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Abstract 

The current study investigates the use of alkaline black liquor (ABL), a byproduct of the rice straw solar pulping 

process, to create a bioactive formulation that can inhibit the growth of soilborne plant pathogens. ABL was first 

treated to precipitate lignin, silica, and fatty acids as a calcium complex (Ca-LSF). The resulting highly alkaline 

effluent after chemical analyses was used to hydrolyze chicken feather waste to its amino acid constituents. The 

resulting new protein hydrolysate was chemically analyzed and then added to the Ca-LSF complex, affording a 

novel formulation with slow-release nitrogen, carbon, and bioactive phenolic sources to be evaluated against 

soilborne pathogenic fungi Fusarium oxysporum, Fusarium solani, Rhizoctonia solani, and Sclerotium rolfsii, as 

well as the nematode Meloidogyne incognita, the causal organisms of wilt, root rot, and root knot diseases. The 

prepared formulation showed a strong inhibitory effect against R. solani and affected the viability of M. 

incognita. This effect increased with increasing concentration, up to 4%, which completely inhibited fungal 

growth. The presented safe, cost-effective, and eco-friendly formulation could be used to control a wide range of 

soilborne plant pathogens; moreover, it presents a complete recycling of two hazardous biowastes via zero-waste 

processes. 
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1. Introduction 

Egypt produces a large amount of rice straw 

annually. Only about 20% of it is used in industries 

such as paper, fertilizers, ethanol production, and 

livestock feed. The remaining 80% is mostly 

discarded by burning it in the open, which creates 

black clouds and pollutes the air. Various efforts 

have been exerted to reduce environmental 

pollution, for example, the chemical refining of 

agro-wastes to produce bioactive chemicals. In this 

context, the pulping of rice straw [1] results in the 

production of black liquor containing lignin, silica 

and fine chemicals like ferulic and coumaric acids as 

well as other phenolics (Fig.1). The refining of such 

chemical feedstock using ecofriendly methods has 

significance and relevance to the field of green 

chemistry. Also, pulping produces cellulosic pulp, 

which could be utilized in the production of 

important industrial chemicals such as 

microcrystalline cellulose and carboxymethyl 

cellulose [2, 3].  

It is worth mentioning that chemical pulping of 

rice straw under conventional drastic conditions 

(high temperature and pressure) is associated with 

different side reactions of these components, which 

lead to several condensed products and a dark brown 

color, affording toxic liquor. On the other hand, mild 

conditions, such as in the alkaline solar pulping 

process, lead to nontoxic black liquor that can be 

easily refined [4-6]. This black liquor has been 

chemically modified and fermented recently using a 

variety of green methods to produce useful enzymes 

such as xylanase [7], Aspergillus awamori EM66 

levansucrase [8], and β-glucosidase [9]. In addition, 

it has been used to precipitate new metal 

(lignin/silica/fatty acids) complexes that have been 

successfully used as antioxidants, fillers, and 

reinforcing agents in green rubber composites [6, 

10-12]. 
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Plant diseases are a recurring problem in many 

areas. They can spread rapidly and are difficult to 

cure once they have taken hold. This is why most 

management methods focus on preventing diseases 

from occurring in the first place.  

Beans (Phaseolus vulgaris L.) are one of the most 

important food legumes in the world, grown for both 

local consumption and export [13]. They are 

susceptible to a number of diseases, including wilt, 

root rot, and leaf spot. The most common soilborne 

fungi that cause these diseases are Fusarium solani, 

Sclerotium rolfsii, and Rhizoctonia solani [14, 15]. 

Nematodes can also damage beans by feeding on 

their roots and reducing nutrient uptake, which can 

lead to root knot disease. These diseases can have a 

significant negative impact on plant growth and crop 

yield. Root rots can affect seedlings throughout the 

growing season, from emergence to the seedling 

stage. They can also infect seeds before emergence, 

which can lead to pre-emergence infection and the 

need to replant missed hills or dead plants. Root-knot 

nematodes (Meloidogyne spp.) are known to cause 

significant damage to crops all over the world. They 

are found in a wide range of climatic conditions and 

can attack a variety of crops. The damage caused by 

these nematodes is often severe and can lead to 

significant crop losses [16-18]. The disease caused 

by Meloidogyne spp. is often the only, or one of the 

few, nematode diseases that farmers are aware of, as 

the nematodes' subterranean activities are not easily 

visible. However, the symptoms of the disease, such 

as stunted growth, wilting, and yellowing of leaves, 

are often unmistakable [19, 20].  
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Fig. (1) Lignin/Phenolics/Carbohydrate complex in rice 

straw. 

 

There are a variety of methods to control 

Meloidogyne spp., including crop rotation, resistant 

varieties, and nematicides. However, no single 

method is completely effective, and a combination 

of methods is often necessary to manage these 

nematodes. Researchers have been working to find 

effective substances that can control root knot 

disease. Overuse of synthetic pesticides results in 

crop contamination and eutrophication when they 

slowly seep into water systems through rainfall. 

Environmentalists are increasingly supporting a 

number of green bio-approaches that boost crop 

productivity and protect crops.  

Biomass-derived substances are emerging as a 

promising option without the dangers of using 

synthetic pesticides, as they have been shown to be 

effective against nematodes and relatively safe for 

the environment [21]. The effectiveness of ammonia 

against soilborne microorganisms has been widely 

studied. Many ammonia-releasing compounds, such 

as ammonium hydroxide, ammonium phosphate, and 

ammonium bicarbonate, have been tested, and they 

all showed promising nematicidal activity in pots, 

with ammonium hydroxide being the most effective 

[22]. In addition to its toxicity to fungi, ammonia 

also increases soil pH and may stimulate 

microbial activity that can help suppress 

pathogens [23-26].  

Since ammonia is supposed to be the active 

agent released from urea, Rodríguez-Kábana and 

King [27] found that urea can be used to control root 

knot nematodes when applied to the soil at a rate of 

0.4 g/kg. However, this rate can be phytotoxic to 

plants. When urea is mixed with carbon-rich 

blackstrap molasses, the phytotoxicity is eliminated, 

nematode populations are reduced, and plant weight 

and height are increased. This suggests that adding 

nitrogen in the form of urea is an effective way to 

control root knot nematodes. Huebner et al. [28] 

found that soil amended with carbon-rich 

lignocellulosic waste had more nematicidal efficacy 

when urea was also added to the soil.  

In chicken processing factories, feathers are 

generated in significant quantities as a byproduct. 

Too frequently, they are burned or disposed of in 

landfills, which causes waste disposal issues and 

environmental contamination hazards. An alternate 

method for producing a marketable final product that 

clearly benefits the primary producers in terms of 

economic and environmental management methods 

is the biodegradation of chicken processing waste 

[29]. Feather meal contains 15% nitrogen and is 

inexpensive and readily available. It has the 

potential to be used as a biofertilizer [30]. The 

breakdown product of chicken feathers may produce 

a suitable quantity of tryptophan, which is essential 

for the production of indole-3-acetamide, a plant 

growth regulator that mediates the synthesis of 

indole acetic acid (IAA) [31]. 

As our program aims to develop an 

environmentally friendly approach to synthesizing 

bioactive products [32-36], the black liquor obtained 

from the solar pulping of rice straw [6] was used in 

the current study to chemically digest chicken 

feather waste to design, prepare, and evaluate the 

biopesticidal activity of a newly prepared 

formulation.  
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2. Materials and methods 

2.1. Preparation of the solar pulping black liquor 

The black liquor from the solar-pulping of rice 

straw (pH=10) was prepared as previously 

described [6].  

 

2.2. Preparation of the treated black liquor: 

The obtained black liquor was treated by adding 

5 grams of calcium oxide to 1 liter of black liquor 

(pH = 10) while stirring for 1 hour. The mixture was 

then left overnight and filtered to obtain 10 grams of 

calcium (lignin/silica/fatty acids) complex (Ca-LSF) 

[6]. The effluent (pH = 12) was analyzed for its 

chemical constituents (Table 1), and its total 

phenolic content was determined (Table 2). 

2.3. Preparation of chicken feather hydrolysate: 

The effluent (pH = 12) was then used in the 

alkaline hydrolysis of 50 grams of chicken feathers 

for 3 hours at 90 oC, followed by acidification with 

5% sulfuric acid till pH = 4, filtration (to get rid of 

sodium sulfate), and analysis for its chemical 

constituents (Table 1).  

2.4. Preparation of the tested formulation: 

The prepared hydrolysate (75 grams) was mixed 

with 10 grams of Ca-LSF complex, yielding the 

tested formulation (85 grams). The chemical 

composition of this formulation is shown in Table 1. 

2.5. Tested material and microorganisms: 

The pathogenic fungi Fusarium oxysporum, 

Fusarium solani, Rhizoctonia solani, and Sclerotium 

rolfsii, which cause wilt and root rot diseases, as 

well as the culture of the pathogenic nematode 

Meloidogyne incognita, which causes root knot 

disease, were kindly provided by the Plant 

Pathology Department of the National Research 

Centre in Egypt.  

2.6. EDAX analysis: 

EDAX was used to characterize the elemental 

composition of the hydrolysate. It was performed 

using Quanta FEG 250 scanning electron 

microscope (FEI Co., Hillsboro, OR, USA) with an 

attached EDAX unit. 

2.7. Total phenolic content: 

The total phenolic content (TPC) of the effluent 

was determined spectrophotometrically according to 

the Folin-Ciocalteu colorimetric method [37] with 

some laboratory modification. A sample of the 

effluent residue after its evaporation under vacuum 

was used in the analysis, dissolved in methanol. The 

reaction mixture was prepared by mixing 0.5 ml of 

effluent solution, 2.5 ml of 10% Folin-Ciocalteu 

reagent dissolved in water, and 2.5 ml of 7.5% 

NaHCO3. A blank was prepared, containing 0.5 ml 

of methanol, 2.5 ml of 10% Folin-Ciocalteu reagent 

dissolved in water, and 2.5 ml of 7.5% NaHCO3. 

After 90 minutes of incubation at 30°C in a 

thermostat, the absorbance was measured with a 

spectrophotometer at λ max = 765 nm. The sample 

was prepared in triplicate for each analysis, and the 

mean value of absorbance was obtained. The 

calibration line was created by repeating the process 

with the standard gallic acid solution. The 

concentration of phenolics was determined (in 

mg/mL) from the calibration line using the measured 

absorbance, and then the composition of phenolics 

was expressed in terms of gallic acid equivalent (mg 

of GA/g of extract). 

2.8.  Effect on Fungal Linear Growth: 

The prepared formulation was evaluated against 

the growth of the above-mentioned soilborne 

pathogenic fungi at different concentrations (1%, 

2%, 3%, and 4%). A certain weight of the 

formulation was added to autoclaved melted potato 

dextrose agar (PDA) medium and carefully mixed 

by gentle swirling to ensure that the concentration 

was evenly distributed before pouring into 9 cm 

diameter Petri dishes. After the agar solidified, a 5 

mm disk was cut from the edge of an actively 

growing colony of each tested fungus and placed 

individually in the center of each Petri dish. A 

separate PDA plate without the formulation powder 

was used as the control treatment. All Petri dishes 

were incubated at 25±1°C, and the radial growth of 

the fungi was observed daily until the colonies 

completely covered the medium in the control set. 

The diameter of the mycelial growth was then 

measured in millimeters. Three replications were 

used for all treatments, and the experiments were 

repeated three times. The reduction percentage in 

fungal growth was calculated relative to its growth 

in the control treatment using the following formula: 

Percentage of mycelial inhibition = dc – dt * 

100%                                                       dc  

Where dc is the mean colony diameter in control 

sets and dt is the mean colony diameter in treatment 

sets. 

2.9.  Effect on total fungal count in agricultural 

soil 

Randomized selected different cultivated soil 

samples were collected from a heavily infested 

natural field with soilborne pathogens located at the 

Research and Production Station, National Research 

Centre, Beheira Governorate, Egypt. The samples 

were mixed together and then divided into two 

subsamples of 1 kilogram each. One subsample was 

amended with 5% formulation powder, while the 

other subsample was left untreated. Both subsamples 

were water-irrigated to field holding capacity and 

left overnight at room temperature. The total fungal 

counts in the two prepared soil samples were then 
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determined using the plate count technique, as 

described by Alexander [38]. This procedure was 

repeated three times to ensure the reliability of the 

results.  

2.10. Effect on the viability of Meloidogyne 

incognita J2 phase: 

The efficacy of the tested formulation on the 

total number of J2 (second stage juveniles) of the 

nematode Meloidogyne incognita was evaluated 

using the plate count technique with the aid of a 

microscope, as described by Ashoub and Amara 

[39]. The tested formulation was investigated at 

three concentrations (1%, 3%, and 5%) using 

distilled water. A certain number (100 larvae) of live 

moving larvae were placed into Petri dishes (9 cm in 

diameter). The prepared solutions of the tested 

formulation were then poured individually into these 

plates. A blank solution, without any formulation 

powder, was used as the control treatment. Five 

replicates were used for each treatment. All plates 

were incubated at room temperature (22–27°C) and 

examined microscopically after 24, 48, and 72 

hours. The percentage of mortality or unmoved 

larvae was calculated using the following formula: 

Mortality (%) = number of dead larvae in 

treatment * 100%                   Total larvae number 

At the end of the experiment, after 72 hours, the 

larvae were transferred to distilled water and left for 

24 hours. They were then examined, and the final 

number of dead larvae in each treatment was 

calculated. The recovered larvae, which had 

detached themselves from the formulation powder, 

were not included in the final count. 

 

3. Results and Discussion 

The tested formulation was selected to be 

prepared based on the reported studies that revealed 

that ammonia gas fumigation can effectively 

suppress Fusarium wilt [24], and that ammonium 

bicarbonate has been shown to be effective against 

soil-borne diseases such as southern stem rot, 

Sclerotinia blight of peanut [25], and Fusarium 

mycelia [26].  

The toxicity of ammonia to susceptible 

organisms may be due to the passive diffusion of the 

non-ionized NH3 species through cell membranes 

and the attraction-repulsion effects of ammonia on 

entomopathogenic nematodes. These nematodes are 

parasites of insects and can be used to control insect 

pests. Ammonia can attract nematodes to a new host, 

but it can also repel them [40, 41]. The exact 

mechanism of this attraction-repulsion is not fully 

understood. Based on the aforementioned literature, 

a design for the presented formulation was 

established to produce an effective pesticidal 

formulation. 

3.1. Design of the Chemical processes: 

A mild alkaline solar pulping process produces 

nontoxic black liquor (pH = 10) [6]. Treating this 

black liquor with calcium hydroxide liberated the 

sodium hydroxide initially used in pulping via 

cation-exchange reaction, which in turn increased 

the hydrolysis efficiency of the treated  effluent (pH 

= 12) to digest more chicken feather at 90 oC. Also, 

the total phenolic content of the treated effluent 

(Table 2) made the digesting process less vulnerable 

to oxidation. 

The addition of the obtained calcium complex to 

the hydroysate (pH = 4) neutralized the sulfate 

anions and formed calcium sulfate as a mending 

agent for the soil. Thus, the designed formulation 

(Table 1) contained a significant amount of 

nitrogenous compounds (about 50%), which were 

derived from the digested feather ketenes. These 

nitrogenous compounds were released and degraded 

slowly, affording ammonia, rendering them 

beneficial for plant growth and enhancing 

biopesticide activity. The formulation also contained 

about 39% of hemicellulose and cellulose, which 

helps to reduce its phytotoxicity. Additionally, the 

hemicelluloses/cellulose can be biodegraded under 

field conditions, releasing active pesticidal 

chemicals such as furfural [42], along with the 

bioactive phenolics of rice straw, which are known 

for their pesticidal activity [43].  

As the formulation is further enriched with the 

Ca-LSF complex, which contains known 

polyphenolic bioactive lignin as an antioxidant and 

pesticide [6, 10, 44], this formulation has the 

potential to be used as a dual-function biopesticide 

and biofertilizer. 

Table (1) Chemical composition of the treated black liquor, chicken feathers hydrolysate, and the tested 

formulation: 

Component Treated black 

liquor effluent 

Black liquor-chicken 

feather hydrolysate 

The tested 

formulation 

% on air dried basis (moisture) 9.43 1.37 5.88 
hydrolysable protein (ammonia &Nitrogen source) 15.10 49.57 28.80 

Crude fibers (hydrolysable lignin) 1.50 1.12 6.84 

Crude fat 0.87 3.53 1.51 

Ash( silica &inorganics salts) 26.89 6.11 32.22 

Total carbohydrate (hemicellulose/cellulose as carbon 

sources) 

46.21 38.30 24.75 
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Table (2) the total phenolic content of the black liquor effluent: 
Extract Conc 

(mg eq GA/ g) 

 SD SE 

Treated effluent 178.1 ± 2.5 1.4 

The result was given as the mean ±SD for at least three replicates of the sample; (SD) and (SE) indicate the standard deviation and 

the standard error, respectively.  

 

3.2. EDAX of formulation: 

It could be clearly shown from Table 3 that the 

elements comprising the tested formulation, i.e., 

carbon and oxygen, were in the expected ratio, with 

a considerable amount of associated silica (14.29%), 

as it was based on rice straw. Nitrogen was also 

detected (3.09%), which confirmed the presence of 

the nitrogenous components. Moreover, the presence 

of the expected cations, such as Ca++ and K+, could 

also be verified. However, the high content of 

sodium cations in the alkaline black liquor was 

diminished in the examined formulation as intended 

due to the known hazardous effect of sodium salinity 

on the plant. 

 

Table (3) EDAX analysis of the tested formulation: 

Element Weight % 

Atomic 

%     Net Int. 

        Error 

% 

   

C K  20.64 30.51 2.22 30.04 

N K  3.09 3.95 1.33 82.42 

O K  46.57 51.68 8.51 19.34 

NaK  1.1 0.85 0.51 79.3 

SiK  14.29 9.04 18.83 11.04 

S K  1.37 0.76 1.53 68.02 

K K 
 

4.94 2.24 4.74 29.03 

CaK  11.09 4.91 8.65 19.78 

3.3. Effect on fungal linear growth: 

The effectiveness of the prepared formulation 

against the growth of the tested soilborne pathogenic 

fungi was evaluated under in vitro conditions (Fig. 

2). Table 4 shows that the prepared formulation 

began to affect the growth of the tested fungi at a 

concentration of 3%, with the highest growth 

reduction being 72.4% to 82.6% at a concentration 

of 4%. 

3.4. Effect on total fungal count in agricultural 

soil 

The inhibitory effect of the tested formulation 

was assayed in a cultivated soil sample treated with 

a 5% formulation, and then the total fungal counts 

per gram of dry soil were calculated. Table 5 shows 

that the total fungal counts in the treated soil (12 

x106 cfu/g) were drastically reduced by 64.7% 

compared to the untreated soil (34x106 cfu/g). This 

reduction could be attributed to the release of 

ammonia throughout the soil particles when the 

formulation was incorporated into the soil. The 

fungicidal and nematicidal effects of ammonia have 

been reported previously. Ammonia was found to 

inhibit the growth and spore germination of 

soilborne fungi [45]. It also exhibited a nematicidal 

effect against root knot nematodes. 

 

 
Fig. (2) Reduction (%) in linear growth of tested fungi in 

response to different concentrations in vitro. 

3.5. Effect on the viability of Meloidogyne 

incognita J2 

The effect of the tested formulation on the 

viability of the nematode Meloidogyne incognita J2 

was evaluated under in vitro conditions (Fig. 3). 

Table 6 shows that the number of dead nematode 

larvae increased with increasing the concentration of 

the formulation and with prolonged exposure time. 

The highest percentage of dead nematode larvae was 

observed at 5% formulation, which recorded 73%, 

98%, and 100% mortality after 24 hours, 48 hours, 

and 72 hours, respectively. In contrast, no mortality 

was observed in the control group (sterilized 

distilled water). 

 

Table (4): Linear growth of some fungi in response to different concentrations of the tested formulation in vitro  
 

Tested 

formulate 

Growth (mm) of tested fungi 

F. oxysporum F. solani R. solani S. rolsii 

Concentration (%) 

1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0 

1 90.0 

±0.1g 

90.0 

±0.1g 

86.8 

±0.1g 

82.6 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

80.4 

±1.9f 

78.6 

±1.9e 

90.0 

±0.1g 

90.0 

±0.1g 

80.4 

±1.9f 

78.4 

±1.9e 

90.0 

±0.1g 

88.8 

±1.9f 

78.2 

±1.9e 

72.4 

±1.9e 

Control 90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

90.0 

±0.1g 

 Means ± standard deviations within a column followed by the same letter are not significantly different at P < 0.05 
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Table (5): Effect of the tested formulation at 

different concentrations on the growth of some 

pathogenic soilborne fungi 

Soil sample Total fungal 

count (cfu/g) 

dry soil 

Reduction 

(%) in 

fungal 

counts 

Treated soil sample 

with formulation 

powder  

12x106 64.7 

Untreated soil 

sample 

34x106 -- 

 

 
Fig. (3) Reduction in J2s mortality of Meloidogyne 

incognita in response to different concentrations of the 

tested  formulation 

 

The pesticidal activity of the tested formulation 

can be attributed mainly to the presence of 

polyphenolic compounds from hydrolyzable lignin 

residues under pulping conditions [46, 47]. These 

compounds synergize with the hydrolyzable feather 

ketene protein amino acids, which slowly degrade 

and release the known bioactive ammonia [48, 49]. 

Moreover, the presence of the known rice straw 

natural phenolic components, including cinnamic, 

ferulic, coumaric, and hydroxy benzoic acids 

derivatives that are liberated from the hydrolysis of 

their glycosidic linkages [50], along with the 

hemicellulose content as a carbon source, all 

contribute to the pesticidal activity of the presented 

formulation [51]. 

 

4. Conclusion  

The importance of the current study is to explore 

the potential pesticidal activity of the chemical 

derived from rice straw black liquor and its chicken 

feather hydrolysate via green methods to be used as 

a protective formulation that can inhibit harmful 

soilborne plant pathogens and prevent them from 

causing damage. Based on the above-mentioned 

results, the action of the designed chemical 

processes allows for liberation of active 

biochemicals in the tested formulation. Moreover, 

further decomposition of these constituents in soil is 

expected to produce a wide range of known 

nematicidal agents that also have significant 

fungicidal activity in the soil. This led to a reduction 

in the causal pathogens of root rot and the root knot 

nematode Meloidogyne incognita, as well as its 

galling and egg masses.  

Also, this study presents useful rapid removal of 

the recalcitrant feather and rice straw wastes via 

utilizing them to produce acceptable land-use 

products.   
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