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Abstract
Anaerobic digestion (AD) of organic wastes results in biogas and digestate production. The digestate
from AD may fall short of vital nutrients required for an optimal plant growth due to feedstock quality.
Thus, digestate amendment with biomass and aerobic metabolic activities becomes an essential process
for nutrient enhancement. This study aimed to investigate the microbial quality of digestate amended
with wood ash, and vegetable matter during treatment. Digestate from cattle rumen (CR), food waste
(FW), fruit waste (FRW); and their combinations were obtained. The various digestates were amended
with wood ash, vegetable matter and a blend of both. Amendment was carried out for a duration of 5
weeks and samples were analyzed weekly. Enumeration and identi�cation of bacteria and fungi were
carried on culture media. The rhizobacterial potential of the identi�ed bacterial isolates was also
investigated using standard procedures. The results showed high bacteria and fungal loading in the
amended digestate from the �rst to the fourth week. Comparatively, cattle rumen and food waste
digestate, amended with vegetable were highly signi�cant with mean value of 0.8 and 0.6 respectively.
The identi�ed bacterial isolates, Bacillus subtilis, Salmonella sp, Pseudomonas sp, Proteus sp,
Enterobacter sp, Chromobacterium sp Bacillus spp. and Escherichia coli were found to be involved in
solubilization of phosphate, nitrogen �xation, ammonia production and induction of indole acetic acid.
Speci�cally, digestate amended with vegetable waste improved the soil nutrient compared to the wood
ash in both bacterial and fungal load. Hence, digestate amendment is crucial for nutrient enhancement,
increase in carbon level and overall, improves soil nutrient.

1. Introduction
Waste generation is one of the most serious environmental problems facing developing countries
globally (Chaher et al., 2020a). Nonetheless, while the anaerobic digestion (AD) of organic waste to
biogas is vital to improving energy security, as well as to diversify the energy mix in pursuit of SDG 7, the
resulting digestate from the AD process has the potential to be utilized as bio-fertilizer for crop production
(SDG 3). However, digestate nutrient value is a function of both the type of substrate digested and the
digestate recovered after digestion (Ezemagu et al., 2021). In other words, digestates might present an
imbalanced nutritional pro�le for particular crops' growth requirements. This can be palliated via
combination with other materials able to enhance digestate suitability as fertilizer/soil amendment. In
addition to the global focus towards meeting SDG 3, waste management through digestate recovery and
utilization is crucial towards meeting these goals.

Improper collection, treatment and disposal of waste poses a serious health risk to the population and
causes environmental degradation (Ferronato and Torretta, 2019). One of the steps in improving waste
management is to enhance the resource recovery from waste, for example, through waste-to-energy
technologies and waste to biofertilizers, such as AD. The AD process treats waste organic matter
feedstocks to produce biogas and digestate, thus alleviating the pressure on land�lls (Zarezadeh et al.,
2019). Digestate is the main by-product from biogas production and consists of the undigested feedstock
materials, other metabolites and microbial biomass. Digestate may be a better alternative to chemical
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fertilizers in agroecosystems and leads to improved soil organic matter content. The utilization of
digestate in the agroecosystem leads to higher amounts of organic carbon (C) compounds and nitrogen
(N) (present as exchangeable NH4

+), which is important in increasing the soil micro-and macro-nutrients
and crop yield (Ren et al., 2018).

After the AD process, digestate may be amended as resultant of nutrient inadequacy for optimal plant
growth (Bustamante et al., 2021). Digestate amendment coupled with aerobic microbial activities is an
ideal method of enhancing biofertilizer. This is of signi�cant importance as it slowly releases nutrients for
improved soil performance (Tambone et al., 2015a). Amongst other factors, microbial activity is key for
composting to be successful (Lin et al., 2014), being bacteria yeast, actinomycetes and fungi are the
main groups facilitating microbial processes Bacteria, yeast, actinomycetes and fungi facilitate microbial
processes mainly involved during composting. These microbes are found in nature and endemic in dust,
soil and food materials. Microbial population diversity is necessary to ensure complete organic waste
composting, as substrates are consumed generating metabolites utilized downstream by other
organisms, normally resulting in more complex and recalcitrant organic structures(Akyol et al., 2019).
This is because of the substrate complexity and production of many metabolites during composting. In
this case, the increase in the microbial population is usually hindered by nutritional and environmental
factors (Tambone et al., 2015b). Changes in the microbial pro�le can be used as a tool for monitoring the
composting process and also as a re�ection of compost maturity (Cortés et al., 2020; Franke-Whittle et
al., 2014a).

The addition of co-substrates can affect microbial populations, either by acting as inoculum and/or by
changing composting/environmental conditions (moisture, chemical elements)(Franke-Whittle et al.,
2014b). Mixing digestate with drier and more bulky materials is necessary to provide suitable aerobic
microbial activities (Azeem et al., 2020). Compost promotes plant growth not only by direct nutrient
supply but also by other biologically mediated mechanisms (e.g., N-�xation, P-solubilization,
phytohormones release) which are associated with the microbial populations present in the composted
materials (Basu et al., 2021). They may also be e�cient at making phosphate available via the process of
solubilization so that plants can utilize it. Other mechanisms supporting plant growth promotion include
the production of growth hormones (such as indole acetic acid and gibberellic acid), ammonia and
siderophore production (Kumar et al., 2018).

Soil amendments with ash and organic may lead to an increase in carbon level that will foster changes in
soil physicochemical properties (Zeng et al., 2016a). The amended soil may improve the growth of the
plant through enhanced microbial activity (Frankie-Whittle et al., 2014). Studies have shown that ash and
organic substrates such as vegetables have a synergistic effect in increasing plant nutrient availability in
soil (Cortés et al., 2020; Lin et al., 2014; Ren et al., 2018).

Apart from the increasing cost of chemical fertilizer, digestate is rich in nutrients which serves as a
potential alternative to inorganic fertilizer. Digestate is waste derived from a variety of wastes either from
food and/or faecal. Zeng et al., (2016a) noted that though not completely stabilized as a by-product of
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the AD process. However, improved digestate stabilization and nutrient de�ciency may be achievable
through amendment using wood ash and vegetable waste. Of signi�cance in this study is the
investigation of the fate of microorganisms in the amended digestate. This study aimed at investigating
the microbial quality of digestate amended with wood ash, and vegetable matter during aerobic microbial
activities.

2. Materials And Methods

2.1. Material Collection
Digestate were collected from a canister digester under the platform of RECIRCULATE research project at
the University of Benin, Nigeria. Bio-waste materials namely cattle rumen (CR), food waste (FW) and fruit
waste (FRW) were used in the AD process, either as mono- or co-substrates, and the resulting digestate
was utilized in the digestate amendment experiment CR was collected from Edo State government
approved Ikpoba Okha abattoir while FW and FRW were collected from the University of Benin Senior
Staff Quarters (UniBen-SSQ). Digestate from the canisters was collected after 50 days of hydraulic
retention time to ensure that the substrate is adequately cured of biogas.

The respective digestates from the varying feedstock materials were set up in triplicate following
amendment with wood ash, vegetable and a combination of both. The set-up was then separated after
amendment in �xed ratios as described in Table 1 to achieve different composting scenarios. The
composting reactor was a 20-litre capacity polyvinyl chloride (PVC) bucket with black polyethene material
for insulation before the lid cover to minimize heat losses. The aerobic microbial activities of the
amended digestate lasted for 35 days. Samples were taken at every week interval for microbiological
analyses. The analyses were carried out in three replicates. 

Table 1
Treatment ratio of digestate and amendment used during the composting process

Digestate Amendment

Wood
ash

Vegetable
waste

Wood ash + 
vegetable

Cattle rumen (CR) 2:1 2:1 1:1

Food waste (FW) 2:1 2:1 1:1

Fruit waste (FRW) 2:1 2:1 1:1

Cattle rumen + Food waste (CR + FW) 2:1 2:1 1:1

Cattle rumen + Food waste + Fruit waste (CR + FW 
+ FRW)

2:1 2:1 1:1
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The wood ash and vegetable waste (bulking agents) samples were macerated using mortar and pestle
and passed through a 2 mm sieve and used to measure pH and total C and N content. The pH was
determined using a pH meter (Hanna instrument). Total C and N were determined by dry combustion
method using a CHNS analyzer (EA 1110, Carlo Erba Instruments, Milan, Italy). Total solid content (TS)
was estimated as the fraction of the dry mass after samples were dried at 105oC for 24 h. Organic matter
(OM) was determined as the loss on ignition (Heiri et al., 2001) at 550oC until a constant weight was
obtained.

The Total Solid (TS) is the amount of material left after evaporating the moisture out using a laboratory
oven at 105 oC after 2 hours of heating and the Volatile Solid (VS) is the amount of measured solid
material that volatilize after heating at a temperature of 600oC in a furnace after 2 hours following
Buehler et al., (2012) while the Total Organic Carbon (TOC) is the amount carbon present in the digestate
and Total Nitrogen (TN) was obtained using Micro-Kjeldahl procedure (Bremner, 1996)

The in-vessel composting process was adopted followingChaher et al., (2020b) with �ve (5) experimental
trials as shown in Fig. 1. The composting materials had the following composition of digestate amended
ash or vegetable waste namely CR, FW, FRW, CR + FW and CR + FW + FRW were respectively co-
composted with wood ash and green vegetable waste. The respective ratio of digestate and amendment
used are as presented in Table 1. Chaher et al., (2020b) with �ve (5) experimental trials as shown in Fig.
1. The composting materials had the following composition of digestate amended ash or vegetable
waste namely CR, FW, FRW, CR + FW and CR + FW + FRW were respectively co-composted with wood ash
and green vegetable waste. The respective ratio of digestate and amendment used are as presented in
Table 1. Chaher et al., (2020b) with �ve (5) experimental trials as shown in Fig. 1. The composting
materials had the following composition of digestate amended ash or vegetable waste namely CR, FW,
FRW, CR + FW and CR + FW + FRW were respectively co-composted with wood ash and green vegetable
waste. The respective ratio of digestate and amendment used are as presented in Table 1. Chaher et al.,
(2020b) with �ve (5) experimental trials as shown in Fig. 1. The composting materials had the following
composition of digestate amended ash or vegetable waste namely CR, FW, FRW, CR + FW and CR + FW + 
FRW were respectively co-composted with wood ash and green vegetable waste. The respective ratio of
digestate and amendment used are as presented in Table 1. Chaher et al., (2020b) with �ve (5)
experimental trials as shown in Fig. 1. The composting materials had the following composition of
digestate amended ash or vegetable waste namely CR, FW, FRW, CR + FW and CR + FW + FRW were
respectively co-composted with wood ash and green vegetable waste. The respective ratio of digestate
and amendment used are as presented in Table 1. Chaher et al., (2020b) with �ve (5) experimental trials
as shown in Fig. 1. The composting materials had the following composition of digestate amended ash
or vegetable waste namely CR, FW, FRW, CR + FW and CR + FW + FRW were respectively co-composted
with wood ash and green vegetable waste. The respective ratio of digestate and amendment used are as
presented in Table 1. Chaher et al., (2020b) with �ve (5) experimental trials as shown in Fig. 1. The
composting materials had the following composition of digestate amended ash or vegetable waste
namely CR, FW, FRW, CR + FW and CR + FW + FRW were respectively co-composted with wood ash and
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green vegetable waste. The respective ratio of digestate and amendment used are as presented in Table
1. Chaher et al., (2020b) with �ve (5) experimental trials as shown in Fig. 1. The composting materials
had the following composition of digestate amended ash or vegetable waste namely CR, FW, FRW, CR + 
FW and CR + FW + FRW were respectively co-composted with wood ash and green vegetable waste. The
respective ratio of digestate and amendment used are as presented in Table 1.

2.2. Microbial Analysis

2.2.1. Enumeration and isolation of bacterial and fungal
isolates
The pour plate method was used in triplicates for microbial enumeration. From the compost samples, 25
g was weighed into a 300 ml Erlenmeyer �ask containing 225 ml of sterile distilled water (SDW)
thereafter ten-fold serial dilution was carried out. From the dilutions test tubes, 1 ml was transferred unto
sterile Petri dishes before the addition of molten nutrient agar (supplemented with 1% �uconazole for
bacteria enumeration) and potato dextrose agar (supplemented with 1% chloramphenicol for fungal
counts). The inoculated bacterial and fungal plates were incubated at 28 ± 2°C for 24 h and 72 h,
respectively. The discrete colonies on the nutrient agar and potato dextrose agar were counted using a
colony counter. The total viable colonies from the samples were estimated as log10 of colony-forming
units per gram (cfu/g) (Willey et al., 2008).

2.2.2. Identi�cation of bacterial isolates
From the nutrient agar plates, colony morphology was (for size, shape, colour, and margins) and they
were randomly picked and sub-cultured on nutrient agar for puri�cation. Pure culture isolates were stored
in nutrient agar slants for further studies. The puri�ed colonies were Gram-stained using standardized
techniques as stipulated by Bridson (2006) in the Oxoid manual. The Gram-stained bacterial isolates
were further cultured on selective media (Oxoid) such as Chromogenic Bacillus cereus agar with
chromogenic Bacillus cereus selective supplement, Sorbitol MacConkey agar with Ce�xime-Tellurite
Supplement, Eosine methylene blue agar, Pseudomonas cetrimide agar (supplemented with glycerol),
Salmonella Shigella agar, Mannitol salt agar, and triple sugar iron agar slants for successful isolation.
Further con�rmation of bacteria identity was carried out using biochemical tests. Fungal isolates were
examined based on cultural and morphological characteristics. Lactophenol cotton blue staining (needle
mounts technique) was employed and slides were examined under the microscope. Their identi�cation
was performed according to the procedure of Barnett and Hunter (1972) and Larone (1986).

2.3.3. Plant growth-promoting potential of bacterial and
fungal isolates
Screening for indole acetic acid (IAA) production

This was determined by the reaction of liquid culture of rhizobacterial isolates grown in 500 mg l− 1 L-
Tryptophan (the precursor for IAA biosynthesis) placed in tryptic soy broth (1 g/l MES hydrate, pH 6) and
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Salkowki’s reagent. The inoculated broth was incubated at 30°C for 72 h in a rotary shaker. After
incubation, the broth was centrifuged at 3000 rpm for 15 min. Then 1.0 ml of the supernatant was mixed
with 2.0 ml of Salkowski reagent (50 ml of 35% Perchloric acid + 1 ml of 0.5 M FeCl3 solution), and the
mixture was then incubated at room temperature for 25 mins. Development of pink colour after
incubation at room temperature indicated IAA production (Patten and Glick, 2002; Ngoma et al., 2013).

Screening for ammonia production

Freshly grown bacterial cultures were inoculated in 10 ml nutrient broth and incubated at 30°C for 48h in
a rotator shaker. After incubation, 0.5 ml of Nessler’s reagent was added to each tube. The development
of a yellow to the brown colour indicated a positive reaction for ammonia production (Ngoma et al.,
2013)

Screening for nitrogen �xation activity

A-day old culture of bacterial isolates grown on nutrient agar was streaked on a Jensen’s Nitrogen free
medium otherwise known as NFM (formulated via the addition of 20g/l sucrose, 1g/l K2HPO4, 0.5 g/l
MgSO4.7H2O, 0.5 g/l NaCl, 0.1 g/l FeCl3, 0.005g/l Na2MoO4.2H2O, 2g/l CaCO3, 15g/l agar). Plates were
incubated at 28°C for 1–7 days. Growth in nitrogen-de�cient medium con�rms the ability to �x nitrogen
(Weselowski et al., 2016).

Screening for phosphate solubilization activity

Rhizobacterial cultures were spotted in triplicates separately on the top of Pikovskya’s agar (Micromaster)
plates and incubated at 30°C for 3 days. A zone of clearing around the colonies after 1–3 days was
scored as positive for phosphate solubilization. The diameter of the halo zone and its bacterial colony
from individual isolates were measured. The data obtained were used to calculate the solubilization index
(SI) using Eq. 1 (Ngoma et al., 2013; Doilom et al., 2020).

3 Results And Discussion

3.1. Characteristics of the Substrates for Amendment
The characteristics of the substrates amended with the digestate are shown in Table 2. Essentially, the pH
of the ash and vegetable changed from 10.5 and 8.89 respectively to 9.76, which suggests that blending
can stabilize soil pH in line with Franke-Whittle et al., (2014a). Similarly, changes in the values of N and P
were observed when ash and vegetable were combined and clearly shows the complementary synergy
between individual elements (Tambone et al., 2007). Conversely, an increase was noticed for K (vegetable
only) and a decrease when combined with ash and vegetable (Cortés et al., 2020; Tambone et al., 2007).
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Table 2
Substrate Amendment Characteristics

Bulking agent pH N (mg/kg) P (mg/kg) K (mg/kg)

Ash 10.50 2432.43 2698.11 28540.00

Vegetable 8.89 32675.68 5343.82 31708.00

Wood Ash + Vegetable 9.76 19554.06 3920.97 29124.00

In addition, the characteristics of the substrate for AD and the digestate obtained from the different bio-
wastes are as shown in Tables 3 and 4 respectively. Parameters examined were total solid (TS) (%),
volatile solid (VS) (%), total organic carbon (TOC) (%) and total nitrogen (TN).

Table 3
Characteristics of AD Substrates

Digestates TS (%) VS (%TS) TOC (%) TN (%)

Cattle Rumen (CR) 10.85 ± 0.150 89.00 ± 0.500 5.57 ± 0.115 0.30 ± 0.107

Food Waste (FW) 26.53 ± 0.950 86.83 ± 0.764 7.23 ± 0.379 0.46 ± 0.117

Fruit waste (FRW) 9.13 ± 0.814 94.50 ± 0.500 4.23 ± 0.252 0.27 ± 0.086

CR + FW 19.63 ± 0.950 89.67 ± 0.289 9.63 ± 0.115 0.51 ± 0.163

CR + FW + FRW 13.75 ± 0.289 92.67 ± 0.289 8.50 ± 0.173 0.46 ± 0.164

Table 4
Characteristics of Digestates

Digestates TS (%) VS (%TS) TOC (%) TN (%)

Cattle Rumen (CR) 1.21 ± 0.050 55.69 ± 1.140 0.22 ± 0.056 0.01 ± 0.002

Food Waste (FW) 14.37 ± 2.674 61.75 ± 0.702 1.90 ± 0.669 0.08 ± 0.029

Fruit waste (FRW) 3.07 ± 0.494 73.04 ± 1.212 0.75 ± 0.167 0.03 ± 0.008

CR + FW 7.00 ± 2.570 64.44 ± 5.354 1.77 ± 0.357 0.08 ± 0.015

CR + FW + FRW 3.48 ± 1.067 75.63 ± 2.006 1.08 ± 0.177 0.05 ± 0.007
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Table 4
Bacterial isolates occurrence in the various digestate amended with ash and vegetable

Digestate Bacterial Isolates Amendment Percentage (%)

Ash Vegetable Ash + Vegetable

CR Bacillus sp. + + + 22.73

  Enterobacter + - - 7.58

  Salmonella + + + 13.64

  E. coli + + + 19.70

  Proteus + - + 12.12

  Bacillus subtilis - + + 12.12

  Serratia - + - 9.09

  Chromobacterium sp - + - 3.03

FW Bacillus sp. + + + 22.73

  Pseudomonas + + + 18.18

  Salmonella + + + 15.15

  E. coli + + + 19.70

  Klebsiella + + + 16.67

  Bacillus spp. - + - 7.58

FRW Bacillus spp. - + + 24.19

  Bacillus subtilis + + + 16.13

  Pseudomonas + + + 17.74

  E. coli + + + 24.19

  Salmonella + + + 17.74

CR + FW Bacillus spp. + + + 22.06

  Bacillus subtilis + + + 22.06

  Salmonella + + + 14.71

  Klebsiella - + + 8.82

  E. coli + + + 19.12

  Serratia - + + 13.24

CR + FW + FRW E. coli + + + 18.75
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Digestate Bacterial Isolates Amendment Percentage (%)

Ash Vegetable Ash + Vegetable

  Bacillus spp. + + + 18.75

  Bacillus subtilis + + + 18.75

  Salmonella + + + 13.75

  Pseudomonas + + + 16.25

  Proteus + + + 13.75

In Table 3, values of TS, VS, TOC and TN showed considerable reduction as shown in Table 4. The
difference suggests the in�uence of microbial activities before and after the AD process

3.2. Microbial pro�le of the Amended Digestate
The bacterial loading of the composting materials throughout the process are shown in Fig. 2 (A – E) for
the digestate amended with ash, vegetable or a combination of both. During composting process, the
bacterial load for the various conditions increased from weeks 1 to 4 and decreased at week 5 (Fig. 1). At
week 5, the highest bacterial load was 5.78 log10 CFUs/g and the lowest was 3.46 log10 CFUs/g for
digestate from fruit waste amended with ash/vegetable and fruit waste amended with ash, respectively.
During amendment, the addition of ash and vegetable induced changes in temperature, aeration, pH,
moisture content and nutrient availability; thus, increasing the numbers of microorganisms (Sha� et al.,
2017). The increase in bacterial counts observed during weeks 1–4 suggested the ability of bacteria to
break down (via hydrolytic enzymes) and utilize the complex polymers present in the organic matter of
composting mixtures (Lim et al., 2020; Ren et al., 2020).

The fungal loading of the samples during composting is shown in Fig. 3 (A – E) for the various digestate
amended with ash, vegetable and a combination of both. During composting, the fungal load for the
various conditions increased from week 1 to 4 and decreased in week 5 (Fig. 3). At week 5, the highest
fungal count was 5.58 log10 CFUs/g and the lowest was 3.82 log10 CFUs/g for digestate from cattle
rumen + food waste + fruit waste amended with vegetable and cattle rumen amended with vegetable
respectively. This observation is in agreement with (Ezemagu et al., 2021) and indicates the positive
impacts of fungal in maintaining nutrient availability (Franke-Whittle et al., 2014a; Ren et al., 2018; Zeng
et al., 2016a)

Furthermore, saprophytic fungi contribute to the composting process by degrading recalcitrant biomass
such as lignin and cellulose (Langarica-Fuentes et al., 2014; Escobar et al. (2020).

The comparison of mean variation for bacteria load and fungal load in the digestates amended with ash
and vegetable are shown in Fig. 4.
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In comparison, the microbial mean of CR digestate amended with vegetable was signi�cantly higher than
FW and FRW amended with vegetable with values 0.80, 0.48 and .044 respectively. For fungal load, the
highest signi�cant value of 0.65 was for FW digestate amended with vegetable. Following Azeem et al
(2020), digestate amendment with an organic substrate such as vegetable is a potential key factor in
increasing plant nutrient availability. By implication, there is increased biological activity of the microbes
in the rhizosphere and enhanced metabolic activities thereby increasing nutrients in the soil (Ezemagu et
al., 2021; Franke-Whittle et al., 2014a; Tambone et al., 2015b). In other words, CR + FW and CR + FW + FRW
as shown is a mean effect of the individual digestate resulting from the combination of components.
Similarly, and as re�ected in the fungal count, FW was in�uenced signi�cantly by vegetable amendment
for CR (Zeng et al., 2016b). The overall synergy of the combined effects was noticeable in CR + FW as
well as CR + FW + FRW which again, is corroborated by the �ndings of Jin et al. (2020) and Lin et al.
(2018) on the importance of digestate amendment to increase carbon storage, soil nutrient and
subsequent impacts in the soil physicochemical properties (Akyol et al., 2019)

The percentile of identi�ed bacterial isolates was computed in terms of the number of species treated to
the total number of species in the entire experimental treatment as shown in Table 4. The bacterial
isolates identi�ed from the various digestate amended with ash and vegetable were found to be
predominantly Bacillus subtilis, E. coli, Pseudomonas aeruginosa and Serratia marcescens as shown in
Table 3 The highest frequency of occurrence among the isolates was Bacillus spp (24.19%) while
Chromobacterium had the lowest percentage occurrence of 3.03%. These identi�ed bacterial isolates
found in the amended digestate when applied to soil can improve soil microbiomes (Escobar et al., 2020)
thereby acting as growth-promoting rhizobacteria (Aloo et al., 2019). Also, the species B. subtilis and P.
aeruginosa are important organic matter degrading bacteria known to dissolved minerals and make
nutrients available in the soil (Li et al., 2019).

The identi�ed fungal isolates were Mucor piriformis, Rhizopus stolonifer, Aspergillus niger, Penicillium
expansum and Saccharomyces cerevisiae (Table 5). Of the fungal isolates, Aspergillus niger was the
most prevalent isolate occurring in the digestate amended with ash and vegetable with a percentage
frequency of 29.0% while Saccharomyces cerevisiae was the least isolated fungi with a percentage
frequency of 7.3%. From the results of this study, fungal isolates Aspergillus and Trichoderma were
dominant in terms of frequency of occurrence. The presence of these fungal isolates plays an important
role in lignocellulosic biomass degradation thus increasing the C/N ratio resulting in high microbial
activities (Escobar et al., 2020; Fernandez-Bayo et al., 2020).
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Table 5
Fungal isolates occurrence in the various digestate amended with ash and vegetable

Digestate Fungal Isolates Amendment Percentage (%)

Ash Vegetable Ash + Vegetable

CR Aspergillus niger + + + 22.73

  Penicillium spp + + + 18.18

  Trichoderma viridae + + + 22.73

  Mucor spp. + + + 16.67

  Yeast cells + + + 19.70

FW Aspergillus niger + + + 16.85

  Penicillium spp + + + 16.85

  Trichoderma viridae + + + 16.85

  Mucor + + + 12.36

  Aspergillus tamarii + + + 12.36

  Yeast cells + + + 15.73

  Bjerkandera adusta - + + 8.99

FRW Mucor spp. + + + 12.86

  Neurospora spp. + + + 12.86

  Aspergillus niger + + + 21.43

  Aspergillus tamarii + + + 17.14

  Bjerkandera adusta + + + 20.00

  Yeast cells + + + 15.71

CR + FW Trichoderma viridae + + + 17.65

  Penicillium spp + + + 17.65

  Mucor spp. + + + 7.06

  Neurospora spp. + + + 10.59

  Aspergillus niger + + + 17.65

  Aspergillus tamarii + + + 14.12

  Yeast Cells + + + 15.29

CR + FW + FRW Bjerkandera adusta + + + 11.49
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Digestate Fungal Isolates Amendment Percentage (%)

Ash Vegetable Ash + Vegetable

  Mucor spp. + + + 13.79

  Neurospora spp. + + + 17.24

  Aspergillus niger + + + 17.24

  Aspergillus tamarii + + + 17.24

  Yeast cells + + + 13.79

  Penicillium spp + + + 9.20

All the identi�ed bacterial isolates were screened for rhizobacterial potentials. The rhizobacterial potential
screened were phosphate solubilization, Indole acetic acid, nitrogen and ammonia production. The
percentage results of plant growth-promoting potential of the various isolates are shown in Table 6. All
the isolates showed a high level of rhizobacterial potential with B. subtilis and Bacillus spp having the
highest potential of 100% while Pseudomonas had the least of 50%.
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Table 6
Plant growth promoting potential of bacterial isolates

Digestate Bacterial Isolates N2 NH3 IAA PSB Percentage (%)

CR Bacillus sp. + + + + 100

  Enterobacter + - - + 50

  Salmonella + + - + 75

  E. coli + + - + 75

  Proteus + + - - 50

  Bacillus subtilis + + + + 100

  Serratia + + - + 75

  Chromobacterium + + - + 75

FW Bacillus sp. + + + + 100

  Pseudomonas + - - + 50

  Salmonella + + - + 75

  E. coli + + - + 75

  Klebsiella + + - - 50

  Bacillus spp. + + + + 100

FRW Bacillus spp. + + + + 100

  Bacillus subtilis + + + + 100

  Pseudomonas + - - + 50

  E. coli + + - + 75

  Salmonella + + - + 75

CR + FW Bacillus spp. + + + + 100

  Bacillus subtilis + + + + 100

  Salmonella + - - + 75

  Klebsiella + + - + 75

  E. coli + + - + 75

  Serratia + + - + 75

CR + FW + FRW E. coli + + - + 75
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Digestate Bacterial Isolates N2 NH3 IAA PSB Percentage (%)

  Bacillus spp. + + + + 100

  Bacillus sp. + - - + 100

  Salmonella + + - + 75

  Pseudomonas + - - + 50

  Proteus + + - - 50

Bacteria with rhizobacterial potentials can enhance plant growth directly or indirectly in multifunctional
ways (Aloo et al., 2019). The bacterial isolates tested for rhizobacterial potential showed positive results
to phosphate solubilization, IAA, nitrogen and NO3 production. The level of rhizobacterial potential
depends on the isolate. In the study, it was observed that Bacillus spp displayed greater potential. This
aligns with the work of Hayat et al., (2013) that Bacillus spp and Enterobacter aerogenes have
rhizobacterial potential. Bacillus spp have been con�rmed to have many special functions and properties
in plant rhizosphere such as phytostimulation, bio-fertilization and bio-protection (Aloo et al., 2019).
Evidence had shown that Bacillus spp produce a wide range of rhizobacteria properties (Jiang et al.,
2015; Sha� et al., 2017). This suggests that the isolates’ rhizobacterial potential could help in increasing
soil nutrients for crop improvement (Ren et al., 2020). reported that rhizobacterial Bacillus spp. secrete
metabolites that can enhance nutrient availability to plants. The identi�ed bacteria showed different
genera which are similar to those identi�ed by Chandna et al. (2013).

4. Conclusion
This study has demonstrated that digestate from anaerobic digestion amended with wood ash and
vegetable matters had microbial dynamics throughout the aerobic microbial activities. Cattle rumen and
food waste digestate amended with vegetable waste showed the highest microbial mean variation for
both bacteria and fungi. Overall, digestate amendments are of signi�cant importance in increasing the
number or activity or both, of naturally occurring micro-organisms for nutrient availability.
Supplementation with vegetable waste as a source of organic nutrients was found to be bene�cial for
microbial activity thus enhancing plant growth-promoting potential of bacteria and/or fungal isolates
needed for soil nutrients and subsequent plant growth.
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Figures

Figure 1

In-vessel Composting of Substrate-Derived Digestate
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Figure 2

Bacteria load of various digestate amended with Ash and Vegetable

Key: (A) Cattle rumen digestate, (B) Food waste digestate, (C) Fruit waste digestate, (D) Cattle rumen and
food waste digestate and E. Cattle rumen, food waste and fruit waste digestate.
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Figure 3

Fungal load of various digestate amended with Ash and Vegetable respectively

Key: (A) Cattle rumen digestate, (B) Food waste digestate, (C) Fruit waste digestate, (D) Cattle rumen and
food waste digestate and € Cattle rumen, food waste and fruit waste digestate. 
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Figure 4

Comparative plot of the mean of bacterial (A) and fungal (B) load
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