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Abstract: Efficient use of co-composted organic manure with biochar is one of the sustainable
management practices in an agriculture system to increase soil fertility and crop yield. The objectives
of this research are to evaluate the use of co-composted biochar, biochar in formulation with poultry
litter (PL), and PL compost on soil properties and maize growth. Organic amendments were applied
at 10 Mg ha~!, and synthetic fertilizer was applied at the recommended rate of maize (N: P,Os: K,0O
at 60:60:40 kg ha~1). The results showed that addition of organic amendment significantly increased
the total biomass parameter compared to the control, which ranged from 23.2% to 988.5%. The pure
biochar treatment yielded lower biomass than the control by 27.1%, which was attributed to its low
nutrient content. Consequently, the application of the co-composted biochar achieved higher plant
height and aerial portion, which ranged from 46.86% to 25.74% and 7.8% to 108.2%, respectively, in
comparison to the recommended fertilizer rate. In addition, the soil amended with co-composted
biochar had a significant increase in soil organic matter and had significantly higher chlorophyll
and nutrient concentrations in plants, which increased with an increase in the biochar ratio of the
co-composts. This was probably attributed to the release of the nutrients retained during composting,
thereby possibly making the co-composted biochar act as a slow-release fertilizer. In conclusion,
the addition of organic manure with biochar enhanced the nutrient supply by gradual release in
comparison to the mineral fertilizer.

Keywords: co-composted biochar; rice husk biochar; ratios of poultry litter or compost to biochar;
maize performance; acidic tropical oxisols

1. Introduction

Deficiency of nutrients and depletion of organic matter, as well as reduced quality and
fertility of soil have been regarded as primary factors that lead to decreased food security
and crop production [1,2]. Such issues are dominant in tropical and arid soils that are then
worsened by mounting pressure toward land use, with extensive cultivation to raise the
crop yield as a result of food demand and population growth [3,4]. Increasing global food
insecurity has been attributed to climate change, resulting from rising temperatures and
increasing carbon concentrations in the atmosphere [5]. Moreover, the increasing loss of
soil’s organic carbon as well as soil erosion worldwide has been attributed to a change
in land use. Likewise, intensive agricultural practices have impacts on levels of organic
matter and nutrient status [6]. Soil quality decline represents a significant constraint on the
productivity and sustainability of agriculture in the tropics, threatening the sustainability of
agricultural production [7]. In tropical areas, most agricultural soils are greatly weathered
and belong to the order of ultisols and oxisols, which make up approximately 20% and 23%
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of global tropics, respectively [8]. Oxisols and ultisols make up a good percentage (72%) of
soils of Malaysia, and they are characterized by low fertility, deficiency in soil nutrients and
soil organic matter, and exchangeable bases due to their high weathering [9]. For improved
productivity of such poor soils, intensive synthetic fertilizer usage becomes inevitable; the
consequent negative effects of eutrophication and soil water contamination result from
increasing nitrates in groundwater [10]. Continuous usage of traditional fertilizers leads to
depletion of SOM, a rise in erosion and acidity of soil, and reduction of the structure of
soil [11]. Nevertheless, such inorganic fertilizers are unsustainable in maintaining yields
and the fertility of soil [12]. Hence, there is a need for an alternative material to reduce
the usage of inorganic fertilizer while increasing soil fertility and crop yield with minimal
negative impacts on the environment.

Using organic amendments to improve the fertility of highly weathered soils of the
arid areas and tropics is one of the main issues in the management practice for sustainable
agriculture [13]. One of the main causes of degradation of soil is the reduced amount of
soil organic matter (SOM) available in the soils [14].

Poultry litter is one of the main agricultural organic sources that is widely used as
an organic fertilizer by farmers due to its high content of nutrient elements [15]. Globally,
poultry litter production was assessed at 457 million tonnes per annum [16]. Among animal
wastes, poultry litter is in top production in Malaysia at an average of 90 g/day (40% dry
substance) by a broiler [17]. The inappropriate handling of poultry litter could lead to
negative impacts on the environment [18]. This is because direct usage of fresh poultry
litter to fertilize crops could cause a transfer of pathogens, parasites, fungi, of heavy metal
contamination [19]. Furthermore, direct soil application facilitates ammonia volatilization,
which can leach into the household water supply, and cause soil acidification and crop
damage as a result of sensitivity to changes in soil nitrogen and salinity [20].

One of the main issues concerning organic manures such as poultry litter is their high
decomposition rate, particularly under tropical conditions of rainfall and high
temperature [21]. The organic matter may undergo complete mineralization within
one single crop season. Under moist tropical environments, its sustainability is a ma-
jor concern [22,23]. Nonetheless, these impacts of organic fertilizers are usually temporary
in the tropics, a result of significant rates of decomposition of SOM [24]. Attempts have
been made to address this impact via frequent compost application during each season
of planting. In a practical sense, the application of compost at a higher rate has certain
limitations, such as a toxicity effect due to the presence of heavy metals [25,26].

A solution for rapid restoration and stabilization of soil organic carbon, as well as
addressing the issue of heavy metal content, can be achieved when soils are applied with
biochar or biochar blended with organic wastes. Hence, one of the major practices currently
being employed is land application of biochar to enhance the soils that are greatly degraded
and weathered [27]. Research in the tropical regions has used higher biochar application
rates that are not economically feasible [28]. Nonetheless, pure and untreated biochar
that are wood-based possess a significant level of C. When they are applied to the soil, it
can produce high soil N immobilizations, lowering the availability of N for plants and
as such, lowering the yield of plants [29,30]. In order to preserve the essential level of
plant-available N inside biochar-treated soils, it is imperative to support the growth and
yield of plants via application of biochar that are supplemented with substances containing
N (such as manure, mineral compounds, composts and fertilizers) [31]. Quality of soil is
highly reliant on the support of biochar that is enriched with nutrient [32,33].

Recent evidence suggests that the use of synergistic organic materials with biochar
as an organic fertilizer in tropical soil has received scientific and wide public attention
due to its positive effect on sustainable crop productivity and soil fertility [34]. Several
studies have revealed the beneficial effects of blending organic wastes with biochar on
plant production for increased food security and soil health quality [3,29,30]. A recent field
study reported that an addition of co-composted biochar to tropical Ferrallisol augmented
maize yield and grain production by 9-18% and 10-29%, respectively, when compared
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to recommended inorganic fertilizers application [35]. In a separate field study that was
recently carried out in moderately acidic Nepalese silty loam soils, there was a great agro-
nomic advantage of biochar integrated with organic fertilizers (cow manure and urine), in
comparison with NPK-biochar fertilization and organic fertilization alone [36]. Somewhat
similar outcomes were collected from compost-biochar combinations on low fertility soils
of Laos [37]. It was suggested that co-composted biochar is an appropriate approach to
manage biochar nutrient deficiency and nutrient recycling in order to enhance growth of
plants and properties of soil. In Nigeria, the impact of application of distinct rates of biochar
and poultry manure, and in combination, on properties of soil and radish’s yield compo-
nents, were investigated [38]. The outcomes of this research found that the rate of biochar
application at 50 Mg ha~! together with poultry manure at a rate of 5 Mg ha~! enhanced
the productivity of radish. This coincides with a rise in root weight of approximately 252%,
252% and 193% compared with biochar and control alone at rates of 50 and 25 Mg ha™!,
respectively. They found that the biochar alone was able to raise the soil pH, organic matter,
and level of nutrients in yield and soil. Likewise, Kizito et al. [39] reported that enriched
biochar application enhanced nutrient release, which ultimately raised the quality of maize
yield and soil by increasing soil organic matter (232-514%) and macronutrients (110-230%)
in comparison to the control and unenriched biochar treatments. Qayyum et al. (2017) [40]
evaluated the effect of co-composted farm manure and garden peat biochar at different
ratios (100%:0%; 75%:25; 50%:50%; 25%:75%; 0%:100%) on wheat growth. The treatments
were applied at a rate of 2% w/w with full and half fertilizer recommendation and used
wheat as a test crop. They reported that the application of co-composted biochar enhances
the grain yield and increases soil nutrients versus the control.

In this study, we try to make the PL more environmentally friendly when applied
in agriculture by reducing the ammonia emission but not compromising the plant yield.
Thus, a comparison is made between compost biochar and adding or mixing biochar to PL
compost during land application. Therefore, the identification of the best combinations
and application rates that best suit organic amendments is necessary for tropical soils that
coincide with demands of crop. This would alleviate any risk of excess nitrate leaching
into ground water. Additions of organic amendments should also improve management of
soil fertility and increase crop productivity through a greater understanding of nutrient
recycling and their efficiency to gradually release nutrients, thus reducing the use of
chemical fertilizers. To fill the knowledge gaps, this paper aimed to demonstrate the use of
co-composted biochar with different amounts of poultry manure formulations on an acidic
tropical soil to improve the nutrient management for higher crop yield.

2. Materials and Methods
2.1. Preparation of Rice Husk Biochar, PL Composted and Co-Composted Biochar

The biochar was prepared using rice husk as a feedstock. The rice husk biochar (RHB)
was obtained from Padiberas Nasional Berhad (BERNAS) in Tanjung Karang, Selangor,
which was produced at a pyrolysis temperature of approximately 500 °C. Samples of
poultry litter were collected from Semenyih farm, Selangor. The samples were pulverized
to pass through 4 mm mesh and were then kept in plastic bags and stored. The co-
composting of poultry litter (PL) with biochar at various application rates was performed
using a plastic drum. The PL and RHB were co-composted at several initial proportions
(Table 1). The composting material was mixed at steady intervals, and co-composting
was continued for a period of 14 weeks. Blended PL and PL composted with RHB were
prepared following the same ratio used in co-composting PL with RHB, except for the high
ratio (30%PL: 70%RHB). The organic amendments were applied at the rate of 10 Mg ha~!
and mixed with soil and filled in polybags. Soil physical and chemical properties of Field 10
at 30 cm depth are illustrated in Table 2. Table 3 shows the physicochemical characteristics
of the organic amendments used in this experiment.
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Table 1. List of treatments.

Treatments Description PL CorI:;)ost RHB Miin?Lg ia(t:i SS{HB:
CcO Soil without any amendment 0 0 0 (0:0)
PL Poultry litter (PL) only 100% 0 0 (0:1)

RHB Rice husk biochar (RHB) only 0 0 100% (1:0)
PL-B30 Poultry litter 70% and biochar 30% 70% 0 30% (0.5:1)
PL-B50 Poultry litter 50% and biochar 50% 50% 0 50% (1:1)

CO1 Poultry litter composted only 0 0 0 0:1)

cOo2 The co-composting of 70% PL with 30% of RHB 0 0 0 (0.5:1)

CO3 The co-composting of 50% PL with 50% of RHB 0 0 0 (1:1)

CO4 The co-composting of 30% PL with 70% of RHB 0 0 0 (2.5:1)
CO-B30 Poultry litter compost 70% and biochar 30% 0 70% 30% (0.5:1)
CO-B50 Poultry litter compost 50% and biochar 50% 0 50% 50% (1:1)

MIN-FER The recommended dose for MARDI Institute (130 kg /ha urea, 60 kg TSP and 40 kg/ha MOP)

Table 2. Physicochemical properties of the soil used in the experiments.

Soil Properties

Description and Quantity

pH 451

EC (uSem™1) 140

Total carbon (%) 0.12
Total nitrogen (%) 0.01
Total Sulfur (%) 0.089

Total Phosphorus (mg/kg) 65
Total Potassium (mg/kg) 575.3
Total Ca (mg/kg) -

Total Mg (mg/kg) 27.57
Total Mn (mg/kg) 11.93
Total Cu (mg/kg) 25.17
Total Zn (mg/kg) 27.23
Total As (ug/kg) 2.77
Clay particles (%) 65.19
Silt particles (%) 9.28
Sand particles (%) 25.53

Table 3. Physicochemical characteristics of organic amendments used in experiment.

Parameters PL RHB CO1 CO2 CO3 CO4

pH 8.74 7.73 8.11 7.22 7.24 7.47

EC (mS cm™1) 4.66 0.92 4.62 3.82 3.09 2.37
Moisture content (%) 23 6 55.33 50.33 48.66 46.17
Total carbon (%) 36.06 28.55 40.56 28.52 23.89 21.67
Total nitrogen (%) 2.30 0.57 2.44 1.87 1.25 0.85
C/N ratio 15.68 50.09 16.66 15.37 19.18 25.64
Total Phosphorus (%) 3.26 0.036 4.49 3.68 2.92 2.46
Total Potassium (%) 2.61 0.37 3.84 2.99 2.29 1.81
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Table 3. Cont.

Parameters PL RHB CO1 CO2 CO3 CO4
Total Ca (%) 2.02 0.01 3.12 2.05 1.16 0.67
Total Mg (%) 0.64 0.09 0.83 0.60 0.45 0.32

Total Cu (mg/kg) 344.3 58 471.5 314.7 199.9¢ 126.2
Total Zn (mg/kg) 461.6 50.17 624.5 417.8 252 188.3
Total Fe (mg/kg) 3610.9 648 3079 3404 2333 1491
Total Mn (mg/kg) 378.2 161.67 536.1 594.5 429.9 3425
Total As (ug/kg) 17.53 0.19 17.3 14.9 10.14 7.64
NH4* (mg/kg) 3132 37 0.83 0.35 0.28 0.25
NO;~ (mg/kg) 1878 21 1.63 3.20 3.27 224

Seed germination index (%) - - 63.86 72.84 83.66 79.71

2.2. Experimental Site and Design

The research was conducted with a randomized complete block design in 12 treatments
and four replications of each treatment. Detailed information on the treatments is presented
in Table 1. The soil sample used for the glasshouse study is the Munchong Series soil. The
soil was sampled from Field 10, Faculty of Agriculture, Universiti Putra Malaysia, which
lies within the geographical coordinates 2°, 58, 65’ N and latitude 101°, 42/, 46’ E and
52 m above sea level. The soils were air-dried, sieved with a 4.00 mm sieve and stored
for analysis. A pot experiment was conducted to elucidate different organic amendment
types on the performance of sweet maize sown for 50 days. The following treatments
were utilized with a randomized complete block design (RCBD): CO (control), PL (poultry
litter), RHB (rice husk biochar), PL-B30 (poultry litter blended at 70% with biochar at 30%),
PL-B50 (poultry litter blended at 50% with biochar at 50%), CO1 (composted poultry
litter), CO2 (co-composted of PL at 70% with biochar at 30%), CO3 (co-composted PL
at 50% and biochar at 50%), CO4 (co-composted PL at 30% and biochar at 70%), CO-
B30 (composted PL blended at 70% with 30% biochar), CO-B50 (composted PL blended
at 50% with 50% biochar), MIN-FER (mineral fertilizer at recommended rate based on
MARDI recommendation; 130 kg N/ha in the form of urea, 60 kg P,Os in the form of triple
superphosphate and 40 kg KO in the form of muriate of potash). Full fertilizer treatment
was applied based on MARDI's recommended rates, which its addition to 8 kg soil basis
was equivalent to 0.2 g urea, 0.2 g TSP and 1.15 g NPK fertilizer (15-15-15). Amendments
were applied at 10 Mg ha~! of each treatment by thoroughly mixing the treatments with
soil and filling in polybags. Sweet maize (Zea mays L.) variety Masmadu was obtained
from the Malaysian Agricultural and Research Development Institute (MARDI). The seeds
underwent germination under laboratory condition and then moved into polybags after
24 h. Each polybag held 8 kg of sieved soil. Three seeds were initially transplanted but
were then thinned to one plant per polybag after one week. The plants were watered daily
to equivalent field capacity of the soil, and they were destructively harvested at 50 days
after planting, as they were about to silk.

2.3. Plant Growth Parameters

Plant growth parameters such as plant height, chlorophyll, leaf area and root/shoot
ratio were measured as dry weight. The methodology employed for the evaluation of these
parameters was according to Pandit et al. [41]. Plant height was presented as the length
from the base of the leafstalk to the leaf tip of the biggest leaf. At the end of the growing
period, the plant was separated into root and shoots for fresh weight determination with a
balance. The roots were carefully removed from the polybag to record root weight, while
the above ground measurement was taken as shoot weight. The leaf area was measured
directly after harvest using the LI-3100 USA leaf area meter scanner. The SPAD (soil and
plant analyzer development) value was measured at the center of the biggest leaflet using
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a chlorophyll meter (SPAD-502, Konica Minolta, Osaka, Japan). The chlorophyll content
recorded for each plant was the average value of three reading taken on the SPAD-502
chlorophyll meter.

2.4. Plant Analyses

After 50 days, the plants were harvested. The separated plant parts were then washed
with distilled water and oven dried at 70 °C one week. After drying, the root dry weight
and the aerial portion of the plant of each sample were recorded. The dry samples were
ground and passed through a 1.0 mm sized sieve. The ground tissue was stored in a tight
plastic vial and the carbon, nitrogen and sulfur was determined by combustion technique
using a LECO CR-412 carbon analyzer (LECO, Corporation, St. Joseph, MO, USA) with a
one-gram plant weighted into a tarred ceramic boat and determined by carbon analyzer.
The plant tissues were digested using the dry ashing method for P, K, Ca, Mg, Cu, Zn,
and As [42]. Dry ashing (oxidation) is normally performed by placing the sample in an
open vessel (crucible) and destroying the organic (combustible) parts in the sample by heat
in a mulffle furnace at a temperature of 550 °C. In this method, 1 g of oven-dried sample
was weighed into a crucible and placed in a muffle furnace to ash at an initial temperature
of 300 °C for 1 h, and then the temperature was subsequently raised to 500 °C for 4 h.
After cooling in a desiccator, the samples were then placed in a fume cupboard, a few
drops of distilled water were added to the ash samples, followed by 2 mL concentrated
HCI, and then it was allowed to evaporate to dryness on a hot plate. Subsequently, 10 mL
of 20% HNOs3 (200 mL HNOs in 1 L distilled water) was added to the samples and was
then placed in a hot bath for 1 h. The samples were then filtered using a Whatman No. 2
filter paper into a 100 mL volumetric flask and made up to volume with distilled water.
The concentration of P, K, Ca, Mg, Mn, Cu, and Zn in the solutions was determined by
Perkin Elmer Model AAS 3110 atomic absorption spectrophotometers (AAS), while AS was
estimated via the atomic absorption spectroscopy graphite furnace. The nutrient uptake of
the various elements was subsequently calculated.

Nutrient uptake g/plant = concentration (%) x dry weight of plant (g)/100 @)
Nutrient uptake mg/plant = concentration (mg/kg) x dry weight of plant (g) /1000 (2)

2.5. Soil Analyses

Soil samples were collected from each treatment alongside destructive harvesting. The
soil samples were air-dried and then passed through a 2 mm sieve, and the soil samples
were analyzed for selected chemical and physical properties. Soil pH was measured at soil-
to-distilled water ratio of 1:2.5, and the pH was afterward read using a pH meter (Model
Metrohm 827, Riverview, FL, USA) [43]. Electrical conductivity (EC) was determined at
the soil-to-distilled water ratio of 1:5, and EC was subsequently measured using electrical
conductivity meter (Mettler Toledo Seven Easy TM Conductivity Meter S30, Hamilton, New
Zealand). Total elements and some heavy metals were analyzed for total nutrients (P, K, Ca,
Mg, Cu, Zn, Mn and As) using aqua regia method in the soil samples [44]. Afterward, 0.5 g
of the samples were placed in digestion tube. Four milliliters of mixture of concentrated
hydrochloric acid (HCI), and nitric acid (HNO3) in a ratio of 3:1 was added to samples. The
samples in the digestion tube were left overnight until the color changed from brown to
yellow. The next day, the samples in the tube were digested under fume hood at 110 °C
until solution became 2 mL. The samples were cooled down, and 10 mL of 1.2% HNOs3
was added. The samples were heated at 80 °C for 30 min and then cooled. The samples
were transferred to a volumetric flask of 50 mL. The digestion tube was rinsed several
times to ensure that the entire mixture was transferred to the volumetric flask. The samples
were then made up to volume with deionized water. The samples were filtered through
double ring qualitative 101 filter paper. The solutions afterward were analyzed using
Perkin Elmer Zeeman 4100 graphite furnace atomic absorption spectroscopy (Perkin Elmer,
Wellesley, MA, USA), with other nutrients by using the Atomic Absorption Spectrometer
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(AAS) (Perkin Elmer; PE 500, Waltham, MA, USA). The total contents of C, TOC, OM, N
and S in biochar samples were measured by CHN analyzer (LECO, Corporation, St. Joseph,
MO, USA).

2.6. Statistical Analysis

All data were checked for normality and homogeneity of variances. The precision
of the data was calculated and expressed as standard error (SE). Data were subjected to
ANOVA procedure for RCBD using SAS software pack (version). The significance level
was set at a 95% confidence level (« = 0.05), and the Tukey test was employed to test for
significant differences among the treatment means.

3. Results and Discussion

Generally, organic amendments enhanced the growth of plant and concentrations
of foliar nutrient. The largest responses were found with the combined application of
compost and biochar, which agrees with many studies [35,41,42].

3.1. Chlorophyll Measurement of Maize

The greenness and nitrogen content of maize leaves were measured using chlorophyll
meter. Figure 1 present the results of maize chlorophyll measurement as a function of
treatments. The results of chlorophyll content for all treatments were significantly different
(p < 0.05). The treatment CO4 recorded a significantly higher chlorophyll content of 44.20,
which occurred at the plant’s later growth stages, which indicates the slow release of
nitrogen, while a significantly (p < 0.05) lower chlorophyll content of 21 was recorded
in the biochar treatment (RHB) by which this occurrence was mainly due to nitrogen
mineralization by soil microbes and retention of nitrogen on the biochar surface [13]. Co-
compost application to the soils had a positive effect on the amount of chlorophyll present
in the maize leaves during the glasshouse experiment. The healthy growth of plants relies
on nitrogen, which is a key aspect of the plant’s green color (chlorophyll). As such, leaves
with sufficient nitrogen have a greater rate of photosynthesis and shade of green [45].
The current results have been confirmed via statistical analysis, especially with the highly
positive correlation between the plant’s nitrogen and chlorophyll levels. In general, the N
elements’ role in plants is to act as an essential aspect of protein and act in the generation
of chlorophyll. As such, N has the role of making parts of plants greener, raising the height
of plants and accelerating the growth of plants.

Plants obtain nitrogen through the mineralization of organic nitrogen to the inorganic
form by microorganisms. The maximum chlorophyll level at the harvest (Figure 1) was
significantly higher (p < 0.05) in the CO4 treatment compared to CO, RHB, CO1, CO2,
CO-B30, CO-B50 and mineral fertilizer, but it was not significantly distinct (p > 0.05) from
the remaining treatments. Increased chlorophyll content in plants can be due to the higher
nitrogen content of the supplied composts, which results in an increase in the greenness
of corn leaves. The same outcome was found by Souza et al. [46], who reported that
high maize leaf chlorophyll content increased with an increase in the quantity of compost
application. It was reported that plants with a great level of chlorophyll can produce greater
photosynthetic materials [47]. The chlorophyll content of mineral fertilizer treatment is
not significantly different from PL and PL compost. This experiment indicated that the
effects of poultry litter and mineral fertilizer were dominant at the early plant growth
stages because of their chlorophyll content (data not shown). This was probably due to
their low C/N ratio that could lead to a fast release of nitrogen. However, at the harvest,
the co-composted biochar had an improved chlorophyll content (Figure 1), which indicates
a slow release of nitrogen caused by the high C/N ratio [48]. The outcomes also imply that
greater mineralization of native soil nitrogen is a result of the priming influence following
application of such amendments, which improved the soil microorganisms growth [49].
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Figure 1. Chlorophyll measurement of plants according to treatment effects. Key: CO, control; PL,
poultry litter; RHB, rice husk biochar; PL-B30, poultry litter blended with 30% biochar; PL-B50,
poultry litter blended with 50% biochar; CO1, PL compost, CO2, CO3, CO4; CO-B30, PL compost
blended with 30% biochar; CO1-B50, PL compost blended with 50% biochar; MIN-FER, mineral
fertilizer at recommended rate. Different capital letters indicate significant difference between
plant chlorophyll content between each treatment according to Tukey test set at 95% confidence
level (o = 0.05).

3.2. Maize Plant Performance at Harvest

Table 4 presents the mean plant biomass of maize plants, aerial portion, root and
the root:shoot ratio at harvest (50 DAS) for all treatments. Maize plant parameters were
significant (p < 0.05) among treatments. Total plant biomass is greatly distinct (p < 0.05)
among the treatments measured. CO1 recorded significantly higher total plant biomass
with 66.4 g/plant, while RHB recorded the least total plant biomass with 4.8 g/plant
(Table 4). This result was in line with the result of previous studies [35]. However, PL-only
applied treatment also recorded a significant amount of total plant biomass in comparison
with other treatments, with the exception of CO1. Moreover, this result indicates that
PL and CO1 had a higher amount of nutrient content than control, which agrees with
Schulz et al. [50] and Oladotun et al. [51]. The authors attributed this increased biomass to
their fairly high content of nutrient in soil organic matter. The measured total plant biomass
and percentage of increase over the control (6.1 g) in treatments were 60.7 g (895.1%), 38.1 g
(524.6%), 23.3 g (281.9%), 66.4 g (988.5%), 55.4 g (808.2%), 38.4 g (529.5%), 18 g (195.1%),
58 g (850.8%), 34.4 g (463.9%), and 31.9 g (422.9%) for PL, PL-B30, PL-B50, CO1, CO2,
CO3, CO4, CO-B30, CO-B50 and MIN-FER, respectively. In contrast, the decreasing total
plant biomass and percentage less than control was 4.8 g (—21.3%) as observed in rice
husk biochar treatment (Table 4). Our results suggest a great improvement of the growth
of maize in this acidic tropical soil could be attributed to the incorporation of biochar
and compost. Maize aerial portion at 50 days following sowing in all the treatments
are presented in Table 4. Significantly higher aerial portion was recorded in CO1 with
45.87 g/plant in relation to RHB, which recorded a significantly (p < 0.05) lower aerial
portion of 3.35 g/plant at 50 days after sowing, but the aerial portion production of CO1 is
not significantly different from those treated with PL and CO-B30. There was an increase
in plant biomass production with the increase in compost and poultry litter proportion
in treatments as compared to the control (CO) and RHB treatments. An increase in plant
height is an indication of the availability of plant nutrients, which ultimately increases
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plant biomass production. Cogger et al. [52] reported that when nutrient elements are
available in the plant rhizosphere, they can easily be accessed by plant roots and can
enhance plant growth.

Table 4. Plant parts biomass at harvest.

Treatments Aerial Portion (g) Total Plant Biomass (g) Root L‘?f Areil Root: Shoot Ratio
(g) cm” Plant

CcO 4.46 + 0.27e 6.1 £ 0.26f 1.59 + 0.02f 249.2 + 6.1d 0.35 4 0.02d
PL 41.69 £ 0.16ab 60.7 & 0.69ab 19.06 & 0.69ab 2835.4 £ 189.9a 0.46 + 0.03a
RHB 3.35 £ 0.16e 4.8 £ 0.16f 1.35 4+ 0.01f 235.2 + 6.6d 0.38 £ 0.01cd
PL-B30 26.84 + 0.48¢ 38.1 &+ 3.05¢cd 11.15 £ 1.16¢ 2269.8 + 140.5ab 0.42 4+ 0.04ab
PL-B50 17.41 £1.21d 23.3 £+ 2.49¢ 5.89 + 0.35de 1533.1 4= 190.9bc 0.34 + 0.03ab
CO1 45.87 + 1.55a 66.4 + 2.05a 20.49 + 0.94a 2865.9 + 101.3a 0.45 + 0.03ab
CO2 39.66 + 0.35b 55.4 4+ 2.68b 15.74 £+ 1.03b 2499.1 + 220.8a 0.40 + 0.02ab
CO3 29.17 4 2.54c¢ 38.4 + 4.61c 9.23 + 0.72cd 2236.4 + 172.7ab 0.33 £+ 0.05ab
CO4 13.05 £ 0.61d 18.21 £ 1.91e 5.16 £ 0.55e 1162.6 4= 149.5¢ 0.39 £ 0.02ab
CO-B30 40.93 + 0.33ab 58.9 4 2.54b 18.00 + 1.03ab 27234 + 119.6a 0.44 + 0.02ab
CO-B50 24.77 £ 0.56¢ 34.4 + 2.99cd 9.65 + 1.33cd 2345.1 +228.1a 0.39 & 0.05ab
MIN-FER 24.73 +1.01c 31.9 £ 2.09d 7.21 + 0.13cde 2180.9 £ 93.6ab 0.29 £ 0.01bc

*

*

*

*

*

All values (mean = standard error) are averages of three replicated trials. Note that in each column, same means with the same letter are
not significantly different at a probability level of 0.05. Key: CO, control; PL, poultry litter; RHB, rice husk biochar; PL-B30, poultry litter
blended with 30% biochar; PL-B50, poultry litter blended with 50% biochar; CO1, PL compost, CO2, CO3, CO4; CO-B30, PL compost
blended with 30% biochar; CO-B50, PL compost blended with 50% biochar; MIN-FER; mineral fertilizer at recommended rate. * and
different letters indicate significance difference detected within the same column for plant part biomass at each treatment according to
Tukey test set at 95% confidence level (x = 0.05).

Compared to the recommended fertilizer (MIN-FER) treatment, the aerial portion of
sweet maize significantly increased by 68.6%, 8.5%, 85.5%, 60.37%, 17.95%, 65.5% and 0.16%
in PL, PL-B30%, CO1, CO2, CO3, CO-B30, CO-B50 treatments, respectively. However, there
was a significant decrease by 81.9%, 86.5%, 29.6% and 47.2% in CO, RHB, PL-B50 and CO4
treatments, respectively, in comparison to the recommended fertilizer (Table 4), indicating
that the PL, CO1, and combined CO1 with biochar incorporation at the rate of 10 (Mg ha1)
promoted the growth of sweet maize but inhibited its growth in the only biochar (RHB)
and control (CO) treatments.

Table 4 also showed that the mean plant performance of root and shoot:root mean
plant performance of maize at 50 days after harvest are significantly different (p < 0.05).
Significantly higher maize roots of 20.49 g/plants were recorded in treatments that were
applied with CO1 and were significantly lower in treatments that were applied with RHB
only (1.35 g/plant), possibly because of the low nutrient content and high recalcitrant
elements (C and N) found in rice husk biochar. The lowest maize root at 50 days after
sowing was recorded in RHB-treated pots, but it is not significantly different from the con-
trol. However, maize plants that were applied with PL and CO-B30 were not significantly
distinct (p > 0.05) from the CO1 treatment, probably because of the higher labile carbon
and nitrogen and easily mineralizable elements found in poultry litter and co-composts.
The biochar lowered the mineralization of added C [53,54] and lowered nitrogen miner-
alization [55], as shown in field studies and laboratory incubation. Biochar was found to
be able to counteract positive priming of SOC by maize plants. This caused 48% lower
SOC losses [56]. Zavalloni et al. [57] observed similar outcomes, in which the recalcitrant
OM transformation into available C in soils was amended with glucose. The quality of the
C content was found to influence the mineralization of organic amendments, including
straw compost, vermicomposting and poultry manure [58]. This study indicates that the
addition of co-compost and combination of organic wastes with biochar could improve root
growth, which was in synchrony with the increase in biomass of sweet maize, which was
consistent with findings of Luo et al. [59]. Similarly, Lehmann et al. [60] found that a low
application rate of organic material might not improve the shoot biomass production as a
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result of few roots growing. In the current study, the total root weight was in the order of
CO1 > PL > CO-B30 > CO2 > PL-B30 > CO-B50 > CO3 > MIN-FIR > PL-B50 > CO4 > CO > RHB,
being significantly higher for CO1 compared to the other treatments. These results suggest
that the root morphological development under these treatments of high poultry litter and
compost proportion in co-composting and blending to allocation of more resources into the
root system. However, in biochar and control treatments, all the root morphological param-
eters decreased because of the insufficiency of resource for the plant growth from biochar
additions. The addition of biochar caused the nitrogen immobilization by soil microbes
probably because of the increased C/N ratio of soil [61]. Bruun et al. [62] pointed out that
suitable application rates of biochar improved the root growth and biomass because the
biochar retained more nutrients and water in the soil. Therefore, the present study con-
firmed that the addition of poultry litter and their composts combined with biochar should
be formulated at an optimum level to produce positive results. Nonetheless, our outcomes
suggest that blending compost with poultry litter only influenced root morphological
development because of the high nutrient content found in these treatments.

Figure 2 shows the mean plant height of the maize plants at 50 days after sowing.
The results of the effects of co-composts and blended composting materials application on
maize plant height in a glasshouse showed that different compost applications had signif-
icant effects (p < 0.05) on maize growth performance. Plants that were applied PL were
significantly higher than the other treatments, although it was not significantly different
(p > 0.05) from PL-B30, CO1, CO2, CO3, CO-B30 and CO-B50. However, the results were
significantly different (p < 0.05) from the other treatments (MIN-FIR, PL-B50, CO4, CO,
RHB). The significantly lower maize plant height was recorded in treatments that were
amended with RHB only and control treatment (CO), and they were significantly different
from all other treatments. An increase in plants height indicates the availability of plant
nutrients. Cogger et al. [52] reported that when nutrient elements are available in the plant
rhizosphere, they can easily be accessed by plant roots and enhance plant growth. The
maize that was applied with RHB only and the control were lower in height, possibly
because of the lower nutrients in the applied and also due to nitrogen immobilization [61].
Increased plant height with time can possibly be linked to organic matter mineralization,
which leads to gradual nutrients release from the added amendments. Nitrogen is an essen-
tial element in plants that plays a crucial role in enhancing plant growth and augmenting
plant height. Organic fertilizer enhances nutrient mineralization and consequently acceler-
ate plant performance [63]. Plant growth can also be accomplished by decreasing the toxic
content of heavy metals in organic-amended soil [64]. Surprisingly, organic nourishments
such as blending PL with biochar can also restore nutrient deficiencies and content of soil
organic matter in agroecosystems.

The increase in maize plant height at 50 days after sowing as observed may be due to
improved soil fertility due to compost application, which resulted in increased nutrient
availability for plant root uptake to improve plant growth. The results are in agreement with
the findings of Adejobi et al. [65] in which composts as an organic fertilizer /amendment
contribute to the improvement in crop growth by upgrading the chemical and physical
properties of the soil. Ndubuisi et al. [66] reported that composts could provide different
nutrients to the soil to facilitate a better nutritional soil balance to support plant growth.

The increase in plant height and growth of the treatments can be ranked in the order
PL > CO1 > CO-B30 > CO2 > PL-B30 > CO3> CO-B50 > MIN-FIR > PL-B50 > CO4 > CO > RHB,
being significantly higher for PL and CO1 compared to the other treatments, which were
also similar (Figure 2). Compared to the mineral fertilizer treatment, the plant height of
maize significantly increased by 49.33% in PL treatment, 46.86% in CO1, 45.06% in CO-B30,
40.67% in CO2, 32.48% in PL-B30, 25.74% in CO3, and 25.62% in CO-B50, while significantly
decreasing by 2.58% in PL-B50, 15.16% in CO4, 67.52% in CO and 69.21% in RHB treatments
(Figure 2). These results suggest that the co-composted biochar, PL, CO1 or their mixture
with biochar addition at the same rate (e.g., 10 Mg ha~—!) promoted the performance of
maize but inhibited its growth at the high proportion of biochar in treatments (e.g., 70%).
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Figure 2. Maize plant height at harvest according to treatments. Key: CO, control; PL, poultry litter; RHB, rice husk biochar;
PL-B30, poultry litter blended with 30% biochar; PL-B50, poultry litter blended with 50% biochar; CO1, PL compost, CO2,
CO3, CO4; CO-B30, PL compost blended with 30% biochar; CO-B50, PL compost blended with 50% biochar; MIN-FER,
mineral fertilizer at recommended rate. Different letters indicate significance difference detected between plant height

between treatments according to Tukey test set at 95% confidence level (o« = 0.05).

Findings revealed that poultry litter and compost-enriched biochar, which was added
at an optimal rate, produced the desired plant performance results (e.g., high plant height,
bigger roots, stem elongation, girth enhancement and greenness of leaves). This study has
confirmed an increase in the plant height and growth due to an increase the proportion
of poultry litter and compost in the treatments that might be attributed to its fairly high
nutrient content, which supplemented the nutrient requirements, especially N for plant
growth, as well as improved soil properties.

3.3. Maize Nutrients Concentrations and Uptake at Harvest

The availability of essential nutrients affects the yield and yield components of
crops [67]. The major source of plant nutrients depends on soil and organic fertilizer
features. Supplementing plant nutrient requirements in agriculture is vital to ensure health
and sustainable plant growth [68]. Moreover, for plant growth, increases in foliar nutrient
concentrations are supported and documented in the literature review [3,30,35,48,67].

In this present study, the mean corn nutrient concentrations of nitrogen, phosphorus,
potassium, calcium, and magnesium in maize plants at 50 days after sowing are presented
in Table 5. The results of the concentrations of the nutrients were significantly different
(p < 0.05). CO4-treated pots were significantly higher in nitrogen concentration at 50 days
after sowing; however, PL compost (CO1) is significantly lower in nitrogen content 50 days
after sowing.

The results show that the nutrient uptake of nitrogen phosphorus, potassium, calcium,
and magnesium by the maize plants are significantly different (p < 0.05). Significantly
different and higher nitrogen concentration at 50 days after sowing were recorded in maize
plants that were applied CO4 at 10 Mg ha~! (Table 6). However, these results were not
significantly different from the other treatments, including applied mineral fertilizer in
full dose and the control plants. The lower concentration of N recorded in poultry litter
compost might be attributed to the fast release of N from composts and poultry litter
without biochar addition versus the treatments with biochar. Results also showed that
the nitrogen concentration and chlorophyll increased (Figure 1), and an increasing ratio of
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biochar in the organic treatments was an indicator of slow release of nitrogen. A similar
result was also observed by Qayyum et al. [40], who co-composted biochar with farm
manure. Similarly, Kizito et al. [39] pointed out that adding enriched biochar by digestate
nutrients improves soil fertility by increasing organic matter and improving the release of
micronutrients gradually compared to conventional chemical fertilizer. Another reason
behind the decrease in N concentration was mainly due to the increase in dry weight
(Table 4), termed as the dilution effect.

Hanajima et al. [69] stated that the valuable impact of adding blending organic fer-
tilizer with biochar on soil fertility depended on application time and nutrient release
with time. Similarly, Adekiya et al. [38] reported that the low C/N ratio and the high
nutrient concentrations of the poultry manure led to increased decomposition and nutrient
release for short duration crops, which enhanced radish growth and increased nutrient
content in the soil. Rogeri et al. [70] reported from a study of nitrogen mineralization
from applied poultry litter compost that lower values of nitrogen recorded coupled with
the low C/N ratio could be because of a slowing down in nitrogen mineralization due to
stabilization of the added N forms that are recalcitrant or difficult to mineralize (humified
N). Additionally, volatilization and denitrification losses may have occurred. In addition,
biochar can improve the efficiency of nutrient retention, adsorbed volatilized ammonia [71],
and enhanced microbial immobilization, which can be clarified by the fact that the addi-
tion of biochar to organic amendment or soil may increase the C/N ratio and reduce the
nutrient concentration of soil [27]. In co-composted biochar, higher N concentration, which
was slow-released, can be elucidated by continuous mineralization, which depends on
co-composted quality and stability. The rates of annual nitrogen mineralization are around
3-8% from compost [72].

Phosphorus uptake by plants was also not significantly different in treatments CO4
and PL-B50, a probable indication that CO4 and PL-B50 released more phosphorus during
the glasshouse experiment in which they differ significantly from the control. According
to Islam et al. [73], organic fertilizer-treated soils have higher amounts of phosphorus
versus control. The reasoning can be attributed to the explanation and mechanism for
adsorption of phosphate (PO43~) and function in its gradual release. Many studies attest
that biochar can adsorb phosphate from solution and function in the gradual release of the
adsorbed P, thus reducing the loss of phosphate [74-76]. Another reason is that the biochar
enhances the enzyme that catalyzes the hydrolysis of ester-phosphate bonds for the release
of phosphate [77-79]. However, enriched biochar with organic manure has high affinity for
AP and Fe?*, a process known to minimize P fixation by AIP* and Fe?* in highly weathered
acidic soils [39,80]. Furthermore, compost addition can block adsorption sites for Fe and
Al, thereby reducing H,PO,~ fixation ability and increasing P mobility in organic forms
within the soil profile [81]. The release of H* by roots compensates for an imbalance in the
charge because the unequal uptake of cations might be another reason for weaker liming
influence on the rhizosphere soil [82]. The release of exchangeable cations, for example, K*,
Ca®* and Mg?*, from biochar promoted their uptake by maize and, in turn, weakened the
liming effect of biochar in the rhizosphere soil. This can possibly be attributed to a higher
amount of the treatment applied, which was mineralized, thus releasing and making more
organic phosphorus available, thereby reducing fixation. Ahmad et al. [83] reported that, in
comparison to control plots, significantly different results for K was observed in the other
treatments. Islam et al. [73] also supported this result, who reported that exchangeable soil
K increased when organic fertilizers were applied to soil. The Ca and Mg uptakes by corn
at harvest were significantly different (p < 0.05). Heavy metal contents in the composts
used in the present study were also well below the critical limits.
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Table 5. Plant nutrients concentrations at 50 days after harvest.

Treatments Nitrogen Phosphorus Potassium Calcium Magnesium Manganese Copper Zinc
% mg/kg % mg/kg mg/kg mg/kg mg/kg mg/kg
cO 1.34 £ 0.04ab 459.5 4 26.1b 0.209 £ 0.031a 801.7 £ 86.6ef 691.7 & 28.1abc 87.37 £ 2.56b 4.03 4 0.09ab 58.15 & 1.38bcd
PL 1.20 £ 0.09abc 232.3 +22.3¢c 0.132 £ 0.013a 1441.4 + 167.6ab 791.3 £ 71.7ab 86.45 £ 9.49b 1.73 £ 0.14de 45.93 &+ 2.69d
RHB 1.29 £ 0.01abc 436.75 £ 5.9bc 0.206 £ 0.014a 1114.1 4 103.8bcde 797.7 £ 46.6ab 86.65 + 4.32b 3.25 4 0.25dc 57.93 £ 5.69bcd
PL-B30 1.27 £ 0.11abc 387.1 & 14.9bc 0.180 £ 0.022a 1016.1 & 73.9cde 741.9 £ 32.1abc 99.93 & 1.02ab 0.50 & 0.04f 51.65 £ 5.08bcd
PL-B50 2.06 % 0.06ab 740.8 £ 31.31a 0.210 £ 0.010a 677.9 £ 27.6f 620.7 £ 35.8bc 110.93 + 1.86ab 2.30+0.11d 81.78 £ 4.43a
Co1 0.54 4 0.02c 249.3 £ 21.1bc 0.159 £ 0.003a 1553.2 +-71.3a 781.7 & 24.1abc 98.95 & 7.57ab 1.28 £ 0.0% 44.20 4 1.50d
cO2 0.88 £ 0.06¢ 324.1 £ 29.9bc 0.192 £ 0.015a 1301.5 & 37.8abc 818.1 £ 31.9ab 113.75 4+ 9.62ab 2.18 £+ 0.18d 71.85 £ 5.01ab
CO3 1.13 £ 0.11bc 426.5 & 45.3bc 0.194 £ 0.022a 663.5 £ 47 .4f 664.6 & 27.9abc 100.30 + 6.62ab 3.1540.13¢ 51.73 & 5.53bcd
CO4 2.08 & 0.06a 726.5 £ 45.6a 0.222 £ 0.018a 717.9 £ 35.1ef 635.1 & 34.2bc 129.43 4+ 9.78a 3.73 4 0.26bc 68.01 & 3.14abc
CO-B30 0.66 & 0.05¢ 270.3 & 29.2bc 0.195 £ 0.027a 1490.2 + 114.4ab 713.8 & 55.2abc 111.53 + 9.04ab 1.35 £ 0.10e 49.38 £ 2.21bcd
CO-B50 1.07 £ 0.09¢ 384.8 & 39.2bc 0.148 £ 0.010a 856.8 & 41.4def 580.4 4 34.3c 84.56 & 4.25b 0.44 + 0.03f 43.60 & 5.36d
MIN-FER 1.01 + 0.03abc 429.1 £+ 41.3b 0.164 £ 0.039a 1202.4 + 33.9abed 866.4 & 32.8a 84.12 £ 10.1b 4.68 +0.21a 54.35 £ 3.81bcd

*

*

NS

*

*

*

*

*

All values (mean =+ standard error) are averages of three replicated trials. Note that in each column, same means with the same letter are not significantly different at a probability level of 0.05. Key: CO, control;
PL, poultry litter; RHB, rice husk biochar; PL-B30, poultry litter blended with 30% biochar; PL-B50, poultry litter blended with 50% biochar; CO1, PL compost; CO2, CO3, CO4, CO-B30, PL compost blended with
30% biochar; CO-B50, PL compost blended with 50% biochar; MIN FER, mineral fertilizer at recommended rate. * and different letters indicate significance difference detected within the same column for plant

nutrient concentration at 50 days after harvest between treatments according to Tukey test set at 95% confidence level (« = 0.05).

Table 6. Table of mean plant nutrient uptake by maize at 50 days.

Parameters Nitrogen Phosphorus Potassium Calcium Magnesium Manganese Copper Zinc Sulphur
Treatments g/Plant mg/Plant

CcO 0.088 £ 0.02cd 2.05 +0.18b 0.009 £ 0.001ed 3.64 + 0.59%¢ 3.06 +0.08d 0.39 £+ 0.03d 0.018 & 0.001ef 0.26 = 0.01e 0.008 £ 0.002e
PL 0.486 + 0.04a 9.68 + 0.93a 0.055 + 0.005abc 65.11 + 2.97ab 35.04 + 1.02a 3.59 + 0.36ab 0.072 4+ 0.005bc 1.91 + 0.10bcd 0.056 + 0.003a
RHB 0.043 +0.01d 1.46 + 0.08b 0.07 £+ 0.001ed 3.74 4+ 0.45e 2.68 +0.25d 0.29 +0.02d 0.011 + 0.001f 0.19 £ 0.02f 0.005 £ 0.001e
PL-B 30 0.341 4+ 003ab 10.39 £ 0.55a 0.048 + 0.006bcd 27.10 + 1.22¢ 19.91 + 1.09b 2.48 4+ 0.21bc 0.011 + 0.003f 1.39 £ 0.15de 0.039 + 0.003bc
PL-B50 0.340 + 0.04ab 11.77 £ 0.61a 0.036 4+ 0.002cd 11.74 + 0.63de 10.83 £ 1.08¢ 1.77 £+ 0.07¢ 0.040 £ 0.003de 1.43 + 0.15cde 0.032 4 0.003cd
CO1 0.238 £+ 0.02bc 11.44 + 1.06a 0.073 4+ 0.003ab 71.34 4+ 4.58a 35.93 + 2.15a 455+ 0.41a 0.058 4+ 0.004cd 2.03 + 0.14b 0.052 4+ 0.002ab
CO2 0.320 + 0.05b 12.85 + 1.19a 0.076 + 0.006a 51.63 + 1.59b 32.45 + 1.32a 451 +0.37a 0.086 + 0.007b 2.85 4+ 0.20a 0.048 + 0.002ab
CO3 0.308 + 0.03b 12.11 £ 0.62a 0.056 + 0.006abc 19.03 £ 0.87cd 19.36 £+ 1.89b 2.88 4+ 0.13bc 0.092 4+ 0.008ab 1.47 £ 0.08bcde 0.041 £ 0.002bc
CO4 0.273 + 0.04b 10.43 + 1.28a 0.029 + 0.002ed 9.35 + 0.52de 8.27 £+ 0.48cd 1.69 + 0.14c 0.049 + 0.004cd 0.89 + 0.08e 0.024 4+ 0.001d
CO-B30 0.268 + 0.02b 11.05 £ 1.17a 0.080 + 0.011a 60.89 + 4.32ab 29.21 +2.27a 4.56 + 0.36a 0.055 4 0.004cd 2.02 + 0.08bc 0.046 £+ 0.002b
CO-B50 0.218 + 0.03bc 9.51 4+ 0.93a 0.037 4+ 0.002cd 21.20 4+ 1.06cd 15.12 £+ 0.67bc 2.10 4+ 0.14c 0.011 + 0.001f 1.09 £ 0.15de 0.028 4+ 0.001d
MIN-FER 0.286 + 0.04b 11.05 £ 0.88a 0.040 4 0.008cd 29.73 + 1.47¢ 18.52 +2.72b 2.09 4+ 0.29¢ 0.116 £ 0.010a 1.34 + 0.09de 0.032 4 0.001cd

*

*

*

*

*

*

*

*

*

All values (mean = standard error) are averages of three replicated trials. Note that in each column, same means with the same letter are not significantly different at a probability level of 0.05. Key: CO, control;
PL, poultry litter; RHB, rice husk biochar; PL-B30, poultry litter blended with 30% biochar; PL-B50, poultry litter blended with 50% biochar; CO1, PL compost; CO2, CO3, CO4, CO-B30, PL compost blended with
30% biochar; CO-B50, PL compost blended with 50% biochar; MIN FER, mineral fertilizer at recommended rate. * and different letters indicate significance difference detected within the same column for plant
nutrient uptake by maize at 50 days between treatments according to Tukey test set at 95% confidence level (et = 0.05).
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After maize harvest, the nutrient uptake of maize plants was affected by the appli-
cation of organic amendments. The application of these materials gave a highly signifi-
cant increase in nutrient uptake of maize plants than the control. It was noted that the
present or increased proportion of biochar in co-compost caused a decreased nutrient
uptake as compared to both poultry raw material and composted treatments. This re-
sult showed that biochar might enhance the nutrient’s stability in the form of complex
forms that provides the important nutrients to the plants for good performance [84]. The
nutrients available for plant uptake after mineralization into inorganic nutrients formed
under the different treatments are displayed in Tables 5 and 6. The mineralization of
organic products and transformation of nutrients strongly depend on the organic carbon
degradation, environmental condition and the C/N ratio of the organic material in the
treatments [40,85]. All co-compost treatments resulted in significantly lower heavy metal
tissue uptake than the control and pure NPK treatments probably due to increased heavy
metal immobilization [39]. The reduction in growth parameters with decreased nutrient
uptake at high proportion from biochar application in our organic amendments may at-
tribute to increased nutrient retention and immobilization due to biochar aging. Similar
findings were reported by Zama et al. [86], who reported that the heavy metals that reacted
with biochar facilitate the complexation and chemisorption of metalloids due to physical
adsorption and surface functional group.

3.4. Soil Properties after Harvest

Soil properties and soil nutrient content at harvest are presented in Tables 7 and 8.
Plants absorbed nutrients from the soil as well from the soil amendment, which explained
the decrease in soil nutrients at the final stage of the glasshouse experiment. Application of
organic amendments and mineral fertilizer decreased the acidity of soil for the glasshouse
study, but it was not significantly different (p > 0.05). As the pH of the soil increased
due to mineralization, the decrease of pH followed by the increased proportion of biochar
in co-composting could be due to the nitrification process. The result is in agreement
with Giannakis et al. [87], who reported an increase in soil pH as a result of compost
application, which likely occurred as a result of OH" production and basic cation release.
Paradelo and Barral [88] reported that an increase in soil pH should be expected upon com-
post application to acidic soils mainly due to buffering capacity of the added amendment
and presence of carbonates in the composts. Conversely, the pH decreases with an increase
in the proportion of biochar in co-composted biochar, attributed to the nitrification process,
adsorption of basic ions K*, Ca?*, and Mg?* and the pH in compost [89]. The results of
the glasshouse experiment revealed a decrease in soil EC, whereby a higher proportion of
biochar was utilized in the co-compost versus PL (Table 7). The results of the current study
indicated that soil organic matter increases with an increase in the proportion of biochar in
treatment, which led to increased carbon sequestration through increased soil stability and
improved carbon return to soils, causing increased crop productivity [90].

Soil nutrient status at harvest and compost amended soils at harvest extracted with
aqua regia extracted samples for P were significantly different (p < 0.05), while K and
Mg were not significantly different (p > 0.05). Soil nutrient concentrations were signifi-
cantly increased in all organic amendments in comparison to control treatment. The higher
concentrations of nutrients in soil with a higher ration of poultry litter and compost in
the treatment resulted from their high nutrient concentrations and low C/N ratio, which
increased decomposition and nutrient release for short duration crops [38]. Conversely,
reduced nutrient content with increased proportion of biochar in treatment was attributed
to the dilution effect, which reduced the nutrient concentrations, decreased the decom-
position, and increased the C/N ratio. Therefore, co-composted biochar has different
mineralization rates and times (later nutrient release for long duration). These results were
in accordance with the observations made by Adekiya et al. [38]. Another possible reason
that the plant consumed the late nutrient release at the same time that the nutrient concen-
tration of plant increased (Table 5) with the increased biochar percentage in treatments [40],
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is that the maize plant required a great amount of nutrients within a short crop duration.
Finally, the application rate of co-composted biochar with a high percentage of biochar
was not sufficient for plant growth due to reducing the amount of PL and PL compost
in treatments. For example, nitrogen concentrations in maize plants were higher for all
treatments in comparison with the control, whereas minimum nitrogen was found in soil
with biochar only. Increased nitrogen concentration in plants and lower concentrations in
soil were more pronounced in co-composted biochar and PL or PL compost mixed with
biochar (at the same ratio). This reason depends on nitrogen content and C/N ratio, which
affected the release of nitrogen from organic nitrogen mineralization [38,61]. However, the
contrary results were stated in previous studies, in which biochar addition significantly
reduced the subsequent NH;* and NO3; ™~ concentration [91,92]. In addition, soil P concen-
trations were higher in respective treatments with full poultry litter and compost, versus
other treatments, when mixed with a high percentage of biochar. Generally, increasing
the pH and organic matter in soil leads to reduced phosphorus adsorption on the soil
colloid, thereby increasing phosphorus availability for plant uptake [93]. Increased soil
pH contributes favorably to reducing aluminum toxicity through a decrease in exchange-
able aluminum, lowering phosphate fixation in soils. Soil K content reduced the organic
amendment application in relation to the control, while the increase was higher in the
biochar treatment, which can indicate reduced plant uptake and growth (less dry weight);
thus, the K soil content will be higher. Strojakis et al. [94] also reported that soil nutrient
elements increase due to compost application. The Cu and Zn soil contents at harvest are
both not significantly different (p > 0.05) between all treatments and are below the critical
limits. The amounts of the heavy metals applied to the soil through compost addition may
be low because of the low compost content of the metals and, as a result, to retain heavy
metal concentration and increase pH. Low and undetectable limits of Cu and Zn have also
been reported by Giannakis et al. [87], and they also attributed it to the low content of
compost heavy metal content. The result of this study is consistent with the findings stated
by Bashir et al. [95], who stated that the addition of farmyard manure and co-composted
biochar linearly decreased soil-available Cd with an increasing ratio of biochar in compost.
In addition, Agegnehu et al. [3] also found that biochar co-composts might be suitable for
declining metal availability in contaminated soil.

Table 7. Soil properties at harvest.

Treatments pH EC TC % TOC % OM %
CcO 5.15 4+ 0.004de 42.25 £ 0.99f 0.38 & 0.05ac 0.31 £ 0.01f 0.53 £ 0.01a
PL 5.34 4+ 0.017a 89.23 £ 2.78bc  0.64 & 0.03abc 0.47 £ 0.02de 0.80 & 0.03a

RHB 5.06 £ 0.011f 115.75 + 3.83a 0.87 £ 0.08a 0.73 £ 0.02a 1.26 +0.03a
PL-B30 5.27 £ 0.013b 58.15 & 2.26ef 0.67 & 0.01ab 0.51 4 0.01cde 0.88 &+ 0.01a
PL-B50 5.28 4+ 0.021b 72.13 £ 2.18de 0.78 & 0.07ab 0.63 + 0.02b 1.09 £ 0.02a

Cco1 5.25 4 0.006bc 96.78 £ 4.09b 0.58 & 0.02abc 0.45 £ 0.01e 0.77 £ 0.01a

CcO2 524 4+ 0.007cd  72.63 £ 6.14de 0.72 + 0.01a 0.54 4 0.01dc 0.93 & 0.01a

COo3 523 4+0.009bc  70.90 &+ 1.11de 0.76 £ 0.01bc 0.62 £ 0.01b 1.06 + 0.01a

CO4 5214 0.010cd  79.83 £ 2.83cd 0.79 & 0.01ab 0.54 4 0.02¢ 0.94 & 0.02a
CO-B30 5.10 £ 0.012ef 98.90 £ 3.24b 0.72 £ 0.02ab 0.53 £ 0.01cd 0.92 £+ 0.02a
CO-B50 5.14 4 0.009e 7483 £299cd  0.61 & 0.03abc 0.45 £ 0.02e 0.78 & 0.03a

MIN-FER 5.22 4 0.017bc 51.45 + 2.89f 0.19 £ 0.01c 0.15 4+ 0.01g 0.25 £ 0.02a

*

*

*

*

*

All values (mean = standard error) are averages of three replicated trials. Note that in each column, same means
with the same letter are not significantly different at a probability level of 0.05. Key: CO, control; PL, poultry
litter; RHB, rice husk biochar; PL-B30, poultry litter blended with 30% biochar; PL-B50, poultry litter blended
with 50% biochar; CO1, PL compost; CO2, CO3, CO4, CO-B30, PL compost blended with 30% biochar; CO-B50,
PL compost blended with 50% biochar; MIN-FER, mineral fertilizer at recommended rate. * and different letters
indicate significance difference detected within the same column for soil properties at harvest between treatments
according to Tukey test set at 95% confidence level (x = 0.05).
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Table 8. Soil properties at harvest.

Treatments N (%) P (mg/kg) K (mg/kg) Ca (mg/kg) Mg (mg/kg) Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) S (mg/kg)
co 0.0075 +£ 0.0003h 63.2 + 2.05de 330.3 £ 13.20ab 1.34 £ 0.15f 29.20 £ 0.74ab 67.48 + 4.27a 18.8 £1.5%a 82.7 £ 3.31a 0.087 + 0.004a
PL 0.0175 £ 0.0003ab ~ 77.3 £ 5.45cde 302.8 £ 20.00abc 10.13 &+ 0.09a 28.65 £ 0.67abc  61.90 £ 0.52ab 16.5 + 0.98ab 78.9 £ 1.84abc 0.087 £ 0.005a
RHB 0.0103 + 0.0005g 73.1 £ 1.06cde 362.8 £ 17.90a 1.65 £ 0.03f 29.05 £ 0.48ab 62.85 £ 1.24ab 15.03 £ 0.74ab  76.8 £ 0.80abcd  0.069 £ 0.009a
PL-B30 0.0163 £ 0.0005bc  78.1 & 5.64cde 331.9 & 6.70ab 5.23 +0.09de 29.20 & 1.18ab 63.58 & 1.10ab 16.6 & 0.88ab 79.6 £ 3.66abc 0.070 £ 0.005a
PL-B50 0.0142 £ 0.0007de ~ 82.5 £ 4.19bcd 284.9 £ 15.30abc 1.43 + 0.04f 28.63 £ 0.89abc  63.45 £ 1.16ab 1453 £ 0.48ab  78.7 £3.32abcd  0.079 £ 0.005a
Cco1 0.0187 +£ 0.0002a 107.8 &+ 5.40a 278.9 £ 13.10bc 9.20 £ 0.26b 30.75 £ 1.02a 65.38 £ 1.70ab 17.3 + 02.20ab 84.1 £ 2.28ab 0.081 £ 0.002a
CcO2 0.0153 + 0.0004cd ~ 102.3 + 6.53ab 265.1 £ 14.70bc 6.15 £ 0.06¢ 29.98 + 0.29ab 65.20 £ 0.75ab 16.9 + 1.11ab 78.9 £ 2.65abc 0.077 £ 0.005a
COos3 0.0141 £ 0.0004de  95.1 & 4.34abc 280.8 &£ 35.20bc 5.50 £ 0.09d 28.83 £ 1.65abc 65.70 £ 2.66a 16.7 + 1.72ab 57.1 £7.27bcd 0.074 £ 0.003a
CO4 0.0136 + 0.0002de 81.6 £ 2.08cd 257.7 £ 14.70bcd 4.78 £ 0.09e 25.65 +£ 0.66bc 63.58 £ 1.16ab 13.8 + 1.68ab 40.2 £ 0.66cd 0.079 £ 0.007a
CO-B30 0.0141 + 0.0002de 112.5 + 4.97a 238.1 £ 13.70cde 6.08 £ 0.10c 30.78 £ 0.98a 68.20 £ 2.65a 16.6 + 0.73ab 47.8 & 2.88bcd 0.078 £ 0.005a
CO-B50 0.0133 £ 0.0001ef  80.5 £ 5.70cde 184.2 4+ 15.50de 1.42 + 0.02f 24.35 £ 0.86cd 58.5 £ 0.98ab 11.28 +1.01b 38.6 + 2.12cd 0.084 £ 0.001a
MIN-FER 0.0121 £ 0.0004fg 63.3 £ 2.33e 173.8 + 13.30e 1.22 £ 0.06f 20.73 £0.89d 55.65 £ 1.32b 11.20 £ 1.71b 36.1 £0.47d 0.081 £ 0.005a

*

*

*

*

*

*

*

*

*

All values (mean = standard error) are averages of three replicated trials. Note that in each column, same means with the same letter are not significantly different at a probability level of 0.05. Key: CO, control;
PL, poultry litter; RHB, rice husk biochar; PL-B30, poultry litter blended with 30% biochar; PL-B50, poultry litter blended with 50% biochar; CO1, PL compost; CO2, CO3, CO4, CO-B30, PL compost blended with
30% biochar; CO-B50, PL compost blended with 50% biochar; MIN-FER, mineral fertilizer at recommended rate. * and different letters indicate significance difference detected within the same column for soil

properties at harvest between treatments according to Tukey test set at 95% confidence level (« = 0.05).
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The poultry litter and their compost utilized in our study contributed to a higher
proportion of N in treatments. Moreover, an increasing biochar ratio in the compost
increased the N concentration despite reduced poultry litter and compost proportions.

3.5. Correlations between Soil Properties and Plant Nutrient Uptake

The correlation between soil properties at the end of the glasshouse study and maize
nutrients uptake is presented in Table 9. The correlation table shows that maize nutrient
uptake was highly positively correlated among the analyzed nutrient elements of nitrogen,
phosphorus, potassium, calcium, magnesium, copper and zinc, which is related to nutrient
availability in soil with plant ability nutrient uptake. For the soil nutrient contents, the
results are almost positively significantly correlated, except for the antagonism between
the nutrients. For instance, soil nitrogen and phosphorus were highly positively correlated
with all nutrients in plants and soil (Table 9). This indicated a nitrogen and phosphorus
concentration less than or near critical value in the plant. However, potassium and zinc
concentrations are negatively correlated with other nutrients because of the critical level in
the plant found in range, despite the age of the plant. Leaf chlorophyll and soil nitrogen
were highly significantly correlated with nitrogen concentration in maize leaf (r = 0.51;
p <0.001) and (r = 0.68; p < 0.0001), respectively. This may be due to improvements in soil
organic matter and nutrient release by added organic amendments.

Soil zinc content at harvest is negatively correlated to calcium, phosphorus, copper
and zinc uptake in plants. Soil zinc and manganese at harvest are negatively correlated
to the uptake of nutrients by maize at 50 days after sowing. Soil zinc and manganese are
negatively correlated to calcium, phosphorus, and copper uptake by plants due to the
antagonism between the nutrients (Table 9). Although the zinc and copper contents of the
composts measured in one study was well below critical limits, care must be taken to the
amounts of the composts applied and compost heavy metal content. Heavy metal uptake
by crops sown in compost-amended soils is one of the major problems restricting compost
use as organic fertilizer, especially organic manure and compost. Paradelo and Barral. [88]
applied municipal solid waste (MSW) composts at 30 and 60 Mg ha~! and observed a
significant increase in copper, nickel, lead, and zinc contents in the soil at higher application
rates. Similarly, Mokolobate and Haynes [96] reported that compost addition at 10 and
20 Mg ha~! ameliorated acidic soils. They observed that there was marked reduction in
plant growth and development attendant with high amounts of compost application around
100 Mg ha~1, which led to reduced nitrification and increased nutrient immobilization.
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Table 9. Pearson correlation coefficient (r) between the means of selected soil physicochemical, plant growth and nutrient uptake in greenhouse studies conducted on 12 treatments on

Oxisols soil.

N-S P-S K-S Ca-S Mg-S Mn-S Cu-S Zn-S pH EC Chlorophyl N-up P-up K-up Ca-up Mg-p Mn-up Cu-up Zn-up
N-S 1
P-S 0.5** 1
K-S —0.07 ns —0.02ns 1
Ca-S 0.80 *** 0.52 *** 0.13 ns 1
Mg-S 0.24 ns 0.62 *** 0.61 *** 0.43* 1
Mn-S 0.04 ns 0.39 ** 0.38 ** 0.25ns 0.70 *** 1
Cu-S 0.1ns 0.43 ** 0.50 ** 0.34* 0.73 *** 0.59 *** 1
Zn-S —0.06 ns —0.06 ns 0.61 *** 0.13ns 0.52 *** 0.53 *** 0.54 *** 1
pH 0.62 *** —0.05ns 0.04 ns 0.49 *** —0.002 ns —0.04 ns 0.11ns 0.13 ns 1
EC 0.31* 0.46 ** 0.17 ns 0.37 ** 0.31* 0.09 ns 0.06 ns —0.06 ns —0.29 * 1
SPAD 0.29 * —0.17 ns —0.05ns 0.08 ns —0.25ns —0.05ns —0.21 ns —0.18 ns 0.48 *** —0.16 ns 1
N-up 0.68 *** 0.09 ns —0.14 ns 0.53 *** —0.07 ns —0.13ns —0.07 ns —0.15ns 0.74 *** —0.06 ns 0.51 *** 1
P-up 0.65 *** 0.43 ** —0.46 *** 0.41 ** —0.07 ns —0.1ns —0.14ns —0.33* 0.49 *** —0.08 * 0.41 ** 0.70 *** 1
K-up 0.69 *** 0.67 *** —0.21ns 0.67 *** 0.25ns 0.19ns 0.15ns —0.09 ns 0.29 * 0.2ns —0.003 ns 0.54 *** 0.68 *** 1
Ca-up 0.72 *** 0.55 *** —0.18 ns 0.79 *** 0.27 ns 0.08 ns 0.17 ns 7(:1'202 0.27 ns 0.32* —0.17 ns 0.44 *** 0.49 *** 0.81 *** 1
]\1/1[1%' 0.76 *** 0.55 *** —0.24ns 0.78 *** 0.23 ns 0.06 ns 0.15ns —0.05ns 0.43 ** 0.19ns —0.08 ns 0.55 *** 0.63 *** 0.83 *** 0.94 *** 1
1\1/1[;- 0.76 *** 0.64 *** —0.25ns 0.75 *** 0.28 ns 0.19ns 0.15ns —0.11ns 0.33* 0.24 ns 0.05 ns 0.58 *** 0.71 *** 0.88 *** 0.89 *** 0.94 *** 1
Cu-up 0.23 ns 0.16 ns —0.35* 0.31* —0.17 ns —0.1ns —0.07 ns —0.28 % 0.38 ** —0.13ns 0.09 ns 0.42 ** 0.52 *** 0.45 *** 0.41 ** 0.55 *** 0.49 *** 1
Zn-up 0.70 *** 0.60 *** —0.26 ns 0.64 *** 0.23 ns 0.1ns 0.08 ns —0.05ns 0.39 ** 0.1ns 0.06 ns 0.61 *** 0.73 *** 0.83 *** 0.78 *** 0.86 *** 0.88 *** 0.53 *** 1

Abbreviations: N-S, soil nitrogen; P-S, soil phosphorus; K-S, soil potassium; Ca-S, soil calcium; Mg-S, soil magnesium; Mn-S, soil manganese; Cu-S, soil copper; Zn-S, soil zinc; EC, electrical conductivity; SPAD,
chlorophyll content; N-up, nitrogen uptake; P-up, phosphorus uptake; K-up, plant potassium uptake; Ca-up, calcium uptake; Mg-up, magnesium uptake; Mn-up, manganese uptake; Cu-up, copper uptake;
Zn-up, zinc uptake; ns, not significant. * significant at p < 0.05, ** p < 0.001, *** p < 0.0001.
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4. Conclusions

Application of poultry wastes to the soil without negative impact is best achieved
through co-composting with biochar and co-composted biochar combinations at different
ratios, increased macronutrients, and reduced heavy metal uptake by maize. The results of
this experiment have shown the effect of the added materials on maize for 50 days. Most
of the parameters measured were all significantly different, were significantly higher for
the measurements recorded in PL and CO1, and were higher than RHB or control soils.
Therefore, the results of our study are based on a short-term experiment and need more
field and laboratory work to explore sequences of nutrient release, carbon sequestration,
and induced gaseous N loss under different application rates of biochar co-composts.
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