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Abstract---Since algae is one of the natural sources of chemical 

compounds, including nutrients, fats and vitamins, thatstimulate the 
germination and growth of plants, so the aim of the research was to 

study the effect of aqueous extracts of Cladophora and Spirogyra at a 

concentration of (0, 1, 2) % in the germination and growth of three 

cultivars of the bread wheat Triticum aestivum (Baraka, Buhooth-22 

and Sham-6) through the application of the pots experiment. The 

results showed that the aqueous extract of the algae affected positive  

the assessed variables increase considerably as the concentration 
increased, and treatments at concentration (1 and 2%) had an 

encouraging effect on the germination and growth of plants of both 

cultivars  Buhooth-22 and Baraka, while cultivar Sham-6 was less 

responsive to the extracts. 

 
Keywords---algae, allelochemicals, cultivars, wheat growth. 

 

 

Introduction  

 

Allelopathic is a biological phenomenon of the release of secondary metabolites 
produced by living organisms, including algae, that affect the growth and 

development of the biological and agricultural system [1]. Secondary metabolites 
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are known as allelochemicals, which have direct or indirect negative or positive 

effects when produced from one type of living organism to affect the growth and 

development of other types of living organisms through the release of their 
compounds to the environment [2], which affect the growth of plants by different 

mechanisms, including affecting the activity of some genes responsible for growth 

characteristics, nutrient absorption and some anatomical characteristics of   the  

plant [3]. Algae is one of the important natural sources of secondary metabolites, 

in addition to its high content of vitamins, amino acids and carbohydrates[4]and 

it is considered one of the modern strategies in sustainable agriculture because it 
is environmentally friendly [5], , and therefore it has been widely used in the 

agricultural field  to increase the productivity of plants, including green algae, 

from the study of [6]an increase in the percentage of germination and growth of 

alfalfa plant was observed when it was treated with Spirogery sp extract at a 

concentration of 1%, as well as an increase in root length, dry weight of the shoot 

system and leaf area of cowpea and sesame plants with the effect of Cladophora 
sp extract at a concentration of (1,2 and 3%) [7]. A significant increase was also 

observed in the percentage of germination, seedling length and wet weight of 

radish due to the effect of Cladophora glomerata  extracts  at  (60 and 80%) [8] , 

since the wheat crop is one of the important strategic crops, as it is ranked first in 

cultivated area and production, as it is the main food for more than 60 countries 

in the world  [9], so the aim of the research is the possibility of using aqueous 
extracts of the wet biomass of  Cladophora and Spirogyra in improving some 

growth indicators of three cultivars of bread wheat (Baraka,Buhooth-22, Sham-6). 

 

Materials and Methods 

 

Algae sample collection 
 

Green algae samples were collected from the Tigris River near the Fifth Bridge in 

Mosul Woods on 25/11/2020 and then washed with running water for several 

times to get rid of the dust and dirt stuck in them until they are sure of their 

cleanliness and then spread them on a layer of paper to get rid of excess water to 

use them in the experiment. 
 

Algae diagnosis 

 

The genera were diagnosed based on phenotypic diagnosis, as glass slides were 

prepared from the isolates, then examined under a light microscope, and after 
imaging the sample, their morphological characteristics were determined, and 

based on books and taxonomic keys, their genera were determined [10, 11]. 

 

Preparation of aqueous extracts 

 

The concentrations (1 and 2) %weight: volume were prepared with the weight of (1 
and 2) g of wet biomass for each of the two algae and crushed with 100 ml of 

distilled water using an electric mixer (Silver crest) for 10 minutes and filtered 

with a piece of gauze and then with filter papers of the type (Whatman No.1), then 

the filtrate was kept in the refrigerator at 4°C. 
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Pots experiment 

 

In the experiment, plastic pots with a capacity of 6 kg, a height of  

24 cm and a diameter of 21 cm were used and filled with loamy soil, then 10 
seeds of each cultivarof bread wheat (Baraka, Buhouth-22 and Sham-6) were 

planted with a depth of 0.5 cm from the soil surface on 28/11/2020 and in three 

replications, 300 ml of prepared extracts were added to the soil, and the control 

treatment (distilled water). 

 

Studied characteristics 
 

The percentage of seeds germination 
 

It was calculated by applying the equation [12]  

 
Germination percentage % = Number of germinated seeds / Number of seeds 

sown × 100 

 

The percentages of change from the control were calculated according to the 

equation of [13]. 

 
Percentage of increase over control = treatment - control/ control× 100 

Percentage of decrease over control= control- treatment / control× 100 

 

The length of the shoot and root system (cm) and their dry weight (g) 

 
After three months from the date of planting, the plants were removed and 

washed, the shoot system was separated from the root system. Measurements 

were taken using the standard ruler for each of them, for five plants, and for three 

replicates in each treatment, and after drying them in the electric oven at a 

temperature of 70°C for 72 hours, their dry weights were recorded using a 

sensitive scale.  
 

Total chlorophyll content 
 

It was estimated according to the method [14] , and its absorbance was  recorded 

at wavelength 645 and 663 nm using a spectrophotometer, it was estimated 
according to [15] .   

 
Total chlorophyll (µg/ml) = 20.2 (A

645
) + 8.02 (A

663
) 

 
Statistical analysis 

 

The experiment was designed according to the randomized complete block design 

(R.C.B.D) and the data were analyzed statistically according to the SAS program. 

The averages of the coefficients were distinguished using Duncan multiple range 
test at a probability level of5% [16]. 
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Results  

 

From Table (1), it was observed that there were significant effects in the 

percentage of germination by the effect of Spirogyra and Cladophora extracts, and 
from comparing the average type of extract, the highest percentage of germination 

was recorded (91.48%) with the effect of Spirogyra extract, and from comparing 

the average concentration, the highest percentage of germination was recorded 

(92.22%) when at 1% concentration. in the binary interaction showed significant 

differences between the treatments, from triple interaction showed a significant 

difference between the treatments, From comparing the percentages of increase 
from  the control, it was found that the highest percentage of increase was (25%) 

in the cultivar Buhooth-22 with the effect of Spirogyra extract at 1%, and the 

lowest percentage increase from the controlwas in the cultivar Sham-6, which 

amounted to (3.85%) by the effect of Cladophora extracts at 2%. 

 

Table (1): Effect of aqueous extracts of the biomass of Cladophora and Spirogyra 
algae on the percentage of seed germination of three cultivars of bread wheat 

 

Cultivars Concentration 
Type of extract  Concentration  

 ×cultivar 

Average 

cultivar  Cladophora Spirogyra 

 

Baraka 

0% 
 

83.33 de 83.33 de 83.33 de  

 

90.00 a 
1% 93.33 ab 90.00 b-d 91.66 ab 

2% 90.00b-d 100.00 a 95.00 a 

Cultivar ×Type of extract 88.88 ab 91.11 ab  

Buhooth-22 

0% 80.00 e 80.00e 80.00 e  

 

87.77 
a 

1% 80.00e 100.00 a 90.00 bc 

2% 90.00b-d 96.66 ab 93.33 ab 

Cultivar ×Type of extract 83.33c 92.22 a  

Sham-6 

0% 86.66 c-e 86.66 c-e 86.66 cd  

 

89.44 

a 

 

1% 90.00b-d 100.00a 95.00 a 

2% 86.66 c-e 86.66 c-e 86.66 cd 

Cultivar ×Type of extract 87.77 b 91.11 ab 
average concentration 

Average type of extract 86.66 b 91.48 a 

Concentration×Ty

pe of extract 

0% 83.33 c 83.33 c 83.33 b 

1% 87.77 b 96.66 a 92.22 a 

2% 88.88 b 94.44 a 91.66 a 

 
The results in Table (2) showed a significant difference in the length of the shoot 

system as a result of treatment with extracts of the algae Cladophora and 

Spirogyra. From the comparison of the average cultivar, the highest length of the 

shoot system was recorded in the cultivar Buhooth-22 as it reached (39.61) cm, 

and from the comparison of the average concentration, the highest length was 

recorded (35.72 cm) at a concentration of 2%, From the binary interaction showed 

significant differences between the treatments, while in the triple interaction, the 
highest length of the shoot was 46.13 cm in the cultivar Buhooth-22 at 2%,the 
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percentages of change from the control, the highest percentage of increase in the 

length of the shoot system was recorded (36%) in the cultivar Baraka by the effect 

of Spirogyra extract at 2%, and the highest percentage of reduction from the 

control was in the cultivar Sham-6 which amounted to (17.87%) by the effect of 

Spirogyra extract at 1%. 
 

Table (2): Effect of aqueous extracts of the biomass of Cladophora and Spirogyra 

on shoot system length (cm) for three cultivars of bread wheat 

 

Cultivars Concentration 
Type of extract concentration     ×

cultivar 

Average 

cultivar Cladophora Spirogyra 

 

Baraka 

0% 20.00 f 20.00 f 20.00 e 
 

22.56 b 
1% 20.80 f 24.00 ef 22.40 ed 

2% 23.40 ef 27.20 e 25.30 d 

Cultivar ×Type of extract 21.40 c 23.73c  

Buhooth-22 

0% 35.53 cd 35.53 cd 35.53c 
 

39.61 a 
1% 35.80 cd 42.70 b 39.25 bc 

2% 42.00 ab 46.13 a 44.06 a 

Cultivar ×Type of extract 37.77 b 41.45 a  

Sham-6 

0% 40.50 a-c 40.50 a-c 40.50 ab 
 

37.98 a 
1% 38.06 b-d 33.26 d 35.66 c 

2% 39.60 bc 36.00 cd 37.800 bc 

Cultivar×Type of extract 39.38 ab 36.58 b 
Average concentration 

Average Type of extract 32.85 a 33.92 a 

Concentration 

×Type of 

extract 

0% 32.01 bc 32.01 bc 32.01 b 

1% 31.55 c 33.32 a-c 32.43 b 

2% 35.60 ab 36.44 a 35.72 a 

  
In Table (3) the results showed a significant variation in the length of the root 

system with the effect of algae extracts. From comparing the average of the 

cultivar, the cultivar Baraka recorded the highest length of the root system, 

reaching (29.51 cm), and from comparing the average type of the extract, the 

Cladophora extract gave the highest increase in the length of the root system 

(28.67) cm, From the binary interaction showed significant differences between 
the treatments. Significant differences appeared between the treatments in the 

interaction between the cultivar, the type of extract and the concentration, from 

comparing the percentages of change from the control, the highest significant 

increase in the length root system (43.07%) was recorded in the Buhooth-22 

cultivar from the control, by the effect of Cladophora extract at a concentration of 

2%, while the lowest percentage of increase in the length root system was (1.41%) 

was in Sham-6 cultivar by the effect of Spirogyra extract at a concentration of 1% 
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Table (3): Effect of aqueous extracts of the biomass of Cladophora and Spirogyra 

algae on root system length (cm) of three cultivars of bread wheat 

 

Cultivars concentration 
Type of extract concentration     ×

cultivar 

Average 

cultivar Cladophora Spirogyra 

 

Baraka 

0% 28.66 c-e 28.66 c-e 28.66 c  

29.51 a 1% 27.40 e-g 30.00 b-
d 

28.70 c 

2% 31.80 b 30.56 bc 31.18 b 

Cultivar ×Type of extract 29.28 ab 29.74 ab  

Buhooth-22 

0% 25.86 g 25.80 g 25.80 d  

29.42 a 1% 27.76 fg 28.40 c-f 28.08 c 

2% 37.00 a 31.80 b 34.40 a 

Cultivar ×Type of extract 30.18 a 28.66 b  

Sham-6 

0% 23.40 h 23.40 h 23.40 e  

25.49 b 1% 28.03 d-f 23.73 h 25.88 d 

2% 28.20 d-f 26.20 fg 27.20 cd 

Cultivar ×Type of extract 26.54 c 24.44 d 
Average concentration 

Average type of extract 28.67 a 27.61 b 

Concentration×Type 

of extract 

0% 25.95 d 25.95 d 25.95 c 

1% 27.73 c 27.33 c 27.55 b 

2% 32.33 a 29.52 b 30.92 a 

 

In Table (4) significant differences were observed between the treatments, from 

comparing the average of the cultivar Baraka gave the highest dry weight of the 

shoot system amounted to (0.55) g, and from comparing the average type of algal 

extract, the highest dry weight of the shoot system (0.45 g) was recorded by the 
effect of Cladophora extract and from the comparison of the average 

concentration, the highest dry weight of the shoot (0.56) g was recorded at 2%. 

From the binary interaction showed significant differences between the 

treatments, and the triple interaction showed a significant variation in the dry 

weight of the shoot system, as the highest dry weight of the shoot system reached 

(1.24) g in the cultivar Baraka at 2% of Cladophora extract, and the percentage 
increase from the control was (254.28%), while Sham-6 cultivar recorded the 

lowest dry weight of the shoot system (0.24 g) by the effect of Spirogyra extract at 

a concentration of 1%, while the percentage of reduction from the control was 

(27.27%). 

 

Table (4): Effect of aqueous extracts of the biomass of Cladophora and Spirogyra 
algae on the dry weight of shoots (g) of three cultivars of bread wheat 

 

Cultivars Concentration 
Type of extract concentration     ×

cultivar 

Average 

cultivar Cladophora Spirogyra 

 

Baraka 

0% 0.35 ef 0.35 ef 0.35 cd 
 

0.55 a 
1% 0.34 ef 0.34 ef 0.34 cd 

2% 1.24 a 0.71b 0.98 a 

Cultivar × Type of extract 0.64 a 0.47 b  

Buhooth-22 
0% 0.27 ef 0.27 ef 0.27 d  

0.39 b 1% 0.32 ef 0.67 bc 0.49 b 
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2% 0.53 cd 0.32 ef 0.42 b 

Cultivar × Type of extract 0.37 cd 0.42 bc  

Sham-6 

0% 0.33 ef 0.33 ef 0.33 cd 
 

0.32 c 
1% 0.43 ed 0.24 f 0.33 cd 

2% 0.30 ef 0.30 ef 0.30 d 

Cultivar × Type of extract 0.35 cd 0.29 d 
Average concentration 

Average type of extract 0.45 a 0.39 b 

Concentration  

×Type of 

extract 

0% 0.31 c 0.31 c 0.31 c 

1% 0.36 bc 0.42 b 0.39 b 

2% 0.69 a 0.44 b 0.56 a 

 

Table (5) showed significant differences in the effect of green algae extracts on the 

dry weight of the root system compared to the control treatment. From comparing 

the mean of the cultivar, the Baraka cultivar  recorded the highest dry weight of 
the root group, which amounted to (0.36) g, and from comparing the average type 

of the algal extract, the Cladophora extract recorded the highest dry weight of the 

root system was (0.28)g, and from the comparison of the average concentration, 

the highest dry weight of the rootstock was recorded (0.38)g at the concentration 

2%, and in the binary interaction showed significant differences between the 

treatments. The triple interaction showed a significant variation in the dry weight 
of the root  system, from the comparison of the percentages of change from the 

control, the highest percentage increase was (330.76%) in the cultivar Sham-6 

with the effect of 1% concentration of Cladophora extract, and the highest 

percentage of reduction amounted to (30.76%) in the same cultivar by the effect of 

the concentration 2% of Spirogyra extract.  

 

Table (5): Effect of aqueous extracts of the biomass of Cladophora and Spirogyra 
algae on the dry weight of the root system (g) of three cultivars of bread wheat 

 

 cultivars 
 

concentration  

Type of extract 
concentratio

n × cultivar  

Average 

cultivar 
 

Cladophora Spirogyra 

 

Baraka 

0% 0.29 cd 0.29 cd 0.29 bc 
 

0.36 a 
1% 0.19 c-e 0.35 bc 0.27 bc 

2% 0.61 a 0.48 ab 0.54 a 

Cultivar × Type of extract 0.36 a 0.37 a  

Buhooth-22 

0% 0.11 e 0.11 e 0.11 d 
 

0.18 b 
1% 0.12 de 0.22 c-e 0.17 cd 

2% 0.29 cd 0.23 c-e 0.26 bc 

Cultivar × Type of extract 0.17 b 0.19 b  

Sham-6 

0% 0.13 de 0.13 de 0.13 d 
 

0.21 b 
1% 0.22 c-e 0.15 de 0.19 cd 

2% 0.56 a 0.09 e 0.33 b 

Cultivar × Type of extract 0.30 a 0.12 b 
Average concentration 

Average type of extract 0.28 a 0.23 b 

Concentration  

×Type of extract 

0% 0.17 c 0.17 c 0.17 b 

1% 0.18 c 0.24 bc 0.21 b 

2% 0.49 a 0.27 b 0.38 a 
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The results in Table( 6) showed a variance in the total chlorophyll content of 

bread wheat cultivars by the effect of the extracts of both Cladophora and 

Spirogyra, from the comparison of the average cultivar,the cultivar Baraka 

recorded the highest total chlorophyll content (28.68 µg/ml), while the 
comparison of average type of extract,the Spirogyra extract was superior to the 

Cladophora extract, and by comparing the average concentration, the 

concentration of 2% recorded the highest content of total chlorophyll as it reached 

(29.71 µg/ml) , in the binary interaction showed significant differences between 

the treatments, The triple interaction between extracts, cultivars and 

concentration showed different effects, as the highest content of chlorophyll was 

(38.38 µg/ml) in the cultivar Buhooth-22 at 1% of Spirogyra extract, and the 
increase from the control amounted to (175.32)%, while the same cultivar 

recorded in the control treatment the lowest content of chlorophyll (13.49 µg/ml), 

and from the comparison of the percentages of reduction compared to the control, 

the cultivar Sham-6 recorded the highest percentage of reduction, which 

amounted to (35%) by the effect of Spirogyra extract at 1%. 

 
Table (6): Effect of aqueous extracts of the biomass of Cladophora and Spirogyra 

algae on the total chlorophyll content (µg/ml) for three cultivars of wheat 

 

Cultivars 

 

concentration 

 

Type of extract concentration × 

cultivar 

 

Average 

cultivar 

 
Cladophora Spirogyra 

 

Baraka 

0% 28.2 I 28.21 i 28.21 f 
 

28.68 a 
1% 30.54 a 28.40 h 29.47 d 

2% 27.34 j 29.42 g 28.38 e 

Cultivar × Type of extract 28.69 b 23.44 f  

Buhooth-22 

0% 13.94 o 13.94 o 13.94 i 
 

24.01c 
1% 26.66 k 38.38 a 32.52 b 

2% 29.72 f 21.46 m 25.59 g 

Cultivar × Type of extract 28.55 d 28.67 c  

Sham-6 

0% 30.02 e 30.02 e 30.02 c 
 
28.66 b 

1% 22.15 l 19.46 n 20.80 h 

2% 33.49 c 36.84 b 35.16 a 

Cultivar × Type of extract 24.59 e 28.77 a 
Average concentration 

Average type of extract 26.89 b 27.37a 

Concentration  

×Type of 
extract 

0% 24.05 e 24.05 e 24.05 c 

1% 26.45 d 28.74 c 27.59 b 

2% 30.18 a 29.24 b 29.71 a 

 

Discussion  

 

The reason of the variance may be due to the variation in the type, nature and 

concentration of allelochemical compounds in algae extracts , which when 

released into the soil undergo biochemical transformations due to 
microorganisms, as well as their variation in their impact as its effect is 

increasing at low concentrations and may be decreasing at high concentrations 

[17], The increase in length of the shoot and  root system was accompanied by the 

increase in the of the shoot and  root system, which due to increase in the 
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absorption of nutrients found in the algae extract, including  iron, as it activates 

the oxidation and reduction enzymes in the electron transport chain in the 

process of respiration and helps it in building chlorophyll and storing iron in 

Chloroplast in the form of Phytoferritin, which leads to increased vegetative 
growth. In addition to the algae extracts containing zinc, which contributes in the 

produce of the amino acid Tryptophane, which has an important role in the 

transfer of electrons and the transfer of sugars, which encourages the process of 

photosynthesis and thus increases vegetative growth [18], in addition to the algae 

content of vitamins, minerals and fats that stimulate germination and plant 

growth [19] , search agree results with [20] that aqueous extracts of Cladophora 
crispata stimulated the germination of Sunflower seeds, and this is consistent 

with what [21] mentioned ,that Cladophora  glomerata gave a significant increase 

in the height of the soybean plant, [22] observed that the germination rate of 

maize seeds increased as a result of treatment with polysaccharides extracted 

from green algae Ulva sp.  

 

Conclusion 
 

The results showed that the biomass extracts of Cladophora and Spirogyra  had a 

stimulating effect on the germination and some growth characteristics of three 

cultivars of bread wheat, and that the cultivarBuhooth-22 was the most 

responsive cultivar to algae extracts and the concentration of 2% gave the highest 

significant increase in most of the studied traits, and algae extracts could be used 
in the agricultural system as one of the modern strategies to improve the growth 

of crops. 
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