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Abstract

The need for organic soil amendments is increasing in the Republic of Korea against the backdrop of increased soil
acidification and nutrient losses. The pyrolysis of biomass produces biochar which not only increases soil productivity
but also provides environmental benefits through carbon sequestration. The portion of the brewer’s spent grain (BSG)
recycled is by far less than the amount generated, but pyrolysis can help to reverse this trend by turning BSG waste
into a valuable soil amendment. The current study, therefore, evaluated the effects of brewer’s spent grain biochar
(BByyy) produced at three different temperatures of 300 °C, 500 °C and 700 °C on the yield and quality characteristics
of the leaf lettuce as well as the effects on soil chemical properties through a pot experiment. Each of the BByyy and
BSG were added to the soil at two rates of 2% and 5% by weight. The pH and carbon content of the BBxxx increased
with increasing pyrolysis temperatures and the trend was replicated in the soil upon biochar application i.e. the soil
pH and carbon content increased alongside temperatures at which biochar was pyrolyzed. On the other hand, how-
ever, the soil electrical conductivity (EC) diminished with the increasing pyrolysis temperatures of the biochar applied.
With regards to crop growth, the BB, 5% amendment produced the highest marketable yield of the leaf lettuce and
while the lettuce grown on the control produced leaf lettuce with the lowest content of nitrate nitrogen, BBsy, 5%
amendment generally produced the highest quality lettuce. The results indicate that BBs, performed agronomically

better than the rest of the amendments and is thus recommended as an effective BSG recycling measure.
Keywords: Biochar, Brewer’s spent grain, Leaf lettuce, Pyrolysis, Soil amendment

Introduction

The granite derived soil predominant in the Republic of
Korea has high silicic acid and low cation contents which
render it impervious and thus susceptible to erosion from
the surfeit of rainfall received which by far exceeds the
evaporation rates, culminating into nutrient losses and
soil acidification [1]. Soil acidification is further exacer-
bated directly or indirectly by excessive reactive nitrogen
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in the Republic of Korea atmosphere ensuing from auto-
mobiles, power plants, chemical fertilizers, etc. the con-
centration of which is the highest amongst the OECD
countries (1.3 times more than the OECD average) [1, 2].
There is thus an increasing need to improve the physi-
cal, chemical and biological properties of the soil, and
biochar is touted as the right organic soil amendment
for this job because of its wide-ranging benefits and is
receiving great attention.

Biochar is a solid, carbon-rich product which results
from heating biomass under conditions of no or lim-
ited supply of oxygen in a process called pyrolysis [3]. A
lot of research has been done regarding the importance
of biochar as a soil amendment with a majority of them
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reporting improved agricultural productivity attribut-
able to improved soil properties including increasing pH,
water retention, ion exchange capacity, and improving
the microbial environment [4]. Biochar as a sustainable
waste management technique provides environmental
benefits because it reduces the volume of organic waste
resources such as agricultural by-products [5]. It is also
an efficient pollutant adsorbent [6-8] as well as a good
greenhouse gas emission countermeasure [9-12]. The
latter is largely because biochar applied to the soil semi-
permanently sequesters carbon [12, 13]. This is possible
due to the stability of biochar, which can exist in the soil
for an extended period of time owing to its strong resist-
ance to microbial decomposition [4].

Beer is one of the most popular alcoholic beverages
in the world and it ranks first in terms of preference for
alcoholic beverages in the Republic of Korea [14]. In the
manufacture of beer, malt is removed before the fermen-
tation process, in which case BSG, rich in several useful
nutrients and functional substances, such as protein, fat,
and fiber is generated. BSG is the most abundant brew-
ing by-product, accounting for about 85% of the total
detritus generated which represents approximately 20 kg
per 100 L of beer produced [15]. BSG is mainly used as
fodder for livestock due to its abundant nutrients, but
it’s not utilized at the same pace as its generated. In fact,
about 40% of the BSG is dumped into the ocean presag-
ing sea contamination [16]. Therefore, further recycling
measures of BSG are required, especially because the
London Dumping Convention, which South Korea joined
completely banned the ocean dumping of organic wastes
since 2012 [17].

Leaf lettuce is an annual herbaceous plant of the fam-
ily Compositae, mostly used as ssam or salad in Korea
[18]. Leaf lettuce accounts for a large proportion of leafy
vegetables produced in the greenhouses. Domestic pro-
duction of leaf lettuce is estimated at 224.6 billion won,
which is the second largest of all leafy vegetables grown
[19]. Leaf lettuce contains functional substances such as
carotenoid, and anthocyanin in red lettuce, vitamins A,
B, C, E, and a large amount of iron and fiber, which are
known for physiological activities such as anti-inflam-
matory, antioxidant, and calming effect [20]. Previ-
ous studies by Jung [21] and Oh et al. [5] have reported
increased EC upon biochar addition to the soil, and since
leaf lettuce is one of the crops relatively sensitive to salt
abundancy [22], it is the suitable crop to assess whether
biochar induced EC increments cause salt stress to
plants.

Therefore, this study was conducted to examine pyrol-
ysis as a way of recycling BSG, delineating the effect of
pyrolysis temperatures on the physicochemical prop-
erties of the biochar produced. The study also aimed to

Page 2 of 10

evaluate the effects of BByyy on the growth and quality of
leaf lettuce, and chemical properties of the soil.

Materials and methods

Soil preparation and analysis

The soil used in the experiment was dried at 105 °C for
24 h and then strained through a 2 mm sieve. Soil tex-
ture was classified following the U.S. Department of
Agriculture (USDA) soil taxonomy after analysis with
the hydrometer. Soil pH and electrical conductivity (EC)
were measured by an Electrochemical meter (Orion
Versa Star Pro, Thermo Fisher Scientific, USA) after
extraction of 1 part of soil with 5 parts of ultrapure water
(w/v) and shaking for 30 min at 160 rpm on the Orbital
Shaker (SH30 Orbital Shaker, Fine PCR, Korea). The
contents of carbon (C) and nitrogen (N) were measured
by Automatic Elemental Analyzers (Flash 1112 series
EA, Thermo Fisher Scientific, USA) while the available
phosphorus (Av. P,O;) was extracted with Mehlich No.
3 solution and determined colorimetrically with UV-
Vis Spectrophotometer (Genesys 10S UV-Vis Spectro-
photometer, Thermo Fisher Scientific, USA) at 880 nm.
Exchangeable cations were assessed with an Inductively
Coupled Plasma (iCAP 7000 Series ICP-OES, Thermo
Fisher Scientific, USA) after extraction with a 1N neutral
ammonium acetate solution.

Biochar production and analysis

BSG was obtained from a local brewing company situ-
ated in Jeongnim-dong, Daejeon called The Ranch Brew-
ing co. and was dried for 24 h in Forced Convection Oven
(ON-12Gw L080125, Jeio Tech, Korea) at 85 °C. Dried
BSG was then pyrolyzed for 2 h in a Box furnace (1100 C
Box Furnace BF51800 Series, Thermo Fisher Scientific,
USA) with the internal temperatures set at 300 °C, 500 °C
and 700 °C. Photographs of BSG and each of the biochar
and their scanning electron microscopy (SEM) images
are shown in Fig. 1, biochar is symbolized as BByyy with
subscripts referring to corresponding pyrolysis tempera-
tures. The pH, EC, C and N of BBy were measured in
the same way as the soil samples but in the case of pH
and EC, the mixing ratio of biochar and ultrapure water
was 1:10 (w/w). The available P,O- was determined col-
orimetrically at 470 nm after extraction with 2% formic
acid. Inorganic contents were measured using ICP-OES
(iCAP 7000 Series ICP-OES, Thermo Fisher Scientific,
USA) after ashing with the nitric, perchloric and sulfuric
acids mixed in ratios of 10:4:1 on a large digital hotplate
(HPLP-C-P, Daihan Scientific, Korea) set at 200 °C fol-
lowed by dilution (100,000 times) with ultrapure water.
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Fig. 1 Photographs of the brewer’s spent grain and each of the biochars produced (a-d) and scanning electron microscope (SEM) images of e
brewer’s spent grain (BSG), f biochar produced at 300 “C (BBsy), g biochar produced at 500 °C (BBsq,) and h biochar produced at 700 °C (BB;q)
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Growth conditions of leaf lettuce

To evaluate the impact of BByyx pyrolyzed at vary-
ing temperatures on the growth and quality of leaf let-
tuce, a pot experiment lasting for 35 days was conducted
from March 27, 2019 to May 02, 2019 in a greenhouse at
Chungnam National University, College of Agriculture
and Life Sciences using a 1/5000 (a) Wagner pot. The
Lactuca sativa L. var. crispa (cv. 'Jeockchima, Danong
Co., Korea) was used in the pot experiment. Seeds were
planted in a plug tray, transplanted to the Wagner pots
30 days later and growing them for another 35 days. All
biochars and BSG were added to the soil at rates of 2%
and 5% (w/w) while the control received neither of the
two amendments. The essential elements of N, P and K
were supplied at rates recommended by the Rural Devel-
opment Administration of the republic of Korea. After
transplanting, each pot was watered with 200 ml once a
day and each of the treatment was replicated thrice.

Assessment of growth and quality of leaf lettuce

The yield and quality parameters of the leaf lettuce
were assessed by paying strict adherence to the Stand-
ards for Research and Analysis of Agricultural Science
and Technology of the Rural Development Adminis-
tration [24]. The yield parameters assessed included
both the fresh and dry weights of the shoot and the
root, the number of leaves per plant, leaf length and
width, and the average weight of the leaves while the
quality assessments involved measuring sweetness,
nitrate-nitrogen (NO;-N), chlorophyll, and antho-
cyanin. All the assessments were conducted imme-
diately after harvesting for the optimized accuracy of

the measurements. Fresh weight was measured after
removing moisture remaining on the leaf lettuce, and
dry weight was measured after drying the lettuce at
60 °C for 24 h in a Forced Convection Oven (ON-12Gw
L080125, Jiio Tech, Korea). The average weight of the
leaves was computed as the average value of the weight
of five heaviest leaves on the plant and the number of
leaves index included only leaves that had lengths of
5 cm and above. Sweetness and NO;-N were measured
with Digital Saccharimeter (HI 96801, Hanna Instru-
ments Inc, USA) and NO; -N meter (S040, HORIBA
Ltd., Japan), respectively after juice extraction out of
the leaves. Chlorophyll content was measured from the
mid leaves using chlorophyll meter (SPAD-502, Konica
Minolta, Japan) between 10 and 11 a.m. on the har-
vesting day. The anthocyanin content was measured
by taking a 2 g piece of the leaf lettuce from the sec-
ond leaf node crushing it in a mortar containing 2 ml
of extracting solution made by mixing 95% ethanol and
1.5 N HCl in a ratio of 85:15 (v/v). 1 ml of the superna-
tant was siphoned off in a micro test tube and stored
in a refrigerator set at 4 °C for 24 h. The supernatant
obtained was centrifuged for 20 min at 13,000 rpm and
later diluted with the extracting solution. The antho-
cyanin content was then analyzed with UV-Vis Spec-
trophotometer (Genesys 10 s UV-Vis, Thermo Fisher
Scientific, USA) set at 535 nm (Fuleki and Francis
1968).

Statistical analysis
Statistical analysis of the data obtained was conducted
by a one-way analysis of variance (ANOVA) of the SPSS
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(IBM SPSS Statistics version 24.0) for significance and
post-testing was performed through Duncan method,
variability in the data was expressed as the standard devi-
ation, and a value of P<0.05 was considered to be statisti-
cally significant.

Results

Physicochemical properties of soil, BSG, and BByyy

The results of the physicochemical properties of the soil
before leaf lettuce cultivation are shown in Table 1. The
ratio of sand, silt, and clay in the soil was 74.72, 10.67
and 14.61%, respectively, therefore, the soil texture was
adjudged as sandy loam following the USDA soil tax-
onomy. The soil was weakly acidic with a pH of 6.16, the
EC was 0.18 (dS m™!) while the available P,O was 498.81
(mg kg™!). C content was 0.07% but N was not detected.
Exchangeable cations amounted to 0.23, 9.64 and 6.06
(cmol_kg™!) of K¥, Ca®t and Mg?", respectively.

As indicated in Table 2, biochar yield decreased with
the increasing pyrolysis temperatures with the yield
amounting to 52.40, 27.30 and 24.19% of the BSG bio-
mass when pyrolyzed at 300, 500 and 700 C, respec-
tively. On the other hand, pH of the biochar BBj,
BBy, and BB, increased to 6.02, 7.10 and 7.82, respec-
tively from 5.20 in BSG. EC of the biochar in the cur-
rent study decreased from 2.69 in BSG to 0.73, 0.41 and
0.21 (dS m™') at 300, 500 and 700 C, respectively. The
T-P contents were in the order of BB, (3.75%)>BB,,
(3.39%) >BB;,, (1.57%)>BSG (1.01%). C and C/N
increased with the increasing pyrolysis temperatures
while the N content was highest in the BB, (4.87%) fol-
lowed by BB, (4.47%), BSG (3.96%) and BB, (3.79%).
Inorganic contents of K,0O, CaO and MgO were highest
in the BBy, with concentrations standing at 0.24, 1.26
and 1.35%, respectively.

Chemical properties of the soil after leaf lettuce growth
The results of the chemical properties of the soil after
the growth of the leaf lettuce on BSG and BByyy
amended soils are shown in Table 3. While the pH of
the control experiment declined to 6.06, those of BSG
and BByxx amended soils increased although the incre-
ments were higher in the 5% than in the 2% amended
soils except for BSG treatment. The application of BSG to
the soil augmented its EC while BByyy amendments pro-
duced opposite effects on the soil reflecting their corre-
sponding low EC values. In addition, the EC values were
higher in soils amended with BByyx 5% than those with
2% for all the treatments.

The available P,O; increased in all the BByyy amended
soils compared with the control but BBy, 5% regis-
tered a value less than that of the control. Soil C content
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increased in all the BByxx amended soils and the incre-
ments were magnified with the application of biochar
pyrolyzed at higher temperatures and at a higher appli-
cation rate of 5%. Consequently, the amount of organic
matter in the soil also increased in the same fashion
with a maximum value of 6.35% obtained with the appli-
cation of BB,, at 5%. The soil N content in the control
was not detected as was the case at the beginning of the
experiment while its concentration was higher in the 2%
than in the 5% BSG and BByyy treatments, with a maxi-
mum value of 0.20% recorded in BBg,, 5% and BB, 5%
amendments. The highest values for the exchangeable
cations were 0.24, 9.44 and 6.21 (cmol, kg™') for K* in
BSG 5%, Ca*" in BBy, 2% and Mg>" in BB;y, 2% amend-
ments, respectively.

Growth characteristics of leaf lettuce

Photographs of leaf lettuce grown on each BSG and
BByxx amended soils are shown in Fig. 2 while their
growth characteristics are indicated in Table 4. The BBg,
5% treatment produced the most stunning results across
all the growth characteristics measured except for the
number of leaves. In that regard, BB, 5% treatment out-
performed the rest of the amendments and was closely
followed by BB;, 2% treatment while BSG 5% treatment
elicited adverse effects on leaf lettuce growth. Typically,
the fresh shoot weight of the lettuce (107.24 g plant™?)
produced from a BBgy, 5% amended soil was approxi-
mately 1.44 times higher than that of the control
(74.29 g plant™!), whereas the fresh shoot weight of the
BSG 5% treatment (32.78 g plant™') was approximately
0.44 times lower than the control. It is thus evident that
BByxx amendments were largely beneficial while the
pristine BSG amendment was mainly detrimental. Also,
higher application rates of BByyx (5%) led to lower let-
tuce yields than the 2% amendment except for BBy,
amendment as shown in Table 3.

The fresh roots of BBsy, and BB, treatments were
heavier than the control. The heaviest fresh roots of
76.04 g were obtained from BB;),, 5% amendment, a
value approximately 1.67 times higher than the fresh root
weight of the control (45.60 g) while the fresh root weight
of the BSG 5% treatment (15.56 g) was about 2.9 times
lower than that of the control. The average water content
of the plant shoots of all the treatments was recorded at
about 92% with no significant differences amongst the
treatments while the average value of water content in
the plant roots stood at approximately 86% with no sig-
nificant differences among the treatments.
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Table 2 Physicochemical properties of dried BSG, and BBxxx produced at the different pyrolysis temperatures

Sample Yield (%) pH(1:10H,0) EC(dS m~") T-P (%) Elemental content (%) C/N ratio Inorganic contents (%)

C N K,0 CaO MgO

BSG - 520+001 269+001  1.01£001 51.044+137 3964+020 1291+£033 008+001 040+001 041001
BB50o 52404142 6024003 073+£000  157+0.10 66434188 4474025 1489+083 0.15+004 073+£002 0714003
BBsgo 2730£0.73 7.10£0.00 041£000 375£0.14 7340+164 487£0.14 1506£046 024+001 1.26+£002 1354002
BB,go 2419£141 7824003 021£0.00  339+£008 7607%£174 379£005 20094+040 022£000 1.18+£004 1.35£0.02

BSG brewer’s spent grain, BBxxx brewer’s spent grain biochar (pyrolyzed at xxxC), EC electrical conductivity, T-P total phosphorus, C carbon, N nitrogen, OM organic

matter

Table 3 Chemical properties of the soils under the different amendments at the end of the leaf lettuce growing season

Treatment pH (1:5H,0) EC(dS m~") Awv. P,05 (mg kg") Element content (%) OM (%) Exchangeable cations (cmol, kg")
C N K+ Ca?t Mg?*

Control 6.064+002° 0264000 53224194 0064001° 0004000 0.104001% 0154001° 8404020 52140.13°
BSG 2% 6.5340.16° 037+007° 8762+24.1° 034+£001° 0.04+£001° 05940029 0.18+£004%* 8944063 5794041°
BSG 5% 6.354£008° 1.124021° 6036+ 14.2¢ 066+£0.38 0.09+£006° 1.13+£066% 024+£002" 8684035 5774021°
BBy 2%  6294006° 0224002 58034133° 061+£0.10° 004+£001° 1.06+£0.17% 0.14+£001° 9424038 6214027
BBy 5% 6384011 0264003 452041149 1404007° 0.104£001° 2414012 0.184+004%® 9014007 6.14£0.09%
BBepy 2%  6304£007° 0214000° 89054 152° 1674023 0.124£002° 288+£040° 0204009 9444007° 6.13+£011%
BBsyy 5% 6414007 02440015 907.3417.4° 29640.77° 0204006* 5104133° 0184003 89440197 6.1440.12%°
BB,n2% 6324009 0194001 57344184° 1824032 0104£003° 313+£056° 017£002° 9154021 611+£009®
BBy 5% 6424002 0254001 566.149.8° 368+£036° 020+£003" 635+063" 0.18+£001* 896+0.25° 5744023

The letters denote significant differences amongst the different treatments based on the results of the Tukey posthoc tests

BSG brewer’s spent grain, BBxxx brewer’s spent grain biochar (pyrolyzed at xxx'C), EC electrical conductivity, Av. P,O; available P,Os, C carbon, N nitrogen, OM organic

matter

Quality characteristics of leaf lettuce

The quality characteristics of leaf lettuce grown on BSG
and BBxxx amended soils are shown in Table 5. Sweet-
ness degree of the leaf lettuce was highest in the crops
grown on the BBy, 5% amendment (3.83 Brix) whereas
the lowest value of 1.67 (Brix) came from the BBy, 5%
amendment. The nitrate-nitrogen content was generally
high in lettuce grown on BB, and BB,,, amended soils,
with the highest value of 2200 (mg kg™') obtained from
BBy, 2% treatment while the lowest nitrate-nitrogen
content was recorded in the control (773.33 mg kg™?).
Chlorophyll content was highest in the lettuce grown
on BB;), 2% treatment (33.73 SPAD) and lowest in the
crops grown on the BB, 5% treatment (25.47 SPAD).
The anthocyanin content was highest with the BB,
2% treatment (0.28 mg g~') and lowest in the BSG 5%
(0.15mgg™).

Discussion

As indicated above, the yield of biochar decreased with
increasing pyrolysis temperatures which accorded with
the observations made by Woo [4] and Lim et al. [25]
that the higher the pyrolysis temperature of biomass,

the lower the biochar yield. The pH of the biochar BB,
BB, and BB, rose with increasing pyrolysis tempera-
ture. The concentration of alkaline salts increased along
pyrolysis temperatures, an observation consistent with
the previous studies by Ahmed et al. [26], Shinogi and
Kanri [27] and Oh et al. [28]. EC of BByyy decreased with
the increasing pyrolysis temperatures contrary to most
previously conducted studies by Cantrell et al. [29], Lim
et al. [25, 30] who reported increased EC upon increasing
the pyrolysis temperatures. Mussatto et al. [15] reported
that the hot water extraction drains a lot of components
out of the malt while Lee et al. [16] indicated that due to
the extraction of beer components, brewer’s spent grain
contains lower ash content than other biomass which
may explain the decreasing trend of EC values observed.
Additionally, Woo [4] revealed that the ratio of stable
aromatic hydrocarbons increases as the pyrolysis tem-
perature of the biochar increases. Hence, since the hot
water extraction of malt during the beer production
process had already extracted a lot of components, pro-
ducing lignin-rich brewer’s spent grain, pyrolysis of BSG
increases the aromatic hydrocarbons, stabilizing the bio-
char and lowering the EC of the resultant BByyy. The
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BBsg 5%
Fig. 2 Photographs of the leaf lettuce leaves obtained

Table 4 Yield components of the leaf lettuce

Treatment Fresh shoot(g Freshroot(g Dryshoot(g  Dryroot(g Number Leaf length Leaf width Weight
plant™") plant™) plant™) plant™) of leaves (ea  (cm) (cm) per leaf (g
plant™) plant™)

Control 74294299°  45604350% 67941125 807+023%¢ 190041.00°¢ 160140.19> 10054048 24614250%
BSG 2% 670541925 26.194266%  6184221° 4364049  15674£208% 1488+£227°9 12414286  2858+1068°
BSG 5% 327847749 1556+448° 2924090 2674053 12334252 12884254 8374228  14334281°
BBsgo 2% 79824917° 39184920  648+0.89° 593+£1.26% 196740589 16654228° 11.794045° 3046+ 3.60°
BB1oo 5% 533841265 37444935% 5064168 6254+1.56% 180042659 1544+£217< 93941617  1686+4.29"
BBy 2% 106874473 5141+888°  8794099% 908+189%° 24004200 19134131  12424112°  34344660°
BByyo5%  107.24+305% 7604+642%  931+069° 11444£079° 23004200 19724072°  1267+030°  3141£371°
BB, 2% 77074731° 47624688 6204078 78541.10°¢  23004346® 16304096 10104069 272743237
BB,oo 5% 72974£082° 46874906  699+050™ 8534246  2167+208™° 16444037 10604043 24994029%

The letters denote significant differences amongst the different treatments based on the results of the Tukey posthoc tests

BSG brewer’s spent grain, BBxxx brewer’s spent grain biochar (pyrolyzed at xxxC)
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Table 5 Quality characteristics of leaf lettuce produced with the different amendments

Treatment Sweetness degree (Brix) Nitrate-nitrogen (mg kg“) Chlorophyll (SPAD) Anthocyanin (mg g“)
Control 330+£0.36° 773341986¢ 31.0341.50%¢ 0.2540.05°

BSG 2% 2474050% 1236.64398.8° 2860+ 2.23° 0254011

BSG 5% 3174025 1466.6 41528 26334140 0.1540.07°

BBsqo 2% 2.67 40,06 1333343215 27.9342.36% 0.214£007*

BB1oo 5% 1674035 1073342411 28.87 43.95%< 0.26+£0.02°

BBxyo 2% 2.07+£0.25° 2200.0 £ 264.6° 3373+4.16° 0.2640.00°

BBy 5% 3.0040.20° 1466.64251.7° 33.274£294%® 0.26+0,03°

BBy 2% 3074023 1866.64 152.8% 296342462 0.2840.04°

BB, 5% 38340312 1466.7 4 152.8> 2547 +1.36¢ 0.2640.03

The letters denote significant differences amongst the different treatments based on the results of the Tukey posthoc tests

BSG brewer’s spent grain, BBxxx brewer’s spent grain biochar (pyrolyzed at xxxC)

observed increase in carbon content of the BBy, BB,
and BB,,, with increasing pyrolysis temperature corre-
sponded well to a previous study by Lim et al. [25]. Woo
[4] reported that depending on the temperature at which
biochar is produced, the higher the pyrolysis tempera-
ture, the higher the carbon content and recalcitrance of
the resultant biochar.

The changes in soil pH showed closeness to the intrin-
sic pH values of BByyy but BSG amended soil surpris-
ingly registered a high increase in pH although BSG
had an inherently low pH. The latter could have been
due to evolution of ammonia from the decomposition
of uncharred organic waste (BSG) as was elaborated
by Yang et al. [31]. Available P,O; of the amended soils
increased with increasing pyrolysis temperatures. The
increased available P,O; may be due to the rise in pH of
the soil elicited by BByyx amendments. Previous stud-
ies by Kim et al. [17] and Kang and Hong [32] reported
that the available P,O5 concentration increased by up to
1.7 times when the soil pH increased from 4.0 to 8.0 and
3.5 times above pH 8.0. Additionally, due to the hydroly-
sis of phosphoric acid compounds and reduction of iron
oxides [32], the available P,O; is expected to increase.
The observed increases in exchangeable cations in all the
amended soils were in agreement with previous observa-
tions by Lee et al. [33, 34] who observed similar incre-
ments in soil exchangeable cation concentrations upon
biochar addition to the soil. This result is judged to have
been affected by inorganic contents contained in the
biochar.

Biochar has recently drawn significant attention from
many researchers for its potential as a soil amendment
to improve crop growth [35, 36]. In our current study,
the BBy, 2%, BB5yg 2%, BB5y, 5% and BB, 2% showed
higher growth results than the control, an observation
that accorded with previously concluded studies by Lee
et al. [34] and Luyima et al. [37] who reported improved

plant growth upon biochar addition to the soil. The
fresh roots of BB, and BB, treatments were heavier
than the control something that concurred with Chan
et al. [38] who delineated that biochar increases the
growth of plant roots. Therefore, biochar amendments
had positive effects on the growth of crops with the
most outstanding result coming from the BB, amend-
ment. Lee et al. [33] reported that biochar amended
soil affects nitrate nitrogen contents in crops. This
study showed that biochar improved the absorption of
nitrate-nitrogen possibly through aiding proper root
growth in the BB, and BB,,, amended soils and was
in agreement with a study by Oh et al. [5] who reported
that biochar amendments support proper root growth
which in turn improve the plants’ ability to absorb
nitrate nitrogen. Additionally, all biochar amendments
boosted anthocyanin production in leaf lettuce save for
BB300 2%. This result indicates that anthocyanin devel-
opment is favored by biochar addition into the soil in
accordance with several previous studies for example
by Hilioti et al. [39].

The current study was conducted to elucidate the most
suitable option of recycling brewer’s spent grain through
pyrolysis for optimized agricultural productivity. The
experimental results clearly show that the biochar pyro-
lyzed at 500 °C is the most suited for the soil amendment
role. Except the BB, treatment which performed rela-
tively well at both application rates even though the BB,
5% produced the most outstanding resuts of the two,
all the remaining amendments produced better growth
results when applied at a rate of 2%. Additionally, applica-
tion of pristine BSG to the soil should be avoided if maxi-
mum agronomic benefits are to be realized. In summary,
therefore, biochar production from brewer’s spent grain
looks a sound way of recycling the waste but since this
study only looked at the effects on soil chemical prop-
erties and agronomic performance of the leaf lettuce
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grown, more studies are required to unlock the unknown
merits of biochar derived from brewer’s spent grain.
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