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Introduction
Rice (Oryza sativa L.) constitutes one of the most 

important staple foods of over half of the world’s population 
and globally, it ranks third after wheat and maize in terms of 
production but first in terms of global consumption [1]. It is 
a globally important cereal crop and the primary source of 
food for more than 3 billion people living mostly in Asia and 
Africa. It is grown under wide range of latitudes and altitudes 
and can anchor the food security of the world [2]. Asia is the 
world’s biggest rice producer accounting for 90% production 
and consumption. Different yields have been achieved in 
different ecological zones especially in Africa and West Africa 
sub region with an all-time highest yield of 9.1 t/ha achieved 
in Egypt in 2001 chiefly due to profitable management of soil 
and water resources [3]. Rice production in Africa increased 
from 8.6 million tonnes of paddy in 1980 to 18.6 million 
tonnes in 2005. Despite such dramatic growth, demand 
continues to exceed supply and most countries in the region 
relies on imported rice. While per capita rice consumption in 
some Asian nations is declining, it is growing rapidly in most 
countries in Sub-Saharan Africa [4].

Declining soil quality and nutrient losses have been the 

foremost bane to increased rice production and food security 
in Sub-Saharan Africa (SSA) [5]. These problems were further 
compounded by pressure on farmers to increase rice yield 
due to geometric population growth, climate change and 
the need to practice climate smart agriculture that provides 
beneficial ecosystem services in addition to food security [6]. 
Ray, et al. [7]; identified water scarcity and poor soil fertility as 
two critical factors affecting crop production. Here in Nigeria, 
sustainable productivity of rice is limited by environmental 
and socio-economic constraints such as soil acidity, low soil 
fertility, and limited access to fertilization. Therefore, there is 
increasing demand for researchers to evolve strategies that 
will improve the physical and chemical properties of the soil 
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Abstract
The study investigated performance effects of biochar concentrations and fertilizer types on drip irrigated upland rice 
for two seasons. A Randomized Complete Block Design (RCBD) comprising of four levels of biochar application (0 t/ha, 5 
t/ha, 10 t/ha and 15 t/ha) and four fertilizer types (Liquid Organic Fertilizer, NPK 15:15:15, poultry manure, and control) 
with drip irrigation system and thrice replicated was conducted. Agronomic parameters such as plant height, stem girth 
width, leaf area, number of leaves, yield and others were measured. Treatments NPKB15, PMB15 and LOFB15, in that 
order, performed better than F0B15 and F0B0 in all the agronomic parameters in the two seasons. These parameters 
also performed well according to the biochar concentrations - B15, B10, B5 and B0 in that order. Highest average yield 
of paddy and processed rice of 6.31 t/ha and 6.20 t/ha in season 1 and 6.36 t/ha and 6.21 t/ha in season 2 respectively 
were recorded in NPKB15 while liquid organic fertilizer recorded highest average rice yield of 3.51 t/ha and 2.54 t/ha in 
season 1 and 4.55 t/ha and 4.08 t/ha in season 2 respectively in LOFB15. Lowest values were recorded in Zero Fertilizer 
(control) in all parameters. There was at least 50% increase in paddy and processed rice yields in all the treatments 
when compared to the control F0B0. NPK fertilizer at biochar concentration of 15 t/ha, which gave the best result. in rice 
agronomic and yield responses is recommended as the best treatment for rice production. 
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Fe and Al [26] and belonging to the order Ultisols, Oxisols 
and Alfisols. Studies conducted by Hossain, et al., [27]; Major, 
et al. [28] and Chan, et al. [29] have shown that when these 
types of soils are amended with biochar, there is a significant 
improvement in soil chemical properties, reduction in 
aluminum (Al3+) toxicity and soil acidity. Furthermore, 
Yeboah, et al. [30] reported that application of wood biochar 
increased total N and P uptake in corn plants grown in a sandy 
loam soil, while uptake was decreased in a silt loam soil in the 
savanna region of Northern Ghana. Butnan, et al. [16] stated 
that biochar can help retain water and nutrients in the soil for 
the plants to take up as they grow. Butnan, et al. [16] further 
stated that biochar is hygroscopic, thus it is a desirable soil 
material in many locations due to its ability to attract and 
retain water.

In terms of water management and irrigation specifically, 
drip irrigation with its ability of small and frequent water 
applications has created interest in view of decreased water 
requirements and potential increased crop productivity. 
Edoga and Edoga [31] reported that with drip irrigation, the 
soil is maintained continuously in a condition which is highly 
favourable to the crop growth. As the applications are located 
close to the plant root zone, the losses caused by drainage or 
by wetting inter-rows and ridges are minimized. 

The possibility of combining these strategies namely 
biochar treatment, fertilizer application and irrigation 
motivate this study. The objective is to by experimental set-
up, investigate the performance and impact of combined 
biochar, fertilizer and drip irrigation treatments on upland 
rice productivity and yield. The study attempts to fill a gap 
by exploring the potential for improving rice crop agronomic 
properties while efficiently optimizing biochar concentration, 
fertilizer use and irrigation technique. The results provide 
scalable solutions for small-scale or large-scale and subsistent 
or commercial rice farming capable of significantly boosting 
rice production and increasing supply. 

Materials and Methods

Field preparation and cultivation
The study was conducted at the teaching and research 

farm of the department of Agricultural and Environmental 
Engineering, Federal University of Technology, Akure, 
Nigeria. Akure is located on latitudes 7o 14’N and 7o 17’N and 
within longitude 5o 08’E and 5o 13’E. The soil of the study 
area is sandy clay loam according to the USDA soil textural 
classification [32], moisture holding capacity has been 
described as moderately good [32] and the area is about 
651 m above sea level [32]. The fieldwork was conducted for 
about 25 weeks each between October 2018 - April 2019 and 
October 2019 - April 2020 designated as Season 1 and Season 
2 respectively.

For Season 1, the field was manually slashed on Day 1 
and ploughed on Day 9 using a tractor driven mounted disc 
plough. This was followed by extensive harrowing procedures 
on Day 16 to improve desired soil configuration for rice 
planting. The actual laying of the drip irrigation system 
(reservoirs, mains, laterals, and drip lines) was carried out 

in areas of low soil fertility, improve water retention in the 
soil as well as improve water use efficiency by the plants to 
increase yield [7]. One widely agreed management option 
with this three-pronged issue, is the amendment of the soil 
with biochar [8-10]. Sohi, et al. [11] stated that biochar is 
pyrolysed biomass, produced for the purpose of amending 
agricultural soils. With the introduction of new technology 
which combined fertilizer application with irrigation 
(fertigation), the process of growth and development of crops 
have been simplified as ambiguities associated with poor 
irrigation and fertilizer application have been eliminated [12].

Biochar is a carbon rich charcoal that is formed by the 
pyrolysis (thermal decomposition) of organic biomass or 
agricultural residues which is used as soil amendment [13]. 
It is composed of Carbon (C), Hydrogen (H), Oxygen (O), 
Nitrogen (N), Sulphur (S) and ash in different proportions. It is 
mainly used to improve soil nutrient content and to sequester 
carbon from the environment [14]. Biochar contains 
stable carbon, large specific surface area, and negative 
surface charge [15], which bestows on it, its beneficial soil 
amendment role in improving soil properties [13], improving 
soil water and nutrient retention, carbon sequestration, 
greenhouse gas emission reduction and enhancing crop yield 
[16]. Studies conducted by Gaskin, et al. [17] found that two 
years of biochar application increased soil organic carbon 
(SOC) and total nitrogen content (TN) without affecting soil 
available phosphorus (P). Major, et al. [18], reported that the 
amendment of a soil low in fertility with wood biochar at 20 
t/ha increased the concentration of nitrate (NO3-N) in the 
soil solution. Liao, et al. [19], also reported that a one-time 
application of 4.5 t/ha biochar significantly increased cotton 
yields by 24-37%, in a one-year field study. Zhang, et al. 
[20] observed that biochar application enhanced rice yields 
by 10% in the first crop cycle and by 10 - 29% in the second 
crop cycle. Most of these studies were conducted with the 
application of biochar singly without complementary organic 
or inorganic fertilization.

Progressively, studies have observed significant 
improvement in soil properties and crop yield when biochar 
and inorganic or organic fertilizer were co-applied. Gathorne-
Hardy, et al. [21] observed a significant interaction effect 
on barley yield when biochar was co-applied with nitrogen 
fertilizer. Lusiba, et al. [22], reported a significant interaction 
between eucalyptus biochar and phosphorus fertilizer on 
select soil physical and chemical properties and chickpea 
yield. Liu, et al. [23] also reported a positive interactive 
effect of combined application of compost and biochar on 
Dystric Cambisol Soil Organic Carbon (SOC) content, nutrient 
content and physical properties under field conditions. Other 
studies also suggest that the combined application of biochar 
with organic fertilizer could lead to enhanced soil fertility, 
improved plant growth and carbon storage potential [24,25]. 
However, biochar amendment effects on soil properties could 
be dependent on soil texture and mineralogy [16] due to soil 
heterogeneity.

In Nigeria, a large proportion of upland soils are highly 
weathered, characterized by low activity clays with unevenly 
charged surface i.e., kaolinite and oxides and hydroxides of 

https://en.wikipedia.org/wiki/Hygroscopic
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Plot B: Solid Fertilizer - The common NPK fertilizer was 
used, specifically the 15:15:15 mix which was applied via ring 
method around the root zone of the rice stand at a rate of 60 
kg per hectare.

Plot C: Poultry Manure - Poultry manure initially cured 
for 7 days was applied uniformly around the root zone via 
broadcasting method at the rate of 5 tonnes per hectare.

Plot D: Control Treatment - This plot was managed without 
any fertilizer application.

The solid fertilizer and manure were applied twice, before 
planting and at rice tillering/booting stage (approximately 
9 Weeks after Planting - WAP). The soluble fertilizer was 
applied at 3WAP.

The biochar was derived from rice straw pyrolysed at 400 
°C with heating rate of 2.08 °C/min using a pyrolyser (oven) 
for a residence time of 55 minutes using a fixed bed batch 
type pyrolysis system. This is comparable with the procedure 
adopted by Yakout [33]; Jiang, et al. [34]; Kamara, et al. [35] 
and Weixiang, et al. [36] for biochar production with rice straw 
biomass. For repeatability, some physico-chemical properties 
of the biochar were determined in the laboratory following 
standard protocol. The physical properties determined were 
bulk and particle densities. The biochar bulk density was 
determined using the standard described by ASTM E873-82 
[37]. The chemical properties analyzed included Nitrogen (N), 

between Day 22 and Day 27. Soil initial moisture content was 
raised to field capacity using the installed drip system prior to 
actual planting and was also used for establishing irrigation 
scheduling. Season 2 followed a similar procedure, with the 
exception of tractor-driven farm operations due to the wire 
mesh perimeter fencing and the overhead bird-protection 
netting installed during Season 1. It should also be noted that 
biochar was not re-applied in Season 2.

Experimental design and treatments description
The design was laid out in a Randomized Complete Block 

Design (RCBD) of four fertilizer types with four levels of 
biochar application in three replicates (4 × 4 × 3) resulting in 
a total of 48 experimental plots as illustrated in Figure 1. Each 
plot measured 1 m2 summing to 48 m2 with 1 m alleyways 
in-between the plots and between the plots and fence over a 
total field dimension of 225 m2. Each plot contained 25 stands 
of upland rice New Rice for Africa (NERICA 2) variety per m2 at 
20 cm × 20 cm spacing.

The fertilizer application for the four treatments used in the 
study and are described as follows: Plot A: Soluble Fertilizer- 
Applied through a fertigator (HI 5000 Mini-fertigator Hanna 
Instrument). The fertilizer is mixed with irrigation water and 
applied at a rate of 2500 ml per hectare before been delivered 
through the drip irrigation system. The fertigator model used 
in the study also has the advantage of been able to measure 
the electrical conductivity of the resulting mixture.

         

Figure 1: Layout of the Experimental Plots (4 × 4 × 3).
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rates manually before planting in each of the seasons. Actual 
upland rice (New Rice for Africa - NERICA 2 variety) was 
manually planted 2 seeds per hole on 5/3/19 and thinned to 
one plant per stand by 3 WAP. The final plant population (after 
thinning) was modelled following the recommendations of 
IITA [40] study of 250,000 rice stands per hectare obtainable 
via a plant spacing of 20 cm by 20 cm. the referenced study 
reported more effective and significantly higher grain yield at 
this plant spacing compared to that of 15 cm × 15 cm and 
10 cm × 10 cm. A perimeter fencing on the field provided 
protection against rodent attack while nets above the field 
protected the rice plants against weaver birds’ invasion 
during milking stage.

Agronomic data was collected directly on the field using 
randomly selected rice stands as observation plants. One 
rice stand per treatment was used, hence 16 stands in three 
replicates totaling some of the existing equipment and the 
mode of collection was manual. Specific rice stands were 
selected for the observations. That is, one rice stand per 
treatment was selected, making a total of 16 rice stands 
for the 16 treatments in 3 replicates, which is 48 rice 
stands. The measurements were taken on a weekly basis. 
Agronomic response parameters measured were number of 
leaves, number of tillers, number of panicles, panicle length, 
plant height, stem girth and leave area. All the agronomic 
parameters were measured using the same rice plant, leaf, 
panicle or tiller, as the case may be, selected from each 
treatment and replicate. Agronomic measurements started 
at 3 WAP (Supplementary File).

At maturity, the rice plants were manually harvested and 
separated according to the treatments at 16 WAP for both 
season 1 and season 2. Thereafter, the biomass and grain 
yields were determined at 15% moisture content (dry basis).

Statistical and comparative analyses
Data obtained from the two seasons were analyzed using 

graphical and inherent analysis tools to get the effects of 
fertilizer types and biochar concentrations on the growth 
and yield parameters of Rice. Statistical Package for Social 
Sciences (SPSS) v16 was used to perform Duncan Multiple 
Regression Test (DMRT), while Tukeys Test Analysis and 
Analysis of variance (ANOVA) were performed using Minitab 
v18 to establish the significant effects treatment combinations 
(treatment type i.e., fertilizer type and treatment level i.e., 

Phosphorus (P), Potassium (K), Sodium (Na) contents; Organic 
Carbon; Cation Exchange Capacity (CEC); and pH. They 
were determined following standard laboratory protocol 
as described in Yakout [33]; Jiang, et al. [34]; Kamara, et al. 
[35] and Weixiang, et al. [36] while the pH was measured as 
described by Naeem, et al. [38]. The four concentrations of 
biochar applied were: 0, 5, 10, and 15 tonnes per hectare. 
The application rates were comparable with that of Ndor, et 
al. [39] and Major, et al. [28] who reported that the rates are 
appropriate and effective for increased cereals production.

Some of the design considerations for the drip irrigation 
system are stated for clarity. The slope of the field was about 
2% as estimated by Akinbile, et al. [1]. The soil type was also 
verified as sandy clay loam through standard laboratory 
tests. The root depth of the upland rice planted (NERICA 2) 
was taken as 10 cm, and plant spacing of 20 cm by 20 cm 
[40]. Each stand had one rice plant each, and irrigation was 
performed between 4:30 pm & 6:00 pm on every irrigation 
day. Ceramic tip tensiometers were installed at depths of 10 
cm and 20 cm in the control treatment (Plot D) for scheduling 
irrigation. Irrigation is performed whenever soil moisture 
content has reached approximately 50% Maximum Allowable 
Deficiency (MAD) in the control plot. The reading of the 
tensiometer at about 50% MAD was determined from the 
gravimetric moisture content of soil samples during the field 
trial test. The moisture content at 50% MAD was estimated 
based on Eqn (1) below where FC is Field Capacity and WP is 
Wilting Point.

( )0.5 0.5MAD MAD FC WP× = × −              (1)

The field capacity at soil tension of 10 kPa and tensiometer 
reading limit at 80 kPa were determined following the method 
of Marcos, et al. [41], while the wilting point was fixed based 
on previous work at the experimental site [42].

A summary of the 16 treatments, and their designations 
are shown in Table 1 below. See Supplementary Figure S1 for 
additional details.

Field operations and performance measurement
After all the land preparation activities and treatment 

specifications were conducted, seedbeds 1.0 m long by 1.0 m 
wide were formed. The biochar was incorporated and mixed 
evenly into the topsoil (about top 15 cm) at the specified 

Table 1: Specification and designations for the treatments. 

Designation Specification Designation Specification

LOFB0 Liquid Organic Fert. + 0 t/ha Biochar PMB0 Poultry Manure + 0 t/ha Biochar

LOFB5 Liquid Organic Fert. + 5 t/ha Biochar PMB5 Poultry Manure + 5 t/ha Biochar

LOFB10 Liquid Organic Fert. + 10 t/ha Biochar PMB10 Poultry Manure + 10 t/ha Biochar

LOFB15 Liquid Organic Fert. + 15 t/ha Biochar PMB15 Poultry Manure + 15 t/ha Biochar

NPKBO NPK 15:15:15 + 0 t/ha Biochar F0B0 0 Fertilizer + 0 t/ha Biochar

NPKB5 NPK 15:15:15 + 5 t/ha Biochar FOB5 0 Fertilizer + 5 t/ha Biochar

NPKB10 NPK 15:15:15 + 10 t/ha Biochar FOB10 0 Fertilizer + 10 t/ha Biochar

NPKB15 NPK 15:15:15 + 15 t/ha Biochar FOB15 0 Fertilizer + 15 t/ha Biochar

https://www.scholars.direct/Articles/rice-research/jrrd-5-026-supply-file.doc
https://www.scholars.direct/Articles/rice-research/jrrd-5-026-supply-figures.doc


Citation: EZE RC, AKINBILE CO, EWULO BS, et al. (2022) Effects of Biochar Concentrations and Fertilizer Types on Drip-Irrigated Upland Rice 
Performance. J Rice Res Dev 5(2):402-415

EZE et al. J Rice Res Dev 2022, 5(2):402-415 Open Access |  Page 406 |

the different yields of Rice (with biomass, without biomass, 
paddy and grain yields).

biochar concentrations) on the responses (growth parameters 
and yield). Design Expert v12 was used for the optimization of 

Table 2: Physical and chemical properties of biochar.

Parameters Value Parameters Value

Physical Properties: Chemical Properties:

Bulk Density (g/cm3) 0.54 pH 7.62

Particle Density (g/cm3) 0.54 Nitrogen (%) 0.94

Ash Content (%) 35.7 Organic Carbon (%) 65.22

P (mg/kg) 22.62

K (cmol/kg) 28.81

Na (cmol/kg) 3.67

Ca (cmol/kg) 8.90

Mg (cmol/kg) 3.40

CEC (cmol/kg) 37.10

Table 3: Maximum average number of leaves, number of tillers and number of panicles attained in Seasons 1 and 2.

Biochar level Season LOF NPK PM F0

Number of Leaves

0 1 34.60 ± 0.87a 31.00 ± 0.71d 26.80 ± 0.58b 17.00 ± 0.63a

2 35.41 ± 0.24a 32.40 ± 0.40d 27.60 ± 0.24b 17.80 ± 0.20a

5 1 34.80 ± 0.58a 37.20 ± 0.73c 35.20 ± 0.37a 17.80 ± 0.20a

2 35.60 ± 0.24a 37.40 ± 0.51c 35.60 ± 0.21a 18.00 ± 0.00ab

10 1 34.40 ± 0.68a 44.00 ± 0.63b 35.20 ± 0.37a 17.00 ± 0.45a

2 35.40 ± 0.24a 44.80 ± 0.37b 35.80 ± 0.20a 17.40 ± 0.24a

15 1 35.20 ± 0.35a 47.00 ± 0.55a 35.60 ± 0.40a 17.60 ± 0.24a

2 35.40 ± 0.24a 47.20 ± 0.37a 35.60 ± 0.24a 18.00 ± 0.00a

Number of Tillers

0 1 11.0 ± 0.32a 10.80 ± 0.37d 6.2 ± 0.37b 5.6 ± 0.24a

2 11.80 ± 0.20a 10.40 ± 0.40d 6.60 ± 0.24b 5.40 ± 0.24a

5 1 11.2 ± 0.37a 12.80 ± 0.20c 8.6 ± 0.24a 5.6 ± 0.24a

2 11.60 ± 0.24a 12.40 ± 0.24c 8.60 ± 0.24a 5.40 ± 0.24a

10 1 11.00 ± 0.24a 14.60 ± 0.24b 8.8 ± 0.20a 5.6 ± 0.24a

2 11.06 ± 0.31a 14.20 ± 0.37b 8.40 ± 0.24a 5.80 ± 0.20a

15 1 11.4 ± 0.24a 15.60 ± 0.24a 8.6 ± 0.24a 5.6 ± 0.24a

2 11.60 ± 0.24a 15.80 ± 0.20a 8.80 ± 0.20a 5.80 ± 0.20a

Number of Panicles

0 1 11.4 ± 0.40a 11.80 ± 0.85c 6.60 ± 0.20b 5.6 ± 0.24a

2 11.60 ± 0.24a 11.60 ± 0.24c 6.80 ± 0.24b 5.80 ± 0.20a

5 1 11.2 ± 0.37a 12.40 ± 0.40b 8.6 ± 0.24a 5.8 ± 0.20a

2 11.80 ± 0.20a 12.60 ± 0.24b 8.60 ± 0.24a 5.60 ± 0.24a

10 1 11.6 ± 0.24a 14.20 ± 0.37ab 8.8 ± 0.21a 5.8 ± 0.20a

2 11.60 ± 0.24a 14.00 ± 0.45ab 8.40 ± 0.24a 6.00 ± 0.00a

15 1 11.4 ± 0.24a 15.80 ± 0.20b 8.8 ± 0.20a 5.6 ± 0.24a

2 11.60 ± 0.24a 15.80 ± 0.20b 8.80 ± 0.20a 5.60 ± 0.24a

*Means that do not share a letter are significantly different
**Difference in letter of superscript in the same row means there is significant difference (p < 0.05)



Citation: EZE RC, AKINBILE CO, EWULO BS, et al. (2022) Effects of Biochar Concentrations and Fertilizer Types on Drip-Irrigated Upland Rice 
Performance. J Rice Res Dev 5(2):402-415

EZE et al. J Rice Res Dev 2022, 5(2):402-415 Open Access |  Page 407 |

in nitrogen, potassium and sodium, with high organic carbon 
content and Cation Exchange Capacity. Hence, very suitable 
to be applied to the soil according to the International 
Biochar Initiative recommendations [43]. The outcome of 
the analysis of the biochar agreed with scholarly findings that 
biochar contains stable carbon, large specific surface area, 
and negative surface charge [15], which bestows on it, its 
beneficial soil amendment role in improving soil properties 
[13,44,45], improving soil water and nutrient retention, 
carbon sequestration, greenhouse gas emission reduction 
and enhancing crop yield [16,24].

Agronomic responses in rice growth parameters
In the overall results of the effect of the treatments on the 

growth parameters of rice (Table 3, Table 4, Table 5, Table 6, 
Table 7), it was observed that NPK fertilizer, Poultry manure 
and Liquid organic fertilizer treatments performed better 
than the Zero fertilizer treatment in agronomic parameters 

Results and Discussion

Physical and chemical properties of biochar
The biochar produced from rice straw was analysed to 

determine its physical and chemical properties as presented 
in Table 2. The biochar bulk and particle densities were 0.54 
g/cm3 and 0.54 g/cm3 respectively. The chemical analysis 
carried out showed that the pH value of the biochar was 
7.62, Nitrogen was 0.94%, phosphorus was 22.62 mg/kg 
and the organic carbon content was 65.22%. The potassium 
and calcium contents were 28.81 cmol/kg and 8.90 cmol/
kg respectively, while sodium content was 3.67 cmol/kg. 
The yield of the biochar was 36.8% of the original mass of 
the rice straw used, with ash content of 35.7%. These values 
compare favourably with those of Yakout [33]; Jiang, et al. 
[34]; Kamara, et al. [35] and Weixiang, et al. [36] in related 
studies involving rice straw derived biochar. The result 
obtained showed that the biochar was alkaline in nature, rich 

Table 4: Maximum Average Panicle Length, Plant Height and Stem Girth in Seasons 1 and 2.

Biochar level Season LOF NPK PM FO

Panicle Length

0 1 28.82 ± 0.22c 33.64 ± 0.24d 34.94 ± 0.19c 26.18 ± 0.27d

2 28.82 ± 0.23d 33.60 ± 0.23d 34.94 ± 0.20d 26.84 ± 0.16d

5 1 36.88 ± 0.15b 38.02 ± 0.17c 39.82 ± 0.28b 30.28 ± 0.06c

2 36.72 ± 0.25c 38.08 ± 0.24c 39.70 ± 0.24c 30.30 ± 0.06c

10 1 38.84 ± 0.21a 39.62 ± 0.28b 40.28 ± 0.25b 32.18 ± 0.11b

2 38.40 ± 0.40b 39.50 ± 0.40b 40.72 ± 0.12b 32.16 ± 0.19b

15 1 39.12 ± 0.23a 41.54 ± 0.41a 42.76 ± 0.13a 36.36 ± 0.12a

2 39.70 ± 0.00a 42.32 ± 0.19a 43.00 ± 0.00a 36.50 ± 0.00a

Plant Height

0 1 119.28 ± 0.23d 125.86 ± 0.39d 123.16 ± 0.18c 103.34 ± 0.12d

2 119.24 ± 0.16c 125.86 ± 0.35c 123.20 ± 0.40d 102.90 ± 0.40d

5 1 120.74 ± 0.08c 126.10 ± 0.21c 130.72 ± 0.08b 109.88 ± 0.13c

2 120.30 ± 0.31b 126.24 ± 0.19c 130.30 ± 0.28c 109.36 ± 0.33c

10 1 122.08 ± 0.19b 131.70 ± 0.28b 133.14 ± 0.47b 112.00 ± 0.06b

2 122.50 ± 0.00a 131.60 ± 0.77b 133.80 ± 0.00b 112.10 ± 0.00b

15 1 122.86 ± 0.27a 135.94 ± 0.33a 135.58 ± 0.30a 113.26 ± 0.02a

2 122.72 ± 0.38a 135.40 ± 0.55a 135.90 ± 0.00a 113.30 ± 0.00a

Stem Girth

0 1 3.84 ± 0.01d 4.45 ± 0.01d 3.96 ± 0.01d 2.87 ± 0.00a

2 3.75 ± 0.07d 4.27 ± 0.22c 3.98 ± 0.00c 2.87 ± 0.00a

5 1 4.47 ± 0.01c 4.97 ± 0.02c 4.16 ± 0.00c 3.69 ± 0.01a

2 4.34 ± 0.07c 4.67 ± 0.19c 4.16 ± 0.00c 3.70 ± 0.00b

10 1 4.59 ± 0.01b 5.19 ± 0.05b 4.79 ± 0.00b 3.89 ± 0.01a

2 4.47 ± 0.06b 4.96 ± 0.13ab 4.58 ± 0.20b 3.85 ± 0.04a

15 1 4.88 ± 0.01a 5.83 ± 0.02a 5.29 ± 0.01a 4.70 ± 0.03a

2 4.78 ± 0.08a 5.39 ± 0.21a 5.31 ± 0.00a 4.12 ± 0.00a

*Means that do not share a letter are significantly different
**Difference in letter of superscript in the same row means there is significant difference (p < 0.05)
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Table 5: Maximum average leaf area in seasons 1 and 2.

Biochar level Season LOF NPK PMB FOB

0 1 72.77 ± 0.05d 114.11 ± 0.06d 97.36 ± 0.02d 68.12 ± 0.21d

2 72.28 ± 0.41d 113.00 ± 0.78d 97.39 ± 0.00d 68.33 ± 0.00d

5 1 87.74 ± 0.39c 122.78 ± 0.25c 98.95 ± 0.21c 87.28 ± 0.04c

2 88.15 ± 0.11c 112.47 ± 0.44c 99.56 ± 0.20c 87.31 ± 0.00c

10 1 122.18 ± 0.21b 151.36 ± 0.59b 107.11 ± 0.20b 105.28 ± 0.00b

2 122.08 ± 0.00b 151.73 ± 0.48b 107.24 ± 0.18b 105.28 ± 0.00b

15 1 135.73 ± 0.33a 166.78 ± 0.29a 121.66 ± 0.20a 111.76 ± 0.41a

2 136.70 ± 0.00a 166.55 ± 0.57a 121.69 ± 0.00a 112.23 ± 0.00a

*Means that do not share a letter are significantly different
**Difference in letter of superscript in the same row means there is significant difference (p < 0.05)

Table 6: Average yields in tonnes/ha for the treatment combinations in seasons 1 and 2.

Biochar level Season Grain Yield - with biomass Paddy Rice Yield – without biomass Biomass Yield Rice Grain Yield

Liquid Organic Fertilizer

15 1 4.26 ± 0.03a 3.51 ± 0.07a 2.21 ± 0.05a 2.54 ± 0.06a

2 4.66 ± 0.02a 4.55 ± 0.02a 3.43 ± 0.02a 4.08 ± 0.03a

10 1 3.74 ± 0.29ab 2.88 ± 0.14b 1.77 ± 0.09b 2.17 ± 0.06ab

2 4.02 ± 0.04b 4.02 ± 0.04a 2.74 ± 0.12b 3.47 ± 0.07a

5 1 2.86 ± 0.49bc 1.90 ± 0.27c 1.13 ± 0.15c 1.31 ± 0.39c

2 3.59 ± 0.04c 3.59 ± 0.04a 1.47 ± 0.12c 2.70 ± 0.07b

0 1 1.94 ± 0.78d 1.92 ± 0.78b 0.51 ± 0.05d 1.34 ± 0.23bc

2 2.34 ± 0.20c 2.07 ± 0.22c 0.90 ± 0.97c 1.36 ± 0.45c

NPK Fertilizer

15 1 6.74 ± 0.03a 6.31 ± 0.14a 5.88 ± 0.02a 6.20 ± 0.01a

2 6.95 ± 0.19a 6.36 ± 0.01a 5.96 ± 0.08a 6.21 ± 0.12a

10 1 4.03 ± 0.10b 3.59 ± 0.08b 2.70 ± 0.08b 3.67 ± 0.02b

2 4.90 ± 0.01b 4.60 ± 0.01b 3.60 ± 0.01b 4.39 ± 0.03b

5 1 1.68 ± 0.02c 1.81 ± 0.02d 1.90 ± 0.03d 1.91 ± 0.09c

2 3.12 ± 0.10c 2.86 ± 0.08c 2.29 ± 0.01d 3.48 ± 0.02c

0 1 1.89 ± 0.02c 2.02 ± 0.02c 1.34 ± 0.08d 2.18 ± 0.03c

2 2.52 ± 0.10d 2.38 ± 0.08d 2.43 ± 0.01c 3.36 ± 0.02c

Poultry Manure

15 1 6.62 ± 0.76a 5.74 ± 0.03a 4.18 ± 0.05a 4.69 ± 0.09a

2 6.26 ± 0.03a 6.00 ± 0.06a 4.52 ± 0.05a 5.07 ± 0.07a

10 1 4.95 ± 0.42b 4.37 ± 0.05b 3.11 ± 0.06b 3.89 ± 0.22b

2 5.96 ± 0.56ab 5.29 ± 0.41a 3.63 ± 0.03b 4.38 ± 0.21a

5 1 2.94 ± 0.06d 2.84 ± 0.38b 1.69 ± 0.09d 3.00 ± 0.64b

2 4.39 ± 0.76b 3.25 ± 0.04c 2.19 ± 0.07d 3.38 ± 0.03c

0 1 3.78 ± 0.03c 2.53 ± 0.23b 2.33 ± 0.07c 3.94 ± 0.20b

2 4.15 ± 0.81b 3.38 ± 0.03c 2.46 ± 0.05c 2.21 ± 0.02d

Zero Fertilizer

15 1 2.96 ± 0.03a 2.50 ± 0.08a 1.55 ± 0.06a 2.03 ± 0.01a

2 3.87 ± 0.18a 3.36 ± 0.01a 2.77 ± 0.09a 3.26 ± 0.03a

10 1 2.06 ± 0.03b 1.74 ± 0.08c 0.48 ± 0.00b 1.55 ± 0.01b
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biochar concentrations are different in the two seasons. 
The highest number of leaves was observed at 15 t/ha 
biochar concentration for the four fertilizer types in the 
two seasons (see Supplementary Figure S2, Supplementary 
Figure S3, Supplementary Figure S4, Supplementary Figure 
S5, Supplementary Figure S6, Supplementary Figure S7, 
Supplementary Figure S8 and Supplementary Figure S9). 
Analysis of Variance (ANOVA) tests carried out on the effect 
of biochar concentrations for all the fertilizer treatments 
showed that NPK and PM have significant effect on the 
number of leaves with the same p-values of 0.000 and 0.000 
(p < 0.05) in the two seasons, while LOF and F0 have no 
significant effect on the numbers of leaves of the rice plant 
with p-values of 0.843 and 0.431 in season 1 and 0.917 and 
0.052 (p < 0.05) in season 2 (Supplementary Table S1). The 
results of the also showed that 15 t/ha biochar concentration 
has more effect on the numbers of leaves compared to other 
biochar concentrations in season 1, while 15 t/ha and 10 t/ha 
biochar concentrations have more effect on the number of 
leaves compared to others in season 2.

The results of the Duncan Multiple Range Test (DMRT) for 
the growth parameters examined in the study for season 1 
and season 2 are presented in the subsequent sub-sections.

Number of leaves, number of tillers and number of 
panicles: Table 3 shows the results for number of leaves, 
number of tillers and number of panicles for the treatment 
combinations investigated.

in the two seasons. This result indicated that rice agronomic 
parameters, such as the number of leaves, the number of 
tillers, the number of panicles, which are very good indicators 
to yield of rice improved with fertilizer and biochar combined 
application. Results also showed that all the agronomic 
parameters increased with increase in the biochar level 
within each fertilizer type. Further findings in the agronomic 
performance of rice showed that there was consistency in the 
number of leaves, number of tillers and number of panicles 
within seasons 1 and 2, an indication that biochar and the 
fertilizer type’s effects on rice development were reliable. 
There was significant (p < 0.05) increase in agronomic 
parameters from season 1 to season 2 irrespective of the 
fertilizer type. This could be attributed to the biochar applied 
to the soil. Panicle length increased by 5.5% in season 2. Plant 
height increased by 2.2% in season 2. Stem girth increased 
by 5% in season 2, while leaf area increased by 2.4% in 
season 2. There were no panicles that developed until week 
10, that is, between 1 and 9 WAP. In the overall agronomic 
performance, treatments with NPK fertilizer recorded the 
highest performance, followed by poultry manure, liquid 
organic fertilizer and zero fertilizer application, in that order. 
The results obtained from this study agreed with the findings 
by Schulz and Glaser [24] and Schulz and Glaser [25] that the 
combined application of fertilizers with biochar could lead 
to enhanced soil fertility, improved plant growth and carbon 
storage potential.

The mean number of leaves for all the fertilizers and 

*Means that do not share a letter are significantly different
**Difference in letter of superscript in the same row means there is significant difference (p < 0.05)

2 3.58 ± 0.19b 3.35 ± 0.02b 2.36 ± 0.09b 3.06 ± 0.03b

5 1 1.85 ± 0.03c 1.51 ± 0.08d 0.48 ± 0.00b 1.40 ± 0.01c

2 3.83 ± 0.19c 3.13 ± 0.07c 1.80 ± 0.09c 2.63 ± 0.03c

0 1 2.14 ± 0.04d 1.14 ± 0.03b 0.47 ± 0.00b 1.01 ± 0.01d

2 3.22 ± 0.19d 2.90 ± 0.07c 1.46 ± 0.02b 2.15 ± 0.02d

Table 7: Summary of results for optimized response parameters of rice yield using biochar concentration of 15 t/ha in seasons 1 and 2.

Type Season PV1 PV2 PV3 PV4 PV5 PV6 PV7 GY PRY BY RGY D

NPK 1 36 9 9 41 133.6 5.18 120.415 4.7 4.5 2.87 3.21 0.815

2 35 9 9 41.4 133.6 5 116 8.5 5.7 5.3 5.4 0.930

PM 1 48 16 16 35 135 5.76 166 6.68 4.94 1.8 3.76 0.766

2 48 16 15 40.8 136.5 5.7 167 6.8 5 1.8 4.1 0.749

LOF 1 18 6 6 35 111.2 3.9 109.9 2.9 2.8 1.8 2.0 0.887

2 18 6 6 35 112 4 110 4 2.9 2.2 2.6 0.812

F0 1 35 12 12 38 122 5 135 3.8 2.8 0.54 1.9 0.784

2 36 12 12 35 122 4.7 135.4 4.3 3.3 1.5 1.9 0.913

LEGEND

PV1 - Number of Leaves           PV2 - Number of Tillers           PV3 - Number of Panicles

PV4 - Panicle Length (cm)        PV5 - Plant Height (cm)           PV6 - Stem Girth (cm)

PV7 - Leaf Area (cm -2)  GY   - Grain Yield (t/ha)          PRY - Paddy Rice Yield (t/ha)   

BY    - Biomass Yield (t/ha)       RGY - Rice Grain Yield (t/ha)  D - Desirability
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and photosynthesis by extension, with the PM treatment 
amplifying that increasing panicle length effect.

Similar to the observations for panicle length, increasing 
levels of biochar applications resulted in taller rice plants. 
Between the 0t/ha level and the 5t/ha level, PM and FO 
treatments showed the highest magnitude of significant 
increase while LOF and NPK trailed. The NPK and LOF 
treatments jointly performed best out of all treatments and 
recorded the maximum plant height of about 135cm. The 
15t/ha biochar treatment level resulted in the tallest rice 
plants irrespective of treatment type. These results agree 
with Kamara, et al. [35] submission that rice plants grown 
on soils treated with rice straw biochar were significantly 
(p < 0.05) taller than those grown on soils without biochar 
treatment. Plant height has effect on rice yield. Good plant 
height favours photosynthesis and weed control, while poor 
plant height reduces photosynthesis ability and weed control.

The control treatment (F0) had the least stem girth for all 
biochar levels compared to the LOF, NPK and PM treatments. 
All treatments showed increasing stem girths with increasing 
biochar levels, with the NPK treatment performing best 
followed by the PM and LOF treatments in that order. The 
differences in stem girth measurements were statistically 
insignificant at the 15t/ha treatment level however for all 
treatments. The average stem girth increased from about 
2.87 to 4.42 in plants without fertilizer (F0), 3.79 to 4.83 in 
the liquid fertilizer treatments, 3.97 to 5.30 in the plants 
with poultry manure treatment, and 4.36 to 5.61 in the 
NPK fertilizer treatment from 0t/ha level to 15t/ha level 
respectively.

Leaf area: The treatment types with the largest leaf area 
to the least leaf area were NPK, PMB, LOF and F0B as detailed 
in Table 5. For the 0t/ha level, leaf area increased from about 
68 in F0B to 72 in LOF, 97 in PMB and 113 in NPK. The marginal 
increases were least in the F0B treatment, and between 0t/
ha and 5t/ha suggesting that perhaps a threshold value of 
5t/ha was reached before significant amplification of the 
treatment levels and treatment types effect on leaf area. It is 
worth to note here that larger leaf area implies more sunlight 
absorption and by extension food production.

Yield responses in rice performance
The highest yield in season 1 was 6.31 t/ha and 6.20 t/ha 

recorded in NPKB15 while the least yield was 1.14 t/ha and 
1.01 t/ha recorded in F0B0 for paddy and grain (processed) 
respectively. FOB15 yield was 2.50 t/ha and 2.03 t/ha in the 
same season 1 for the paddy and grain yield likewise. This 
represents more than two and half times to three times 
increase between treatments F0B15 and NPKB15 for paddy 
rice and grain (processed) rice yields respectively, and more 
than five and half times to six times increase between F0B0 
and NPKB15. In season 2, the highest average yield of paddy 
and grain (processed) rice was 6.36 t/ha and 6.21 t/ha 
respectively recorded in NPKB15 as against 3.36 t/ha and 3.26 
t/ha respectively recorded in F0B15, while the least yield was 
of 2.90 t/ha and 2.15 t/ha respectively was recorded in F0B0. 
This also represents more than one and half times increase 

It was observed that the treatment type and treatments 
levels had significant effect on the number of leaves. The NPK, 
PM and LOF fertilizer types resulted in increased number of 
leaves compared to the F0 treatment. NPKB15 treatment 
recorded the highest number of leaves both for treatment 
type and treatment level with 47.00 ± 0.55 and 47.20 ± 0.37 
in season 1 and season 2 respectively. The NPK treatments 
had the most leaves on average irrespective of biochar 
levels, perhaps due to the additional Nitrogen. Nitrogen 
is largely responsible for leaves development and can 
increase photosynthetic abilities of plants [46,47]. Although 
higher in number (almost two times) than the zero-fertilizer 
treatment i.e., FO. The LOF treatment also had a similar 
range for number of leaves at the different biochar levels. 
PM treatment increased number of leaves significantly with 
biochar application, but no significant increase observed with 
increasing biochar levels.

It was observed that NPK, LOF and PM treatment types 
had significant effect on number of tillers, while only NPK 
and PM responded significantly to biochar treatment levels. 
NPKB10 and NPKB15 treatment combinations had more effect 
on numbers of tillers compared to others. LOF and F0 at all 
biochar levels had a similar range of numbers of tillers, while 
number of tillers in the PM treatment increased from around 
6.40 (no biochar) to about 8.60 (with biochar at any level. 
This result is in agreement with the submission Kamara, et al., 
[35] that application of rice straw to soil showed significant (p 
< 0.05) difference in tiller numbers from the untreated soil. 
Rice biomass and paddy yield is dependent on the number of 
tillers thus the more the number of tillers, the more the rice 
yield.

Treatment type and level had significant effect on number 
of panicles in both season 1 and season 2. Compared to the 
FO treatment, number of panicles was highest in the NPK 
treatments followed by the LOF treatment and finally the PM 
treatment with average values of 13, 11 and 7 respectively. 
LOF was not responsive to biochar treatment levels as the 
range for number of panicles remained relatively unchanged 
for all four biochar levels. NPK treatments showed increasing 
number of panicles with increasing biochar application from 
11.80 ± 0.85(11.60 ± 0.24) at the 0t/ha level to about 15.80 
± 0.20(15.80 ± 0.20) at the 15t/ha level for season 1(2). The 
increase in number of panicles for the PM treatment was 
responsive only to the presence of biochar, but insignificant 
at higher or lower application levels.

Panicle length, plant height, and stem girth: Tables 4 
shows the maximum average panicle length, plant height 
and stem girth for all treatments considered. All treatment 
types showed increasing panicle length with increasing 
treatment levels of biochar application. Panicle length 
increased most significantly between 0t/ha level and 5t/
ha level, with significant but lesser magnitudes of increase 
observed from the 5t/ha level to the 10t/ha level and finally 
the 15t/ha level. The maximum panicle length recorded was 
in the PMB15 treatment combination at 42.76 ± 0.13(43.00 
± 0.00) for season 1(2), while FOB0 had the least length at 
26.18 ± 0.27(26.84 ± 0.16) for season 1(2). These results tend 
to suggest that biochar application favored panicle length 
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ha and 6.95 t/ha respectively. For paddy rice yield - without 
the biomass, the highest value was observed at NPKB15 for 
both seasons with mean values of 6.31 t/ha and 6.36 t/ha 
respectively. For biomass yield, the highest was observed at 
NPKB15 for both seasons with mean values of 5.88 t/ha and 
5.96 t/ha, respectively. For rice grain yield, the highest value 
was observed at NPKB15 for both seasons with mean values 
of 6.20 t/ha and 6.21 t/ha respectively.

There were significant effects of Poultry Manure (PM) 
combined with biochar treatment levels on rice yield 
parameters. Grain yield with biomass highest value was 
observed at PMB15 in the two seasons with mean values 
of 6.62 t/ha and 6.26 t/ha respectively. For paddy rice yield 
- without the biomass, the highest value was observed at 
PMB15 for both seasons with mean values of 5.74 t/ha and 
6.00 t/ha respectively. Biomass (rice grain) yield highest value 
was observed at PMB15 for season 1 and season 2 with mean 
values of 4.18(4.69) t/ha and 4.52(5.07) t/ha respectively.

Even when no fertilizer was applied, there were significant 
differences in mean values of yield parameters. For grain yield 
- with biomass, the highest value was observed at FOB15 with 
mean values of 2.96 t/ha and 3.87 t/ha for seasons 1 and 
2 respectively. For paddy rice yield - without the biomass, 
the highest value was observed at FOB15 for both seasons 
with mean value of 2.50 t/ha (3.36 t/ha) for season 1(2). 
For biomass yield, the highest was observed at FOB15 for 
seasons 1 and 2 with mean values of 1.55 t/ha and 2.77 t/ha 
respectively while rice grain yield highest value was observed 
at FOB15 for both seasons with mean values of 2.03 t/ha 
(season 1) and 3.26 t/ha (season 2).

Modelling and optimization of the yield response 
parameters

Figure 2 and Figure 3 shows the (3D) results of the 
modelling and optimization of the yield response parameters 
using the surface response methodology on Design Expert. 
Since the 15t/ha biochar level performed best, the modelling 
and optimization is majorly limited to the NPKB15 treatment 
combination. The dependent variables were grain yield - with 
biomass, paddy rice yield - without the biomass, biomass 
yield, and rice grain yield. The independent variables were 
biochar level and fertilizer types, while the process variables 
were number of leaves, number of tillers, number of panicles, 
panicle length, plant height, stem girth and leaf area. The 
possible interactions were number of leaves and number 
of tillers for the yield parameters as shown in Figure 2 and 
Figure 3 for season 1 and season 2 respectively. The figures 
show that the slope for number of leaves was greater than 
that of the other process variables. Similarly, the number 
of tillers was also a significant process variable. All the yield 
parameters (dependent variables) increased with increase in 
both number of tillers and number of leaves, and vice versa 
for season 1 and season 2.

Expanding the optimization to all treatment types at the 
15t/ha biochar application level, the desirability factor was 
used to identify and summarize the optimized response 
parameters (i.e., process variables) as seen in Table 7.

each between treatments F0B15 and NPKB15 for paddy rice 
and grain (processed) rice yields respectively and more than 
two times to two and half times increase between F0B0 and 
NPKB15.

All three treatment types (fertilizers) did better than the 
control (zero fertilizer), indicating that yield increased with 
fertilizer applications. Also, yield increased with increase in 
the biochar concentrations within each fertilizer type. This 
agrees with Major, et al. [48] position that when several rates 
of biochar (concentration levels) are used, the plots with the 
higher biochar application rate show better results. There was 
consistency in the yield of rice in the two seasons, a further 
indication that biochar and the fertilizer type’s interactive 
effects on rice development were positive and reliable. Paddy 
rice and processed rice yields increased by more than 50.0% 
in the two crop cycles attributed to biochar application when 
compared to production practices without biochar but with 
fertilizer application. This agrees with Zhang et al., [20] who 
observed that biochar application enhanced rice yields by at 
least 10% in the first crop cycle and by 10 - 29% in the second 
crop cycle.

The higher rice yields in this study especially in the 
NPKB10 and NPKB15, and the PMB10 and PMB15 treatment 
combinations of fertilizer and biochar when compared to 
yields of less than 1.0 t/ha (1.5 t/ha) recorded with traditional 
(NERICA) varieties planted without any fertilizer application 
[40,49] prove that fertilizer and biochar combined applications 
were very effective in enhancing yield as submitted by Schulz 
and Glaser, [24] and Zhang et al. [20]. The increase in rice yield 
obtained from this study also agreed with IITA [40] remarks 
that the potential yield of NERICA 2 is up to 4000 kg/ha (4 t/
ha) and could be up to 6000 kg/ha (6 t/ha) under good soil 
management practices and favourable climatic conditions.

Grain yield (with biomass), paddy rice yield, biomass 
yield, and rice grain yield for each treatment combination: 
Table 6 shows the effects the various fertilizer treatment 
and biochar concentration levels on the four different yield 
parameters namely grain yield - with biomass, paddy rice yield 
- without the biomass, biomass yield, and rice grain yield. It 
was observed that the treatments had significant effect on 
the different yields in the two seasons. Yields generally 
increased as biochar concentrations increased, while yields 
were usually higher in season two than in season one.

For grain yield with biomass, the highest value was 
observed at LOFB15 in the two seasons with mean values 
of 4.26 t/ha and 4.66 t/ha respectively. For paddy rice yield 
- without the biomass, the highest value was observed at 
LOFB15 for both seasons with mean values of 3.51 t/ha and 
4.55 t/ha respectively. For biomass yield, the highest was 
observed at LOFB15 for both seasons with mean values of 
2.21 t/ha and 3.43 t/ha, respectively. For rice grain yield, the 
highest value was observed at LOFB15 for both seasons with 
mean values of 2.54 t/ha and 4.08 t/ha respectively.

In the NPK 15:15:15 combined with biochar treatment, 
treatment level had significant effect on the yields for the two 
seasons. For grain yield with biomass, the highest value was 
observed at NPKB15 in the two seasons with means of 6.74 t/
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a. Grain Yield with Biomas    b. Paddy Rice Yield without the Biomas  

  
c. Biomas Yield     d. Rice Grain Yield 

Figure 2: 3D Response Surface Obtained for Different Interactions on Rice Yield at NPKB15 Treatment in Season 1.

area, etc.). Panicle length showed the maximum values for 
PMB15 although all treatments showed the most significant 
increase between 0t/ha and 5t/ha. Stem girth and leaf area 
values both showed lesser marginal increases between 0 t/
ha and 5 t/ha biochar concentration relative to the other 
concentrations, indicative perhaps of a better performance 
above a threshold concentration of 5 t/ha for those indices.

For the yield parameters especially the average yield for 
paddy and grain (processed rice), the control treatment that 
had zero fertilizer applied had the least yield of 2.50 t/ha and 
2.03 t/ha (3.36 t/ha and 3.26 t/ha) in season 1(2) for the 15 t/
ha level i.e., FOB15. It increased to 3.51 t/ha and 2.54 t/ha in 
season 1, and 4.55 t/ha and 4.08 t/ha in season 2 respectively 
in LOFB15; and to 5.74 t/ha and 4.69 t/ha in season 1, and 
6.00 t/ha and 5.07 t/ha in season 2 respectively in PMB15. As 
with the agronomic parameters too, NPKB15 had the highest 
average yield of 6.31 t/ha and 6.20 t/ha in season 1 and 6.36 
t/ha and 6.21 t/ha in season 2 for paddy and grain (processed 
rice) respectively. Yield generally increased with increasing 

Conclusion
The possibility of significantly increasing rice yield via a 

combination of soil conditioning, water management and 
soil fertility suggests viable and scalable ways of boosting rice 
supply not only in sub-Saharan Africa but also globally should 
be explored. To do this, a study was conducted to determine 
the effects of biochar concentrations treatment levels and 
fertilizer treatment types on New Rica for Africa (NERICA 
2) variety of upland rice development under drip irrigation 
system. The treatment types included liquid fertilizer - 
LOF, organic fertilizer - NPK, poultry manure - PM and zero 
fertilizer - FO, while the biochar concentration treatment 
levels included 0 t/ha - B0, 5 t/ha - B5, 10t/ha - B10 and 15 t/
ha - B15.

The results showed that biochar level at 15t/ha viz-a-viz 
NPKB15, PMB15, LOFB15 and F0B15 in that order performed 
best compared to the other treatments levels in agronomic 
parameters (plant height, stem girth, number of leaves, leaf 
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Figure 3: 3D Response Surface Obtained for Different Interactions on Rice Yield at NPKB15 Treatment in Season 2.
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