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Introduction

Coal is the carbon part of dead plants and animals, 
which come into being mainly by two process, 

one is the decomposition process, where dead plants 
and animal residues are decomposed chemically or 
biological and only the carbon portion is remained 
(Stephen, 1994). Sometime this decomposed carbon 
part buried deep in the soil and the carbon looks like 
a stone, although it is coal or carbon part of the dead 
organisms (Seshadri et al., 2010). This type of coal 
is called mineral coal and large reserves are present 

in the world and also in Pakistan (Hamalainen and 
Aho, 1995; Bohra developers, 2015). Mineral coal is 
mainly used for burning purposes. However recently 
the coal is gasified or liquefied and are utilized as fuels 
in engines or used in other industries for making var-
ious chemical products (Chen et al., 2010). The fresh 
decomposition of dead animals and plants is called 
peat or manure etc. and used in fertilization of soil for 
crop production (Oh et al., 2014). The next process is 
burning of wood, grasses or dead organs of animals 
etc. in low oxygen environment and mainly termed 
as wood coal or biochar in recent scientific language. 
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Biochar although used for burning in stoves etc. or as 
decolonizing agent in various industries, however re-
cently biochar is also being utilized for soil fertilizing 
for crops production. Studies show that coal although 
not provide nutrients of their own but it can help in 
retention and absorption of minerals from the soil and 
reduce water loss from the ground surface of the field 
as it acts as mulch (Piccolo et al., 1993; Eyheraguibel 
et al., 2008). New research shows that biochar and 
also mineral form of coal when treated with acid and 
base solutions, the carbon part called humic acids are 
extracted which is similar to manure or any other fer-
tilizers but contain only carbon in abundance (Akinci 
et al., 2009). It works the same as biochar however it 
provides its own carbon to the plants better than that 
of simple biochar. Some studies showed that biochar 
when treated with acids and bases, the minerals in 
biochar are become available to plants (Glaser et al., 
2002). However very little work has been reported in 
this respect. The present project was design to study 
the effect of acid base treatment of wood coal on their 
physical characteristics and its effect on soil quality, 
nitrogen content of the soil and other minerals avail-
ability in the soil. 

Materials and Methods

Wood coal, obtained from local shops was grinded 
into powder, using powder, using laboratory mill. The 
powdered coal was divided into 32 equal portions of 
250g each and transferred individuallyinto the same 
number of graduated brown glass bottle shaving ca-
pacity of 1.5L each. Three acid solutions i.e. 4% HCl, 
4% H2SO4, 15% HNO3 and two bases solutions 5% 
KOH and 5% of NaOH abbreviated as ‘C’, ‘F’,’N’, 
‘S and ‘P’ respectively were prepared. Five of the 32 
bottles were added one solution per one bottle. To the 
next 10 bottles two solutions per bottle in 1:1were 
added. The combinations were combinations were 
abbreviated as CF, CN, CS, CP, FN, FS, FP, NS, NP 
and SP. To the other 11 of the remaining bottles three 
solutions per bottle were added which were CFN, 
CFS, CFP, FNS, FNP, FSP, CNS, CNP, CSP, FSP, 
and NSP. Five of the remaining bottles were added 
four different solutions in 1:1 ratio ratio per bottle, 
which were CFNS, CFNP, CFSP, CNSP and FNSP. 
The last bottle was treated with a combination of five 
different solutions abbreviated as CFNSP. The bottles 
where combination of solutions was used, the wood 
coal was first treated with one solution and kept over-
night then the second solution was added to avoid the 

salt formation of acid base solution during the treat-
ment. The treated wood coal was applied to the same 
number of pot sets containing three pots per set. Each 
pot contained 2.5Kg of sandy loam soil. The treated 
wood coals were applied in diluted form (10mL of 
treated wood coal/100mL of distilled water) at regu-
lar interval of about 15 days each. Along the 32 sets 
of treated wood coal, 4pot sets were applied NPK, 
humic acid, wood coal, farm yard manure in their 
recommended amounts and one pot set was left as 
untreated soil. All these five treatment were used as 
controls during the experiment.

Quality parameters of treated wood coal
Wood coal treated with different acid and base solu-
tions was tested for pHand EC and EC using Mc-
Clean (1984) pH an EC meter (AOAC, 2000). Three 
points calibration method i.e. 4, 7 and 10 buffer solu-
tions of Merck was used for pH determination. The 
treated wood bottle was shaken well and 25mL por-
tion of each treatment was taken in beaker and the 
pH and EC of the solution was determined by insert-
ing the pH an EC probes.

Soil Parameters 
Soil was analyzed for different physical parameters 
like pH, acidity, electrical conductivity (EC) and 
chemical parameters like total nitrogen, Fe, Zn, Cu, 
Mn, P, Na, K, Pb and Ni and using standard methods 
of AOAC (2000).

Soil Total Nitrogen (STN)
Soil total N for each treatment was determined calo-
rimetrically, following the Kjeldhal procedure (Brem-
mer and Mulvaney, 1982). In this method, 0.2g of 
sampled soil was digested with 3mL of concentrated 
H2SO4 in the presence of digestion mixture containing 
K2Cr2O7 and Se on block digest for about 4-5 hours. 
The digestion was initially started at 50ºC and then 
the temperature was raised gradually to 100, 150. 200, 
250, 300 and finally to 350oC, which was maintained 
maintained at least for 1 hour to turn the sample col-
our to light greenish or colourless. After cooling, the 
digest was transferred to a 100ml volumetric flask and 
the volume was made up with distilled water. 20ml of 
the digest was distilled in the presence of 5ml of 40% 
NaOH solution and 5mL boric acid mixed indicator. 
The distillate was titrated against standard 0.005M 
HCl, and N was calculated as 1mL of 0.005M HCl 
is equivalent to 70µg. A blank reading was also taken 
at the same time. 
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Mineral determination
Wet digestion method was used where 1g of soil 
sample was digested with HNO3 and Perchloric acids 
in 1:1 ratio ratio at temperature of 350oC in block 
digester. The digest was diluted to 100mL. For mi-
cro minerals flame atomic absorption was used and 
for Na, K flame photometer was used. The phospho-
rus was determined by UV/Vis spectrophotometer. 
Phosphorus standard was prepared from potassium 
biphosphate of Merck grade. 

Soil pH, EC and acidity
Soil water suspension of 1:5 was used to measure pH 
of the soil with the help of pH meter (Mc-Clean, 
1984). In this method, 10g soil sample and 50 mLdis-
tilled water was shaken for 30 minutes on a reciprocal 
shaker. The suspensions were then analyzed for pH 
and EC using pH meter and EC meter after calibra-
tion the pH for different buffers. Acidity of this solu-
tion was measured by titration method. Where: 0.1 N 
NaOH solution was used, while Phenolphthalein was 
used as indicator. 

Figure 1: pH of wood coal treatments

Results and Discussion

pH and EC of the treated wood coal
pH of the treated wood coal (Figure 1) ranged from 
1.48 to 11.9. The base treated wood coal showed ba-
sic pH i.e. higher pH. However, the pH of the acid 
treated wood coal or the coal portions treated with 
the mixture of the solutions containing acids have got 
acidic pH i.e. lower pH. The C treated wood coal got 
the lowest pH value while the highest pH was re-
corded for the SP treated wood coal. The EC of the 
wood coal treatments (Figure 2) ranged from 3.45 

to 28.4µS/dl. The treatment C showed higher EC 
(28.4µs/dl) followed by the EC (27.6 µs/dl) of CN 
and CFN (22.8µs/dl) treated wood coal. The lowest 
EC (3.45 µs/dl) was recorded for the treatment of 
CSP. Electrical conductivity (EC) indicates the pres-
ence of electrolytes, i.e. salts in solution, high EC is 
a sign of higher ionic concentration i.e. salts in the 
solutions (Adviento-Borbe et al., 2006; Patriquin et 
al., 1993). The data showed that the wood coal treated 
with acids solutions might contain high dissolved salts 
(Smith and Doran, 1996). The change in pH values of 
the treatments was obvious, because the bases have 
higher pH and the product might have higher pH 
values i.e. basic pH. Similarly, the products containing 
acids should be of acidic pH (Sarah et al., 2011). The 
salt mineralization i.e. change in EC depends on the 
acid concentration and pH of the solution (Davids-
son et al., 2002). Vaccaro (2010) also studied that the 
mineral leaching from the coal product depended on 
the strength of acid or base solution. Mineral leaching 
from coal was also mentioned by Ishaq et al. (2002) 
who studied that acids and base solution leached var-
ious minerals from coal in considerable amount. 

Figure 2: EC (uSdl-1) of wood coal products

Figure 3: EC (uSdl-1) of soil after application of treated wood coal

EC, acidity and total nitrogen of soil
Electrical conductivity (EC), acidity and total nitro-
gen of soil after last application of the treated wood 
coal along with control treatments were presented in 
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Figure 3, 4 and 5 respectively. EC of the wood coal 
treated soil and controls applied soils ranged from 
96.60 to 190.10 µS/dl. The EC values among different 
treatments (products and control treated soils) varied 
significantly (P<0.05). The data showed that the low-
est EC value (96.60 µS/dl) was recorded for untreat-
ed soil (control) and the highest value (190.10 µS/dl) 
was observed for NSP treated soil. The next higher 
value (175.70µS/dl) was recorded in soil treated with 
CNP treated wood coal. The coal. The soil EC is relat-
ed to soil porosity, cations exchange capacity, salinity 
and the presence of clay amount (Robert et al., 2009). 
The map of soil EC after product application showed 
that it enhanced the Soil EC, which might improve 
the soil porosity or cations exchange capacity as com-
pare to control (Anderson et al., 2002). This might be 
due to the presence of humic acids in the products 
and also of certain minerals (Singh, et al., 2008). 

Figure 4: Acidity (g/100g) soil after treated wood coal application

Figure 5: Total nitrogen (%) of soil after treated wood coalsapplication

Acidity of soil showed a range of 0.97x10-2 to 1.4x10-

2g/L. The variation in acidity values of the treated 
(products and controls) soils was significant (P<0.05). 
The lowest acidity (0.97g/L) was detected in prod-
uct S treated soil while the highest acidity (1.41g/L) 
was found was found in soil treated with product FP 
followed by product FN and CNS with acidity value 
of 1.39 g/L each. The acidity values of untreated soil 
were 1.01x10-2 g/L, while that of NPK was 0.99 x10-2 

g/L. The data indicated that there seems no signifi-
cant difference among the product and control treated 
soil. Acidity of soil increase with addition of certain 
elements (Van-Breeman et al., 1983). The seemingly 
higher acidity values of products treated soil might 
be due to the sulfur, aluminum or hydrogen addition 
by the product in the soil or release of these metals or 
hydrogen ions from the soil into soluble form (Brady 
and Weil, 2002). 

The total nitrogen content of the products and con-
trols treated soil ranged from 2.03 x 10-3 to 6.58 x 
10-3%. The least total nitrogen (2.03 x 10-3%) con-
tent was observed in product S treated soil, while the 
highest total nitrogen value (6.58x10-3%) was record-
ed in soil treated with product CFNSP followed by 
product FN with total nitrogen value of 6.40x10-3%. 
The difference among the total nitrogen values of the 
treated soils was statistically significant (P<0.05). The 
The data showed that higher values of nitrogen were 
given by the products where nitric acid was present. 
However, products total nitrogen values were closed 
to controls ones with minor elevation, which favored 
the products in their nitrogen provision to the soils. 
Nitrogen is readily available form of nitrogen and 
necessary for plants rapid growth (Mulvaney, 1996). 
Some studies also showed that acidified biochar with-
hold the total nitrogen from being leaching down or 
overhead escaping from the soil (Sarah et al., 2011), 
which favored the present study.

Figure 6: pH (uSdl-1) at the start (A) and final (B) application of 
treated wood coal

The difference in soil pH (Figure 6) was statistical-
ly significant (P<0.05) showing a trend from basic to 
more basic. The tendency towards basic pH favors ab-
sorption of certain elements by the plants (Yuan et al., 
2011). The variation in the average values of soil pH 
applied with different treated wood coal and controls 
was also significant (P<0.05). The pH of soil treated 
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Table 1: Soil minerals (mg/Kg) affected treated wood coal application
Treats Fe Zn Cu Mn P Na K Pb Ni
C 4.873j 0.08lmnop 0.085b 0.59gh 0.069ijklm 5.3ijk 10.60lm 0.5ef 0.257r

F 5.242d 0.07nopq 0.012uv 0.632de 0.066lmnop 5.8hij 11.30jk 0.25jkl 0.39l

N 5.041g 0.03s 0.032no 0.545j 0.059pq 8.3d 10.10mn 0.14lmno 0.537g

S 5.093f 0.08mnop 0.014tuv 0.409qr 0.06opq 4.8kl 10.50lm 0.71cd 0.441j

P 5.332b 0.06qr 0.055fgh 0.547j 0.089ab 5.1jk 14.30bcde 0.57ef 0.504h

CF 3.456x 0.11cde 0.059def 0.554ij 0.093a 4.3lm 9.90mn 0.46fgh 0.203t

CN 3.502w 0.10ghi 0.013tuv 0.51lm 0.065mnop 4.6klm 10.10mn 0.12mno 0.358m

CS 4.355n 0.09hijkl 0.015stuv 0.621ef 0.071ijklm 8.5d 11.80j 0.79c 0.351m

CP 3.801qr 0.09ijklm 0.042klm 0.619ef 0.085bcd 4.kl 11.40jk 0.46fgh 1.046a

FN 4.946h 0.04s 0.023pqr 0.654c 0.067klmno 4.6klm 10.80kl 0.05o 0.426k

FS 3.113c 0.09ghij 0.019qrst 0.65cd 0.081cdef 4.3lm 9.90mn 0.36hij 0.393l

FP 5.338b 0.15a 0.044jkl 0.535jk 0.066lmnop 4.6klm 12.90hi 1.54a 0.264r

NS 5.358a 0.07nopq 0.047ijk 0.442op 0.073ghijkl 7.2ef 12.80i 1.02b 0.498h

NP 3.635t 0.09hijk 0.014tuv 0.573hi 0.069jklmn 11.1b 9.50n 0.02o 0.826d

SP 3.528v 0.09ijklm 0.012uv 0.391rst 0.078defghi 5.6hij 10.30lm 0.41ghi 0.305p

CFN 3.194b 0.06r 0.052ghi 0.399rs 0.081cdef 9.6c 11.20jk 0.75c 0.29q

CFS 4.394m 0.08mnop 0.009v 0.444op 0.072hijklm 4.3lm 10.80kl 0.49fg 0.016z

CFP 4.891i 0.08jklmn 0.014tuv 0.371t 0.069jklmn 4.2lm 10.20lm 0.02o 0.21st

FNS 4.377m 0.08mnop 0.054fgh 0.435op 0.055q 6.8fg 8.60o 0.02o 0.585f

FNP 4.609l 0.11cde 0.021pqrs 0.512lm 0.076efghij 11.1b 14.10def 0.79c 0.443j

FSP 4.151o 0.07nopq 0.019qrst 0.377t 0.081cdef 7.5ef 13.90efg 1b 0.22s

CNS 3.594u 0.07opq 0.044jkl 0.424pq 0.079cdefgh 11.9a 13.20hi 0.22klm 0.453j

CNP 3.75s 0.13b 0.04lm 0.446no 0.065mnop 10.9b 13.50fgh 0.51efg 0.111w

CSP 3.453x 0.12cd 0.044jkl 0.647cd 0.069jklmn 8.3d 14.70abcd 0.12mno 0.338n

FSP 3.785r 0.11def 0.131a 0.675b 0.086abc 7.1ef 13.30ghi 0.21klm 0.091x

NSP 3.814q 0.06r 0.037mn 0.601fg 0.071ijklm 6.3gh 14.20cde 0.62de 0.319o

CFNS 3.062d 0.09ijklm 0.058defg 0.612ef 0.066lmnop 5.2ijk 14.80abc 0.29ijk 0.328no

CFNP 3.412y 0.12bc 0.017rstu 0.496m 0.062nopq 7.1ef 13.90efg 0.18klmn 0.669e

CFSP 3.848p 0.09hijk 0.05hij 0.517kl 0.081cdef 10.1c 14.70abcd 0.58ef 0.472i

CNSP 5.295c 0.13b 0.073c 0.465n 0.079cdefgh 5.2ijk 14.50bcde 1.05b 0.916b

FNSP 4.72k 0.08klmnop 0.062de 0.324u 0.065mnop 5.6hij 15.30a 0.11mno 0.074y

CFNSP 2.853e 0.07nopq 0.038lmn 0.382st 0.076efghij 9.9c 14.60bcd 0.71cd 0.027z

N.P.K 2.759f 0.10fgh 0.064d 0.632de 0.083bcde 5.3ijk 14.90ab 0.13lmno 0.843c

H.ACID 3.264a 0.10efg 0.05hij 0.547j 0.08cdefg 6.1gh 14.30bcde 0.06no 0.573f

F.Y.M 3.046d 0.07pq 0.025pq 0.657bc 0.074fghijk 5.9hi 14.50bcde 0.44gh 0.332n

W.COAL 5.129e 0.11de 0.056efgh 0.73a 0.069jklmn 7.8de 14.30bcde 0.12mno 0.179u

U. SOIL 3.333z 0.08klmno 0.027op 0.311u 0.045r 3.9m 14.10def 0.21klm 0.129v

Treatment means in vertical columns followed by same letters were not significantly different (α=0.05). Intervals means in last row followed 
by same letters were not significantly different (α=0.05). Key: Hydrochloric acid (C), Sulfuric acid (F), Nitric acid (N), Sodium hydroxide 
(S), Potassium hydroxide (P)

with wood coal and controls ranged from 8.10 to 8.32. 
The lower value (8.10) of pH was recorded in soil ap-
plied with NS treated wood coal while the highest 
value of 8.32 was found in the soils applied with CFP 
and CNS treated wood coals. pH refers to hydrogen 
ion concentration in the soil solution. The increase 

in soil pH might be due to the release of some basic 
metals like Ca, K, C etc. (Zwieten et al., 2010)which 
cause elevation in soil pH. Christopher et al. (2014) 
also reported that biochar application, due to its high 
particle surface area, favors the growth of micro-flora 
in soil and tends to increase soil pH, EC and cations 
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exchange capacity. These physical changes in soil, in 
turn increase the availability of macronutrients such 
as nitrogen and phosphorus.

Soil minerals were presented in Table 1. Most of the 
minerals in soils treated with products and controls 
were statistically different (P<0.05). Fe content of 
the treated soil ranged from 2.759 to 5.358 mg/Kg. 
The minimum Fe content (2.759 mg/Kg) was found 
in soil treated with NPK, which was used as control 
in this experiment, while the maximum Fe content 
(5.358%) was detected in soil treated with NS prod-
uct which was followed by the Fe content (5.338mg/
Kg) of soil applied with FP product. Zn content in 
the treated soil ranged from 0.03 to 0.15 mg/Kg. The 
least amount of Zn i.e. 0.03mg/Kg was perceived in 
soil applied with N product, while the highest con-
tent (0.15 mg/Kg) of Zn was identified in soil treated 
with FP product. 

Copper ranged from 0.012 to 0.131 mg/Kg in treated 
soil. The minimum content that is 0.012mg/Kg was 
found in the soil applied with N and SP products re-
spectively, while the highest content (0.131mg/Kg) 
was observed in FSP product treated soil. Mn was 
also present in the treated soil in detectable amount 
that ranged from 0.324 to 0.73 mg/Kg. The minimum 
amount (0.324 mg/Kg) was found in soil treated with 
FNSP product; while the maximum amount (0.73 
mg/Kg) was perceived in wood coal treated soil that 
was used as control in the study. 

Phosphorus amount in the treated soil was very less 
that ranged from 0.045 to 0.093 mg/Kg. The lowest 
amount (0.045 mg/Kg) was found in U. Soil which 
was used as control in the study, while the highest 
amount (0.093 mg/Kg) was observed in the soil ap-
plied with CF product. Na in the treated soil ranged 
from 3.9 to 11.9 mg/Kg. The least Na (3.9 mg/Kg) 
was detected in U. Soil just like Phosphorus, The U. 
soil (Untreated soil) was used as control during the 
study, however, the maximum amount (11.9 mg/Kg) 
was detected in soil treated with CNS product, that 
was followed by the amount of Na (11.1%) in soil 
treated with FNP product. 

The amount of potassium in the treated soil ranged 
from 8.60 to 15.30 mg/Kg. The least amount of K i.e. 
8.60 mg/Kg was identified in soil treated with FNS 
product, while the highest amount (15.30mg/Kg) of 
K was determined in soil applied with FNSP prod-

uct, where Cu was minimum. Pb and Ni content was 
also determined that were considered as toxic in high 
amount. A detectable amount of both metals was was 
present in the soil, which shows presence of these 
metals in soil and also in coal products. Pb ranged 
from 0.02 mg/Kg in soils applied with NP, CFP and 
FNS products, while the highest amount 1.54 mg/
Kg as detected in soil applied with FP product. Ni in 
the treated soil ranged from 0.027 to 1.046 mg/Kg. 
The lowest amount (0.027mg/Kg) of Ni was detect-
ed in CFNSP product applied soil while the highest 
amount (1.046 mg/Kg) was present in the soil treated 
with CP product. Soil minerals variation might be due 
the minerals present in the products (Tranaviciene et 
al., 2008). That could also be explained by the leach-
ing effect of acid and bases of minerals from solid ma-
terials like soil itself and also that of coal content of 
the products (Ishaq et al., 2002). The humic content 
might be another reason of for soil mineral variation 
during experiments (Sadia and Nikos, 2009), because 
larger amount of humic acid withhold larger amount 
minerals along the soil particles (Rajpar et al., 2011; 
Verlinden et al., 2009; Sara et al., 2010).
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