FUNCTIONAL EFFECT OF WOOD ASH ON SOIL QUALITY

ABSTRACT

The functional effect of wood ash (WA) on soil was investigated to ascertain the effect on soil quality. Soil
samples treated with 5% and 10% WA were set-up against the untreated control and analyzed to evaluate the
status of their physicochemical parameters, heavy metals, microbiological, and enzyme activity. The analyses
were carried out immediately after the treatment and after the soil mineralization. The results observed revealed
a shift in the pH of the treated soil samples against the control, before and after mineralization. Electrical
conductivity (EC) ranged from 220.48+0.14 to 240.82+0.14 ps/cm before mineralization and 194.40+7.07 to
229.20+14.14ps/cm after mineralization. The soil samples treated with 5% and 10 % WA had significantly
(p<0.05) increased EC when compared to the control before and in the soil treated with 10% WA after
mineralization but EC decreased significantly (p<0.05) in the soil treated with 5 % WA after mineralization. The
%Nitrogen reduced significantly (p<0.05) in the treated soil samples when compared to the control both before
and after mineralization. The soil sample treated with 10% WA had. significantly (p<0.05) reduced copper
before and after mineralization unlike the soil sample treated with:5% WA which had significantly (p<0.05)
reduced copper before mineralization and significantly (p<0.05) increased after mineralization. The soil samples
treated with WA had profound microbial load reduction when compared to the control. Before and after
mineralization, soil alkaline phosphatase reduced significantly (p<0.05) in the treated samples against the
control while acid phosphatase increased significantly (p<0.05) in the treated soil samples when compared to
the control. These observations could be linked to the presence of WA in the treated soil samples before and
after mineralization. In conclusion, WA treatment increased electrical conductivity, reduced copper and nitrogen
concentrations, reduced microbial load and increased some enzyme activities.
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1. INTRODUCTION

The importance of the soil and.its quality to humanity cannot be overstated [1]. The quality of the soil
plays important role in< numerous practices in civil engineering and agriculture[2-3]. Soil
qualitydetermines a lot.in the construction of civil engineering structures such as bridges, dams, roads,
and canals[4]. In agriculture, soil.is regarded as the outermost part of the earth crust on which plants
grow [5]. Its quality is the soul of crop and food production in the area of agricultural practices [6].
Mbahet al. [7] described soil as-a fundamental agricultural resource, which serves as a reservoir of
nutrients for plants. The quality of the soil reveals the capability of a soil sample to sustain the
production of plants and animals, support the health of humans, and as well maintain the air and water
quality“of the soil [8]. The physical, chemical, and biological properties of the soil are among the
measurable parameters that reveal the capacity of the soil to perform a specific function, and can be
used to predict the future sustainability of the soil [7]. According to Doran and Parkins [7], electrical
conductivity (EC), soil nitrate (SN), and soil pH are amongthe chemical indicators; aggregated
stability, water capacity and water holding ability, bulk density, and soil structure, are among the
physical indicators; whereas soil micro and macro organisms, organic matter, mineralization of
nitrogen, total organic carbon and soil enzymes are among the biological indicators of the soil. Uptake
of the soil nutrients by plants as they grow and mature is among the ways through which nutrients of
the soil arelost [9].Some of the known soil nutrients share relationships with some of the soil
indicators that can be used to evaluate the sustainability of the soil [1, 10]. Agricultural soil is often
boasted with organic and inorganic supplements, or both combined together, to ensure that the required



agricultural soil quality is sustained for the growing of crops, foodandanimal production[11]. The use
of fertilizer constitutes the inorganic source. Different studies have reported the importance of
fertilizer in the growing of crops to maximum use [12-13].The soil can also be amended with organic
materials to improve its properties for the growth of plants. It has been reported that the goal of soil
amendment is solely to improve the soil environment for the roots of plants [14].

In recent years, there is a renewed interest in using ash to enhance soil quality for agriculture purpose
[14]. Jonna [14] described ash ascombustion residue of organic materials, with trace elements from its
biomass and inorganic nutrients. Wood ash (WA) is among such ash with inorganic nutrients and trace
elements of its biomass. It is a residue of powdery remains from the burning or combustion of wood
and possesses the materials used to maintain the soil quality through the replenishment of lost nutrients
from the soil [15-16]. The burning or combustion of wood for ash could be'done using.power plant of
an industry, wood stove, fireplaces or even bonfire [17]. TheWAcontains many elements required for
forage and crop production, and serves as a soil conditioner or stabilizer [18]. It possesses the ability to
bring the coagulation of soil with loose structure [19]. It has been‘reported that the species of the tree
used in the production of WA, the process, and nature of the burning, are the key determinants of the
chemistry of the ash produced [20]. Consequently, WA from hardwoods contains higher micronutrients
and lower silica than WA from softwoods [16]. Studies on the potential [21],and complexity of WA as
fertilizer, utilization of WA as manure [22], and using WA as guide for agricultural production in home
garden [23] have all been reported. Previous studies by Mbah and Nkpaji [24], and Nottidgeet al. [25]
reported that WA produced positive effects to plant growth and crop yield when used for maize
production.WA has been classified as a liming agent and noted that care should be taken when using it
for amendment [16]. Fuzesiet al. [26] regarded WA as a non-hazardous waste of non-agricultural
origin.

There is need to fill up the gap created by the existing research studies on WA. The present
studyevaluated the effects of WA on the quality of soil with a view to ascertain the status of some
physicochemical, microbial; and biological indicators of the soil.

2. MATERIALS AND METHODS

2.1 Procurement of WA and soil samples: The WA sample used in the present study was
procured from Ogbo-osisi in Owerri, Imo State, Nigeria. The WA was produced by combusting the
woodof Velvet Tamarind tree (Dialiumguineense), known as “Ncheleku”, “Awin” and
“Tsamiyarkurm” by the Igbos, Yorubas, and Hausa tribes inNigeria, in an industrial oven at a very
high temperature till a complete combustion was achieved. The soil sample used was procured from
Imo State University School Farm.

2.2 Soil preparation and treatment with WA: Five kilogram of dried soil sample was
collected from Imo State University School Farm, and sieved (6.87 mm hole size).Thesoil sample was
collected at a depth of 2cm from the earth surface within the farm into a plastic container. The soil was
properly sieved(6.87 mm hole size) and prepared by removing all unwanted materials. It was then
distributed equally into three perforated plastic buckets; two of the plastic buckets were treatedwith
WA at the concentrations of 5% for one bucket of soil and 10% for the other bucket of soil. One of the
buckets of soil was given zero treatment and it served as the control. The treated soils in the buckets
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were analyzed in two stages; the first was immediately after the treatment and the second was two
weeks after the treatment which was allowed for mineralization. All the buckets were kept in open
environment.

2.3 Physicochemical parametersdeterminations: Soil pH was determined using the method
of Bates [27]. The temperature of the soil was taken in-site with the help of mercury in glass
thermometer. Electrical conductivity (EC) was potentiometrically estimated.Soil organic matter (OM)
content was determined by using the as described by Tyurin method.Cation exchangeable capacity
(CEC) was determined using Brown method [28].% Base saturation (BS) was estimated as described
by Nwekeet al. [16]. Exchangeable acidity (EA) was determined by the titrimetric method of Mclean
[29].The concentration Mg, K, Na, and Ca wasevaluated with the “Atomic Absorption
Spectrophotometer (AAS). The % nitrogen was measured in a gram of the soilwith the micro-Kjeldahl
method [30].Phosphorus was quantified with the method as described by Bray and Kurtz [31].Heavy
metals such as copper, iron zinc, lead, chromium, and nickel were evaluated usingAAS.

2.4 Microbiological evaluations: The soil bacterial organisms were isolated and grouped using
the methods as described byChessbrough [32].The methods as described. byAgu and Chidozie [33]
were used for isolation of the fungal organisms and grouping:

2.5 Estimation of soil enzyme activity: Soil alkaline phosphates (ALP) and acid phosphatase were
estimated using the method as described by Tabatabai [34]. Urease was estimated with the method as
described by Tabatabai and Bremner [35]. Colormetric method was usedinthe determination of soil
lipase activity [36].SOD was estimated following the method of Bergmeye [37].

2.6 Statistical Analysis:Results were presented as mean:.and standard deviation.Data obtained in this
study were subjected to statistical analysis using statistical software version of 7.2. Significant
difference was established using least significant difference (LSD) at 5% significant level.

3. RESULTS AND DISCUSSION

Saniet al. [38] noted that the physical and chemical properties largely determine the suitability of the
soil for its planned use‘and management requirements to keep it most productive. The soil fertility also
determines its possible uses and to some extent its yields [38]. Table 1 shows the physicochemical
parameters of the treated soil samples. According to Kekaneet al. [39], soil pH is considered as the
most significant parameters of the soil because it affects other soil parameters.The pH of the soil
samples treated. with WA ranged from 7.16-7.24 before mineralization and 7.03-7.10 after
mineralization. Soil samples treated with 5% and 10% WA had pH that reduced against the control
before ‘mineralization. but increased against the control after mineralization. The soil sample
treatedwith :10%. WA did not change in pH when compared to the control after mineralization.
According to Dandwate[40], the soil pH range from 6.00-8.5 is regarded as a normal soil. The wood
ash tended to reduce the pH of the soil as observed in the present study before and after mineralization.
In related study, Uleryet al. [41] notedthat calcite, a major component of wood ash maintained
moderate alkaline pH in the surface soils that are normally neutral to strong acids. The observation of
the study was in line with the work of Fizesiet al. [26] who noted that the application of WA enhanced
the pH of the top soil by 0.3-2.4 units.Electrical conductivity (EC) is an important soil constituent,
which indicates the total soluble salts constituent of the soil [40]. The EC of a soil solution is directly
related to its ion concentration [39].The EC in the present study ranged from 220.48 to 240.82 us/cm
before mineralizationand 194.40 to 229.20 ps/cm after mineralization. Soil samples treated with 5%
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WA and 10% WA had reduced EC against the control both before and after mineralization. The WA
may have influenced the soluble salts present in the soil samples. The energy absorbed and lost is a
factor unto which the soil temperature depends [39, 42].The soil temperature ranged from 29.80-30.70
] before mineralization and 29.80 to 30.70 [J after mineralization. The soil samples treated with 5%
WA and 10% WA did not change in temperature when compared to the control both before and after
mineralization. It could be that WA had no influence on the temperature of the treated soil samples.
Organic matter (OM) is a very valuable property of the soil, which adapts the soil to stability to
agricultural practices and against erosion. Soil that is poor in OM is susceptible to soil erosion [43],
and will not be good for agricultural practices while the reverse is the case for soil that is enriched with
OM. The OM of the WA amended soil samples in the present study ranged from 1.07 to-1.60 % before
mineralization and 1.07 to 1.60 % after mineralization. The soil sample treated with 5% WA had OM
that reduced against the control both before and after mineralization. The soil sample treated with 10%
WA had no reduction OM before and after mineralization. It could be that WA affected OM of the soil
negatively by relatively small quantity.The cation exchange capacity (CEC).of a soil is related to the
texture and soil minerals [42]. It is among the characteristics of.the soil that is determined by the
parent materials. The CEC show the ability of a soil sample to hold positively charged cations by
electrical attraction [16]. The soil samples amended with WA to the tone 0f.5% and 10% had reduced
levels of CEC against the control before and after mineralization. The soil samples with 10% WA had
the highest CEC reduction followed by the soil sample treated with 5% WA. The influence of WA on
CEC of thesoils samples could be concentration-dependent. Onotima and Okibe[44] noted that
reduced CEC does not favour fertile soil due to its ability in limiting available positively charged
nutrients. The percentage of CEC occupied by bases is given as base saturation (BS). The % BS shares
a direct relationship with the pH of the soil. The availability.of Mg, Ca?*, and K" increases with
increase in % BS [45]. Soil samples treated with 5% and 10% WA had % BS that increased before and
after mineralization. It has been reported that both CEC and % BS can help assess soil fertility. They
are particularly important in highlightening differences in the fertility of the soil between soil samples
from a source, and lime requirement determinations in the soil. The total base saturation (TBS) is
regarded as a fraction of the negative binding sites occupied by bases. The TBS of the present study
showed no difference in TBS of the soil.samples treated with WA when compared to the control
before and after mineralization.. The amount of acid cations such as hydrogen, and aluminum that
occupied on the CEC is the exchangeable acidity (EA).The EA of the soil samples treated with 5% had
no reduction in EA against the control before and after mineralization while the soil treated with 10 %
WA increased when compared to the control before and after mineralization.The ions of Mg, K, Na,
and Ca are alkaline which are known to bring about raise in pH value of the soil [19]. The samples
treated with.5% and 10% WA had Mg, K, and Caconcentrations that reduced when compared to the
control;.before and after mineralization. The soil sample treated with 5% WA had no change in Na
against the control before and after mineralization while the soil sample treated with 10% WA had
increased Na when compare to the control. Soil nitrogen and phosphorus are known for the roles they
play in enriching the soil as nutrients for plant growth and maturating. The deficiency of nitrogen or
phosphorus:in the soil always manifests as deficiency diseases in plants. The soil sample treated with
5% WA had unchanged % nitrogen when compared to the control, both before and after
mineralization. The soil sample treated with 10% WA had reduced % nitrogen against the control,
both before and after mineralization. This observation was in line with the report of Fuzesiet al.
[26]which said that WA behaves like fertilizers with low nitrogen on its application to the soil. Johan
et al. [14] noted that soil phosphorus is a macronutrient required by plants for optimum growth and
development. The same authors noted that soil phosphorus is limited in availability due to fixation. It



has been reported that in alkaline soils phosphorus readily reacts to form soluble calcium phosphates
that are sparing in form [14].Phosphorus in the soil sample treated with 5% WA reduced when
compared to the control before and after mineralization but at increased concentration of 10%
treatment of WA, there was increasedphosphorus against the control both before and after
mineralization.

Table 1:Physicochemical parameters of the treated soil samples.

Physicochemical Control WA-5% WA-10% Control WA-5% WA-10%
Parameters (Before) (Before) (Before) (After) (After) (After)

pH 7.24+0.04° 7.16+0.03? 7.23+0.01% | 7.03+0.03" 7.104£0.28% | 7.10+0.42°
Electrical Conductivity

(ps/cm) 220.29+0.14° | 228.48+0.14" | 240.820.14° | 220.29+0.14° | .194.407.07% | 229.20+14.14°
Temp. (1) 29.80+1.41% | 30.70+2.83% | 30.00+1.41° | 29.80+1.41* | 30.70+2.82% | 30.00+1.41°
OM (%) 1.60+0.14 1.07+0.03? 1.41+0.03° | 1.60+0.14° 1.07+0.03% ' | 1.41+0.03"
CEC (Cmol/kg) 0.17+0.03° 0.11+0.03" 0.01+0.00° | 0:17%0.03° 0.11+0.03° | 0.01+0.00°
% BS 84.06+0.07% | 87.35+1.41° | 88.95+0.14° | 84.06+0.07% .| 87.35+1.41° | 88.95+0.14"
TBS(Cmol/kg) 0.40+0.14° 0.13+0.14° 0.39+0.14% | 0.40+0.14% 0.13+0.14° | 0.39+0.14°
EA (Cmol/kg) 0.90+0.21° 0.80+0.14° 4.00+0.28° | 0.90+0.21° 0.80+0.14% | 4.00+0.28"
Mg(Cmol/kg) 0.08+0.01° 0.06+0.03° 0.07+0.03* | 0.08+0.01° 0.06+0.03° | 0.07+0.0%
K(Cmol/kg) 0.03+0.01° 0.01+0.00° 0.02+0.01° | 0.03+0.01° 0.01+0.00° | 0.02+0.01?
Na(Cmol/kg) 0.02+0.01° 0.02+0.01% 0.26+0.04° | 0.02+0.01° 0.02+0.01° | 0.26+0.01°
Ca (Cmo/kg) 0.07+0.03° 0.03+0:01° 0.05+0.01° | 0.07+0.03 0.03+0.01° | 0.05+0.01%
%Nitrogen 5.30+0.28" 4.90+0.28" 1.50+0.28% | 5.30+0.28° 4.90+0.28" | 1.50+0.28°
Phosphorus (mg/kg) 11.31+0.28°  |-9.95+0.04% 12.79+0.28° | 11.31+0.28" | 9.95+0.04% | 12.79+0.28°

Results are mean and standard deviation of triplicate determinations. Values with similar letters of alphabet along the same
row are not statistically significant at 5% levels WA= Wood ash; CEC: Cation exchangeable capacity; %BS= Percentage

base saturation; TBS=Total base s;saturation; EA= Exchangeable acidity.

According to Violanteet al. [46], the bioavailability of heavy metal, toxicity, and leaching in the soil
are affected by pH and other factors. Fiizesiet al. [26] noted that the application WA can bring about
rapid changes in the chemical properties of the soil. The heavy metals of the treated soil samples (Table
2) showed the soil sample treated with 5% WA had reduced copper before mineralization but increased
after mineralization when compared to the control. The soil sample treated with 10% WA showed
reduced copper both before and after mineralization. The soil sample treated with 5% WA showed
increase in iron concentration before mineralization and decrease in iron after mineralization when
compared with the control but the soil sample treated with 10% WA had increased iron concentration
both beforerand after mineralization. The zinc in soil samples treated with 5% and 10% WA
respectively increased against the control before mineralization However after mineralization, the zinc
in the soil sample treated with 5% WA reduced while the one treated with 10% WA increased. The
impact of WA on the zinc content in the present study seemed to be concentration-depend.Rodriguezet
al.[47] noted that lead and chromium are among the possible harmful components found within WA as
heavy metal (oids)s without any known biological role. The relevance of these elements is that they
persist within the environment to bring about bioaccumulation as they enter the food chain with
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detrimental impact on living organisms including humans [47].Lead in the soil samples treated with
WAIncreased against the control before mineralization but reduced when compared to the control after
mineralization. Chromium in the soil sample treated with 5% WA increased when compared to the
control before mineralization but after mineralization, the soil samples treated with WA had reduced
chromium against the control. Nickel increased in the soil sample treated with 5% WA but did not
change in the soil sample treated with the 10% WA when compared to the control before
mineralization. Nickel in the treated samples did not change against the_. control after
mineralization.The WA utmostly showed its effect on the heavy metal contents of the treated soil
samples in the present study.Rodriguezet al.[47]reported on effects of WA on nutrients .and heavy
metal(oid)s mobility in an ultisolstating that all the WA doses that were used in the study made heavy
metals such as copper and zinc available but that was not the case with the present study. The nature of
the wood used in the preparation of the WA used in the present study may have been the source of the
different observation made in the present study.

Table 2:Heavy metals ofthe treated soil samples.

Hea

met;/I)s/ Control WA-5% WA-10% Control WA-5% WA-10%
(mg/kg) (Before) (Before) (Before) (After) (After) (After)
Copper 0.48+0.01° | 0.47+0.03°" | 0.05+0.03* | 0.36+0.03° | 0.40+0.03" | 0.18+0.42°
iron 2.08+0.04% | 3.79+0.03° |5.78+0.01% | 3.90+0.28° | 3.28+0.01° | 5.08+0.01¢
Zinc 1.05+0.03% | 1.2840.14° | 3.96+0.04° | 1.28+0.14° | 1.08+0.91® | 3.08+0.01°
Lead 0.11+0.03% | 0.22+0.03* | 0.22+0.01° | 0.27+0.01° | 0.21+0.01° | 0.17+0.01°
Chromium | 0.01+0.05% | 0.03+0.00%" | 0.01#0.00° |0.02+0.00° | 0.01+0.00® | 0.01+0.01°
Nickel 0.14+0.01° | 0.17+0.01° | 0.42+0.01° | 0.08+0.01* | 0.06+0.00*° | 0.06+0.00°

Results are mean and standard deviation of triplicate determinations. Values with similar letters of
alphabet along the same row are not statistically significant at 5% levels.

The microbial activities of the soil are the bio-indicators of fertility. Table of microbial load of the
treated soil samples (Table 3) revealed that the soil sample treated with 5% WA had TVBC that
increased against the control before mineralization but decreased when compared to the control after
mineralization. The soil sample treated with 10% WA had TVBC that decreased against the control,
both before and after mineralization.The TFC of the treated soil samples reduced when compared to
the control both before and after mineralization.The reduction of TFC in the present was dose-
dependent. This was in agreement with the report ofEwaet al.[48]whostatedthat the addition of WA in
the soil shapes the composition of the soil fungi. Perucciet al. [49] opined that addition of WA to the
soil increases the microbial activity and changes the microbial structure but noted that the effects are
related to the doses and form of WA applied. The WA in the present study only increased TVBC at 5%
WA treatment with the soil before mineralization. However, a change in the microbial structure may
have been introduced based on the reduced microbial load observed in the samples; especially after
mineralization. The nature of the wood use in the production of the WA of the study could be the
reason behind the observed deviation from the observation of Perucciet al.[49]. Bang-Amdreasenet al.
[50] reported that WA induced pH changes strongly affect soil bacterial numbers and value may have
been behind the changes observed in the microbial load.

Table 3: Microbial load of the treated soil samples.



Microbial

Load Control WA-5% WA-10% Control WA-5% WA-10%
(CFU/ml) (Before) (Before) (Before) (After) (After) (After)
TVBC 2830.00 1290.00 855.00 321.00 164.00 94.00
x10? +39.60" +21.21° +16.97% +8.49° +7.07° +4.24°
TFC 865.00 265.00 165.00 94.00 90.00 23.00
%10? +32.53¢ +21.21° +1.45° +11.31° +4.24° +4.24°

Results an mean and standard deviation of triplicate determinations. Values with similar letters of alphabet along the same
row are not statistically significant at 5% levels. TVBC=Total Viable Bacterial Count; TFC=Total Fungal:Count.

The WA has been reported to affect both the chemistry and biology of the soil in complex ways. This
has been attributed to its effects on pH and other soil parameters. The enzyme activity of the treated
soil samples (Table 4) showed that ALP of the soil samples treated ‘with- WA had reduced activity
against the control before and after mineralization. However, the soil sample treated with 5% WA had
the lowest ALP activity after mineralization unlike the soil sample treated with 10% WA that had the
lowest ALP enzyme activity before mineralization.According to Pieroet al. [51], it is well established
that phosphatase activity depends on available phosphorus. It.could be that mineralization made WA to
release its phosphorus to the soil hence the increased activity observed after mineralization with 10%
WA amended soil. Acid phosphatase activityof the soil samples treated with WA had increased activity
against the control both before and after mineralization.The observed increase in acid phosphatase
activity was concentration-dependent. It has been reported that several phospatases are linked with the
hydrolysis of organic phosphorus. The relationship between phosphate activity is usually very
complex with available phosphorus butstudies have reported an inverse relationship between the two
[52]. The soil samples treated with WA showed increased acid phosphatase activity.Lipase activity in
the treated soil samples did not change when compared to the control before mineralization and after
mineralization.Lipases are enzymes associated. with. the degradation of molecules of lipids in the soil
[53].Judging from the way its activity increased in the treated soil samples after mineralization, WA
may have aided the activity of the enzyme in the soil after mineralization.Urease activity inthe soil
sample treated with WA showed no change in activity against the control both before and after
mineralization. It could be that WA had no influence on the urease activity of the soil in this study.
The SOD is among the marker indicators for stress [54]. The SOD is found as metalloenzymes in
prokaryotes and:some eukaryotic organisms. Some of the organisms use the soil as their natural habitat
[54]. The SOD of the treated soil sample increased against the control before mineralization while the
soil sample treated with 5% WA had reduced SOD activity when compared to the control after
mineralization. The soil sample treated with 10% WA had SOD that increasedagainst the control after
mineralization. It could that WA at different concentrations had different effects on the soil microbes
saddled with.the responsibility of producing the enzyme.

Table 4: Enzyme activity of the treated soil samples.

Egﬁﬁ?"fgﬁogf Control | WA-5% | WA-10% | Control | WA-5% WA-10%
éamplg) (Before) (Before) (Before) (After) (After) (After)
ALP 4.72+0.14° 4.25+0.14° | 4.16+0.14® | 3.88+0.14° | 0.50+0.07° 3.31+0.14°
ACld a b ab c d e
phosphatase 0.95+0.03 1.21+0.14" | 1.17£0.14 14.04+0.03" | 16.82+0.14 17.32+0.01
Lipase 0.02+0.01° 0.03+0.01% | 0.04+0.00* | 3.60+0.14" | 4.01+0.04° 6.27+0.14°




Urease 0.12+0.01* | 0.11+0.03% | 0.15+0.04* | 0.24+0.03° | 0.27+0.03" 0.25+0.03"

SOD 0.13+0.03* | 3.48+0.14" | 4.30+0.14° | 16.31+0.14° | 10.61+0.14 23.28+0.01"

Values with similar letters of alphabet along the same row are not statistically significant at 5%
levels.ALP= Alkaline Phosphatase; SOD=Superoxide Dismutase

4.

CONCLUSION

The soil samples treated with WA changed thein pHvalue and some other physicochemical parameters,
reduced the microbial population before and after mineralization, and increased. the activity of most
enzymes investigated in the treated samples after mineralization were profoundly. affected. These
observations could be due to the presence of the WA added the soil samples.
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