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ABSTRACT

This experiment was carried out in the greenhouse of Department of Botany, Lagos
State University, Ojo, campus, South West, Nigeria in 2024. This study evaluated
effects of guinea grass biochar (liquid and solid) on growth and nutritional profile in
Black Night Shade (BNS). BNS seeds treated with 150% liquid biochar (LB) emerged
4days earlier, produced highest number of seedlings (8.44) and germination (84.38%)
as well as plumule length (4.65 cm) in the seeds treated with 120% LB. Contribution
(153.63%) and yield (27.41%) were substantially higher in the seeds treated with 150%
LB. Plant height (42.33 cm) of the vegetable treated with 15¢g solid biochar (SB) as
well as number of leaves (24.67) in the vegetable treated with 15¢/L LB showed
significant increase. In addition, Leaf area (51.91 cm?), Specific leaf area (167.81(m?
kg™?), leaf area index (0.13 m2/m?), and leaf area ratio (0.25(m2kg) were improved in
BNS treated with15g/L LB .Relative growth rate (0.24(mgg? day?) and net
assimilation rate (0.08 (gm=2 day?') showed similar significant increase in the
vegetable treated with 15g SB. Dry matter fat, ash, crude fiber and carbohydrate
were improved byl15 g SB as well as most of the vitamins and minerals. In conclusion,
150% LB enhanced seedling emergence while 15g SB improved morphological traits
and nutritional profile of BNS, therefore incorporation of the biochar at 15 g SB and

150% LB are suggested for production of BNS.
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l.Introduction

Solanum nigrum L. Black night shade (BNS) is an
annual vegetable grown as a weed in moist
tropical and subtropical agroclimatic regions (Xu
et.al. 2012; Rani et al., 2017). Due to poor soil
nutritional  uniformity, unfavorable soil and
meteorological conditions under which vegetables
including BNS are cultivated need to be fortified
with organically rich nutrient sources such as
biochar in other to boost food production and
attain food security (Khan et al., 2024).

According to Lehmann and Joseph (2015),
biochar is a carbon-rich by- product of pyrolysis of
carbo-containing biomass. The use of the product
has gained attention recently owing to its unique
physical and chemical properties (Farah et al.,
2023). It enhances carbon sequestration, waste
management, maintain population of
microorganism, reduce leaching of
macronutrients, mitigate salt or drought stress
and improve production of reactive oxygen
species scavenging (Yuan et al., 2023). Studies
of Ahmad et al., (2020) showed that due to high
contents of essential nutrients, biochar is an ideal
choice for improving soil chemical, physical and
biological properties, seedling emergence, yield
improvement and amelioration of water stress
outbreak in plants (Ahmad et al., 2020).

Biochar can be generated from virtually all forms
of plants including grasses. Typical examples of
plant whose biochar can be of great benefit for
soil improvement is Panicum maximus L. (jacq)
(guinea grass). The grass is one of the most
economically important grasses which contain of
high forage quality used to feed livestock. Its
seeds attract many seed-eating birds and serve
as source of animal nutrient (D6ndu, 2021). The
grass grows profusely on drained soils used to
control erosion.

The grass has fibrous root system used to survive
bush burning without harming their underground
roots (Dondu, 2021). After fire outbreak, ashes
produced by the grass usually enhance massive
emergence of diverse species of plants as
important physiological and ecological processes
such as succession, regeneration and speciation
(Bashirzadeh et al., 2024).

Although, the fire outbreak or bush burning often
destroy ecological zones of fauna and flora yet
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the incidence is often preceded by regeneration
and biodiversity of plant species possibly due to
nutritional components of the grass. This attribute
may be regarded as positive influence of biochar
or ashes generated by the fire-outbreak from
plant on new emergence of new seedlings or
speciation as influenced by the ecological
phenomenon. On the other perspective, biochar
or ashes of such grass may be used to enhance
survival of plant experiencing quite long drought
periods, its physiological and biochemical effects
on vegetables including BNS. Seedling
emergence due to application of guinea grass
biochar may have broader implications on the
developmental strategies to mitigate the adverse
effects of poor soil condition on vegetable
production. In order to provide information on
cheap and organic methods of improving growth
and nutritional quality of BNS, this study
elucidated effects of two forms of guinea grass
biochar on agronomic attributes and biochemical
molecules in BNS.

2. Materials and Methods

2.1 Materials and experimental design.

A pot experiment was conducted in the
greenhouse of Department of Botany, Lagos
State University, Ojo, campus. Nigeria. Seeds of
Black Night Shade (BNS) were collected from
local farmers.

Top soil was collected between 0-6 cm depths
from the open field of Botanical Garden of the
institution using soil probe (Ojewumi et al., 2023).
The soil was mixed and sieved using a 4mm
sieve to remove debris and pebbles. One
thousand (1000g) of the soil were poured into
perforated planting buckets and the buckets were
divided into two based on the forms of the biochar
(solid and liquid). Distilled water served as
control. The planting buckets were arranged in a
completely randomized design of five replications.
2.2 Biochar preparation

Guinea grass straws were obtained, air-dried for
three weeks and used for biochar production
(Hann et et al., 2021 and Edirisinghe et al., 2022).
Two (2%) (20g) powdered biochar was regarded
as 100 % liquid biochar (LB) soaked in 100mL of
distilled water for 24hrs, filtered and the filtrate
produced was used for germination experiment
(Agboola 1996, Ajiboye and Agboola 2014, Ojo et
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al., 2022). Briefly, 10 seeds of BNS were placed
in 25 petri-dishes lined with cotton wool after
which 1mL of 30, 60, 90, 120, and 150% of the
LB was applied at every other day (Ojo et al.,
2022). The Petri dishes were covered, arranged
in a completely randomized design of five
replicates and monitored for four days for number
of seed germinated, percentage germination
plumule length, contribution and yield.

2.3 Analysis of Yield loss potential
seeds

Total yield loss potential (%) of the seeds was
calculated using the contribution% of the seeds
and their respective vigor index-2 values as
shown below:

Contribution% =
Number of seeds germinated

of
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Seedlings whose heights ranged between8-9cm
were selected and transplanted into 48 planting
buckets. The field experiment adopted two factors
(Two forms of biochar-Liquid and solid) at four
levels of inclusion of each form). The buckets
were arranged in a randomized completely block
design of five replicates in 2 x 4 factorial
arrangement. The seedlings were further watered
daily with 100 mL distilled water using foliar
application for another one week to facilitate
establishment of the seedlings in the planting
buckets (Ojewumi et al., 2023).

Furthermore, 0.5%, 1%, 1.5 % and 2% (5, 10, 15
and 20g) of the powdered biochar were
determined in relation to 1000g soil, regarded as
solid biochar (SB) and applied once throughout
the pergd of the experiment (Ojewumi et.al.,

Number of days after the seeds were plated to germinate in the nthzm) In addltlon 100 mL of 5, 10 15 and zog/L

............ eq. 1

The yield loss potential (%) for the seed was
calculated as:

Yield potential % =

Econtribution %
—— X meanVI
Maximum VI

Yield loss potential % = 100 — yield potential %
eq.3

Where, VI is the vigor index-2 (VI-1) value of the
seed, and the € contribution (%) is 100.
Contribution to yield loss % =

contribution % X yield loss potential %... eq. 4
Potential yield loss (%) was determined by
addition of contributions to yield loss (%) for the
seeds soaked in different concentrations.
Potential yield loss % = 100— €
conribution to yield l0SS Y%..........ccceeeeeeenn.
VI-2=Seedling Length X eq. 6
Germination % and VI-2 = Seedling Dry Weight X
Germination %0. .......ooveeeiiiiiiiieeeeee e, eq. 7
The vigor formula stated of Abdul-Baki (1973) in
Hossain et al. (2014) was adopted

2.4 Analysis of physical and Chemical
Properties of Soil:

The soil was analyzed for soil pH, Organic
carbon, total nitrogen and phosphorus (Huang et
al. 2022). Soil size was determined as outlined in
Hardie et al., (2014). Major macro elements were
also assayed (Huang et al. 2022).

2.5 Nursery preparation

Seedlings of BNS were grown in the Greenhouse
for 21 days during dry season (February-March).
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liquid biochar (LB) was applied once daily
throughout the season on another set of the
vegetable using foliar application. 100 mL distilled
water served as control experiment. The
experiment was monltored for four weeks

Figure 1: Biochar form (a)"arid its method of application(b)

2.6 Analysis of morphological trait and
growth components

Morphological traits (plant height, number of
leaves and weights) of the vegetable were
determined according to Ojo et.al. (2022). Total
leaf area was measured using LI-3000 C Portable
Leaf Area Meter (Ojewumi et al.,, 2022) while
other leaf growth related attributes stated below
were also determined (Ojewumi et al 2023)

leaf area

Specific leaf area = : _ ...eq.8
corresponding weight of leaf
. _ leaf area
Leaf area index = Area of litter fall e eq.9
. L 2—L 1
Relative growth ratezw .............. eq. 10
.. . 2-wl L 2—-L 1
Net assimilation Rate = “——— 292F 002 W
A2-A1 t2—-t1
..eq.11
. LogA2-LogA1l
Leaf area ration =.-22=—29% ... eq.12

w2-wl

Where Al = Area of leaf at t1, A2=Area of leaf at
t2, W1 = first measured weight (g), W2 = second
measured weight (g), T1 = initial time (weeks), T2
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= final time (weeks), e= exponential

2.7 Analysis of nutritional metabolites:

At the flowering stage (post vegetative stage),
leaves of vegetable were collected and assayed
for proximate contents following the procedure of
AOAC (2000) using the formula; Moisture was
determined using hot air oven technique for 1hour
at 72°C

Moisture=

weight of sample before drying - weight of sample after drying

Weight of sample before drying

100..... eq.13

Dry mater (%)=100-Moisturecontent.............. eq. 14
Crude fibre was assayed as outlined in AOAC
(2000)

crude fiber=

ZJIPAS (2024), 36(6);77-86

Vitamin E and Vitamin K (ug) were
according to AOAC, (2000)
VitaminE(ug/100g)

assayed

Absorbances of sample x Gradient factor x Dilution.Factor Weight of sample

weightofsamples
..eq.21
Vitamin K (ug) =

Absorbance of sample x average gradient factor x gradient factor

Weight of sample
eq.22
2.9 Statistical analysis
The data collected were subjected to a two-way
analysis of variance procedure of the General
Linear Model of Statistical Analysis System (SAS)
2013). The means were separated using Tukey’s
HSD testatp<0.055

Weight of spoutless beaker containing crude fibre—Weight of spouthesgfreakern TS AND DISCUSSION

Weight of the sample
eq. 15
The total carbohydrate in
determined as shown below.

the sample was

Total carbohydrate =100 — (% moisture + % fat + %

protein + %fibre) eq. 16
Micro-Kjeldahl technique described in (Ojewumi
and Oyebaniji (2020) was used to determine total
nitrogen
Protein(%)=

Titter valueX1.4X 6.25X01NHCLXvol used
Weight of sample x Aliquot digested sample used for distillation
..... €917
Crude fat and ash were estimated using the formula
stated below

Crude fat (%)=
Weight of flask with fat—weigtht of empty flask

Weight of. ogigi?alhsample
weight of as

Ash (OA)) - Weightgof samples
2.8 Analysis of nutritional elements
Atomic Absorption Spectrophotometer (Perkin —
Elmer Model 2280) was used to assay calcium,
magnesium, zinc and sodium in the sample.
Phosphorus was determined using Calorimetric
methods (Sahaptin and Bassiri 1975)

X10...eq. 18

Rretinol and Niacin were assayed using
spectrophotometer (Metrohm Spectronic 21D
Model) AOAC (2000).

Vitamin B6 =

Absorbance of sample X gradient factor X gradient factor eq
weight of sample ) '
20

Vitamin C (Ascorbic acid) was determined

using UV/isible spectrophotometer.
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Biochar has widely been used has not only in
industries or for domestic activities as sources of
energy but also in environmental protection,
improvement of soil quality, climate change
mitigation, remediation of contaminated soil and
crop production for sustaining food security (Sun
et al., 2014; Lehmann and Joseph, 2015). The
soil used for growing BNS investigated in this
present study characterized sandy loam texture
with (830g kg 1), (39 g kg 1) clay m and (127 g
kg?) silt as shown in table (1). The soil was
neutral (pH; 7.2) with considerable quantities of
organic carbon (16.4 g kg™), total nitrogen (3.3 g
kg and phosphorus (20.64mg kg?) (Table 1).
The outcome of assessment of the soil is a clear
indication that although the soil contained
appreciable quantity of the nutrients, however, it
needs further enhancement with organically rich
substances such biochar to boost the nutrients.
Table 1: The physical and chemical properties of the
soil used for the experiment

Parameters

Quantities determined

Textural class Sandy Loam
pH (H20) (1.1) 7.241.03
Particle size distribution (g kg)

Sand 830+2.70
Clay 39.0+1.41
Silt 127+2.58
Organic Carbon (g kg™) 16.4+1.45
Total N (g kg-1) 3.3£0.56
Available P (mg kg?) 20.64+1.56
Exchangeable Bases (cmol kg)

Potassium 1.50+0.02
Calcium 5.41+1.45
Sodium 1.70+0.04
Magnesium 1.46+0.03
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Application of liquid biochar (LB) of the guinea
grass produced substantial effects on
emergence and yield components of the BNS
seeds. Seeds of the vegetable treated with 150%
LB emerged 4days earlier compared with other
levels of inclusion of LB and control. Highest
number of seeds germinated (8.44) and
germination (84.38%) were also observed in the
seeds of BNS treated with the treatment as well
as plumule length (4.65 cm) in the seeds treated
with  120% LB. Furthermore, contribution
(153.63%) and vyield (27.41%) of the seeds
treated with 150% LB was significantly higher
compared with other levels of inclusion of the LB
(Table 2).

Early seed emergence recorded in the seeds
treated with 150% LB informs that germination
and sprouting of the seeds were activated by the
concentration of the treatment, hence the early
seeds sprouting observed 4days earlier
(Mentges et al., 2016, Macedo et al., 2017; De
Souza Moraes et al.,, 2020; Ojewumi et al.,
2023). The observation may also presume that
the treatment enhanced higher imbibition or
hydration in the seeds (Kuntal et al., 2022).
These processes might have softened the seeds
coat of the seeds, allowing inflow of the
treatment and oxygen into the seeds for
activation of hydrolytic (hydroxyl enzymes) or
proteolytic enzymes (amylase and proteinase)
required for degrading cell walls of the seeds.
The imbibition might have stimulated activities of
hydroxyl enzymes for conversion of metabolites
needed by plumule or radicle after sprouting of
embryo through the seed coat. This assertion
corroborates reports of Ojo et.al (2022) who
reported higher seedling emergence at 150m/L
botanials on Citrullus lanatus and Citrullus
colocynthis seeds. On the other view, the
imbibition might have activated production and
actions of some growth hormones to regulate
cell division, proliferation and development in the
seeds (Wolny et al., 2018). Furthermore, higher
germination and number of seed germinated
recorded in seeds treated with 150% LB or
longer plumule length produced by seedlings of
the vegetable treated with 120% LB suggested
that the parameters might have been influenced
by the constituents of the treatments enhancing
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81

ZJIPAS (2024), 36(6);77-86

activities such as cell division and elongation
required for growth and development of the
seedlings (Paz-Ferreiro et al. 2016; Amoakwah
et al. 2022). Beyond physiological processes
such as germination and seedling emergence,
the influence of plant-derived organic fertilizer
(Biochar) on seedling growth explored in the
present study showed notable variations in the
emergence and yield of BNS as influence by
various levels of liquid biochar. This observation
could imply that level of inclusion of liquid
biochar of the grass can promote enzymatic
activities on the seeds, improve translocation of
nutrients to growing points of the seeds and
seedling emergence of BNS (Duan et al.,2024).
Higher vyield loss (97.33%) contribution, yield
loss (11041.67%) and potential vyield loss
(12224.73%) were recorded in the seedlings of
the vegetable treated with control (Table 2). This
observation may depict significant influence or
involvement of the water (control) to the total
outputs of the seeds compared with level of the
treatments on the morphological characters and
total production of the seeds (Rao et al., 2017).
Table 3 and 4 revealed that both SB and LB
produced significant improvement in plant height
and number of leaves of BNS from 1 week after
treatment through 4weeks. Highest plant height
(42.33 cm) was observed in the vegetable
treated with 15g SB while number of leaves
(24.67) was counted in the vegetable treated
with 15g/L LB compared with other values of the
parameters in the vegetables grown under other
levels of inclusion of the LB.

Apart from seedling germination and emergence,
guinea grass biochar produced other notable
effects on morphological traits and leaf related
growth components of BNS. Higher plant height
and number of leaves recorded in the vegetable
grown under 15g SB may suggest that the

treatment contained maximum  nutritional
contents that can enhance physiological
activities such as tissue formation and

elongation, bud and leaf formation and general
proliferation of cells which can improve plant
growth (Kumari et al., 2022). Higher effects of 15
g SB biochar on the vegetable as indicated by
relative reduction in the parameters may
preempt that excessive amendment of soil with
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biochar may cause growth retardation and other
physiological processes (Hamzah and Shuhaimi,
2018).

The effects of varying levels of solid and liquid
biochar on growth components in BNS revealed
that LA (51.91 cm?), SLA (167.81 (m? kg'1), LAl
(0.13 m2m?), and LAR (0.25 (m? kg?) were
significantly higher (p<0.05) the BNS grown
under 15¢/L LB. Similar substantial increase was
noticed in RGR (0.24 (mgg* day?') and NAR
(0.08 (gm2 day?) in the BNS treated with 15g SB(
Table 5). In addition, the two forms of biochar at
various levels of inclusion produced significant
effects on proximate contents of the vegetable.
Highest moisture (91.74%) was noticed in the
leaves of BNS treated with 15 g LB. However,
dry matter (8.53%), fat (1.68%), ash (1.98%) and
carbohydrate  (3.02%) showed substantial
improvement in the vegetable grown under 15¢g
SB. Similar trend was noticed in crude fibre
(2.71%) in 5g LB and crude protein (3.09%) in
the vegetable treated with 20g LB (Table 6). In
addition, higher leaf related growth components
observed in the vegetable grown under 15g/L
may indicate that the treatment has better ability
due to its forms to supply higher nutritional
content to the vegetable as demonstrated in
wider leaf area incurred as precursor of
photosynthetic activities, metabolites assimilation
and utilization established in the growth rate of
the vegetable.

Furthermore, retinol (121.68mg/g), niacin (3.58
mg/100g), pantothenic (0.86 mg/100g), ascorbic
acid (15.44 mg/100g) and phylloquinone (74.52
mg/100g) were considerably increased in BNS
treated with 15g/L of SB. Similar significant
increase was noticed in sodium (17.33
mg/100g), calcium (61.33 m/100g) and zinc
(6.00 mg/100g) in the leaves of the vegetable
grown under 15g of SB as well as magnesium
(51.00 mg/g) and phosphorus (121.33 mg/g) in
the vegetable sprayed with 15 g /L of LB (Table
7).

Results of this study also demonstrated that
inclusion of the biochar has potential influence
on nutritional status of the vegetable as indicated
by appreciable qualities of nutritional indices
such as dry matter, fat, ash, carbohydrate,
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calcium, magnesium and zinc as well as higher
proportion of vitamins recorded in 15g SB. Thus,
the observation suggests clearly that 15g SB can
be adopted for production of the vegetable.
CONCLUSION

Result revealed that guinea grass biochar
contains appreciable amount of nutritional value
suitable for sustainable cultivation of BNS. Also,
all the levels of guinea grass biochar influenced
growth of BNS, however 150% and 120% of
guinea grass in germination showed better
performance on the morphological and
physiological attributes of the vegetable.
Therefore, 15 g /L and 20 g/L liquid biochar are
recommended for BNS cultivation.
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Table 2: Effects of varying levels of liquid biochar on emergence and yield of Black Night Shade seeds

ZJIPAS (2024), 36(6);77-86

Level of biochar (%) DBG NS %Germination PL Contribution Yield Yield Loss Contribution. yield loss Potential yield loss
30LB 5.75+0.21b¢ 4.88+0.77° 47.5048.141°>  2.05+0.52°¢ 84.08+14.75° 20.61+2.18°  90.45+4.18%°  9210.84+1337.34° 9418.84+1178.89%
60 LB 6.00+0.00° 5.69+0.71°> 56.88+7.11b 4.65+0.792  94.79+11.86°°  19.22+2.69°  95.14+2.69%  9430.99+1118.50° 9330.99+1118.50%
90 LB 6.50+0.132 5.00+0.66° 50.00+6.58° 3.29+0.56%° 76.93+10.06° 15.84+0. 929  97.43+0.922 7835.61+951.72¢ 7735.61+951.72°
120 LB 4.20+0.22¢ 5.70+0.65° 57.50+6.49° 4.96+0.662 106.07+11.93° 15.96+0.92¢  75.08+13.82%° 10283.10+1144.282° 10183.10+1144.28%
150 LB 4,00+0.13¢ 8.44+0.132 84.38+1.282 2.58+0.68> 153.96+1.862 27.404£10.942 72.59+10.94° 11041.67+1651.992 10679.07+1773.06%
Tap water 5.25+0.11¢ 6.31+0.63> 63.13+6.31° 1.21+0.33°  123.13+12.39%° 24.93+13.82° 97.33+0.92° 10830.29+2003.672° 12224.73+946.612

Meansz standard error followed by different superscripts on the same columns are significantly different (p< 0.05) according to Tukey’s HSD test at p <0.05.LB=
liquid biochar, DBG= Days before germination, NS= Number of seedlings, PL=Plumule length

Table 3: Effects of varying levels of solid and liquid biochar on

height (cm) of Black Night Shade

of leaves of Black Night Shade

Quantity Forms Weeks after treatment Quantity — Forms Weeks after treatment

) 1 2 3 47 1 2 3 4

5 SB 13.67+1.172%b 23.17+2.09° 31.00+3.51% 25P0+1.00c¢ SB 8.00+1.163  11.00+2.092® 12.33+0.883 19.67+3.482
LB 7.50+1.44b 10.50+2.26 10.50+2.25 14.00+3.06¢ LB 5.67+0.67° 7.33+2.25P 7.33+1.33¢ 13.33£2.33°¢

10 SB 12.83+1.742 20.33+3.38"¢  27.00+5.03P 26 50+2.03c SB 9.00+1.523 11.33+3.38% 11.33+2.40% 14.67+1.45°¢
LB 11.33+2.332b 16.33+4.91 16.33+4.91¢ 20.00+3.23¢ LB 7.67+1.202 8.00+4.910° 8.00£2.64°¢ 14.00£5.13°¢

15 SB 14.00£2.042  26.17+2.09° 33.33+7.132 4233:2.862 SB 9.00+2.65%"  11.67+3.09% 13.33t0.88%° 20.67+2.40%
LB 12.33+2.333b  19.83+3.98b¢  24.00+3.00¢ 32.33+3.93> LB 9.33£1.202 12.00+3.982 14.00+1.522 24.67+5.182

20 SB 11.50+1.263 20.33+2.72b¢ 28.33+3.84> 304%+3.19>c SB 7.33+1.20P° 11.6742.73%° 12.33+1.45% 17.67+0.88°
LB 12.504+3.12%  19.00+4.00°° 19.00+4.00¢  27.33+2.91¢ LB 9.03£1.33%®  10.00+4.00%* 10.00+1.00°  14.33+0.88°

Tap 8.17+0.44b 15.67+2.03  24.00+3.00°¢ 27‘%%%_49 6.00+1.00"  10.67+2.03% 12.33+0.33% 16.33+3.84P

water

Meansz standard error followed by different superscripts on the same
columns are significantly different (p< 0.05) according to Tukey’s HSD
test at p <0.05. SB= Solid biochar, LB= Liquid biochar

Meansz standard error followed by different superscripts on the same
columns are significantly different (p< 0.05) according to Tukey’s HSD

test at p <0.05. SB= Solid biochar, LB= Liquid biochar

Table 5: Effects of varying levels of solid and liquid biochar on growth component of Black Night Shade.

Quantity (g) Forms LA (cm2 SLA (m? kg™) LAl (m?2m-?) LAR (m? kgt) RGR(mgg* NAR(mgg*
day™) day™)

5 SB 28.64+1.46°¢ 85.33+2.13¢ 0.07+0.01%° 0.03+0.02c 0.18+0.03 2 0.01+0.01°
LB 11.00+0.56f 53.79+2.21 0.03+0.01%° 0.12+0.05° 0.22+0.05% 0.02+0.00°

10 SB 30.65+1.03° 82.24+2.28 ¢ 0.07+0.022° 0.01+0.00°¢ 0.11+0.07° 0.02+0.00P
LB 13.60+3.22f 57.67+£1.32¢ 0.03+0.012° 0.08+0.04° 0.11+0.07° 0.01+0.00

15 SB 33.70+3.19° 56.54+1.55¢ 0.08+0.032° 0.02+0.01°¢ 0.24+0.172 0.08+0.002
LB 51.91+3.672 167.81+1.312 0.13+0.082 0.25+0.172 0.05+0.01° 0.01+0.00°

20 SB 20.61+3.820 91.36+3.31° 0.05+0.012° 0.01+0.02° 0.17+0.082° 0.01+0.00°
LB 16.07+£0.53¢ 44.76+3.31 0.04+0.00 2 0.08+0.02° 0.08+0.04¢ 0.01+0.00°

Tap water 21.39+1.084 100.63+2.08° 0.05+0.00 & 0.05+0.02° 0.10+0.05° 0.02+0.00°

Table 4: Effects of varying levels of solid and liquid biochar on number

Meansz standard error followed by different superscripts on the same columns are significantly different (p< 0.05) according to Tukey’s HSD test at p <0.05, SB= Solid
Biochar, LB= Liquid biochar, LA=Leaf area, SLA= Specific leaf area, LAl= Leaf area index, RGR= Relative growth rate, NAR= Net assimilation rate, LAR= Leaf area ratio
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Table 6: Effect of varying levels of solid and liquid biochar on proximate compositions in black night shade

Quantity (g) Forms  Moisture (%) Dry Matter (%) Fat (%) Ash (%) Crude Fiber  Crude Carbohydrate
(%) Protein (%) (%)

5 SB 91.59+0.30% 6.45+0.28° 1.28+0.06° 1.63+0.06° 1.75+0.344 2.29+0.01¢ 1.86+0.06°
LB 89.79+0.29d  7,69+0.022 1.23+0.02° 1.81+0.0292®  2.71+0.112 2.89+0.04b¢ 2.65+0.142

10 SB 89.64+0.32¢ 6.61+0.23° 1.30+0.10° 1.85+0.032° 2.31+0.08¢° 2.89+0.03%° 2.55+0.09°
LB 89.36+0.30¢% 8.22+0.032 1.21+0.03° 1.72+0.092° 2.69+0.0352  2.93+0.03° 1.88+0.06¢

15 SB 91.39+0.58%¢  8.53+0.292 1.68+0.502 1.96+0.012 2.63+0.012¢  2.44+0.04¢ 3.02+0.2952
LB 91.74+0.542 7.69+0.042 1.27+0.06° 1.76+0.012 2.54+0.03° 2.89+0.05%° 2.43+0.02°

20 SB 91.33+0.58%¢  6.75+0.08" 1.23+0.06° 1.80+0.09%° 2.45+0.13%®  2.49+0.01¢ 2.55+0.18°
LB 89.49+0.48¢% 8.44+0.262 1.22+0.02° 1.83+0.042b 2.69+0.122>  3.09+0.082 2.69+0.079%

Tap water 87.78+1.15¢ 8.29+0.592 1.23+0.05° 1.85+0.08%° 2.53+0.06° 2.78+0.03¢ 2.35+0.09°

Meansz standard error followed by different superscripts on the same columns are significantly different (p< 0.05) according Tukey’s

HSD test at p <0.05, SB= Solid biochar, LB= liquid biochar

Table 7: Effect of varying levels of solid and liquid biochar on vitamin compositions in black nigh shade.

Quantity(g) Forms Retinol Niacin Pyridoxine((  Ascorbic acid Tocopherol Phylloquinone
(mg/100g) (mg/100g) 1g/1009) (mg/100g) (1g/1009) (1g/100g)

5 SB 92.57+0.12 1.67+0.07° 1.24+0.12%>  11.34+0.123° 1.73+0.092 71.68+0.65¢
LB 85.73+0.03¢ 1.54+0.01° 1.12+0.062° 10.60+0.29° 1.51+0.01° 69.35+0.06°

10 SB 91.77+0.76" 1.73+0.09° 1.22+0.092° 11.32+0.06° 1.74+0.032 71.76x0.07¢
LB 87.93+0.03¢ 1.51+0.01° 1.06+0.03° 10.61+0.01° 1.64+0.06%®  70.52+0.29¢

15 SB 121.68+0.062 3.58+0.032 1.13+0.06%>  15.44+0.292 1.61+0.04%>  74.52+0.092
LB 86.95+0.02¢ 1.60+0.04° 1.07+0.03° 10.69+0.03° 1.60+0.043>  70.13+0.23%

20 SB 85.45+0.19¢ 1.70+0.12° 1.10+0.062° 11.00£0.2920 1.49+0.01° 68.84+0.021
LB 76.90+0.08f 1.54+0.05° 1.00+0.01° 10.49+0.37° 1.65+0.152° 67.85+£1.009

Tap water 92.29+0.17° 1.66+0.08° 1.44+0.242 11.28+0.05° 1.67+0.05%° 73.41+0.21°

Meansz standard error followed by different superscripts on the same columns are significantly different (p< 0.05) according to
Tukey’s HSD test at p <0.05, SB= solid biochar, LB= liquid biochar.

Table 8: Effect of varying levels of solid and liquid biochar on mineral composition of black night shade leaves

Quantity(g) Forms Sodium(mg/100g) Calcium(mg/100g) Magnesium(mg/100g) Phosphorous(mg/100g) Zinc(mg/100g)
5 SB 14.00+0.00° 51.33+0.33° 46.00+0.00P 112.00+0.00° 4.00+0.00°

LB 13.00+0.00b° 49.67+0.33°¢ 44.00+0.00¢ 103.67+0.82¢ 3.33+0.33°¢
10 SB 14.00+0.00° 51.00+0.00° 46.00+0.00° 111.33+0.33 4.00+0.00P

LB 13.00+0.00b° 50.00+0.00P 45.00+0.00° 106.00+0.00¢ 4.00+0.00°
15 SB 17.33+0.332 61.33+0.33° 46.00+0.00° 110.67+0.33¢ 6.00+0.002

LB 13.00+0.00b° 50.00+0.00P 51.00+£0.002 121.33+0.332 4.00+0.00°
20 SB 13.33+0.33bc 49.00£0.00¢ 44.00+0.00° 105.00+0.00¢ 4.00+0.00°

LB 11.00+0.00¢ 46.00+0.00¢ 42.00+0.004 95.00+0.00° 3.33+0.33°¢
Tap water 13.3340.33%¢ 51.00+0.00° 45.67+0.33° 112.00+0.00° 4.00+0.00°

Meansz standard error followed by different superscripts on the same columns are significantly different (p< 0.05) according to

Tukey’s HSD test at p <0.05. SB= solid biochar, LB= Liquid biochar

REFERENCES
Abdul-Baki, A. and Anderson, J. D. 1973. Vigor
Determination in Soybean Seed by Multiple
Criteria. Crop Science, 13, 630-633.

Aganga, A. A.,, & Tshwenyane, S. 2004. Potentials of
guinea grass (Panicum maximum) as forage crop
in livestock production.

Agboola, D. A. 1996. The effect of seed size on
germination and seedling growth of three tropical
tree species. Journal of Tropical Forest Science,
44-51. https://www.jstor.org/stable/43582136

Agboola, D. A., Ogunyale, O. G., Fawibe, O. O., &
Ajiboye, A. A. 2014. A review of plant growth
substances: Their forms, structures, synthesis and
functions. Journal of Advanced Laboratory
Research in Biology, 5(4), 152-168.

ZANCO Journal of Pure and Applied Sciences 2024

Ahmad, M., Wang, X., Hilger, T. H., Lugman, M., Nazli, F.,
Hussain, A. & Mustafa, A. 2020. Evaluating
biochar-microbe synergies for improved growth,
yield of maize, and post-harvest soil
characteristics in a semi-arid climate. Agronomy,
10(7), 1055.

Amoakwah, E., Arthur, E., Frimpong, K. A., Lorenz, N.,
Rahman, M. A., Nziguheba, G., & Islam, K. R.
2022. Biochar amendment impacts on microbial
community structures and biological and enzyme
activities in a weathered tropical sandy loam.
Applied Soil Ecology, 172, 104364.

Bashirzadeh, M., Abedi, M., & Farzam, M. 2024. Plant-
plant interactions influence post-fire recovery
depending on fire history and nurse growth

84



Ojewumi et al.

form. Fire ecology 20:9

Bera, K. D., & Sanjoy, P. S. 2022. Seed priming with
non-ionizing physical agents: plant responses
and underlying physiological mechanisms.
Plant Cell Reports. 41(7).

Beadle, C. L. 1985. Plant growth analysis. In Techniques
in bioproductivity and photosynthesis (pp. 20-25).
Pergamon.

Chauhan, R., Ruby, K. M., Shori, A., & Dwivedi, J. 2012.
Solanum nigrum with dynamic therapeutic role: A
review. International Journal of Pharmaceutical
Sciences Review and Research, 15(1), 65-71.

Chen, X., Dai, X., Liu, Y., Yang, Y., Yuan, L., He, X,, &
Gong, G. 2022. Solanum nigrum Linn.: An Insight
into Current Research on Traditional Uses,
Phytochemistry, and Pharmacology. Frontiers in
Pharmacology, 13, 918071.

De Souza Moraes, L. F., Lima, J.M.E., Da Sorte Cossa, N.
H., Miquicene, F.V.C., & Carvalho, E. R. 2020.
Determination of substrate proportion showing
depth and temperature for tomato seedling
emergence substrate proportion, sowing depth
and temperature for tokmato seedling emergence.
Revista de Ciencias Agrarias, v. 43. No, 4. P. 373-
38

‘Dondi B.F. 2021. Guinea Grass (Panicum maximum)
Forage: A Review. MAS Journal of Applied
Sciences, 6(1), 77-82.

Duan, S., AL-Huqail, A. A., Alsudays, |. M. 2024.

Effects of biochar types on seed germination,
growth, chlorophyll contents, grain vyield,
sodium, and potassium uptake by wheat
(Triticum aestivum L.) under salt stress. BMC
Plant Biology 24, 487.
Edirisinghe, H.M.C.S.,
TD.,Gunarathna, R.P.N.,
W.S.,Karunarsthne
,K.H.M.I.,Gajanayake, B .,Balasooriya,B.L.M..S
2022. Deveiopment of a coco-peat based
substrate by incorporating Guinea grass and
enriched with Biochar for capsicum Vae Murya
cultivated under protected agricutiral system
proceeding of 20" of Agrucural Research
symposium pp 589-593
“Farah, A., Santhana, K., Zularisam, A.W. & Mohd N. 2023.
Recent advancement and applications of biochar
technology as a multifunctional component
towards sustainable environment. Environmental
Development 46: 100819.

Feldsine, P., Abeyta, C., & Andrews, W. H. 2002. AOAC
International methods committee guidelines for
validation of qualitative and quantitative food
microbiological official methods of analysis.
Journal of AOAC international, 85(5), 1187-1200.

Foyer, C., Lelandais, M., Galap, C., & Kunert, K. J. 1991.
Effects of elevated cytosolic glutathione reductase
activity on the cellular glutathione pool and
photosynthesis in leaves under normal and stress
conditions. Plant physiology, 97(3), 863-872.

N uwarapaksha,
Pushpakumara

ZANCO Journal of Pure and Applied Sciences 2024

85

ZJIPAS (2024), 36(6);77-86

Hannet, G., Sing, K., Fidelis, C Farrar, M. B., Mugaddas,
B., & Raji, S. H. 2021. Effects of biochar compost,
and biochar compost on soil total nitrogen and
available phosphorus concentrations in a corn
field in Papua New Guinea Environmental
Research and pollution Research 28,2761-27419

Hardie, M., Clothier, B., Bound, S., Oliver, G., and Close,
D. 2014. Does biochar influence soil physical
properties and soil water availability?Plant and
soil, 376, 347-361.

Hamzah, Z., & Shuhaimi, S. N. A. 2018. Biochar: Effects
on crop growth. In IOP Conference Series:
Earth and Environmental Science (Vol. 215, p.
012011). IOP Publishing.

Havir, E. A.,, & McHale, N. A. 1989. Regulation of
catalase activity in leaves of Nicotiana
sylvestris by high CO2. Plant Physiology, 89(3),
952-957.

Horwitz, W., & LATIMER, G. 2000. Official methods of
analysis of AOAC international 17th edition.
Association of Analytical Chemists
International, Gaithersburg, MD.

Hossain, M., Uddin, M., Shumi, W. and Shukor, N. 2014.
Depulping of Fruits and Soaking the Seeds
Enhances the Seed Germination and Initial
Growth Performance of Terminalia belerica Roxb.
Seedlings. American Journal of Plant Sciences, 5,
714-725.

Huang, T., Li, Z,, Long, Y., Zhang, F., and Pang, Z. 2022.
Role of desorption-adsorption and ion exchange in
isotopic and chemical (Li, B, and Sr) evolution of
water following water—rock interaction. Journal of
Hydrology, 610, 127800

Igbal, H. M. N., Asgher, M., & Bhatti, H. N. 2011.
Optimization of physical and nutritional factors for
synthesis of lignin degrading enzymes by a novel
strain of Trametes versicolor. BioResources, 6(2),
1273-1287.

Jain, R., Sharma, A., Gupta, S., Sarethy, I. P., & Gabrani,
R. 2011. Solanum nigrum: current perspectives on
therapeutic properties. Altern Med Rev, 16(1), 78-
85.

Kameswara Rao, N., Dulloo, M.E. & Engels, J.M.M. 2017.
A review of factors that influence the production of
quality seed for long-term conservation in
genebanks. Genetic Resources of Crop Evolution
64, 1061-1074.

Khan, S., Irshad, S., Mehmood, K., Hasnain, Z., Nawaz,
M., Rais, A., Gul, S., Wahid, M. A., Hashem, A,
Abd Allah E.F.,& Ibrar D. 2024. Biochar
Production and Characteristics, Its Impacts on Soll
Health, Crop Production, and Yield Enhancement:
A Review. Plants (Basel). 13(2):166.

Khalid, H., Zia-ur-Rehman, M., Naeem, A., Khalid, M. U.,
Rizwan, M., Ali, S., & Sohail, M. I. 2019. Solanum
nigrum L.: A novel hyperaccumulator for the
phyto-management of cadmium contaminated
soils. In Cadmium toxicity and tolerance in plants
(pp. 451-477). Academic Press.



Ojewumi et al.

Kumari V.V, Banerjee P, Verma V.C, Sukumaran S,
Chandran M.A.S, Gopinath K.A, Venkatesh G,
Yadav S.K, Singh V.K, Awasthi N.K. 2022. Plant
Nutrition: An Effective Way to Alleviate Abiotic
Stress in Agricultural Crops. International Journal
of Molecular Sciences. 23(15):8519.

Lehmann, J., & Joseph, S. (Eds.). 2015. Biochar for
environmental management: science, technology
and implementation. Routledge.

Masia, A. 1998. Superoxide dismutase and catalase
activities in apple fruit during ripening and post-
harvest and with special reference to ethylene.
Physiologia Plantarum, 104(4), 668-672.

Macedo, S.F.S., Grimaldi, M., Medina, C.C., Cunha, J.E.,
Guimaraes, M.F., Filho, J.T. 2017. Physical
properties of soil structure identified by the profile
cultural under two soil management systems.
RevistaBrasileira de Ciencia do Solo, v.41,
no.0160503.

Nahapetian, A., & Bassiri, A. 1975. Changes in
concentrations and interrelations of phytate,
phosphorus, magnesium, calcium, and zinc in
wheat during maturation. Journal of Agricultural
and Food Chemistry, 23(6), 1179-1182.

Nyeem, M. A. B., Rashid, A. M. U., Nowrose, M., &
Hossain, M. A. 2017. Solanum nigrum (Maku): A
review of pharmacological activities and clinical
effects. International Journal of Advanced
Research, 3(1), 12-17.

Ojo, E. S., Ojewumi, A. W., Fawibe, O.0. and Agboola,
D.A 2022. Seed Emergence And Seedling Growth
Of Two Varieties Of Cucurbits As Affected By
Varying Concentrations Of Hormones Nigerian
Journal of Botany, 35 (2), 115-126.

Ojewumi, A. W., & Oyebanji E. 0. 2020.
Ethnopharmacological survey and physiological
evaluation of nutritional and phytochemical
contents of indigenous plants used for treatment
of toothache and mouth odor in ljebu Ode Local
Government Area, Ogun State, Nigeria. Niger.
Journal of Pure and Applied Science, 33(1), 3559-
3576.

Ojewumi, A.W., Oladiran, D. A., Adepoju, O. M. 2023.
Growth components, fruits nutritional and
phytochemical compositions of tomato as
influenced by variations in planting depths,
Revista de Ciencias Agrarias Amazonial Journal
of Agricuturan and Environmental Sciences, Rev.

ZANCO Journal of Pure and Applied Sciences 2024

ZJIPAS (2024), 36(6);77-86

Ciénc. Agra. V.66. 1-14

Paz-Ferreiro, J., Méndez, A., & Gasco, G. 2016. Application
of biochar for soil biological improvement.
Agricultural and Environmental Applications of
Biochar: Advances and Barriers, 63, 145-173.

Pieterse, P. A., Rethman, N. F. G., & Van Bosch, J. 1997.
Production, water use efficiency and quality of four
cultivars of Panicum maximum at different levels
of nitrogen fertilization. Tropical Grasslands, 31,
117-123.

Potawale, S. E., Sinha, S. D., Shroff, K. K., Dhalawat, H.
J., Boraste, S. S., Gandhi, S. P., & Tondare, A. D.
2008. Solanum nigrum Linn: A
phytopharmacological review.
Pharmacologyonline, 3, 140-63.

Rani, Y. S., Reddy, V. J., Basha, S. J.,, Koshma, M.,
Hanumanthu, G., & Swaroopa, P. 2017. A review
on Solanum nigrum. World Journal of Pharmacy
and Pharmaceutical Sciences, 6, 293-303.

Robinson, T. P., Thornton, P. K., Francesconi, G. N.,
Kruska, R. L., Chiozza, F., Notenbaert, A. M. O., &
See, L. 2011. Global livestock production systems.
FAO and ILRI.

Sun, J., Lian, F., Liu, Z., Zhu, L., & Song, Z. 2014.
Biochars derived from various crop straws:
characterization and Cd (ll) removal potential.
Ecotoxicology and Environmental Safety, 106,
226-231.

Wang, F., Harindintwali, J.D., Yuan, Z., Wang, M., Wang,
F., Li, S., & Chen, J. M. 2021. Technologies and
perspectives for achieving carbon neutrality. The
innovation, 2(4).

Wolny E, Betekhtin A, Rojek M, Braszewska-Zalewska A,
Lusinska J, Hasterok R. 2018. Germination and
the Early Stages of Seedling Development in
Brachypodium distachyon. International Journal of
Molecular Sciences. 19(10):2916.

Xu, J., Zhu, Y., Ge, Q., Li, Y., Sun, J., Zhang, Y., & Liu, X.
2012. Comparative physiological responses of
Solanum nigrum and Solanum torvum to cadmium
stress. New Phytologist, 196(1), 125-138.

Yanfei Yuan, Qiang Liu, Hao Zheng, Min Li, Yifan Liu,
Xiao Wang, Yue Peng, Xianxiang Luo,
Fengmin Li, Xiaoyun Li, Baoshan Xing. 2023.
Biochar as a sustainable tool for improving the
health of salt-affected soils. Soil and
Environmental Health. 1(3): 100033 .

86



