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ARTICLE INFO ABSTRACT

Article No.: 112018164 Tom_ato (Solanum chopers_icon Mill) an edik_)le fruit is one of the most important
tropical vegetable crops widely consumed in several food forms throughout the
world. The fruits are rich in essential vitamins, minerals and phytonutrient such as
lycopene. The study was conducted at the central Laboratory Unit of the National
Root Crop Research Institute (NRCRI) Umudike, and the Screen-house of the
University to evaluate the effect of the different agro-waste-derived biochar on the
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Published: 30/06/2019 reduced the growth in vitro and incidence and severity of the disease in vivo in a
manner comparable to Furadan. Conversely cassava peels-derived biochar was
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effects on the vine growth and the flower production of tomato plants with
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gmail.com However, cocoa husk maintained a moderate but persistent toxicity against

Fusarium oxypporum f.sp radicsi-lycopersici in vitro and in vivo. Therefore, low
input farmer of sub Saharan Africa could use biochars sourced from rice husks,
saw dust, and siam weed to effectively manage Fusarium crown and root rot
root rot; Soil-borne disease; disease of tomato caused by Fusarium oxysporum f.sp radicsi-lycopersici so as to
Fusarium oxysporum; Biochars improve productivity of the crop.
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INTRODUCTION

Tomato (Solanum lycopersicon Mill.) (Solanaceae) is a
high-value horticultural crop which is considered as one
of the most popularly consumed vegetables in tropical,
subtropical and temperate regions of the world (Pritesh
et al, 2011; Hadian et al.,, 2011). It constitutes an
important dietary component of the food of its
consumers contributing valuable nutrients for rural and
urban populations (Waiganjo et al., 2006). The ripe fruits
may be eaten fresh in salads or cooked as a vegetable
or dried before use. They may also be processed into
tomato paste (puree), tomato sauce, ketchup or juice.
Tomatoes are rich in vitamins A and C and are gaining
importance because it contains lycopene - a phyto-
nutrient — known to possess strong antioxidant attributes
against all forms of diseases induced by reactive oxygen
and nitrogen species (ROS and RNS) including prostate
cancer, heart diseases as well as age-related conditions
(AVRDC, 2003; Enyiukwu, 2019).

Tomato grows well in warm locations with optimum
temperature of 15-25°C; and medium rainfall amounts
which could be supplemented with irrigation during the
off season. Prolonged wet weather conditions increase
the chances of fungal disease attacks, cause flower
abortion and may also affect fruit ripening of the crop.
The crop grows well in a wide range of well-drained soil
types rich in organic matter whose pH ranges between
5.0 to 7.5 (Waiganjo et al., 2006). However, many
constraints especially fungal diseases have been
reported to affect efficient production and quality of
tomatoes especially in the humid tropical rainforest agro-
ecological zones (Wokocha and Okeke, 2006; Pritesh et
al., 2011;). Some of the fungi-induced diseases affecting
the crop in the humid tropics include early blight,
anthracnose, Verticillium wilt and Fusarium wilt (Mardi et
al., 2006).

Fusaium oxysporum is a cosmopolitan soil-borne
pathogen. Fusarium crown and root rot (FCRR) caused
by Fusarium oxysporum Schlect f. sp. radicis-lycopersici
Jarvis and Shoemaker is rated as one of the most
common, damaging and very destructive soil-borne
diseases of tomato in both field and greenhouse
production systems (Roberts et al., 2001 Sheu et al.,
2006; Amini et al., 2010; Abdel-Monaim, 2012;
Szczechura et. al, 2013). The fungus invades
susceptible plants through wounds and natural openings
created by newly emerging roots or nematodes; then it
colonizes and plugs the xylem vessel of the affected
tomato, interfering with water uptake of the plant (Akher
et al., 2016). The disease is symptomized by wilting of
older leaves, chlorosis, stunted growth and in severe
cases death of the affected crop (Roberts et al., 2001;
Peralta et al., 2001; Akher et al., 2016). Usually wilting
occurs first during the warmest part of the day, and
plants appear to recover at night; and sometimes
infected plants may persist in a weakened state,

producing reduced numbers of inferior fruits (Roberts et
al., 2001).

Several control measures including good cultural
practices such as crop and soil sanitation, use of
resistant varieties, biological control techniques and
chemical interventions have been attempted for
managing the diseases. However, because no one
method is without drawbacks, losses are still substantial
(Dodson et al., 2002; Besri, 2000). Use of plant-based
agricultural waste material or their products such as
biochars or wood ashes for soil amendment or treating
infected crops remain a veritable least-cost method for
the control of soil-borne pathogens and parasites
(Maranzru, 2011)

Biochars are very stable in soil systems with a half-life
ranging up to thousands of years (Zimmerman, 2010).
Recently, it has been reported that soils amended with
biochars, activated systemic plant defense systems and
suppressed disease severity of some fungal pathogens
such as Botrytis cinerea, Colletotrichum acutatum and
Podosphaera aphanis and Leveillula taurica affecting
strawberry, tomato and pepper (Elad et al., 2010; Harel
et al., 2012). In soils amended with biochars a gross
reduction in root lesions and rot severity from attacks by
Fusarium oxysporum f.sp. asparagi and F. proliferatum
have been reported (Elmer and Pignatello, 2011).
However, there is limited information on the use of
biochar in controlling soil borne fungal pathogens
affecting tomato production in Umudike, South Eastern
Nigeria situated in the humid tropics. Therfore, this work
was aimed at evaluating the effectiveness of biochars
from many agro-waste sources for controlling tomato
caused by Fusarium oxysporium f.sp. radices-lycopersici
and the performance of the treated crop in Umudike.
South-east Nigeria.

MATERIALS AND METHODS
Source and preparation of treatments

Rice husks collected from Uzoakoli rice mill, as well as
cassava peels, cocoa husks, saw dust, siam weed
collected from Umuariaga village in lkwuano were used
in preparing biochars for this study, while the fungicide
(Furadan) was bought from an agro-chemical store at
timber market Umuahia, all in Abia State, Nigeria. Each
of the biochar-making materials (rice husk, cassava
peels, cocoa husk, siam weed) were cured by sun
drying for 2 weeks, and then separately and pyrolytically
heated under a very high temperature (about 300-
4OOOC) using a locally constructed drum. The biochar
from different source materials were separately stored in
clean polyethylene bags until required. Thirty (30) grams
of each biochar, and Furadan at the recommended rate
(20%) were weighed out and separately applied into
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each experimental pot while the control experiment had
no treatment.

Isolation and identification of the causal pathogen

Isolated leaves and stems of tomato with typical
symptoms of Fusarium crown rot and root rot (FCRR)
disease (Plate 1A) were collected from the Research
farm of the University, enveloped and taken to the Plant
Health Laboratory, of the University. They were washed
in several changes of running tap water tap to remove
debris, air-dried for 30 mins on the laboratory bench and
then the infected roots and stems with fungal lesions
were cut into small segments. The segments were
surface sterilized using 70 % ethanol for three minutes

and rinsed in three changes of sterile distilled water
before drying on Whatman no.l1 sterile filter paper.
Thereafter, the segments were then plated on fresh
solidified Potato Dextrose Agar (PDA) medium (Oxoid™
ThermoScientific Product England, UK) and incubated
for seven (7) days at about 28°C. Pure cultures of the
organisms obtained by repeated sub-culturing were
maintained on fresh PDA slants in stock bottles and kept
at about 4°C in a refrigerator until required. Slides of the
fungal isolate were prepared and mounted under
compound microscope and the identity of the isolate
which was consistently isolated from the infected crop
were determined with reference to monographs of
imperfect fungi by Barnett and Hunter (2003), Leslie and
Sumerell (2006) and Amin (2009) respectively.

Pathogenicity test

Spore suspension of Fusarium oxysporium f.sp radicis-
lycopersicon (Plate 1B) isolated from wilt infected tomato
from the Research farm and identified was prepared and
adjusted to 1.0 x 10° spore/ml (Amini, 2005). The spore
suspension was used to inoculate the healthy seedlings
of tomato cultivar (Roma vf) which is susceptible to the
form species (Bost, 2005). Inoculation was done by
inflicting wounds with a sterile needle at the base of the
healthy transplanted tomato seedlings and kept well
watered. The pots were maintained in a screen-house at
about 70% relative humidity and 28° + 2°C. Symptom of

Plate 1: A = Infected tomato growing in the field. B. = Fusarium oxysporium f.sp radicis-lycopersicon isolated from
infected tomato plant growing on PDA. C. = Biochar made from rice husk. D. Tomato (Var. Roma VF) growing in
biochar-modified soil. E. = Fruits harvested from biochar treated tomato plant.

the disease after 4 weeks showed successive yellowing
of the lower leaves, abscission, drooping, wilt and death
of seedlings. The infected seedlings (roots, leaves and
stems) were later cut, washed severally and plated on
fresh molten PDA and incubated at 28°C. The identity of
the isolate, re-isolated from the infected tissues were
confirmed after slides of the isolates were mounted and
viewed using a compound microscope; and ascertained
to have the same characteristics with the ones
previously isolated from the research farm specimens.
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In Vivo Experiment

One (1) gram of each biochar (Fig 1C)) sources namely
(rice husk, cocoa husk, siam weed, saw dust and
cassava peels) were soaked in 10 ml of sterile distilled
water in test tubes and well covered. Each suspension
was hand shaken intermittently and allowed to stand for
6 hours One (1) ml of each biochar suspension was
dispersed into sterile Petri plates containing 9 ml of
molten PDA media and carefully swirled for even
distribution. The agar-biochar mixture was allowed to
solidify and then inoculated at the centre with 4 mm
mycelial disc of a 7 day old pure culture of the test fungi
(FORL). Each treatment was replicated three (3) times.
The reference plate had no treatments but the positive
control was poisoned with Furadan. After inoculation,
plates were incubated at 28°C for 5 days and examined
daily for radial growth of the pathogen. Colony diameter
was taken as mean growth along two perpendicular
directions.

The effectiveness of the biochars in retarding the growth
of the pathogen were recorded in terms of percentage
growth inhibition which was calculated according to the
fomula adopted by Amadioha (2006) as:

dc -dt 100

1

% inhibition =

Where:
dc is the average radial distance of
pathogen in control plate
dt is the average radial distances of
pathogen in extract incorporated agar plates.

In Vivo Experiment
Preparation of fungal suspension

The spores of the pathogen Fusarium oxysporum f.sp
radicis-lycopersici (Plate 1B) were collected from a day
old culture- agar stock in Petri dishes by lifting 60 cm’
pieces into a beaker containing 200 ml of sterile distilled
water. This was sieved through a 4-folds of sterile
cheese cloth to remove agar and fungal mycelia
fragments and the filtrate centrifuged for ten (10)
minutes. The spores suspension was standardized using
a heamocytometer counting slide to 10° spores/ml of
sterile distilled water. Thereafter it was poured into a
round-bottomed flask, stoppered and used to inoculate
the relatively disease-free tomato seedlings to run-off.

Field evaluation of biochars for antifungal activity

This experiment was conducted at the screen-house of
Michael Okpara University of Agriculture, Umudike. The
tomato seeds (Var. Roma VF) obtained from the
Research and Training (R&T) Unit of the College of Crop
and Soil Sciences of the University were used for the
study. A well sterilized garden soil was poured into
nursery trays of about 90 cm x 60 cm. The tomato seeds

were sown in drills in the nursery trays kept under shade
and watered as when necessary. Three (3) weeks after
planting (WAP), the germinated seedlings were
transplanted into pots of about 17 cm diameter filled with
20 kg of the sterilized soil. The seedlings were watered
daily.

At 8 WAP, the transplanted tomato seedlings were
inoculated with the fungal spores suspension as afore-
prepared, by making grooves around the base of each
seedling and using a sterile inoculation needle, wounds
were mildly inflicted around the bases of the seedlings
before gently pouring the suspension into the grooved
area made around the seedlings. Then thirty grams (30
g) of each biochar (rice husk, cocoa husk, siam weed,
saw dust and cassava peels) (Plate 1C) were separately
soaked in 100 ml of sterile distilled water in sterile test
tubes and covered with foiled cotton wool. Each solution
was hand shaken intermittently and allowed to stand for
6 hrs; thereafter, the suspension was sieved through 2-
folds of sterile cheese cloth. The biochar solutions thus
obtained were poured separately into a small hand
sprayer and used to spray-inoculate the leaves surfaces
of the seedlings; afterwards, the inoculated plant (Plate
1D) were covered with transparent light-weight
polyethylene bags to provide humid condition for 24 hrs.
The furadan treated seedlings were set up in a similar
manner with the fungicide applied at recommended rate,
while the negative control experiment was treated with
sterile distilled water. A high relative humidity was
maintained around the inoculated plants by continuous
watering while the experiment lasted. Records on the
number of emerged and established tomato seedlings
from 2 weeks after planting (WAP), as well as the vine
length, number of flowers and weight of fruits from the
matured tomato plants were taken per plant per
treatment.

The % wilt incidence on the treated tomato plants was
evaluated by visual assessment and calculated based
on the formula by adopted Amadioha (2006) as follows;

. . . No of wilted leaves/plants 100
% disease incidence = /p —

Total no of leaves /plant 1

While disease severity was assessed on 0-5 point scale
as adopted by Wokocha and Opara (2004) thus;

- No visible wilt symptom.
- 1-3 leaves wilted

- 4-6 leaves wilted

- 7-9 leaves wilted

- 10-12 leaves wilted

- > 12 leaves wilted

O~ wWNEFO

Data Analysis

The experiment was laid out in Completely Randomized
Design (CRD) made up of 7 treatments and 3
replications. All data were subjected to Analysis of
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Variance (ANOVA) using Genstat 2007 Version and the
means separated using least significant difference (LSD)
at 5% level of probability.

RESULTS
The results presented in Fig. 1 showed that the

treatments exhibited appreciable levels of fungitoxic
activity against the test fungus. It also showed that

biochar deived from rice husk and Furadan (control),
followed by siam weed were the most fungitoxic
restricting the radial growth of the fungus to
approximately 20 mm while cocoa husks and cassava
peel-derived biochars were the least in fungitoxicity to
the fungus. Furthermore, the results showed that siam
weed, cocoa husk and rice husks persisted in the culture
medium such that the radial growth of the test fungus
was more or less unity throughout the 7-day study
period.

60 - — o - Control

50 1 I I —=— Cocoa
7&\40 - I husk
c Cassava
S 30 —X eel
e 4./ﬁ — = p
E 20 - k o ++ ____ —e : Rice husk
=10 —*— Sawdust
3 0
K 4 5 6 7 —e— Siam weed
o Days after inoculation

Fig 1: Effect of biochar on the radial mycelial growth Fusarium sp inoculated in vitro

The results presented in Fig. 2 suggest that the disease
incidence on the inoculated tomato more or less
increases with increase in DAI. It also clearly depicted
that all the treatments were superior in fungitoxic activity
in vivo than the control and effectively reduced the
incidence of FCRR on the treated crop 30 days post
inoculation to about 40 %. As with the in vitro evaluation,

biochar derived from rice husk, the best reduction of the
disease incidence 23-30 DAI, however this was not
statistically (P=0.05) different from the effects recorded
from furadan and siam weed during the same period. On
the other hand, biochar derived from cassava peels was
the least efficacious in reducing the incidence of the the
disease.

160 - —e—Control
© 110 - = E —=—Cocoa
E 60 - ?:%Séléava
E 10 1 oo ‘ ‘ ‘ ‘ ‘ ! I@ﬁgdan
£ .40 14 20 23 30 37 41 48 56 63 70 % Rice husk
Days after inoculation

Fig 2:

Effect of biochar on the disease incidence of treated tomato seedlings inoculated with Fusarium

oxysporum f.sp radicis-lycopersici
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In Fig 3, the results showed a time dependent effect,
increasing with increase in DAI. It also reveals that with
the exception of cassava peels all the biochar treatment
substantially reduced the severity of FCRR to more or
less than 1.5 on the treated tomato 20-41 DAI in a

manner that compared statistically (P<0.05) well with
furadan. However, cocoa husk, rice husk and siam
weed and saw dust putting up a brilliant performance in
reducing the severity of FCRR on the treated crop.

Severity

—e—Control

—m—Cocoa
husk
Cassava

peel
Furadan

SO P, N W b~ O
I

14 20 23 30 37 41
Days after inoculation

——Rice husk
48 56 63 70

Fig 3: Effect of biochar on the severity of tomato inoculated with Fusarium oxysporum f.sp radicis-
lycopersici

The results presented in Fig. 4 reveals that seedling
emergence and establishment decreases with increase
in DAIL. It also showed in the overall that 60-80 %
established seedlings were recorded from the biochar-
treated tomato at 14 DAI. Siam weed (80 %), rice husk
(82 %) was very similar to the untreated control 14 DAI

which were the least phytotoxic treatments, while
cassava peels which recorded seedling emergence and
establishment of about 45 % at 30 DAl was the most
phytotoxic, while cocoa husk was a persistent
treatment.
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Furadan
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—e— Sawdust

48 56 63 70

Fig 4:

In terms of vine length, vine length of 13-18 cm was
recorded on the treated crop on 14 DAI which remained
somewhat unity with the exception of cassava peels till

Effect of biochar on the % seedling emergence and establishment of the treated tomato seedlings

30 DAI; comparing well with records obtained from the
untreated (un-inoculated) control (Fig. 5).
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Fig 5: Effect of biochar on the vine length of tomato inoculated with Fusarium oxysporum f.sp radicis-
lycopersici

Results presented in Fig. 6 showed that all the
treatments improved the number of flowers per treated
plant compared to the control with up to 12-14 flowers
recorded on the furadan, siam weed and rice husk
treated crop 41 DAI. However, these decreased to about

6-12 per plant with the exception of furadan which
remained at about 13 flowers per plant on 56 DAI. The
fluctuations in the number and high rate of flower
abortion of the biochar treated crop may have directly
translated to the low fruit yield observed in the study.

18 7 —e— Control

16

14 - —m—Cocoa
2 - husk

o Cassava
%10 i peel
=8 - Furadan
o6

@4 - —*—Rice husk
O
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Z 0 ]

41 48 56 63 70 —+— Siam weed
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Fig 6: Effect of biochar on the number of flowers of tomato inoculated with Fusarium oxysporum f.sp
radicis-lycopersici

DISCUSSION

The findings from the in vitro study showed that
incorporation of biochars in the growth medium resulted

in variable and source-dependent toxicity and growth
inhibition of F. oxysporum f.sp radicis-lycopersici. This
therefore agrees with Jaisawal et al. (2015) who
reported that biochar was directly toxic to F. oxysporum
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f.sp radicis-lycopersici in biochar-modified media. Our
findings further agree with the submission by Rogoska et
al. (2016) that the fungitoxicity of biochars against F.
virguliforme causing root rot disease of soybean was
variable being affected by type of plant materials used in
preparing the biochars.

Results from Fig. 3 showed that all the biochar
treatments effectively and substantially reduced the %
disease incidence on the treated tomato plants. This is
congruent with the findings of Akher et al. (2016) who
reported that garden waste-derived biochars and
compost when used as soil amendments significantly
decreased the populations of F. oxysporum f.sp radicis-
lycopersici in the treated soil, as well as diminished the
infectivity of the pathogen-induced wilt, chlorosis and
other physiological aberrations on treated tomato plants.

Bonanomi, et al. (2015) from a study on the effect of
biochar on 13 fungal pathosystems, reported that
biochars effectively decreased the plant disease severity
for up to 3-85 % on test crops. In a similar note, Akher et
al. (2016) reported that garden waste-derived biochars
strongly suppressed the incidence and severity of
Fusarium crown and root rot of tomato caused by F.
oxysporum f.sp radicis-lycopersici which translated to
increased growth of the treated crop.

Results presented in Fig. 4 where the different biochars
treatment of the inoculated tomato seedlings significantly
reduced the severity of Fusarium oxysporum f.sp
radicis-lycopersici-induced wilt disease of tomato agrees
with the report of these workers.

Changes in soil properties, induction or stimulation of
plant systemic resistance have been adduced as
underlying the mechanisms of action of biochars against
pathogenic fungi (Akher et al., 2016; Rogoska et al.,
2016). However, Grabber, (2014) and Rogoska et al.
(2016) were of the opinion that changes in soil microbial
populations occasioned by release of toxic aromatic and
organic compounds such as phenol, lactic acid, glycerol,
hexadecanoic acid, butynic acids, and benzoic acid into
the rhizhosphere to the disfavour of the pathogenic
fungus may participate in its fungitoxicity. On the other
hand, rich supply of certain elementals such as
potassium and calcium which besides direct toxicity, are
known to stimulate and encourage build up of strong
structural integrity of plant cells necessary to ward off
invading fungus to the tomato plant is a likely
mechanism for the antifungal activity of biochars
(Amadioha and Enyiukwu, 2019). These therefore may
explain the higher fungitoxicity of biochars derived from
rice husk, saw dust, siam weed over those from cocoa
husks and cassava peels.

The result presented in Fig. 4 showed that there was up
to 60-80% seedling germination and emergence 14 days
DAI which however, decreased the crop establishment
with increase in DAI. This on the one hand is in accord
with the reports of Bargmann et al. (2013) that biochars

and hydrochars did not negatively affect the germination
of spring barley. However, it is in disaccord with
Enyiukwu and Ononuju (2016} who reported from a
parallel study on legumes that seed treatments with
certain phytochemicals derived from some tropical
higher plants encouraged better seed germination and
crop establishment.

Several workers had submitted that soil amendment
using biochars against soil-borne  pathogens
substantially increased tomato vine length, crop water
use efficicency, general crop performance, yield and
yield attributes of the crops in the field (Akher et al.,
2014; Yilanga et al., 2014). The findings in this trial
where the various biochar sources used in the
experiment enhanced the performance of the test
tomatoes in terms of increased vine length and number
of flower production agrees with their submissions.
However, the low yield but high quality fruits (Plate 1E)
recorded in this study may have been as a result of
incessant torrential rainfall during the study and
coincident with the fruiting period of the test crop which
led to high rate of flower abortion.

CONCLUSION

This study therefore revealed that Fusarium crown and
root rot (FCRR) disease of tomato caused by F.
oxysporum f.sp radicis-lycopersici (FORL) could be
effectively and sustainably managed with agro-waste
derived biochars especially rice husk, saw dust and siam
weed which compared very well in fungitoxicity with
Furadan in low input farming systems of sub Saharan
Africa to reduce the incidence and severity of the
disease; so as to improve the performance of the crop in
the field and increase its yield.
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