed by the rate of the first seeds 

germinated after 24 h from sowing. 

To better understand the physiological 

significance of germination kinetics, the 

germinated seeds were counted daily until 

day 7 of the experiment. 

The germination speed is evaluated by the 

coefficient of velocity and the average time 

T50 which corresponds to the germination 

of 50% of the seed lot. 

The time taken to achieve 50% 

germination (T50) was determined using 

the formula of Coolbear et al. (1984) as 

amended by Farooq et al. (2005): 

 

T50 (day)=ti + [(N / 2 - ni) (ti - tj )] / ni – nj 

 
Where, N is the final number of emergence 

and ni, nj are the cumulative number of 

seeds germinated by adjacent counts at 

times ti and tj, respectively when ni< N / 

2<nj 

The coefficient of velocity (CV) and the 

percentage of seed germination (GP) were 

measured using the following equations: 

 

CV(%)=(∑Ni)/(∑〖Ni*ti〗)*100 (Kotowski, 

1926) 

GP(%)=Ni/Nt*100 (Nichols & Heydecker, 

1968) 

Where, Ni is the number of seeds 

germinated at time ti, Nt is the initial total 

seed number, t is the days following the 

start of the germination assay and ∑Ni= 

total number of newly germinated seeds at 

time ti. After 7 days, growth parameters like 

length of radicle (future root) and epicotyls 

(future shoot) were analyzed (Fig.1). 
 

Figure 1. Germinated chickpea seed 
a: Radicle ; b: Epicotyl (scaling x10) 

 
2.4.2. Pigment Contents in the cultivated 

plants 

 
After 30 days, plants were uprooted and 

washed with tap water. Only the aerial 

parts were subjected to analysis. The 

quality parameters for treated chickpea 

plants were calculated in terms of pigment 

contents such as total chlorophyll, 

chlorophyll “a” and chlorophyll “b” based on 

the methodology described in Lichtenthaler 

and Wellburn (1983). The resulting color 

solution was analyzed with a UV 

spectrophotometer type LLG Labware. 

Measurements have been conducted at 

wavelengths of λ=663and 645nm. 

The concentrations of total chlorophyll 

(Total Chl), chlorophyll a (Chl(a)), and 

chlorophyll b (Chl(b)) were calculated 

based on the equations below 

(Arnon,1949): 

 

Total Chl (mg/g) = 20.2A645 +8.02 A663 

Chl (a) (mg/g) = 12.7 A663 − 2.69 A645 

Ch (b) (mg/g) = 22.9 A645 − 4.68 A663 
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2.5. Statistical Analysis 

All measures were carried out in triplicate. 

All reported data are the mean ± standard 

deviation and were analyzed using a one- 

way variance analysis (ANOVA). 

Statistically significant differences in 

means (p ≤0.05) were estimated by the 

Duncan test with Sigma Stat 3.1. 

 
3. Results 

3.1. Characteristics of the seaweed 

liquid extract 

The physico-chemical properties of C. 

linum SLE before preparation of the 

different concentrations were shown in 

Table 1. The extract is rich in mineral 

elements, particularly with nutrients such 

as Nitrogen, Potassium, Phosphorus, 

Sodium, Magnesium, Calcium, Manganese 

and Zinc. 

3.2. Seed Germination 

 
The chickpea seeds treated with the lowest 

SLE concentrations showed higher 

significantly different rates of germination 

(at 95% confidence level), while higher 

concentrations slow down the germination. 

 
Figure 2 shows the variations in the 

percentages of the early germinated SLE- 

treated seeds. Indeed, from the first day, 

most of seeds germinated with the different 

percentages of extract. 

 
60 

 
50 

 
40 

 
30 

 
20 

 
10 

 

Table 1. Physico-chemical properties of 

Chaetomorpha linum liquid extract 

0 

0% 

Control 

 
1% 3% 5% 8% 10% 

Concentration of SLE (%) 

 
 

CONSTITUENT VALUES 
 

 

Color Light brown 

pH 6.7 

Salinity (psu) 19 
 

Nitrogen Kjeldahl (mg N/L) 193.7 

Potassium (mg/L) 3135.6 

Phosphorus (mg/L) 

 

51.2 

Sodium (mg/L) 747.6 

Calcium (mg/L) 434.5 

Iron (mg/L) 96.1 

Manganese (mg/L) 2.4 

Magnesium (mg/L) 1.51 

Aluminium (mg/L) 0.87 

Zinc (mg/L) 0.08 

Nickel (mg/L) 0.05 

Cobalt (mg/L) 0.04 

Cadmium (mg/L) 0.005 

Chrome (mg/L) <0.041 

Copper (mg/L) <0.026 

Lead (mg/L) <0.019 
 

 

 

Figure 2. Germination precocity percentage (GP) 
of chickpea seeds under control and different 

concentrations of seaweed liquid extract (values 

are mean ± SD, n = 10). Values with the same 
letter are not significantly different at P<0.05 

 

The findings showed that the germination 

percentage of the seeds after 24 hours was 

increased in SLE-treated seeds when 

compared to control. The increased seed 

germination was recorded at lower 

concentrations. The highest germination 

precocity percentage (50%) was recorded 

with 1% SLE. This percentage is 2 times 

higher than that obtained in control. 

The evolution of the germination speed 

expressed by the velocity coefficient (CV) 

and the average germination time (T50) 

showed that control and treated seeds 

have different T50 values (Fig. 3). On the 

other hand, by increasing the SLE 

concentration, the germination speed is 

reduced and its duration is prolonged. In 

fact, the highest velocity coefficient was 

found in seeds having received the 1% 

G
P

 (
%
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treatment (53.39%) with the shortest T50 

(1.87 days) (Fig.3). Above this 

concentration, a decreased germination 

speed is recorded with an increased T50. 

 

CV T50 
70 

60 
3 

3.3. Morphological Parameters 

 
The SLE application enhanced the plant 

growth that was visible in the seeds 

enriched by C. linum SLE when compared 

to the control. The effect of SLE on growth 

parameters such as radicle and epicotyl 

lengths is shown in Table 2. 

The maximum radicle length
50 

40 

30 

20 

10 

0 
0% 

Control 

 
 

 
2 

 
 

 
1 

1% 3% 5% 8% 10% 
 

Concentration of SLE (%) 

(3.41±0.97cm) and epicotyl length 

(3.42±0.74 cm) were observed at 1% 

concentration of SLE at significantly 

different level (at 95% confidence level) 

(Table 2). Beyond this concentration, these 

variables decreased substantially. The 

lowest radicle length (2.04±0.35 cm) and 

epicotyl length (1.76±0.52cm) were

Figure 3. Coefficient of velocity (CV) and mean 
time (T50) of germinated chickpea seeds under 
control and different concentrations of seaweed 
liquid extract SLE (values are mean ± Sd, n=10). 
Values with the same letter are not significantly 

different at P<0.05 

   The daily chickpea seeds monitoring 

demonstrated that all seeds germinated in 

all treatments as well as in the control (Fig. 

3). Moreover, the rate of 100% germinated 

seeds was obtained at different times. 

Indeed, the seeds of the control crop 

reached 100% germination on the 5th day, 

whereas the SLE treated seeds totally 

germinated on the 4th days (Fig.4). 
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Figure 4. Effect of different concentrations of 

seaweed liquid extract (0%, 1%, 3%, 5%, 8% or 

10%) on germination (G) kinetics of chickpea seeds 
(values are mean ± Sd, n=10) 

obtained at 10% concentration of SLE 

(Table 2). 

Application of 1% SLE showed that radicle 

and epicotyl lengths were increased 3.2 

and 2.3 times, respectively as compared to 

control. 

Major differences at a significance level of 

5% were observed for radical and epicotyls 

lengths at 1% SLE treatment. Furthermore, 

no significant difference was observed 

between values obtained at 3%, 5%, 8% 

and 10% SLE treatments (Table 2). 

 
3.4. Photosynthetic Pigments 

Chlorophyll levels in crops after 30 days 

are reported in Table 3. In most cases, total 

concentrations of Chl, Chl(a) and Chl(b) 

were higher in all treatments compared to 

the control group. The highest contents of 

total Chl, Chl(a) and Chl(b) were recorded 

in 1% SLE treatment. Application of 1% 

SLE showed an increase of 5.8, 7.1 and 

2.4 times of total Chl, Chl(a) and Chl(b) 

concentrations, respectively as compared 

to those recorded in control. It can be seen 

that as SLE concentrations increased, the 

chlorophyll content of plants declined 

(Table 3). 
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Table 2. Effect of different concentrations of C. linum liquid extract on radicle and epicotyls lengths of 

chickpea seeds after 7 days of germination (values are mean ± Sd, n = 10). 

 

Length 

 
(cm) 

Control Seaweed Liquid Extract (SLE) 

0% 1% 3% 5% 8% 10% 

Radicle 1.04±0.14 d 3.41±0.97 a 2.43±0.65 b 2.27±0.46 b 2.06±0.31bc 2.04±0.35 c 

Epicotyl 1.51±0.39d 3.42±0.74a 2.30±0.90b 1.94±0.32bc 1.84±0.43c 1.76±0.52c 

Values with the same letter are not significantly different at P<0.05. 
 

Table 3. Effect of different concentrations of C. linum liquid extract on total chlorophyll, chlorophyll (a) and 

chlorophyll (b) concentrations of chickpea seedlings after 30 days of pots growth (values are mean ± Sd, n= 10) 

 

 
Content 

(mg/g DW) 

Control Seaweed Liquid Extract (SLE) 

0% 1% 3% 5% 8% 10% 

Total Chl 3.96±0.04e 23.08±0.27a 14.23±0.69b 12.59±0.66c 8.49±1.31d 7.14±0.39d 

Chl (a) 2.69±0.29e 19.20±0.14a 11.27±0.09b 9.72±0.12c 7.78±0.43d 6.39±0.25d 

Chl (b) 1.62±0.06c 3.88±0.18a 2.97±0.27b 2.86±0.32b 0.93±0.03d 0.75±0.09d 

Values with the same letter are not significantly different at P<0.05. 
 

4. Discussion 

 

Seaweed and their extracts are known for 

boosting the growth in fruits, vegetables and 

other crops since they are rich in 

carbohydrates (Karthik & Jayasri, 2023), 

macro and micro elements (Blunden et al. 

1997), phenylacetic acid (Taylor and 

Wilkinson 1997), vitamins and 

phytohormones like gibberellins, cytokinins, 

auxins, and betaines (El Sheekh and El 

Saied, 2000). Thus, marine seaweeds are 

considered effective biofertilizers in 

agriculture since they contain all the plant 

growth components and hormones needed 

by plants. The present study indicated that 

utilization of Chaetomorpha linium liquid 

extract enhanced germination and growth 

of chickpea seed.                                                     

These results are in agreement with earlier 

results reporting that growth enhancement 

may be attributable to the existence of  

 

 

 

 

 

growth-promoting substance like hormones 

(auxins and gibberellins), micronutrients 

(Fe, Zn, Co, Cu, Mo and Mn), amino acids 

and vitamins in SLE (Ramarajan et al. 

2012, Ganapathy Selvam and Sivakumar 

2013, Layek et al. 2018, Chantini et al. 

2019).In this study, seaweed extract 

application in chickpea seed at the lowest 

concentration of SLE (1%) showed the 

highest seed germination while minimum 

seed germination was observed at the 

highest concentration (10%). In addition, 

the treated seeds exhibited a higher 

germination rate (100%) and emerging 1 

day earlier than untreated seeds (control). 

This can be explained by the salt sensitivity 

of chickpea Studies conducted by Sleïmi et 

al. (1999) on salt tolerance of several 

chickpea species (Amdoun 1, Chetoui, 

Kesseb, ILC482...etc.) have confirmed this         

sensitivity and showed  
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that most salt tolerant species to high 

concentrations (35 mM of Na Cl) were 

Amdoun 1 and ILC482. The chickpea 

variety used in this study is “Rebha” and 

seems to be salt sensitive since optimum 

germination and growth rates were 

recorded in the treatment settled with the 

lowest SLE concentration (1%). 

Similar findings were reported by 

Kalaivanan and Venkatesalu (2012) that 

100% seed germination of Vigna mungo 

was recorded with the lowest concentration 

of Sargassum myriocystum extract (20%). 

However, 100% seed germination of V. 

mungo was achieved with an even lower 

concentration (2.5%) of Ulva reticulata 

extract (Ganapathy Selvam et al. 2013). 

Besides increasing the seed germination 

rate, the growth parameters such as radicle 

and epicotyls were also enhanced under 

low SLE concentration (1%). Similar effect 

of SLE prepared from U. reticulata on V. 

mungo was reported by Ganapathy Selvam 

et al. (2013). This can be attributed to the 

existence of high N, P and K levels in the 

SLE of C. linum. These macronutrients 

serve as soil conditioners by enhancing 

nutrient and water absorption by plants and 

improving proliferation of biota that support 

plant growth in the rhizosphere (Fan et al. 

2011). These microbiotas assimilate the 

inorganic NPK into the organic form, 

increasing the bioavailability of nutrients for 

plant uptake (Kramer et al. 2006, Yakhin et 

al. 2017, Raghunandan et al. 2019). 

Layek et al. (2019) showed that the 

increased use of doses of Gracilaria edulis 

and Kappaphycus alvarezii extracts on 

maize could reduce the soil nutrient 

content. The biostimulant mechanism of 

SLE is mostly attributed to their richness in 

essential nutrients for the plant and 

hormones found in seaweed (Spinelli et al. 

2010). Indeed, these elements play an 

important role in improving cell size and 

amitosis. As well, the cumulative impacts of 

cytokinins and auxins enhance root-shoot 

development. 

 

 

In this study, the physicochemical 

characterization of SLE from C. linum 

showed an extract rich in mineral. The 

obtained values are comparable to those 

reported for SLEs prepared from different 

algal species such as Ulva reticulata and 

Codium tomentosum (Ganapathy Selvam 

and Sivakumar 2013; Mohy El-Din, 2015) 

which also have a neutral pH. 

On a qualitative point of view, several 

studies have focused on the chemical 

composition of algal extracts in order to be 

used as fertilizer for different plants. 

Sivasankari et al. (2006) demonstrated that 

the SLEs of Sargassum wightii and 

Caulerpa chemnitzia from Indian coasts 

have similar mineral composition in slightly 

different proportions. Divya et al. (2015) also 

confirmed the presence of the same 

chemical elements in the composition of 

Ulva lactuca extract with lower contents 

than the extract prepared in the present 

study. The observed difference in the 

composition of SLE could be justified by the 

extraction process or by the variation in the 

biochemical composition of the original 

algal species which in turn varies according 

to several biotic and abiotic factors. 

The application of C. linum SLE has also 

enhanced the total chlorophyll, chlorophyll 

(a) and chlorophyll (b) contents and the 

highest values were recorded in 1% 

treatment. Beyond this concentration, these 

variables decreased substantially and 

specially as compared to control. 

Chebil Ajjabi et al. (2019) demonstrated that 

same concentration (1%) has also 

stimulated the chlorophyll content of 

Triticum turgidum as compared to control 

and to the other SLE concentrations. Higher 

concentrations of SLE have decreased the 

chlorophyll contents. Our findings are also 

in accordance with those of the Blunden 

1977, when the Ascophyllum nodosum 

extract was implemented at low 

concentrations to the soil or foliage, the 

tomatoes produced leaves that had higher 

chlorophyll content than those of the 

untreated tomatoes. 
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According to our results, the increased 

chlorophyll content at the lowest 

concentration of SLE could be owing to the 

existence of substantial amount of 

magnesium in the liquid extract of C. linum. 

Michalak and Chojnacka (2013) indicated 

that high contents of elements like Cu, Fe 

and Mg in Baltic seaweed, and 

consequently in their extracts, are linked to 

their stimulating effect on chlorophyll 

synthesis. The present study showed that 

C. linum SLE, rich in mineral composition, 

stimulated the productivity of the plant while 

increasing the chlorophyll content. 

Nevertheless, it is suggested that the 

increased chlorophyll content in plant 

leaves treated with seaweed extract is 

dependent on the presence of betaines and 

the presence in number and size of the 

chloroplast (Meno and Srivastava 1984, 

Whapham et al. 1993). Ganapathy selvam 

and Sivakumar (2013) observed a 

substantial increase in the amount of 

stomata and epidermal cells in Vigna mungo 

treated with Ulva reticulata liquid. 

 

5. Conclusion 

Considering the above findings, the present 

study is an important step towards the 

utilization of C. linum extract to improve the 

growth of Chickpea C. arietinum. The 

lowest concentration of SLE (1%) yielded 

the best germination rates and growth of 

the   different Chickpea organs. These 

findings support the  bio-stimulating 

potential of C. linum SLE, which can be 

used as economic, renewable, effective and 

environmentally friendly biofertilizers. The 

green macroalgae C. linum represents a 

renewable marine source, economically 

sustainable for agricultural application and 

does not require specialized methods 

forthe SLE preparation or formulation for 

application. 

 

 

 

 

 

However, further researches are 

necessary, though, to confirm the impact of 

C. linum SLE in various applications and on 

different crop species. 
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