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Abstract

Ebido, N. E., Ndubuaku, U. M. & Umeugokwe, Ch., P. (2026). Assessment of chicken feather-based biochar on
selected soil properties, growth, and yield of maize (Zea mays). Bulg. J. Agric. Sci., 32(1), 61-67

A glasshouse study was conducted to assess the effects of chicken feather-based biochar on some fertility properties,
growth, and yield indices of potted maize. The application rates of chicken feather biochar used were: 0 (control), 10, 20, 30,
and 40 g/4kg soil, representing 0, 5, 10, 15, and 20 t/ha, respectively. The experiment was laid out in a completely randomized
design (CRD) with four replications. The soil’s chemical properties were analyzed. Crop growth and yield data collected are:
plant height (cm), stem girth (cm), number of leaves, number of cobs/plant, and cob weight/plant (kg) after harvest. Results
showed that the application rate of 20 t/ha significantly increased the soil pH, TN and OM by 36.3%, 62.1%, and 62.3%,
respectively, while 15 t/ha had the highest significant effect on available P. and CEC (31.18 mg/kg and 8.13 cmol/kg, respec-
tively), when compared with control (5.30 mg/kg and 6.53 cmol/kg, respectively). The highest values of plant height (63.10
cm and 70.43 cm, respectively), and stem girth (3.37 cm and 3.47 cm, respectively), were recorded in the 20 t/ha application
rate at 8 and 12 weeks after planting. The yield indices (number of cobs and cob weight/plant) differed significantly (p < 0.05)
among the rates of application. The 20 t/ha gave the highest mean values of the yield indices (1.5 and 0.35 kg, respectively).
Amendment of the soil with 20 t/ha chicken feather biochar gave the highest values of the growth and yield indices in maize
and can, therefore, be recommended for adoption by maize growers.
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Introduction purposeful promotion of the use of plant and animal wastes

for crop production. Using organic wastes, such as biochar,

One of the main reasons for diminishing maize crop pro-
duction in Southeast Nigeria, is the ultisols’ intrinsic low soil
fertility and low mineral reserves (Adejumo et al., 2016).
The cultivated regions in Southeast Nigeria have less pro-
ductive potential due to nutrient depletion through erosion
and leaching, reduced cation exchange capacity, low base
saturation, and increased soil acidity (Onwudike, 2015). To
provide food security for Nigeria’s fast-growing population,
more nutrient input and recycling would be required on the
extensively cultivated soils of the country’s derived savan-
nah agroecological zones. This can be accomplished with the

to improve soil has emerged as a practical solution for man-
aging issues with acidity and fertility. Studies have indicated
that biochar, which is the byproduct of incompletely burning
biomass in the absence of oxygen, improves crop production
(Agegnehu et al., 2016; Rafique et al., 2020), as well as soil
quality (Martinsen et al., 2015). The application of biochar
has been shown in several studies to improve the agronomic
performance of tropical soils (Cely et al., 2015; Jin et al.,
2015; Sikder and Joarder, 2019).

Feathers are a common by-product of processed chicken,
and are produced in significant amounts yearly (each year),
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worldwide. Approximately, 6% of the mature chicken’s live
weight could be made up of feathers. They have a high con-
centration of keratinous protein, which is fibrous and insolu-
ble (Fakhfakh et al., 2011). There are many artistic and prac-
tical uses for feathers. Nonetheless, chicken feathers can be
utilized as an alternative to organic manure and liming ma-
terials, because animal-derived biochars have been shown
to improve soil properties such as pH, CEC, water-holding
capacity, and organic matter, and to contain elements like
nitrogen, phosphorus, calcium, and magnesium (Singh et al.,
2010). Therefore, it is necessary to assess the effectiveness
of biochar made from chicken feathers as a sort of organic
amendment. According to Ibebuchi and Abu (2023), sea-
sonal changes in temperature and rainfall are common en-
vironmental factors in Nigeria’s derived savannah agroeco-
logical zone that might affect the growth of maize. Gaining
knowledge on how these environmental elements interact
with chicken feather biochar to affect maize growth, can be
very beneficial for sustainable agricultural practices in the
area. The results of these studies may help change agents and
farmers understand the advantages of using chicken feather
biochar in agricultural operations, to increase maize yield,
while improving soil fertility and health. Additionally, this
study might emphasize how crucial it is to use readily avail-
able agricultural waste materials, such as chicken feathers, to
generate biochar, thereby supporting initiatives for resource
sustainability, as well as the management and recycling of
waste in the tropics. This study aimed to assess the effects
of chicken feather-based biochar on selected soil properties,
growth, and yield of maize.

Materials and Methods

Soil and its characteristics

The Department of Soil Science’s glass house served as
the location for the pot experiment. Auger samples at 0-20
cm depth were collected from the teaching and research farm,
Department of Soil Science, University of Nigeria, Nsukka.
The sample soil was a weathered, brownish red and coarse
textured ultisol, with a sandy loam textural class. It has a
strongly acidic pH, with moderate soil organic carbon (SOC)
and available phosphorus, the total N is low, and a very low
exchangeable potassium content (Ebido et al., 2021).

Biochar production

The slaughterhouse in Nsukka town provided the chicken
feather feedstock. With the help of a makeshift kiln, made
of a cylindrical drum, with a capacity of 10 kg, which was
punctured at the sides, the feathers were pyrolyzed (heated
with limited oxygen) at a temperature of 550-600°C exter-

nally over a closed-chamber furnace. The drum was filled
with the feedstocks and sealed snugly with a lid before heat-
ing. The drum was continually turned to ensure that the feed-
stocks burned evenly. Complete burning of the feather was
indicated by the brilliant green smoke that emanated from
the punctured locations after 45 to 60 minutes.

Experimental design and treatments

The experiment was laid out in a completely randomized
design (CRD). Twenty plastic pots of 4 kg soil capacity were
filled with air-dried and 2-mm sieved topsoil. The biochar
was thoroughly mixed with the topsoil in the pots, irrigated
with two liters of water, and then planting was done imme-
diately. Afterthat, the potted media were regularly irrigat-
ed with 50 mL of water every two days. Five rates of the
chicken feather biochar: 0, 10, 20, 30, and 40 g 4 kg soil ™!,
equivalent to 0, 5, 10, 15, and 20 t ha™', respectively (with an
average soil bulk density of 1,000 kg m™), were used as the
treatment, each replicated four times.

Sampling and data collection

As a test crop, the hybrid maize (Zea mays L.), variety
Oba super II, was acquired from the University of Nsukka’s
Department of Crop Science. During the three-month trial
period, two maize seeds were immediately sowed in each
pot at a depth of 3 cm. The soil media were kept consis-
tently moist but not soggy. Hand rouging was used to man-
ually remove weeds once a month. Growth and yield data
collected are plant height (cm), stem girth (cm), number of
leaves, number of cobs/plant, and grain yield/plant (kg). At
4, 8, and 12 weeks after planting (WAP), one plant from each
pot was tagged and sampled, and the height of the plant was
measured to the nearest centimeter (cm) from the base of
the plant to the base of the unopened apical leaf. The stem
girth values of the chosen plant from each pot at 4, 8, and 12
WAP were measured at the stem base point, which is directly
above the soil surface. For every plant that was chosen, the
number of completely opened, mature, and non-senescing
leaves was tallied and then utilized to calculate the number
of leaves for each pot. After the maize cobs were harvested
at 12 WAP, the fresh weight of the grains per plant and the
mean number of cobs per plant were noted for the selected
plant. After harvest, soil samples from each pot were collect-
ed for analysis of soil chemical properties (pH, total nitro-
gen, organic matter, and available phosphorus).

Statistical analysis

With the use of the software SAS Discovery Edition 4,
the collected data were subjected to one-way analysis of
variance (ANOVA) for experiments in CRD using a linear
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model approach. Means that were significant at the 5% prob-
ability level were separated using the least significant differ-
ence (LSD) test.

Results and Discussions

Effects of feather biochar amendment on soil pH, OC,
TN, and Av. P

The results presented in Table 1 represent the effects of
the five different rates of feather biochar on some chem-
ical properties of the soil. The results show significant ef-
fects (P < 0.05) of the treatments on soil pH. The soil pH
of the control was 4.55 (strongly acidic), while that of the
amended soil ranged from 5.26 (moderately acidic) at 5 t/
ha to 6.2 (slightly acidic) at 20 t/ha. This shows that biochar
is a good amendment with acid-neutralizing capacity that
increases soil pH, which is in agreement with other works
of Major et al. (2010). This increase in soil pH is attributed
to the integration of the highly alkaline nature of the bio-
char. The treatments had significant (P<0.05) effects on the
soil’s total nitrogen. The total nitrogen of the control was
0.66, while the amended soils were about 62% higher than
the control. The study showed that the effects of biochar on
soil N were largely positive, where N increased significantly
with increasing rates. Increases in N may have resulted from
the ability of biochar to lower N leaching (Chan et al.,2007;
Van Zwieten et al., 2010). There were significant effects (P<
0.05) of the treatments on the organic matter content of the
soil. The soil organic matter increased by 62%, respective-
ly. It was observed that the increase in SOM increased with
increasing rate and increasing WAP. This agrees with the
reports of other researchers that biochar, compared to other
organic fertilizers, is rich in carbon and not easily biologi-
cally degradable. This makes it more stable and gives it the
ability to stay longer in the soil (Krull et al., 2006; Lehmann
and Rondon, 2006). The results show that the treatments had
no significant effect (P < 0.05) on the phosphorus level of
the soil after four, eight, and twelve weeks of incubation.
The available phosphorus increased from 5.30 cmol/kg (low)

in the control to 31.18 cmol/kg (very high) in 15t/ha. Phos-
phorus (P) is a major nutrient essential for plant growth that
cannot be replaced by any other element (Neset and Cordell,
2012). Therefore, it is crucial to address its deficiency in the
soil by adding phosphorus-rich amendments.

Exchangeable properties of soils amended with feather
biochar

The results presented in Table 2 show that the treatment
had no significant (P < 0.05) effect on the exchangeable bas-
es of the soil, although the values increased numerically with
increasing rates. The results show that the treatments had a
significant (P < 0.05) decreasing effect on the aluminum and
hydrogen content of the soil. Biochar was observed to have
eliminated aluminum as the hydrogen content decreased
from 2.4 cmol/kg in 0 t/ha to 1.6 cmol/kg in 15 t/ha. Alu-
minum toxicity could be considered a major limiting factor
in acidic soils for plant growth and development by directly
inhibiting root elongation, thereby interfering with plant nu-
trient uptake (Singh et al., 2017). The results show that the
treatments had a significant effect (P < 0.05) on the cation
exchange capacity of the soil, the cation exchange capacity
of the control soil was 6.53 cmol/kg (high), while the amend-
ed soil ranged from 7.24 cmol/kg (high) in 10 t/ha to 8.13
cmol/kg in 15 t/ha. The increase of the soil cation exchange
capacity as a result of biochar application can be caused by
the inherent characteristics of biochar, such as high porosity
and surface area as reported by Ndor et al. (2014).

Interaction effects of chicken feather biochar on maize
growth

When compared to the control, maize cultivated in soil,
amended with chicken feather biochar, showed overall gains
in growth parameters during the growing season (Figure 1).
Chicken feather biochar had a highly significant (P < 0.05)
effect on the growth of maize, which could be a result of
the inherent nutrients in the chicken feathers. Studies by
Lehmann et al. (2006) and Singh et al. (2010) demonstrated
the higher nutritional content of biochar made from animal

Table 1. Effects of feather biochar rates on some soil chemical properties

TRT pH pH Total Nitrogen (TN) | Organic Matter (OM) | Available Phosphorus
FB H,0 KCl % % mg/kg

0 t/ha 4.55 4.00 0.66 1.965 5.30

5 t/ha 5.26 4.60 0.87 2.586 8.53

10 t/ha 5.56 4.75 0.92 2.741 16.45

15 t/ha 5.72 4.95 0.89 2.638 31.18

20 t/ha 6.20 5.20 1.07 3.189 11.47

LSD 5, 0.18 0.30 0.190 0.020 15.81

Source: Authors’ own elaboration
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Table 2. Effects of feather biochar rates on some soil chemical properties

TRT Ca? Mg?* K* Na* CEC H* AP
FB Cmol/kg Cmol/kg Cmol/kg Cmol/kg Cmol/kg Cmol/kg Cmol/kg
Ot/ha 2.36 0.51 0.11 0.19 6.53 2.40 1.0
St/ha 2.53 0.84 0.11 0.21 7.69 2.20 —
10t/ha 2.53 0.84 0.11 0.21 7.24 2.10 —
15t/ha 3.04 1.18 0.12 0.22 8.13 1.60 —
20t/ha 2.70 1.52 0.12 0.21 7.56 1.90 —
LSD, s, NS NS NS NS 0.85 NS 0.168

Source: Authors’ own elaboration

sources. The study conducted by Onwuka and Nwangwu
(2016) revealed that poultry-derived biochar had a greater
significant (p < 0.05) impact on okra development when
compared to biochar derived from other animal sources.
These findings are consistent with the considerable effects
of chicken feather biochar on maize growth characteristics.

There were variations among application rates, with 20 t/
ha recording the highest mean values for plant height (56.34
cm) and stem girth (3.01 cm), while 15 t/ha recorded the
highest values of the number of leaves (10.00). The growth
performance of maize was found to increase with an increase
in the rates of biochar application, with 20 t/ha having the
highest value among the various rates. This was consistent
with research by Chan et al. (2008), which showed that crop
yield and growth increased as biochar application rates in-
creased.
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Fig. 1. Interaction effects of biochar rates on maize
growth
Source: Authors’ own elaboration

Effects of biochar on maize plant height across sam-
pling periods
The results shown in Figure 2 indicate the tallest maize

plant at 4, 8, and 12 WAP. During the 8 and 12 WAP sample
periods, there were significant (P < 0.05) effects on plant
height due to the varying application rates. With values of
35.49 c¢cm, 63.08 cm, and 70.4 cm at 4, 8, and 12 WAP,
respectively, the chicken feather biochar applied at 20 t/
ha had the greatest effects. These results were consistent
with those of Jeffrey et al. (2011), who reported a high per-
centage increase in crop growth indices with biochar ap-
plication at different rates. The high nutrients (potassium,
phosphorus, and nitrogen) release potential of biochar at
that rate with time may be the cause of the notable improve-
ment in plant growth at 20 t/ha, which is in accordance with
the reports of Hossain et al. (2020). At 4 and 8 WAP, the
control (0 t/ha) had the lowest mean plant height, while at
12 WAP, the least amount of plant height was produced by
10 t/ha.

P90
1
a 80
n a ‘
. 70 |
| a
60 ][ g =
ll { = b 1’ b / ///ﬁ ’
? 50 - ‘,02:1" e ¢ <
L0 !
Y30
:; 0 | —+—4 WAP (cm)
m 8 WAP (cm)
10
~#—12 WAP (cm)
0
0 t/ha 5 t/ha 10 t/ha 15 t/ha 20 t/ha
—0—4(::7\1/111\)1’ 2142 2921 2943 35,18 35,49
8 (XSP 40,69 4631 41,62 58.13 63,08
—4— 12 WAP ' »
n 12( (’:Am/)xP 4822 53.73 4781 69.43 70,4

Rates (t/ha)

Fig. 2. Biochar rates on maize plant height (cm)

WAP: Weeks After Planting, t/ha = tonnes per hectare
Source: Authors’ own elaboration



Assessment of chicken feather-based biochar on selected soil properties, growth, and yield of maize... 65

Effect of biochar on the number of leaves of maize
across sampling periods

Figure 3 shows the mean number of maize leaves at 4,
8, and 12 WAP. There were no significant differences (P <
0.05) amongst the rates except at 4 WAP. It was observed
that 15 t/ha chicken feather biochar resulted in the highest
mean number of maize leaves, with values of 7.33, 9.33, and
13.33 across the sampling periods: 4, 8, and 12 WAP, re-
spectively. This was followed by the 20 t/ha while (control)
gave the least mean number of maize leaves. The results ob-
tained amongst the treatment rates agree with the findings
of Barrow (2012) and Ippolito et al. (2012), who reported
that biochar contained essential nutrients necessary for plant
growth, although the resulting nutrient levels depended on
the feedstock.
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Fig. 3. Biochar rates on the number of leaves
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Effect of chicken feather biochar on the stem girth of
maize at different sampling periods

The results in Figure 4 of maize stem girth at 4, §, and
12 WAP showed significant differences (P < 0.05) among
the biochar rates except at 4 WAP. The mean stem girth rose
by 40.13%, 58.22%, and 52.86% throughout the sampling
periods (4, 8, and 12 WAP), respectively, with the appli-
cation of 20 t/ha biochar, and then by 15 t/ha. Notably, the
maize stem girth increased in the soil media treated with
15 and 20 t/ha of chicken feather biochar than in the other
rates. This aligns with the findings of Zhu et al. (2015),
who opined that biochar is a unique type of amendment ma-
terial due to its high levels of potassium and phosphorus,
which are easily assimilated by plants and do not degrade

the soil’s structure as mineral fertilizers do. This increase
in the growth indices of maize plants might be linked to the
steady nutrient release by the biochar into the soil media
and the availability of the nutrients for plant uptake and
growth.
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Fig. 4. Effects of biochar rates
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Source: Authors’ own elaboration

Effects of biochar rates on the yield components of
maize

The weight of fresh maize (kg) and the mean number of
cobs after harvesting are displayed in Figure 5’s results. Af-
ter harvesting, it was found that 20 t/ha of chicken feather
biochar produced the highest mean weight of fresh maize
(0.35 kg) and number of corn cobs/plant (1.50), followed
by 15 t/ha, while control (0 t/ha) had no yield. This demon-
strates that biochar derived from animal sources has higher
nutrient contents and stabilized organic materials, which
assist in raising the soil’s fertility and promote crop growth.
Consequently, it was shown that crop output was greatly
increased by 20 t/ha of biochar. Although the ideal rate of
biochar application varies on the particular soil type and
crop management, observations of crop development fol-
lowing the application of biochar have consistently shown
favorable outcomes (Marjenah et al., 2016). This outcome
is consistent with the findings of Major et al. (2010), who
found that applying biochar enhances soil fertility, which in
turn enhances plant growth.
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Conclusion

The study revealed an increase in the growth and yield
indices of maize plants with increasing rates of chicken
feather biochar application. The 20 t/ha gave the high-
est values of the growth and yield indices, as well as the
soil chemical properties. However, there was a steady
increase in the plant height, stem girth, and number of
leaves throughout the growth period. The soil’s chemical
properties increased with increasing application rates. The
observed significant increases in soil pH, OM, TN, Avail-
able P, CEC, and the growth and yield of the maize plant,
due to soil amendment with chicken feather biochar, could
be attributed to the high nutrient release from the biochar
to the soil, especially at 20 t/ha. Based on the assessment
of chicken feather on soil chemical properties and maize
production, it is evident that applying chicken feather at
the recommended rate of 20 t/ha optimizes soil fertility and
enhances maize yield. This conclusion underscores the sig-
nificant role of chicken feather biochar in improving soil
organic matter content, nutrient availability, and overall
soil health, thereby contributing to sustainable agricultur-
al practices and maximizing maize production. Therefore,
efforts should be made to promote the adoption of chicken
feather biochar at its optimum application rate to achieve
balanced nutrient management and long-term agricultural
productivity.
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