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ABSTRACT

Biochar soil amendment is known to suppress the effect of pathogenic fungi and favour plant resistance against soil -
borne pathogen effects. This study appraises the impact of biochar on groundnut yield planted in the slightly acidic
sandy loam soil. The study was done at the Nelson Mandela African Institution of Science and Technology (NM-AIST)
screen house, where groundnuts were planted in the 2L pots filled with soil mixed with biochar at different rates (2.5%,
5% and 7.5%) in April 2022. Groundnut’s growth parameters were managed by measuring shoot length and root
length, counting the number of leaves and taking leaf area once every week from the second week after planting to
harvesting, where its yield was also measured. Analysis of variance showed a significant (P < 0.05) increase in
groundnut growth parameters and yield when 5% Biochar was used. There was a strong positive correlation between
biochar and some groundnut growth parameters. No significant (P < 0.05) difference was observed between Biochar
and groundnut growth parameters and yield when 2.5% biochar was used. A slightly weak negative correlation was
observed when a 7.5% Biochar rate was used. Biochar-amended soils indicated a dramatic increase in soil pH, CEC,
Mn, P, K, Ca, B, Zn and Si. The current study indicates that the utilization of 5% maize cob biochar, pyrolyzed at
500°C, in acidic sandy loam soil, can lead to maximum enhancement in soil physical and chemical properties, as well
as groundnut growth and yield parameters.
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1. INTRODUCTION

Groundnut (Arachis hypogaea L.) is one of the leguminous crops presented to Africa from Brazil in the 16" century
(Daudi et al., 2018). It is the most significant crop for smallholder farmers in Tanzania for the provision of food, feed,
and income (Mfaume et al., 2019). The crop is grown in different types of soils, preferably with more than fifty per
cent sand, with pH range of 4.8 to 7 (Daudi et al., 2018). Heavy soils cause water logging and detachment of seeds
during harvest. Nutritionally, groundnut is rich in fat, protein, carbohydrates, vitamins, and minerals (Abady et al.,
2019). It is the world's 13th most consumed food crop, fourth for cooking oil, and third for essential proteins (Daudi et
al., 2018). This crop is a native New World crop where early pioneers found it cultivated broadly in both Meso and
South America (Abady et al., 2019; Alam et al., 2020; Daudi et al., 2018). It is described that groundnut remnant
pericarp tissue recovered from archaeological sites in Peru dates its purposeful agricultural use to around 3900-3750
years ago (Mfaume et al., 2019). The domestication of this crop is supported by archaeological records between 300
and 2500 BC in Peruvian desert oases and likely first occurred in the valleys of the Paraguay and Parana rivers in the
Chaco region of South America (Daudi et al., 2018). In Africa, the Portuguese presented groundnuts from Brazil in the
16™ century (Mwatawala & Kyaruzi, 2019). Frank Samuel, head of the United Africa Company, came up with the idea
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in 1946 of cultivating groundnuts in Tanganyika for the production of vegetable oil (Katundu et al., 2014). Groundnut
is consumed in many forms: uncooked, roasted, and grounded (Mfaume et al., 2019). Its seed cakes and straws were
used for animal feeds and fertilizers (Daudi et al., 2018). These several uses brand groundnut as among the most
treasured crops in the world.

Areas where groundnuts are grown in Tanzania include Dodoma, Tabora, Geita, Shinyanga, Songwe, Katavi, Singida,
Rukwa, Lindi, Mtwara and Manyara regions (Figure 1).
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Figure 1 Tanzania map showing groundnuts producing areas

The major producers of groundnuts are mainly smallholder farmers, and over 14 million people depend on groundnut
cultivation (Mkandawire et al., 2021). Groundnut yields in Tanzania are low, standing between 500 kg/ha to 1,000
kg/ha compared with 1,500 kg/ha to 2,500 kg/ha reported in other African countries (Mfaume et al., 2019). For
example, in Egypt, average production was 3,209.7 kg/ha; in Mauritius was 2,956 kg/acre; in Algeria was
2,774.4kg/ha; in Morocco was 2,541.5kg/ha; and in Kenya was 2,409.1kg/ha (Mfaume et al., 2019). Yields and
productivity are highly variable among countries due to poor soil fertility, soil acidity and salinity, low soil calcium,
drought, poor knowledge of good agronomic practices, unreliable rainfall, diseases and pests, including aphids, thrips,
leaf minor, termites, earwigs, white grabs, groundnut bruchids and red flour beetles, low-yielding varieties, obsolete
agricultural practices (Akpo et al., 2021). Major diseases of groundnuts are groundnut rosette, early leaf spot
(Cercospora arachidicola), late leaf spot (Phaeoisariopis personata), Rusts (Puccinia arachidis) and aflatoxin (Alam
et al., 2020; Horn, n.d.). Among all the constraints, drought and soil acidity are the main problems, especially in sub-
Saharan Africa(Ngulube et al., 2018). Soil acidity is inhibitive to nutrient availability, which has a suppressive impact
on crop growth and yield (Rogers et al., 2022). Groundnut plants are more subtle to extreme salinity and acidity. It
inhibits crop lateral branching and causes chlorosis, leading to stunted growth, poor root proliferation and low water
absorption (Nte et al., 2022). The primary detrimental impact of soil acidity on groundnut yield is the inadequate
supply of Calcium and Magnesium, resulting in poor pod filling and prolonged maturation (Nte et al., 2022). Achieving
economical or break-even production of any crop necessitates soil conditions devoid of physical or chemical
constraints (Rogers et al., 2022). Such soil quality demands effective management practices to attain the desired and
targeted yields. One of these essential measures involves developing technology that is environmentally friendly,
socially acceptable, accessible, and economically viable, specifically tailored to counteract the threat of soil acidity and
fertility, ensuring profitable groundnut cultivation (Nte et al., 2022).
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The application of Biochar (The material formed when organic matter undergoes pyrolysis in a low-oxygen
environment, and it serves as a beneficial soil amendment) to soil has been observed to enhance various soil properties
such as structure, porosity, aggregation, bulk density, and water transmissivity (ljaz et al., 2022). Biochar plays a role
in stabilizing organic matter content by facilitating nutrient mineralization (Manso et al., n.d.). This process results in
increased availability of essential nutrients such as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and
magnesium (Mg) in the soil(Kuppusamy et al., 2016). Furthermore, Biochar helps to reduce the solubility of aluminium
(Al) and manganese (Mn) in the soil, thereby mitigating their toxic effects and improving cation exchange capacity
(CEC) (ljaz et al., 2022). Additionally, biochar exhibits liming effects, promoting nitrogen fixation while decreasing
biological oxygen demand (BOD) and biochemical oxygen demand (COD)(Nte et al., 2022). These favourable
conditions support the optimal functioning of beneficial microorganisms in the soil, ultimately benefiting crop growth
(Nte et al., 2022).

Biochar possesses distinctive attributes that enable it to mitigate certain challenges posed by climate change and soil
conditions (Ahmadou et al., 2019; Denyes et al., 2012; Kuppusamy et al., 2016; Yeboah et al., 2020). When applied to
soil, Biochar enhances soil fertility by mitigating temperature variations, neutralizing acidity, boosting cation exchange
capacity (CEC), enhancing base saturation, augmenting organic matter levels, sequestering carbon, and improving
nutrient and moisture retention(Bonanomi & Scala, 2015; Elad et al., 2011; Eyles et al., 2015; Kapoor et al., 2022;
Kuppusamy et al., 2016; Laghari et al., 2015; Yeboah et al., 2020).

The objectives of the research were to (1) assess the response of groundnuts to different levels of biochar and (2)
determine the best biochar ratio as far as groundnut growth and production are concerned. Despite the abundance of
literature on the impact of soil acidity on soil and groundnut productivity and the benefit of Biochar in the soil, no
research has been conducted in the specific area of focus for this study. However, it is believed to be the primary factor
contributing to unsatisfactory production in groundnut-dominant agroecology. The absence of this information
indicates the need for further investigation.

2. MATERIALS AND METHODS

2.1 Study location

A study was conducted in March of the year 2022 at the NM-AIST screen house in Arusha, Tanzania. The area is
located at latitude 3.40°14"20" N, longitude 36.79°5820" E and altitude of 1199 m.a.s.l. The area has a temperature that
ranges between 10 and 30 °C (50 and 86 °F) and an average annual rainfall of 1,180 millimetres (46.46 in). The
humidity varies between 65 dries weather to 90% during the cool weather and main rain seasons.

2.2 Materials

Soil: A composite soil sample was collected from five sites in Magugu ward groundnut growing areas, then through
halving, coning, and quartering, a representative 300 kg soil sample that was used for the pot experiment was obtained.
Magugu is the groundnut growing area which is located in the Babati district-Manyara region, located at Latitude -
3.9954° or 3° 59' 43" S; Longitude. 35.78172° or 35° 46' 54" E. Magugu has an average temperature of 27°C and
relative humidity of 80%. Maize cobs: Maize cobs were collected from farmers around NM-AIST for preparing biochar
due to the necessity of using locally available materials for easy accessibility. Groundnut seeds: high-yielding
groundnut seed (Red Mwitunde variety) was taken from Tanzania Research Institute -Naliendele (TARI Naliendele).

2.3 Methods

2.3.1 Biochar production and characterization
(i) Biochar production

The collected maize cob samples were carried to the NM-AIST laboratory for pyrolysis. Pyrolysis was done using a
macro furnace at the standard effective temperature of 500°C for one hour, cooled by natural conversion, pulverized
using a grinder, and sieved using a 2mm sieve.
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Figure 2. Map showing the study area

(ii) Biochar characterization

The microscopic analysis of biochar was carried out in Motlatsi Phari Institution-South Africa on 2 December 2023 at
the magnification of 200 and Electrical heating temperature of 500 kV. A research microscope, Nikon Eclipse E-200,
with fluorescence attachment, was used to know Biochar morphological characteristics using a Scanning Electron
Microscope (SEM) (Fig 2). The porosity and pore size of Biochar were scrutinized using Brunauer-Emmett-Teller
(BET). Characterization was done to understand the physical morphology for the determination of the ability of
materials to hold moisture.

Figure 3. SEM image of maize cob Biochar taken by Motlatsi Phari institution (South Africa) showing micro
and macro pores in maize cob Biochar.
Chemical characterization of Biochar was done at the Tanzania Research Institute Uyole (TARI-Uyole) laboratory.

(i) Experimental design and layout

The screen house experiment was laid out in a completely randomized design with five replications and three
observations per replication. A 2L plastic pots filled with sterilized soil were used to grow groundnuts whereby four
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seeds were sown and thinned to two plants per pot after two weeks. Treatments used were Biochar at the rates of (i)
2.5%, (ii) 5%, and (iii) 7.5%, and the negative control was soil without Biochar. Application of Biochar in each
treatment was done before planting groundnut seeds by mixing it with soil. All the treatments were assigned at random
(Figure 3), and irrigation was done regularly by using tape water. All the treatments receive the same agronomic
practices.

Rep. 1
control
Rep. 2
control
Rep. 3
control
Rep. 4
control
Rep.5
control
Figure 4. Figure showing the experimental design and treatments. The Same Letter and Colour indicate
observations per treatment level. A=Pot with 2.5% biochar, B=Pot with 5% biochar, C= Pot with 7.5%, biochar
and D= control (Pot with soil only). 1 to 5 is replications.

2.3.2 Soil analysis

Before the application of Biochar, the soil was taken at TARI Uyole Centre Soil Laboratory for nutrient analysis to
know the initial soil fertility. Then, after harvest, sampling of soil for post nutrient analysis was done at the same
laboratory. The measurement of the pH and exchangeable cations was done in 0.01 M CaCl, with a 1:2.5 soil: solution
ratio (Van Reeuwijk, 1992) read on a pH meter (Hanna, HI2210-01 Benchtop pH/mV Meter) and in a 1:5 soil: solution
ratio (Richards, 1954) using a conductivity meter (Hanna, HI98312 DiST® 6 EC/TDS/temperature Tester)
respectively. A spectrophotometric machine was used to read the available P after analysing using the Bray 1 method;
Total N was determined by the Kjeldahl method (Bremner and Mulvaney, 1982) and Organic matter by Walkley and
Black's (1934) chromate reduction method. Exchangeable acidity (EA) and bases were determined by titration method
(McLean 1965) and Atomic Absorption spectrophotometer (AAS) Perkin Elmer Analyst 400, respectively. Silicon (Si)
content was determined by XRF and Cation exchange capacity (CEC) by the leaching method (Rowell, 1994). Soil
texture was determined by the hydrometric method

2.3.3. Data collection

Data on growth parameters like shoot height (cm) was taken using a calibrated wooden ruler, leaf area (cm?) was
obtained by measuring leaf length and width using a 30 cm ruler, and the number of leaves was obtained by counting.
All the growth parameters were measured once every week, starting from the second week to harvesting by randomly
selected plants. At the end, all the data were recorded per treatment in an Excel sheet. Harvesting was done by hand
after 120 Days from germination. The yield of each replicate in each treatment was measured and documented using a
digital weighing balance. All the data was taken by randomly selecting three plants per replicate.

2.3.4. Harvesting

Decision to harvest was set at fourth months after the groundnut plants showed all symptoms of maturity by leaves
yellowing. Harvesting was done by groundnut plants being separated with soil by pouring the pot contents on a clean
table, and the pods were harvested by hands one by one. Shelling of the pods was done by hand. Shelled groundnut
seeds were left dry to optimum moisture, packed and labelled properly as per treatment.

3. Data Analysis

Data on groundnut growth parameters (shoot length, leaf number and leaf area) and yield were checked for normality
(Shapiro-Wilk's test) and homogeneity of variances (Levene's test) and analyzed using analysis of variance (ANOVA),
followed by mean separation test using Tukey’s honest significant difference test (P < 0.05) by the JAMOVI statistical
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package version 2.3.2(2022). Correlation analysis was also done with the same software to check for the strength of the
linear relationship between treatments.

4. RESULTS AND DISCUSSION

Referring to the analysis, there is no significant (P <0.001) difference between 2.5% Biochar and control in groundnut
plant growth parameters and yield, but there was a slight increase of shoot length, root length and leaf area by 9.3%,
9.7%, and 1.6%, respectively (Table 1). Statistically, a significant (P <0.001) difference was observed when 5%
Biochar was applied, whereby shoot length, root length, leaf area, leaf counts and yield were increased by 29.3%,
16.3%, 35.3%, 10.5%, and 19.1%, respectively (Table 1). The correlation showed a weak positive relationship between
Biochar and groundnut yield. Still, it showed a strong relationship with some growth parameters like shoot length, root
length and number of leaves (Table 2). The present finding is consistent with that of Cong et al. (2023), who reported a
significant increase in maize growth and yield when Biochar was applied to the field at the rate of 5t/ ha.

This finding might be attributed to several reasons, as stated below:

(i) Raised soil pH to the optimum level for groundnut production (Figure 7). The optimum pH for groundnut
production is between 5.3 and 6.9 (Desk, 2019; Kapoor et al., 2022; Lehmann et al., 2011; Thomas et al.,
2020). The soil used in this study was acidic (4.3 pH), which can impair plant nutrient uptake (Kapoor et
al., 2022). Nutrients such as N, P and Mg, which are directly involved in chlorophyll production, tend to
be low in acidic soils (Cong et al., 2023). A high quantity of total bases in Biochar and its large surface
area (Figure 8) was reported to displace the H* ions on the soil colloids, thus levitating the low pH of the
soil (Manso et al., n.d.).

(i) Increased soil’s total porosity due to Biochar porous structure and large specific surface area (Figure 3).
This later condition was reported to enhance root system growth and soil water holding capacity (Ngulube
et al., 2018), improvement of plant nutrient absorption aptitude(Obia et al., 2016), and consequently
encourage groundnut growth and yield (Figure 9). The application of Biochar in soil could also improve
soil structure, enhance the accumulation of soil inorganic particles, and improve the steadiness of
aggregates (Kochanek et al., 2022).

(iii) Increased cation exchange capacity(CEC) (Figure 7). High surface area and total pores increase the soil’s
ability to retain and supply nutrients to the plants, hence stabilizing their availability for plant growth
(Cong et al., 2023). This study was synonymous with other studies which portray that the application of
Biochar could significantly intensify soil nutrient contents, thus improving the growth of crops (Lu et al.,
2016; Wiedner and Glaser, 2013). similarly, Biochar might reduce the leaching of soil nitrate, improve the
soil’s nitrate holding capability, and reduce the soil nitrate reductase activity, soil denitrification intensity,
and soil nitrogen oxide flux so as to slow down the loss of soil nitrate nitrogen, thereby sustaining the
nitrogen use efficiency of crops, and improving plant biomass (Cong et al., 2023).

(iv) Biochar effect on soil chemical properties (Figure 7). This scenario, apart from increasing crop available
nutrients, may also affect soil microbiome and their activity by reshaping microbial community structure
(Cong et al., 2023; Davis, 2017; Egamberdieva et al., 2016). Microbial modification could affect soil
properties, such as the breakdown of organic matter and regulation of soil carbon dynamics and nutrient
cycling, which in turn may affect plant growth and yield (Chen et al., 2018). Calcium and Phosphorus,
which were the key elements in groundnut growth and yield, were radically increased in the soil amended
with biochar (figure 7). Insufficient calcium in the soil can result in a significant number of seeds failing
to develop properly, leading to empty pods or underdeveloped ones. It also causes issues such as
shrivelled or malformed fruit and the production of pods without seeds (Daudi et al., 2018). Adequate
calcium levels in the soil are crucial for achieving optimal yields and quality groundnut pods starting from
the early flowering stage(Nte et al., 2022). Phosphorus, on the other hand, is essential for promoting root
growth, improving nutrient and water uptake efficiency, and ultimately increasing yield, especially in
leguminous plants that form nodules(Nte et al., 2022). The application of Biochar to phosphorus-deficient
soil significantly boosts groundnut yield due to its vital role in various plant physiological processes
(Daudi et al., 2018).

(v) Biochar unique structure (high surface area and many micro/macropores) (Figure 3). Osmoregulation is a
vital plant physiological mechanism for fighting plant stress (Cong et al., 2023). Plants regulate their
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cellular osmotic balance via the accumulation and synthesis of osmoregulators (Soluble sugar, proline,
and soluble protein) during their normal metabolic process so as to lessen the stress-induced damage in
plants(Cong et al., 2023). The biochar application could change the osmoregulatory condition in
groundnut leaves to adapt to the soil environmental changes due to its properties of increasing soil water
holding capacity, which may assure maintenance of plant water uptake and consequently increase the
relative water content of the leaves (Hossain et al., 2020). Plant stress was reported to increase Reactive
Oxygen Species (ROS), which may cause serious damage to plants if not solved in time. For example,
drought conditions could increase Reactive Oxygen Species (ROS) production in plants and cause plant
damage due to protein oxidation, lipid peroxidation, chlorophyll degradation, enzyme inhibition, and cell
death (Kamali et al., 2022). The biochar amendment was reported to reduce ROS content in plants, which
consequently promotes plant growth and yield (Cong et al., 2023).

(vi) Alteration of plant physiological status, especially root exudates. Root exudates are important hormones
for the recruitment of Plant Growth Promoting Hormones (PGPR) (Feng et al., 2021). It is an important
source of nutrients and signalling molecules for rhizosphere microbial communities, which plays a vital
role in the conscription of PGPR (Cong et al., 2023). Biochar improves plant growth and yield by directly
affecting their physiological status and indirectly through the alteration of soil physiochemical
characteristics and promotion of PGPR (Loi et al., 2020). Its single application may achieve a long-term
effect since it can exist in soil for thousands of years (Cong et al., 2023).

The analysis also shows that when biochar was applied to above 5%, groundnut growth and yield were reduced
compared to 5% biochar (Figure 6). Similar findings were documented by Cong et al. (2023), who reported a decrease
in crop yield due to nutrient uptake inhibitory effect in soil amended with a high amount of Biochar. The results show
raised soil pH to 7.9 when a 7.5% Biochar rate was used (Figure 7). Munsanda et al., (2018) reported a dramatic
reduction in bean yield planted in the soil amended with Biochar compared to the control. A higher Biochar
application rate leaves less space in the soil pores to hold more water at each irrigation and causes anaerobic conditions
in the soil, thus poor soil aeration hence low yield. Biochar contains pollutants that may induce phytotoxicity and
cytotoxicity compounds due to its production process (high-temperature pyrolysis under an oxygen-limited
environment) (Lu et al., 2016). These compounds play a substantial role as plant growth promotors in low dosages, but
they are detrimental to plants and soil microbiomes when used in higher quantities (Bonanomi and Scala, 2015; Jaiswal
et al., 2014, 2018). Moreover, the application of Biochar in high quantity could adsorb cationic nutrients due to its
negatively charged surface, which may lead to incomplete utilization by plants and negatively impact plant growth and
yield (Cong et al., 2023). The effectiveness of Biochar is the function of raw materials, soil properties, pyrolysis
temperature and climate (Elad et al., 2011; Frenkel et al., 2017; Jaiswal et al., 2014; Jaiswal and Graber, 2017; Luigi et
al., 2022); hence, further research is needed for the verification and optimization of this technology in other conditions,
as explained in the present study, to achieve its potential benefits.

|

Figure 5. Picture showing groundnut at blooming stage with different biochar levels. (A) 90 Days groundnut
with zero Biochar, (B) 90 Days groundnut with 2.5%Biochar, (C) 90 Days groundnut amended with 5%0Biochar,
and (D) 90 Days groundnut amended with 7.5% Biochar.
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Table 1. ANOVA table showing the effect of different levels of biochar on groundnut growth parameters and yield

Treatmen Shoot length Leaf area No. of leaves Root length Yield
t

7.5BCH 21.72a 6.55a 23.80a 8.16a 8.87a
NCTR 24.16b 8.86b 34.20b 11.63b 10.70b
2.5BCH 27.42c 9.01b 34.22b 13.28c 11.90b
5BCH 31.20d 10.25¢ 37.80c 15.67d 15.74c
cv 3.1 5.1 3.2 6.1 6.2
p-value <.001 <.001 <.001 <.001 <.001
df 16 16 16 16 16

The same letters indicate no statistical difference within or/and between the treatments
Table 2. Kendall's rank correlation coefficient between biochar and aflatoxin

No.leaves(cm) 1.000

Root_Lth(cm) 0.638 1.000

shoot_Lth(cm) 0.7034 0.7474 1.000

Bch 0.1412 0.0118 0.118 1.000

Yield (g) 0.6489 0.7684 0.7895 0.1 1.000
No. leaves(cm) R.Lth_(cm) S. Lth_(cm) Bch Yield (g)

No. leaves=Number of leaves, Root Lth=Root length, S. Lth=shoot length, Bch=Biochar, cm=Centimeter, g=gram

effect of biochar to groundnuts growth

shoot Lth(cm) leaf area No. leaves Root Lth(cm) Yield(g)
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Figure 6. Effect of Biochar levels on groundnut growth parameters and yield.
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key: 2.5BCH= Soil amended with 2.5% Biochar, 5BCH= Soil amended with 5% Biochar, 7.5BCH=Soil amended with
7.5% Biochar. Lth= Length, No.=Number, cm=Centimeter, g=Gram

BCH LEVEL VS ESSENTIAL PLANT NUTRIENTS
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Figure 7. Effect of Biochar levels on soil nutrients under controlled experiment.

Note: Bch= Biochar, Bch.S 0= Soil without Biochar, Bch.S2.5= Soil amended with 2.5% Biochar, Bch.S5=Soil
Amended with 5% Biochar, Bch.S7.5= Soil amended with 7.5% Biochar and I.S.N=Initial Soil Nutrient. Bo=Boron,
Ca=Calcium, CEC=Cation exchange capacity, =K=Potassium, Mn=Manganese, P=Phosphorus, Si=Silicon,
N=Nitrogen.

5. CONCLUSION

A sound management strategy to enhance crop yield is by amending the soil to maintain optimal conditions. Inadequate
soil fertility and low pH levels negatively impact groundnut productivity, posing challenges amid climate change and
worsening land degradation. The drawbacks outweigh any perceived benefits. Applying biochar derived from maize
cobs to the soil demonstrates remarkable efficacy in improving both its physical and chemical properties. Significant
enhancements in groundnut growth and yield parameters were observed in pots treated with biochar compared to
untreated ones. This study provides valuable insights for groundnut farmers and other stakeholders, highlighting the
potential to mitigate soil degradation and enhance productivity through the application of maize cob biochar. The
efficacy of biochar depends on factors such as the raw materials used, soil characteristics, pyrolysis temperature, and
climatic conditions. Therefore, additional research is necessary to verify and optimize this technology under various
conditions, as outlined in the current study, in order to fully realize its potential benefits to other crops and the
environment.
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