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Abstract. Many research studies have shown the importance of seaweed extract in agriculture. 
Marine macroalgae are rich in diverse compounds like lipids, proteins, carbohydrates, 
phytohormones, amino acids, osmoprotectants and minerals. In this study, we have tried to characterize 
Moroccan macroalgae species Ulva rigida collected from the coastal area of Akhfenir in order to evaluate 
their potential to improve growth plant. The proximate composition, mineral element (Ca, K, Mg, Na and 
Cl), pigments, amino acid, proteins, lipids, polyphenol contents were determined in liquid extract obtained 
from green seaweed (SWE) Ulva rigida. Results show that the application of SWE at different 
concentrations (0,12.5, 25, 50%) significantly enhanced growth parameters, especially with 25% of seaweed 
liquid extract. Therefore, algal treatment by foliar application is proved to be an effective technique to 
improve the growth of wheat plants. This study provides important information on the characterization, 
identification and utilization of seaweed resources for agriculture as biostimulants. 

1 Introduction 
Organization (FAO) projected a 60% increase in food 
demand by 2050 than that of 2005/2007 supported on 
recent food-demand projections especially [1]. While, 
global climate change already has negative effects on 
crop yields, and such impacts are likely to become even 
stronger later during this century [2]. For that, the use of 
marine algae is promising and provides suitable 
solutions to beat pollution problems caused by the 
extensive use of chemical fertilizers and industrialization 
[3]. 

In recent years, seaweed liquid extract has newly 
gained importance as a foliar spray for several crops, 
including cereals, vegetables and spices [4]. 
Furthermore, many studies concerning plant growth 
stimulating effects of marine algae are carried out [5]. 

Seaweed extracts are known to contain a large range 
of bioactive compounds like antioxidants, plant growth 
hormones, osmoprotectants, mineral nutrients [6]. 

However, as is mentioned by many authors, plant 
growth promotion by seaweed extracts is usually 
observed [7,8], but the mechanisms of stimulation of 
plant growth aren't entirely known in many cases [6]. 

Globally, wheat is within the second rank among the 
cultivated worldwide cereals crops after maize and rice 
and under different climate ranges [9].  

Considering the commercial importance of this plant, 
the physiological and biochemical effects of foliar 
seaweed application were analysed and therefore the 
results obtained on this aspect are presented in this 
paper. The main objective of the present study is to 
determine the proximate composition of the green algae 
Ulva rigida collected from the coastal area of Akhfenir 
and to evaluate their potential as natural fertilizer in 
wheat plants. 

2 Material and methods  

2.1 Algae material  

In this research, green seaweed (Ulva rigida) was used. 
Ulva species (Ulvophyceae), are widely distributed 
across the globe, being one of the most heavily traded 
edible seaweeds [10]. Ulva rigida, also known as sea 
lettuce, is a cosmopolitan species [11]. This algae’s 
tallus size varied from 1-2 cm up to 30 cm and clings to 
the substrate with a short stem [12]. 

2.2 Seaweed liquid preparation  

The seaweed extracts were prepared from one 
macroalgae species Ulva rigida (Chlorophyceae) 
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collected from the coastal area of Akhfenir near to the 
Laâyoune city (Morocco) in October 2019. The algae 
were hand-picked and thoroughly washed with seawater 
to remove all the unwanted impurities, adhering sand 
particles, and epiphytes. Morphologically, distinct thalli 
were placed separately in new polythene bags and kept 
in an ice box containing slush ice and transported to the 
laboratory. Samples were washed thoroughly under 
ambient temperature using tap water to remove the 
surface salt and then blotted to remove excess water. 
Fresh material was cut into small pieces and preserved at 
−20 °C until use.  

1 kg of the fresh crushed algal material was mixed 
with 1 liter of distilled water and boiling separately for 
one hour, then the mixture was filtered to remove debris 
[13]. This filtrate represented the 100% crude extract. 
The 25%, 50% and 75% concentrations were 
subsequently prepared.  

2.3 Estimation of Mineral  

The powdered algae samples were ignited and 
incinerated in a muffle furnace (Karl Kolb Scientific, 
Technical Supplies, D-6072) at 550 °C for 4 h. The 
mineral constituents (Ca, K, Na, Mg and Cl) were 
dissolved in HNO3 [14] and the mineral were determined 
using an atomic absorption spectrophotometer (Analytik 
Jena AAS Zeenit 700). 

2.4 Estimation of Chlorophyll 

The amount of chlorophyll present in the leaves was 
estimated by the method of [15]. 500 mg of leaf tissue 
was kept in a pestle and mortar with 10 ml of 80% 
acetone and it was ground well and the homogenate was 
centrifuged at 3000 rpm for 15 minutes and the 
supernatant was stored. The pellet was extracted by 
repeated washing with 5 ml of 80 % acetone till it 
became colorless. All the extracts were pooled and 
utilized for chlorophyll determination. Absorbance was 
measured at 645 nm and 663 nm in a spectrophotometer. 
The chlorophyll content was determined by using the 
following formula: 

Chlorophyll a (mg/g.fr.wt) = (12.7 × A663 - 2.69 × 
A645)/(a × 1000 × W)×V                                             (1) 

Chlorophyll b (mg/g.fr. wt) = (22.9 × A645 - 4.68 × 
A663)/(a × 1000 × W) ×V                                            (2) 

Total Chlorophyll (mg/g.fr.wt) = (20.2 × A645 - 8.02 × 
A663)/(a × 1000 × W) ×V                                            (3) 

Where, A = Absorbance at respective wave length, V = 
Volume of extract (ml), fr. wt = Fresh weight of the 
sample (g) 
The chlorophyll was expressed on a dry weight basis 
(mg.g−1 DW) 

2.5 Estimation of Carotenoid  

The amount of Carotenoid was estimated by the method 
of [16]. The same chlorophyll extract was measured at 

480 nm in spectrophotometer to estimate the carotenoid 
content.  

Carotenoid: μg.g-1 fr wt = Δ A480 + (0.114 × ΔA.663) – 
(0.638 ×ΔA645)                                                      (4) 

Where, ΔA = Absorbance at respective wave length 

2.6 Estimation of Protein  

Protein content in seaweeds was determined by standard 
AOAC methods [14]. Protein content was calculated by 
converting the nitrogen content, determined by micro-
Kjeldahl method (6.25 ×N). 

2.7 Estimation of lipid  

Lipid content was determined by taking a sample 
weighing 3 g in filter paper sacks and placing it into the 
Soxhlet system AOAC [14]. The extraction was 
continuously over 6 hours using petroleum ether as 
solvent.  

2.8 Amino acid analysis  

Amino acid content was determined by high-
performance liquid chromatography (HPLC) according 
to the OJEC standard method [17]. A mass sample of 
alga powder samples was hydrolysed with 6 N 
hydrochloric acid in an ampule containing 0.1% phenol 
(for protection of tyrosine) for 24 h at 110 °C. After acid 
hydrolysis, 30 ml of citrate buffer (pH 2.2) was added, 
and the pH was adjusted. The sample obtained was 
diluted to 100 mL with citrate buffer after adding 1 ml of 
a norleucine solution 50 at l mol (as an internal 
standard). The sample was filtered through a 0.2 µm 
nylon filter before being analysed by HPLC. Sulphur-
containing amino acids, cysteine and methionine were 
determined after a prehydrolysis oxidation with 
performic acids [17]. The contents of the different 
recovered amino acids were presented as g.100 g-1 
protein (mg.g-1 protein). 

2.9 α-Tocopherol analysis  

α-Tocopherol was determined following the AOCS 
standard method [18]. 

2.10 Estimation of total phenolic content (TPC) 

0.5 g leaves were homogenized with 1 ml 80 % 
methanol at 4 °C. The homogenate was centrifuged at 
19,000 rpm for 20 min and the supernatant was used for 
phenol content analysis. Phenolic content of the extract 
was estimated by the method of [19]. One hundred 
microliters of aliquot sample was mixed with 2 ml of 2 
% Na2CO3 and allowed to stand for 2 min at room 
temperature. 

After incubation, 100 μL of 50 % Folin-Ciocalteau’s 
phenol reagent was added and then the reaction mixture 
was mixed thoroughly and allowed to stand for 30 min at 
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room temperature in the dark. Absorbance of all the 
sample solutions was measured at 720 nm using a UV-
visible spectrophotometer. 

2.11 Soil characterization 

Concerning the chemical characteristics of the soil, total 
N content was calculated following the [20]. Olsen 
method [21] was used to measure the available P in soil. 
Potassium content was measured by the method 
described by [22]. 

2.12 Plant material and growth conditions 

Wheat plants were grown under controlled conditions 
under 16 h light regimes at 25°C and 8 h dark regime at 
18°C. Plants were grown in plastic pots containing soil. 
The different pots were watered every three days. The 
experiment was made in duplicates, it consists of four 
treatments:  (control: water spray); 12.5, 25, and 50% 
(v/v) of SWE in water. Sprays of seaweed liquid extract 
were applied, two times a week.  

Plants were harvested 4 weeks after initiating 
seaweed treatments and the 
morphological characteristics such as shoot length and 
fresh weight were measured. All experiments 
and enzyme preparations were performed with freshly 
harvested plants.  

2.13 Preparation of plant extracts for enzyme 
activity assays  

Using a pre-cooled mortar and pestle, the leaves were 
homogenized in 50 mM ice-cold phosphate buffer (pH 
7.6) containing 14 mM β-mercaptoethanol, 1 mM 
Ethylenediaminetetraacetic acid (EDTA), 1 mM 
phenylmethylsulfonyl fluoride (PMSF), 9.4 µM 
leupeptin and 10% (w/v) glycerol. The homogenates 
were centrifuged at 12,000 rpm for 20 min and the 
supernatants were used for determination of enzyme 
activities. All procedures were performed at 0−4 ºC. 

For NADP-ICDH, the supernatant was saturated 
(60%) with solid ammonium sulfate for 30 min. The 
saturated supernatant was centrifuged again in the same 
conditions and the resulting pellet was resuspended in 
the extraction buffer and used for enzyme assays. 

2.14 Enzyme activity assays 

The activity of SOD (EC 1.15.1.1) was assayed 
according to the method described by [23]. 

The GR activity was determined by the oxidation of 
NADPH at 340 nm (extinction coefficient 6.2 mM-1cm-1) 
as described by [24]. The reaction mixture was 
composed of 100 mM potassium phosphate buffer (pH 
7.8), 2 mM EDTA, 0.2 mM NADPH, 0.5 mM GSSG and 
the appropriate volume of enzyme extract. The reaction 
was initiated by the addition of NADPH at 30°C.  

The activity of GST was determined by the method 
of [25] with some modification. Assay mixture contained 

enzyme extract, 5 mM GSH, 2.5 mM 1-chloro-2,4-dini-
trobenzene (CDNB, and 0.1 M phosphate buffer (pH 
5.5). The reaction was monitored Spectro-
photometrically at 340 nm at 30°C. Concentrations of 
product were calculated using a molar extinction 
coefficient of 9.6 mM-1cm-1.  

The NADP-ICDH activity was measured according 
to [26] with some modifications as reported by [27]. 

The assay mixture containing: 50 mM potassium 
phosphate buffer (pH 7.5), 1 mM MnCl2, 1 mM NADP+, 
and 4 mM isocitrate. 

The total soluble protein content of the enzyme 
extracts was determined following the method of [28], 
using bovine serum albumin (BSA) as a protein 
standard. 

2.15 Statistical analysis  

Data were analyzed statistically for standard deviation 
using SPSS 13.0 (SPSS Inc., Chicago, IL, USA). 

All measurements were performed with triplicates and 
the mean values were presented. 

3 Results and discussion 

3.1 Algae analysis 

3.1.1 Mineral elements and pigment composition 

The mineral elements in the Ulva rigida macroalgae are 
listed in Table 1. 
 
Table 1. mineral composition of seaweed (mg.100 g-1 DW) 
 

Minerals Ulva rigida 
K 

Mg 
Ca 
Na 
Cl 

1233.05±49.2 b 

3510.17±68.1 a 
680.55±31.6 c 
421.28±15.4 d 
152.965±12.0 e 

Results are means ± S.D (n = 3) Different letters show 
statistically significant differences for P< 0.05. 
 

The means of macro elements: K, Cl, Mg, Na and Ca 
contents was 1233.05 mg.100g-1 DW; 152.96 mg.100g-1 

DW; 3510 mg.100g-1 DW; 421 mg.100g-1 DW and 
680.55 mg.100 g-1 DW respectively. Thus, Ulva rigida is 
rich in Mg followed by K and Ca but low in Na and Cl. 
The studies of [29] for Ulva Lactuca and Ulva Rigida 
from the mean coastal area of the Black Sea showed that 
Mg, Fe and Zn are the major constituent of this green 
algae. [30] estimated various mineral content available in 
Stoechospernum marginatum and padina sp. The results 
showed that the total concentration of the minerals was 
always high in padina sp as compared to that in 
Stoechospernum marginatum [31]. This wide range of 
mineral content, not found in plants, is related to factors 
such as seaweed phylum, geographical origin and 
seasonal, environmental and physiological variations 
[32]. Mineral content also depends on the type of 
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seaweed processing and on the mineralization methods 
used [33]. 

Concerning the pigment content (Figure 1), it was 
varied greatly due to the presence of chlorophyll a; 
chlorophyll b and total chlorophyll. Total chlorophyll 
was extremely low (0.067 mg. g-1 DW) in comparison 
with carotenoids (0.929 mg. g-1 DW). [34] reported that 
in Ulva rigida collected from marine coastal region of 
Chilka Lake, the pigment composition was varied greatly 
due to the presence of Chlorophyll a (13%), chlorophyll 
b (7.5%) and Carotenoids (4.5%). The highest 
concentration of carotenoid found in our study was 
consistent with results obtained by [35] for 
Gymnogongrus Griffthsiae that contained higher 
concentrations of total carotenoids compared to total 
chlorophyll (50% higher). These results point to the role 
of carotenoids as shields to protect the photosystems 
[36]. The same study showed that the presence of 
different quantities and kinds of pigment (chlorophyll, 
carotenoids, phycoerythrin) results in a high capacity to 
absorb light in virtually all visible light. 

 
Fig. 1. Pigment composition chlorophyll a, chlorophyll b and 
chlorophyll total content in macroalgae specie Ulva rigida; Chl 
a: chlorophyll a, Chl b: chlorophyll b, Chl T: chlorophyll Total. 
Results are means ± S.D. Different letters in a single line show 
statistically significant differences for P< 0.05 level. 

3.1.2 Protein and lipid content 

Total protein and lipid contents analyzed in the green 
algae are summarized in Figure 2. The protein content 
found in the green macroalgae was relatively higher than 
lipid content (9.3 g. 100g-1 DW and 2.83 g. 100g-1 DW, 
respectively). [37] reported that these levels varied 
depending on algal species, season and environment. 
Most of the studies on major chemical components of 
seaweeds have focused on the nutritional properties of 
the species, e.g. [38]. However, analyses of the major 
chemical components are important tools for 
environmental issues [39].  

The low lipid content of Ulva rigida is in line with 
the results obtained in previous studies [40]. In the 
different articles in the literature, the lipid content in 
seaweeds is generally less than 4% [41]. The differences 
are probably related to factors such as the development 
stage of seaweeds, climate and geography. 

 
Fig. 2. Total protein and lipid content in Ulva rigida. Results 
are means ± S.D. Different letters in a single line show 
statistically significant differences for P< 0.05 level. 

3.1.3 Amino acid composition  

The amino acid contents of Ulva rigida are illustrated in 
Figure 3. The essential amino acids (EAA) included 
methionine, leucine, isoleucine, lysine, phenylalanine, 
tyrosine, arginine, threonine, valine and tryptophan. The 
levels of the different essential amino acids ranged from 
0.646 to 15.83 g. 100 g-1 protein. Ulva rigida contain a 
large amount of leucine (15.8 g. 100 g-1 protein) and less 
content of lysine and methionine 1,93 g .100 g-1 protein 
and 0,64 g. 100 g-1 protein, respectively. The Non-
essential amino acids (NEAA), namely histidine, aspartic 
acid, glutamic acid, serine, proline, glycine, and alanine, 
ranged from 3.7 to 19.6 g. 100 g-1 protein. This marine 
macroalgae contained a large amount of aspartic (19.6 
g.100 g-1 protein) and glutamic acids (9.2 g.100 g-1 
protein), followed by alanine (10.44 g. 100 g-1 protein), 
glycine (9.19 g. 100 g-1 protein), serine (3.98 g. 100 g-1 
protein) and proline (6.67 g. 100 g-1 protein). The lower 
quantity for these Non- EAA was histidine (3.7 g. 100g-1 
protein). Similar results have been obtained in previous 
studies [42].  
  

 
Fig. 3. Amino acid content of Ulva rigida from Akhfenir 
coastal. Results are means ± S.D. Different letters in a single 
line show statistically significant differences for P< 0.05 level. 

3.1.4 Polyphenols and α tocopherol content 

The seaweed species showed significant differences 
between total phenolic and α tocopherol contents that are 
0.99 mg. g-1 DW and 7.31 µg. g-1 DW, respectively 
(Figure 4). Previous studies reported that the highest 
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content of polyphenol was found in brown seaweeds, 
where phlorotannin range from 5 to 15 % of the dried 
weight [43]. Moreover, brown algae generally contained 
higher amounts of polyphenols than red and green algae 
[44]. 
 

 
 
Fig. 4. Polyphenols and α tocopherol content in macroalgae 
species (Ulva rigida). Results are means ± S.D. Different 
letters in a single line show statistically significant differences 
for P< 0.05 level. 
 

Phenolic compounds are commonly found in plants 
and have been reported to have several biological 
activities including antioxidant properties [45]. Liquid 
extract obtained from seaweeds has recently gained 
much interest as a foliar spray for inducing growth and 
yield in cereal crops, vegetables, fruits, orchards and 
horticultural plants [46]. It has found wide application in 
modern agriculture for the use of marine macroalgae as 
fertilizer [7]. 

In this study, we have tried to investigate the 
importance of Moroccan seaweed extracts on the growth 
of wheat plants (Triticum durum L.) using different 
concentrations of Ulva rigida extract (URE). 

3.2 Plant analysis 

3.2.1. Effect of URE on plant growth and oxidative 
stress metabolism of wheat plants 

The present study was conducted in controlled 
conditions, however, as substrate for the plant growth, 
we used a soil that has never received any fertilizer. 
Moreover, no fertilizers have been added during this 
experiment. The analysis of the soil was conducted and 
the results of the main macroelements (N, P and K) are 
presented in the table 2. 
 

Table 2.  Selected chemical characteristics of the used soil. 
 

Chemical 

compound 
P2O5 (ppm) K2O (ppm) N (%) 

Concentration 13.16±0,056 147,575±0,

134 
0.146±0.004 

Soil 

characteristics 

Moderately 

poor1 
Poor2 Moderately poor 3 

1, according to [21]; 2, according to [22] ; 3, according to [20]. 
 

To evaluate how the Ulva rigida extract (URE) 
affects wheat plants, some growth parameters as length 
and fresh weights were determined (Table 3). 
 
Table 3. Biomass accumulation of wheat shoots growing 
at increased levels of Ulva rigida extracts. 
 

 0% 12.5% 25% 50% 
SL 

(cm) 32±0.612a 33.8±1.483a

b 
35.84±1.23

6bc 36.6±2.191c 

FW 
(mg) 

357.4±25.7
06a 

393.8±65.9
33a 

454.2±44.6
12b 

416.6±57.5
57a 

Results are means ± S.D (n = 3) Different letters show 
statistically significant differences for P< 0.05. 
 

The table 3 shows the effect of URE on the growth 
parameters of wheat shoots. From these results, we can 
observe that URE contributes in a beneficial way to the 
growth of the wheat shoots. In fact, the length of the 
aerial part of the treated plants was significantly greater 
compared to the control plants. The highest values of 
shoot length were obtained for the plants treated with 
25% and 50% of URE. For the fresh weight, the seaweed 
extract exerted a positive effect, however, the differences 
between the treated plants and the control were 
significative only in the concentration of 25%. These 
results are in line with those obtained by [5] who worked 
on extracts obtained from Ulva lactuca. The same 
observations were obtained by [9] with the brown 
seaweed, Fucus spiralis, that led to a significant 
enhancement of the growth of Durum wheat plants.  

Although in this experiment, the plants were grown 
on a N-, P- and K- deficient soil (Table 2), the utilization 
of the seaweed extract was able to increase the plant 
growth of the wheat plants, especially at 25% of the 
URE. This result could indicate a stimulatory effect of 
the seaweed extract on the absorption capacity of wheat 
plants under soil deficient conditions. 

The effect of the seaweed extracts, Ulva rigida, was 
also evaluated in the antioxidant system through the 
determination of enzyme activities such as SOD, GST 
and GR. In fact, the present study was performed on a 
poor soil and our study was also conducted without 
adding any fertilizer. The low bioavailability of certain 
macro and microelements of this soil could therefore 
lead to a certain level of oxidative stress as it was 
previously stated in different works [46]. When plants 
are exposed to stress factors, an increase of the reactive 
oxygen species (ROS) is observed [47]. To maintain 
ROS under normal levels, plants can evolve a multitude 
of protective mechanisms, among of the them, the 
activation of the antioxidative enzymes such as, SOD, 
GST and GR [48]. 

Superoxide dismutase (SOD) is considered to be the 
first enzyme which behaves as a barrier against ROS 
[49], and which is responsible for the dismutation of the 
superoxide anion radicals (O2-) to hydrogen peroxide 
(H2O2). In the present study, we did not observe any 
significant differences between the control plants and 
those treated with 12.5% of the seaweed extract, 
However, we surprisingly noticed a decrease in the SOD 
activity after treatment with 25% and 50% of the 
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seaweed extract (Figure 5). As SOD is activated under 
conditions of stress and as the present study was 
conducted on soil without the addition of any fertilizers, 
the culture conditions led probably to an oxidative stress 
of wheat plants which, in return, led to the activation of 
the SOD enzyme. Moreover, the seaweed extracts at the 
concentrations of 25% and 50%, which were able to 
induce an increase in plant growth, were probably 
responsible for alleviating the stressful factors and 
explain therefore the decrease in the SOD activity at 
these concentrations. The obtained result is in line with 
the works conducted on the effect of seaweed extracts as 
biostimulants and their ability to improve nutrient uptake 
[50].  
 

 
Fig. 5. Effect of seaweed extract on leaves superoxide 
dismutase (SOD) activity of wheat plant. Results are means ± 
S.D. Different letters show statistically significant differences 
for P< 0.05 level. 
 

Our data reveal that in leaves of wheat, the GR 
activity was enhanced at the concentration of 25% of 
URE and reach 24.3 nmol. min-1. mg-1 protein compared 
to the control with 22.5 nmol. min-1. mg-1 protein (Figure 
6). The high activity of GR enzyme, responsible for 
reducing oxidized glutathione (GSSG) to its reduced 
form (GSH), could be a response to the high demand for 
GSH, needed both for detoxifying plant cells from H2O2 
and also for its role in different metabolisms required for 
plant growth and development [47]. In fact, GR is 
implicated in maintaining high content of the reduced 
glutathione in plant cells. The GSH is used in several 
redox reactions, among of them, those responsible for 
the amino acid transport and protein and DNA synthesis 
[51]. High ratio of GSH/GSSG was also reported to be 
required for accelerating the H2O2 scavenging pathway, 
especially when plants are facing stressful conditions 
[48,52]. The increase in plant height and fresh weight at 
the concentration of 25% of seaweed could explain the 
high level of the GR enzyme at this condition, to allow 
synthesis of high levels of GSH required for the 
metabolic pathways implicated in biomass production 
and also to cope with the eventual stressful conditions 
that face wheat plants. 
 

 
Fig. 6. Effect of seaweed extract on leaves glutathione 
reductase (GR) activity of wheat plant. Results are means ± 
S.D. Different letters show statistically significant differences 
for P< 0.05 level. 
 

Our results indicated that GST activity increased only 
at the concentration of 50% of URE (Figure 7). It is 
known that GST may help reduce a wide range of 
organic hydroperoxides in the presence of GSH [48]. It 
has been shown that GST enzyme can protect plants 
exposed to salt stress and to encounter its effect against 
lipid peroxidation [53]. In another study, [54] reported 
that GST is implicated in the detoxification pathway to 
reduce the impact of high levels of cadmium in 
Phragmites australis. In our results, GST was affected 
by the concentration of 50% of URE only. As the high 
concentration of seaweed extracts could have a negative 
effect on plant growth and could trigger oxidative stress 
in the treated plants, the 50% concentration used in this 
study may be considered as too high to be used as 
biostimulant and should therefore be avoided for wheat 
plants. As this work has been conducted at only 4 weeks, 
another study for the whole cycle of wheat should be 
conducted to validate this hypothesis. 
 

 
Fig. 7. Effect of seaweed extract on leaves glutathione S-
transferase (GST) activity of wheat plant. Results are means ± 
S.D. Different letters show statistically significant differences 
for P< 0.05 level. 
 

It is known that the glutathione-dependent system 
requires NADPH, as cofactor, to face reactive oxygen 
species resulted from the oxidative stress [27]. 
Therefore, low content of NADPH can disturb the cell 
response to these toxic compounds. NADP+-ICDH is a 
key enzyme, responsible for the synthesis of NADPH 
[55]. In fact, the study conducted by [56] revealed that 
the high activity of NADP+-ICDH was observed in 
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leaves of Mesembryanthemum crystallinum grown under 
salinity stress conditions. In addition, it is proposed that 
NADP+-ICDH dehydrogenase acts in Arabidopsis 
seedlings as a second barrier in the response mechanism 
of abiotic stress especially salt stress [57]. 

In the present work, the activity of NADP+-ICDH has 
been increased in all conditions of plant treatment with 
the seaweed extracts and the increase was dose-
dependent (figure 8). The increase in the NADP+-ICDH 
activity could be responsible for the provision of 
NADPH, used to counteract oxidative stresses that could 
be generated in the culture conditions of our 
experiments. The increase in the NADP+-ICDH could 
also be due to a higher demand for carbon skeletons in 
the forms of 2-oxoglutarate as proposed by [58]. The 
carbon generated through this reaction may be used for 
the process of biosynthesis of amino acids [59]. 
 

 
Fig. 8. Effect of seaweed extract on leaves isocitrate 
dehydrogenase (ICDH) activity of wheat plant. Results are 
means ± S.D. Different letters show statistically significant 
differences for P< 0.05 level. 

4 Conclusion  
The seaweed species Ulva rigida examined in this study 
were rich in Mg followed by K and Ca but low in Na and 
Cl, have high carotenoid contents, appreciable protein 
contents, low total lipid contents, high content of 
antioxidant (total phenolic and α tocopherol) and the 
large amount of phenylalanine, leucine, aspartic acid and 
glutamic acid. 

In the present study, we observed that 25% and 50% 
of U. rigida liquid extracts applied at wheat plants 
showed higher shoot length. This extract also enhanced 
the antioxidant potential of plants by activation of the 
antioxidant enzymatic system of SOD, GR, and GST 
which can contribute to plant protection against 
oxidative stress imposed by environmental stress. The 
same correlation was found between resistance to 
oxidative stress and antioxidant properties. Alternatively, 
in some plants, increased resistance to abiotic stresses 
has been achieved by exogenous application of various 
organic solutes. 

Consequently, the present findings encourage the 
application of Moroccan green seaweed (Ulva rigida) as 
natural fertilizer in the agricultural sector. However, it 
would be beneficial to carry out more research, including 
studies of antioxidant and substances active in seaweeds 

extract that stimulate the enzymatic system and lead to 
oxidative stress tolerance in wheats plants and highlight 
in the mechanism(s) of actions of seaweed extract 
elicited physiological responses. 
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