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Abstract

Purpose Agricultural wastes are by-product of agricultural processing. These wastes could serve as alternative
materials for soil amendment and nutrient sources for crop production. A screen house experiment was conducted
for two successive seasons (2019 and 2020) to evaluate the performance of charred poultry feather waste and
plantain peel as nutrient sources on the growth, yield and nutrient uptake of two varieties (Eva and Nemo-netta)
of tomato.

Method Four levels each of charred poultry feather waste and plantain peel at 2, 5, 8, and 10 t PF ha'%, control and
200 kg NPK ha! were used as treatments. The bags were arranged in a completely randomized design. Treatments
were replicated four times.

Results The application of charred poultry feather waste and plantain peel significantly increased vegetative
growth and yield parameters of tomato when compared with the control. Results also showed that combined ap-
plication of the amendments compete favourably with the application of inorganic fertilizer. Higher values for all
the parameters were observed when 5 t PP ha! + 5t PF ha was applied though similar values were found on the
vegetative parameters with the applications of 2t PP ha! + 8 t PF ha’, 10 t PP ha?, and 10 t PF ha*. Yield and
micronutrient concentration of Eva was also found to be higher than that of Nemo-netta.

Conclusion The effects of 5t PP ha' + 5t PF ha showed clear increase in vegetative, yield and nutrient uptake

of Eva variety as compared to Nemo-netta.
Keywords Tomato varieties, Agricultural wastes, Performance, Mineral composition

Introduction available, renewable, and virtually free, hence they

can be an important resource (Sabiiti et al. 2005). In

Agriculture is the production of food and related e\ of the high organic matter contents of agricul-

goods through farming. Agricultural activities pro-
duce a huge quantity of wastes which are referred to

as agricultural wastes. Agricultural wastes are widely
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tural wastes, they can be applied to the soil as amend-
ments and as nutrient sources without any risk. (Kong
2014). Poultry feather and plantain peel are agricul-
tural wastes because they are not the primary products.
The recycling and composting of these agricultural
wastes for farming activities reduces their volumes
(Jakobsen 1995).
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Feather waste is a serious problem, a large quantity of
which is produced annually worldwide by both the
commercial processing industry and peasant poultry
farmers (Rosik-Dulewska 2006). Feathers, because of
their high keratin content, are insoluble, poorly sus-
ceptible to digestion by proteolytic enzymes, and
other chemical or physical factors (Rodziewicz and
£aba 2006).

Biochar is a carbon-rich and highly porous black ma-
terial produced from the pyrolysis of biomass under
oxygen-deficient condition (Brewer and Brown
2012). It can be produced from a range of feedstock,
including forest and agriculture residues, such as
straw, nut shells, rice hulls, wood chips/pellets, tree
bark, and switch grass (Sohi et al. 2009). The porous
structural arrangement of biochar encourages the bio-
mass of shoot and root through rapid root increase and
nutrient adsorption. Researchers have reported in dif-
ferent studies that biochar is capable of improving the
water holding capacity and other physical characteris-
tics of the soil thereby encouraging crop performance.
Similarly, biochar improved plant nutrient absorption
through gradual release of nutrients (Alling et al.
2014; Adekiya et al. 2018 and Oladele et al. 2019).
Plantain peel, an agricultural waste obtained after re-
moving the fleshy inner portion are used as landfills,
dumped in rivers and sometimes used as animal feed.
Aduku (1993) and Ajasin et al. (2004) observed that
plantain peels have some nutritional value, as they
contain about 12% crude protein, 16% crude fiber, and
1300 kcal/kg dry matter-energy.

In developing and some developed countries, many of
these agricultural wastes are still underutilized even
though they contain high and varying levels of some
macro and micronutrients suitable for improving soil
fertility and increasing crop yields. The recycling and
use of agricultural waste may therefore reduce the
need for mineral-based fertilizer, which mostly de-
pends on importation and have negative environmen-

tal impacts. In a bid to encourage the recycling and use
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of agricultural wastes, to improve soil fertility, in-
crease crop yields and quality, screen house experi-
ments were conducted to compare and determine the
effects of two agricultural wastes (poultry feather
wastes and plantain peel) as nutrient sources using two
varieties of tomato as the test crops.

According to the hypothesis, both charred poultry
feather waste and plantain peel contained macro- and
micronutrients in varying amounts, as evidenced by
the laboratory analyses, and thus the performance and
nutrient use efficiency of the two tomato varieties will
vary differently with different levels of amendments.
This study was carried out to prove the validity of the
hypothesis and determine which individual or com-
bined amendments will be economical and sustainable

for the production and good quality of the test crops.

Materials and methods

The geographical location of the study area

The experiment was carried out at the screen house of
the Teaching and Research farm, Landmark Univer-
sity, Omu-Aran, Nigeria, with geographical coordi-
nates of latitude 8° 8' 0" North and longitude 5° 6' 0"
East in the transitional rainforest located at an eleva-

tion of about 555.85 m above sea level.

Soil potting/bagging and analyses

During each of the experimental year, ten kilograms
of topsoil was collected (0-30 cm depth) using soil au-
ger from the organic farm of Landmark University,
mixed thoroughly, and filled into a perforated poly-
thene bags of size 30 cm x 17 cm. Soil from the trans-
planting bags were randomly sampled for each of the
experimental year, each sample was air-dried, sieved
with a 2-mm sieve and taken to the laboratory for rou-
tine physical and chemical analyses as described by
Carter (1993).
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Sources of materials and processing

Poultry feather of freshly processed broiler birds was
obtained from the commercial farm of Landmark Uni-
versity, Nigeria. The poultry feather was dried in an
oven at 85 °C for 1 hour in order to reduce the moisture
content. The sample was put in a large-scale tube fur-
nace made of stainless reactor. The tube furnace was
supplied with a thermocouple to accurately measure
the internal temperature. The samples were then pyro-
lyzed at temperatures of 400 °C with a residence time
of 30 min (Zonglin et al. 2020). After pyrolysis, the
charred poultry feather was then cooled for 10 h,
crushed, and ready for use. Plantain peel was collected
from a plantain processing farm, Edidi, Kwara state,
Nigeria. The peel was sun-dried for five days and
milled. The determination of the mineral element
compositions of both the charred poultry feather and
milled plantain peel was carried out at the central la-
boratory of the University. Inorganic fertilizer was ob-

tained from latest agro-chemical shop.

Nutrients analyses of charred poultry feather

waste and dry plantain peel

Laboratory analysis of the amendments used for the
experiments was carried out to determine the organic
carbon (OC), pH, total N, P, K, Ca, Mg, Cu, Mn, Zn,
and Na. Samples of the amendments were oven-dried
for 24 h at 80 °C and grinded in a Willey mill. These
samples were analyzed for leaf N, P, K, Ca and Mg as
described by Tel and Hagarty (1984). Nitrogen con-
tent of the samples were determined by the micro-
Kjeldahl digestion method. Ground samples were di-
gested with nitric-perchloric-sulphuric acid mixture
for the determination of P, K, Ca and Mg. Phosphorus
was determined colorimetrically using the vanadomo-
lybdate method, K was determined using a flame pho-
tometer and Ca and Mg were determined by the EDTA
titration method (AOAC 2006). The percentage of or-

ganic carbon in the sample was determined by the
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Walkley and Black procedure using the dichromate
wet oxidation method (Nelson and Sommers 1996).
Sample pH was determined by using a soil-water me-
dium at a ratio of 1:2 using Jenway digital electronic
pH meter model 3520 (Ibitoye 2006). The contents of
Mg, Zn, Fe, and Cu were determined by an atomic ab-
sorption spectrophotometer (AOAC 2006).

Variety and characteristics of tomato seeds used
for the experiments

The varieties of tomato used for the experiments were
Eva and Nemo-Netta. The two varieties were adapted
to a controlled environment, fruit imperishability over
two weeks from the date of harvest (shelf life), and
they attain maturity between 60 and 70 days after
transplanting, with a long harvesting periods and high
yield potential.

Raising and transplanting of seedlings

Seedlings were raised inside the screen house with the
aid of grooved seedling starter tray having drain holes
using sterile soil as nursery media. Each groove of the
germinating tray was filled to ¥ capacity and slightly
covered the remaining ¥ with the nursery media after
seed sowing. The seedling starter trays were placed on
an elevation above the ground level to improve drain-
age and reduce the incidence of waterlogging. Two
vigorous and disease-free seedlings were transplanted
in each planting bag twenty-one days after sowing,
watered, and allowed to stabilize before thinning

down to one seedling per planting bag.

Treatment combinations and experimental design

Four levels of each of the charred poultry feather and
plantain peel at 2, 5, 8, and 10 t ha ** (Sikder and
Joardar 2019) were used and combined as follows: - 5
tha® PP + 5t ha'l PF (Ty), 8tha! PP + 2 t ha PF
(T2), 2that PP + 8t hat PF (T3), 10 t ha™t PP (T4),
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10 t ha! PF (Ts), Control (Tg) and 200 kg NPK ha*
(T7). The bags were arranged in the screen house in
accordance with a completely randomized design, us-
ing 30 cm by 60 cm inter- and intra-row spacing.

Treatments were replicated four times.

Application of amendments and agronomic prac-

tices

Charred poultry feather waste and plantain peel were
applied based on the layout two weeks before trans-
planting to allow for their nutrient releases, applica-
tion of NPK 20:10:10 was carried out two weeks after
transplanting to enable the stability of the transplanted
seedlings. The equivalent of 10t ha?, 8t hal, 5t ha™,
and 2 t ha' of charred poultry feather waste and plan-
tain peel to 10 kg of soil per planting bag was 50 g, 40
g, 25 g, and 10 g respectively, while 200 kg NPK ha*
is equivalent to 1 g per planting bag.

Regular irrigation with a small quantity of water was
applied during the first one week after transplanting
using the drip irrigation system, subsequent deep irri-
gation and one to two days’ water stress was adopted
to encourage deep rooting.

Training/staking, trellising and de-suckering were car-
ried out on a weekly basis and as the need arose. Train-
ing helped the plants to grow vertically while trellising
supported the plant to grow horizontally. These two
activities helped in providing good aeration within the
plants and in the screen house. It provided for easy
management of the plants in the screen house, and it
also prevented the fruits from touching the ground.
De-suckering of the plants was also carried out with
the aid of sterilized pruning tools by removing up-
coming lateral shoots. The goal of de-suckering was
to remove excess foliage that could reduce air circula-
tion within the plants, prevent overshadowing of the
lower parts of the plants, increase photosynthetic ac-
tivity, and discourage fungal infection and flower
abortion. Weeding was accomplished by manually
picking emerged weeds from each pot at 2, 4, and 6

WAS intervals, and as the need arose.
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Mature and ripped fruits were harvested at intervals of
five days for four weeks before the experiment was
terminated. Harvested fruits were weighed using
OHAWUS Corporation, USA precision balance, having
a capacity of 2100 g and readable at 0.01 g. A sample
of each treatment was thereafter taken to the labora-
tory for minerals determination.

Data was recorded on the following parameters: -
plant height (cm), number of leaves, stem girth (cm),
number of fruits/plant, weight of fruits /plant (g), and

nutrient composition of tomato fruits.

Determination of nutrient compositions of tomato

fruits

Mature and ripped fresh tomato fruits were collected
based on treatments and taken to the laboratory of
Landmark University, Nigeria for analysis. Selected
fruit sample was dried ashed as described by Chapman
and Pratt. (1961). Each ashed sample (1 g) was
weighed into a 50 ml porcelain crucible and placed in
a muffle furnace at 550 °C for about 5 h, after which
it was allowed to cool. The cooled ashed sample was
mixed thoroughly with a plastic rod for 15 minin 5 ml
portion of 2 N hydrochloric acid (HCI) and allowed to
dissolve. The content in the porcelain crucible was
then mixed with 50 ml of distilled water, allowed to
stand for 30 min before using the supernatant (after
filtering through Whatman No. 42 filter paper) for an-
alyzing the nutrients. The contents of Mg, Zn, Fe, and
Cu were determined by an atomic absorption spectro-
photometer (AOAC 2006).

Statistical analysis

The experimental data obtained during the study were
subjected to analysis of variance (ANOVA) using
GenStat Discovery (2014).

Significant treatment means were separated using the
Duncan Multiple Range Test (DMRT) at a probability

level of 5%.
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Results and discussion

Physical properties and nutrient status of the ex-

perimental soil

The physical properties and nutrient status of the ex-
perimental soil for 2019 and 2020 cropping seasons
are as shown in Table 1.

The soil was a sandy loam texture, acidic (pH 4.4), and
organic matter (2%) was at threshold. The concentra-
tion of total N at 0.1% was below the critical level for

crop production, suggested as 0.2%, and the values

Table 1 Physico-chemical properties of the initial soil

for available P and exchangeable K, Ca, and Mg were
close to the lower critical levels, suggested as 10.0
mg/kg for available P, 0.15 mg/kg for exchangeable
K, 2.0 mg/kg for exchangeable Ca, and 0.40 cmol/kg
for exchangeable Mg (Aboyeji 2021). The results of
the soil analyses were also in agreement with Akanbi
and Togun (2002), who reported that most African
soils are deficient in essential nutrients due to weath-
ering, leaching and intensive cultivation. The Zn value
for the two years’ analyses were also found to be be-
low the recommended critical level as suggested by
WHO/FAO (FAO/WHO 2010).

Parameter 2019 2020 Parameter 2019 2020
Sand (%) 76 78 Organic matter (%) 2.04 2.07
Silt (%) 13 12 K (mg/kg) 0.13 0.13
Clay (%) 11 10 Ca (mg/kg) 1.95 2.00
Textural class Sandy loam Sandy loam Mg (mg/kg) 0.32 0.33
pH (H20) 1:1 4.25 4.49 Available P (mg/kg) 9.15 9.12
Total nitrogen (%) 0.107 0.102 Zn (mg/kg) 0.35 0.41

Mineral components of the amendments used in

the experiment

The results of the laboratory analyses of charred poul-
try feather waste and dried plantain peel are shown in
Table 2. The results showed that both amendments
contained varying values of macro and micro-nutri-
ents needed for improved soil fertility and plant
growth.

Effects of charred poultry feather waste and dried
plantain peel on plant height (cm) of two varieties

of tomato

Table 2 Mineral components of the amendments

Results showed that the effects of varieties were not
significant and, at the same time, there were no signif-
icant interactions between varieties and amendments
on plant height in both years of study (Table 3), how-
ever, plant height increased significantly among the
amendments. During the initial stage of growth (2
WAT), there was no significant difference in plant
height in both years, however, plants with applied
treatments significantly increased in heights with the
control having the least values. At 4 and 6 WAT dur-
ing the two cropping seasons, plots treated with 5t PP
ha! +5tPF ha!, and NPK increased plant height sim-
ilar to plants treated with 10 t PF ha'* in 2019 and the
application of 10 t PF haland 2 t PP ha + 8 t PF ha-
Lat 4 WAT in 2020.

Nutrients (mg/kg) N P K Ca

Mg C C:N Cu Fe Zn

Plantain Peel (PP)
Poultry Feather (PF)

0.37 57.10 1.84 1.67
210 261 355 152

0.012 535 14.45 0.60 081 011
0.74 15.20 7.24 032 057 0.36
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Table 3 Effects of charred poultry feather waste and dried plantain peel on plant height (cm) of two varieties of

tomato in 2019 and 2020 cropping seasons

Plant height (cm)

2019 2020
Treatments 2WAT  4WAT 6 WAT 2 WAT 4 WAT 6 WAT
Varieties
Eva 25.9a 87.2a 146.8a 23.6a 85.3a 147 .4a
Nemo-netta 24.2a 87.5a 145.1a 22.3a 85.1a 145.5a
Amendments (ha?)
5tPP+ 5tPF 29.0a 92.3a 169.0a 27.9a 89.5a 165.1a
8tPP+ 2tPF 27.3ab 84.1b 162.2b 27.1a 87.8b 154.8b
2tPP+ 8tPF 28.0a 89.1ab 160.8b 27.6a 90.7a 151.3b
10tPP 29.7a 85.0b 159.9b 28.1a 84.3ab 150.8b
10t PF 27.0ab 94.7a 157.2ab 27.3a 90.4a 152.9b
Control 27.7ab 68.0c 92.4c 25.2b 67.0c 111.9c
200 kg NPK 27.4ab 94.4a 171.2a 25.0b 91.2a 167.0a
Interaction
Variety ns ns ns ns ns ns
Amendment ns * * ns * *
Variety* Amendments ns ns ns ns ns ns

Means in a column followed by the same letter(s) are not significantly (P <0.05) different according to Tukey’s test. *=

Significant at 5 % level of probability, ns = not significant, WAT = Weeks after transplanting, PP = plantain peel, PF = charred

poultry feather waste

Effects of charred poultry feather waste and dried
plantain peel on the number of leaves of two varie-

ties of tomato

The effects of varieties and interactions of varieties
and amendments were not significant on the number
of leaves of tomato (Table 4). There was no significant
difference in the number of leaves with the application
of different amendments at 2 WAT in both 2019 and
2020, except with the control and NPK, which gave
statistically similar values. At 4 WAT, all treatments
with charred poultry feather waste higher than 2 t ha?
5tPP+5tPF,2tPP hal+8tPFhal, 10 t PP ha?,
10t PF ha! positively increased the number of leaves,
which was similar to the application of NPK. Control
and NPK showed a significant reduction in the num-

ber of leaves at 6 WAT in both years.
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Effects of charred poultry feather waste and dried
plantain peel on stem girth of two varieties of to-
mato

Data on stem girth showed that amendments had sig-
nificant effects while varieties and interactions of va-
rieties and amendments did not show any significant
effects on the stem girth (Table 5). Plants treated with
5tPPhal+5tPFhal,2tPPhal+8tPFhat 10t
PF hal, and NPK had significantly greater stem girth
at 4 WAT in 2019 and 6 WAT in 2020. Control treat-
ment gave smaller stem girth in both 2019 and 2020
experimental years except at 2 WAT, where the values
were similar to that of NPK treatment.

Tomato (Solanum lycopersicum L.), an important
food crop, is commercially and cultivated in subsist-
ence all over the world. Soil nutrient depletion result-

ing from erosion, continuous cropping, and imbalance
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of organic matter/nutrients, is affecting world agricul-
tural productivity (Foley et al. 2005). Application of
organic manure and/or agricultural wastes improved
crop yield and quality by supplying the required plant

nutrients, improvement of soil physical properties,

and multiplication of microbes in the soil (Adeleye et
al. 2010) as compared to the application of inorganic
fertilizer which increases crop production but has neg-

ative environmental impacts (Vanlauwe et al. 2010).

Table 4 Effects of charred poultry feather waste and dried plantain peel on the number of leaves of two varieties

of tomato in 2019 and 2020 cropping seasons

Number of leaves

2019 2020
Treatments 2 WAT 4 WAT 6 WAT 2 WAT 4 WAT 6 WAT
Varieties
Eva 8.4a 30.2a 17.0a 8.0a 28.6a 15.6a
Nemo-netta 8.4a 30.2a 17.0a 7.9a 28.1a 16.0a
Amendments (ha?)
5tPP+ 5tPF 8.3a 35.2a 20.3a 8.1a 29.7a 17.8a
8tPP+ 2tPF 8.7a 30.5b 20.3a 8.1a 26.2b 16.8b
2tPP+ 8tPF 8.7a 33.2a 17.7b 8.1a 32.0a 18.3a
10t PP 8.7a 30.4b 17.7b 8.1a 26.4b 17.4a
10t PF 8.7a 34.8a 19.5a 8.2a 30.3a 18.6a
Control 7.3b 20.3c 11.0c 7.1a 20.0c 11.3c
200 kg NPK 7.0b 33.3a 12.7¢ 7.1a 32.1a 12.4c
Interaction
Variety ns ns ns ns ns ns
Amendment * * * ns * *
Variety* Amendments ns ns ns ns ns ns

Mean under the same column and having different letter differ significantly (P <0.05) according to Tukey’s test.

*= Significant at 5 % level of probability ns = not significant WAT = Weeks after transplanting, PP = plantain peel, PF =

charred poultry feather waste

The study showed that application of charred poultry
feather waste and dried plantain peel induced positive
effects on the growth, yield and nutrient uptake of to-
mato. The better performance and nutrient uptake of
the two tomato varieties could be ascribed to the con-
tinuous cultivation on the potted soil without replen-
ishment which has depleted the soil nutrients. It could
also be that the nutrients supplied by the two amend-
ments were in the form that were readily available for
the plant uptake (Aboyeji et al. 2018). Maximum veg-

etative parameters were observed with the application
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of charred poultry feather waste and varying rates of
dried plantain peel. Ali et al. (2020) found that biochar
has the ability to accumulate essential soil nutrients
especially nitrogen, thereby increased the photosyn-
thetic ability of plants. The positive effects of the
amendments on the vegetative parameters could be at-
tributed to the available nutrients which facilitated the
process of photosynthesis, hence, increased the plant
height, number of branches and stem girth. Plants abil-
ity to photosynthesize is mostly determined by the soil

rhizosphere, soil moisture contents and nutrients
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availability (Van Roekel and Purcell 2016). It could
also be as a result of the water holding capacity and
physical properties of the charred poultry feather
wastes which assisted in adsorbing nutrients and pro-

longing the retention time of nutrients. In their study

on maize yield, Zheng et al. (2013) also found that ap-
plication of biochar improved nitrogen adsorption by
preventing leaching, increased soil water-holding ca-

pacity and bioavailability of plant nutrients.

Table 5 Effects of charred poultry feather waste and dried plantain peel on stem girth of two varieties of tomato

in 2019 and 2020 cropping seasons

Stem girth (cm)

2019 2020
Treatments 2 WAT 4 WAT 6 WAT 2 WAT 4 WAT 6 WAT
Varieties
Eva 0.7a 1.2a 1.3a 0.6a 1.0a 1.1a
Nemao-netta 0.7a 1.2a 1.3a 0.6a 1.0a 1.1a
Amendments (hal)
5tPP+ 5tPF 0.7a 1.2a 1.3a 0.6a 11.9a 11.7a
8tPP+ 2tPF 0.7a 1.0b 1.2b 0.6a 10.5ab 10.0b
2tPP +8tPF 0.7a 1.2a 1.1ab 0.6a 11.4a 11.4a
10tPP 0.7a 1.0b 1.1ab 0.6a 10.4ab 10.0b
10t PF 0.8a 1.2a 1.2b 0.6a 11.7a 11.7a
Control 0.5b 0.9¢c 0.9¢c 0.4b 9.0c 9.0c
200 kg NPK 0.5b 1.2a 1.3a 0.4b 11.2a 11.6a
Interaction
Variety ns ns ns ns ns ns
Amendment * * * * * *
Variety* Amendments ns ns ns ns ns ns

Mean under the same column and having different letter differ significantly (P < 0.05) according to Tukey’s test.

*= Significant at 5 % level of probability, ns = not significant, WAT = Weeks after transplanting, PP = plantain peel, PF =

charred poultry feather waste

Effects of charred poultry feather waste and dried

plantain peel on the yield of two varieties of tomato

Data in Table 6 shows that varieties and application of
various amendments significantly influenced the yield
of tomato fruits. A significantly higher number and
weight of fruits were recorded when 5t PP hal + 5t
PF hal and NPK were applied in both years, though,
in 2019, there was no significant difference in fruit
weight when 8t PP ha' + 2t PF hal, 2t PP ha! + 8t
PF ha, 10t PP ha' and 10 t PF ha* were applied. The

least number and weight of fruits were recorded in the
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control plots during the two years of the study. The
two-way ANOVA results showed that varieties,
amendments, and the interaction of varieties and
amendments were significant for the yield in both
years. Poultry feather waste was pyrolyzed at temper-
atures of 400 °C with a residence time of 30 min to
become biochar (charred poultry feather waste).

Biochar is known to absorb soil nutrients thereby in-
creasing the nutrient concentration and retention of the
soil rhizosphere. (Jia et al. 2015). It has also been

proven that biochar has positive conditioning effect on
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soil, though limited as a nutrient supplier alone, due to
its relatively low nutrient composition and recalci-
trance to biodegradation (Partey et al. 2014). Labora-
tory analysis of dried plantain peel revealed that it
contained high quantity of P. This might have im-
proved root formation and assisted in nutrient uptake.
In this study, combined use of charred poultry feather
waste and dried plantain peel promoted root formation
and penetration. Phosphorus is a mineral element that
has been reported to be important for fruit growth and
development. Enough quantity of P nutrition improves
fundamental physiological processes such as photo-
synthesis, nitrogen fixation, flowering, fruiting, seed
production and maturation. Aduayi et al. (2002) re-
ported that P is the mineral nutrient needed in larger
quantity by tomato plant compared to other macronu-
trients. Some positive effects of phosphorus on plant
metabolic processes includes cell division, formation,
expansion and carbohydrate movement (Marschner
1995). The results of the study indicated that, higher
yield with the application of charred poultry feather
waste and dried plantain peel yield might be due to the
increase in plant height which promoted the photosyn-
thetic rate of the plant leading to better assimilate pro-
duction. The effects of application of nitrogen, phos-
phorus and potassium have been reported to increase
production and assimilation of carbohydrate in fruits
(Bidari and Hebsur 2011). Another possible reason
might be due to adequate availability of N and P which
were supplied by the application of the two amend-
ments which promoted growth, flowering and fruiting.
It was reported by Kumar et al. (2010) that N and P
nutrition facilitated flower formation, flowering pat-
tern and fruit setting of tomato leading to fruits with
uniform size. Increased flower formation and tomato
fruiting could also be as a result of synergistic effects
of N and P on plant height, number of leaves and stem
girth. (Aminifard et al. 2012). Researches have re-
ported that the use of either sole biochar, biochar/or-
ganic or biochar/inorganic fertilizer have shown posi-

tive effects on plant performance (Dou et al. 2012;
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Chan et al. 2007). Increase in yield could also be at-
tributed to the positive effects of co-application of
charred poultry feather waste and dried plantain peel.
Higher P supplied by dried plantain peel could have
helped in the production and development of the roots.
This was supported by Kamara et al. (2011), where
they reported that application phosphorus facilitates
root formation and encourages flowering leading to
increased yield and yield attributes. It could also be
ascribed to the physical characteristics, surface area
and porous structure of charred poultry feather which
provided good environment for root penetration and
nutrient adsorption. Similar results were by Bruun et
al. (2014), where they found that application of bio-
char facilitated root growth, hence increased photo-

synthesis, growth and crop yield.

Effects of charred poultry feather waste and
dried plantain on micronutrients concentration

(mg/100g) of two varieties of tomato

The pooled analysis for 2019 and 2020 of the effects
of charred poultry feather waste and dried plantain
peel on mineral concentration of two varieties of to-
mato is presented in Table 7. Compared with no
amendment and plots applied with NPK which gave
significantly lower values for mineral concentration,
Mg, Zn, Fe, and Cu concentrations were significantly
increased on plots applied with 5t PP ha + 5t PF ha-
! for the two varieties, except for the Mg value of Eva.
Plots applied with 8t PP ha* + 2t PF ha' and 10 t PP
ha! significantly increased concentration values of Fe
and Cu for the two varieties. Similarly, the concentra-
tion of Mg and Zn for the two varieties increased on
plots applied with 10 t PF hat. Combined application
of charred poultry feather waste and dried plantain
peel might have assisted in root proliferation, im-
provement in soil fertility and physical properties
thereby promoting better adsorption of both macro
and micro-nutrients for tomato as indicated in this

study.
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Table 6 Effects of charred poultry feather waste and dried plantain peel on the yield of Two varieties of tomato

in 2019 and 2020 cropping seasons

2019 2020
Treatments Average num- Average weight ~ Average hum- Average weight
ber of of fruits/plant ber of of fruits/plant
fruits/plant (9) fruits/plant (9)
Varieties
Eva 19.2a 1,067.9a 17.9a 1,061.3a
Nemo-netta 17.8b 977.9b 16.0b 1,026.9b
Amendments (ha)
5tPP + 5tPF 21.7a 1,065.7a 19.6a 1,061.6a
8tPP+ 2tPF 19.2b 1,034.7ab 17.2b 1,032.3b
2tPP+8tPF 21.0a 1,031.3ab 16.9b 1,031.9b
10t PP 19.0b 1,037.3ab 17.3b 1,029.2b
10t PF 20.8a 1,050.0b 17.4b 1,014.7b
Control 14.0c 700.0c 14.2¢c 693.8c
NPK 21.5a 1,076.0a 20.2a 1,067.1a
Interaction
Variety * * * *
Amendment * * * *
Variety* Amendments * * * *

Mean under the same column and having different letter differ significantly (P <0.05) according to Tukey’s test.
*= Significant at 5 % level of probability, PP = plantain peel, PF = charred poultry feather waste

Table 7 Effects of charred poultry feather waste and dried plantain on micronutrients concentration (mg/100g) of

two varieties of tomato (pooled analysis of 2019 and 2020 Cropping seasons)

Mg Zn Fe Cu
Amendments (ha?) Eva Nemo- Eva Nemo- Eva Nemo- Eva Nemo-
netta netta netta netta

5tPP+ 5tPF 0.20b 0.17a 0.32a 0.30a 0.48a 0.45a 0.13a 0.12a
8tPP+ 2tPF 0.16¢c 0.15b  0.25b  0.25b 0.48a 0.46a 0.14a 0.12a
2tPP+ 8tPF 0.20b 0.17a 0.32a 0.31a 0.45b  0.43b 0.11b  0.10b
10t PP 0.15c 0.14b 0.22c 0.26b 0.49a 0.47a 0.15a 0.13a
10t PF 0.22a 0.18a 0.33a 0.32a 0.40c 0.40c 0.11b 0.11a
Control 0.11d 0.10c 0.17d 0.15c 0.35d 0.33d 0.05c 0.04c
NPK 0.11d 0.10c 0.19d 0.17c 0.35d 0.34d 0.05c 0.05c
Daily Value mg/100g

(DV) 50 50 20 20 30 30 50 50

Mean under the same column and having different letter differ significantly (P <0.05) according to Tukey’s test.
Daily value source = USDA Food and Nutrient Database for Dietary Studies, PP = plantain peel, PF = charred poultry feather
waste
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The total area occupied by biochar is high hence, im-
proved root proliferation and establishment of benefi-
cial fungi (Hussain et al. 2017). Increased nutrient up-
take by tomato plant could be due to a combined effect
from charred poultry feather waste and dried plantain
peel, which led to higher nutrients concentrations. It
could also be attributed to the ability of charred poul-
try feather waste in harnessing and retaining the nutri-
ents within the rhizosphere for a longer period of time.
Growth and yield attributes of different crop varieties
differ and are determined by the physiological process
which is regulated by the effects of the plants’ genetic
make-up and the habitat. In this study, the two tomato
varieties responded positively to the applied amend-
ments. Differential performance of the two varieties
could be as a result of differences in the genetic make-
up, ability to adapt to changing environment and some
physiological processes during the vegetative and
yield stages of crop (Isah et al. 2014).

Conclusion

Combined application of charred poultry feather
waste and plantain peel did not only increase vegeta-
tive and yield parameters but also compete favorably
with the application of inorganic fertilizer in terms of
all the parameters measured. Our findings revealed
that higher values for all the measured indices oc-
curred at the application of 5t PP ha' + 5t PF ha'
though similar values were observed on plant height,
number of leaves and stem girth with the application
of 2t PP ha' + 8 t PF ha!, 10 t PP ha, and 10 t PF
ha’. For all the applied amendments, yield and micro-
nutrients concentrations of Eva were higher than that
of Nemo-netta, though the micronutrients concentra-
tions were not above the daily value as recommended
by USDA (2020). It can therefore be concluded that
Eva variety of tomato performed better than Nemo-
netta when 5 t PP ha™* + 5 t PF ha! was applied.
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