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Blending biochar with non—pyrolysed low—cost wastes and or compost has been mooted as a feasible
replacement to pure biochars, that are either costly or don’t give the desired yield increases when used
alone. We, therefore, evaluated the effects of two organic amendments containing small quantities of bio-
char on the soil chemical properties, and productivity of lettuce and Chinese cabbage. These amendments
included; (I) Pellets (made from 30% biochar and 70% non-pyrolysed wastes) and the B-C organic
amendment/B-C (made by adding 20% biochar to 80% of livestock compost). The study was conducted
through a pot experiment with five soil amendments including; pellets, B-C, NPK+ pellets, NPK+ B-C, NPK
and the control. Chinese cabbage and lettuce were each grown separately on the amended soils. Soil chem-
ical properties were determined both before and at the end of the growing season whereas growth and agro-
nomic attributes of the vegetables were taken at the end of the experiment. Both B-C and pellets amelio-
rated soil chemical properties whilst NPK and the control either had detrimental or no effect in the soil.
Regarding vegetable productivity, however, NPK and B-C treatments produced better results than the pel-
lets. From the observations, biochar blended organic amendments are capable of replacing pure biochars in
agriculture but more studies are required to clearly discern the extent of their effects on a long—term basis

and under field conditions.
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INTRODUCTION

Since the discovery of Terra Preta in the Amazon i.e.
fertile soils endowed with charred biomass (Sombroek
1966; Glaser et al., 2001; Singh et al., 2010), biochar has
been the centre of discussions in the corridors of agricul-
tural and environmental sciences. The major driving fac-
tors for its popularity include the ability to sequester
carbon in the soil (Lehman et al., 2006; Malghani et al.,
2014, Criscuoli et al., 2014) and attenuation of nitrous
oxide N,O emissions (Singh et al., 2010; Harter et al.,
2013; Martin et al., 2015; Oo et al., 2018). 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., 2016a). Hence, biochar application in the
soil is regarded as a sustainable means of curbing the ris-
ing temperatures of the earth’s surface (Han et al.,
2016b; Ravi et al., 2016).

Biochar, a solid carbonaceous material that is pro-
duced by pyrolyzing biomass under limited oxygen con-
ditions (Oh and Shinogi, 2013; Sohi, 2012), has emerged
as a promising carbon isolation measure (Lehmann and
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Joseph, 2015). And, it semi—permanently sequester car-
bon in the soil, biochar is considered to be an effective
soil amendment (Oh et al., 2014; Oh et al., 2017).
Agriculturally, biochar exhibits a lot of potentials to ame-
liorate degraded soils (Jien and Wang 2013; Abbasi et
al., 2015; Ding et al., 2016; Ye et al., 2016). Some of the
potentials include; (I) Enhancing or maintaining soil fer-
tility through the supply of nutrients (Atkinson et al.,
2010; Ding et al., 2016) consequently ratcheting up/
maintaining agricultural productivity (korai, et al.,
2018). (II) Adsorbing and immobilising toxic elements
in the soil (Cao et al., 2009; Beesley et al., 2010; Inyang
et al., 2012; Bogusz et al., 2017). (II) Improving chemi-
cal and physical properties of the soil (Laird et al., 2008;
Novak et al., 2009; Jien and Wang 2013; Lin et al., 2016).
(IV) Improving water and nutrient use efficiencies
(Hussain et al., 2016; Ding et al., 2016; Liu et al., 2017).
(V) Promoting aggregation stability of the soil (Ouyang
et al., 2013; Sun et al., 2013; Ma et al., 2016) which
increases its resilience to erosion (Jien and Wang 2013).
(V) Ameliorating soil biological properties and ecological
functions (Paz—Ferreiro et al., 2016).

It’s against this background that biochar has been
fronted as a viable solution to rehabilitate unsustainable
agricultural systems (Chan et al., 2007; Steiner et al.,
2007; Waters et al., 2011; Barrow et al., 2012) that have
ensued from poor management and changing climatic
conditions.  Over—-dependence on mineral fertilisers
since the green revolution has negatively impacted the
biological, physical, chemical and ecological functionali-
ties of the soil. This has led to the depletion of soil
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organic matter socks, excessive nutrient mining (Jones
et al., 2013) and imbalances of nutrient elements conse-
quently shrinking crop productivity (Han et al., 2016).
Vital micronutrient elements such as selenium, calcium
and magnesium (Lungu et al., 2008), zinc (Jones et al.,
2013) have also been depleted.

However, it should be noted that although biochar
presents immense benefits, high application rates may
be required for the realisation of any significant yield
increases (Joseph et al., 2013). At such high application
rates, the return on investment may be poor for farmers
but also manufacturing large quantities of biochar takes
a lot of time (Joseph, 2009). Sometimes, application of
pure biochar into the soil has had limited beneficial
effects especially in the temperate ecosystems
(Bonanomi et al., 2017).

Adding a small quantity of biochar (5-20%) to com-
posting organic wastes has been reported to hasten the
composting process and enhancing the quality of the
resultant product (Hua, 2009 and Dias et al., 2010).
This has been suggested as one of the ways of producing
low—dose cost effective and high potency biochar—based
organic amendments (Joseph et al., 2013). Another fea-
sible approach of producing low—dose biochar-based
organic amendments is pelletizing a small amount of bio-
char with non—pyrolysed low—cost and easily accessible
organic wastes (Bonanomi et al., 2017). However, stud-
ies about the agronomic values of these blended biochars
are still very scarce.

This study, therefore, aimed at unearthing the effi-
cacies of blended biochar pellets (produced by mixing
30% biochar with 70% non-pyrolysed wastes) and the
biochar-blended livestock compost in short-term ame-
lioration of soil chemical properties and productivity of
lettuce and Chinese cabbage.

MATERIALS AND METHODS

Biochar composition and production methods
The two types of biochar used in this experiment

included biochar pellets (Pellet) and finely crushed bio-
char mixed with compost (B-C). The biochar pellets
were produced by the use of a locally made biochar pel-
let machine sps 200 model (manufactured by Gumgang
engineering). The pellets were made by mixing oak bio-
char pyrolysed at 600 ¢ for 3 hours (30%), used coffee
grounds collected from coffee shops (10%), castor bean
expeller cake (50%) and rice bran (10%). B-C was pro-
duced by mixing 20% of oak biochar with 80% of live-
stock manure compost.

Study site and experimental design

The study was conducted through a pot experiment
using 1/2000a Wagner pots inside a greenhouse at
Chungnam National University research farm, Korea.
The experiment was set with six treatments in a ran-
domised block design. Each treatment was replicated
five times. Soil used was obtained from Charm Grow, a
Korean fertiliser research company and was sifted
through a 5—mm sieve. About 14 kg of the sifted soil
were weighed and put in each of the Wagner pots.
Lettuce and Chinese cabbage seedlings were grown on
each of the amended soils including the control. The
treatments included; soil + NPK, soil + B-C, soil + B-C
+ NPK| soil + pellet, soil + pellet + NPK and the control
with nothing added in the soil. Both types of biochar
were added to the soil at a rate of 2% i.e. 20 grams for
every 1 kg of soil used. NPK was added at rates recom-
mended by the Rural Development Administration
(RDA) of the ministry of Agriculture, Food and rural
affairs of South Korea for each of the crops grown.

Biochar and soil analysis

Biochar and soil samples were prepared and ana-
lysed following the analytical methods for soil, water
quality and liquid fertilisers (NAAS, 2013). The ana-
lysed soil chemical properties included; pH, electrical
conductivity (EC) measured with a pH and EC meter
(ORION Versa Star Pro; Thermo Scientific, Inc., USA)
through electrochemical analysis, Soil exchangeable cati-

Table 1. Chemical properties of pellets and biochar—compost combination (B-C)

pH EC Avail. P Elemental content (%) oM /N K" Ca* Mg* Na*
Treatment 4 o o .
1:5) (dsm™)  (mgkg) C N (%) ratio (cmol. kg™)
B-C 7.2+0.0 32.1+24 190.0£7.0 39.2#50 2.7+0.1 675 145 0.16x0.00 0.35+0.05 0.11+0.00 0.01%0.00
Pellet 74+0.0 11.4+04 90+5.0 504+0.9 52+0.3 868 9.6 028+0.04 0.656=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. Chemical properties of soil before the experiment

pH EC Avail. P Elemental content (%) oM (/N Ex. Cations (cmol. kg™")
Treatment ) . . N .
(1:5) (dsm™) (mg kg™ C N (%)  ratio K CaZ" Mg Na*
Soil 6.4£0.0 0.16x0.01 12.3%1.04 0.07+0.01 0.06x0.00 0.11 115 0.18+0.02  6.6x0.3 11.0+05  0.21+0.05

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

Exchangeable cation
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ons including (K*, Ca*", Mg*", Na") analysed using induc-
tively coupled plasma optical emission spectrometry
(ICP-OES; GBC Scientific, Australia) after leaching with
1N NH,0A; solution (pH 7.0). Total organic carbon,
nitrogen and organic matter content (OM) analysed with
a CN analyser (Eager 300; Thermo Scientific, Inc.), avail-
able (P) and total phosphorus (TP) 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
7000 Thermo Scientific, Inc.).

Agronomic and quality attributes of the crops

The varieties grown were sourced from local seed
companies. These were Hongbitch 5 for lettuce and
Daetong for Chinese cabbage. The crops were watered
adequately to ensure proper growth and development.
The parameters employed in the analysis of the effects
of different biochar types on the productivity of Chinese
cabbage and lettuce included; plant height, width and
length of leaves (determined with help of straight metre
rule), stem diameter (using vernier caliper), weights of
shoots and roots (with laboratory scale balance), chloro-
phyll content of leaves (using SPAD- 502 Plus chloro-
phyll metre), number of leaves produced including their
weight, sweetness (Brix). The resultant data from the
measurement of these parameters were subjected to
one-way analysis of variance (ANOVA) Post Hoc Tests
by Duncan in SPSS version 24.0.

Table 3. Chemical properties of the soil under Lettuce cultivation

RESULTS

Effects on soil chemical properties
Changes in Sotl pH and EC

Both biochar types induced increments in soil pH
and EC. Soil pH and EC increments were highest where
lettuce was grown. While B-C soil application triggered
the highest soil pH increments, pellets occasioned the
highest EC increments. Reinforcing biochar soil applica-
tion with NPK fertiliser had no considerable effect on pH
but prompted EC increments in comparison with when
biochar was used alone. Solitary soil application of NPK
fertiliser decreased soil pH with the soil under Chinese
cabbage cultivation suffering the highest losses in pH as
shown in tables 3 and 4. Contrary to soil pH, soil EC
increments seemed ignited when NPK was used in con-
junction with biochar. Generally, the soil EC positively
responded to all the soil amendments including NPK fer-
tiliser while the results of the un—amended soils turned
out mostly negative.

Changes in total soil carbon, nitrogen and organic
matter

Addition of biochar blended organic amendments
into the soil triggered more than six—fold increments in
soil organic matter (SOM) and between six fold to nine
fold increases of organic carbon while the concentration
of soil nitrogen was maintained or gradually increased in
comparison with the soil concentrations before the

Treatment pH EC Avail. P Elemental content (%) oM C/N Ex. Cations (cmolc kg™)
(1:5) (dsm™) (mg kg ™) C N (%)  ratio K CaZ" Mg Na*

Control 6.2+02 0.17£0.03 385.61+0.6 0.056+0.01 0.04+0.00 0.08 136 0.10+£0.02 6.4+04 2.3+0.1 0.13+0.04
N-P-K 6.3+0.1 0.17£0.02 32.71x1.5 0.06+0.00 0.04+0.00 0.10  1.40 0.09+£0.05 6.1£0.1 2.3+£0.1 0.18+0.06
B-C 7.7+0.1 0.9+0.1 281.0+x17.1 0.45+0.05 0.06=0.01 0.77 690 0.10+0.02 7.5+x0.2 2.8+0.1 0.31x0.06
B-C+N-P-K 7.7#0.0 0.8%0.0 2845+175 0.43+0.09 0.06+0.01 0.74 7.06 0.14x0.04 8.0+0.2 29%0.1 0.47+0.11
Pellet 7.5+0.1 15+0.1  144.7+43.1 0.41x0.02 0.09+0.02 0.71 450 0.16+0.01 7.1+0.7 2.7+0.1 0.22+0.12
Pellet+ N-P-K  7.3+0.1 1.67+0.02 147.2+23.5 0.55+0.15 0.10£0.00 095 564 0.15x0.03 7.2+04 2.7+0.1 0.13%0.09

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

Exchangeable cation

Table 4. Chemical properties of the soil under Chinese cabbage cultivation

Treatment pH EC, Avail. ? Elemental content(%) oM C/N Ex. Cations (cmolc kg™)
(1:5) (dsm™) (mg kg™) C N (%)  ratio K Ca? Mg Na*

Control 6.1+0.1 0.08£0.01 24.4+1.1 0.04+0.01 0.05£0.00 0.08 0.96 0.20+0.10 6.0+0.2 1.9+0.1 0.43%0.15
N-P-K 53%0.1 0.37+0.12 25.1+3.2 0.05+0.01 0.05£0.00 0.09 1.01 0.18+0.05 6.6+x1.0 1.9+0.1 0.39+0.20
B-C 75+0.1 0.32+0.05 347.9+65.6 0.40+0.28 0.08+0.02 0.69 518 0.18+0.09 6.8+0.4 25+0.1 0.45+0.14
B-C+ N-P-K 73402 045%0.12 311.4+31.4 0.44+0.29 0.09+£0.01 0.76 487 0.16+£0.04 6.4+0.3 2.2+0.1 0.33%0.08
Pellet 6.8+0.1 0.72+0.22 124.0+29.3 0.66+0.32 0.10+£0.00 1.14  6.95 0.17+0.10 59+0.3 2.0x0.1 0.28+0.30
Pellet+ N-P-K = 6.8+0.1 0.92+0.25 110.7+282 0.63+£0.06 0.10+£0.00 1.09  6.38 0.18+0.02 6.1£0.60 2.1+02 0.35+0.47

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

Exchangeable cation
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experiment. The best results were observed with the
application of biochar pellets. The control and the soil
where NPK fertiliser was added alone without biochar
organic amendments, soil organic carbon, nitrogen and
organic matter concentrations plunged.

Changes i available phosphorus and exchangeable
cations

All the soil amendments plus the control experiment
had their concentrations of available phosphorus
increased. B-C application culminated into above twen-
tyfold increment of P against the nine to eleven—fold
increment observed in the soil amended with biochar
pellets as indicated in tables 3 and 4. There were no
considerable differences between the NPK treated soil
and the control with regards to P concentration. Talking
about exchangeable potassium, concentrations of
exchangeable K plummeted in all soil amendments
including the control. However, the decrements were
slimmer in the soil amended with biochar pellets and or
cultivated for Chinese cabbage.

Both biochar types enhanced the Ca concentration
of the soil under lettuce cultivation while provoking
slight Ca decrements, in Chinese cabbage. The Ca dec-
rements were also observed in the control as well as the
NPK fertiliser treatment.

The Mg concentration plummeted in all the treat-
ments with severe losses registered in soils not amended

Table 5. Agronomic and quality attributes of Chinese cabbage

with biochar or those used for Chinese cabbage cultiva-
tion.

All amendments enhanced Na concentration of the
soil under Chinese cabbage cultivation. Conversely,
however, Na concentration of the soil used for lettuce
cultivation diminished aside from when B-C was used.

Effects on crop productivity

As shown in tables 5 and 6, for most of the analysed
agronomic and quality parameters of the crops, the larg-
est significant statistical differences were obtained
between B-C+ NPK and the control. This is an indica-
tion that B-C+ NPK provided the most favourable condi-
tions for crop growth and yield. This was closely fol-
lowed by B-C and the two biochar pellet treatments i.e.
Pellet+ NPK and Pellet. However, in Chinese cabbage,
application of NPK fertiliser produced better results
than biochar pellets and B-C in most of the analysed
attributes. Chlorophyll development was boosted when
either B-C or NPK were used. Biochar pellets negatively
impacted root growth and development in lettuce.
There was a negative correlation between vegetable
sweetness and soil amendments i.e. un—amended soils
produced vegetables with higher sugar.

NPK fertiliser application resulted into huge incre-
ments in leaf width and length in Chinese cabbage. All
soil amendments aroused positive responses in weights
of leaves.

Treatment Sho:‘tresh Welgh;OOt Leaf length Leaf width Nlig:zs; of Weilgehatfp r Sweetness Chlorophyll
(€3] (cm) (per plant) (g/ea) (Brix) (SPAD)
Control 6.6+1.6" 3.3£1.6° 8.0£0.1° 4.920.2* 43%1.5 1.7x1.0° 8.7£2.1° 57.6+4.9"
N-P-K 128.9+51.4" 15.6%5.5 24.5+2.3¢ 14.8+1.5 19.7+6.8° 6.4+0.9° 55+2.1" 60.0+13.5®
B-C 80.8+22.9° 13.4+2.1 20.9+2.7 12.4+0.5" 15.6+2.5 52+1.3" 7.7+2.6" 75.9+17.6"
B-C+ N-P-K  226.3%£51.2° 17.6+£5.5 31.9+1.4" 20.0+0.5° 18.4+2.8¢ 12.2+1.1° 4.1+0.3" 66.4+11.4"
Pellet 61.5+14.0 6.8+0.8" 13.8+1.7° 13.3%1.1° 12.0£2.1™ 51+0.7° 4.8+1.3" 56.5%+9.4"
Pellet+ N-P-K  37.2+15.5" 7.7£3.3" 18.7+2.1° 11.4+1.3 7.6+3.2" 5.0+1.4° 5.7+1.1" 68.7+7.4"
Values represent by means + SD, One-way analysis of variance, ANOVA, Post Hoc Tests by Duncan in SPSS version 24.0.
Table 6. Agronomic and quality attributes of lettuce
Fresh Weight Leaf length Leaf width Number of Weight per Sweetness Chlorophyll
Treatment Shoot Root leaves leaf
(€3] (cm) (per plant) (g/ea) (Brix) (SPAD)
Control 73.1£2.5° 12.5+0.8" 14.3+£0.5° 14.7x0.7° 18.4+1.9° 4.0%0.5" 4.8%0.1° 17.3+4.8°
N-P-K 119.8+39.0° 14.9+4.0° 15.1£1.2" 15.2+1.5° 19.6+3.5" 6.0+£1.5" 3.7+0.6 27.4+6.1°
B-C 135.2+35.4™ 15.2+2.9° 15.8+0.7 16.4+1.1" 26.0£4.7 51+0.8" 2.9%0.1* 18.8+0.9°
B-C+ N-P-K  195.0+16.1° 15.7+1.4° 18.3+0.8° 19.6x1.6° 29.2+1.3¢ 6.6x0.2° 4.0£0.2° 22.7+1.4"
Pellet 160.7+24.5° 74x1.5 15.4+1.4" 17.2+1.1° 22.6+1.5" 6.6+£1.5° 3.1+0.2° 22.6+4.8°
Pellet+ N-P-K  163.7+13.2* 7.5+0.8 15.2+0.4" 17.1£1.0° 27.6+1.5° 5.920.5" 3.6+0.7° 26.0£3.7°

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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DISCUSSIONS

Changes in Soil chemical properties

As the results indicated, both blended biochar types
triggered increases in soil pH. This observation con-
curred with several formerly concluded biochar studies
for example by Chan et al. (2007), Jien and Wang
(2013), Abbasi and Anwa (2015). The ability of biochar
to raise soil pH has been largely attributed to its alkalin-
ity (Chintala et al., 2014; Cornelissen et al., 2018), an
assertion that didn’t conform with the trends observed in
this study. This is because the two biochar blended
organic amendments used were not alkaline but man-
aged to stimulate considerable increases in soil pH.
However, Novak et al. (2009) used a nearly neutral bio-
char and came up with the observations similar to the
results obtained in this study. Steiner et al. (2007)
attributed biochar’s ability to raising soil pH on the high
concentration of alkaline metal oxides. Another study
by shen et al. (2016) indicated that the power of any
biochar material to raise soil pH is incumbent on its lim-
ing potential, which was measured in terms of CaCO;
equivalence. Possibly therefore, alkalinity was masked
by the low concentration of biochar in the mixed organic
amendments. One clear point to pick from this observa-
tion is that biochar’s liming potential remains high even
when biochar is blended with other materials in small
quantities.

The biochar propelled increase in soil electrical con-
ductivity is attributed to the increased exchange of ions
triggered by its addition in the soil (Joseph et al., 2013).
Chesworth (2004) regarded decomposing organic mate-
rials as electron pumps which supply electrons to oxi-
dised elements in the soil. This could therefore explain
why pellets that had a large chunk of easily decomposa-
ble materials (70% non-pyrolysed waste) caused the
highest increases in EC. Also Cheng et al. (2008)
termed fresh biochar applied in acidic environments a
source of anions hence biochar’s addition to the soil
sparks off anion exchange with the soil solution.
Although high temperature biochars such as the one we
used, generally have aromatic carbon structures, they
have redox activities mainly as reducing agents using
oxygen as the electron acceptors (Joseph et al., 2010).
Therefore, increases in electrical conductivity observed
in this study were certainly a compounding effect of the
redox reactions and anion exchange capacity of biochar,
as well as the electron pumping effect of the non-pyro-
lysed decomposing materials. It is also clear that the
type of crop grown influenced the increases in soil pH
and EC with Soil under lettuce cultivation registering
higher increases of pH and EC than the Chinese cabbage
soil. Indeed, Joseph et al. (2010) stated that the plant
type grown on the soil has an influence on the biochar
reactions in the soil.

As many of the previous studies for example by
Chan et al. (2007); Shen et al. (2016) and others indi-
cated, addition of biochar organic amendments into the
soil stimulated high increases in available phosphorus,
with the highest increases produced by the application

of B-C. This increase could have been prompted by the
increased soil pH stimulating increased mobility and
availability of phosphorus in the soil (Shen et al., 2016).
Another reason for this increase could be the direct
release of phosphorus from both compost (Horta, 2017)
and biochar (Deluca et al., 2009). This is a possible
explanation why B-C with both biochar and compost
stimulated the highest increases in available phosphorus.
The possible explanation for increases in available phos-
phorous in biochar non—-amended soils is possibly the
presence of symbiotic relationships between the crops
grown and the Arbscular Mycorrhizal Fungi (Scervino et
al., 2009) or the supply of phosphorus from NPK ferti-
liser.

The observed increases in soil organic carbon (SOC)
and soil organic matter (SOM) were in agreement with
the observations by for example Keith et al. (2006),
Dong et al. (2018), Mensah and Frimpong (2018). The
increase in soil organic carbon can be attributed to the
refractory nature of biochar which renders resilience to
oxidation of carbon (Steiner et al., 2007). The possible
explanation for the increase in organic matter is its
sequestering into biochar pores thereby protecting it
from microbial degradation and abiotic oxidation
(Zimmerman et al., 2011). The higher increases in both
organic carbon and SOM caused by biochar pellets rela-
tive to B-C may be explained by the higher concentra-
tions of carbon and organic matter in the pellets them-
selves.

Biochar immobilises or adsorbs NH," which in turn
reduces the potential for leaching hence sustained
higher nitrogen fertility over time in surface soils
(Steiner et al., 2007). This can explain why biochar
amended soils maintained or slightly increased the nitro-
gen concentration. The depletion of nitrogen from non-—
amended soils was probably due to leaching and volatili-
sation (Lehmann et al., 1999).

The changes in soil exchangeable cations largely
depended on the type of crop grown since the responses
highly varied between the two crops. This may be due
to differences in interactions of roots of different crops
with the applied biochar in the rhizosphere (Joseph et
al., 2010).

Agronomic attributes of Lettuce and Chinese cab-
bage

Among all the amendments, a synchronized applica-
tion of B-C with NPK fertiliser produced the highest
yields in both lettuce and Chinese cabbage which con-
formed with the observation made by Naeem el al.
(2017). NPK fertiliser application resulted into better
root development than compared to when pellets were
used. This can be ascribed to the low available phospho-
rus concentration in pellets since phosphorus is essential
in root development and growth. The yield of Chinese
cabbage was higher with NPK fertiliser than biochar pel-
lets. This observation contravened the one made by
Carter et al. (2013) where biochar increased yield in
both lettuce and Chinese cabbage. In all other cases
however, biochar organic amendments produced higher
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yields than NPK alone and or the control. A possible
explanation for this positive observation can be the
improved soil conditions created by biochar added to the
soil enhancing nutrient uptake by the crops (Deluca et
al., 2009; Shen et al., 2016; Naeem et al., 2017).
Although biochar adsorbs plant nutrients, the adsorbed
nutrients are bioavailable to plants. Also, biochar itself
contains nutrients that it releases into the soil (Joseph et
al., 2013) directly contributing to nutrient pool of the
soil. B-C addition into the soil stimulated higher yields
than pellets possibly because compost readily releases
nutrients into the soil unlike the more recalcitrant bio-
char (Joseph et al., 2013). In conclusion, blended bio-
chars are capable of replacing pure biochars if the posi-
tive results observed in this study are anything to go by.
However, more studies are still needed to compare the
efficacies of these blended biochars with those of pure
ones, evaluate their long term effects under field condi-
tions and identify the best combinations for achieving
the higher agronomic values. As per this study, biochar—
compost combination proved better than the pellets.
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