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Objectives: Phytotoxicity is a significant indicator of final compost product maturity and is assessed
through germination bioassays using a variety of crop seeds. In this study, the final composted product
extracts from a mixture of different raw materials, such as swine manure (SM), biochar (BC), and sawdust
(SD) were examined for their phytotoxic effects on five different commercial vegetable crop seeds.
Methods: The final composted products were procured by applying four different treatments (i.e., SM +
SD + 3%BC (T1), SM:SD + 5%BC (T2), SM:SD + 10%BC (T3), and SM:SD (C) used as a control (without nano-
biochar). The effect of phytotoxicity on vegetable crop seed growth was measured using GI% (germination
index), RSG% (relative seed germination), and RRE% (relative root elongation) in five commercial crops,
including radish (Raphanus sativus), carrot (Daucus carota), cabbage (Brassica oleracea), tomato
(Lycopersicon esculentum), and napa cabbage (Brassica rapa).
Results: In accordance with the phytotoxicity results, none of the treatment compost product extracts
had any phytotoxic effect on the five commercial crop seeds, which agreed with our previous study on
final product nutrient availability and manure maturity. Moreover, T3 (10% BC) showed the highest GI
value compared to the other treatments, including the control.
Conclusions: Overall, the results confirmed that compost extract, especially 10% biochar amendment, was
beneficial for commercial vegetable crops.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Generally, most solid wastes are generated from human activi-
ties, which can be categorized based on hazard and composition in
accordance with their source (Sharma et al., 2021; Al-Dhabi and
Arasu, 2021). Usually, solid wastes are generated from commercial,
domestic, industrial, and agricultural activities. Estimates suggest
that more than two billion tons of solid wastes are generated on
account of several anthropological functions in 2016; this exces-
sive production has unfavorable effects on the environment
(Ferronato and Torretta, 2019; Sorathiya et al., 2014). Since the
1980s, the number of livestock in Korea has steadily increased with
the rise in meat consumption. According to recent statistics, meat
consumption has risen from 11.3 kg per person in 1980 to 53.9 kg
per person in 2018, with pork being the most preferred meat, fol-
lowed by beef and chicken (Statistics Korea, 2020). High meat con-
sumption has led to a rapid increase in livestock manure, such as
swine and chicken manure. As inorganic fertilizers are more
expensive and have a limited capacity in enhancing soil quality,
farmers are turning to organic manure, such as chicken manure
or swine manure. However, livestock manure contains notable
heavy metals and phytotoxic compounds (e.g., ammonia, ethylene
oxide, organic acids, phenols, salts, heavy metals, etc.) (Luo et al.,
2018; Barral and Paradelo, 2011), which can enter agricultural soils
through improper management of animal feed and storage sys-
tems. Cho et al. (2017) and Irshad et al. (2013) suggested that
the presence of heavy metals in manure depends on the animal
type, feed, and farm practices. In contrast, Yadav and Garg (2008)
reported that an acceptable and limited range of heavy metal con-
tent may be essential for plant growth and crop productivity
(Table 1).

Biochar is a solid, carbon-rich material produced from different
waste biomass during pyrolysis (�700 �C) in an oxygen-limited
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Table 1
Characteristics of final compost (Ravindran et al., 2019).

Parameters (Units) Final Compost

T1 T2 T3 Control

pH 8.27 ± 0.46 8.35 ± 0.48 8.4 ± 0.49 7.4 ± 0.44
EC (mS/cm) 0.86 ± 0.03 0.87 ± 0.03 0.85 ± 0.03 0.84 ± 0.03
C/N ratio 17.1 ± 0.87 16.5 ± 0.82 15.8 ± 0.79 18.9 ± 1.00
Heavy metals (mg/kg)
Pb 32 ± 0.96 21.2 ± 0.73 15.7 ± 0.56 55.2 ± 1.79
Cd 1 ± 0.02 0.8 ± 0.01 0.69 ± 0.01 1.1 ± 0.03
Zn 423 ± 12.98 395 ± 12.91 361 ± 13.93 496 ± 17.16
Cu 179.9 ± 8.59 165 ± 6.07 153 ± 5.92 206.3 ± 8.49
Ni 11.61 ± 0.69 10.7 ± 0.67 9.47 ± 0.54 7.23 ± 0.42

Note: The data represent the mean ± standard deviation of three replicates.
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environment. Recently, it has received significant attention as it
known to increase plant productivity, reduce nutrient leaching,
and decrease soil acidity. Several researchers have also suggested
that biochar can increase soil microbial biomass, rhizobia nodula-
tion, plant K tissue concentration, soil NPK content, and total soil
carbon (C). Thus, biochar can influence plant productivity and seed
germination (Novak et al., 2009). Our previous study focused on
swine manure composting using different ratios of biochar, that
is, 3%, 5%, and 10% for phytotoxic reduction (Ravindran et al.,
2019). However, phytotoxicity germination assay is one of the
most useful factors for evaluating agricultural compost quality
and estimating the optimum application dosage (Roca-Pérez
et al., 2013). Generally, the process of determining phytotoxicity
is a sensitive and reliable plant assay, which includes planting
seeds in compost and measuring phytotoxicity via germination
(Boluda et al., 2011). In this study, the phytotoxicity of four differ-
ent treatments of composted manure extracts was evaluated using
five different commercial crop seeds, namely radish, tomato, car-
rot, cabbage, and napa cabbage as test crops.
2. Materials and methods

2.1. Collection of final composted material

The final composted sample was procured from four different
composting treatments, which were performed in a temperature-
controlled laboratory (20–22 �C) at Kyonggi University (37.3005
�N; 127.0358 �E) in Suwon, Gyeonggi Province, South Korea. Com-
posting was performed for 50 days using food waste mixed with
swine manure, chicken manure, and sawdust using different ratios
of biochar, as described in our previous study (Ravindran et al.,
2019).

2.2. Chemical analyses

A compost and deionized water ratio of 1:10 (w/v) was used for
electrical conductivity (EC) and pH analysis (Ravindran, et al.,
2017). Total carbon (TC) and total nitrogen (TN) were measured
with a Trupec C/N auto analyzer using the dry combustion tech-
nique (LECO, 2003). Aqua regia (3:1v/v hydrochloric acid: nitric
acid) was used in a MARS 5 microwave digester (CEM Corporation,
Matthews, North Carolina) to determine the total Ca, Mg, Na, and
heavy metals, including Cu, Cr, Ni, Zn, and Pb.

2.3. Phytotoxicity study

A seed germination bioassay was used to determine the phyto-
toxicity of various composting treatments using five commercial
vegetable crops. Seed germination bioassay was conducted using
the Tiquia and Tam (1998) technique and final composting sample
2

extracts were produced with distilled water at a ratio of 10:1
(Ravindran et al., 2016). Distilled water was chosen as the control.
These samples were agitated for 1 h on a mechanical shaker before
filtering them through Whatman� No. 1 filter paper for extract
preparation. Then, a piece of Whatman� filter paper was placed
in a disinfected Petri dish and soaked with 5 mL of composted sam-
ple extract. Five seeds of radish (Raphanus sativus), carrot (Daucus
carota), cabbage (Brassica oleracea), tomato (Lycopersicon esculen-
tum), and napa cabbage (Brassica rapa) were placed on top of the
filter paper and incubated at 18 �C for 5–7 days with no light. All
experiments were performed in triplicate. Germination index (GI
%) was determined by counting the average root length as well
as the average number of germinated seeds in every sample and
comparing with the control treatment. Then, relative seed germi-
nation (RSG%) as well as relative root elongation (RRE%) were cal-
culated, as follows (Ravindran et al., 2017):

RSG %ð Þ ¼ No: for seed germination in the compost extractð Þ
= No: of seeds germinated in the controlð Þ � 100

RRE %ð Þ ¼ Mean root elongation in the compost extractð Þ=
Mean root elongation in the controlð Þ � 100

GI %ð Þ ¼ %RSGð Þ � %RREð Þ=100
The results were derived from a statistical analysis of three

replicates (n = 3) and the computation of standard errors (SE).

3. Result and discussion

3.1. Phytotoxicity evaluation of final composted sample extracts on
commercial crop seedlings

3.1.1. Effect of relative seed germination
Phytotoxicity is a well-known primary issue when applying

untreated manure or immature compost to agricultural soil
(Ravindran et al., 2017). In this study, toxin bioassays were per-
formed on four different composting treatment samples to deter-
mine the level of phytotoxicity. In general, plant seeds adsorb
extracts and use their nutrients for various metabolic processes,
such as cell division, elongation, and differentiation (Cho et al.,
2017). The results of RSG% were as follows: 90–100% for tomato;
88.8–111.1% for radish; 100–180% for carrot; 180–200% for napa
cabbage, and 116.6–166.6% for cabbage (Table 2). In the case of
tomato, two treatments had an RSG% value of 100; for radish, only
T3 showed a value greater than 100%; three treatment values were
higher than 100% in the case of carrot; for napa cabbage and cab-
bage, all the treatment values were above 100%. In addition, the
RSG% values for T2 and T3 extracts were found to be 100–200%
for all five crops. However, the RSG levels may have decreased
because the extracts released hazardous chemicals and short-



Table 2
Relative seed germination (%) of different vegetable crops extract of four final compost treatments.

Extract collection treatment Bioassay crop

Tomato Radish Carrot Napa cabbage Cabbage

T1 90 ± 2.7 100 ± 3 140 ± 5.6 200 ± 10 133.3 ± 5.3
T2 100 ± 5 100 ± 3 160 ± 4.8 180 ± 5.4 150 ± 6
T3 100 ± 4 111.1 ± 4.4 180 ± 9 200 ± 8 166.6 ± 5
Control 90 ± 2.7 88.8 ± 2.6 100 ± 5 180 ± 9 116.6 ± 5.8

Note: The data represent the mean ± standard deviation of three replicates.

Table 3
Relative root elongation (%) of different vegetable crop extracts of four final compost treatments.

Extract collection treatment Bioassay crop

Tomato Radish Carrot Napa cabbage Cabbage

T1 136.8 ± 5.47 100 ± 3 74.8 ± 2.24 839.6 ± 25.1 296.7 ± 8.9
T2 151.0 ± 4.53 102.4 ± 5.12 95.1 ± 4.75 864.3 ± 34.5 350.4 ± 10.5
T3 158.4 ± 4.75 103.6 ± 4.14 97.84 ± 3.91 883.5 ± 44.1 354.5 ± 17.7
Control 132.2 ± 6.61 72.4 ± 2.89 57.9 ± 1.73 766.5 ± 38.3 187.8 ± 7.5

Note: The data represent the mean ± standard deviation of three replicates.

Fig. 1. Tomato seedlings growth germination bioassay using extract for compost
maturity analysis.

Fig. 2. Radish seedlings growth germination bioassay using extract for compost
maturity analysis.
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chain fatty acids with low molecular weight, mainly acetic acid
(Manjula and Meenambal, 2012).

3.1.2. Effect of relative root elongation
The range of RRE (%) results for five crop seeds from the four

treatments were as follows: tomato: 132.2–158.4%; radish: 72.4–
103.6%; carrot: 57.9–97.4%; napa cabbage: 766.5–883.5%; and cab-
bage: 187.8–354.5% (Table 3). Moreover, the RRE% values were
found to be less than 100% in carrot seedlings, including T1, T2,
T3, and control. The RRE (%) values for all crop seeds were found
to be substantially different (p � 0.05). In all five crops, the highest
RRE (%) value was reported in T3 extracts and the lowest was found
in the control extract. A strong correlation was found between T3
extract’s highest RRE and RSG percent values; perhaps the T3
extract contained more nutrients than the other extracts. However,
RRE% could have been higher as a result of manure nitrogen con-
tent, indicating the importance of organic molecules for plant
growth. Livestock manure is excellent source of organic carbon,
which is crucial for enhancing soil, whereas nitrogen (N) is crucial
Fig. 3. Carrot seedlings growth germination bioassay using extract for compost
maturity analysis.



Fig. 4. Napa cabbage seedlings growth germination bioassay using extract for
compost maturity analysis.

Fig. 5. Cabbage seedlings growth germination bioassay using extract for compost
maturity analysis.

Table 5
Heavy metals limits (mg/kg) for manure in Korea, USA and European countries (Cho
et al., 2017).

Heavy
metal

Korea limit
range

European Union
limit range

USA biosolids limit
range

Copper (Cu) 360 70–600 1500
Cadmium

(Cd)
5 0.7–10 39

Chromium
(Cr)

200 70–200 1200

Nickel (Ni) 45 20–200 420
Mercury

(Hg)
2 0.7–10 17

Lead (Pb) 130 70–1000 300
Zinc (Zn) 900 210–4000 2800
Arsenic (As) 45 25 41
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for plant growth. Generally, the standard range of C/N ratio for a
good final composted product is 25–30 (Azim et al., 2017). On
the other hand, a C/N ratio below 25 can be harmful to plants as
it can lead to excessive ammonia toxicity, thereby inhibiting plant
growth. Some researchers have also disclosed that in the case of
manure only, a C/N ratio of less than 20 exhibits the manure exis-
tence and maturity of the manure, which is suitable for growing
Table 4
Germination Index (%) of different vegetable crop extracts of four final compost treatmen

Extract collection treatment Bioassay crop

Tomato Radish

T1 132.2 ± 5.3 100 ± 5
T2 142.6 ± 4.3 103.6 ± 4.1
T3 151.1 ± 7.5 113.8 ± 3.4
Control 99.5 ± 2.9 64.4 ± 1.9

Note: The data represent the mean ± standard deviation of three replicates.

4

the plant (Ravindran et al., 2019). Cardoso et al. (2012) stated that
N and P have eminent and beneficial effects on aerial and root
growth. However, heavy metal contamination can change in their
physiological and biochemical activities, thereby retarding their
growth (Asati et al., 2016). Cho et al. (2017) also mentioned regard-
ing the heavy metals limits (mg/kg) for manure in Korea, USA and
European countries (Table 5).
3.1.3. Effect of germination index
The evaluation of germination index (GI) using seeds is a feasi-

ble indicator for denoting composted manure maturity by the pro-
cess of phytotoxic assessment of seed and seedling growth
(Ravindran et al., 2019). The pH and EC values also play an impor-
tant role in the assessment. pH variation can affect the ability of
plants to absorb nutrients and also inhibit root growth. Moreover,
EC is a key determinant of soil salinity (the content of soluble salts)
as well as the presence of potentially toxic salts, which may alter
soil physical characteristics, and cause ion toxicity and osmotic
stress. These could impact physiological processes as well as crop
germination in plants (Dikinya and Mufwanzala, 2010). Generally,
germination index (GI) is based on the phytotoxicity quantification
using crop seedlings, RRE, and RSG in the assay phase. A GI level of
less than 50% indicates mild phytotoxicity, 50%-80% indicates mod-
est phytotoxicity, and >80% demonstrates no phytotoxicity
(Ravindran et al., 2017). In the present analysis, all five crops
(Figs. 1–5) showed GI of <50%, indicating no phytotoxicity. Moder-
ate phytotoxicity (>50%, but <80%) was observed in one treatment
(control) with radish and one treatment (control) with carrot only,
while there was no moderate phytotoxicity seen in tomato, cab-
bage, and napa cabbage (Table 4). GI values greater than 80% were
recorded in all four treatments for tomato, napa cabbage, and cab-
bage, indicating that there was limited or no phytotoxicity in the
final composted extracts. Moreover, medium phytotoxicity was
recorded in the control treatment for radish (64.4%) and carrot
(57.9%). Thus, the highest GI value was recorded in T3 (10% BC),
while the other treatments indicated sufficient maturity (Fig. 1).
ts.

Carrot Napa cabbage Cabbage

119.7 ± 5.9 1533.0 ± 45.9 472.7 ± 14.1
136.9 ± 4.1 1555.9 ± 46.6 494.5 ± 24.7
171.3 ± 6.8 1767.0 ± 88.3 525.6 ± 26.2
57.9 ± 2.3 579.2 ± 23.1 110 ± 3.3
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4. Conclusions

The results revealed that the final composted samples using
four different treatments were significant sources of nutrients. Bio-
char combined with swine manure had a positive impact through
the in-vessel composting working process. Most of the treatments
showed no phytotoxicity effects, except the control. Moreover, T3
showed the maximum GI values for all crops. Therefore, the appli-
cation of biochar (10%) with swine manure and sawdust mixture
treatment (T3) is important to increase the content of nutrients
and reduce the level of phytotoxicity in plants.
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