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Abstract

Amelioration of mine soil is challenging because of the lack of biologically active organic matter. The study was aimed
to recycle yard waste into compost and biochar and to use them to reclaim mine soil. Biochar prepared at 350 °C showed
the highest stable organic matter yield index and was used for the experiments. Lady’s finger was grown on mine soil
amended with biochar (1%—5%), compost (2%-10%), and biochar-compost mixtures (2%—10%). Mine soil pH increased in
all treatments. Mine soil dehydrogenase activity (42%—224%), microbial biomass carbon (4%-257%), and hydrolase activity
(3%—-230%) increased by combined application of biochar and compost. Lady’s finger plant height, biomass, and fruit yield
were superior in biochar—compost mixtures compared to biochar and compost alone treatment. Thus the use of compost
along with biochar could be recommended for reclamation of mine soil.
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Mine soil (MS) has hostile physiochemical properties for
establishment of plant life. Higher stone and rock fragments,
higher bulk density due to compaction, poor structure with
low water retention capacity, low CEC and poor nutri-
ent retention capcity, lower amount of biologically active
organic C, low plant nutrients, and impoverished micro-
bial activity of MS limits the establishment of vegetation
(Ahirwal and Maiti 2018; Ahirwal and Pandey 2020; Muk-
hopadhyay et al. 2016a, b). Generation of organic wastes
are increasing due to increase in food and fibre production.
Yard waste is a common biomass available worldwide that
consists of grass, leaves, tree litter, flowers, etc. obtained
from the care and maintenance of lawn, road side pavements,
garden, etc. Conversion of yard waste to biochar (BC) leads
to conservation of significant amount of organic carbon
(Ravindra et al. 2019; Singh 2018). BC have high surface
area, porosity, surface charges, and high carbon content.
These properties of BC could be used for reclamation of MS
(Ghosh and Maiti 2020). But, BC carbon is recalcitrant that

>4 R. Ebhin Masto
mastocfri@yahoo.com

Sangeeta Mukhopadhyay
sangeeta.dccs @rediffmail.com

! CSIR - Central Institute of Mining and Fuel Research,
Digwadih Campus, FRI, Dhanbad, Jharkhand 828108, India

@ Springer

could not be utilized by soil microorganism, so addition of
biologically active carbon along with BC is a better option.
Thus, it is proposed that a portion of yard waste converted
to BC and another to compost could be used together for
reclamation of MS.

A beneficial combination of BC and organic manure or
compost as a preferable alternative has been proven in recent
studies (Abideen et al. 2020; Agegnehu et al. 2017; El-Nag-
gar et al. 2019). Biomass yield increased with combined
application of BC and compost (Adekiya et al. 2019; Schulz
et al. 2013). In a tropical Ferralsol, maize yield increased
by 10%—29% by applying BC, compost and mixtures of the
two (Agegnehu et al. 2016). A pot study was conducted
by Naeem et al. (2018) and found that the maize yield was
higher for combined application of BC with compost and
fertilizers. Application of BC improved the pH of the MS
and the germination percentage and root length of Brachiaria
grass seeds (Muegue et al. 2017). In an acidic MS, applica-
tion of Miscanthus BC along with lime decreased the leach-
ing of metals and improved f-glucosidase enzyme activity
(Novak et al. 2018).

Beneficial effect of BC on ameliorating soil properties
has been widely demonstrated in agricultural soils. The ben-
efit of the co-application of biochar and compost has to be
validated for MS. Maintaining and improving biologically
active organic matter in MS is imperative for reclamation
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and vegetation. To assess the effect of combined applica-
tion of yard waste biochar and compost on the changes in
MS properties, a short term pot experiment was conducted.
A popular vegetable crop grown by the local community,
Lady’s finger (Abelmoschus esculentus (L.) Moench) was
used as the test crop. This study was aimed for optimization
of the process for biochar preparation; for quick evaluation
of the effect of biochar and compost on MS, and to find out
the appropriate dose of biochar/ compost application.

Materials and Methods

Yard waste consisting of tree litter and grass was collected
from the garden of Central Institute of Mining and Fuel
Research, Dhanbad were sized to around 40 mm and air
dried. A stainless steel box of 500 mL capacity was used for
the preparation of BC. The yard waste sample was taken in
the steel box and heated in a muffle furnace with restricted
air supply. The samples were heated at 350, 450 and 550°C
temperatures at varying dwell time of 0.5, 1.0, 1.5, and 2.0 h.
After carbonization, the BC yield was recorded and all the
samples were ground in a mill (RM200; Retsch, UK); and
sieved through 40 mesh sieve. Yard waste compost was
prepared as detailed in Cooperband (2000). BC-compost
mixture was prepared by combining the prepared BC and
compost in 1:4 ratios and incubated for 15 days.

Bulk quantity of MS was collected from coalmine over-
burden (OB) dumps of Vishwakarma opencast projects, Jha-
ria Coalfield (JCF), India. MS sample was dried under shade
and sieved through a 2 mm sieve. BC obtained from 350 °C
with 0.5 h dwell time was selected for amending the MS. For
the experiment, plastic pots were used with a total volume of
~ 15000 cm? and a top cross-section area of 500 cm?. There
were 10 treatments with four replications (n=4) and in all
the treatments a uniform amount of 10 kg MS was mixed
with 0.5 kg of local garden soil. Characterisation of MS and
garden soil used in pot experiment is as follows: pH (6.04,
6.46), EC (0.24, 0.22dS/m), organic carbon (1.81, 0.97%),
available N (6.42, 63.4 mg/kg), available P (2.40, 11.6 mg/
kg), exchangeable K (3.50, 9.65 mg/kg), respectively. The
processed MS sample was treated with BC, compost and
BC-compost mixture at different doses as per the details
given in result Table 2.

Originally, 5 seeds of lady’s finger (Abelmoschus esculen-
tus (L.) Moench) were sown in each pot; after germination,
plants were thinned to two plants per pot. Irrigation was
done as and when required. The plants attained full growth
and maturity at about 70 days and pod maturity around
95 days. Tender fruits were harvested on alternated days.
After harvest, plant growth and yield data were recorded.

The labile fraction of C in BC (Calvelo Pereira et al.
2011; Walkley and Black 1934); labile organic matter; total

organic matter content or loss-on-ignition (LOI) (Noyce
et al. 2016); carbon lability index, stable organic matter
(SOM), and SOM yield index were calculated as per the
protocol cited in our previous study Kumar et al. (2013).
Labile organic matter was calculated by using a factor
(1.724) generally used for converting soil organic C into
soil organic matter.

Carbon lability index (CLI) = OC/LOI
Stable organic matter (SOM) = LOI — (OC x 1.724)

Char yield

X SOM
100

Stable organic matter yield index(SOMYI) =

Yard waste, BC and compost were analysed for proximate
composition in a thermogravimetric analyser (Eltra, TGA)
as per ASTM method D1762-84. The ultimate composition
was determined with a CHNS elemental analyser (Elementa-
rVario Cube CHNS analyser, Germany). C/N and H/C ratios
were calculated on ash free basis. Elemental composition of
biochar, compost and biochar-compost mixture were deter-
mined by ICP-OES (iCAP 6300dUO, Thermo Fisher Scien-
tific, UK) by following ASTM method D6349 - 13 (ASTM
2013). Water holding capacity, pH (BC:water suspension,
1:10 w/v) and EC (1:10 w/v) was determined by following
the respective standard protocols.

The physico-chemical (soil texture, bulk density, water
holding capacity, pH, EC, organic C, available nitrogen,
available phosphorus, exchangeable K, cation exchange
capacity) and biological properties [dehydrogenase activ-
ity (DHA), fluorescein diacetate hydrolase (FDA), and
microbial biomass carbon (MBC)] of the soil samples were
analyzed as per standard procedures (Mukhopadhyay et al.
2014; Mukhopadhyay et al. 2016a, b).

SYSTAT 12 software was used for analysis of variance
(ANOVA) to evaluate the effect of different BC-compost
treatments on soil and plant growth. Duncan multiple range
test was employed for mean comparison at p < 0.05. Hierar-
chical dendrogram for different parameters was obtained by
Ward’s hierarchical clustering method.

Results and Discussion

Biochar preparation conditions were optimized to obtain
maximum yield of char with reasonable amount of stable
carbon. BC yield decreased with increase in temperature and
retention time (Fig. 1) due to the breakdown of biomass at
higher temperatures resulting in the release of easily degra-
dable carbon compounds (Crombie et al. 2013). Excess loss
of organic matter during pyrolysis is not desirable as MS
requires more organic matter, however the organic matter
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Fig. 1 Impact of pyrolysis temperature and residence time on char parameters

should be stable against mineralization. When tempera-
ture was increased from 350 to 450°C (30 min), BC yield
decreased drastically by 37%. Labile C content in the BC
decreased with increase in temperature which indicates the
formation of stable C in BC at higher temperature (Fig. 1)
(Calvelo Pereira et al. 2011; Masto et al. 2013). High ash
and low LOI was found in BC prepared at higher tempera-
ture (Masto et al. 2013). The decrease in LOI content from
350-550 °C is due to the breakdown of ligno-cellulosic
components (Tsai et al. 2012). Appropriate amount of LOI
(organic matter) is needed in the biochar for successful
reclamation of mine soil. Carbon lability index (OC/LOI)
was decreased with increase in pyrolysis temperature. Sta-
ble organic matter (SOM) content of the BC was highest
at 350 °C with 120 min residence time. The stable organic
matter yield index was maximum for the BC prepared at
350 °C with 30 min residence time; we used this BC for the
pot experiment. As the biochar is to be used for MS amend-
ment, stable organic matter yield is more crucial than sta-
ble organic matter content (Masek et al. 2013). The surface
properties of the biochar and other quality parameters might
be better in char prepared at high temperature. However,
for soil application where bulk quantities of biochar are
needed, low temperature char with maximum stable C yield
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is preferred (Masto et al., 2013). The properties of the yard
waste, BC, compost and BC-compost mixture used in the
experiment are summarized in Table 1. Decrease in H/C and
O/C ratios (Table 1) for BC as compared to the initial parent
biomass is due to dehydration and decarboxylation reactions
resulting in removal of O and H. Yu et al. (2014) reported
that biochar prepared at low temperature has more effect
on dry matter yield of maize than the BC prepared at high
temperature. The negative effect of high temperature BC is
due to the increase in soil pH as the pH of the BC increases
with pyrolysis temperature (Cao et al. 2018).

After harvest of the crop, the post-harvest soils were ana-
lysed for different soil properties (Table 2). MS pH increased
from 6.02 in control to 7.36, 6.24 and 7.22 respectively for
BC, compost and BC-compost mixture treated soil. pH was
not affected by compost but BC increased pH significantly
(Adekiya et al. 2019). BC increased the acidic pH of MS
(6.02) to neutral range (7.22 with BC-C (10%); 7.36 with 5%
BC) which has positive influences on nutrient availability
and microbial activity. Alkaline earth elements (Ca, Mg,
Na,) present in the BC played a major role in increasing
the MS pH (Chintala et al. 2014). Presence of CaCO; and
other alkaline oxides in BC increases the pH of the MS. Soil
EC increased from 0.194 dS/m to 0.408, and 0.290 dS/m
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Table 1 Characterisation of yard waste biomass, biochar, compost and biochar-compost mixture

Total elemental content

Ultimate analysis

Proximate analysis

EC

WHC pH

Cu Mn Ni Zn

Fe

K Ca Mg

Ash S C/N H/C O/IC P

FC

VM

mg/kg

% % % % %

%

% %

%
5.95?

%

%

dS/m %

%

Unit

0.31° 249" 1.69* 0.69*
0.69°

0.37%

1.952

11.7¢ 41.7°
26.6°

12.5°

75.8%

YWBM
BC

0.09° 2.27* 928 020° 0.11* 0.41° 7.95° 133° 448> 298¢
0.03¢ 127 3.03°

0.71*

0.23¢

34.3%

3.01° 1.77°

52.1%

9.83% 1.40° 442® 2882

7.18°

77.1°

4450

25.2° 4.84° 69.9* 1599 2269 138" 028b° 13.5¢ 1.69* 0.48" 1.01° 3.90° 0.66 0.72* 14.7%
30.1¢ 2.73¢ 1.62° 0.25¢ 0.28° 0.46°

1.63*

168*

COM

0.68" 8.29°> 138 6.86*° 38.8°

0.05°

142> 7.66°

0.46°

1.08°

21.6°

54.3°

17.0°

28.6°

120> 8.79° 1.54%

BC-COM

4, standard deviation for all parameters is less than 10%; means with same alphabets are not significant at P <0.05 by Duncan’s multiple range test
YWBM Yard waste biomass, BC yard waste biochar, COM compost, BC-COM yard waste biochar and compost mixture, WHC water holding capacity, pH (1:10,w/v), EC(1:10,w/v) Electrical

conductivity, VM volatile matter, FC fixed carbon

Mean, n

respectively for BC, and BC-compost mixture treated mine
soil.

Organic carbon content of the MS (1.85%) was almost
doubled by adding BC (3.96%) or BC-compost mixture
(4.02%). Besides addition of C through BC and compost,
the increase in root growth and root exudate also enhance
the soil C content (Mukhopadhyay et al. 2016a, b). The high
CEC of the BC-compost added soils increases the nutri-
ent availability to the crop by holding the nutrients on the
soil exchange sites. With the increasing dose of compost
(2%-10%), plant nutrient content and biological activity
increased significantly. CEC of the control soil was 11.2
cmol(+)/kg and it has increased to 15.2, 13.2, and 15.6
cmol(+)/kg in BC, compost and BC-compost treated soils,
respectively. High CEC of the BC helps in retention of
nutrients (Godlewska et al. 2017). CEC of the BC hold the
plant nutrients and prevents leaching loss and increases the
buffering capacity of the soil (Agegnehu et al. 2017; Novak
et al. 2018). Improvement in soil, pH, EC, organic C, and
CEC increased the plant availability of soil nutrients. Avail-
able P content increased by 2—-6 times by BC; 2-3 times by
compost; and 2-7 times by BC-compost mixture addition.
Similarly, K content increased by 1.5 — 3.5 times due to BC-
compost addition. BC has less effect on the N content of the
MS, whereas compost or BC-compost application increased
the N content by 2 times. Overall combined application of
BC and compost has enhanced the plant nutrient contents
of MS and no adverse effect was noticed even at the higher
dose of 10% application of BC-compost mixture.

Soil dehydrogenase activity was higher for the BC-
compost mixture (95.79-115.5 ugTPF/g/24 h) followed by
compost (59.37-94.08 ugTPF/g/24 h) treated soils. Only
BC addition (48.41-59.71 ugTPF/g/24 h) has marginally
increased the dehydrogenase activity as compared to the
control (34.02 pgTPF/g/24 h), however dehydrogenase
activity decreased at high dose of BC (5%) application.
Similarly, MBC was also marginally increased with BC
treatment, but co-application of BC and compost increased
the MBC by 2-3.5 times. Increase in dose of compost or
BC-compost treatments increased the MBC significantly.
FDA hydrolase activity increased from 8.59 mg fluores-
cein/kg/h in control to 8.88—13.44 mg fluorescein/kg/h in
BC treated soils, and the corresponding increase was 14.33
-16.81 and 19.67-28.32 mg fluorescein/kg/h for compost
and BC—compost added soils, respectively. The labile carbon
in the compost supplies the required energy feedstock for
the soil microorganism. Thus the co-application of BC and
compost significantly helped in inhabitation of soil micro-
organisms in MS (Agegnehu et al. 2017).

Shoot length and root length was not affected by BC, but
compost and BC-compost mixture significantly increased
the stem and root length (Table 2). Particularly the root
length was increased from 24.31 cm in control to 25.84

@ Springer



Bulletin of Environmental Contamination and Toxicology (2022) 108:396-402

400

(%) asearour p[aik ¢(8) 10d/pra1A “(3) 1m ysaay 3y (3) 1 A1p 1001 (3) 1M AIp J00ys ‘(o) y1Zua] 1001 ‘(wd) 1YS1oy wals ‘(y/3y/uressazonyy Sur) AJANde
ISB[OIPAY 9)BIORIP UIdsAIONY V(74 ‘(3Y/3w) uoqies ssewolq [erqorort DgW ‘(Y +¢/3/4d1L Sn) Kranoe aseuaSoipAysp VHQ ‘(110s 3)/(+ )jowd) Kroedes a3ueyoxs uones D7) ‘(3y/3w) I 9[qe
-03uBYIXd Y ‘(3/3wW) d S[qe[reAt 4 ‘(3/5ur) N 9[qE[lEAY N ‘(%) U0QIEd dIUeSIO DO ‘(;_W SP) ANANONPUOD [edLNI[0 D7 UMW Jsodwod-1eyd01q J-Dg Isodwod ) “Jeyd01q D g ‘[10s SUIN S

159} oSuex opdnnuw s.ueoun( £q ¢O'(Q > J & uLoYIuSIS J0U a1e sjoqeyde ouwes YIim SUBIW $9,()] Uy} SSI ST s1ojouwrered [[e J0J UOBIASD PIEPURIS ‘4 =1U ‘UBIA

(%01)

q06°18 q€'0€9 q85°Cl e86°LT 9701 e71°9C eC9TT  2CE8T V' VOT oFSSIT  w9'ST GETFI o¥8'0C L'6E COV q06T°0 CTL DDI+SIN O
(%9)

eSL'68 eSLS9 eSLTI ©86'9C eCS €01 eC1'9C e7'8CT qIO'IT LT8IT (8T'OIT  oL¥I  o¥S'8 OV IT p9TE ¢98°C L6510 5969 D-Dd+ SN 6
(%0)

p0S'CS pb'8CS pP1'CL q96'61 el 76 qC8'ST o8°CIT oL9°61 F'LTI  S6L°S6  SV'El 3€T9  SCEL ELT 88T s€IT'0 p€C9 DO-Dd+SIN 8
(%01)

2669 29986 61°CI qS6°'1C q€V’L6 qV8°ST qC'8IT pI8OL ¢81€C 8016 CTCl  pCT6  pCEO E8F ¢98°C pLBI'O H¥CO O+SIN L
(%9

J18°EY o£'86¥ V0TI oqv0'61 28€7C6 qlT'ST O CIT 6LV pL'LYL  p617'68 po8CI ;8L €09 ,T9¢ LIL'E ,8CI°0 o619 O+ SN 9
(%0

1€6'6C JC0SY ! SLOVT 2q6L°68 qCe'ST p8OIT €€V JLOL6 LE6S pECL 59Y9 sCI'Y oT8C oI8C 3911°0 oII9 J+SIN S
(%9

37691 5TSOV 56111 plLTI 8T8 SISVC pC’801 W€l V88 3I¥8F qC' Sl £l 6581 ,E€VC £96°C 80V'0 9L J9+SIN 4
(%7)

gELCL  49°06€ 4 SY01 pl9CI 9€°€8 LV VC pL’LOT 596'TT 5TL8 HIL'6S oCCl o686 oCEL ,6'€C pII'E 88C0 4569 od+SIN €
(%D

36191  59°C0V sCl'TT p89°CI oCl'E8 ST pC 901 4888 'S8 JLI9S PTI 5899 s¥C¥ ,CVC VT LL0CTO H0€9 o4+ SN C
(SW)

- SOvE 61°01 2$9°01 pl6'9L SIEVT 80l 4658 ST 4TOVE oCII €TV 18T s€TC 5581 pr61'0 oC09 [onuoy I

(9) 9searout m m m q3u9l yS1oy
PlEIX Jod/pErx  ysexpinif  Kiplooy  AIpjooys 1004 wals vdd D9 VHd DdD p:| d N DO od Hd  swouneary, ou-g

SJUSWIIEaT) JUSISYIP Jopun ejep pIaIk pue yymoidpue syueld 105uy s, Apef Jo Sunsoarey 193je SONSIISIORIRYD [10S 7 d|qeL

pringer

Qs



Bulletin of Environmental Contamination and Toxicology (2022) 108:396-402 401
Fig.2 Hierarchical dendro- u] 5 10 15 20 25
gram for different mine soil Label o o Fomm e Fmmmm e +
treatments based on mine soil
quality and plant parameters H3+BC (1%) =
obtained by Ward’s hierarchi- H3+BC (5%) -]
cal clustering method (MS MS+BC (2%)
mine soil, BC biochar, COM CONTROL -

H3+COM (10%) —

compost
post) MS+BC+COM (5%

MS+BC+COM (10%) —

MS+COM (5% —
MS+BC+COM (2%
MS+COM (2%) —

and 26.14 cm respectively for 10% addition of compost and
BC-compost. The corresponding increase in stem length
was 105.8 vs 110.8-118.2 cm for compost and 105.8 vs
115.8-126.2 cm for BC—compost added soils. Shoot weight
was significantly increased with BC (83.1-84.3 g/pot) or
compost (89.8-97.4 g/pot) or BC-compost (94.1-104.6 g/
pot) treated soil than the control (76.9 g/pot). Similarly,
the root weight increased with BC (12.7 g/pot) or compost
(15-22 g/pot) or BC—compost (2028 g/pot) treatment than
the control (10.7 g/pot). Fruit yield increased by 12.7-16.9%
for BC; 29.9-69.3% for compost; and 52.5-89.8% for
BC—compost treatment. The maximum fruit yield (657.5 g/
pot) was observed for 5% application of BC—compost. Simi-
lar result on the beneficial effect of biochar was reported by
Abideen et al. (2020); Adekiya et al. (2019). The increase
in crop yield due to BC-compost combined application is
due to the amelioration of MS quality. The improvement
in soil physical, chemical and biological conditions favours
the plant root proliferation and foraging of plant nutrients
(Agegnehu et al. 2017). Liu et al. (2012) reported increase
in soil pH, organic carbon and plant nutrients by compost
and BC addition. MS has high porosity; application of BC
to MS can reduce nutrient leaching (Agegnehu et al. 2017;
Major et al. 2012).

The cluster analysis (Fig. 2) showed that cluster-1 is asso-
ciated with BC alone and control. In general, these treat-
ments had poor effect on MS amelioration and plant growth,
while treatments having maximum effect on soil improve-
ment and plant growth were placed in cluster 2 and those
having medium effect in cluster 3. Cluster analysis demon-
strated the need for organic amendments along with BC for
amelioration of MS. Increased plant growth and fruit yield in
the BC—compost treatment is due to the improvement in the
soil physical and chemical properties which in turn provided
a habitable environment for the soil microorganisms.

Yard waste can be converted into biochar and compost for
use in MS reclamation. Biochar prepared at low temperature
(300 °C) with 30 min retention time is recommended for use
in MS reclamation. Combined application of biochar and
compost even up to 10% dose is favourable for improving the
soil pH, CEC, nutrient availability and biological activity of

the MS. Local organic waste could be sustainably converted
into biochar and compost for reclamation of mine land. This
practice could also be adopted by the local community for
growing vegetable crops like lady’s finger in their agricul-
tural lands affected by coal mining.
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