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Biochar is a popular organic soil amendment around the world. However, some factors still hinder its
full agronomic potentials including low nutrient concentrations especially of aromatic biochar charred from
nutrient—poor biomass. Improving the nutrient quality of this type of biochar may necessitate its combined
application with organic and or inorganic fertilisers. This study, therefore, aimed to explore the synergistic
effects of synchronizing the addition of biochar organic fertilisers with NPK on soil chemical properties and
the growth and yield of leek (Allium ampeloprasum). A pot experiment with soil amendments constituting
six treatments was conducted. The treatments included; the non—amended control, NPK fertiliser, CLB +
NPK, CLB alone, NPOM + NPK, NPOM alone. CLB was made by mixing 80% livestock compost and 20% oak
biochar. NPOM was made by pelletizing a mixture of 30% oak biochar, 50% castor bean expeller cake, 10%
used coffee grounds and 10% rice bran. The oak biochar was pyrolysed for 3 hours at 600°C. Each of the
biochar organic fertiliser was added to the soil at a rate of 2% (15 tonnes per hectare, considering a depth
of incorporation of 5 cm with a bulk density of 1000 kg m™). The results of the synchronized applications
varied between the two organic fertilisers. CLB + NPK showed synergistic effects both in amelioration of soil
chemical properties and leek growth and yield while NPOM + NPK elicited adverse effects on leek growth
and yield. In conclusion, combined application of NPK and biochar organic fertilisers may or may not have

synergistic effects depending on the characteristics of the biochar organic fertiliser used.
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INTRODUCTION

The rapidly growing global population means that
the cultivable land area is reducing (Shahid et al., 2011)
amidst skyrocketing food demand (FAO 2006a; Miiller,
2009). Needless to say, soil productivity is on a rapid
decline (Naeem et al., 2018). The decline in soil quality
hasmainly been agitated by intensive cultivation and
changes in agro—climatic conditions (Naeem et al., 2018)
and is likely to exacerbate hunger, food insecurity and
rural poverty. Although chemical fertilisers are highly
credited for amplifying agricultural productivity during
the green revolution (Gruhn et al., 2000), their upper
limit seems surpassed right now as evidenced by increas-
ing reports of no, or low yield increases from fields where
these inorganic fertilisers have been used alone (Jones
et al., 2013). Maintenance of appropriate organic mat-
ter levels is key to improving soil quality and crop yields
(Palm, et al., 2001; Liu et al., 2010). Nutrient manage-
ment in agricultural land, such as continuous application
of organic matter, improved fertilizer utilization efficiency
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and minimization of soil nutrient loss, are good ways to
increase organic carbon content in the soil (Lee, 2013;
Lee et al., 2016). Composts and manures including
mulches have for a long time been used to recycle plant
nutrients as well as building soil organic matter stocks
(Liu et al., 2010). However, the benefits accruing from
many of such soil amendments usually have transient
effects in the soil (Naeem et al., 2018), thanks to their
high decomposition rates rapidly oxidising the added
organic matter to carbon dioxide (Bol, 2000).

Owing to its association with increasing greenhouse
gas levels in the atmosphere, global climate change has
highlighted the importance of organic carbon storage,
particularly in soil (Han et al., 2016). Biochar, a solid car-
bonaceous material that is produced by pyrolyzing bio-
mass under limited oxygen conditions (Oh and Shinogi,
2013; Sohi, 2012), has emerged as a promising carbon
isolation measure (Lehmann and Joseph, 2015). And, it
semi-permanently sequesters carbon in the soil, biochar
is considered to be an effective soil amendment. (Oh et
al., 2014; Oh et al., 2017). Addition of recalcitrant bio-
char into the soil has proved to have long lasting positive
effects on soil quality through the improvement of
chemical, physical, biological and ecological properties
of the soil (Jien and Wang, 2013; Lin et al., 2016; Ding et
al., 2016) while acting as a sink for the carbon that
would otherwise cause havoc in the earth’s atmosphere
(Malghani et al., 2013). However, the nutrient content
of biochar largely depends on the feedstock type and the
conditions of the pyrolysis process. In this regard, when
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biochar produced by fast pyrolysis from lignocellulosic
biomass is added to soil, organic or chemical fertilisers
are still needed to improve crop yield (Kim et al, 2014)
due to the low nutrient content of such biochars. A num-
ber of studies have revealed that blending lingo cellu-
losic biochars with nutrient-rich animal manures, com-
post (Hua et al., 2009; Ro et al, 2010) or even fresh
organic materials (Bonanomi et al., 2017) before incor-
poration into the soil adds value to the biochar. Liu et al.
(2012) indicated that applying compost in combination
with biochar had a synergistic, positive effect on soil
organic matter (SOM) content, nutrient concentrations
in soil and soil water-holding capacity under field condi-
tions. Hence, there is an increasing interest in integrat-
ing different approaches in the quest to improve soil fer-
tility and crop productivity (Akhtar et al., 2015).

This study was therefore aimed at exploring the
synergistic effects of two biochar organic fertiliser types
and their combinations with NPK fertiliser on soil chemi-
cal properties and growth of leek (Allzum ampelopra-

NPOM alone

sum). The biochar organic fertilisers included NPOM
(containing 70% of non pyrolysed materials) and CLB
(containing 20% powdered biochar added to 80% of
compost).

MATERIALS AND METHODS

Biochar production and its nutrient composition
Oak biochar pyrolysed at 600°C for 3 hours was finely
crushed. 30% of the finely crushed biochar was mixed
with 70% of non pyrolysed organic materials and then
pelletized (NPOM). The second biochar organic fertiliser
type was produced by mixing 20% of finely crushed bio-
char with 80% of composted livestock manure (CLB).
The NPOM was made by the use of a locally fabricated
biochar pellet machine sps 200 model (manufactured by
Gumgang engineering). The non pyrolysed organic mate-
rials used in the production of NPOM included 10% of
used coffee grounds collected from coffee shops, 50% of
castor bean expeller cake obtained from a local oil pro-

NPOM + NPK Fertiliser

Fig. 1. Leek grown on different soil amendments.
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cessing unit and 10% of rice bran also from a local rice
processing plant.

Laboratory analysis of Biochar and Soil Samples

Biochar and soil samples were prepared and ana-
lysed in accordance with the analytical methods for soil,
water quality and liquid fertilisers (NAAS, 2013). pH and
electrical conductivity (EC)were measured with a pH
and EC meter (ORION Versa Star Pro; Thermo Scientific,
Inc., USA) after extraction with distilled water in a ratio
of 1:5 (v/w), exchangeable cations including (K*, Ca*,
Mg**, Na") were analysed with the help of inductively
coupled plasma optical emission spectrometry (ICP-
OES; GBC Scientific, Australia) after leaching with 1N
NH,0A, solution with a neutral pH (pH 7.0). Total
organic carbon, nitrogen and organic matter content
(OM) were analysed with a CN analyser (Eager 300;
Thermo Scientific, Inc.), available (P) by the Lancaster
method using a UV-VIS spectrophotometer (Evolution
300; Thermo Scientific, Inc.). Biochar total element con-
centration (K, Ca, Mg, Na) was assessed with ICP (Icap
7000Thermo Scientific, Inc.).

Study site and experimental design

A pot experiment using 2000/1a Wagner pots
arranged in a complete randomised block design (CRBD)
placed inside a greenhouse at Chungnam National
University research farm, Korea. The six treatments
included; the non—-amended control, NPOM + NPK ferti-
liser, CLB + NPK fertiliser, NPK fertiliser, NPOM and
CLB. Each treatment was replicated three times. The
Soil utilised in this experiment was obtained from Charm
Grow, a local Korean fertiliser research company. The
soil was sifted through a 5—-mm sieve and about 14 kg of
the sifted soil were weighed and put in each of the
Wagner pots. Leek seedlings were transplanted and
grown in the Wagner pots. Both NPOM and CLB were
applied to the soil at a rate of 2% i.e. 20 grams for every
1 kg of soil used (15tonnes per hectare, considering a
depth of incorporation of 5cm with a bulk density of
1000 kg m™). NPK was added at rates recommended by
the Rural Development Administration (RDA) of the
ministry of Agriculture, Food and rural affairs of South
Korea.

Characteristics and growth parameters of leek

Super green belt variety of leek whose seedlings were
bought from Asian seed company, a local seed company
was utilised in this study. The crops were supplied with
adequate water to ensure proper growth and develop-
ment. The growth parameters used to analysethe effects
of different biochar types on the productivity of leek
included; width and length of leaves (determined with
help of straight metre rule), weights of shoots and roots
(with laboratory scale balance), chlorophyll content of
leaves (using SPAD- 502 Plus chlorophyll metre), num-
ber of leaves produced including their weight, sweetness
(Brix). The data obtained from these measurements was
subjected to one-way analysis of variance (ANOVA) Post
Hoc Tests by Duncan in SPSS version 24.0.

RESULTS

Impact on soil pH and EC

Both biochar types stimulated increases in both pH
and EC with or without NPK fertiliser. In fact, addition
of NPK- biochar fertiliser combinations didn’t have any
effect on soil pH in comparison to when the biochar fer-
tilisers were used alone. CLB application led to the high-
est increases in pH while the highest increases in EC
were stimulated by NPOM. Soil pH was increased by
1.8 units when CLB was added alone against 1.6 units’
increment that the combination with NPK triggered.
NPOM and NPOM + NPK fertiliser combination increased
the soil pH by the same margin of 1.2 units. Applying
NPK fertiliser alone had an acidifying effect reducing
soil pH by 0.4 units while the control had no noticeable
effect on the soil pH. With regards to soil EC, Combined
application of biochar organic fertilisers with NPK had a
positive effect on soil EC. For example, NPOM + NPK
fertiliser combination stimulated a nine—fold increment
in soil EC against the sevenfold stirred by NPOM. The
same observation was noted with CLB + NPK fertiliser
combination and CLB which stimulated fivefold and
threefold increases respectively.

Impact on available phosphorus

Synchronizing the application of CLB with NPK fer-
tiliser had a positive effect on the available phosphorus
i.e. CLB + NPK fertiliser combination triggered a higher
increase in available phosphorus which was fourfold more
than when CLB was added alone. Conversely however,
the combined application of NPK fertiliser and NPOM
elicited a negative response in the soil EC ie. soil
amended with NPOM + NPK fertiliser combination
experienced a twofold decrease in soil EC in comparison
to when NPOM was used alone. There was no noticea-
ble difference in the ECs of the control non—-amended
soil and NPK amended soil.

Impact on exchangeable cations

The concentrations of potassium in all the treatments
plunged with the losses in CLB amended soils compara-
ble to those in the biochar non-amended soils. The
changes in soil calcium concentrations were varying and
without a clear trend. For example, increases in calcium
concentrations were observed in soils amended with
NPOM, CLB and CLB + NPK whereas the other amend-
ments caused losses in calcium ions. Both sodium and
Magnesium concentrations plunged in all soils except
the observed increase in NPOM + NPK fertiliser amended
soil.

Impact on soil carbon, organic matter and nitrogen

Both biochar organic fertilisers increased the soil
carbon (C) concentrations with CLB and NPOM stimu-
lating five and nine fold increases respectively. There
was no noticeable difference in carbon concentrations in
non—-amended and NPK alone amended soils. The
organic matter (O.M) concentration of the soil increased
by six and ten folds upon the addition of CLB and NPOM
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Table 1. Chemical Properties of Biochars
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; El tal content
Treatment (15 dEC, Avalli'Pl emen(%)con o oM C/N K' Ca** Mg Na*
eatmen (1:5) (dsm™)  (mgkg" %) ratio
C N (cmolc kg™)
CLB 72400 321424 190.0+7.0 392+50 2.7+0.1 67.5 145  0.16+0.00 0.35+0.05 0.11+0.00 0.01%0.00
NPOM  7.4+0.0 11.4+04 9050 50.4+0.9 5203 86.8 9.6  028+0.04 0.65+0.22 0.29+0.01 0.06+0.04

Abbreviations: EC, Electrical conductivity; Avail. P, Available phosphorus; OM, Organic matter; C, Carbon; N, Nitrogen; Ex. cations,
Exchangeable cation

Table 2. Initial Soil Chemical Properties
EC Avail. P Elemental content Ex. Cations
Treatment  (1:5) (dsm™)  (mgkg") (%) OM ON (cmol, kg™)
’ (%) ratio
C N K* Ca** Mg Na*
Soil 6.4+0.0 0.16x0.01 12.3%x1.04 0.07%£0.01 0.06=0.00  0.11 1.15  0.18%€0.02 6.6£0.3 11.0x0.5 0.21%0.05

Abbreviations: EC, Electrical conductivity; Avail. P, Available phosphorus; OM, Organic matter; C, Carbon; N, Nitrogen; Ex. cations,
Exchangeable cation

Table 3. Final Chemical Properties

- e Avail P Elemental content OM ON Ex. Cations
p wail. (%) (cmol, kg™
Treatment 15y (dsm')  (mgke?) (%)  ratio
C N K* Ca* Mg* Na'
Control 6.5+0.2 0.15+0.04 34.2+34 0.05+0.01 0.03+0.01  0.09 1.61  0.08+0.01 5.9+0.3  2.1+0.1 0.07+0.02
N-P-K 6.0+0.2 0.48+0.00 34.2+1.7 0.09+0.07 0.07+0.02 0.15 1.35  0.11+0.01 6.0+0.1  22%0.0 0.08+0.00
CLB 8.2+0.1 050+0.07 272.2+25.4 0.35+0.09 0.05+0.00  0.60 6.57  0.06£0.01 7.2+0.1  25+0.0 0.17+0.07
CLB+NPK 8.0+0.1 0.87+0.13 325.0+22.8 0.39+0.03 0.07+0.00  0.67 580  0.08+0.02 81+0.7 2.8+0.3 0.19+0.04
NPOM 7.6+0.1 1.18+021 174.2%35.0 0.60+0.14 0.09+0.00  1.03 6.77  0.12+0.02 72+05  25+0.0 0.05+0.01
NPOM+NPK  7.6+0.1 1.45+0.39 143.7+15.8 0.63+0.04 0.09+0.02  1.08 6.58 0.16+0.01 6.1+0.1  2.3+0.1 0.39%0.03

Abbreviations: EC, Electrical conductivity; Avail. P, Available phosphorus; OM, Organic matter; C, Carbon; N, Nitrogen; Ex. cations,
Exchangeable cation

Table 4. Leek growth and agronomic parameters used for the assessment

Fresh Weight i
Leaf length Leaf width Number of Weight per Sweetness Chlorophyll
Treatment Shoot Root leaves leaf
(cm) (per plant) (g/ea) (Brix) (SPAD)

Control 8.7+2.2° 10.7£3.0° 24.9+2.3" 0.16+0.05 118.5+18.1* 0.07+0.01° 2.9+0.5° 11.2+2.8°
N—P—K 9.6+3.2° 6.4+2.6 21.0£3.2* 0.18+0.04° 126.1+27.9* 0.07+0.01° 3.9+0.7" 12.9+3.9
CLB 11.0+0.6° 11.2+£2.3° 26.1x1.1° 0.16+0.04° 119.0+6.5° 0.09+0.01° 2.8+0.7 26.8+4.0"
CLB+NPK 26.1£0.5° 17.9+0.5¢ 32.56+2.1° 0.23+0.05 152.6+19.5¢ 0.17£0.02° 3.2+0.5" 50.1£1.4°
NPOM 22.0+2.4° 13.1+0.9° 30.3+1.5° 0.23+0.05°  153.3+8.3® 0.14+0.01>  3.0%0.3 46.2+9.7
NPOM+NPK 11.3+3.3° 5.7+1.9* 26.6+1.3" 0.20+0.00° 125.0+£18.7*  0.09+0.02° 3.8+0.6 42.6+8.1°

Values represent by means + SD, One—way analysis of variance, ANOVA, Post Hoc Tests by Duncan in SPSS version 24.0.
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respectively whereas that of the control decreased.
There was a slight increase in the O.M concentration of
NPK amended soil. The soil nitrogen concentration of
the control and CLB decreased while the rest of the
treatments stimulated slight increases in the concentra-
tion of soil nitrogen.

Impact on Leek growth and yield

The impact of the synchronized application of NPK
and biochar organic fertilisers varied between the two
organic fertiliser types. For example, combined addition
of CLB and NPK fertiliser exhibited synergistic effects for
most of the growth parameters assessed compared with
when CLB was used alone. Contrarily, application of
NPK fertiliser to the soil amended with NPOM mainly had
negative effects in comparison with NPOM applied alone
as indicated in table 4 above. The best growth and yield
results of leek were obtained from the combined appli-
cation of NPK and CLB.

DISCUSSION

Observed trends in Leek growth and yield

The observed increase in leek yield upon addition of
CLB biochar organic fertiliser and NPK was in agreement
with the observations made by Steiner et al. (2007) in
rice and sorghum where charcoal with NPK fertiliser
were applied to an acidic, highly weathered tropical soil.
Also, Van Zwieten et al. 2010 noted enhanced crop per-
formance when paper mill waste biochar was applied
together with NPK fertiliser. This was attributed to the
liming effect of biochar organic fertilisers. Major et al.
(2009) indicated that biochars adsorb both anions and
cations which may reduce leaching of applied NPK mak-
ing nutrients available to the growing plants, conse-
quently improving yields. Tan et al. 2018 also revealed
that combined that combined application of biochar with
organic and or inorganic fertilisers increased peanut
yield and nitrogen uptake attributing this increased yield
to increased availability of trace elementssupplied by the
organic fertilisers. Therefore, the higher yields observed
with the combination of CLB and NPK were possibly a
combination of improved soil conditions created by the
biochar organic fertiliser and the increased nutrient sup-
ply readily availed by the NPK fertiliser.

Biochars and non—pyrolysed organic materials have
contrasting effects on the growth of cropswith the effects
dependent on their chemical characteristics (Bonanomi
et al., 2017). Studies by Dorrepaal et al. (2007), Lopez—
Iglesias et al. (2014) and Meiners (2014) elucidated the
inhibition of root development by undecomposed litter
organic materials in the natural ecosystems with Hodge
et al. (2000) attributing the crop growth inhibition by
undecomposed litter on microbial nitrogen immobilisa-
tion at high C/N ratios while Bonanomi et al. (2011)
attributed it to the phytotoxicity of allelopathic com-
pounds. However, all the aforementioned assertions can’t
explain the trends observed with NPOM. This is
because NPOM (with 80% of non-charred biomass)
itself caused significant yield increases compared to

NPK and the control experiments but the yields
decreased when it was combined with NPK. One of the
possible explanation for this anomaly is the adsorption
of the applied NPK fertiliser into the biochar pores
thereby making it inaccessible by the plant roots.

Observed Changes in Soil Chemical Properties

The increases in soil pH and EC upon biochar appli-
cation have been indicated by a number of studies includ-
ing Chintala et al. (2013), Shen et al. (2016), Trupiano
et al. (2017) and others. The liming power of biochar has
been indicated as the main factor driving pH increases
(Trupiano et al., 2017) while the increase in EC is due to
exchange of electrons between the soil solution and the
added biochar (Joseph et al., 2010). The increase in EC
observed upon the addition of NPK fertiliser can be
ascribed to the dissociation of the fertiliser in the soil
solution and the consequential exchange of the dissoci-
ated ions between the soil clay mineral surfaces and the
soil solution. Therefore, the higher soil EC values
observed with the combinations of NPK and the biochar
organic fertilisers can be the compounding effect of ion
and electron exchanges triggered by both NPK and bio-
char organic fertilisers. Some of the reasons for the
increased available phosphorus may include, the raised
soil pH with consequential release of phosphorus into
the soil solution (Shen et al., 2016) and the supply of
phosphorus into the soil by both biochar organic fertilis-
ers and NPK (Deluca et al., 2009). The NPK amended
soil had low phosphorus concentrations possibly because
the phosphorus was fixed in the mild acidic conditions
(Stevenson and Cole, 1999).

The aromatic biochars produced at temperatures
above 550°C have been talked about as the most suitable
for carbon storage (Novak and Busscher et al., 2013).
The reason behind their suitability is the recalcitrant
nature of the biochars making it hard for microbes to
break them down (Zimmerman et al., 2011). This can
be a possible explanation why these biochar organic fer-
tilisers elicited increases in soil organic carbon. The
adsorption and protection of organic matter from micro-
bial decomposition by the biochar pores (Cornelissen et
al., 2005; Sobek et al., 2009) may account for the
observed increases in soil organic matter. For both
organic carbon and organic matter, synchronizing the
addition of NPK fertiliser with biochar organic fertilisers
didn’t produce any noticeable difference possibly because
chemical fertilisers are not building blocks of soil carbon
and therefore their presence couldn’t influence soil car-
bon concentrations. The slight increase in soil organic
matter observed with NPK fertiliser could be because of
decomposing leek roots and or fallen leaves.

CONCLUSION

Not many studies have explored the effects of syn-
chronizing the applications of mixed biochar organic fer-
tilisers and NPK but the results in this study have dis-
played both positive, negative and no effects. Therefore,
before adding NPK fertiliser to the soil amended with
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biochar organic fertiliser, it’s better to first understand
the interactions between the two and whether or not any
synergism exists. This can be predicted from the chemi-
cal properties of the non—pyrolysed materials blended
with biochars to produce the biochar organic fertilisers.
For this study, organic fertiliser produced from a blend
of compost and biochar exhibited synergistic effects in
crop growth promotion and amelioration of soil chemical
properties.
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