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Abstract: The positive effects of biochar on both soil quality and plant growth and also on plant growth of macroalgae have 
been reported in studies. Studies on biochar and macroalgae interaction are quite limited. This study was carried out according 
to randomized plot design in greenhouse conditions to determine the effects of biochar and Cladophora glomerata applications 
and interaction on the growth of wheat (Triticum aestivum L.) and some enzyme activities in the rhizosphere. Biochar and C. 
glomerata interaction increased wheat root (90%) and shoot dry weight (84.2%), root length (43.1%) and plant height (84.2%) 
compared to control. Biochar application increased alkaline phosphatase activity by 66.3%, while C. glomerata increased β-
glucosidase activity by 49%. The interaction of both applications increased catalase activity by 62.1% compared to control. 
These findings confirm the potential of biochar and C. glomerata to improve wheat production by inducing growth. 
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Biyokömür ve Cladophora glomerata’nın Buğday (Triticum aestivum L.) Gelişimi ve Rizosfer 
Enzim Aktivitelerine Etkileri 

Öz: Biyokömürün hem toprak kalitesi hem de bitki gelişimine ayrıca makroalglerin bitki gelişimi üzerine olumlu etkileri 
yapılan çalışmalarda rapor edilmiştir. Biyokömür ve makroalg interaksiyonu ile ilgili çalışmalar ise oldukça sınırlıdır. Bu 
çalışma, biyokömür ve Cladophora glomerata uygulamaları ve interaksiyonunun; buğdayın (Triticum aestivum L.) gelişimi ve 
rizosferdeki bazı enzim aktiviteleri üzerindeki etkisini belirlemek için serada koşullarında tesadüf parselleri deneme desenine 
göre yürütülmüştür. Biyokömür ve C. glomerata interaksiyonu kontrolle karşılaştırıldığında buğdayın kök (%90) ve sürgün 
kuru ağırlığını (%84.2), kök uzunluğunu (%43.1) ve bitki boyunu (%84.2) kontrole göre artırmıştır. Biyokömür uygulaması 
alkalin fosfataz aktiviteyi %66.3 oranında arttırırken, C. glomerata β-glukosidaz altiviteyi %49 oranında artırmıştır. Her iki 
uygulamanın interaksiyonu katalaz aktiviteyi kontrolle karşılaştırıldığında %62.1 oranında artırmıştır. Bu bulgular, 
biyokömür ve C. glomerata’nın buğday gelişimini tetikleyerek üretimini iyileştirme potansiyelini doğrulamaktadır. 

Anahtar kelimeler: Bitki gelişimi, Cladophora glomerata, biyokömür, toprak enzimleri. 

1. Introduction 

The use of organic amendments affects soil organic matter 
that impacts many important physicochemical and 
biological processes in the soil (Danish et al., 2011). Soil 
organic matter is an important component of the soil 
system and is continuously depleted, especially in semi-
arid and arid regions (Diacono and Montemurro, 2010). 
The stability of organic matter has been attributed to the 
ability of carbon-containing nutrients added to soils to 
provide stable organic carbon (Song et al., 2020). The 
application of organic material can lead to a decrease in 
soil oxygen, increased evaporation of NH3, immobilization 
of soil mineral nutrients, and the production of phytotoxic 
compounds (Diacono and Montemurro, 2010). In this 
respect, biochar provides an organic impetus to the 
sustainability of agriculture and the environment (Chen et 
al., 2020). In some cases, the incorporation of solid charred 
biomass (biochar) into the soil has been described to 
increase soil fertility and carbon stocks over long periods 
of time (Hu et al., 2024). Algal extracts can be used as 
natural plant growth stimulants in sustainable and organic 
plant production (Mahmoud et al., 2019). Cladophora 
glomerata is a green macroalga found in both marine and 

freshwater (Pikosz et al., 2016). It is considered harmful in 
eutrophic water reservoirs as it can increase biomass up to 
three times a day (Messyasz et al., 2015). Although 
considered an environmental problem, C. glomerata has 
been used in various applications due to the abundance of 
carotenoids (Michalak and Messyasz, 2021). Studies have 
identified the positive effect of macroalgal extracts on 
plant growth, including Sargassum vulgare (brown 
macroalgae) (Mahmoud et al., 2019), Codium taylorii (green 
macroalgae), and Pterocladia capillacea (red macroalgae) 
(Kassim et al., 2016). Macroalgae in the form of extracts or 
dry biomass were able to influence plant growth, which 
was particularly evidenced by the positive effect of Ulva 
fasciata (green) and Sargassum laserifolium (brown) on 
radish growth and yield (Ahmed et al., 2021)  

Enzymes are important factors in the microbial 
activities of soil microbial communities, which are 
important for the biogeochemical cycle in the soil 
ecosystem (Aponte et al., 2020). Therefore, soil enzymes 
have an important role in soil organic matter 
transformation, nutrient release, and fertility maintenance 
(Goncalves-Lopes et al., 2021). By measuring soil enzyme 
activities, information on soil chemical properties, fertility 
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levels, microbiological properties, and soil pollution status 
can be obtained (Jiang et al., 2021). Studies to determine 
the effects of biochar and C. glomerata on microbial 
parameters in soils are very limited. Therefore, in this 
study, the effects of biochar and Cladophora glomerata 
separately and in interaction on wheat growth and 
enzymatic activities of rhizosphere soil under greenhouse 
conditions were investigated. 

2. Material and Method 

2.1. Materials used in the experiment 

Soil samples taken from the campus area where no 
previous application was made were sieved through a 2 
mm sieve and filled into 3 kg pots. The soil used in the 
experiment has a pH of 7.2, organic matter (%) 1.22; lime 
(%) 2.38; EC (mmhos/cm) 1.54; N 0.14%, and has a clayey 
texture. C. glomerata used in the experiment was collected 
from Euphrates River in Karkamış District of Gaziantep in 
July 2023. Invertebrates (mussel and snail shells) in the 
algae were cleaned from stones and sand and dried in the 
shade. They were then pulverized with a Tefal Ultra High 
Speed Blender (shredder) at 46 000 rpm and stored in a 
deep freezer at -20 oC. Biorfe brand biochar was used as 
biochar. Biochar applied to the soil was added to the soil 
according to the instructions for use (250 g of biochar to 25 
liters of soil). Wheat seeds (Triticum aestivum L.) were used 
in the experiment. 

2.2. Set-up of the experiment 

Wheat seeds were soaked in 10% v/v sodium hypochlorite 
(NaOCl) for two minutes, then washed with 70% ethanol, 
then with sterile distilled water, and excess water was 
removed on filter paper. The soil was mixed with the 
amount of biochar determined according to the 
instructions for use. C. glomerata was prepared at the rate 
of 2% in the root zone of the plant after germination and 
100 ml/kg of soil was given to each pot twice with 15 days 
intervals. The experiment was set up as follows: a) plants 
grown in soil without biochar and C. glomerata (control); b) 
plants grown in soil containing biochar; c) plants grown in 
soil containing C. glomerata and without biochar; d) Plants 
grown in soil treated with C. glomerata and mixed with 
biochar. The experiment was conducted in three 
replications in a greenhouse with natural light. Plants were 
harvested 30 days after sowing. At the end of the harvest, 
plant height, green parts, root weights, and root length 
were determined according to Yıldız and Özgen (2004).  

2.3. Determination of chlorophyll content of wheat 
leaves 

Chlorophyll content of leaves was analyzed according to 

Arnon (1949). Leaf samples of each treatment were 
homogenized with acetone: water mixture and centrifuged 
at 5000x g. The absorbance of the filtrate was measured in 
a spectrophotometer at 645 nm and 663 nm wavelength in 
3 replicates. The results were calculated in mg/l according 
to Arnon (1949).  

2.4. Determination of some enzyme activities of 
rhizosphere 

At the end of the harvest, soil samples adhering to the 
roots were taken, brought to the laboratory without 
waiting and analyzed. Alkaline phosphatase activity in 
soil was determined according to Tabatabai (1994). β-
Glucosidase (EC3.3.1.21) activity was measured using p-
nitrophenyl-β-D-glucopyranoside as substrate. In β-
glucosidase activity, toluene was added to 0.5 g of soil 
sample, shaken for 15 minutes, then buffer solution and p-
nitrophenyl-β-D-guloside solution were added and 
incubated at 37°C for 1 hour. Calcium chloride solution 
and tris solution (pH 12) were then added and the 
supernatant was measured spectrophotometrically at 410 
nm after centrifugation (Yin et al., 2014). Catalase activity 
of rhizosphere soil was determined by Scheibler 
calcimeter. Phosphate buffer was added to the soil sample, 
H2O2 was placed in a glass tube, the jar was sealed with a 
stopper, and the oxygen output was recorded. The results 
were calculated as mg O2 /5 g soil (Beck, 1971). 

2.5. Statistical analysis 

The results of the experiment were evaluated using the 
JMP11 statistical program for basic plant growth 
characteristics, rhizosphere catalase, alkaline phosphatase, 
and β-glucosidase activities.The results are given as the 
average of three measurements (n = 3) ± SE for each 
sample. Differences between treatments were determined 
using the Duncan Multiple Range Test. 

3. Results and Discussion 

3.1. Effects of applications on basic plant characteristics 

The effects of C. glomerata, biochar treatments and the 
interaction of C. glomerata and biochar on root and shoot 
dry weight of wheat were examined and the results are 
given in Table 1. As a result of biochar and C. glomerata 
interaction, shoot wet and dry weight, root length, plant 
height, and root dry weight of wheat were significantly 
increased compared to control plants (Table 1). Co-
application of Cladophora glomerata and biochar increased 
root dry weight by 78.9%, shoot dry weight by 62.8%, plant 
height by 26.7%, and shoot wet weight by 48.5% compared 
to the control.  

Table 1. Effects of treatments on growth parameters of wheat 

Treatments Plant height (cm) Root length (cm) Shoot wet weight (g/plant) Shoot dry weight (g/plant) Root dry weight (g/plant) 

Control 33 c* 6.07b 1.7b 0.13c 0.04c 

C. glomerata (C ) 44.33a 8.17a 3.28a 0.31a 0.09b 

Biochar (B) 40.90b 7.77a 2.13ab 0.23b 0.07b 

C+B 45a 8.67a 3.30a 0.35a 0.19a 

LSD (p<0.05) 1.37 0.49 0.51 0.02 0.02 

*Different letters in the same column are statistically significant (p<0.05). 

Wheat plant height, root length, root and shoot weight were higher in C. glomerata and biochar treatments 
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compared to control plants. Biochar has been reported to 
positively affect root-associated microbial diversity 
producing various metabolites that promote plant growth 
(Jiang et al., 2021). The increase in plant growth parameters 
of biochar and C. glomerata treatments compared to the 
control is thought to indicate that biochar improves the 
potential effect of plant beneficial microorganisms on 
plant growth through possible stimulation of the root 
system. In this study, it was explained that biochar 
addition to soil increased plant growth as it increased 
nutrient availability for microbial proliferation (Khan et 
al., 2020). Different formulations of macroalgae have also 
been used to increase the production of various plants 
(Baroud et al., 2021; Battacharyya et al., 2016; Hamouda et 
al., 2022). As a result of the studies, it has been determined 
that macroalgae extracts contain significant amounts of 

mineral nutrients, carbohydrates, amino acids, 
osmoprotectants, and antioxidants that contribute 
positively to plant growth (Ali et al., 2021; Battacharyya et 
al., 2015; Espinosa-Anton et al., 2023). Macroalgae have 
also been reported to contain various 
mucopolysaccharides, alditols, phenols, and organic 
substances that increase plant productivity and conserve 
soil moisture (Ma et al., 2022). 

The treatments increased chlorophyll content. In a 
study, it was reported that C. glomerata treatment 
significantly increased the chlorophyll content of radish 
leaves compared to the control group (Dziergowska et al., 
2021). In our study, the treatments significantly increased 
the chlorophyll content compared to the control (Fig. 1).  

 

Figure 1. Effects of treatments on chlorophyll content in leaves (mg/l) 

 
These results are similar to the increase in 

chlorophyll content of leaves examined in the treatment of 
Codium taylorii and Pterocladia capillacea extracts (Kassim et 
al., 2016), treatment of radish seeds with Sargassum vulgare 
extract (Mahmoud et al., 2019), Ulva fasciata and Sargassum 
laserifolium. The increase in chlorophyll content compared 
to the control may be due to the improvement in pigment 
biosynthesis, the content of phytohormones such as 
cytokinins, as well as the high concentrations of N and Mg 
(structural components of chlorophyll) in algal extracts. In 
maize plants, wheat straw biochar has been described to 
significantly increase plant height, chlorophyll content, 
water use efficiency, and grain weight due to an increase 
in soil P, K, N, and microbial biomass (Abbas et al., 2020). 
Biochar applications were found to improve pecan walnut 
tree height, chlorophyll content, photosynthetic rate, and 
N, P, Fe and K accumulation by increasing soil N content 
and enzyme activities (Hou et al., 2020). 

3.2. Effects of applications on rhizosphere enzyme 
activities 

Soil enzymes are important participants in the organic 
matter cycling and biochemical process of the soil system. 
Their activities are closely related to soil organic matter 
content, physical properties and microbial activities 
(Dounoras et al., 2024). Soil enzymes are one of the most 

active organic components in soil. They are important for 
the decomposition and nutrient cycling of soil material 
and determine soil nutrient availability and plant yield 
(Chen et al., 2023). It has been explained that catalase 
activity depends on the organic carbon content of the soil 
(Chen et al., 2020). In this study, it was determined that soil 
catalase activity increased with the addition of biochar and 
C. glomerata to the soil. As shown in Figure 2, the catalase 
activity of each treatment was higher than the control, 
indicating that the application of biochar and C. glomerata 
to the soil may be beneficial for increasing soil catalase 
activity. The addition of C. glomerata to the soil increased 
catalase activity by 54.2% compared to the control, while 
the addition of biochar increased catalase activity by 50%. 
In the interaction of C. glomerata and biochar, the activity 
increased by 62.1%. Our results showed that catalase 
activity increased in accordance with the reported results 
(Tu et al., 2020). The increase in catalase activities may be 
due to the increase in organic matter induced by the 
addition of biochar and C. glomerata, which provides 
sufficient substrate to promote microbial enzymatic 
reactions (Wang et al., 2019). This could be attributed to 
the coexistence of both beneficial and functional 
microorganisms, as nutrients and substrates in the soil 
were sufficient during the application period and the 
number of microorganisms in the soil gradually increased.  
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Phosphatases are produced by plants and 
microorganisms in soil (Chen et al., 2020). An increase in 
phosphatase activities was determined by adding biochar 
to the soil (Fig. 2). In terms of biochar addition, it is 
reported that the available carbon sources contained in 
biochar work together to accelerate microorganism growth 
in soil (Khan et al., 2019); thus, biochar promotes enzyme 
activities. Biochar plays an important role in maintaining 

microbial growth as well as providing energy (Paz-
Ferreiro et al., 2013). The addition of biochar significantly 
increased the alkaline phosphatase activity of the soil as it 
brought active substances with it. The addition of biochar 
and C. glomerata to the soil increased the alkaline 
phosphatase activity compared to the control group (Fig. 
3).  

 
Figure 2. Effects of treatments on catalase enzyme activity of rhizosphere soil. The difference between means given with the same letter 
is not significant. 

 
Figure 3. Effects of treatments on alkaline phosphatase enzyme activity of rhizosphere soil. The difference between means given with the 
same letter is not significant. 

 
β-Glucosidase, urease, phosphatase, and sucrase are 

important for the conversion of soil nutrients. Among 
them, sucrase and glucosidase are associated with carbon 
conversion in soil and phosphatase can increase the 
availability of phosphorus. Agricultural management 
measures such as fertilization and irrigation can 
significantly affect soil enzyme activities (Chen et al., 
2023). Our study shows that the β-glucosidase activity of 
C. glomerata-treated soil significantly increased compared 
to non-C. glomerata-treated soil (Fig. 4). The increase in 
enzyme activity promotes nutrient cycling and improves 

soil nutrient levels. It has been described that macroalgae 
can reduce nitrogen leaching and ammonia volatilization 
in soil and improve nitrogen use efficiency (Chen et al., 
2023). As a plant-derived preparation, macroalgae are 
mainly composed of organic carbohydrates such as 
polysaccharides. Since C. glomerata is thought to be able to 
improve soil properties and microflora, it can increase soil 
enzyme activities and soil enzymes can actively participate 
in nutrient cycling, providing mineral nutrients for plants 
(Chen et al., 2023). The application of biochar in this study 
affected the activity rate of the β-glucosidase enzyme, 
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which may be related to the increase in carbon availability 
promoted by biochar. β-glucosidase actively participates 
in the carbon cycle and is involved in the hydrolysis of 
organic products (Khan et al., 2019). Moreover, the 
presence of volatile compounds in biochar may have 
contributed to the enzyme activity (Liao et al., 2016). In this 
study, the findings of increased β-glucosidase activity due 
to the inclusion of biochar and C. glomerata in soil 

compared to the control are supported by previous studies 
(Ali et al., 2019, Song et al., 2020). The increase in β-
glycosidase activity in soil may have contributed to the 
increase in the activity of other enzymes. β-glycosidase has 
been reported to release low molecular weight sugars, 
which are energy sources for microorganisms in soil, 
leading to increased microbial activity (Pathan et al., 2017). 

 
Figure 4. Effects of treatments on β-Glucosidase enzyme activity of rhizosphere soil. The difference between means given with the same 
letter is not significant. 
 

Soil enzymes are indicators of soil quality as they are 
directly related to soil microbial activity and 
biogeochemical cycling of nutrients (Jiang et al., 2021). An 
increase in the activity of extracellular enzymes (β-
glucosidase, β-xylosidase and β-d-cellobiosidase) 
involved in the sulfur and carbon cycle in soil has been 
recorded in biochar application (Jiang et al., 2021). Several 
studies (Goncalves-Lopes et al., 2021; Jiang et al., 2021; Tu 
et al., 2020) also revealed that biochar showed different 
effects on enzyme activities in different soil types. The 
application of macroalgae products in sufficient quantities 
has been described to indirectly affect the nutrient uptake 
capacity of plants by improving the physical, chemical, 
and biological properties of the soil or substrate (Ma et al., 
2022). Ulva ohnoi was found to contain polyanionic 
compounds with strong chelating activity, such as 
phenolics and ulvan, which can form complexes with 
metal ions essential for plant nutrition (Illera-Vines et al., 
2020). Similarly, amino acids (e.g., cysteine, glycine, 
histidine, and glutamic acid) contained in some 
macroalgae species have been found to bind to some trace 
elements to form very small and electrically neutral 
chelates, accelerating the uptake and transport of elements 
important in plant nutrition (Ma et al., 2022). Macroalgae 
applications have also been found to have positive effects 
on nutrient cycling and plant roots by promoting the 
growth of beneficial root-associated microorganisms 
(Popko et al., 2018). Metabolites produced by algae are 
used by microorganisms in soils as sources of nutrients 
and carbon, leading to an increase in the microbial 
population in the soil, and some microorganisms are 
capable of producing extracellular enzymes to hydrolyze 
organic P in soil that cannot be used by plants, which is 

thought to increase the efficient use of phosphorus by 
plants (Higo et al., 2020). However, further studies are 
needed to investigate the long-term effects of C. glomerata 
and biochar on soil microorganisms that benefit the soil in 
various ways and to reveal their ecological role in biochar-
treated soils. 

4. Conclusions 

Biochar and C.glomerata treatments significantly increased 
the activities of rhizosphere enzymes. This may be due to 
the proliferation of beneficial microorganisms that 
enhance microorganism activities and enzymatic 
reactions. This study also showed that the addition of 
biochar and C. glomerata to the soil significantly improved 
phosphatase, catalase, and β-glucosidase activities 
compared to the control. The treatments were also found 
to have an effect on the main plant growth parameters and 
the results showed a synergistic effect of C. glomerata and 
biochar on plant growth and soil enzymes. These findings 
provide new insights into the potential of biochar and C. 
glomerata co-application on both plant growth and soil 
enzyme activities to improve wheat production. Our study 
demonstrated that biochar and soil-applied C. glomerata 
can be used as a sustainable amendment to enhance plant 
growth and improve soil quality, which will play a vital 
role in agriculture. 
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