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and Nutrients Uptake of Tomato Plants
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ABSTRACT

Biochar soil amendment was applied as an eco-friendly
approach to control Tomato mosaic virus (ToMV) and
improve tomato growth and nutritional status. Three
concentrations of biochar, 0.5, 1.0 and 1.5% were used as
soil amendments. Using biochar at the rate of 1 and 1.5%
reduced the ToMV incidence and delayed symptoms
appearance as compared with plants grown in non-
amended soil. Infection percentage and disease severity of
ToMV were reduced by 33.3 and 50%, respectively, 15
days after inoculation of plants of soil amended with 1.5%
biochar. ToMV relative concentration, using indirect
ELISA was significantly reduced in plants of biochar 1%
and 1.5% treatments. The lowest virus concentration was
recorded at 21 days after inoculation in plants of 1.5%
biochar amended soil. The shoot fresh weight was
increased at biochar rates of 1.5 and 0.5% in non-infected
and ToMV infected tomato, respectively. Significant
increase was obtained in shoot K content amended with 1.0
and 1.5% biochar treatments of healthy and ToMV-
infected tomato plants, respectively. Whereas, shoot Na
content was diminished in infected plants grown in biochar
amended soil at all tested biochar concentrations. Overall,
the biochar application to soil enhanced resistance to
ToMV infection, stimulated growth and K content
increment and Na content decrement in tomato plants. In
conclusion, application of biochar to agricultural soil could
be considered a practical tool for minimizing the change
effects of climate through carbon sequestration, improve
plant productivity and increase diseases tolerance for
sustainable agriculture.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the
world's most economic crop. A total of 177 million tons
of tomatoes were produced worldwide in 2016 (FAO,
2018). Total production of tomato has been affected by
the prevalence of tomato viral diseases (Ong et al.,
2020). Unfortunately, tomato can be infected by about
136 viral species (Brunt et al., 1996).

Tomato mosaic virus (ToMV) the type species of
Tobamoviruses in family Virgaviridae is widespread
wherever tomato is grown (ICTV, 2014; Sastry et al.,
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2019). It led to serious losses in tomato productivity,
damages leaves, flowers and fruits and causes stunting
of the plants (Agrios, 2005).

Biochar is a solid-rich by-product of biomass,
obtained by pyrolysis or by high temperatures under a
low oxygen atmosphere. It is usually added to the soil to
improve its fertility and increase crop productivity
(Lehmann et al., 2006; Hussain et al., 2017). Biochar
was demonstrated as plant diseases suppressor in
several pathosystems (Elad et al., 2011). Soil
amendment with biochar, prepared from corn stalk,
straw rice, straw of faba bean and cotton stalk to soil,
declined the severity of number of pathogenic fungi on
faba bean plants (Mostafa and Shaban, 2019). Also, the
severity of the foliar disease of tomato caused by
Botrytis cinerea was proved to be suppressed by 50% in
plants grown in biochar amended soil (Mehari et al.,
2015). Few works have been done on the effects of
biochar soil amendment on plant virus infection
(Khalifa, 2017; Zeshan et al., 2018; Bonanomi et al.,
2020). The biochar application to agricultural soils
increased the growth measurements of several plants
including tomato (Kuppusamy et al., 2016; Agbna et al.,
2017). The improvement of plant growth may refer to
increasing the beneficial bacteria and fungi in the soil
rhizosphere, enhancing soil water holding capacity and
up taking nutrients (Graber et al., 2010; Hussain et al.,
2017).

The objectives of the current research were to
investigate if soil amendment with biochar could protect
tomato plants from ToMV infection and to assess the
effects of biochar on the growth and the essential
nutrients uptake in the shoots of tomato plants.

MATERIALS AND METHODS

Source of biochar and characterization

Rice husk biochar (RHB) used in the current study
was obtained from Prof. Maher Saleh, Department of
Soil & Water Science, Faculty of Agriculture,
Alexandria University, Alexandria, Egypt and was
previously characterized (Mahmoud et al., 2011).
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Plant materials, biochar  treatments and

experimental design

The rice husk biochar was mixed with sandy clay
soil at the rates of 0, 0.5, 1 and 1.5% (w/w). Each pot
was filled with 2 kg of the respective biochar treatment.
Twenty-four pots represent eight biochar treatments
were used in this experiment. Three replicates were
used for each treatment. Seedlings of tomato plants (cv.
023) of 21 days old were transplanted; one seedling in
each pot. The plants were grown in a greenhouse at 20
to 26 °C with a natural day light regime, irrigated and
fertilized as needed.

Fourteen days after transplanting, pots were
subdivided into two sets (each of 12 pots). Tomato
plants of the first set were mechanically inoculated with
ToMV and plants of the other set were left un-
inoculated. The experimental units (pots) were arranged
in a randomized complete design. The experiment was
performed under greenhouse condition at Plant
Pathology Dept., Faculty of Agriculture, Alexandria
University, Alexandria, Egypt.

Virus source, preparation of viral inoculum and
tomato inoculation

Tomato mosaic virus (ToMV) used in this study
were obtained from the Virology Lab. Collection,
Department of Plant Pathology, Faculty of Agriculture,
Alexandria University, Egypt. ToMV was maintained
on Nicotiana tabacum cv. Turkish, which served as
virus source plants for subsequent studies. Except
otherwise stated, virus inoculum was set by grinding
infected leaf tissues (1:10 w/v) in 0.01 M sodium
phosphate buffer (pH 7.0) containing 0.5% 2-
mercaptoethanol using mortar and pestle. Leaves of
tomato plants were first dusted with carborundum (600
mesh) then mechanically inoculated with a freshly
prepared viral inoculum using forefinger. Plants of the
control set received the same treatment, but without
virus.

Effect of biochar soil amendment on ToMV infection
of tomato plants

To assess the efficacy of soil amendment with
different concentrations of biochar on ToMV infection
of tomato plants, percentage of ToMV infection and
disease severity were recorded fifteen and thirty days
after virus inoculation. Relative virus concentration was
estimated at 15, 21, 28 and 35 days after inoculation
using indirect enzyme linked immunosorbent assay
(indirect ELISA).

Disease severity

Disease index was rated using the following scale: 0
= no symptoms, 1= vein clearing, 2= moderate mosaic
and mottle, 3= severe mosaic, blistering and leaf

curling, 4= severe mosaic, leaf malformation, reduction
in size and plant stunting.

Disease index (DI) was calculated from the disease
rating using the following formula as reported by
Raupach et al., (1996).

[ > (rating No. x No. plants in rating) x 100]

DI =

(total No. plants x highest rating)
Indirect ELISA

Leaf samples including top, middle and bottom
leaves of tomato plants were collected for serological
assay after 15, 21, 28 and 35 days of ToMV inoculation.
ToMV relative concentration was determined by
indirect ELISA first reported by Koenig (1981) and
modified by Fegla et al., (1997). The polyclonal
antiserum against ToMV used in this research was
locally produced in Plant Virology Lab., Plant
Pathology Department, Faculty of Agriculture,
Alexandria University, Egypt. ELISA values, measured
using Universal automated microplate reader ELx 800,
were expressed as absorbance at 405 nm. Samples
displaying absorbance value exceeded twice that of the
absorbance value of the healthy control were considered
positive (Hanéevi¢ et al., 2012; Kawanna and Fegla,
2015).

Growth parameters and nutrient analyses

After 35 days of ToMV inoculation, tomato plants
were harvested. Fresh and dry weights of shoot systems
were recorded. Concentrations of N, P, K, Ca, Mg, Na
and S elements were determined. Nitrogen was
measured using Microkjeldahal procedure. P and K
elements were determined using Ammonium Stannous
Chloride method for P (A.O.A.C., 1992) and Flame
Photometer for K (Chapman and Pratt, 1961). Calcium
and Magnesium were determined by the versenate
method using eiro chrome black T and ammonium
purpurate indicators for Ca and Mg, respectively (Cheng
and Bray, 1951). Potassium cyanide was added to
prevent the aluminum and iron interference (Johnson
and Ulrich, 1959). Sodium was determined in leaf
tissues as described by Brown and Lilliland, (1946).
Sulfur content was determined as reported by Butters
and Chenery, (1959).

Statistical analysis

Data obtained were statistically analysed using
analysis of variance (ANOVA) according to SAS
software program (SAS, 1997). Comparison among
means was made via the least significant differences test
(LSD) at < 5% level of probability.
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RESULTS AND DISCUSSION

Effect of biochar soil amendment on ToMV infection
of tomato plants

Application of biochar led to significant increases of
plant growth and production of several crops (Silva et
al., 2017). Data in Table (1) indicated that soil
amendment with biochar decreased the viral disease
prevalence. This prevalence was noticeable at 15 days
after inoculation then increased remarkably becoming
close to 100% at 30 days after inoculation. Biochar soil
application at 1 and 1.5%, reduced the infection
percentages by 33.3% when the plants were observed 15
days after inoculation with ToMV. Data recorded 30
days post inoculation, showed symptoms development
on all plants and protection start to fail.

Disease severity was reduced at all observation dates
when tomato plants grown in soil amended with
different concentrations of biochar. The highest level of
reduction of disease severity was detected at 15 days
post inoculation with ToMV, being 50% with soil
biochar amended 1.5% followed by 37.5% with 1%
biochar. Applying of biochar 0.5% reduced the disease
index by 25%. After 30 days of inoculation, the effect of

801

biochar was lowered, however, the reduction percentage
of disease index was 30, 30 and 20% in plants of
biochar amended soil by 1.5, 1 and 0.5%, respectively
(Table 1). Hence, reduction of disease severity showed
positive relation to biochar concentration increment and
negative relation to time of application between 15 and
30 days.

Symptoms of ToMV were observed on leaves of the
non-treated infected control (biochar 0%) (Figure 1E)
and on tomato plants grown in 0.5% biochar amended
soil (Figure 1F) as severe mosaic, mottling, blistering,
vein clearing, leaf curling companied with leaf
malformation whereas, tomato plants grown in 1 %
(Figure 1G) and 1.5% (Figure 1H) biochar amendment
rates showed resistance to ToMV  symptoms
development, as only moderate mosaic symptoms were
obtained.

Relative concentrations of ToMV determined by
indirect ELISA as absorbance values at 405 nm
presented in Table (2) revealed that virus multiplication
was affected by biochar soil treatment. ToMV relative
concentration was significantly reduced in tomato plants
grown under treatments of biochar 1 and 1.5%.
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Figure 1. Effect of biochar soil application at different rates on symptoms development of ToMV on tomato
plants; ToMV non-infected, grown in (A) biochar 0%, (B) biochar 0.5%, (C) biochar 1%, (D) biochar 1.5%;
ToMV-infected grown in (E) biochar 0%, (F) biochar 0.5%, (G) biochar 1%, (H) biochar 1.5%
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Table 1. Effect of biochar soil application at different rates on infection percentage (I), disease index (DI) and
their reduction % (R) of ToMV infected plants, 15 and 30 days after inoculation

Days after inoculation

Biochar treatment (%) 15 30

| R DI R | R DI R
0.0 100 0.0 66.7 0.0 100 0.0 83.3 0.0
0.5 100 0.0 50.0 25.0 100 0.0 66.7 20.0
1.0 66.7 333 417 375 100 0.0 58.3 30.0
15 66.7 33.3 33.3 500 100 0.0 58.3 30.0

*Plants grown in soil non-treated with biochar and ToMV inoculated.

Table 2. Effect of biochar soil application at different rates on ToMV relative concentration in tomato leaves
after 15, 21, 28 and 30 days of inoculation and reduction % (R)

Days after inoculation

Biochar treatment (%)

15 R 21 R 28 R 35 R
HC* 0.055d - 0.079d - 0.081e - 0.082¢e -
0.0¥ 0.n392 a - 0.573a - 0.685a - 0.776a -
0.5 0.367 a - 0.541a - 0.636 b 7.2 0.687b 11.5
1.0 0.296b 245 0.352b 38.6 0.515¢c 24.8 0.528 c 31.9
1.5 0.234c 403 0.265c 53.8 0.410d 40.1 0.439d 43.4

*HC= Healthy plants grown in soil non-treated with biochar and ToMV non-inoculated; YPlants grown in soil non-treated with
biochar and ToMV inoculated; - data are average of three values (replicates) of ELISA absorbance; The absorbance values of at
least double that of the healthy control were considered positive (viral infected); Readings followed by the same letter, within each

column, are not significantly different at p<0.05.

The highest decrease of ToMV concentration was 53.8
% and occurred in tomato plants grown in biochar
amended soil at 1.5% when evaluated at 21 days after
inoculation. Till 21 days after inoculation, no significant
reduction in virus concentration was obtained in tomato
plants grown in biochar amended soil with 0.5% rate.
While, after 28 and 35 days of inoculation, minor
significant reduction of ToMV relative concentration
was obtained being 7.2 and 11.5%, respectively. The
impact of the highest rates of biochar 1 and 1.5% was
obvious at 21 days after viral inoculation, then the effect
decreased at 28 and 35 days post inoculation. However,
the rate 0.5% needs long time to show the effect. Hence,
in line with results of Table (1), reduction of viral
concentration showed positive relation to biochar
concentration increment and negatively related to time
of application after 21 days. Recurrence of other dose of
biochar after 21 days may enhance the effect. Delaying
symptoms development on tomato plants could be an
indicator of tomato resistance to the virus and allow the
plant to produce an economic yield, even under viral
infection.

It has been reported that biochar application reduced
the incidence and severity of several plant viral

diseases. Disease severity of Tomato leaf curl virus
(TLCV) was significantly reduced in tomato plants
treated with different quantities of biochar of maize
clipart and was pronounced at the concentration of 3%
(Zeshan et al., 2018). The results of current study are in
line with those of Khalifa, (2017) who reported that, soil
application with biochar produced from Salix (Salix
babylonica) wood chips, suppressed Tobacco mosaic
virus (TMV) infection in tomato plants assessed by
delaying of symptom appearance, reduction in disease
incidence and severity and relative virus concentration.
Obvious effects were obtained with the plants treated
with 5% biochar soil application. Also, Bonanomi et al.,
(2020) found that, tomato plants grown in soil amended
with alfalfa straw and biochar showed lower incidence
of Tomato spotted wilt virus (TSWV). The effective
concentration of biochar differs according to the type of
biochar tested and its characteristics.

Biochar can induce systemic plant defenses against
wide range of pathogens. It can increase the nutrients
availability of plants which improve plant growth and
raise the assimilation of inhibitory compounds in the
plant tissues (Graber et al., 2014). Moreover, the disease
resistance in plants grown in soil supplemented with
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biochar was referred to increase of the total phenolic
compounds and peroxidase activity (Khalifa, 2017).

Mainly, the soilborne diseases were investigated in
the biochar application studies more than other diseases.
The analyses of microbial taxonomy, functional
diversity and activity in rhizosphere revealed that the
soilborne diseases associated with tomato plants were
suppressed due to application of biochar in soil (Jaiswal
et al., 2017). Several molecular studies through next-
generation sequencing analyses demonstrated that usage
of biochar alters the microbiome (Jenkins et al., 2017).
The induced systemic resistance against Botrytis cinerea
in tomato plants grown in biochar amended soil was
through the activation of jasmonic acid pathway and
early accumulation of hydrogen peroxide (Mehari et al.,
2015).

Effect of biochar on the growth of tomato plants

To determine the effect of soil amendment with
different concentrations of studied biochar on the
promotion of tomato growth, two growth parameters;
fresh weight and dry weight of the shoot were evaluated
at the end of the experiment. Data in Table 3 showed
that, in case of non-infected tomato, application of
biochar caused a significant increase of tomato shoot
fresh weight at rate of 1.5% biochar soil amendment.
While, for the ToMV infected tomato, the enhancement
of shoot fresh weight appeared at 0.5% biochar soil
amendment. It is noticeable that the beneficial effect
depends on the concentration of biochar.

Agronomic advantages and disadvantages of biochar
application to agricultural soils in terms of soil
geochemistry, soil microflora and fauna, agrochemicals,
nutrients and crop yield were reviewed by Kuppusamy
et al. (2016). It has been revealed that biochar increased
the yield and quality of tomato plants by 20-30%
(Almaroai and Eissa 2020). In another investigation
Yilangai et al. (2014) reported that biochar increased

the growth of tomato plants. Agbna et al. (2017)
indicated that biochar application significantly increased
tomato height, leaf number and yield as compared to
plants grown in soil without biochar. These results may
associate by the improving of soil quality by biochar
(Silva et al., 2017) or to be as a result of shifting the
microbial population in towards beneficial plant growth
promoting rhizobacteria or fungi due to attribution of
biochar to soil characteristics (Graber et al., 2010).
Several authors reported that, the increase of the growth
and productivity of crops growing in soils improved by
biochar are due to the enhancement of chemical,
physical, and biological properties. Biochar increases
nutrient use efficiency and water holding capacity
(Hussain et al., 2017). However, several authors put
attention to the need of long-term studies on biochar
application and sustainable soil health (Lone et al.,
2015).

Nutrients uptake of healthy and ToMV-infected
tomato grown in biochar amended soil.

It is well-known that application of organic matters
to soil led to increase its fertility (Kulczycki et al.,
2020). In order to evaluate the benefit of biochar
amendments to uptake of nutrients in tomato plants, the
nutritional status of tomato plants grown in soil
amended with different rates of biochar was assayed in
both healthy and ToMV-infected plants. Nutrients’
content of N, P, K, Ca, Mg, S and Na were determined
in the shoot system (Table 4). Non-infected tomato
grown in 1.5% biochar amended soil showed significant
increase in N content. For K content, the highest
significant content was detected at treatment of 1%
biochar amendment for the non-infected tomato and at
1.5% biochar amendment rate for the ToMV-infected
tomato. The biochar addition to soil showed significant
diminish in Na content in case of ToMV-infected
tomato at all rates of soil amendments.

Table 3. Effect of biochar soil application on fresh and dry weights of shoot system of tomato plants infected

with ToMV
o . Biochar treatment Fresh weight Dry weight

Viral infection (%) @ @

Non-infected 0.0 28.11b 3.09 ab
0.5 27.69b 340a
1.0 26.56 b 2.71 abc
15 35.31a 2.69 abc

Infected 0.0 14.85d 1.65d
0.5 19.56 ¢ 2.30 bed
1.0 15.54d 1.69d
1.5 12.94d 1.91dc

- Means followed by the same letter(s), within each column, are not significantly different at p<0.05.
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Table 4. Macronutrients and Na content in shoots of ToMV infected tomato plants grown in biochar amended

soil

Viral Biochar Nutrient content (%) S

infection treatment (%) N P K Ca Mg Na (mg/kg)
0.0 200ab 0.64a 21.12h 0.119a 1.226a 11.39¢ 214 a

Non- 0.5 2.14a 0.53a 24.55f 0.116 a 1.359a 12.55b 2.00a

infected 1.0 211ab 0.55a 41.82a 0.127 a 1.299 a 14.69 a 214 a
15 2.10ab 0.48a 26.64 ¢ 0.118a 1.250a 12.52b 246 a
0.0 1.89b 0.60a 31.78 ¢ 0.112a 1.145a 11.13d 2.35a

Infected 0.5 1.88bc 050a 30.03d 0.081a 1.209a 9.15f 2.10a
1.0 1.88bc 0.53a 2253 ¢ 0.098 a 1.239a 9.02 f 2.08 a
15 190ab 0.56a 34.07b 0.097 a 1.203a 99le 217a

- Means followed by the same letter(s), within each column, are not significantly different at p<0.05.

Biochar amendment has proven to modify soil
nutrients  availability which may explain the
enhancement of plant biomass. Biochar increased the
potential difference between rhizosphere and root
membrane which lowered the free energy required for
nutrient uptake by root and ultimately increase plant
biomass (Chew et al., 2020). Potassium played an
important role in enzyme functions and regulations of
metabolism ways and metabolite levels, which may lead
to increase of the synthesis of high molecular weight
compounds like proteins, starch and cellulose and
reduce the concentration of low molecular weight
compounds as soluble sugars, organic acids and amino
acids in plant tissues. The low molecular weight
compounds are vital for infection developments
(Marschner, 2012; Wang et al., 2013). Potassium
fertilization decreased the incidence of disease in many
host plants, but sometimes had no effect or even a
contradictory effect (Perrenoud, 1990; Wang et al.,
2013). The variable effect of potassium on disease
incidence may differed according to the amount and
source of potassium, plant, pathogen and experiment
conditions (Wang et al., 2013). Symptoms and disease
percentage of Potato virus X (PVX), Potato virus Y
(PVY) and Potato leaf roll virus (PLRV) was reduced
in potato plants treated with potassium citrate and folic
acid (lbrahim et al., 2015). The mechanisms of
potassium effect on plant resistance against several
disease was summarized as; high concentration of
potassium decreased the internal competition of
pathogens for nutrient resources. Therefore, the cell
wall became stronger which help to prevent the
pathogen infection (Mengel and Kirkby, 2001). Singh
and Mall (1974) indicated that, different levels of
potassium up to 250 ppm gradually increased the
vegetative, root growth and PVX concentration in
tomato plants. Treatment with high doses of potassium
in the form of KCL of rice plants variety Bouake 189

infected with Rice yellow mottle virus (RYMV)
decreased the effect of viral infection on grain
production (Soko et al., 2017). Adequate potassium
increases phenol concentrations which have a critical
role in plant resistance which led to decrease in disease
severity (Prasad et al., 2010).

It has been revealed that biochar amendments to
soil increases K uptake. The symptoms of K deficiency
did not observe in cucurbita seedling grown in biochar
amended soil and the plants were healthy and greener
(Islam et al., 2019). The dynamics of soil potassium was
enhanced through biochar amendments which facilitate
K uptake by plants (Wang et al., 2018). In another
study, it was suggested that application of biochar at
low doses with the synthetic fertilizers can improve
plant yield and soil fertility (Kulczycki et al., 2020).
Application of biochar may reduce Na uptake by plants
which allow for survival and growth under salinity
conditions (Farhangi-Abriz and Torabian, 2018).
Tomato plants grown in soil amended with biochar and
irrigated with saline water showed tolerance to salinity
depending on salt concentration and biochar application
rate (Agbna et al., 2017 and She et al., 2018). Biochar
application could be an environmental solution for
carbon sequestration, improving agricultural soil
characteristics and enhancing plant yield in terms of
quantity and quality.

CONCLUSIONS

Biochar amendment to agricultural soil was used as
a method to recycle the plant organic residuals for
tomato plant fertilization and suppressor for controlling
ToMV. The growth and nutrient uptake in tomato plants
were assessed as well. Three amendment rates of
biochar were used 0.5, 1.0, and 1.5%. The effect was
obvious for plant amended with 1% and 1.5% as
evidenced by delaying of symptoms development,
decrease in disease severity and decline of relative virus
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content. The shoot fresh weight was significantly
increased at biochar amendments rates of 1.5% and
0.5% in non-infected and ToMV infected tomato,
respectively. Potassium content in shoot of non-infected
and ToMV-infected tomato grown in biochar treatment
of 1.0% and 1.5% was significantly increased. The
content of N, P, Ca, Mg, and S did not affect.

Generally, biochar application to agricultural soil
could be a safe and promising solution for carbon
sequestration, enhance plant disease resistance and
increase yield and quality of agricultural crops.
However, further studies are needed to investigate the
effect of recurrence of biochar supplement to activate its
antiviral effect, as well as to determine the mechanisms
responsible for biochar induced systemic resistance
against ToMV and other plant viruses affecting tomato
plants.
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