Ttcrnationsl Jourual of
Eanironment and Climate Change

International Journal of Environment and Climate Change

Volume 14, Issue 9, Page 705-717, 2024; Article no.lIJECC.122489
ISSN: 2581-8627
(Past name: British Journal of Environment & Climate Change, Past ISSN: 2231-4784)

Effects of Organic Compost and
Trichoderma harzianum Spores on Soil
Fertility and Agronomic Performance of

Soybean (Glycine max (L.) Merr.)

Koulibi Fidele Zongo &, Kounbo Dabiré 2,
Sibiry Albert Kaboré 2, Moussa Tondé °, Daouda Guébré ¢
Abdramane Sanon 2 and Edmond Hien P

a University Center of Tenkodogo, Thomas Sankara University, 12 BP 417 Ouagadougou 12,

Burkina Faso.

b Department of Earth Sciences, Life and Earth Sciences Training and Research Unit Joseph Kl-Zerbo
University, 03 BP 7021 Ouagadougou 03,

Burkina Faso.

¢ University Center of Ziniaré, Joseph KI-ZERBO University, 03 BP 7021 Ouagadougou 03,

Burkina Faso.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: https://doi.org/10.9734/ijecc/2024/v14i94449

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer
review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/122489

Received: 26/06/2024
Accepted: 01/09/2024
Published: 08/09/2024

Original Research Article

*Corresponding author: E-mail: fidelezongo62@gmail.com;

Cite as: Zongo, Koulibi Fidéle, Kounbo Dabiré, Sibiry Albert Kaboré, Moussa Tondé, Daouda Guébré, Abdramane Sanon, and
Edmond Hien. 2024. “Effects of Organic Compost and Trichoderma Harzianum Spores on Soil Fertility and Agronomic
Performance of Soybean (Glycine Max (L.) Merr.)”. International Journal of Environment and Climate Change 14 (9):705-17.
https://doi.org/10.9734/ijecc/2024/v14i94449.


https://doi.org/10.9734/ijecc/2024/v14i94449
https://www.sdiarticle5.com/review-history/122489

Zongo et al. : Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 705-717, 2024; Article no.lIJECC.122489

ABSTRACT

The food supply has grown steadily over the years, while production has been hampered by the
increased use of synthetic fertilizers, leading to pollution and degradation of soil physico-chemical
properties. It is imperative to advocate for the promotion of sustainable farming techniques that can
enhance crop yields while improving soil fertility, without the excessive utilisation of chemical
fertilizers. Hence the interest of this study, which involved the use of organic compost enriched or
not with Trichoderma Harzianum spores as an alternative method to assess their effect on the
physico-chemical soil and agronomic parameters of the « TGX 1910-14F » soybean variety being
tested in a greenhouse growing vase. The study was carried out at the Institute of Research
Development (IRD) in Ouagadougou (Burkina Faso), on a completely randomized block trial with
four fertilization regimes repeated five times. The trial consisted of comparing soil parameters and
soybean yields under four fertilization regimes: T1 (1 | m-3 of Trichoderma harzianum spores); T2 (3
t hal of compost); T3 (3 t ha! of compost + 1 | m-® of Trichoderma harzianum spores), TO (absolute
control with no inputs). 4 kg of fine soil from a lixisol and sieved to 2 mm with a field capacity
moisture of 150 ml kg of soil were added to each fertilization regime. The results showed that T2
and T3 fertilization regimes improved the organic status, total N, P and K content, absorbable P and
available P of the soils. T3 significantly (P < 0.001) increased plant height (146.80 + 9.92 cm) and
the number of soybean plant leaves (46.20 + 2.41) compared with treatments TO and T1. TO and T1
fertilization regimes significantly increased (P < 0.001) the number and weight of soybean nodules
compared with T2 and T3. Total soybean biomass was significantly improved (P < 0.001) under T2
and T3 compared with T1 and TO. Thus, the T2 and T3 fertilization regimes was more effective in
improving soil fertility and soybean biomass production. The input of Trichoderma harzianum (T1)
and fine soil with no inputs (TO) stimulated nodulation of soybean, while compost combined with
Trichoderma harzianum spores (T2 et T3) had an effect on vegetative growth. It may be posited that
the latter treatment could serve as an alternative means of improving soil fertility and increasing
soybean vyields.

Keywords: Lixisol; biofertilizer; microorganism; agro-pedology; soybean; yield; Burkina Faso.

1. INTRODUCTION

The economy of Burkina Faso, a Sahelian
country with a predominantly semi-arid
climate, is predominantly based on agriculture
and livestock farming. Agriculture and
livestock farming, including forestry, employ
85% of the population and generate 2/3 of
national wealth. The rural sector remains the
basis of socio-economic development and
depends on the exploitation of the main
natural resources, in particular water, soil,
forests and pastures [1]. The agricultural
sector is the most important and reliable pillar
of the world economy [2].

Agricultural cropping systems around the world
use large quantities of chemical fertilizers,
insecticides and herbicides to improve crop
profitability [2]. However, this type of agricultural
production is now facing challenges such as
water scarcity, reduced soil organic matter, soil
degradation, lower crop yields, lower incomes,
fertilizer build-up and pesticide pollution of
environment. Land degradation jeopardizes the
entire economy and hence the country's socio-
political stability. More than 34% of the national

territory, i.e. 9,234,500 ha of agricultural land, is
degraded, with an estimated increase of between
105,000 and 250,000 ha per year over the last
10 years, according to Gehlot et al. [1]. Soil
degradation remains a crucial and growing
problem worldwide [3]. It is reported that 40% of
soils in sub-Saharan Africa are depleted of
nutrients [4,5]. These same authors suggest
average annual nutrient depletion rates in 37
African countries of 22 kg N ha1; 2.5 kg P ha?;
and 15 kg K hat. Annual soil nutrient extractions
of the order of -43 kg NPK ha in the Sudano-
Sahelian zone of Burkina Faso in mining farming
systems result in declining soil fertility and poor
harvests [1]. It will therefore be necessary to
diversify fertilizer sources in order to enhance
crop yields in general, and legumes in particular,
and improve soil fertility. Burkina Faso's agro-
ecosystems are dominated by leguminous crops
such as soybean, which play an important role.
According to Ishikawa et al. [6], legumes improve
the nitrogen balance in cropping systems and
increase the vyield of subsequent cereals.
However, vegetable crops, particularly soybean,
are highly dependent on nutrients, especially N
and P [7], and are faced with a low level of soil
fertility. These mineral elements can come from
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compost used as a biofertilizer. It is important to

note that legumes fix nitrogen at t

their development cycle, but additional nitrogen
fertilizer in poor soils is likely to improve their

yield. Legumes are also very
deficiency because of its role
biological N fixation and energy
New technologies have th

scientifically developed to improve productivity,

he beginning of
and promote
sensitive to P
in nodulation,
reactions [8,9].
erefore  been

is to evaluate the

shown that the use of biofertilizers can increase
crop yields, reduce the use of chemical fertilizers
environmentally
agriculture. It is in this context that the present
study was carried out. The aim of the study

sustainable

effect of

compost associated or not with Trichoderma
harzianum on soil fertility and the agronomic
performance of soybean under

greenhouse

reduce the cost of resources and the growing conditions.
environmental  problems  associated  with
agricultural production. These technologies 2. MATERIALS AND METHODS

include the use of biofertilizers such as compost

and micro-organisms [10,11].

Trichoderma 2.1 Study Area

harzianum spores have been shown to increase

the bioavailability of insoluble

promote plant growth [2,12]. This promotes P

uptake from the soil solution. B
findings, the use of compost an

such as Trichoderma harzianum should be
explored as ways of improving soil fertility and

legume vyields. In fact, the use
combination with fungal micro

biofertilizers is a good approach that not only
increases the efficiency of nutrient use by

improving soil fertility, but also

leaching of these nutrients into groundwater.
Zeinabou et al. [13] and Zraibi et al. [14] have

forms of P to
conditions at the
ased on these
d biostimulants

The study was carried out under greenhouse
Institute of Research for
Development (IRD) in Ouagadougou (Burkina
Faso, West Africa). The soil
experiment was taken from a field in Gampéla, a
rural village of Saaba commune, 25 km East of

used for the

of compost in Ouagadougou, with geographical coordinates
-organisms as 12°25'N and 1°21'W (Fig. 1). The greenhouse
has the same climatic conditions as
Ouagadougou, which has a Sudano-Sahelian
minimizes the climate, with an average rainfall of 569

year.

mm and an average temperature of 28.6°C each
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2.2 Characteristics of the Experimental
Soil

The soil used in the trial is of the Lixisol type
according to the IUSS Working Group WRB [15]
classification. It was taken from the surface
horizon of approximately (0-14 cm). It has a
sandy-loam texture. The characteristics of the
soil used are givenin  Table 1.

2.3 Plant Material and Fertilizers

The plant material used is the soybean variety
« TGX 1910-14F » from northern Togo. Its
production cycle is 90-110 days. It is an upright
line that is resistant to pests. Its average vyield is
2.5t ha! with a potential of 4 t hal. This variety
produces small, oval, light yellow seeds. Its

growing zone is 600 to 1500 mm. The fertilizers
used are organic compost and biofertilizer based
on Trichoderma Harzianum spores. The organic
compost was made by the women of the
NABONSWENDE association in Niessega, part
of the NGO the Association for Research and
Training in Agroecology (ARFA). It was produced
from substrates consisting of bush grass straw
(60% of Loudetia togoensis, 30% of Andropogon
pseudapricus and 10% of Andropogon gayanus),
cow dung and wood ash, composting lasted 45
days. The organic and chemical characteristics
of the compost used are given in Table 2.

The Trichoderma harzianum spores were
supplied in liquid form called “Solsain”, from the
BIOPROTECT-Burkina Economic Interest Group.
Solsain is a liquid biofertilizer enriched with a

Table 1. Characteristics of the soil used to set up the experiment

Soil variables Units Values
Argil % 14.5
Silt % 28.25
Sand % 57.25
Texture - Sandy-silt
C g kgt 0.73

N g kg? 0.05
CIN 14

P ppm 1257
P_ass ppm 1.3
Calcium Cmoles ) kg? 181
Magnesium Cmoles ¥ kg1 1.85

K Cmoles M kg? 0.11
Sodium Cmoles M kgt 0.04

S Cmoles M kg! 3.81
CEC Cmoles M kg? 7.28
Saturation rate 52
pHH20 5.46

C = Total Carbon ; N = Total Nitrogen; Total P = Total Phosphorus; P_ass = Available Phosphorus; K = Total
potassium; S = Sum of cations; CEC = Cation Exchange Capacity

Table 2. Organic and chemical characteristics of organic compost

Parameters Units Values
oM % 47.28
C % 27.42
N % 1.42
N-NH4 mg/kg 139.60
N-NOs mg/kg 46.48
Mineral N (N-NH4 + N-NO3) mg/kg 186.08
CIN 19

P % 1.29
P_ass o/kg 12.13
K % 1.45

K _disp a/kg 679

OM = Total organic matter; C = Total carbon; N = Total nitrogen; P = Total phosphorus; P_ass = Available
phosphorus; K = Total potassium; K_disp = Available potassium.

708



Zongo et al. : Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 705-717, 2024; Article no.lIJECC.122489

high concentration of Trichoderma harzianum
spores (at least 5,108 spores per ml). It is a
‘starter’ fertilizer with a triple action: fertilization,
bio-control  and plant  stimulant. The
recommended dose is 100 ml for a 10 m? plant
bed.

2.4 Determination of Field Capacity of
Soil Moisture

The field capacity of soil moisture (HCC) of the
soil in the trial was determined before the trial
was set up in a growing vase. It was determined
using the formula for moisture at field capacity
expressed as a percentage by mass. The bottom
of the pot was perforated and closed with a nylon
screen with a mesh size of less than 2 mm. The
dry weight Ps was determined. The soil was then
saturated with water and the pot allowed to dry
for 24 hours. The wet weight pH was then
determined. Using the equation HCC = (Ph - Ps)
/ Ps, the moisture at field capacity was 0.150 kg
(150 ml) of water per kg of soil.

2.5 Experimental Design and Treatments

The experimental design was in pots
experiments under greenhouse conditions
included the following fertilization regimes: 4
fertilization regimes were used. The experiment
was conducted over a period of 60 days, with five
replicates for each treatment, making a total of
20 pots in the experimental set-up. The different
fertilization regimes were:

TO = control with no input (4 kg of fine soil)

T1 =1 | m= of Trichoderma harzianum spores +
4 kg of fine soll

T2 =3t hal of compost + 4 kg of fine sail

T3 =3t ha' of compost + 1 | m-3 of Trichoderma
harzianum spores + 4 kg of fine soll

2.6 Crop Management

This study was conducted 6 March to 6 June
2023. Five hundred grams (500 g) of compost
was placed in each pot mixed with 4 kg of fine
soil. For the controls, the pots contained only 4
kg of fine soil. Five (05) ml of Trichoderma
harzianum spores were mixed with the fine soil
for treatments T1 and T3. Four seeds were sown
per pot. After the plants had emerged, weeding
consisted of leaving 2 plants per pot. On the 1st,
2nd and 3rd days after sowing (DAS), the pots
were watered every day with 150 ml of water per
pot. After the 3rd DAS, the plants were watered

every two days with 150 ml per pot. From the 5th
to the 45th day, 450 ml of water was added per
pot/2days and from the 48th to the 63rd day, the
plants were watered with 750 ml/2 days. Once
the experimental set-up had been established,
the crops were exposed to daylight on a daily
basis. Thereafter, as the insolation was
heterogeneous, the pots were regularly moved in
order to keep them in the same conditions of
exposure to daylight. All pots received the same
irrigation treatment. One week after sowing, the
emergence rate was assessed, followed by a
demarcation.

2.7 Agronomic Data Collection

The following morphological and physiological
parameters of the plants were assessed each
week: plant height (HP), diameter of the base of
the crown (DP) in mm; number of leaves (NF),
number of plants having flowered (NPF), flower
per plant (NFP), fruit per plant (NFR). The
emergence rate at 4 days after planting (TXL) is
the percentage of soybean plants that have
emerged per pot. Plant heights (HP) in cm were
measured using a graduated ruler from the base
of the crown to the terminal bud. The DP in mini
meters of the plants was measured with a vernier
caliper at the level of the plant collar. The
assessment of NF, NPF, NFP and NFR
consisted of counting leaves, plants that had
flowered, flowers per spike plant and fruits per
plant. Biomass at harvest was assessed by
counting each treatment and each crop. After
soaking in water, the root parts were carefully
cleaned and rinsed thoroughly to remove the soil
from the roots. The nodules were then detached
from the roots, counted and preserved in filter
paper to be dried in the laboratory and weighed.
The weights of the total fresh biomass (BTF) in g
were obtained by weighing. They were then
wrapped in aluminium foil and dried in an oven at
40°C until a constant weight was obtained, then
weighed again to obtain the weights of the total
dry biomass (BTS). The detached nodules were
preserved in filter paper and air-dried in the
laboratory until a constant weight was obtained.
Nodule biomass weights (PDN) in mg were
assessed.

2.8 Soil Sampling and Chemical Analysis
at Soybean Harvest

Soil samples were taken when the soybean
biomass was harvested. Five (05) primary
samples were taken from the rhizosphere of
each crop depending on the fertilizer. A
composite sample was then formed by
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combining the 5 incremental samples per
fertilization regime. A total of 4 samples were
analyzed. The composite soil samples were then
air-dried at room temperature, crushed and
sieved through a 0.2 mm sieve for analysis. Soll
parameters were analysed by determining:

v" pH H20 and KCI according to the AFNOR
[16,17] Method. The pH H20 and KCI were
respectively measured in a soil suspension
with a ratio of soil to distilled water or KCI
(1N) equal to 2/5 using a pH meter with a
combined electrode;

v' soil organic carbon (C) was measured
using the Kitson and Mellon [18] Method.
The determination of organic matter (OM)
was obtained by multiplying the value of
the carbon content by a coefficient equal to

1.724;
v total phosphorus (P), using the Bray and
Kurtz [19] method and Available

phosphorus (P_ass) using [18] method;

v' total potassium (K), according to the
method of Ahenkorah [20] using 6N HCI
and available potassium (K _disp),
extracted using a mixed solution of 0.1N
HCI and H2CeO4 measured using a flame

photometer after mineralisation [21]
method;

v of total nitrogen (N) using the Kjeldahl [22]
Method.

2.9 Statistical Analysis

Excel 2021 was used to enter the data. The
Shapiro-Wilk test was used to test the normality
of the data collected. For each of the parameters
measured, a comparison of the means according
to the treatments was carried out using an
analysis of variance (ANOVA) and a Tukey HSD
test for the separation of means at 5% threshold.
XLSTAT 4.1, 2023 [23] was used for these
analyses.

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 Effect of fertilization regimes on soil
fertility

The effect of fertilization regimes (T3, T2, T1, TO)
on the chemical fertility of soil a soybean harvest
is shown in Table 3. The pH of H20 and KCI
range from 5.77 and 4.93 at T1 to 7.95 and 7.78
at T2. The total organic matter (OM) content
ranges from 1.45% in TO to 2.22% in T3; the N

(total nitrogen) content from 0.09% in T1 to 0.11
in T2 and T3; and the soil C/N ratio from 9 in TO
to 13 in T1. Soil total phosphorus levels range
from 91.79 ppm in TO to 542.84 ppm in T2 and
available P (P_ass) from 1.93 ppm in TO to 4.04
ppm in T2. The K (total potassium) and K disp
(available potassium) contents varied
respectively from 94.9 and 40.84 under TO to
153.57 ppm under T2 and 107.34 ppm under T3.

T3 fertilization regime increased pH H20 by 21%:
29% pH KCI; 34% OM; 34% C; 9% N; 82% P;
38% P_ass; 17% K and 62% K disp; fertilizer
T2 increase pH H20 by 22%: 30% pH KCI; 35%
OM; 35% C; 9% N; 83% P; 52% P_ass; 38% K
and 60% K disp; and T1 of 23% OM; 23% C;
12% P; 49% P_ass; 10% K and 53% K disp
compared with the absolute control.

3.1.2 Effects of fertilization régimes on
morphological parameters of soybean

At soybean harvest, the results showed that plant
heights (HP) and numbers of leaves (NF) were
significantly  different depending on the
fertilization regimes (Table 4). T3 fertilizer
significantly (P = 0.002) increased HP with an
average height of 146.80 + 9.92 cm, unlike
treatments T1 and TO with HP of 94.90 + 9.92
and 100.44 + 10.45 cm respectively. NF were
significantly improved (P = 0.001) under T3 with
46.20 + 2.41 cm compared to T1 with 32.00 *
2.41 cm. Also, T2 fertilization regime significantly
favored the gain in NF with a production of 44.00
+ 2.41 compared with T1. The seed emergence
rate (TXL) at 7 days after planting, plant diameter
(DP), number of flowering plants (NPF), number
of flowers per plant (NFP) and number of
soybean fruits per plant (NFR) were not
significantly  different under the different
fertilization regimes.

3.1.3 Effects of fertilization regimes on
nodulation and biomass of soybean

The number of soybean nodules (NN) varied
from 0.00 + 1.75 in T3 to 15.20 + 1.57 in T1, the
nodule weight (PDN) from 0.000 £ 76.59 mg in
T3 to 960.00 + 68.51 mg in T1, total fresh
biomass (BTF) from 21.90 + 2.67 g at T1 to
46.00 £ 2.67 g at T2 and total dry biomass (BTS)
from 6.56 + 0.85 g at T1to 12.08 + 0.85 g at T2
(Table 5). NN, PDN, BTF of soybean and BTS
were significantly different according to the
fertilizer according to ANOVA at the 5%
threshold. Fertilizers TO and T1 significantly (P <
0.0001) increased NN compared with fertilization
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Table 3. Effect of fertilization regimes on residual soil fertility

Fertilization pH pH oM C N C/N P P_ass K K_disp
regimes H-20 KCI % ppm

T3 7.83 7.77 2.21 1.28 0.11 12 499.62 3.10 115.01 107.34
T2 7.95 7.78 2.22 1.29 0.11 12 542.84 4.04 153.57 102.68
T1 5.77 4.93 1.88 1.09 0.09 13 104.50 3.78 105.25 87.51
TO 6.22 5.48 1.45 0.84 0.10 9 91.79 1.93 94.90 40.84

TO = Control with no input; T1 = 1 litre m of Trichoderma harzianum spores (Solsain); T2 = 3 t ha! of organic compost; T3 = 3 t ha! of organic compost + 1 litre m3 of
Trichoderma harzianum spores (Solsain); OM = Total organic matter; C = Total carbon; N = Total nitrogen; P = Total phosphorus; P_ass = Available phosphorus; K = Total
potassium; K_disp = Available potassium.

Table 4. Effects of fertilization regimes on soybean morphological parameters (means * standard errors)

Fertilization TXL (%) HP (cm) DP (mm) NF NPF NFP
_regimes
T3 70+9a 146.80+9.92b 3.67+0.16a 46.20+2.41c 1.00£0.05a 14.90+2.92a
T2 70+9a 130.60+9.92ab 3.60+0.16a 44.00+2.41bc 1.00£0.05a 14.00+2.92a
T1 81+10a 94.90+9.92a 3.56+0.16a 32.00+2.41a 0.90+0.05a 13.30+2.92a
TO 90+9a 100.44+10.45a 3.38+0.17a 34.67+2.54ab 1.00£0.05a 12.67+3.08a
P 0.353 0.002 0.659 0.000 0.421 0.958
Significance NS TS NS HS NS NS

TO = Control with no input; T1 = 1 litre m™3 of Trichoderma harzianum spores (Solsain); T2 = 3 t ha'! of organic compost; T3 =3 t ha™! of organic compost + 1 litre m3 of
Trichoderma Harzianum spores (Solsain); TXL= Seed emergence rate; HP= Plant height; DP = Plant diameter; NF = Number of leaves; NFP = Number of flowering plants; NFP
= Number of flowers per plant; NFR = Number of fruits per plant; P: Probability according to ANOVA at 5% significance level. Means + standard errors of the same column with

the same letter do not differ significantly according to the Tukey HSD test at the 5% significance level. P = 0.05: not significant (NS); P < 0.01: very significant (TS); P < 0.001
(HS): highly significant.
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Table 5. Effect of fertilization regimes on soybean nodulation and biomass production (means
* standard errors).

Fertilization NN PDN (mg) BTF(g) BTS(g)
_regimes
T3 0.00£1.75a 0.000£76.59a 43.60£2.98b 11.70+0.96b
T2 0.20+1.57a 60.00+68.51a 46.00£2.67b 12.08+0.85b
T1 15.20+£1.57b 960.00+68.51c 21.90+2.67a 6.56+0.85a
TO 9.40+£1.57b 620.00+68.51b 23.24+2.67a 7.26+0.85a
P <0.0001 <0.0001 <0.0001 0.000
Significance HS HS HS HS

TO = Control with no input; T1 = 1 litre m of Trichoderma harzianum spore (healthy soil); T2 = 3 t ha* of organic
compost; T3 =3 t ha! of organic compost + 1 litre m= of Trichoderma Harzianum spore (healthy soil); NN =
Number of nodules; PDN = Nodule weight; BTF = Total fresh biomass; BTS = Total dry biomass; P: Probability
according to ANOVA at 5% significance level. The means + standard errors of the same column with the same
letter do not differ significantly according to the Tukey HSD test at the 5% significance level. (P < 0.05): P <
0.001 (HS): highly significant.

regimes T2 and T3 according to the Turkeys test
of separation of means at the 5% threshold. T1
and TO fertilization régimes significantly (P <
0.0001) and differently increased NDP compared
with T2 and T3 fertilization regimes. BTF and
BTS of soybean were significantly improved (P <
0.0001) under T2 and T3 compared to T1 and TO.

3.2 Discussion

The purpose of this study was to assess the
effects of organic compost, with or without
Trichoderma Harzianum spores, on soil fertility
and the agronomic performance of soybean. The
results showed that treatment T2 (3 t ha?! of
compost) and treatment T3 enriched with
Trichoderma Harzianum spores were more
effective in improving the chemical fertility of the
soil. Organic compost at a dose of 3 t ha-1 and
compost enriched with Trichoderma on a lixisol
improved soil fertility. Compost maintains and
improves the organic status of the soil by
improving its fertility through its various
properties. In fact, the increase in organic matter
(compost) content following its application is due
to the fact that compost helps to improve the
structure and structural stability of the soil and
that organic matter improves the physico-
chemical and biological properties of the soil [24].
Compost also helps to improve porosity by
reducing bulk density [25], and increases the
soil's water retention capacity. Trichoderma
increases soil fertility by metabolizing trace
elements and minerals such as Mn, Fe and Mg,
which are important for plant growth [26]. The
same authors state that the production of certain
organic acids such as citric acid, gluconic acid
and/or fumaric acid by Trichoderma harzianum
reduces soil pH, leading to the solubilization of

phosphates [26]. In addition, the improvement in
soil fertility through the use of manure results in a
reduction in acidity and exchangeable aluminum
levels due to the increase in exchangeable
element reserves and CEC, the accumulation of
organic matter and the improvement in biological
properties [27]. The improvement in total nitrogen
and total phosphorus content observed in soils
following the application of fertilizers T2 and T3
respectively is a function of the availability of
mineral elements provided by the compost [28],
in addition to the biostimulant and biofertilizing
effects of Trichoderma. Abidet and Djabil [29]
has shown that under cowpea cultivation,
treatment with compost generally contributes to
an increase in organic carbon, total nitrogen and
assailable phosphorus content. Compost also
improves the physicochemical and biological
qualities of the soil, and organic matter is an
important source of mineral elements (N, P, K).
In addition, organic matter improves growth by
lowering the pH of the rhizosphere, resulting in
better solubilization of nutrients and greater
availability to plants [30].

T3 fertilizer significantly increased plant height
compared with TO (control with no fertilizer
applied). Thus, the T3 treatment contributes to
soybean growth through its growth stimulating
and competitive actions against soil-borne
phytopathogenic fungi [31]. The number of
leaves was significantly affected under T3
fertilizer compared with T1 (1 liter m=3 of
Trichoderma  harzianum spores) and TO
fertilizers. This result is thought to be due to the
action of the nutrients contained in the compost,
as most of the positive effects of organic
fertilizers are due to the nutrients released after
the decomposition of organic waste, which leads

712



Zongo et al. : Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 705-717, 2024; Article no.lIJECC.122489

to an increase in vyield [32,33]. Fertilizer T2
significantly increased the number of leaves
compared with fertilizer T1. Fruit number was
significantly improved under T3 compared with
fertilizers TO, T1 and T2. This shows that,
independently of the crop, organic compost input
associated with Trichoderma harzianum spores
was more effective for foliar proliferation and
crop fruiting. This result is the combined action of
compost and Trichoderma on the one hand, the
application of organic fertilizers on soybeans
leads to a significant increase in the
characteristics of the number of pods according
to Lestari et al. [32]. Trichoderma spores not only
stimulate growth in soybean plants but also help
to eradicate certain pathogens [31]. The
significant increase in leaf numbers under T3
compared to T1 reflects that the inputs of organic
compost associated with Trichoderma Harzianum
were more efficient than the Trichoderma
Harzianum only. This shows that the mineral
elements contained in compost play an essential
role in the agronomic performance of the fungi of
the genus Trichoderma Harzianum.

The TO and T1 treatments significantly increased
the number and weight of soybean nodules (NN)
compared to T2 (organic compost inputs) and T3
(organic compost inputs associated with
Trichoderma Harzianum fertilizers. The inputs of
organic compost associated or not with
Trichoderma (T2, T3) favored the production of
soybean biomass contrary to the inputs of
Trichoderma and the control. The results show
that soybeans respond to low nitrogen levels in
the soil for their nodulation unlike their biomass
production. By their ability to bind atmospheric
nitrogen, legumes can improve soil nitrogen
availability and increase crop yields. Also, the
importance of phosphorus in improving cowpea
production and biological nitrogen fixation has
been demonstrated [34-36]. Most tropical acid
soils have low P availability due to soluble
inorganic P being fixed by Al and Fe in an acidic
soil [37]. Thus, fungi of the genus Trichoderma
hydrolyse phosphorus making it available for
nodulation and therefore correlated for symbiotic
nitrogen fixation. Biomass production under the
inputs of compost combined or not with
Trichoderma would be due to the mineralization
of the compost which releases the mineral
elements available for the plants. It has also
been shown that by neutralizing the low acidity of
soils and providing nutrients to plants, manure
improves mineral nutrition, resulting in increased
crop yields. Organic inputs such as compost
improve the physical and chemical properties of

the soil, enrich the soil with various nutrients
useful for the proper development of plants and
their vegetative constituents.

In this sense, organic manure has a very
beneficial effect on the physicochemical and
biological properties of soil. This results in a
significant increase in plant height, number of
pods per plant, seed weight and seed yields per
hectare of soybean compared to inorganic
fertilization [38]. Organic fertilizers enriched with
Trichoderma significantly improve the growth of
tomato plants. Organic matter would be an
additional source of nutrients that would improve
the efficiency of mineral fertilizers. It would make
nutrients more available for plant growth.
Trichoderma-enriched compost is richer in
nutrients and contributes to better plant growth
[30] Mamia et al. [39], who tested several strains
of Trichoderma on the growth of tomato, showed
that almost all strains of Trichoderma succeeded
in stimulating plant growth parameters to varying
degrees. Moya et al. [40] and Alla et al. [41] also
reported that combined organic manure
applications are more effective on solanaceous
plant growth than organic fertilizer applications
alone.

4. CONCLUSION

The study involved assessing the effect of
organic compost with or without Trichoderma
harzainum spores on the agronomic performance
of soybean and soil fertility. The study showed
that inputs of 3 t ha? with or without 1 m- of
Trichoderma spores improved the organic status
and chemical fertility of the soil. 3 t ha?l of
compost combined with Trichoderma harzainum
improved the morphological performance of the
soybean. 3 t hal of compost with or without
Trichoderma harzainum improved soybean
biomass production on a lixisol. Nodule
production of soybean was significantly higher
under fertilization regimes with no inputs and
Trichoderma harzainum inputs, although the
Trichoderma harzainum fertilization regime was
better. In order to disseminate these results, it is
necessary to evaluate the effects of these
fertilization regimes on the biological fertility of
the soil to assess the technical and economic
performance of the experiment, and to conduct
the experiment in the farming environment and
on other types of soil.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declares that NO generative Al
technologies such as Large Language Models

713



Zongo et al. : Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 705-717, 2024; Article no.lIJECC.122489

(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

ACKNOWLEDGEMENTS

We would like to thank the forty-two (42) women
of the NABONSWENDE association in Niessega,
from the NGO “Association pour la Recherche et
la Formation en Agroécologies (ARFA)” for
producing the compost. This research activity
was finacially supported by the “Collectif des
associations (ASI) du Sud Est pour le Burkina
Faso (CASE-BURKINA)" and “Micro-projets en
fruits et Ilégumes dans les pays en
développement (MICROFEL)".

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Gehlot P, Yadav J, Chittora DS, Meena P,
Jain T. Biofertilizers, Bionanofertilizers and
Nanofertilizers: Ecofriendly alternatives for
crop production. J. Mycopathol. Res..
2024;62(2):241-259.
Available:https://doi:10.57023/JMycR.62
.2.2024.241

2. Koch A, McBratney A, Adams M, Field D,
Hill R, Crawford J, Minasny B, Lal
R, Abbott L, O'Donnell A, Angers
D, Baldock J, Barbier E, Binkley D, Parton
W, Wall DH, Bird M, Bouma J, Chenu
C, Flora CB, Goulding K, Grunwald
S, Hempel J, Jastrow J, Johannes
Lehmann, Lorenz K, Morgan  CL, Rice
CW, Whitehead D, Young I, Zimmermann,
M . Soil security: solving the global soil
crisis. Global Policy. 2013;4(4):434-441.
Available:https://doi.org/10.1111/1758-
5899.12096

3. Barbier EB, Hochard JP. Land degradation
and poverty. Nat Sustain 1 623-
631.Chianu J, Chianu J, Mairura F.
2012.Mineral fertilizers in the farming
systems of sub-Saharan Africa. A review.
Agron Sustain Dev.. 2018;32(2):
545-56.
Available:https://www.nature.com/articles/s
41893-018-0155-4

4, Ntinyari W, Giweta M, Gweyi-Onyango J,
Mochoge B, Mutegi J, Nziguheba G,
Cargele Masso C. Assessment of the 2006
Abuja. Fertilizer declaration with emphasis

10.

11.

714

on nitrogen use efficiency to reduce yield
gaps in Maize Production. Front. Sustain.
Food Syst.. 2022;5:758724.
Available:https://doi:10.3389/fsufs.2021.75
8724

Zongo KF, Hien E, Mare BT, Guebre D.
Performance de [I'association mixte
sorgho-niébé sur les productivités du
sorgho et des sols en zone Soudano-
Sahélienne du Burkina Faso; International
Journal of Biological and Chemical
Sciences. 2021; 15(3) :987-1005.
Avalilable:https://doi.org/10.4314/ijbcs.v15i
3.12

Ishikawa H, Drabo I, Muranaka S, Boukar
O. Guide pratique sur la culture du niébé
au Burkina Faso, International Institute of
Tropical Agriculture (IITA). Ibadan, Nigeria.
2013;32.

Bello SK, Yusuf AA, Cargele M.
Performance of cowpea as influenced by
native strain of rhizobia, lime and
phosphorus in Samaru, Nigeria.
Symbiosis. 2018;75:167-176.
Available:https://doi.org/10.1007/s13199-
017-0507-2

Lazali M, Drevon JJ. Mechanisms and
adaptation strategies of tolerance to
phosphorus  deficiency in  Legumes.

Communications in Soil Science and Plant
Analysis. 2021;52(13):1469-1483.
Available:https://doi.org/10.1080/00103624
.2021.1885693

Borges CLF, Chagas Junior AF, Rodrigues
de Carvalho M, de Oliveira Miller L, Orozco
Colonia BS. Evaluation of the phosphate
solubilization potential of Trichoderma
strains (Trichoplus JCO) and effects on
rice biomass. Journal of Soil Science and
Plant Nutrition. 2015;15(3):794-804.
Available:http://dx.doi.org/10.4067/S0718-
95162015005000054

Bader AN, Salerno GL, Covacevich F,
Consolo VF. Native Trichoderma
harzianum strains from Argentina produce
indole-3 acetic acid and phosphorus
solubilization, promote growth and control
wilt disease on tomato (Solanum
lycopersicum L.). J. King Saud Univ. Sci..
2020;32(01):867-873.
Available:https://doi.org/10.1016/j.jksus.20
19.04.002

Basu A, Prasad P, Das SN, Kalam S,
Sayyed RZ, Reddy MS, El Enshasy H.
Plant growth promoting rhizobacteria
(PGPR) as green bioinoculants: recent


https://doi:10.57023/JMycR.62.2.2024.241
https://doi:10.57023/JMycR.62.2.2024.241
https://onlinelibrary.wiley.com/authored-by/Minasny/Budiman
https://onlinelibrary.wiley.com/authored-by/Lal/Rattan
https://onlinelibrary.wiley.com/authored-by/Abbott/Lynette
https://onlinelibrary.wiley.com/authored-by/O%27Donnell/Anthony
https://onlinelibrary.wiley.com/authored-by/Angers/Denis
https://onlinelibrary.wiley.com/authored-by/Baldock/Jeffrey
https://onlinelibrary.wiley.com/authored-by/Barbier/Edward
https://onlinelibrary.wiley.com/authored-by/Binkley/Dan
https://onlinelibrary.wiley.com/authored-by/Parton/William
https://onlinelibrary.wiley.com/authored-by/Wall/Diana+H.
https://onlinelibrary.wiley.com/authored-by/Bird/Michael
https://onlinelibrary.wiley.com/authored-by/Bouma/Johan
https://onlinelibrary.wiley.com/authored-by/Chenu/Claire
https://onlinelibrary.wiley.com/authored-by/Flora/Cornelia+Butler
https://onlinelibrary.wiley.com/authored-by/Goulding/Keith
https://onlinelibrary.wiley.com/authored-by/Grunwald/Sabine
https://onlinelibrary.wiley.com/authored-by/Hempel/Jon
https://onlinelibrary.wiley.com/authored-by/Jastrow/Julie
https://onlinelibrary.wiley.com/authored-by/Lehmann/Johannes
https://onlinelibrary.wiley.com/authored-by/Lehmann/Johannes
https://onlinelibrary.wiley.com/authored-by/Lorenz/Klaus
https://onlinelibrary.wiley.com/authored-by/Morgan/Cristine+L.
https://onlinelibrary.wiley.com/authored-by/Rice/Charles+W.
https://onlinelibrary.wiley.com/authored-by/Whitehead/David
https://onlinelibrary.wiley.com/authored-by/Young/Iain
https://doi.org/10.1111/1758-5899.12096
https://doi.org/10.1111/1758-5899.12096
https://www.nature.com/articles/s41893-018-0155-4
https://www.nature.com/articles/s41893-018-0155-4
https://doi:10.3389/fsufs.2021.758724
https://doi:10.3389/fsufs.2021.758724
https://doi.org/10.4314/ijbcs.v15i3.12
https://doi.org/10.4314/ijbcs.v15i3.12
https://doi.org/10.1007/s13199-017-0507-2
https://doi.org/10.1007/s13199-017-0507-2
https://doi.org/10.1080/00103624.2021.1885693
https://doi.org/10.1080/00103624.2021.1885693
http://dx.doi.org/10.4067/S0718-95162015005000054
http://dx.doi.org/10.4067/S0718-95162015005000054
https://doi.org/10.1016/j.jksus.2019.04.002
https://doi.org/10.1016/j.jksus.2019.04.002

12.

13.

14.

15.

16.

17.

18.

19.

Zongo et al. : Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 705-717, 2024; Article no.lIJECC.122489

developments, constraints, and prospects.
Sustainability. 2021;13:1140.
Available:http://dx.doi.org/10.3390/su13031
140

Mohanty P, Singh PK, Chakraborty D,
Mishra S, Pattnaik R. Insight into the role
of PGPR in sustainable agriculture and
environment. Front. Sustainable Food
Syst. 2021;5:667150.
Available:http://dx.doi.org/10.3389/fsufs.20
21.667150

Zeinabou H, Mahamane S, Nacro HB,
Bado BV, Lompo L, Bationo A. Effet de la
combinaison des femures organo-
minerales et la rotation niebe-mil sur la
nutrition azotée et les rendements du mil
au sahel. Int. J. Biol. Chem. Sci.. 2014;
8(4):1620-1632.
Available:http://dx.doi.org/10.4314/ijbcs.v8i
4.24

Zraibi L, Chaabane K, Berrichi A, Shaa M,
Badaoui M, Zarhloule Y, Georgiadis M.
Assessment of the agronomic value of the
sludge compost for the  waste
water treatment plant from Nador city. J.

Mater. Environ. Sci.. 2015;6(10) :2975-
2985:11.

IUSS Working Group WRB.
World Reference Base for Soail
Resources 2014, Update 2015.
International Soil Classification

System for Naming Soils and Creating
Legends for Soil Maps. World Soil
Resources Reports No. 106, Rome, FAO;
2015.

AFNOR  (Association  Francaise de
Normalisation) : Détermination du pH. In:
AFNOR, NF ISO 103 90,Qualité des sols,
Paris. 1981 ;339-348

Walkley AJ, Black IA. Estimation
of soil organic carbon by the
chromic acid titration method. Soil Sci..
1934;37:29-38.

Kitson RE, Mellon MG. Colorimetric
determination of phosphorus as
Molybdivanadophosphoric Acid. Industrial
and Engineering Chemistry, Analytical
Edition. 1944;16:379-383.
Available:https://doi.org/10.1021/1560130A
017

Bray RH, Kurtz LT. Determination of Total
Organic and Available Forms of
Phosphorus in Soils. Soil Science. 1945;
59:39-45.
Available:http://dx.doi.org/10.1097/000106
94-194501000-00006

20.

21.

22.

23.

24.

25.

26.

27.

28.

715

Ahenkorah Y. Potassium-supplying power
of some soils of Ghana cropped to cacao.
Soil Science. 1970;109(2):127-135.
Available:https://doi.org/10.1016/0038-
0717(85)90141-5

Houba VJG, Lexmond ThM, Novozamsky
I, van der Lee JJ. State of the art and
future developments in soil analysis for
bioavailability assessment. Science of The
Total Environment, 1996;178(1-3):21-28.
Available:https://doi.org/10.1016/0048-
9697(95)04793-X

Kjeldahl J. New Method for the
Determination of Nitrogen. Chem News.
News, 1883;48(1240):101-102.
Available:http://dx.doi.org/10.1007/BF0133
8151

Addinsoft. XLSTAT; 2023.
Available:https://help.xIstat.com/dataset/XL
STAT_FR.pdf

Gontier L, Caboulet D, Lhoutellier C.
Assessment of the agronomic value of
sewage sludge compost applied on wine-
growing soils. Acta Hortic. 2014;1018:255-
262. Assessment of the agronomic value of
the sludge compost for the waste water
treatment plant from Nador city. J. Mater.
Environ. Sci. 2015;6(10):11.
Available:https://doi.org/10.17660/ActaHort
ic.2014.1018.26

Vinale F, Sivasithamparam K, Ghisalberti
EL, Woo SL, Lorito M. Intéractions
Trichoderma-plante-pathogéne
interactions. Sol Biol. Biochemie, 2008;40
:1-10.

Gomgnimbou  APK, Bandaogo AA,
Coulibaly K, Sanon A, Ouattara S, Nacro
HB. Effets a court terme de l'application
des fientes de volaille sur le rendement du
mais (Zea mays L.) et les caractéristiques
chimiques d’un sol ferralitique dans la zone
sud-soudanienne du Burkina Faso. Int. J.
Biol. Chem. Sci.,, 2019;13(4):2041-2052.
DOl:https://dx.doi.org/10.4314/ijbcs.v13i4.1
1

QOuedraogo E, Hien E. Effet d’'un compost
enrichi par des spores du clone
Trichoderma harzianum (rifai) sur le
rendement du niébé et du mais sous abris
au Burkina Faso. International Journal of
Biological and Chemical Science. 2015;9
(3):1330-1340.
Available:https://doi.org/10.4314/ijbcs.v9i3.
18

Ouedraogo E. Effect of compost enriched
with spores of Trichoderma harzianum


http://dx.doi.org/10.3390/su13031140
http://dx.doi.org/10.3390/su13031140
http://dx.doi.org/10.3389/fsufs.2021.667150
http://dx.doi.org/10.3389/fsufs.2021.667150
http://dx.doi.org/10.4314/ijbcs.v8i4.24
http://dx.doi.org/10.4314/ijbcs.v8i4.24
https://doi.org/10.1021/I560130A017
https://doi.org/10.1021/I560130A017
http://dx.doi.org/10.1097/00010694-194501000-00006
http://dx.doi.org/10.1097/00010694-194501000-00006
109(2):%20127-135.%20
https://doi.org/10.1016/0038-0717(85)90141-5
https://doi.org/10.1016/0038-0717(85)90141-5
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/178/issue/1
https://doi.org/10.1016/0048-9697(95)04793-X
https://doi.org/10.1016/0048-9697(95)04793-X
http://dx.doi.org/10.1007/BF01338151
http://dx.doi.org/10.1007/BF01338151
https://help.xlstat.com/dataset/XLSTAT_FR.pdf
https://help.xlstat.com/dataset/XLSTAT_FR.pdf
https://doi.org/10.17660/ActaHortic.2014.1018.26
https://doi.org/10.17660/ActaHortic.2014.1018.26
https://dx.doi.org/10.4314/ijbcs.v13i4.11
https://dx.doi.org/10.4314/ijbcs.v13i4.11
https://doi.org/10.4314/ijbcs.v9i3.18
https://doi.org/10.4314/ijbcs.v9i3.18

29.

30.

31.

32.

33.

34.

Zongo et al. : Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 705-717, 2024; Article no.lIJECC.122489

(Rifai) on the chemical properties of the
soil and the yield of cowpea and corn.

Master at the |Institute of Rural
Development of the Polytechnic
University of Bobo-Dioulasso, Burkina

Faso. 2013;85.
Available:https://bibliovirtuelle.unaziboni.bf/
biblio/opac_css/docnume/idr/agriculture2/I
DR-2013-OUE-EFF.pdf

Sawadogo J, Coulibaly PJA, Traore B,
Bassole MSD, Savadogo CA,
Legma JB. Effets des fertilisants
biologiques sur la productivité de la tomate
en zone semi-aride du Burkina Faso.
Journal of Applied Biosciences. 2021;
167:17375-17390.
Available:http://dx.doi.org/10.35759/JABs.1
67.8

Abidet K, Djabil A. The effect of
Trichoderma sp. and salicylic acid on the
reduction of the incidence of the disease
and the efficiency on the growth of the
tomato variety (Lycopersion esculentum

Mill) contaminated by Fusarium
oxysporum, Larbi Ben Mhidi oum
Eibouaghi University, Doctoral thesis,
2018;120.

Baoua I, Nouri M, Saidou AK, Amadou L.
Some new early productive and pest-
resistant cowpea varieties. Regional
Center for Agronomic Research
of Niger (CERRA), Republic of Niger.
2013;3.

DOI:10.13140/RG.2.1.1609.0083.

Lestari SAD, Sutrisno S, Kuntyastuti H.
Effect of organic and inorganic fertilizer
application on vyield of early and mid-
maturing soybean, Nusantara Bioscience.
2018;10(1):15.
Available:https://doi.org/10.13057/nusbiosc
i/n100101 ;

Awwad E, Mohamed |, Abd El-Hameedb A,
Zaghloul E. The co-addition of soil
organic amendments and natural bio-
stimulants improves the production and
defenses of the wheat plant grown under
the dual stress of salinity and
alkalinity. Egypt J Soil Sci..
2022;62(2):137-153.
Available:https://doi.org/10.21608/ejss.202
2.148406.1513.

Somé PP, Hien E, Tozo K, Zombre G,
Dianou N. Effects of six composts on the
physiological, biochemical and agronomic
responses of cowpea Vigna unguiculata L.
Walp var. KVX. 61.1. to water deficit.

35.

36.

37.

38.

39.

40.

716

International Journal of Biological and
Chemical Science. 2014;8(1):31-45.
Available:http://dx.doi.org/10.4314/ijbcs.v8i
1.4.

Mmbaga GW, Mtei KM, Ndakidemi PA.
Extrapolations on the use of rhizobium
inoculants supplemented with phosphorus
(P) and Potassium (K) on Growth and
Nutriton  of  Legumes.  Agricultural
Sciences. 2014,05:1207.

DOI: 10.4236/as.2014.512130

Nandwa SM, Obanyi SN, Mafongoya PL.
Agro-Ecological Distribution of Legumes in
Farming Systems and Identification of
Biophysical Niches for Legumes Growth;
2011. In: Bationo A, Waswa B, Okeyo J,
Maina F, Kihara J, Mokwunye U. (eds)
Fighting poverty in Sub-Saharan Africa:
The Multiple Roles of Legumes in
Integrated Soil Fertility Management.
Springer, Dordrecht.
Available:https://doi.org/10.1007/978-94-
007-1536-3_1.

Mulambuila MN, Kamambo RM, Jadica CT,
Tshibamba JM, Mukanya MB. Etude
comparative de quelques fertilisants (Bat-
guano et DAP) sur le rendement du niébé
(Vigna unguiculata, L. Walp.) dans la
région de Gandajika (RDC). J. Appl. Biosci.
2015;92:8651-8658.

DOI: http://dx.doi.org/10.4314/jab.v92i1.9.
Ch’ng HY, Sanusi S, Othman SB. Effect of
Christmas Island rock phosphate and rice
straw compost application on sall
phosphorus availability andmaize (Zea
mays L.) growth in a tropical acid soil of
Kelantan, Malaysia. Open Agric. 2020;5,
150-158.
Available:http://dx.doi.org/10.1515/opag-
2020-0015.

Mamia A, Amin AKR, Roy TA, Kim E,
Hwang S, Lee |. Soy Net : une base de
données de réseaux co-fonctionnels pour
la glycine max de soja. Acides nucléiques
S. et Faruk, GM (2017). Influence des
engrais inorganiques et organiques sur la
croissance et le rendement du soja,
Bangladesh Agronomy Journal.
2017;45:77-81.

Moya P, Barrera V, Cipollone J, Bedoya C,
Kohan L, Toledo A, Sisterna M. New
isolates of Trichoderma spp. as biocontrol
and plant growth—promoting agents in the
pathosystem Pyrenophora teres-barley in
Argentina.  Biological Control.  2020;
141:104152.


http://dx.doi.org/10.35759/JABs.167.8
http://dx.doi.org/10.35759/JABs.167.8
http://dx.doi.org/10.13140/RG.2.1.1609.0083
https://doi.org/10.13057/nusbiosci/n100101
https://doi.org/10.13057/nusbiosci/n100101
https://doi.org/10.21608/ejss.2022.148406.1513
https://doi.org/10.21608/ejss.2022.148406.1513
http://dx.doi.org/10.4314/ijbcs.v8i1.4
http://dx.doi.org/10.4314/ijbcs.v8i1.4
http://dx.doi.org/10.4236/as.2014.512130
https://doi.org/10.1007/978-94-007-1536-3_1
https://doi.org/10.1007/978-94-007-1536-3_1
http://dx.doi.org/10.4314/jab.v92i1.9
http://dx.doi.org/10.1515/opag-2020-0015
http://dx.doi.org/10.1515/opag-2020-0015

41,

Zongo et al. : Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 705-717, 2024; Article no.lIJECC.122489

Available:https://doi.org/10.1016/j.biocontr
01.2019.104152.

Alla KT, Bomisso EL, Ouattara G, Dick AE.
Effets de la fertilisation a base des sous-
produits de la pelure de banane plantain
sur les parameétres agromorphologiques de
la variété d’Aubergine F1 kalenda

(Solanum melongena) dans la localité de
Bingerville en Céte d’lvoire Journal of
Animal & Plant Sciences, 2018;38(3):
6292-6306.

Available:https://www.m.elewa.org/Journal
s/wp-content/uploads/2018/12/2.Alla_.pdf

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Afttribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/122489

717


https://doi.org/10.1016/j.biocontrol.2019.104152
https://doi.org/10.1016/j.biocontrol.2019.104152
https://www.sdiarticle5.com/review-history/122489

