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Abstract — Root rot of common beans has continued to increase in importance and in some instances leads to 100%
yield loss especially in intensified monocultures. Their broad host range and survival on crop residue as well as in the
soil asunder different survival structures posses’ a challenge in their management Soil amendments with have been
known to influence plant growth and also impact on soil borne pathogens. The effect of vermicompost and biochars
from different feed stocks on bean root rot was assessed in a greenhouse study. Soils were amended with vermicompost
and biochar at a rate of 1:1 v/v. Inoculation with four different root rot pathogens and their mixture was done using
artificially infected sorghum seed at a rate 5g per pot treatment. Five bean seeds were planted and assayed for
germination, shoot height; root weight and root rot severity at the end of the study. Treatment combinations of biochar
and vermicompost had a positive impact on plant emergence. Rice hulls biochar amendments resulted in the highest
shoot height while sugarcane bagasse biochar had the highest root length. Combination of rice hulls and vermicompost
had the greatest shoot and root weight. Plants in biochar amended soils had 9% lower severity than plants in
vermicompost amended soils and 25% less than the non-amended soils. Rice hulls biochar had greater impact on plant

growth whereas sugarcane bagasse biochar greater effect on root rots severity.

Keywords — Root Rot, Fusarium Solani, Pythium Ultimum, Rhizoctonia Solani, Soil Amendments, Biochar,

Vermicompost.

I. INTRODUCTION

Root rot diseases greatly affect bean production when plants are grown typically under monoculture with
reduced or no fallow periods (Katan, 2002). Soil borne root rot pathogens can survive actively on host, plant
residues and organic materials as saprophytes. They can also survive in soil in the form of chlamydospores,
oospores, sclerotia and or melanized mycelium until they are triggered into germination by the presence of a

suitable host (Waller and Brayford, 1990; Koike ef al., 2013).

Losses due to soil borne pathogens have been assessed to be 10-20% of the achievable yield or 100% crop loss
for many crops when not managed (Buruchara ef al, 2015). There however are limited efficient options for
management of soil borne diseases (Abawi and Pastor Coralles 1990, Koike ef al., 2013). Most of the options in
use rarely result in complete disease control. Furthermore, some of the measures employed can have negative
significant impacts that far surpass the impacts of the disease to the producer and consumers. It is therefore

important to put in to consideration the effects of the management strategies on both the environment as well as
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the population in the area of application.

Disease management strategies such as soil amendments have been known for their influence on plant
development and efficacy against soil-borne diseases from the time they were suggested (Noble and Coventry,
2005, Siddiqui ez al., 2015). There use has continued to be encouraged following the increased awareness on food
safety concerns and environmental pollution as a result of indiscriminate use of agro-chemicals (Muriungi et al.,
2014). Studies on application of soil amendments targeting plant development and biological control agents in
soil have shown their great potential in root rot disease management (Atiyeh et al., 2000; Graber et al., 2014).
Disease suppression due to application of soil amendments such as vermicompost and biochar have been reported
for damping-off caused by Pythium, Rhizoctonia root rot and Fusarium wilt (Edwards and Arancon 2004;

Matsubara et al., 2002; Jaiswal et al., 2014).

Pythium ultimum, Rhizoctonia solani, Fusarium solani and F. oxysporum are common soil-borne pathogens
causing diseases in common bean. They have numerous hosts, high degree of specificity and enduring resting
structures. This in combination with their saprophytic activity makes their management difficult (Agrios 2005).
There is therefore a growing requirement for effective approaches for management of soil-borne diseases, more

so on small holder farms engaging in intensive farming.

This study aimed at exploring the prospective suppression effect of the vermicompost from vegetable waste
and biochar produced from rice hulls and sugarcane bagasse against bean root rot. Soil amendments with
vermicompost, rice hulls biochar, sugarcane bagasse biochar and combinations of vermicompost with each

biochar were assessed for disease suppression and plant growth development.

II. MATERIALS AND METHODS
Production of Biochar

Sugarcane bagasse was obtained from Kibos Sugar Co., Kisumu, Kenya whereas rice husks were sourced from
Riceland Food Co., Stuttgart, AR, USA. The feed stocks were dried for 24 h at 75°C and ground in a hammer mill
with a 4 mm screen. Biochar was produced by pyrolysing the feed stocks at 400°C using a charcolator at Cornell
University (Ithaca, NY, USA). The resulting biochars were stored in sterile glass jars before being used in the

experiment.

Production of Vermicompost

Vermicompost was produced from vegetable crop residue which were chopped, air dried for 7-10 days then
placed in to 30 centimeter deep rectangular troughs which had an initial population of earth worms (Eisinia andrei)
in pre decomposed crop material and soil mixture. The crop residue was spread evenly on the surface of the trough
where it was decomposed by Fisinia andrei worms feeding on the plant debris. The vermicompost was packed in

gunny bags and stored before being used in the experiment.

Characterization of Biochar and Vermicompost

Biochars were air-dried, ground with mortar and pestle and sieved to achieve 149 to 850 um particle size before
analyses. Chemical Analysis for wood charcoal based on ASTM D1762-84 was used to determine the proximate
analysis with modification in order to accommodate biochar reactivity (Enders et al., 2012). Elemental analyses

were done after sieved biochars were ground using a ball mill to achieve a fine homogenous powder. Dumas
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combustion was used to determine total carbon (Ciot) and nitrogen (Ni) of the biochars. The pH was measured
after 1 g of each char was weighed directly in to a 60-mL glass vial to which 20mL of 1 M KCI prepared using
deionized water was added. The vials were then placed on a mechanical shaker and agitated for one and half hours.

The biochar water mixture was continually mixed while the pH was measured (Enders ef al., 2012).

Vermicompost on the other hand was rested for one month after production before the determination of it
physical and chemical characteristics. A two millimeter strainer was used to sieve the vermicompost followed by
air drying for 24 hours at room temperature before analyses were carried out. Determination of organic matter
content was done by use of a combustion oven at 550°C following the method of Kacar 1994. Five grams of fresh
vermicompost was oven dried at 55°C for a period of 24 hours and the difference in weights used to determine
the moisture content. An EC and pH meter was used to determine the electrical conductivity and pH of
vermicompost in a 1:5 and 1:2.5 v:v of vermicompost to 1 M KCI mixtures, respectively. Total nitrogen was
determined using the Kjeldahl method as described by Kacar (1994). Cation exchange capacity was determined
by the ammonium acetate method defined by Kacar (1994). Filtrates from triple repeats of the above described

procedure were collected and used in flame photometer reading for Na determination.

I11. DISEASE SUPPRESSION ASSAY
Preparation of the Soil Sand Media and Application of Amendments

Garden soil and sand were sieved using a 2mm mesh before being autoclaved for 30 min at 121°C and 1.5 bars
pressure. The autoclaving was repeated three times on consecutive days. The sand and soil mixture were used for
potting at the ratio of 1:2 (v:v). Mixing of the soil amendments was done aseptically in buckets which had been
surface sterilised with Green shield prior to use. These amendments and the soil sand mixtures were then
transferred to the pots and filled up to 1 cm to the brim to prevent overflow at the time of irrigation. The pots were
then labeled accordingly. The disease suppression assay of the soil amendments against bean root rot pathogens
was conducted under greenhouse conditions with temperatures ranging from 25°C to 30°C with a 12 hour

photoperiod.

The experimental design used was a randomized complete block design in a split plot with three replications.
The treatment combinations used were biochar, vermicompost, biochar + vermicompost all in soil and sand
medium. The rate of biochar and vermicompost used was 1% (v/v) per pot for each amendment. Pots measuring
1650 mL (6" diameter) were used for the trial. The pots were then placed on non-perforated plates to contain any

percolating water from the pots so as to prevent cross contamination.

Inoculum Preparation

Root rot inoculum was prepared following the procedure described by Scandiani ef al., 2011 with minor
modifications. Sorghum seeds were placed in a 500mL conical flask then soaked in sterile distilled water
overnight. Debris and floating seeds were then removed and the remaining seeds washed three times followed by
draining of the excess water. The seed were then autoclaved for 60 minutes at 121 °C on 2 consecutive days. Each
flask containing sterilized sorghum seeds was inoculated with an individual isolate of F. oxysporum, F. solani, P.
ultimum and R. solani by transferring five (5) plugs of 5-mm-diameter each cut from the edge of 7 day old cultures
on potato dextrose agar using a cork borer. The inoculated sorghum seeds in conical flasks were then incubated

at 25°C and shaken on alternate days to promote uniform growth of fungi. After 14 days of incubation, inocula
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was air dried for 24 hours in a laminar flow hood, crushed using a motor and pestle then used for both colony-

forming units (CFU) assay and later for inoculation in the greenhouse.
Inoculation of Test Soils and Seedling Establishment

The CFU assay of the root rot infested sorghum grain inoculum was conducted following the procedure by
Farias et al., 2008. One gram of sorghum inoculum was soaked in a 250-ml conical flask containing 100 ml of
sterile distilled water followed by a 30 min shaking at 150 rpm on mechanical Shaker. Plating of the resultant
inoculum was done on PDA after a tenfold serial dilution was done using sterile distilled water to attain dilutions
of 1073 and 10 from each isolate. These were incubated for 7 days at 25 °C. The inoculum quantity was determined
and adjusted to 107 CFUs/gram of sorghum by diluting infested sorghum grain with non-infested sterile sorghum
grain (w/w). Five grams of the adjusted infested sorghum grain was then used to inoculate soil in each treatment
by mixing it with the 10 cm of the soil in each pot. The soils were then irrigated to water holding capacity and
incubated for two weeks in the greenhouse to ensure colonization of the soil by the fungi prior to planting bean

seeds.

Prior to planting, Rosecoco bean seeds were surface sterilised in 2.5% Sodium hypochlorite for 3 min followed
by washing with 70% ethanol for 3 min. The seeds were then rinsed 3 times with sterile distilled water then blot
dried on sterile serviettes before planting. Five seeds were seeded in each pot to a depth of 2.5cm and slightly
covered with soil-sand treatment mixture within the pot. Irrigation of the bean plants was done on alternate days

to field capacity using sterile distilled water.
Determination of Plant Emergence, Crop Vigour and Disease Rating

Seedling emergence was determined 14 days after planting. This was done by counting and recording the
number of seedlings emerging per treatment. Symptoms of root rot were scored visually after four weeks by
assessing the plants using a ranking scale of 0-5 as described by Filion et al., (2003) where, 0 = healthy plants, 1
= initial signs of wilting, 2 = up to 25% of the leaves with symptoms, 3 = < 25% up to 50% of the leaves with
symptoms, 4 = < 50% up to 75% of the leaves with symptoms, 5 = plants dead. Seven weeks after planting, the
whole pot was soaked in water which helped to release the lateral roots from adhering soil. The plants were cut at

the soil line to necessitate measurements for the root lengths and shoot heights.

The plants were then dried on paper towels and rated for root rot severity by visual assessment of the roots and
hypocotyls. A severity rating scale of 1-9 as described by Abawi and Pastor-Corrales (1990) was used for rating
where 1 = no visible symptoms, 3 = light discoloration either without necrotic lesions or with approximately 10%
of the hypocotyl and root tissues covered with lesions, 5 = approximately 25% of the hypocotyls and root tissues
covered with lesions but tissues remain firm, 7 = 50% of the hypocotyls, and root tissues covered with lesions as
well as considerable softening, rotting, and reduction of the root system and 9 = approximately 75% or more of
the hypocotyl and root tissues affected with advanced stages of rotting, combined with severe reduction in the
root system. Re-isolation of the pathogens from diseased plants was undertaken to confirm the cause of disease
and pathogenicity of test samples. Measurement of dry weights was done following 24h of oven drying the plant
parts at 55°C until constant weights were achieved. The trial was conducted twice and bean seeds planted in non-

inoculated and untreated soil-sand, biochar and vermicompost combinations were controls for the trials.

Data Collection and Analysis
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Data on emergence was recorded fourteen days after planting where the total number of plants that had emerged
was counted per treatment. Disease incidence was determined by counting the number of diseased plants in each
treatment pot. This was then divided by the total number of plants in the pot multiplied by 100. Data on plant
height, root length and disease severity was determined at seven weeks after planting. The shoots and roots were
measured from the soil level to the tip. Disease scoring on roots was done based on a scale of 1 to 9. Dry shoot

and root weights were measured after drying at 50° C for 24 hours.

The data of measured variables were analyzed by ANOVA (p<0.05) using Genstat 15 edition. The means were

separated by the least significant difference using the Tukeys range test.
IV. RESULTS

Characteristics of Biochar and Vermicompost

All the soil amendments analysed varied in their composition. Vermicompost had the highest moisture content
while rice hull biochar (RH biochar) had the least (Table 1). No volatile compounds were found in vermicompost
but were highest in Rice hulls biochar as compared to sugarcane bagasse biochar (SB biochar). Ash content was
also high in RH biochar and low in SB biochar. The pH in rice hulls biochar was found to be alkaline while that
of vermicompost and SB biochar were observed to be near neutral. Electrical conductivity was found to be very
high in RH biochar as compared to SB biochar. Vermicompost had the lowest EC of all the amendments used.
Dry matter content was recorded highest in RH biochar and lowest in vermicompost. The C:N ratio was also

highest in RH biochar and lowest in vermicompost.
Nutrient Composition of Biochar and Vermicompost

Phosphorus was the nutrient with the highest percentage in the biochars as compared to other nutrients in the
respective biochars (Table 2). RH biochar had the highest level of phosphorus as compared to SB biochar and
vermicompost. Potassium was recorded highest in vermicompost while the lowest percentage was recorded in SB
biochar. No calcium was found in the two biochars but vermicompost had 2.5%. Rice hulls biochar was found to
have highest level of magnesium which was more than 58% higher than in vermicompost and SB biochar.
Conversely Sulphur was highest in vermicompost and RH biochar as compared to SB biochar. Iron was the highest
micro nutrient in all the soil amendments with the highest recorded in vermicompost while the lowest micro
nutrient was Boron recorded in SB biochar. Other micro nutrients available in the amendments including sodium,

zine, copper and manganese were higher in RH biochar as compared to SB biochar.

Table 1. Characteristics of vermicompost and biochar.

Amendment MC % Volatiles (%) As (%) pH EC(mS/cm) DM% C% N% CN%
Vermicompost 48.2 - - 6.92 12.0 50.8 30.1 3.5 8.5
Rice hulls biochar 1.7 18.4 54.8 11.92 1978.5 98.3 532 28 18.7
S. bagasse biochar 3.1 9.1 9.7 6.83 73.5 96.9 62.9 53 11.9

MC- Moisture Content, EC- electrical conductivity, DM- Dry matter, C- Carbon, N- Nitrogen, C:N- Carbon Nitrogen ratio; S. bagasse-

Sugarcane bagasse.
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Table 2. Chemical composition of biochar and vermicompost.

Cu

Amendment P% K% Ca% Mg% S% Mn(ppm) Fe(ppm) B (ppm) Na(ppm) Zn (ppm) ( )
ppm

Vermicompost 06 33 2.5 0.5 0.40 410.0 6600.0 101.0 1480.0 185.0 17.8
Rice hulls biochar 4.7 1.2 n/a 1.3 0.40 188.1 41914 53.0 3865.9 3520.6 263.5

S. bagasse biochar 1.0 0.7 n/a 0.4 0.03 36.9 485.3 14.4 2668.3 570.2 38.2

P-Phosphorus, K- Potassium, Ca- calcium, Mg- Magnesium, S- Sulphur, Mn- Manganese, Fe- Iron, B- Boron, Na- Sodium, Zn- Zinc, Cu-

Copper; S. bagasse- Sugarcane bagasse; ppm- parts per million; N/A- not available/present.

The Effect of Soil Amendments on Seedling Emergence

There was no significant difference (p<0.05) in seedling emergence among the treatments with the exception
of F. oxysporum inoculated soils (Table 3). Vermicompost and sugarcane bagasse biochar recorded 35 percent
increase in emergence as compared to the non-amended soils. Similar trends were observed in all the other
treatments though the difference was not significant. The lowest emergence was however recorded in the non-

amended soils inoculated with R. solani and a mixture of all the test root rot pathogens.

Effect of Biochar and Vermicompost on Growth and Development in Common Bean Plants Inoculated

with Root Rot Pathogens

Significant differences (p<0.05) were recorded for plant shoot heights across all treatments with the exception
of control (Table 4). Plants in soils amended with a combination of rice hulls biochar and vermicompost inoculated
with F. oxysporum had the greatest shoot height which was 29% higher than the plants in non-amended soils
challenged with a mixture of all test pathogens. The non-amended soils were observed to have 17% to 27%

reduced shoot height across all treatments with the differences being significant (p<0.05).

Significant difference (p<0.05) in root length were also observed across all the treatments (Table 5). Plants
inoculated with R. solani in with sugarcane bagasse biochar amended soils had the longest roots. These were 53%
longer than plants challenged with R. solani in soils amended with vermicompost which were observed to have
shortest roots. The same trend was observed in other plants challenged by different root rot pathogens with the
exception of F. solani. Sugarcane bagasse biochar amended soils were however observed to record up to 53%
higher root length than other treatments. Plants in vermicompost amended soils were however observed to record
a 31% higher root length than plants in non-amended soils challenged with F. solani the differences being

significant.

Table 3. Plant emergence (%) of bean in soils amended with different biochars and vermicompost and inoculated with root rot pathogens.

Percentage emergence (%)

Treatment Control Fo FS Pu Rs Mix Treatment means
Non amended soil 83a 64a 67a 77a 56a 56a 67.1b
Vermicompost 97a 87a 87a 77a 87a 80a 85.8a
R.H biochar 100a 77a 84a 80a 84a 80a 84.2a
R.H Vermicompost 90a 87a 84a 77a 77a 83a 83.0a
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S.B biochar 87a 87a 74a T7a 84a 87a 82.7a

S.B biochar Vermicompost 94a 77a 73a 77a 73a 76a 78.3a
LSD treatment x pathogen 25.7
LSD treatment 10.5
%CV 15.8
F.Pr 0.991

Means with different letter(s) within each column are significantly different at p< 0.05. R.H - Rice hulls, S.B-Sugarcane bagasse. Fo- F.
oxysporum, Fs- F. solani, Pu- P. ultimum, Rs- R. solani, Pat Mix - mixture of the four pathogens. LSD: Least significance difference at 5%

level, CV: Coefficient of variation, F.pr -Frequency of probability.

Table 4. Effect of vermicompost and different biochars on bean shoot height (cm) in root rot inoculated soils.

Shoot height (cm)
Treatment Control Fo FS Pu Rs Pat Mix Treatment means
Non amended soil 19.7d 18.2d 18.5¢ 18.3¢c 18b 17.8¢c 18.4¢c
Vermicompost 20.7cd 20.3¢ 21.6b 20.7b 20.9a 20.6b 20.8¢
RH biochar 23.0a 22.1b 21.8ab 20.9ab 21.4a 21.8ab 21.8ab
RH biochar Vermicompost 21.6bc 23.5a 21.8ab 21.6ab 21.5a 22.4a 22.1a
SB biochar 22.6ab 21.3bc 23.0a 20.9ab 21.6a 21.3ab 21.8ab
SB biochar Vermicompost 22.7ab 21.5bc 21.1b 22.1ab 20.4a 20.5b 21.4b
LSD treatment x pathogen 1.23
LSD treatment 0.5
%CV 29
F. Pr 0.013

Means with different letter(s) within each column are significantly different at p < 0.05. RH-rice hulls; SB- sugarcane bagasse; Fo- F.
oxysporum, Fs- F. solani, Pu- P. ultimum, Rs- R. solani, Pat Mix — mixture of the four pathogens. LSD: Least significance difference at 5%

level, CV: Coefficient of variation.

Table 5. Effect of vermicompost and different biochars on bean root length (cm) in soils inoculated with root rot pathogens.

Root length (cm)

Treatment Control Fo FS Pu Rs Pat Mix Treatment Means

Non amended soils 24.6¢ 28.6b 29.1a 25.0bc 22.4¢ 25.0c 25.8¢

Vermicompost 31.6a 19.9d 21.2¢ 19.2d 18.3d 19.1d 21.5e

R.H biochar 28.1b 22.9¢c 22.5¢ 23.6¢c 26.2b 24.6¢ 24.6d

RH biochar Vermicompost 24.9c¢ 31.8a 29.6a 26.1b 22.7c 27.0b 27.0b

SB biochar 27.8b 28.4b 30.7a 33.2a 39.7a 33.9a 32.3a

SB biochar Vermicompost 31.2a 25.3¢ 24.8b 26.6b 25.1b 24.7c 26.3bc
LSD treatment x pathogen 1.63
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Root length (cm)

Treatment Control Fo FS Pu Rs Pat Mix Treatment Means
LSD treatment 0.67
%CV 3.1
F.Pr <0.001

Means with different letter(s) within each column are significantly different at p < 0.05. R H-rice hulls; S B- sugarcane bagasse; Fo-
F. oxysporum, Fs- F. solani, Pu- P. ultimum, Rs- R. solani, Pat Mix — mixture of the four pathogens. LSD: Least significance difference at
5% level, CV: Coefficient of variation.

Effect of Biochar and Vermicompost Amendments on Dry Shoot and Root Weights of Common Bean
Plants Inoculated with Root Rot Fungi

Significant differences (p<0.05) in dry shoot weight were observed across all treatments (Table 6). Plants
challenged with the four root rot pathogens in soils amended with rice hulls biochar in combination with
vermicompost recorded the highest dry shoot weight while the lowest was recorded from control plants in non-

amended soil translating to a 91% difference.

Dry root rot weights were observed to be significantly different (p<0.05) across all treatments (Table 7). The
highest dry root weight was recorded from R. solani challenged plants in soils amended with sugarcane bagasse.
The lowest dry root weight was recorded in non-challenged plants in the non-amended soils. Sugarcane bagasse
biochar as well as the rice hulls biochar and vermicompost amendments resulted in a 53% to 80% increase in dry

root weight of plants challenged with root rot.

Table 6. Effect of biochar and vermicompost on dry shoot and root weights of common bean inoculated with root rot pathogens.

Dry Shoot weight (g) Experiment 1

Treatment Control Fo ES Pu Rs Pat Mix Treatment

Means

Non amended soil 0.08¢c 0.17¢ 0.17¢ 0.21c 0.30c 0.19d 0.18d

Vermicompost 0.29a 0.40b 0.43b 0.73a 0.79a 0.55b 0.53b

R.H biochar 0.21b 0.44b 0.44b 0.45a 0.30c 0.34c 0.36¢

R.H biochar vermicompost 0.36a 0.86a 0.80a 0.52b 0.78a 0.87a 0.69a

S.B biochar 0.35a 0.26¢ 0.28¢c 0.42a 0.54b 0.38¢c 0.37¢c

S.B biochar Vermicompost 0.33a 0.45b 0.44b 0.40b 0.36¢ 0.36¢ 0.39¢
LSD treatment x pathogen 0.11
LSD treatment 0.04
%CV 12.4

F. Pr <0.001

Means with different letter (s) within each column are significantly different at p < 0.05. RH-rice hulls; SB- sugarcane bagasse; Fo- F.
oxysporum, Fs- F. solani, Pu- P. ultimum, Rs- R. solani, Pat mix — mixture of the four pathogens. LSD: Least significance difference at 5%

level, CV: Coefficient of variation.
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Table 7. Effect of different biochars and vermicompost on dry root weights of common bean inoculated with root rot pathogens.

Treatment Dry root weights (g)
Control Fo FS Pu Rs Pat Mix Treatment
Means
Non amended soils 0.11d 0.16¢ 0.16¢ 0.14d 0.24¢ 0.17¢ 0.16e
Vermicompost 0.21c 0.32b 0.34b 0.26¢ 0.39b 0.26b 0.29¢
R.H biochar 0.30b 0.31b 0.33b 0.27¢ 0.24¢ 0.28b 0.29¢
RH biochar Vermicompost 0.64a 0.57a 0.53a 0.57a 0.43b 0.52a 0.54a
S.B biochar 0.28bc 0.38b 0.41b 0.45b 0.86a 0.58a 0.49b
SB biochar Vermicompost 0.23bc 0.22¢ 0.24c 0.23¢c 0.29¢ 0.24b 0.23d
LSD treatment x pathogen 0.08
LSD treatment 0.03
%CV 12.1
F. Pr <0.001

Means with different letter(s) within each column are significantly different at p <0.05. RH-rice hulls; SB- sugarcane bagasse; Fo- F.
oxysporum, Fs- F. solani, Pu- P. ultimum, Rs- R. solani, Pat mix — mixture of the four pathogens. LSD: Least significance difference at 5%
level, CV: Coefficient of variation.

Effect of Biochar and Vermicompost on Root Rot Diseases Rating in Common Bean Inoculated Root Rot

Pathogens

Significant differences (p<0.05) in disease severity were observed across the treatments following inoculation
with root rot pathogens (Figure 1). The highest percent severity index was observed in the non-amended soils
inoculated with all four root rot pathogens at 81.5%. The lowest severity was recorded from plants in soils
amended with sugarcane bagasse biochar in combination with vermicompost and challenged with R. solani at
33.3%. Plants in biochar amended soils were observed to record a 9% lower root rot severity than vermicompost

amended soils.

OControl
100.0 B F. oxysporum
90.0 4 B F. solani
i B P. ultimum

é 80.0 B R. solani
£ 70.0 4 B Pat mix
z
g 60.0 -
% 500 -
§ 40.0
S 300 -

20.0 A

10.0 1

0.0 T T T T

RHV
Treaments applied

NAS BSV

Fig. 1. Effect of biochar and vermicompost on bean root rot severity.

NAS non amended soil; VS-vermicompost amended soil; RH-rice hulls biochar; BS-sugarcane bagasse biochar; BSV-sugarcane bagasse

biochar + vermicompost; RHV-rice hulls biochar + vermicompost; Pat mix- mixture of all four pathogens.
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V. DISCUSSION

In this study, biochar that was produced from different feed stocks using similar pyrolitic conditions varied in
their composition. The highest variability was noted for ash; volatile matter contents; pH and carbon. Sugarcane
bagasse had low ash content and the higher fixed carbon content than rice hulls biochar. Consequently, rice hulls
which had high ash content were observed to have 53% of carbon content. Similar results were previously reported
by Mitchell et al., (2013) who observed strong negative correlation between ash and fixed carbon content. They
however slightly depart from the findings by Enders et al., (2012). They concluded that fixed carbon contents for
biochar with greater than 35% ash content were limited to below 30%. Vermicompost was produced from crop
residue using FEisinia andrei worms. It did not greatly vary from the sugarcane bagasse biochar in the pH. It

however had lower dry matter, carbon content and C:N ratio than the two biochars.

This study observed that, application of vermicompost and the two biochars in pots resulted to slight differences
in common bean germination. Sugarcane bagasse biochar and rice hulls biochar had high germination percentage
of above 72% in the first trials while vermicompost had the lowest germination of 56%. The results point to
moderate toxicity of biochar to germination in the first trial but this was eliminated in the second trial when it
recorded a germination of over 96 %. Vermicompost was observed to have higher toxicity during the first trial
with a germination of 56% but the effects were lower in the second trial with a germination of 88%. According to
Zucconi et al., (1985) and Emino and Warman (2004), germination index (GI) values <50% suggest a high
phytotoxicity; 50-80% suggest moderate phytotoxicity and GI values of 80% suggest no phytotoxicity. When GI

exceeds 80%, the material can be considered as a phytonutrient or phyto stimulant.

In this study, plant height was significantly enhanced with the addition of biochar to the soil medium. SB
biochar and RH biochar significantly (p<0.005) influenced plant height both in control and in challenged plants.
In subsequent experiments, plants challenged with F. solani and R. solani had the highest plant height in
comparison to non-challenged plants in controls with the same treatments. The same trend was observed with root
length and dry root weight. Similar observations were previously reported by Jaiswal ef al., 2014. They observed
reduced sensitivity of plant growth parameters to biochar dose in the absence of the disease causing pathogen than
when it was present. Other findings by Guerena ef al., 2015 reported on increased crop biomass of common bean
following application of sugarcane bagasse biochar. Increase in root length in biochar treated plants has also been

reported by Atiyeh et al., 2001 and Gutierrez-Miceli et al., 2007 when working with tomato.

Treatment combinations of RH biochar and vermicompost had a fivefold increment in dry weight of roots as
compared to the non-amended pots which had the lowest dry root weight. The findings were replicated in all the
subsequent trials. The results are in agreement with previous findings by Rondon et al., 2007 who observed a 39%
increase in common bean crop biomass following vermicompost amendments. Other studies by Roy ef al., 2010
and Valdez-Perez et al., (2011) also reported significant increase of 20% in total shoot; root and pod dry biomass

of the three legumes in vermicompost treatment in comparison to control plots.

Bean root rot severity was significantly reduced due to the application of soil amendments in this study.
Sugarcane bagasse biochar amendments which had high fixed carbon of 62% recorded the lower disease severity
as compared to rice hulls biochar and vermicompost. These findings suggest that biochar’s ability to influence
soil fungal pathogens is related to recalcitrant forms of Carbon which was earlier suggested by Graber et al., 2010.

Similar findings on effect of fixed carbon on disease severity have been observed by Jaiswal et al., 2014. They
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observed high incidence of Rhizoctonia damping off disease in cucumber following application of comparatively
low C content (40.2% and 13.2 % C) glasshouse waste biochars. In the same study the reported low disease
incidence following application of biochars with relatively high C content (69.3% and 76.7 % C). Gasco et al.,
2016 also found similar results when studying the influence of biochar on sudden syndrome disease caused by

Fusarium virguliforme on Soy bean.

Percent severity index was significantly different (p<0.05) across all the treatments. Greatest suppression was
observed in SB biochar treated pots which had been challenged by root rot pathogens. Pots amended with SB
biochar and challenged with F. solani had the lowest root rot disease severity index as well as those challenged
with R. solani. The same trends were repeated in the subsequent trials. The superiority of SB biochar over RH
biochar and vermicompost may be attributed to its higher fixed carbon and C:N ratio. In earlier studies Mutitu et
al., 1988 observed that organic amendments high in C:N ratio resulted in reduction of severity of Fusarium
yellows severity on beans. Other studies have shown soils poor in organic matter resulted in high severity of root
rot. Addition of biochar rich in fixed carbon to soils may alleviate root rot severity. However the recommended
rates of application should be observed in-order to avoid the hormesis effect of biochar (Graber et al., 2010) as
earlier reported. (Graber et al., 2010; Jaiswal ef al., 2014). This is in relation to the organic compounds contained
on biochar that at lower doses, they result in beneficial effects, but may result in making plants susceptible to

disease and retard growth at higher doses.

V1. CONCLUSION

Addition of vermicompost and biochar from different feed stocks inhibit root rot pathogens. Their addition as
a combination or stand-alone treatments resulted in reduction of root rot disease incidence and severity. This in
turn led to increased common bean productivity. A combination of biochar and vermicompost resulted in higher
plant growth and yield. However, since biochar does not provide nutrients to the soil, it is important to incorporate
a source of nutrient supplement in soils that are deficient. A combination of biochar and vermicompost does

improve bean yield with the environmental benefits of improving soil nutrient status.
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