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 Synechocystisعلى النمو والانزيمات المضادة للأكسدة لطحلبى  Persicaria salicifoliaتأثيرات الأليلوباثية لنبات ال

pevalekii  وTetradesmus bernardii 

 

 *3، صدقي حسن على حسن2، وعواطف فهمى حفنى2، محمود سلامة آدم2، أروى أحمد على البعدانى1،2مصطفى أحمد فوزى

 

فة تأثير  في الآونة الأخيرة، زاد الاهتمام باستغلال النباتات المائية كبديل لمقاومة  نمو الطحالب الغير مرغوب فيها. اجريت هذه الدراسة لمعر  :الملخص

ادة للأكسدة  على النمو وبعض الانشطة الأيضية وكذلك الانزيمات المض  Persicaria salicifoliaالتركيزات المختلفة من المستخلص المائي لساق نبات

الكلية،   Tetradesmus bernardiiو   Synechocystis pevalekiiلطحلبى البروتينات  الجاف،  الوزن  الكلوروفيل،  محتوى  فى  نقص  لوحظ  وقد   .

  catalaseانزيم    بشكل عام زاد نشاط في كلا الطحالب.  P. salicifolia الكربوهيدرات الكلية والبرولين مع زيادة تركيزات المستخلص المائي لساق نبات  

تم تعريف المكونات الكيميائية النباتية لمستخلص النبات قيد    .T. bernardiiفى طحلب    superoxide dismutaseوكذلك انزيم   Lipoxygenase و

-Octadecenoic acid, methyl ester (18.03%) and 9,12-11وتم التوصل الى وجود مركبات نشطة حيويا مثل    GC-MSالدراسة باستخدام  

Octadecadienoic acid methyl ester (15.03%)    والتى من المحتمل ان تكون السبب فى تثبيط نمو طحلبى S. pevalekii وT. bernardii  .

                                                                                                                             .في التخلص من الطحالب الدقيقة الغير مرغوب فيها والموجودة فى البيئات المائية المختلفة  P. salicifolia وبالتالى يمكن استخدام نبات

 

          
 

ABSTRACT: In recent years, there has been an increasing focus on the prospect of 

exploiting macrophytes as an alternative strategy to control undesired algal growth. 

The present research was  conducted to study the effect of different concentrations of 

an aqueous stem extract of Persicaria salicifolia on the growth, some metabolites and 

antioxidant enzymes of the green microalgae Synechocystis pevalekii and Tetradesmus 

bernardii. Chlorophyll a, dry weight, total protein, total carbohydrate and proline 

contents of the tested algae decreased with increasing the crude extract concentrations 

of P. salicifolia. In general, catalase, superoxide dismutase and lipoxygenase activity 

of T. bernardii increased with increasing the aqueous extract of P. salicifolia. The 

identification of phytochemical components of the plant extract by gas chromatograph-

mass spectrometry (GC-MS) revealed the presence of various biologically active 

compounds such as 11-Octadecenoic acid, methyl ester (18.03%) and 9,12-

Octadecadienoic acid methyl ester (15.03%) that are capable of inhibiting the growth 

of S. pevalekii and T. bernardii. Therefore, P. salicifolia may provide a cheap and 

environmentally friendly alternative for controlling microalgae in aquatic ecosystems. 

 

Keywords: Persicaria salicifolia; Phytochemical constituents; Tetradesmus 

bernardii; Synechocystis pevalekii; Antioxidant enzymes. 
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الانزيمات     Tetradesmus bernardii; Synechocystis pevalekii;ة، المكونات الكيميائية النباتي،  Persicaria salicifolia  :الكلمات المفتاحية

 المضادة للأكسدة. 

 

 

 
  

1. Introduction 

Eutrophication is a widespread problem in aquatic 

ecosystems due to sewage and surface run-off. Harmful 

algae can live in eutrophic aquatic ecosystems that are 

polluted with heavy metals and persistent organic pollutants 

[1]. They cause negative impacts such as the deterioration of 

water quality which leads to serious environmental and 

economic problems [2]. Therefore, it is necessary to explore 

a new effective and safe way to control the growth of 

harmful algae. In recent decades, several studies have shown 

that aquatic macrophytes have the ability to release 

allelopathic active substances (allelochemicals) into aquatic 

environments that are capable of inhibiting both 

cyanobacteria and algae [3].  

Allelochemicals are produced by the secondary 

metabolism of plants and microorganisms, and they can have 

a positive or negative impact on the growth, survival, and 

reproduction of other organisms. Additionally, they can 

disrupt the structure and dynamics of ecosystems by 

influencing the growth and development of nearby plants 

and microorganisms [4]. Macrophyte allelochemicals belong 

to various chemical classes such as sulfur compounds, 

polyphenols, oxygenated fatty acids and polyacetylenes [5].  

Because allelopathy is species-specific, it serves as a 

major mechanism for controlling the growth of 

cyanobacterial populations in aquatic environments. But, a 

number of variables (aquatic plant species characteristics, 

the physiochemical characteristics of substances that are 

allelopathically active, the area and density of water body 

overgrowth, hydrochemical and hydrological regimes, light 

intensity, temperature, etc.) affect the allelopathic activity of 

macrophytes and may impact the effect of allelochemicals 

on algal communities [3]. Zuo et al. [6] reported that many 

co-existing aquatic plants have synergistic effects on algal 

inhibition. Additionally, Ceratophyllum demersum has a 

strong inhibitory impact on the strain of Microcystis 

aeruginosa that produces microcystin, according to Amorim 

et al. [7].  

Persicaria salicifolia is one of seven Persicaria 

species present in Egypt [8] that grows in the Nile Delta as a 

helophyte and geophyte. It is a hydrophyte found on the 

riverbanks, shores of lakes, drains and canals [9]. The aim of 

this study was to examine the effect of P. salicifolia on the 

growth and production of metabolites and antioxidant 

enzymes of Synechocystis pevalekii and Tetradesmus 

bernardii along with identifying the phytochemical 

components of P. salicifolia using GC/MS. 

 

 

2. Materials and methods  

Plant collection and preparation:  

Fresh stems of Persicaria salicifolia Willed were 

collected from Arab El-Madabegh, (Assiut- Egypt) at 

latitude of 27°, 10’, 12.4" N and latitude of 31°, 9’, 23.3" E. 

The plant materials were thoroughly washed in tap water and 

rinsed with distilled water. The stems were air dried for 15 

days, crushed and pulverized into a fine powder, stored in a 

glass container, and protected from sunlight until use. 

Preparation of plant aqueous extracts: 

Aqueous extracts of plants were prepared according to 

Krishnaiah et al. [10] by mixing about 1g of powdered 

sample in 50 ml of distilled water for 24h at room 

temperature. The extracts were filtered using Whatman No. 

1 filter paper (pore size 11 µm) and stored in the dark at 4 °C 

before they were used for experiments. 

Qualitative analysis of phytochemical compounds 

The stem aqueous extracts were analyzed 

phytochemically for the detection of alkaloids, saponins, 

phenols, tannins, flavonoids, terpenoids and glycosides, 

according to the method of Evans [11], and Edeoga et al. 

[12].  

Quantitative analysis of the aqueous extract: 

The phytochemical compounds of Persicaria 

salicifolia were extracted by water and analyzed using gas 

chromatography-mass spectrometer (GC-MS), (Agilent 

Technologies, Palo Alto, CA, USA), Model 7890A-5975B 

[Column, DB 5 ms, Agilent form (30 m × 250 μm × 0.25 

μm)]. The column was initially maintained for 2 min at 40 

°C, and then, the temperature was increased to 50 °C at a rate 

of 4 °C/min and held for 3 min, then increased to 150 °C at a 

rate of 10 °C/min and held for 3 min, then  increased to 220 

°C at a rate of 10 °C/min and held for 6 min, finally increased 

to 280 °C at a rate of 15 °C/min and held for 10 min. Helium 

(purity 99.999%) was used as the carrier gas with a flow rate 

of 0.5 ml/min for 10.9 min, then 1 ml/min per min to 1 ml/min 

for 30 min. Electron impact ionization mass spectrometry 

(EI-MS; Agilent 7890B Single Quad 5977A MSD, USA) was 

used to detect the m/z value of the separated phytochemical 

compound. The mass spectrum data of each peak of the 

chromatogram were compared with the Willey 9 and NIST 

library for the identification of the phytochemical 

compounds. 
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Algae and growth conditions: 

The cyanobacterial alga Synechocystis pevalekii 

Ercegovic, and green alga Tetradesmus bernardii (Smith) 

Wynne. were isolated from the stem of Persicaria salicifolia 

and Echinochloa stagnina, respectively, and the algae were 

identified according to the Algaebase website 

(www.algaebase.org). The Rippka and Herdman [13] 

modified medium was used for the growth of S. pevalekii, 

while T. bernardii was grown in Bold's basal medium [14], 

and incubated at 28-30 °C under continuous light intensity 

of 48 μmol.m-2s-1; for 7 days in case of S. pevalekii and 10 

days for T. bernardii. The algae were cultivated in 300 mL 

Erlenmeyer flasks with 150 mL of the culture medium. The 

microalgal suspension was calibrated to an absorbance of 0.1 

at an optical density of 680 nm. Using either 0.1 M NaOH or 

0.1 M HCl, the media's pH were adjusted to 7.5. The culture 

media were treated with high (40%), medium (20%) and low 

(10%) concentrations (after preliminary experiments) of 

aqueous stem extract and control (without plant extract). The 

cultures were harvested towards the end of the exponential 

phase. Three replicates were set up for each treatment. The 

growth of cultures was monitored by the determination of 

dry weight. Pigment content (Chl. a) was daily estimated 

spectrophotometrically using Unico UV-2100 

spectrophotometer (United States) according to Metzner et 

al. [15]. The maximum growth rate (µ), and generation time 

were calculated by determination of chlorophyll a and using 

the following formula: 

 µ (h-1) = (LnA2-LnA1)/ (t2-t1)                         (1) 

 

               G (h)= ln2/µ                                                   (2) 

 

where A2 and A1 represent the chlorophyll a concentration at 

times t2 and t1, respectively; t2-t1= the time elapsed in hours 

between two determinations of chlorophyll a concentration. 

Determination of total carbohydrate, protein, lipid, free 

amino acids and proline contents: 

Total carbohydrate contents of the algal extract were 

determined by the Anthrone sulfuric acid method according 

to Badour [16]. Total proteins, free amino acids, and proline 

content were spectrophotometrically measured using the 

method described by Lowry et al. [17], Lee and Takahashi 

[18], and Bates et al. [19], respectively. Total lipids were 

determined by the sulfophosphovanilin method (SPV) 

described by Drevon and Schmitt [20].  

Assay of enzyme activity 

Preparation of enzyme extract 

Fifty ml of algal cultures were centrifuged at 5000 rpm, 

and the pellet was homogenized in 5 ml of 100 mM 

potassium phosphate buffer (pH 7.8) containing 0.1 mM 

ethylenediamine tetraacetic acid (EDTA) and 0.1 g 

polyvinylpyrrolidone (PVP) by combination of freezing and 

sonication. The homogenate was centrifuged at 18000 rpm 

for 10 min. at 4 oC and the supernatants were collected and 

used for the assays of catalase, ascorbate peroxidase, 

lipoxygenase, and superoxide dismutase. All colorimetric 

measurements (including enzyme activities) were made at 20 
oC using Unico UV-2100 spectrophotometer (United States). 

The specific activity was expressed as units/mg protein.  

Assay of catalase activity (CAT) 

Catalase activity was assayed by following the 

consumption of H2O2 for 1 min. as described by Aebi [21], 

and Matsumura et al. [22]. 

Assay lipoxygenase activity (LOX) 

Lipoxygenase activity was estimated according to the 

method of Minguez-Mosquera et al. [23]. 

Assay superoxide dismutase (SOD) 

The activity of superoxide dismutase was assayed by 

following the autoxidation of epinephrine as described by 

Misra and Fridovich [24]. 

Statistical analysis 

All data obtained were subjected to one-way analysis 

variance (ANOVA), using the SPSS statistical package 

(SPSS Inc., Chicago, Ill., USA). For comparison of the 

means, the Duncan’ multiple range tests (p ≤ 0.05) were 

used. 

3. Results 

Qualitative analysis of phytochemical constituents for 

the Persicaria salicifolia  

Qualitative screening of phytochemical components 

such as alkaloids, glycosides, saponins, phenols, tannins, 

flavonoids and terpenoids in the stem of Persicaria 

salicifolia are presented in Table 1. Medically active 

chemicals were detected in an aqueous extract obtained from 

the stem of Persicaria salicifolia. It was observed that the 

aqueous extract included moderate levels of alkaloids and 

saponins, but low levels of glycosides, phenols, and tannins. 

The higher amounts of flavonoids and terpenoids were 

recorded in the aqueous extract of P. salicifolia. 

Quantitative analysis of the aqueous extract of the 

Persicaria salicifolia 

The GC-MS phytochemical study of P. salicifolia 

revealed the presence of twenty components in the extract. 

11-Octadecenoic acid, methyl ester (18.03%), 9, 12-

Octadecadienoic acid methyl ester (15.03%) and Linoleic 

acid (7.73%) were the main compounds in the extracts of P. 

salicifolia, while the compounds present in small amounts 

were 1-Methyl-4-[nitromethyl]-4-piperidinol (0.08%), 1-

(3,5-Dimethyl-1-adamantanoyl) semicarbazide (0.17%) and 

2-Amino-1-(O-methoxyphenyl) propane (0.27%), (Table 2, 

Figure 1). 
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Figure 1. A typical chromatogram of the bioactive compounds present in the aqueous extract of Persicaria salicifolia. 
 

 

Table 1. Qualitative analysis of some phytochemical constituents of the aqueous stem extract of Persicaria salicifolia. 

 

 
 

 
 

 

 
 

 

 
 

 

 

 

Weak (+), moderate (++) and highly (+++) presence 

 

 
Table 2. Phytocomponents identified in the aqueous extract of Persicaria salicifolia by GC-MS analysis. 

 

Name of compounds (%) 

11-Octadecenoic acid, methyl ester 18.03 

9,12-Octadecadienoic acid (Z,Z)-, methyl ester 15.03 

Linoleic Acid 7.73 

9,17-Octadecadienal 5.81 

Hexadecanoic acid methyl ester 4.85 

Phenylallyl cinnamate 3.6 

Methyl octadecanoate 3.14 

2,3-Dihydroxypropyl elaidate 3.05 

2,4-bis(1,1-dimethylethyl) Phenol 2.01 

1-(2-methoxyphenyl)propan-2-amine 1.17 

Pentacosane 0.8 

Phytochemicals  Presence 

Alkaloids ++ 

Glycosides + 

Saponins ++ 

Phenols + 

Tannins + 

Flavonoids +++ 

Terpenoids +++ 
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4-Methoxyamphetamine; 0.51 

2-[6'-Bromobenzo[1,3]dioxol-5'-yl)ethyl 4-nitrobenzenesulfonate 0.5 

3-Methyl-3,5--(cyanoethyl)tetrahydro-4-thiopyranone 0.43 

Hentriacontane 0.42 

Dibutyl benzene-1,2-dicarboxylate 0.41 

2-Amino-1-(O-methoxyphenyl)propane 0.27 

1-(3,5-Dimethyl-1-adamantanoyl)semicarbazide 0.17 

1-Methyl-4-[nitromethyl]-4-piperidinol 0.08 

  

Effect of aqueous stem extracts of P. salicifolia on the 

growth and some metabolites of S. pevalekii and T. 

bernardii 

In this experiment, the cultures of S. pevalekii and T. 

bernardii were grown under different concentrations of the 

aqueous extract of P. salicifolia. The data in Table 3 and 

Figure 2 (A, B) show that the chl. a and dry weight of S. 

pevalekii decreased at the high conc. (40%) of the aqueous 

extract of P. salicifolia, but the low and medium 

concentrations have a non-significant effects (p ≥ 0.5). On 

the other hand, the chl. a and dry weight of T. bernardii  were 

significantly decreased with increasing the aqueous extract 

of P. salicifolia (p ≤ 0.05; Table 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Growth curves of (A) S. pevalekii and (B) T. bernardii grown at various concentrations of aqueous stem extracts of Persicaria 

salicifolia.  

 

The maximum growth rate and minimum generation 

time of S. pevalekii were 0.031 h-1 and 22.35 h, respectively 

and were recorded for the control cultures. On the other 

hand, the maximum growth rate and minimum generation 

time of T. bernardii were recorded for cultures incubated 

with 40% concentration of the P. salicifolia extract and were 

found to be 0.023 h-1 and 30.71 h, respectively (Table 3). 

Generally, total carbohydrate, total protein and proline 

contents significantly decreased (p ≤ 0.05) with increasing 

the concentration of aqueous extract of P. salicifolia in S. 

pevalekii and T. bernardii (p ≤ 0.05), while the amino acid 

contents in the studied algae increased with the increase of 

the aqueous extract. The maximum total lipid contents were 

recorded at 10% concentration of aqueous plant extract in 

both of S. pevalekii and T. bernardii (59.32 and 204.33 mg/g 

dry wt., respectively) (Table 3). 

Effect of aqueous stem extracts of P. salicifolia on the 

antioxidant enzymes activity of S. pevalekii and T. 

bernardii  

Antioxidant enzymes activity (CAT, LOX and SOD) 

were measured in S. pevalekii and T. bernardii under various 

concentrations of aqueous stem extract of P. salicifolia, as 

shown in Figure 3. The highest catalase activity was 

recorded in S. pevalekii at 20% conc. (0.17 μmol min-1 mg-1 

protein), while the activity of CAT in T. bernardii was 

significantly increased (p ≤ 0.05) with increasing 

concentration of aqueous extract of P. salicifolia.  

Generally, the activity of LOX in S. pevalekii was 

significantly increased at low and medium conc. of the 

aqueous extract of P. salicifolia (60.88 and 61.47 μmol min-

1 mg-1 protein, respectively) (p ≤ 0.05). Additionally, by 

increasing the concentration of P. salicifolia in comparison 

to control culture, a significant increase in the LOX activity 

of T. bernardii was observed (p ≤ 0.05).  

In S. pevalekii, superoxide dismutase (SOD) activity 

did not decrease significantly  at 10% and 20% conc. of 

aqueous plant extract (p ≥ 0.05), but was significantly 

decreased (p ≤ 0.05) at 40% conc. On the other hand, as the 

plant extract concentrations increased, SOD activity in T. 

bernardii was observed to increase significantly (p ≤  0.05) 

(Figure 3). 

 

((
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Table 3. Effect of different concentrations of P. salicifolia aqueous extracts on the growth and some metabolites of 

Synechocystis pevalekii and Tetradesmus bernardii. 

 

 
Cont. =Control, μmax= maximum growth rate, G= generation 

time, D.W= dry weight, T.P. = total proteins, T.C. = total 

carbohydrates. The data are given as averages of three replicates 

± std. error. Values followed by the different letters are 

significantly different at p ≤ 0.05. 

4. Discussion 

Plants produce secondary metabolites to protect 

themselves from herbivores by regulating defense signaling 

pathways and performing defensive functions [25]. The most 

bioactive compounds such as alkaloids, saponins, flavonoids 

and terpenoids were found in aqueous extract for stem of 

Persicaria salicifolia. Phytochemical constituents such as 

tannins, alkaloids, flavonoids, phenols, saponins, and several 

other aromatic compounds are secondary metabolites of 

plants that serve as a defense mechanism against invasion by 

many microorganisms, insects and other herbivores [26]. 

Alkaloid, saponins and tannins of Senna siamea leaf extracts 

can be responsible for antibacterial activity [27] and the 

inhibition of cyanobacterial growth [28]. In addition, certain 

aquatic plants such as Nuphar lutea have the ability to 

produce alkaloids, such as resorcin, which is very active 

against both phytoplankton and zooplankton [29]. 11-

Octadecenoic acid, methyl ester, 9, 12-Octadecadienoic acid 

methyl ester and Linoelaidic acid had the highest 

concentrations among compounds identified in the extracts 

of P. salicifolia, with concentrations ranging between 

18.03%, 15.03% and 7.73%, respectively. These compounds 

may be responsible for the observed effect on the growth of 

S. pevalekii and T. bernardii. According to Rukshana et al. 

[30], hexadecanoic acid, methyl ester in leaf extract of 

Pergularia daemia has antibacterial properties. Zhang et al.  

 

 

[31] also stated that allelopathic compounds such as linoleic 

acid can inhibit the growth of Microcystis aeruginosa, 

Chlorella pyrenoidosa, and Scenedesmus obliquus.  

 

 

 

Aquatic macrophytes can control the growth of algae 

via inhibition or stimulation by releasing allelopathic 

substances [32]. The chl. a and dry weight of S. pevalekii in 

this investigation decreased at low conc. (40%) of P. 

salicifolia crude extract, and they were reduced significantly 

at all crude extract concentrations. These results are 

consistent with those of Chia et al. [33] who found that the 

chlorophyll a and dry weight of Scenedesmus quadricauda 

decreased with increasing the aqueous crude extract of 

Azadirachta indica. Fawzy et al. [34] also reported that the 

growth of Cyanosarcina fontana decreased with an 

increasing the concentration of the root extract of Verbesina 

encelioides.  

The current study showed that the total carbohydrates, 

total proteins and proline contents were significantly 

decreased by increasing the concentrations of aqueous 

extract of P. salicifolia in S. pevalekii and T. bernardii. 

However, the amino acid content was increased with 

increasing the aqueous plant extract in the tested algae. The 

maximum total lipid contents of S. pevalekii and T. bernardii 

were recorded at 10% of aqueous extract. Fawzy et al. [34] 

revealed that the total carbohydrates, total proteins, and total 

lipids were significantly decreased by increasing the 

concentrations of the root extract of some medicinal plants. 

The ample evidence indicated that manipulation of algal 

growth media could also achieve improvements in lipid 

biosynthesis [35].  

 Chl.a 

(µg/ml) 

D.W. 

(mg/ml) 

μmax 

(h-1) 

 

G(h) 

T.C. T.P. 
Amino 

acids 
Total lipids proline 

)mg/g dry wt.) 

S
. 

 p
e
va

le
k

ii
 

Cont. 
0.64 

±0.02b 

0.50 

±0.03a 
0.031 22.35 

15.27 

±0.51d 

56.14 

±3.48b 

6.75 

±0.16b 

51.6 

±1.08b 

2.74 

±0.15c 

10% 
0.72 

±0.01c 

0.8 

±0.06b 
0.019 36.29 

12.68 

±0.29c 

22.06 

±0.98a 

3.56 

±0.29a 

59.32 

±0.52c 

0.59 

±0.06a 

20% 
0.66 

±0.00b 

0.70 

±0.06b 
0.022 31.38 

10.43 

±0.06b 

17.84 

±0.77a 

10.71 

±0.61c 

52.90 

±0.88b 

0.59 

±0.04a 

40% 
0.36 

±0.00a 

0.40 

±0.01a 
0.016 42.50 

5.93 

±0.16a 

17.13 

±0.57a 

18.16 

±0.77d 

32.49 

±0.39a 

2.07 

±0.09b 

T
. 
b

e
rn

a
rd

ii
 

Cont. 
5.28 

±0.06d 
0.32 

±0.01b 
0.020 34.53 

35.17 
±1.04bc 

96.40 
±3.34d 

6.19 
±0.30a 

116.55 
±5.56b 

2.32 
±0.15c 

10% 
4.11 

±0.02c 

0.31 

±0.01ab 

0.019 

 
35.87 

36.17 

±0.80c 

37.58 

±2.58b 

9.67 

±1.40b 

204.34 

±9.63c 

0.51 

±0.02a 

20% 
3.44 

±0.01b 

0.30 

±0.01ab 
0.011 64.76 

32.43 

±1.51ab 

52.90 

±1.30c 

9.74 

±0.79b 

84.14 

±5.20a 

0.53 

±0.02a 

40% 
3.05 

±0.12a 

0.29 

±0.00a 
0.023 30.71 

29.11 

±0.53a 

28.23 

±0.81a 

9.71 

±0.18b 

95.67 

±1.83a 

0.87 

±0.07b 
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Figure 3. Effect of different concentrations of aqueous extracts of P. salicifolia (10, 20, and 40%) on the antioxidant enzymes 

activity of S. pevalekii and T. bernardii. 

Cont.: control, CAT: catalase, LOX: lipoxygenase, and SOD: superoxide dismutase. 
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Aquatic macrophytes can control the growth of algae 

via inhibition or stimulation by releasing allelopathic 

substances [32]. The chl. a and dry weight of S. pevalekii in 

this investigation decreased at low conc. (40%) of P. 

salicifolia crude extract, and they were reduced significantly 

at all crude extract concentrations. These results are 

consistent with those of Chia et al. [33] who found that the 

chlorophyll a and dry weight of Scenedesmus quadricauda 

decreased with increasing the aqueous crude extract of 

Azadirachta indica. Fawzy et al. [34] also reported that the 

growth of Cyanosarcina fontana decreased with an 

increasing the concentration of the root extract of Verbesina 

encelioides.  

The current study showed that the total carbohydrates, 

total proteins and proline contents were significantly 

decreased by increasing the concentrations of aqueous 

extract of P. salicifolia in S. pevalekii and T. bernardii. 

However, the amino acid content was increased with 

increasing the aqueous plant extract in the tested algae. The 

maximum total lipid contents of S. pevalekii and T. bernardii 

were recorded at 10% of aqueous extract. Fawzy et al. [34] 

revealed that the total carbohydrates, total proteins, and total 

lipids were significantly decreased by increasing the 

concentrations of the root extract of some medicinal plants. 

The ample evidence indicated that manipulation of algal 

growth media could also achieve improvements in lipid 

biosynthesis [35].  

An excessive production of oxygen radicals dring algal 

metabolism is reported, especially when exposed to toxic or 

stress conditions [36]. As a result of increased reactive 

oxygen species (ROS), microalgae tend to up-regulate the 

biosynthesis and activities of ROS combating enzymes [37]. 

Catalase activity was stimulated in S. pevalekii, when treated 

with 20% extract of P. Salicifolia and significantly increased 

in T. bernardii with increasing the aqueous extract 

concentrations of P. Salicifolia. Cordeiro-Araújo et al. [38] 

reported a decline in CAT activity that may be related to its 

inactivation via the binding of thiol groups with the bioactive 

components of the extract investigated. The presence of 

toxic or bioactive substances in plants induces incresaed 

production of compounds like nitric oxide and H2O2, which 

have the potential to inhibit CAT activity [39]. The activity 

of the LOX in S. pevalekii was increased at a low 

concentration of the aqueous extract of P. salicifolia and 

increased with increasing the aqueous extract concentrations 

of P. Salicifolia in T. bernardii [40].  

The SOD activity was also decreased in the case of S.  

extract of P. salicifolia. However, in the case of T. bernardii, 

SOD activity was increased with increasing the 

concentrations of the tested plant. In this respect, the 

allelochemicals of Phragmites communis reduced the 

activities of superoxide dismutase (SOD) in Chlorella 

pyrenoidosa and Microcystis aeruginosa [41-42].  

Conclusions  

The current investigation found that aqueous extract of 

P. salicifolia has the potential to inhibt the growth of S. 

pevalekii and T. bernardii. Furthermore, increasing the 

amount of aqueous extract of P. salicifolia improved the 

antioxidative enzyme activity of T. bernardii. As a result, P. 

salicifolia may be used as a biological agent to suppress 

nuisance algal blooms and undesired algae. Further research 

into the allelopathic effects of P. salicifolia in natural 

environments is also required, as the major microalgal 

species and environmental variables in lakes and water 

bodies differ from the in vitro conditions which may affect 

the outcomes. 

Conflict of interest 

The authors declare no conflict of interest 

References 

1. Pérez-González, R., Sòria-Perpinyà, X., Soria, J., Sendra, 

M. D. and Vicente, E. Relationship between Cyanobacterial 

Abundance and Physicochemical Variables in the Ebro 

Basin Reservoirs (Spain). Water, 2023, 15(14), 2538. 

2. Tazart, Z., Manganelli, M., Scardala, S., Buratti, F.M., Di 

Gregorio, F.N., Douma, M., Mouhri, K., Testai, E. and 

Loudiki, M. Remediation strategies to control toxic 

cyanobacterial blooms: Effects of macrophyte aqueous 

extracts on Microcystis aeruginosa (growth, toxin 

production and oxidative stress response) and on bacterial 

ectoenzymatic activities. Microorganisms, 2021, 9, 1782. 

3. Nezbrytska, I., Usenko, O., Konovets, I., Leontieva, T., 

Abramiuk, I., Goncharova, M. and Bilous, O. Potential use 

of aquatic vascular plants to control cyanobacterial blooms: 

A review. Water, 2022, 14(11), 1727. 

4. De Albuquerque, M.B., Dos Santos, R.C., Lima, L.M., 

Melo Filho, P.A., Nogueira, R.J.M.C., Da Camara, C.A.G. 

and Ramos, A.R.  Allelopathy, an alternative tool to improve 

cropping systems. A review. Agron. Sustain. Dev., 2011, 31, 

379-395.  

5. Nakai, S., Zou, G., Okuda, T., Nishijima, W., Hosomi, M. 

and Okada, M. Polyphenols and fatty acids responsible for 

anti-cyanobacterial allelopathic effects of submerged 

macrophyte Myriophyllum spicatum. Water Sci. Technol., 

2012, 66, 993-999. 

6. Zuo, S.P., Wan, K., Ma, S.M. andYe, L.T. Combined 

allelopathic potential of aquatic plants species to control 

algae. Allelopathy J., 2014, 34, 315-324. 

7. Amorim, C.A., Moura-Falcão, R.H.D., Valença, C.R., 

Souza, V.R.D., Moura, A.D.N. Allelopathic effects of the 

aquatic macrophyte Ceratophyllum demersum L. on 

phytoplankton species: Contrasting effects between 

cyanobacteria and chlorophytes. Acta Limnol. 

Bras., 2019, 31, 1-10. 

8. Boulos, L. Flora of Egypt: (Alismataceae-Orchidaceae). 

Monocotyledons. Al Hadara Publishing. 2005, 4. 

9. Shaltout, K.H., Sharaf El-Din, A. and Ahmed, D. Plant life 

in the Nile Delta. Tanta: Tanta University Press. 2010: 158p. 

10. Krishnaiah, D., Devi, T., Bono, A. and Sarbatly, R. 

Studies on phytochemical constituents of six Malaysian 

medicinal plants. J. Med. Plant Res., 2009, 3(2), 067-072. 

11. Evans, W.C. Trease and evans pharmacology. Harcourt 

Brace and Company. Asia. Pvt. Ltd. Singapore. 1997. 



SQU Journal for Science, Sultan Qaboos University, 2024, 29(2), 24-33 
 

32 

 

12. Edeoga, H.O., Okwu, D.E. and Mbaebie, B.O. 

Phytochemical Constiuents of some Nigerian medicinal 

plants. African Journal of Biotechnology, 2005,4(7), 685-

688. 

13. Rippka, R. and Herdman, M. Pasteur Culture Collection 

of Cyanobacterial Strains in Axenic Culture, Catalogue of 

Strains 1992/1993. Pasteur Institute, Paris. 1993. 

14. Bischoff, H.W. and Bold, H.C. Phycological studies. 4- 

Some soil algae from enchanted rock and related algal 

species Univ. Texas Publ., 1963, 6318, 32-36. 

15. Metzner, H., Rau, H. and Senger, H. Untersuchungen zur 

synchronisier-barkeit ein zelner pigment managel. 

Mutanten von Chlorella. Planta, 1965, 65, 186-194. 

16. Badour, S.S.A. Analytish-chemische unteruchung des 

Kaliummangles bei Chlorella im Vergleichmitandern 

Mangelezustanden Ph.D. Dissertation Gottingen. 1959. 

17. Lowry, D.H., Rosebrough, N.J., Farr, A.L. and Randall, 

R.J. Protein measurement with the folin phenol reagent. 

Journal of Biological Chemistry, 1951, 193, 265-275. 

18. Lee, Y.D. and Takahashi, T. An improved colorimetric 

determination of amino acids with use of ninhydrin. Anal. 

Biochem., 1966, 14, 71-77. 

19. Bates, L.S., Waldren, R.P. and Teare, I.D. Rapid 

determination of free proline for water stress studies. Plant 

Soil., 1973, 39, 205-207. 

20. Drevon, B.  and Schmitt, J.M.  La reaction sulfo- 

phospho-vanillique dans l’etude des 

lipidesseriques. Applications biochemiques, cliniques et 

pharmacologiques. Bull. Trav. Soc. Pharm. Lyon., 1964, 8, 

173-178. 

21. Aebi, H. Catalase in vitro. In Methods in enzymology. 

Academic Press. 1984, 105, 121-126. 

22. Matsumura, T., Tabayashi, N., Kamagata, Y., Souma, C. 

and Saruyama, H. Wheat catalase expressed in transgenic 

rice can improve tolerance against low temperature stress. 

Physiol. Plant., 2002, 116(3), 317-327. 

23. Minguez-Mosquera, M.I., Jaren-Galan, M. and Garrido-

Fernandez, J. Lipoxygenase activity during pepper ripening 

and processing of paprika. Phytochemistry, 1993, 32(5), 

1103-1108. 

24. Misra, H.P. and Fridovich, I. The role of superoxide 

anion in the autoxidation of epinephrine and a simple assay 

for superoxide dismutase. Journal of Biological Chemistry, 

1972, 247(10), 3170-3175. 

25. Divekar, P.A., Narayana, S., Divekar, B.A., Kumar, R., 

Gadratagi, B.G., Ray, A. and Behera, T.K. Plant secondary 

metabolites as defense tools against herbivores for 

sustainable crop protection. International Journal of 

Molecular Sciences, 2022, 23(5), 2690. 

26. Kumar, S., Korra, T., Thakur, R., Arutselvan, R., 

Kashyap, A.S., Nehela, Y., Chaplygin,V., Minkina, T. and 

Keswani, C. Role of Plant Secondary Metabolites in Defence 

and Transcriptional Regulation in Response to Biotic 

Stress. Plant Stress, 2023, 100154. 

27. Dahiru, D., Malgwi, A.R. and Sambo, H.S. Growth 

Inhibitory Effect of Senna siamea Leaf Extracts on Selected 

Microorganisms. American Journal of Medical Sciences, 

2013, 3(5),103-107.  

28. Shao, J., Li, R., Lepo, J.E. and Gu, J.D. Potential for 

control of harmful cyanobacterial blooms using biologically 

derived substances: problems and prospects. J. Environ. 

Manage., 2013, 125, 149-155. 

29. Sakevych, O.I., Usenko, O.M. Allelopathy in 

Hydroecosystems; Logos: Kiev, Ukraine, 2008: p. 342. (In 

Ukrainian). 

30. Rukshana, M., Doss, A., Kumari Pushpa Rani, 

TPhytochemical Screening and GC-MS Analysis of Leaf 

Extract of Pergularia daemia (Forssk) Chiov. Asian Journal 

of Plant Science and Research., 2017, 7(1), 9-15. 

31. Zhang, T., Zheng, C., He, M., Wu, A. and Nie, L. 

Inhibition on algae of fatty acids and the structure-effect 

relationship. China Environmental Science., 2009, 29(3), 

274-279. 

32. Kurashov, E., Krylova, J., and Protopopova, E. The use 

of allelochemicals of aquatic macrophytes to suppress the 

development of cyanobacterial “blooms”. In Plankton 

Communities; IntechOpen: London, UK. 2021. 

33. Chia, M.A., Akinsanmi, J.T., Tanimu, Y. and Ladan, Z. 

Algicidal effects of aqueous leaf extracts of neem 

(Azadirachta indica) on Scenedesmus quadricauda (Turp.) 

de Brébission. Acta Bot. Bras., 2016, 30(1), 1-8. 

34. Fawzy, M.A., Hifney, A.F., Issa, A.A., Adam, M.S. and 

Gamal, G. Effect of medicinal plants on the diversity of 

rhizosphere blue greens, growth and some metabolites of 

Cyanosarcina fontana. International Journal of Current 

Microbiology and Applied Sciences., 2014, 3(10), 955-968. 

35. Jusoh, M., Loh, S.H., Chuah, T.S., Aziz, A. and Cha, T.S. 

Elucidating the role of jasmonic acid in oil accumulation, 

fatty acid composition and gene expression in Chlorella 

vulgaris (Trebouxiophyceae) during early stationary growth 

phase. Algal Res., 2015, 9, 14-20. 

36. Zhu, J., Cai, Y., Wakisaka, M., Yang, Z., Yin, Y., Fang, 

W., Xu, Y., Omura, T., Yu, R. and Zheng, A.L. T. Mitigation 

of oxidative stress damage caused by abiotic stress to 

improve biomass yield of microalgae: A review. Sci. Total 

Environ., 2023, 165200. 

37. Chia, A.M., Chimdirim P.K., Japhet, W.S. Lead induced 

antioxidant response and phenotypic plasticity of 

Scenedesmus quadricauda (Turp.) de Brébisson under 

different nitrogen conditions. Journal of Applied 

Phycology., 2015, 27, 293-302. 

38. Cordeiro-Araújo, M.K., Chia, A.M., Hereman, T.C., 

Sasaki, F.F. and Bittencourt-Oliveira, M.C. Selective 

membrane permeability and peroxidase activity response of 

lettuce and arugula irrigated with cyanobacterial 

contaminated water. Environmental Earth Sciences., 2015, 

74, 1547-1553. 

39. Qiao, W., Li, C. and Fan, L.M. Cross-talk between nitric 

oxide and hydrogen peroxide in plant responses to abiotic 

stresses. Environmental Experimental Botany., 2014, 100, 

84-93. 

40. Oyetayo, V.O. and Temenu, O.E. Comparative Study on 

The Phytochemical, Antistaphylococcal and Antioxidant 

Properties of the Stem Bark of Jatropha curcas L and 

Jatropha gossypifolia L: Comparative study on two 

Jatropha species. Sultan Qaboos University Journal for 

Science., 2023, 28(1), 17-24. 



SQU Journal for Science, Sultan Qaboos University, 2024, 29(2), 24-33 
 

33 

 

41. Al-Busafi, S.N., Al-Saidi, S.H., Al-Riyami, A.I. and Al-

Manthary, N.S. Comparison of chemical composition and 

antioxidant activity of four essential oils extracted from 

different parts of Juniperus excelsa. Sultan Qaboos 

University Journal for Science., 2016, 21(1), 7-15. 

42. Li, F.M. and Hu, H.Y. Isolation and characterization of 

a novel antialgal allelochemical from Phragmites communis. 

Applied and Environmental Microbiology., 2005, 71(11), 

6545-6553. 

 
 


