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Article Info Abstract

Keywords: In the search for biological substances for sustainable agriculture, the present study proposes to use
Daldinia concentrica fungal biofertilizers to improve the production of tomato crop. Thus, two species of dried superior
Fertilizers fungi (Psathyrella tuberculata and Daldinia concentrica) were milled for use as soil fertilizer.
Fungi Psathyrella tuberculata, Daldinia concentrica and a combination of P. tuberculata+D. concentrica
Psathyrella tuberculata ~ were used as organic fertilizer for tomato plants grown from COBRA 26. The effect of these three
Tomato fertilizers was compared with NPK 10-18-18 and the control. The results showed that the fungal

fertilizers contributed to the improvement of tomato production. The highest values for the parameter
number of fruits were obtained with the first group consisting of plots that received PSTU (2.42),
DACO (2.75), NPK (2.75), PSTU+ DACO (3.00) and the lowest value on the plot TEMOIN (0.41).
The combination of PSTU+DACO (3.00) gave the statistically higher values than the other fertilizers.
The highest yield was recorded on the plots enriched with PSTU+DACO (6.67 t/ha). From the 30th
DAR onwards, plants from plots fertilized with DACO, PSTU+DACO and PSTU started to flower.
From 37 to 44 days, the plots with the highest number of flowering plants were those treated with
PSTU (28 plants).
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Introduction crop for farmers. According to FAO (2012), it occupies
the first place in vegetable production after potato. In

Tomato is one of the most consumed vegetables (FAOQ, 2009, the world production of tomatoes amounted to

2012) and its cultivation is the most widespread over 141 million tons.

throughout the world (Shankara, 2005). It is a source of

vitamins (C, B6, B12, D) as well as an important cash In Africa, tomato is the most cultivated vegetable
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species as it is used in the composition of many
traditional dishes (Abidi, 2016). Vegetable gardening is
an activity that contributes to the fight against poverty
and the improvement of food security because it creates
many jobs in rural areas during the dry season and
generates income for those responsible for marketing
(Loumedjinon et al., 2021a). In Cote d'lvoire, despite an
annual production that fluctuates between 22,000 and
35,000 tons (Sangaré et al., 2009), demand is still high.
Indeed, tomato needs are estimated at more than
100,000 tons for the lvorian population (Groga et al.,
2018). This low yield is due to high disease pressure,
low soil fertility and post-harvest storage (Adamou et
al., 2017).

Also the overexploitation of land which results in the
depletion of agricultural soils of essential nutrients,
necessary for plant growth and productivity. Thus,
chemical fertilizer amendments are essential for better
yields (Baligar et al., 2001). Climatic hazards have
adverse effects on soil fertility. To this end, techniques
such as the use of biofertilisers are indicated in crops
gardening (Loumedjinon, 2021b). The use of fungi
(Psathyrella tuberculata and Daldinia concentrica) is
presented as an alternative to ecological agriculture in
order to avoid environmental pollution. In view of these
aspects, a fundamental question remains: how to
increase tomato production while improving agricultural
soil fertility and preserving the quality of these fruits?
This study was conducted to evaluate the effect of
fungal biofertilizers P. tuberculata and D. concentrica
on tomato productivity. The objective of this work is to
optimize tomato production through the use of fungal
biofertilizers.

Materials and methods
Study site

The trial was conducted at the experimental site of the
Jean Lorougnon Guédé University in Daloa (Centre
West, Coéte d'Ivoire). Daloa is a forest area with a
transitional humid tropical climate. It is characterized
by two dry seasons from October to March and two
rainy seasons with two maxima, one in June and the
other in September (Koffie and Kra, 2013). The
temperature ranges from 24.65°C to 27.75°C on average
(Ligban et al., 2009). Rainfall (1,200 and 1,600
millimetres per year) is an asset for agriculture and
especially for the development of perennial crops such
as coffee and cocoa. Rainfall is distributed throughout
the year with a maximum in June and July and a
minimum from December to March. The soil is
ferralitic of granitic origin of medium to low
denaturation (Koffie and Kra, 2013).

Material
Plant and fungal material

The plant material consists of seedlings of the Cobra 26
variety. They were chosen for their high germination
rate, purity and also for their resistance to diseases. As
for the fungal material, it is composed of two species of
dry fungi of Psathyrella tuberculata (Fig. 1A) and
Daldinia concentrica (Fig. 1B). These fungal species
were chosen for some of their potentialities such as the
antimicrobial elements they contain and their high
mineral content.

g. 1: FLingaI species, A Crpophore of P. tuberculata in fresh state; B: Carpophore of D. concentrica

in the fresh state.
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Chemical material

The chemical fertilizer used, was the mineral fertilizer
NPK 10-18-18. This is the most used fertilizer by
farmers in tomato crop (ANADER, 2015). Mancozeb
800 g/kg, a contact fungicide with broad spectrum of
action was also used to protect the crop from fungal
diseases.

Methods
Preparation of the mushroom powder

After sampling, the harvested mushrooms were dried in
the shade for two (02) weeks to reduce the moisture
content. The mushroom powder was obtained in a
RETSCH type grinder.

Setting up the nursery

The tomato nursery was carried out on a 4 m? surface
(2x2 m) and 5 cm high bed. After sowing, the bed was
covered with a black polypropylene tarpaulin to protect
it and accelerate the lifting of seed dormancy. Three
days after sowing, the plastic was removed, a mosquito
net was placed to protect the nursery from insect pests
and a shade canopy was placed over the nursery.
Watering was done twice a day for 21 days.

Transplanting of the seedlings was done on 22°™ days
after sowing on a completely randomized Fisher block
design with two replications per treatment (Fig. 2). A
plot of (16 m x 13 m) consisting of two sub-blocks
spaced 2 m apart was set up. Each block (16 m x 7.5 m)
consisted of five elementary plots spaced 1 m apart.
Each elementary plot (1 m x 5 m) consisted of 20 seed
points. The seedling points were spaced 0.8 m apart
between the lines and 0.5 m apart on the line.
Maintenance of the nursery was done every two weeks
to eliminate weeds. Mancozeb 16.64 g was applied
every two weeks.

Fertilization of the plot

Fertilization was done with fungal biofertilizers (P.
tuberculata and D. concentrica), the combination of
these two fungal species and the mineral fertilizer NPK
10-18-18. The application was done on all the plots at a
rate of 200 kg/ha for PSTU and DACO, 200 kg/ha for
PSTU+DACO and 48 kg/ha for NPK. NPK (10-18-18)
was used at a rate of 80 g per bed in three applications.

The first application was made two weeks after
transplanting at a rate of 4 g per plant. The three
applications were spaced two weeks apart. All
applications were made at 2 cm around the plants.

13 m

BLOC 1 BLOC 2

PSTU DACO
2m

DACO PSTU-DACO | =

2m
NPK —_—— TEMION

16 m

1m

PSTU-DACO

o O—0O O O O
0.5m
Im 0,8 m

© © o o o o

Sm

Fig. 2: Experimental setup.

Data collection and analysis

Three weeks after transplanting (23 days after
transplanting), the flowering time of each plant and the
number of flower clusters were recorded. The number
of fruits per plant was counted after harvest and the
production yield from the mass of fruits per plate was
calculated. The production parameters of time to
flowering were subjected to analysis of variance
(ANOVA 1). Means were grouped using Fisher's LSD
test at the 5% threshold. All analyses were performed
using STATISTICA Version 7.1 software.

Results
Flowering time

The action of fertilizers on the flowering of tomato
plants varied according to time (days), 11-50 (D.
concentrica), 10-54 (P. tuberculata) and 13-50 (D.
concentrica + P. tuberculata) (Fig. 3). Indeed, 23 days
after transplanting (DAR), only the plants in plots
treated with PSTU (15) and NPK (11) showed the first
flowering. Of the two treatments, the NPK-treated plots
had a high number of flowering plants (11 plants).
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From 30" JAR the plants of the plots fertilized with
DACO, PSTU +DACO and PSTU started to flower. A
large number of plants flowered on the plots treated
with PSTU (15 plants), followed by NPK (13 plants)
and DACO (10 plants). From 37 to 44 DAR, the plots
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enriched with P. tuberculata had the highest number of
flowers with respectively 20 and 28 plants on the plots
enriched with PSTU; 17 and 25 plants for those treated
with DACO. Finally, 15 and 26 plants for the plots
fertilized with PSTU+DACO.
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Overall, there was a clear variation in the number of
fruits by treatment (p=0.0013) on the number of fruits
of the plants (Fig. 4). Mean values ranged from 0.41 on
the TEMOIN plot to 3.00 on the plots enriched with
PSTU-DACO. Two homogeneous groups were

: Time of flower appearance according to treatments.

obtained. The data were subjected to a one-way analysis
of variance (ANOVA 1) and completed by Fisher's LSD
test at the 5% threshold. Two groups were found. The
highest values were obtained with the first group
consisting of plots that received PSTU (2.42), DACO
(2.75), NPK (2.75), PSTU+DACO (3.00) and the lowest
value on the TEMOIN plot (0.41).
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Fig. 4: Effect of treatments on fruit weight. PSTU: Psathyrella tuberculata;
DACO: Daldinia concentrica; PSTU+ DACO: Psathyrella tuberculata +
Daldinia concentrica; TEMOIN: control: plots without fertilizer
application, NPK: chemical fertilizer. Data were subjected to one-criterion
analysis of variance (ANOVA 1) using STATISTICA 7.1 software. The
analysis of variance was completed by Fisher's LSD test at the 5%
threshold.

Efficiency according to the type of treatment

The yield of tomato plants differed according to
treatment (Fig. 5). Transplanted plants on plots treated
with the fungal fertilizers PSTU, DACO and
PSTU+DACO were significantly higher than the control
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and the NPK-treated plot. The highest value was
recorded on the plots enriched with PSTU+DACO (6.67
t/ha). They were followed by the plots fertilized with
DACO and PSTU with yields of 6.17 t/ha and 5.75 t/ha
respectively. On the other hand, the lowest yield value
was recorded on the control plots (0.79 t/ha).
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Fig. 5: Effect of treatments on tomato yield. PSTU: P. tuberculata; DACO:
D. concentrica; PSTU+ DACO: P. tuberculata + D. concentrica;
TEMOIN: control: plots without fertilizer application, NPK: chemical
fertilizer. Data were subjected to one-criterion analysis of variance (ANOVA
1) using STATISTICA 7.1 software. The analysis of variance was completed
by Fisher's LSD test at the 5% threshold.
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Discussion

The high values of the number of flowering plants were
respectively recorded on the plots fertilized with PSTU
(1.36, 2.63, 4.18 and 4.90), DACO (1.36, 2.27, 3.54 and
454), NPK (1.27; 290; 4.18 and 4.63) and
PSTU+DACO (1.27; 2.18; 3.54 and 4.63) and the low
values on the control plots (0.18; 0.27; 0.36 and 0.45).
Kotaix et al. (2013) in their work in Bimbresso and
Bouaflé, showed that the organic fertilizer Dragon 1,
through the doses 3.75 and 5 L/ha allowed the plants to
have a higher rate of flowering than the doses 300 and
600 Kg /ha of mineral fertilizer. These results obtained,
may be due to the mineral elements contained in the
fungal fertilizers, especially phosphorus, which is a
stimulator of flowering (Kotaix, 2013). These results
corroborate those of Christian et al. (2005), which state
that phosphorus is a nutrient that stimulates flowering
precocity.

Fungal biofertilizers (P. tuberculata, D. concentrica)
and the combination of PSTU+DACO) applied to
tomato plants resulted in good yields. The number of
fruits of the control tomato plants was statistically lower
as the average was (4.75). However, PSTU (2.42),
DACO (2.75), NPK (2.75) and PSTU+DACO (3.00)
recorded statistically significant values. Moreover, the
plots fertilized with the combination of PSTU+DACO,
D. concentrica and P. tuberculata resulted in tomato
plants having larger fruit sizes and higher vyields
compared to the control and NPK treated plants. This
could be explained by the fact that the fungi ensure a
better assimilation of nutrients from the environment. In
the same sense, Konfé et al (2019) showed that turbo-
bio and mineral fertilizer induced more flower, fruit and
biomass (aerial and root) formation compared to the
control.

Indeed, the work of Rudresh et al. (2005) and Gravel et
al. (2007) showed that species of the genus
Trichoderma influence plant growth by synthesizing
phytohormones such as indole 3-acetic acid (IAA) and
by improving the bioavailability of soil nutrients
through solubilization of phosphate and other nutrients
such as iron, copper, manganese and zinc. The use of
CMA fungi of the genus Glomus contributed to the
improvement of crops of three tomato varieties by
effectively colonizing the roots of these plants (Banito,
2015). These results could also be explained by the fact
that fungal biofertilizers improve soil fertility over time.
Our results are confirmed by the work of Zaoui and

Brun (2011), which showed that biofertilizers allow a
net increase in the efficiency of fertilization of difficult-
to-work soils. According to FAO (2003), the
combination of organic and mineral fertilizers creates
the best production conditions for crops. Noha and
Mona (2020) have shown that mycorrhizal fungi
represent a promising resource for improving both
sustainable food production and plant nutritional
requirements.

Conclusions

The study on the improvement of tomato production
aimed at evaluating the production through the use of
fungal biofertilizers (P. tuberculata and D.
concentrica). It is part of the dynamics of sustainable
improvement of food and vegetable crop productivity
through environmentally friendly practices. The results
showed that fungal fertilizers promote good growth.
Regarding production parameters, P. tuberculata and
NPK had the same flowering time of 23 days after
transplanting compared to other treatments. Regarding
flowering, mass and number of fruits per plant, the
fungal fertilizers had the highest average values of the
PSTU+DACO combination. It is also evident from this
study that fungi gave high yield compared to chemical
fertilization with NPK. Under experimental conditions,
the use of P. tuberculata and D. concentrica as organic
amendments provided a necessary source of nutrients
for the tomato plant. Thus, these fungal biofertilizers
could be an alternative for the improvement of food and
vegetable crops and agricultural soil fertility.
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