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Abstract

Biochar, a recalcitrant, porous black carbon product from pyrolysis of organic
residues, is a promising material in agricultural and environmental applications for
improving soil fertility, enhancing carbon sequestration, reducing greenhouse gas
emissions, and decreasing contaminant mobility. This study aimed at investigating the
feasibility of poultry litter (PL)-biochar as a soil amendment for reclaiming abandoned
mine land (AML). Greenhouse potting trials and laboratory analyses were conducted to
examine soil quality improvement and plant growth enhancement by PL-biochar when
applied to AML soils at varied rates. An AML soil collected from Lower Emigh Mine,
PA was amended with PL-biochar at 0, 10, 20, and 30 g kg· 1, respectively, and packed
into 18.5 cm i.d. x 19.0 cm growing pots. Poverty oatgrass (Danthonia spicata), a native
plant at the AML site, was seeded in the pots at the recommended rate. Artificial
irrigation simulating the natural rainfall was implemented to maintain the moisture
content of the potting soils at 40-60% of their field water holding capacities. Growth of
poverty oatgrass in the pots was monitored for plant height, leaf color, and tillering. Six
months after germination the plants were harvested and measured for aboveground
biomass yield. Before PL-biochar amendment and after plant growth, the AML soils were
intensively characterized for various fertility parameters including pH, electrical
conductivity, cation exchange capacity, organic matter content, total nutrient content,
plant-available nutrient concentration, and microbial community composition. The results
showed that PL-biochar amendment at 20 and 30 g kg· 1 significantly promoted the
growth of poverty oat grass in AML soils and improved its biomass yield. These
iv

treatments reduced soil acidity by 90% and improved soil organic carbon content and
cation exchange capacity. The total and water-extractable contents of the N, P, K, Ca,
Mg, and S nutrients in the soils were also increased by PL-biochar amendment. No
significant enhancement in microbial activity and microbial community structure was
detected, largely due to the short time length of plant growth and the limitation of the
analytical methods used. The results suggest that PL-biochar is a desirable soil quality
enhancer and plant growth promoter in abandon mine land reclamation if applied at 2030 g kg- 1 soil amendment rates.

Keywords: Abandoned mme land; poultry litter; biochar; soil fertility; microbial
community; ribosomal RNA
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I. Introduction
Abandoned mine land (AML) is land disturbed by mining activities through
which natural vegetation has been removed and soil has been mechanically disarranged
(Shrestha and Lal, 2006 ). During mining, the landscape is severely disrupted as topsoil is
moved. The landform is generally altered in appearance and/or structure by mechanical
disturbance, leaving a scarred land surface by the extraction and processing of coal and
ores (Kundu and Ghose, 1997; MonAme, 2009). A typical AML is characterized by a
barren, rocky area with mine openings, waste rock dumps, mill tailing piles, and mine
structures (CODNR, 2002).
Mining causes land disturbance and results in land degradation. During mining
operations large quantities of soil and rocks are pulverized, relocated, and generally piled
at the site. Changes in landform by mining activities alter the drainage pattern, soil
structure, and vegetation coverage of the land, spurring surface instability, soil erosion,
and soi] quality degradation (MonAme, 2009). The AML soil is generally acidic,
sandy/gravely, low in porosity, available nutrients, organic matter, and microbial activity,
and high in toxic heavy metals (Reed, 2007). In Mongolia, for example, Erdenet copper
industry produces 10-12 million tons of solid waste per year, while Baganuur coal mine
dumped 162 million m3 of solid waste during the years from 1978 to 200 I. Due to gold
mining, over 200 thousand tons of polluted tailings and soil were dumped in the
teJTitories of seven Aimags (Altantsetseg, 20 I J ). Natural colonization of AML by plants
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is challenging and it may take decades to hundreds of years to re-establish fair vegetation
coverage if artificial reclamation efforts are not implemented.
Unreclaimed AMLs present hazards to the environment and life. In addition to
wildlife habitat loss, surface instability, soil erosion, landslides, pitfalls. subsidence,
surface and groundwater pollution from acid mine drainage, stream clogging by
sediments, and dangers posed by portals, gob piles, and impoundments are other potential
threats (DOI, 2012; NAAMLP, 20 I 2). Effective reclamation of AML to restore the
damaged environment and natural ecosystem provides tremendous environmental
benefits such as water and air quality improvement, wildlife habitat rehabilitation,
scenery enhancement, sustainable resource development, and valuable land for future
economic investment (MonAme, 2009). However, there are many challenges existing in
AML reclamation. Installation of barriers surrounding large openings is necessary when
construction access is restricted. To divert runoff water away from stockpiled mine waste,
diversion ditches must be dug using a backhoe or by hand. Frequently scattered mine
waste dumps in an area have to be relocated, consolidated, capped, and revegetated;
capping materials need a particular formula and can be costly. If mine waste piles cannot
be relocated to avoid direct contact with flowing water, stream diversion may be
necessary (CODNR, 2002). To reduce soil erosion, grading and leveling are commonly
practiced in AM L reclamation to make the land surface more uniform and gently sloping.
This action requires different heavy construction machines (Vogel, 1981). The most
challenging step in AML reclamation is revegetation, which is commonly employed in
combination with other best reclamation approaches, to stabilize land and to restore the
natural ecosystem. The disturbed area needs to be prepared for vegetation by grading,
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smoothing, and shaping to reduce water erosion risks (Vogel, 1981). The disturbed mine
soil is generally acidic, toxic, stony, and poor in plant nutrients, therefore unable to
sufficiently support plant growth (HaITis, 200 I). Covering the surface to be vegetated
with fertile soil or a similar rooting medium is usually imperative (Sydnor and Redente,
2002; Riley et al., 2003). Importing quality topsoil or mixing original shattered rock
material with compost, however, can be cost-prohibitive (Troeh et al., 2004). Often the
soil cap needs to be roughened to allow moisture retention. Nevertheless, heavy vehicle
operation on topsoil spreading and leveling can cause soil compaction (Shanna et al.,
1996), which decreases water and root pe1meability (Munshower, 1994). Therefore, care
must be taken not to over tighten the surface. The topsoil needs to be tested for physical
and chemical properties to determine essential fertility enhancement practices such as
liming and application of fertilizer, manure, or sewage sludge (Sapper, 1992; Haering et
al., 2000; Sheoran et al., 20 I 0). Mine spoils are ideal sites for heavy applications of
manure and sewage sludge. However, pyrite (FeS2) in the mining spoil should be
excavated and buried below plant root depth. Due to its shallow rooting depth, reclaimed
land could be easily affected by drought (Marashi and Scullion, 2004). Therefore,
artificial irrigation may be necessary.
Establishment of perennial vegetation or cultivated crops on the prepared surface
requires scientific selection of plant species that fit the climate, soil conditions, and
intended use of the area. As a rule of thumb, the artificial plant community should
resemble that of the surrounding area. Generally, forage legume will not grow well if the
soil pH is below 4.5. Oeertongue, Korean lovegrass, weeping lovegrass, and switchgrass
are recommended where the spoil pH is <4.0, while reed canarygrass, sand lovegrass, tall
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fescue, and the legume plants birdsfoot trefoil, crownvetch, flatpea, and sericea lespedeza
are suited to a pH between 4.0 to 5.5.

Chinese silvergrass, costal panicgrass,

orchardgrass, and perennial ryegrass grow well on spoils with pH above 5.5. Certain
trees, including black locust, European black alder, American sycamore, eastern
cottonwood, green ash, loblolly pine, northern red oak, N01way spruce, red maple, red
pine, Scotch pine, silver maple, sweetgum, Virginia pine, and white pine may also be
considered in revegetation due to their ability to grow on a poor soil. Mulches are usually
applied immediately after seeding or planting. Follow up application of fertilizers and
organic residues once every several years is necessary to ameliorate soil physical
properties and provide plant nutrients (Troeh et al., 2004).
Many studies and projects have been conducted to effectively reclaim AML
through revegetation. All the efforts recognized the importance of topsoil quality and
plant species selection in AML reclamation. In a ten-year field study, Redente et al.
( I 997) found that a phosphorus-fertilized 15-cm topsoil layer over non-toxic surface coal
mine spoils in Colorado supported rangeland vegetation. On reclaimed uranium lands in
Wyoming, the biomass yield of wheatgrass and green needle grass and the water
infi1tration were significantly improved with 40-60 cm of soil topping (Schuman et al.,
1985). Indeed, the required topsoil depth varies with the types of mine spoils. In a 6-year

field study, Barth and Maitin (1984) observed that healthy growth of perennial cool
season grasses on surface mining land required minimally 50 cm, 71 cm, and O cm depths
of topsoil over generic, sodic, and soil-like spoils, respectively; plant root penetration in
soil-unlike spoils was limited to <1 0 cm.
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community should be established at the initial stage of revegetation to prevent
undesirable species invasion. Nevertheless, survival and growth of desirable forest trees
may be restricted in highly fertilized and heavily sown mine soils (Berger and Torbert,
1990). If herbaceous and woody species are used together in land reclamation, planting
trees and sowing grasses in alternate strips is recommended (Vogel, 1980).
Poultry litter (PL )-biochar may be a desirable soil amendment m AML
reclamation to provide long-term soil fertility enhancement. The material is a charcoal
like solid produced through pyrolysis by heating PL in the absence of air at a moderate
temperature of 300-600° C (Guo et al., 2012). Poultry litter is rich in plant nutrients such
as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and sulfur {S) (Guo et al.,
2009). Raw PL has been used as an organic soil conditioner in land reclamation to furnish
nutrients and improve soil physiochemical properties (Lamey and Angers, 2012). In soil,
however, raw PL decomposes rapidly and the inherent nutrients are released at high rates.
Research has shown that PL nutrients are predominantly released within six months
following application (Guo et al., 2009). The rapid decomposition and nutrient release is
not desirable for AML reclamation, which requires years of soil amelioration in nutrient
supply, acidity buffering, water retention, and microbial harboring. Biochar, however, is
recalcitrant in the soil environment and may exist in soil for thousands of years (Lehmann
et al.. 2003). The stability of biochar against field weathering originates chiefly from the
low O:C molar ratio (i.e., <0.2) developed during pyrolysis (Spokas, 20 I 0). Chemical
analyses revealed that PL-biochar generated at 300° C pyrolysis temperature inherited the
majority (>80%) of the N and all the P, K, Ca, Mg, and S in the raw feedstock (Song and
Guo, 2012). Compared with general soils, PL-biochar was much more capable in
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buffering acidity, holding nutrients, and retaining water (Song and Guo, 2012). To date,
PL-biochar has not been tested as a long-term soil quality enhancer in AML reclamation.
Further research is clearly warranted.

2. Hypotheses
It is hypothesized that PL-biochar amendment will improve the physical,
chemical and biological properties of AML soils and promote plant growth. The
improvement in soil quality and promotion in plant growth are related to the biochar
application rate.

3. Objectives
The overall objective of this study was to evaluate the potential of PL-biochar as a
soil amendment in AML reclamation. Specifical1y, the study aimed to:
1) Quantify the quality enhancement of abandoned mine soils by PL-biochar
amendment in physical, chemical, and biological characteristics
2) Evaluate vegetation establishment and growth in abandoned mine soils as
enhanced by PL-biochar amendment
3) Determine optimal PL-biochar application rates for AML reclamation
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4. Materials and Methods
4.1 Soil, biochar, and plant seeds
An AML soil was collected from the recently-terminated Lower Emigh Mine
(~40 ° 55'24.15" N, 78 °13'18.60" W) in Philipsbmg, Clearfield Country, Pennsylvania.
The average summer temperature of the mining site is I 7.0 °C (May-August), with the
warmest month in July at approximately 20.0°C and the coolest month in January at
approximately 4.8 °C (PSU State Climatologist, 20 I 2). The average annual precipitation
is I I 67 mm (US Climate, 2012). The soil was passed through a 25.4-mm sieve on site to
remove large rock fragments. In the laboratory, the <25.4 mm bulk soil was air-dried and
dete1mined for gravel percentage by physical sieving. The bulk soil contained by weight
46.67% <2 mm particles, 6.38% 2-4 mm gravels, 12.86% 4-6.3 mm fragments, and
34.09% 6.3-25.4 mm rocks. The <2 mm portion was further analyzed for pH, electrical
conductivity ( EC). cation exchange capacity (CEC), organic matter (OM) content, total
and plant-available N, P, and K contents, and water holding capacity following the
standard methods (Sparks, 1996; Gee et al., 2002).
Pelletized poultry litter was obtained from Perdue AgriRecycle Inc. (Seaford, DE)
and converted to biochar by slow pyrolysis at 300 °C using a bench-top pyrolyzer. Details
of the poultry litter composition and the biochar production methods can be found in
Song and Guo (2012).
was selected as the test plant. The species
Poverty oatgrass (Danthonia spicala)
plant in the soil sampling site. It is a native plant for
was I•ct entr·fi1ed as ti,e predominant
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soil (Navarr
North America, usually growing in poor, dry, acidic and rocky

ete-Tindall et

l supplier Silver
al., 20 I 0). Poverty oatgrass seeds were procured .c.1rom the commercia
Falls Seed Company, Silverton, OR.

4.2. Greenhouse potting trials
The bulk AML soil (<25.4 mm) was amended with <2 mm PL-biochar at 0, 10,
20, and 30 g kg· 1, respectively, and thoroughly mixed. The soils were transfeITed to 18.5
cm i.d.

x

19.0 cm height plastic growing pots to a depth of 16.0 cm. Each treatment was

conducted in triplicate. Each pot contained 6.36 kg soil by dry mass. Tap water was
added to the pots to bring the moisture content to 75% of the soil water holding capacity
(27 A% by weight). The pots were placed in the greenhouse for two weeks to stabilize the

soils. Poverty oat grass seeds were then planted in the pots by mixing the seeds with the
top 5-cm of soil at the recommended rate.
Biweekly artificial irrigation with tap water was conducted to ensure adequate
water supply for the plants to grow. The amount of water applied in each irrigation event
was adjusted according to the plant growth stage and greenhouse temperature. Leachates
from the pots were collected in the underlying buckets. The total amount of the irrigation
water was close to the annual precipitation of the soil sampling site in Philipsburg, pA.
Growth of poverty oatgrass in the greenhouse was maintained for 180 days.
During the 180 days of greenhouse potting trials, the growing pots were monitored for
seed germination and plant growth ( e.g., leaf color, plant height, tillering, and flowering).
At the end of the trials, oatgrasses were carefu11y harvested by hand cutting and water
rinsing. Each pot was measured for fresh and dry aboveground biomass yields. Soils from

11111
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°
and
1
· ob'ta1 acfvity
each of the pots were passed a 2-mm sieve and stored at -80 C for n11cr

microbial community structure analyses. Aliquots of the soils were air-dried and

analyzed

water
for various fertility characteristics (e.g., pH, EC, CEC, OM content, and total and
extractable nutrient contents).

4.3. Analytical methods
4.3.1. Soil moisture content
Soil moisture content was determined by measuring the amount of water in moist
soils per unit of dry soil mass. Briefly, a soil sample was transferred into a weight-known
(m 1) crucible to a total weight of m2• The soil was dried in an oven at 105 ° C for eight
hours until the soil reached a constant weight. After bringing to room temperature in a
desiccator, the soil-containing crucible was weighed again (m 3). The soil moisture
content was calculated following the following equation:
0

= Mass of moist soil (g)-mass of dry soil(g)
Mass of dry soil(g)

X l00%

=

(m2-m3) X l00%
(mrm 1 )

4.3.2. Soil pH and electrical conductivity
Soil (<2 mm) was soaked with deionized water at a I: I solid/water ratio for 24 h
with occasional agitation. The slurry was then measured for pH using an Accumet AB I5
pH meter with an Accumet 3-in- l pH/ATC combination electrode (Fisher Scientific'
Suwanee, GA) and for EC using an Oakton CONSIO conductivity/TDS meter (Oakton
Instruments, Vernon Hills, IL) with a CON 510 conductance cell (cell constant= 1.0
1

cm- )

and a built-in ATC probe to normalize the reading to 25 °C.
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solution was determined and adju
sted to the previous level taken before the third
centrifugation by adding 0.05 M H2 Q4,
The sample EC was further adjusted to 1.5 mM
S
MgS04 solution's conductivity by addin
g

deionized water and also alternatively adjusted

pH of the solution. The soil CEC was
calculated based on the amount of MgSO4
consumed.
4.3.5. Soil particle size distribution
To measure soil texture and particle size distribution, 50 g (<2 mm) of air-dry soil
were weighed into a 1000-mL glass beaker, followed by addition of 250 mL deionized
water and 100 mL hexametaphosphate (50 g L" 1) solution. The mixture was stirred for 5
minutes, settled at room temperature overnight, stirred again for 15 minutes, transferred
into a 1000-mL graduate cylinder, and brought to the mark (1000 mL) by adding
deionized water. The cylinder was then sealed with a piece of parafilm and shaken end
over-end for 1 minute. Once the mixing was completed, a hydrometer (ASTM no. 152H,
with Bouyoucos scale in g L- 1) was gently placed into the mixture and recorded the
density readings in the following time intervals: 30 seconds, 1, 3, I 0, 30, 60, 90, 120 and
1440 minutes. A blank solution was prepared by diluting 100 mL of the
hexametaphosphate (50 g L- 1) solution in a separate I 000-mL cylinder with 900 mL
deionized water. Hydrometer readings were taken for the blank solution following the
· terva Is. as
·
m
same time

1
.c
10

r the soil sample Once the hydrometer reading was complete,

·
, s poured into a 53 µm sieve to obtain the sand fraction. The sand
the sot-1 suspension wa.
°

.
.
washed by water and dried at 105 C. The dried sand
fraction retamed on th e s. 1·eved was
r
sieves arranged f om top to bottom in the following
was then transferred to a nest of

µm. After vigorous shaking for 3 minutes, the sand
order: 1000, 500, 250. and I 06
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the
fractions retained on each of the sieves were measured. The weight percentages of
differently-sized particle fractions in the soil were then computed.
4.3.6. Soil nutrient contents
Precisely I .0 g of soil ( <2 mm) was weighed into a 45-mL Teflon cylinder,
followed by addition of 5.0 mL concentrated HNO3 and 5.0 mL deionized water. The
cylinder was installed into a Parr acid digestion bomb (Parr Instrument Company,
Moline, IL) and heated in a 1.2 KW microwave oven (General Electric, Inc., Louisville,
KY) for 2.5 min at a 50% power level. After cooling to room temperature, the digest was
transferred into a I 00 mL volumetric flask, brought to volume with deionized water, and
filtered through a 0.45-µm glass fiber membrane. The total phosphorus (TP)
concentration of the digest was measured fo11owing the phosphomolybdate hlue method

of Murphy and Riley ( I 962). The total concentrations of K, Ca, Mg, and S were
determined using inductively coupled plasma-atomic emission spectroscopy (ICP-AES)
techniques. Another batches of soil were digested with a mixture of 2.0 mL concentrated
H2SO4, 2.0 mL H2O2, and 8.0 mL deionized water. The filtered digests were analyzed for
total nitrogen (TN) concentrations using the Shimadzu 5000A TC/TN analyzer.
Water extractable nutrients in the soils were also determined. Aliquots (25.0 g) of
soil ( <2 mm) were weighed into 50-mL HOPE centrifuge tubes, followed by addition of
25 ml of deionized water. The tubes were shaken for 24 h at room temperature. After
centrifugation at I 0,000 rpm for 20 min and filtration through 0.2-µm syringe filters, the
extracts were analyzed for extractable nutrient concentrations. Extractable OC
and
extractable N contents were determined with a Shimadzu 5000A TC/TN anal
yzer.
Extractable P contents were analyzed using the phosphomolybdate blue meth
od after

i,-,.·
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digesting the extracts with H2 SO 4 and potassium persulfate in an autoclave. Extractable
+

Cl", N03-, So/-, Po/-, Na+, NH/, K\ Ca2", and Mg2 were measured using a Metrolm1
790 ion chromatography system (Metrohm Ltd., Herisau, Switzerland).

4.4. Soil biological analyses
4.4. l . Microbial activity analysis
Briefly, 2.0 g of soil were added to a 50-mL falcon tube, followed by addition of
20 mL 60 mM phosphate buffer. The tubes were shaken by vortex for I minute.
Afterwards 100 µL of 2000 mg L- 1 fluorescein diacetate (FDA) solution were added to
the tube. The tube was placed in a 30 ° C shaking incubator (200 rpm) for 60 minutes.
Later 20 ml of 2: l chloroform/methanol solution were added to the tube to stop the
enzymatic reaction. The tube was centrifuged at 5000xg for 5 minutes. Approximately 10
mL of the supernatant was filtered through a 0.20-µrn membrane. The filtered solution
was then measured for absorbance at 490 nm using spectrophotometer (G ENESYS l 0,
Rochester_ NY, USA). Control tubes without soil addition and without FDA addition
were included.
4.4.2. Bacterial community analysis
Soil microbial community was analyzed by DNA extraction and sequencing. The
DNA in soil was extracted using a Power Max soil DNA kit (MoBio Laboratories)
following the manufacturer's instructions. Briefly, 10 g of moist soil were added to a tube
· ·
suspension and vigorously mixed. l 6S rRNA gene
c
contam111g I�) m L of bead
·
·
archaeal universal primers A751F (5'ampli t-1cat1on was pe1-fonned using the
') and UA l406R (ACGGGCGGTGWGTRC AA-3')
CCGACGGTGAGRGRYG AA-3
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(ht!_p://blast.ncbi.nlm.nilLgov) program to determine the matching microorganisms from
the database.

4.5. Statistical analysis
Analysis of variance (ANOV A) was conducted to test the effect of biochar
amendment on soil quality enhancement and plant growth. One-way ANOYA test was
conducted to test whether or not the fertility and plant growth of a specifically-treated soil
was significantly different from the others. The null hypothesis Ho was,,, = p2 = f-lJ = l-'4,
indicating there were no significant differences between any treated groups. The
alternative hypothesis HA was not all µis (i =I, 2, 3, 4) were identical, suggesting that at
least one of the PL-biochar amendments resulted in significant differences in soil fertility
and plant growth from the others. The Least Significance Difference (LSD) analysis was
conducted to compare the soil groups with different PL-biochar amendment rates at 95%
confidence level. All the statistical analysis was perfonned using SPSS software (Version
20.0, IBM Corp .. A1111onk. NY)
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significantly lower (Table 1 ). Evidently, the soil was
poor and would not be able support
general plant growth.

Table I. Basic physical and chemical properties of the abandoned mine land (AML) soil
Parameter
pH
Electric conductivity1 (dS 111·1)
CEC2 (meq 100g · 1)
WHC3 (%)
Soil texture
Sand%
Silt%
Clay%
Total N (mg kg- 1)
Total P ( mg kg- 1)
Mehlich-3 extractable soil P ( mg kg- 1)
Water extractable components4 (mg kg- 1)
Dissolved OC
Water soluble N
Water soluble P
NH4-N
N03-N
N02-N

er

so/·

PO4--P
t
K
+
Na
'
Ca2
Mg�
1
Measured in I : I soil/water phase
2
CEC = cation exchange capacity
3
WHC = water holding capacity
. o fot. 24 h
.
·
.
4W ater extractable nutrients at I · I soil/water ratt
5
ND = Nondetectable
').

Value
4.4 ± 0.01
0.069 ± 0.0007
3.35 ± 0.05
27.43 ± 0.23
Silt loam
34.5
51.5
14.0
48.89 ± 0.10
440.9 ± 40.5
14.37 ± 0.5
48.08
6.3
3.89± 0.036

ND 5
0.44 ± 0.007
ND

63.18
192.24 ± 3.9
0.068 ± 0.02
5.87
12.09 ± 2.43
3.72 ± 0.32
0.45 ± 0.007
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5.3. Soil fertility improvement by PL-biochar ame
ndments
5.3.1. Improvement in total nitrogen content
The residual contents of total nitrogen (TN) in biochar-amended soils after one
season of plant growth were illustrated in Figure 1. The residual TN content was
elevated from 96.5 mg kg" 1 in control soil to 203.3, 235.6 and 336.2 mg kg· 1 in 1%, 2%
and 3% PL-biochar amended soils, respectively. Evidently, PL-biochar amendment
increased soil TN levels. In one-way ANOVA test, the null hypothesis (Ho: p 1 = p2 = µ3
=

µ4) was rejected at a confidence level of 95%. Further LSD tests showed that the

residual TN levels were not significantly different between 1% and 2% biochar-amended
soils.
5.3.2. Improvement in total phosphorus content
Phosphorus is the important macronutrient for plant growth and microorganisms.
It is the important component of Adenosine Triphosphate (ATP), Deoxyribonucleic acid
(DNA) and Ribonucleic acid (RNA). The residual TP content was 440.9 mg kg" 1 in the
control soil (0% biochar amendment) and the level increased to 1135.1 mg kg" 1 in I%
PL-biochar amended soils and to 1580.6 mg kg· 1 in 3% PL-biochar amended soils (Fig.
1 ). The increase was linear with the P L-biochar amendment rate in the range of I -3%.
The ANOVA and LSD tests indicated significant increase in soil TPby PL-biochar at an
amendment rate greater than I%.
5.3.3. Improvement in Mehlich-3 phosphorus content
Mehlich-3 extractable P is a common parameter to index plant available Pin soils
1
(Brady an Weil, 2010). The residual content of Mehlich-3 P was 14.0 mg kg· in the
1
unamended soil. The level was elevated to 85.5, 137.6 and 169.8 mg kg· , respectively,
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soils in Clearfield
by J %, 2% and 3% PL-biochar amendments (Fig. I). Agricultural
County, PA typical1y possess a Mehlich-3 P content of 59 mg ki

1

(Penn State

Agricultural Analytical Service Lab, 2013). Both ANOVA and LSD

analyses suggeSt that

nt of
PL-biochar amendment significantly (P <0.05) increased the Mehlich-3 P conte
AML soils.
5.3.4. Decrease in soil acidity
The PL-biochar amendments reduced the acidity of the strongly acidic AML soil.
After 6 months of incubation and plant growth, soil pH was increased from 5.6 in the
control treatment to 6.3 and 6.9, respectively, in 2% and 3% PL-biochar amended soils;
however, the pH showed a slight decrease to 5.5 in I% PL-biochar amended soils (Fig.
2). Likely, PL-biochar amendment stimulated plant growth: at 1% amendment rate the
basic cation nutrients released from PL-biochar did not compensate for the amounts
absorbed by plants. The LSD tests indicated that the pH elevation and acidity reduction
by PL-biochar at 2-3% amendment rates were significant at 95% confidence level.
Indeed, PL-biochar amendment would reduce soil acidity. Schomberg et al. (2012)
reported that I% PL-biochar increased the pH of an agricultural soil from 5.6 to 8.4 after
127 days of incubation.
5.3.5. Increases in soil electric conductivity
The EC of the test soils increased linearly with the PL-biochar amendment rate
(Fig. 2). After one season of plant growth, the unamended soils increased
its EC from
0.07 dS m- 1 (Table I) to 0.19 dS m- 1 (Fig. 2). With PL-biochar amendment,
the s01· l EC
was further increased to 1.03, 1.91, and 2.04 dS m- 1 ' respectively
, at lo/co, 2o/co, and 3%
amendment rates. As the measurement of EC is directly rela
ted to ti1e nutnent and
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Figure 5. Microbial activity with Fluorescein Diacetate Assay of PL-biochar amended
soils after 6 months of plant growth. Error bars represent standard deviations of triplicate
measurements. (p > 0.05 by ANOVA an LSD tests).
5.4.2. Changes in soil microbial community structure
The soil samples analyzed by l 6S rRNA sequencing are listed in Table 4.

Table 4. PL biochar amendment rate relating to their sample number used further in this
section.
0% PL biochar

I% PL biochar

2% PL biochar

3% PL biochar

amended soil

amended soil

amended soil

amended soil

Sample I

Sample 4

Sample 7

Sample 10

Sample 2

Sample 5

Sample 8

Sample 11

Sample 3

Sample 6

Sample 9

Sample 12
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1 kb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 C 16 17

1 kb
1kb

0.5kb

0.5kb

Figure 8. Archeal universal primer A 751 F and UA I 406R PCR amplification (1%
agarose gel). The lane numbers 1-12 represent the sample number. Lane number 13initial soil DNA, 14- DSU lawn soil sample, 15- negative control, 16- l 00bp, 17-1kb.

,. .....--m11-.. ,.

)0
1/1 Clo11in(J

D11g1a.molTACbn"9

Figure 9. Cloning of l 6S rRNA inserts into TOPO TA PCR-4 vector
.
0 11 LB-kanamyc111
.
.
agar only successful ligated colo111es were grown 11. 1 white colonies. ·

33
Three colonies were chosen from each sample (plate) to confirm the PCR insert.
Colonies 1 b, 2b, Ja, Sc did not work, while Jb and 3c had primer dimer as well as the
right band. On archeal l 6S rRNA PCR, it showed the same result. All other colony PCR
showed the correct band on 1 % gel electrophoresis (Fig. 10).
1kb la lb le 2a 2b 2c 3a 3b 3c 4a 4b 4c Sa Sb Sc 6a 6b 6c

1kb 7a 7b 7c Sa Sb 8c 9a 9b 9c 10a 10b 10c Ua llb Uc 12a 12b 12c 100b

d --

-

-

·--.

Figure I 0. Representative figures of positive clones screened by Colony PCR the primer
using I 3M and 13F. Sample 1-12. From each plate, 3 colonies were chosen (a, b, c). 1 kb
and I 00bp ladder were used for identification of the molecular weight.

Restriction digestion with EcoR l enzyme was used for confirmation of the insert.
TOPO PCR-4 vector had EcoR I restriction in either side of the region where I 6S rRNA
was inserted. The vector had size of 3956 bp and the I 6S rRNA insert had the 655 bp

►

•
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(Fig. I l ). Based on the molecular weight on gel electrophoresis, it can be confirmed if the
right size of inse11 is there. The uncut plasmid DNA has 3 bands that represent linear,
supercoiled, circular DNA. The cut plasmid DNA had 2 bands that had a vector size of
3956 bp and l 6S rRNA product 655 bp (Fig. 1 O and l I). Figure 11 illustrates the clearer
image of 2 bands by EcoRJ cut. It has lower bands at around 655 bp and the upper band
around 4kb.
1kb 100b TU TC lap lau lac lb

le

ld

le

3kb
1kb
0.5kb

Figure 11. Restriction digestion using EcoRJ enzyme. TU - TOPO TA plasmid uncut; TC
- TOPO TA plasmid cut; I ap - 1 a plasmid; I au - 1 a uncut; I ac - I a cut; I b - plasmid,
uncut, cut: I c - plasmid, uncut, cut, etc.

1kb

la.un

la.cut

4b.un

4b.cut l00bp

4kb
3kb

0.7kb
0.5kb

0.5kb

Figure 12. Restriction digestion using EcoRJ enzyme. Ia.un - sample la uncut; la.cut
sample, \a cut, 4b.un - samp\e 4b uncut: 4b.c - sample 4b cut.

A total of 39 plasmid DNA were isolated after screening the right insert to the
vector. The concentration of plasmid DNA after the isolation were ranged 1260 to 2460
ng µL· 1 and it diluted to the range between 58 to 86 ng µL· 1• The average concentration
was 73.4 ng µL· 1 that required for sequencing (range 50 to 75 ng µL·1). The quality of
isolated plasmid DNA was satisfactory in all samples and did not need further
purification.
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Table 6. Concentration of plasmid DNA after dilution
Sample ID

Nucleic Acid Cone.
11

la
Id
le
2b
2c
2e
3b
3c
3e
4a
4d
4e
5b
Sc
Se
6a
6b
6c
7a
7b
7c
8a
8b
8d
9a
9b
9d

IOa

IOb

10c
Ila
lib

11 d
12b
12c
12d
13a
13b
13c

A260

A280

260/280

260/230

1.77
1.84
1.82
1.86
1.84
1.81
1.96
1.84
1.84
1.66
1.81
1.82
1.83
1.83
1.87

2.46
2.56
2.51
2.64
2.59
2.59
2.31
2.56
2.53
1.81
2.58
2.47
2.53
2.51
2.49

L-1

73.3
75.3
63.1
81.5
78.3
69.4
81.4
74.1
71.6
87.9
69.9
70.7
74
84.7
78.5
86.5
78.8
64.3
70.2
72.4
74.7
78.1
79
78.5
68.1
70.6
62
71.8
66.4
72.7
65.9
65.1
69.5
77
74.3
72.1
68.2
58.3
84.4

:I·,

:_,

i

1.467
1.505
1.262
1.631
1.567
1.388
1.627
1.483
1.433
1.758
1.397
1.414
1.481
1.694
1.57

0.828
0.819
0.694
0.878
0.853
0.765
0.83
0.805
0.777
1.056
0.774
0.776
0.81
0.924
0.84

l.73 l

0.913

1.9

2.52

1.575
1.286
1.405
1.449
1.494
1.563
1.58
1.57]
1.363
1.413
1.241
1.437
1.328
1.455
1.318
1.302
1.389
1.539
1.486
1.442
1.363
1.166
1.688

0.862
0.693
0.765
0.801
0.793
0.862
0.838
0.882
0.763
0.781
0.701
0.797
0.743
0.784
0.75
0.721
0.783
0.839
0.819
0.785
0.762
0.643
0.929

1.83
1.85
1.84
1.81
1.88
1.81
1.89
1.78
1.79
1.81
1.77
1.8
1.79
1.86
1.76
1.81
1.77
1.83
1.81
1.84
1.79
1.81
1.82

2.58
2.52
2.54
2.61
2.46
2.55
2.57
2.62
2.65
2.6
2.65
2.55
2.63
2.52
2.61
2.54
2.6
2.49
2.58
2.54
2.58
2.59
2.62

'I

·I

,I

JI
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The archeal sequences were obtained from the recombinant libraries. The clone
libraries were affiliated (NCBI BLASTN) with archeal environmental sample sequences.
All the sequence resulted in uncultured archeal 16S rRNA sequence. But there were no
specific archeal species identified. There were some difference in the sequences but it is
hard to tel1 if that sequence represent the different archeal species. The common possible
archaeal bacteria in acidic possible heavy metal contaminated soil are Euryarchaea (e.g.,
Ferroplasma) (Maezato and Blum, 2012). These archaeal bacteria were found in 80% 16S
rRNA sequencing of Acid Mine Drainage (AMD) and mining sites (Maezato and Blum,
2012).
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Table 7. The highest percentage identity matches of each the samples following
BLASTN comparison of archeal I 6S rRNA environmental samples and the NCBI
collection database.
Sample
Sequence result
ID
IA
Uncultured archaeon clone R125
l 6S rRNA gene, partial sequence
2B
Uncultured archaeon clone l 6S
rRNA gene, partial sequence
3B
Uncultured archaeon clone R7 l 6S
rRN A gene, partial sequence
4A
Uncultured archaeon clone R125
I6S rRNA gene, partial sequence
5B
Uncultured archaeon clone R7 I6S
rRNA gene, partial sequence
6A
Uncultured archaeon clone
CRYS-SPR-AO7C 16S rRNA
7A
8A
9A
10A
IIA
128
Initial
soil A

gene, partial se4 uence
Uncultured archaeon clone
CRYS- SPR- AO7C 16S rRNA
gene,partialsequence
Uncultured archaeon clone 16S
rRNA gene, partialsequence
Uncultured archaeon clone
CRYS- SPR- A07C 16S rRNA
gene,partialsequence
Uncultured archaeon clone RI 58
l 6S rRNA gene, partialsequence
Uncultured archaeon clone
081028-OL-KRl3:1:2 16S rRNA
gene,partialsequence
Uncultured archaeon cJone R158
l 6S rRNA gene, partialsequence
Uncultured archaeon clone R 106
I 6S rRNA gene, partialsequence

Sequence Length Score Value
similarity,% (bp) (Bits)
592 9E-168
898
83
84

1416

634

IE-180

99

906

1287

0

85

898

634

IE-180

98

906

1271

0

92

1214

458

0

92

1214

846

0

96

659

1072

0

93

1214

880

0

94

876

966

0

91

962

894

0

91

876

872

0

91

863

889

0
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-� ••IFJ184665 .11 Uncul ture d
sequence
Length=898

�r£.h���':. clone R125 16S

ribosomal RNA gene, partial

Score= 592 bits (320), Expect=
9e-168
_ _
ld ent1t1es
= 550/659 (83%), Gaps=
23/659 (3�)
Strand=Plus/Ninus
Query 59
sb·ct
••• J•••• 881
Query 118
sb·ct
••• J., ••• 823
Query 177

?.�JS�.

ArQ9QrQ9!9I9!9f�A9GCCCGGGAACGTATTCAACGCAGCGTA-GCTGATCTGCGTTT
1111111111111 1111Yi'IT1T1TITT1T1T1""1Tf".Tff1·nrirr·1n··IT
���q��9�IqI,qI,����GGCCCGGG
TGACCGGCGGTT
..........--CGTATGC
............CACCGC
····· -�-.. ......AACATATT
...............................
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:>SI1?.IFJ184665.1I Uncultured �rE����I). clone R125 16S ribosomal RNA gene, part.10 I
sequence
Length=898
Score= 592 bits (320), Expect= 9e-168
Id entities= 550/659 (83�), Gaps= 23/659 (3�)
Strand=Plus/Minus
Query 59
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881
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Figure 13. Example of MegaBLAST result for Sample IA. The highest percentage
identity matches following BLASTN comparison of Archeal 16S rRNA enviro nmental
samples and the NCBI collection database.
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Figur e 14. Dr y and fresh biom ass yields of poverty oatgrass grown in PL-bioch ar
amended AM L soils.

5.5.2. Plant height
The final plant height was 9.42 cm for the poverty oatgrass grown in the control
in I% - 3% PL- biochar amended soils afte r
soils. The height increased to 21.7 - 35.9 cm
ent (Fig. 14). The ANOV A and LSD
the 6 months of greenh o use potting experim
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6. Conclusions
Overall, PL-biochar amendment significantly improved soil physiochemical
characteristics. The increases in soil pH and electric conductivity were noticeable. The
pH increased 2.5 units (from 4.4 to 6.9) when the AML soil was amended with PL
biochar at 3%. Meanwhile, the soil changed from "low in salinity" to "moderately
saline," as indicated by the significant EC elevation. Clearly, PL-biochar is a fertility
enhancer for acidic, low saline soils. Both Mechlich-3 extractable P and TP contents were
linearly increased with the PL-biochar amendment rate. With 3% PL-bichar amendment,
the soil TN increased 3 folds and TON 2. 7 folds as compared with the control soil. The
organic matter content, cation exchange capacity, and plant-available N, P, K, Ca, Mg,
and S contents of the amended soils were also substantially elevated by PL-biochar
amendment. It is evident that at 2-3% amendment rates the PL biochar provided
sufficient nutrients to support plant growth.
In microbial activity analysis, there was no significant difference between
unamended and PL-biochar amended soils at 95% confidence level. ln microbial
community analysis, it was difficult to compare the archeal community based on these
results. No specific archeal species were identified among the 16S rRNA sequences.
The biomass yield was significantly higher in PL-biochar amended soils than in
the control soil. Howe ver, there was no significant difference between 2% and 3% PLt height was linearly increased with the
b.,ochar amen dm e,,t t,·eatnients though the plan
PL-b iochar amendment rate.
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In conclusion, the results support the hypotheses that PL-biochar amendment
improved the physical and chemical properties of AML soils and the improvement in soil
quality was related to the biochar application rate. At 2-3% amendment rates, PL-biochar
served as an ideal conditioner and quality enhancer for poor, acidic AML soils.

