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ABSTRACT - The use of biofertilizers associated with the use of
Trichoderma harzianum applied to the soil can mitigate salt stress
and maximize cowpea yield. In this context, the objective was to
evaluate the use of brackish water and biofertilizers on the yield of
the cowpea crop in soil with and without application of T.
harzianum. The experiment was carried out between October and
December 2022 in the field, in the experimental area of Pirods Farm,
belonging to the University for International Integration of Afro-
Brazilian Lusophony, in Redencéo, Ceara, Brazil. The experimental
design was randomized blocks, in a split-split-plot scheme, with four
replicates, with two electrical conductivities of irrigation water (0.8
and 4.0 dS m™) in the plots, two types of biofertilizers of animal
origin (cattle and poultry) in the subplots, and with and without
application of 7. harzianum in the sub-subplots. At 90 days after
sowing, the dry pods were harvested and the following variables
were evaluated: number of pods per plant, number of grains per pod,
pod mass, mass of 100 grains, pod length and yield. The poultry
biofertilizer partially mitigated the deleterious effects of salinity and
promoted a greater number, length and mass of pods and yield of the
cowpea crop. Salt stress had a negative effect, while poultry
biofertilizer was more efficient for the mass of 100 grains.
Application of T. harzianum mitigated salt stress and increased the
number of grains per plant, pod length and yield of cowpea crop.

Keywords: Vigna unguiculata (L.). Salinity. Organic fertilizer.
Microorganisms.

RESUMO - O uso de biofertilizantes associado ao uso de
Trichoderma harzianum aplicado ao solo pode mitigar o estresse
salino e maximizar a produtividade do feijoeiro. Neste sentido,
objetivou-se avaliar o uso de agua salobra e biofertilizantes na
produtividade da cultura do feijdo-caupi em solo com e sem
aplicacdo de T. harzianum. O experimento foi realizado entre
outubro e dezembro de 2022 em campo, na area experimental da
Fazenda Pirods, da Universidade da Integracdo da Lusofonia Afro-
Brasileira, Redeng¢do, Ceard. O delineamento experimental foi em
blocos ao acaso, em esquema de parcelas subsubdivididas, com
quatro repeti¢des, sendo as parcelas, duas condutividades elétricas na
dgua de irrigagio (0,8 e 4,0 dS m™), a subparcela, dois tipos de
biofertilizantes de origem animal (bovino e aves) e a subsubparcela,
com e sem 7. harzianum. Aos 90 dias apos a semeadura foi realizada
a colheita das vagens secas e avaliadas as seguintes variaveis:
numero de vagens por plantas, numero de graos por vagens, massa de
vagens, massa de cem grdos, comprimento de vagem e
produtividade. O biofertilizante de aves amenizou parcialmente os
efeitos deletérios da salinidade e proporciona maior numero,
comprimento e massa de vagens e produtividade da cultura do feijao-
caupi. O estresse salino afetou negativamente, enquanto o
biofertilizante de aves foi mais eficiente para a massa de cem graos
de feijdo. A aplicacdo do T. harzianum atenuou o estresse salino e
elevou o niimero de grios por planta, o comprimento de vagem ¢ a
produtividade do feijao-caupi.

Palavras-chave: Vigna unguiculata (L.). Salinidade. Fertilizante
organico. Microrganismos.
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INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp) is a legume crop native to the
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African continent, with great socioeconomic importance, being a direct source of
employment for low-income populations in the North and Northeast regions of
Brazil (ROCHA et al., 2019). It is a crop rich in proteins, fibers, and minerals,
being of great social and economic importance, which makes it one of the most
cultivated in the world (OLIVEIRA et al., 2023). The total cultivated area in
Brazil in the 2024/25 season was approximately 2,784.8 ha, with a total
production of 3,172 t and a national average yield of 1,139 kg ha™'. In the state of
Ceara, the average production was 3,229 thousand tons, with an average yield of
1,156 kgha (CONAB, 2025).

However, in semi-arid regions, as in the case of the Brazilian Northeast,
which are characterized by low rainfall, insufficient to supply the potential
evapotranspiration rate of plants (OLIVEIRA et al., 2023). For this reason,
irrigation plays a fundamental role in the development of agriculture, in many
situations becoming the only way to ensure security for agricultural production
(HOLANDA et al., 2016); however, in some situations it is necessary to use
brackish water to enable cultivation in these areas (GOES et al., 2021).
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According to Minhas et al. (2020), the salinity of
irrigation water is one of the main constraints on the global
production of food and other products from agriculture, as its
effects are particularly critical in semi-arid and arid regions.
Excess salts in the soil solution reduce osmotic and water
potential, physiological processes, and ion absorption, leading
to a reduction in the yield of cultivated plants (SOUSA et al.,
2023).

It should be noted that cowpea is considered
moderately tolerant to salinity, with a threshold of 3.3 and 4.9
dS m™ for the electrical conductivity of water and soil,
respectively (AYERS; WESTCOT, 1999).

Some studies have been conducted to alleviate the
deleterious effects of salt stress on plants. One strategy that
has been shown to be efficient is the use of fertilization
through liquid biofertilizers of animal origin (SOUSA et al.,
2024). Santos et al. (2024) describe that bovine biofertilizer
attenuated the effects of salts on soybean crop yield.
Similarly, Sousa et al. (2023) found an increase in water use
efficiency in peanut crop under salt stress, when using
fertilization with bovine biofertilizer, demonstrating a
mitigating effect against water salinity.

In addition, recent studies demonstrate that the use of
microorganisms can also be an alternative to relieve salt stress
(SANTOS et al., 2024; OLIVEIRA et al., 2024). The fungus
Trichoderma harzianum associated with the use of organic
fertilizers can favor greater translocation and solubility of
mineral nutrients and promote improvements in crop yield

(BARBOSA et al.,, 2024). Oliveira et al. (2024) reported
mitigation of damage in peanut cultivation under salt stress
(4.0 d S m™) with organic (bovine biofertilizers) and mineral
(50 and 100% phosphorus) fertilizations associated with
Bacillus sp., which promoted greater water use efficiency and
stem diameter.

In this context, the objective of this study was to
evaluate the use of brackish water and biofertilizers on
cowpea yield in soil with and without 7. harzianum
application.

MATERIAL AND METHODS

The experiment was carried out under field conditions
between October and December 2022, at the Piroas

experimental farm, belonging to the University for
International Integration of Afro-Brazilian Lusophony
(UNILAB), located in Redengdo (4°9°19.39” S and

38°47°41.48” W), Ceara, Brazil. The climate of the region is
BSh’ type, with very high temperatures and rainfall
predominating in the summer and autumn seasons
(ALVARES et al., 2013).

Rainfall and maximum and minimum air temperatures
were recorded daily throughout the experiment, as well as the
average relative humidity (Figure 1), monitored by means of a
data logger (HOBO® U12-012 Temp/RH/Light/Ext).
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Figure 1. Mean values of temperature and relative humidity during the experimental period.

The experimental design was randomized blocks, in a
split-split-plot scheme, with four replicates, with two
electrical conductivities of irrigation water (0.8 and
4.0 dS m™) in the plots, two types of biofertilizers of animal
origin (cattle and poultry) in the subplots, and with and
without application of T. harzianum in the sub-subplot.

The soil present in the study area is classified as Argissolo
vermelho-amarelo (Ultisol) with a sandy loam texture
(SANTOS et al., 2018). Before the experiment, soil samples
were collected to form a composite sample, which was sent to
the laboratory to determine the chemical attributes (Table 1),
following the methodology described by Silva (1999).
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Table 1. Chemical attributes of the soil used before application of the treatments.

Chemical characteristics

OM N P K Mg Ca Na pH ESP ECse
gkg! gkg! mg kg! gkg! cmol, dm™ --------—--—- % dSm!
12.52 0.79 14 0.14 2.5 5.2 0.18 5.6 2 0.9

OM = Organic matter. ESP = exchangeable sodium percentage. ECse = electrical conductivity of soil saturation extract.

Cowpea (Vigna unguiculata (L)) seeds, from a native
variety of the region (Rabo de Soin), were sown manually by
planting four seeds per hole, at a spacing of 1.0 x 0.3 m
between planting rows and between plants, respectively. At
10 days after sowing (DAS), thinning was carried out with the
established plant stand, leaving one plant per hole.

Cowpea plants were fertilized using organic sources

Table 2. Chemical characterization of the biofertilizers used.

(poultry and bovine biofertilizers), which were prepared using
fresh cattle and poultry manure, adding water in the
proportion of 1:1 (volume/volume ratio) for each biofertilizer,
stored in plastic reservoirs and left to ferment aerobically for
30 days. Samples were collected and sent to the laboratory for
chemical characterization, following the methodology of Silva
(1999) (Table 2).

N P K Ca Mg Fe Cu Zn Mn
Biofertilizers (gL™h (mg L™
Poultry 0.23 0.03 3.83 0.06 0.08 17.90 0.96 2.88 2.54
Cattle 0.20 0.11 2.30 0.07 0.07 11.87 0.83 3.34 5.02
Fertilization with organic sources was complemented _
with the maximum recommendation of chemical fertilization ETc = ECAx Kp x Kc M

by Melo and Cardoso (2017) for cowpea, which corresponded
to 30 kg ha™ of N, 60 kg ha™ of P,Os and 30 kg ha of K,0,
considering the results of soil analysis (Table 1) and analysis
of the biofertilizers (Table 2).

According to the spacmg used (0 3 mx 1.0 m), with a
stand of 33, 333 plants ha™', the maximum nutrient dose per
plant” cycle” was: 0.9 g ofN 1.8 g of P,Os5 and 0.9 g of K,0,
respectively. The biofertilizers were applied manually in an
open furrow 15 cm away from the planting row.

The microorganism used in the experiment was 7.
harzianum (ESALQ 1306 strain), a commercial product
(Trichodermil). The product was applied via s01l accordmg to
the manufacturer’s recommendation (2 kg ha™), always in the
late afternoon.

Public-supply water (control treatment — 0.8 dS m™)
was stored in 500 L water tanks and used to prepare the 4.0 dS
m’' saline solution, which was prepared with sodium chloride
(NaCl), calcium chloride (CaCl,.2H,O) and magnesium
chloride (MgCl,6H,0), maintaining an equivalent ratio of
7:2:1 (RHOADES; KANDIAH; MASHALI, 2000), following
the relatronshrp between ECw and the molar concentration
(mmol. L™ = ECw x 10).

Irrigation was applied by a drip system, with drippers
spaced 0.3 m apart, which corresponded to one dripper per
plant with a flow rate of 8 L h™". The distribution uniformity
coefficient (DUC) was 92%. Irrigation management was
estimated daily by reference evapotranspiration, using data
from a Class A evaporation pan. Crop evapotranspiration, in
mm day™', was calculated from the evaporation measured in
the Class A pan, according to Equation 1.

Where:
ETc - Crop evapotransplratlon in mm day™;
ECA - Evaporation measured in the Class A pan, in mm day™;
Kp - Coefficient of the Class A pan, dimensionless; and
Kc - Crop coefficient, dimensionless.

The following crop coefficients (Kc) were adopted:
0.71 (up to 12 days after sowing - DAS); 0.81 (from 13 to 33
DAS); 1.22 (from 34 to 54 DAS) and 0.77 (from 55 DAS to
the end of the cycle) (SOUZA; BEZERRA; TEOFILO, 2005).
Irrigation time was obtained from Equation 2:

ETcx Sp
Ti = ——x60

Eaxq )

Where:

Ti - Irrigation time (min);

ETc - Crop evapotranspiration in the period (mm);
Sp - Spacing between drippers;

Ea - Application efﬁmency (0.92);

q - flow rate (Lh™).

A leaching fraction of 0.15 was added to the applied
depth (AYERS; WESTCOT, 1999) and, until the
establishment of the plant stand, the experiment was 1rr1gated
daily with public-supply water from the farm (0.8 dS m’ )
After this period, at 10 DAS, brackish water of 4.0 dS m™
began to be applied.

At the end of the crop cycle, the harvested pods were
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subjected to natural drying and the following variables were
evaluated: number of pods per plant (NPP) and number of
grains per pod (NGP), obtained by direct counting the units;
pod dry mass (PDM, g) and mass of 100 grains (M100g),
determined on a 0.01 g precision scale; and yield (YLD -
expressed in kg ha™).

To assess normality, the data were subjected to the
Kolmogorov-Smirnov test (p < 0.05). Next, the data were
subjected to analysis of variance (ANOVA) and, when
significant by the F test, they were subjected to means
comparison test, Tukey test (p < 0.05), using ASSISTAT 7.7
Beta software (SILVA; AZEVEDO, 2016).

RESULTS AND DISCUSSION

There was an interaction between the combined
treatments of irrigation water and biofertilizers for the
following variables: number of pods per plant (NPP), pod dry
mass (PDM) and yield (YLD). On the other hand, the mass of
100 grains (M100g) was individually affected by irrigation
water and biofertilizers, while the number of grains per pod
(NGP) and yield (YLD) were influenced by the interaction
between irrigation water and 7. harzianum (Table 3).

Table 3. Summary of the analysis of variance for yield components (number of pods per plant (NPP), pod dry mass (PDM), number of grains
per pod (NGP), mass of 100 grains (M100g), pod length (PL) and yield (YLD) in cowpea irrigated with brackish water and under the use of

Trichoderma harzianum and biofertilizers.

Mean square

SV DF
NPP PDM NGP M100g PL YLD

Blocks 3 18.00™ 91.82"™ 16.47™ 3.39™ 3457.38" 280461.05"
Salinity (S) 1 48.00™ 377.29™ 72.52% 50.93" 5380.28"™ 10168911.82°
Residual (S) 3 13.6 66.75 3.57 4.62 184.64 64170.63
Plots 7
Biofertilizer (B) 1 14.08" 36.60™ 11.02" 21.36" 84.22™ 47363.38™
SxB 1 24.08" 86.57 13.02™ 11.28™ 5275.48™ 5789498.82°
Residual (B) 6 1.58 7.76 3.62 3.42 515.07 204797.11
Subplots 15
Trichoderma (T) 1 10.08"™ 20.18"™ 13.02"™ 3.33™ 684.53™ 356410.79™
SxT 1 0.75™ 15.67™ 28.52° 5.78™ 3999.15™ 1956976.15""
BxT 1 8.33™ 47.70™ 2.52™ 0.81™ 317.73™ 729357.36™
SxBxT 1 0.33™ 4.87™ 11.02" 2.70™ 311337 358814.51™
Residual (T) 12 4.03 17.05 5.27 4.13 591.57 78854.68
Total 31
CV - S (%) 27.05 75.8 17.82 18.81 27.4 10.43
CV -B (%) 22.88 25.84 17.94 16.18 32.46 18.64
CV - T (%) 26.48 28.31 21.65 17.78 26.94 11.57

SV — source of variation; DF — degrees of freedom; CV — coefficient of variation; ns — not significant; ** and * — significant at 0.01 and 0.05 by

Tukey test, respectively.

For the number of pods per cowpea plant, there was no
significant difference between the biofertilizers used when
plants were irrigated with lower-salinity water (0.8 dS m™);
however, the treatment with brackish water and poultry
biofertilizer showed an increment of 76.92% when compared
to the use of bovine biofertilizer (Figure 2A).

This superiority may be related to the higher supply of
nutrients (N and K) of the poultry biofertilizer, as shown in
Table 2, directly assisting in the osmotic and stomatal
adjustment of plants under salt stress, that is, possibly causing
greater accumulation of organic solutes by plants and less
water loss through transpiration (BARBOSA et al., 2024),

favoring the absorption of water and nutrients in a saline
environment.

Pod dry mass followed the same trend as the number of
pods per plant, with an increase of 76.91% obtained with the
poultry biofertilizer compared to the bovine biofertilizer,
when associated with water of higher salinity (4.0 dSm™)
(Figure 2B). This result may be associated with the greater
nutritional supply of the poultry biofertilizer, in addition to the
ability to improve the environment through a possible greater
capacity to release humic substances, mitigating salt stress
more satisfactorily (FREIRE et al., 2022), promoting greater
pod mass.
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Figure 2. Number of pods (A) and pod mass (B) per plant of cowpea under levels of electrical conductivity of irrigation water and biofertilizer.
Uppercase letters compare means between biofertilizers for the same electrical conductivity, while lowercase letters compare means between
electrical conductivities for the same biofertilizers, using Tukey test (p < 0.05); vertical bars represent standard error (n=4).

A result contrasting with that of the present study was
reported by Sousa et al. (2023), who found a higher pod mass
in peanut crop irrigated with brackish water of 5.0 dS m™,
under fertilization with bovine biofertilizer (1.0 L/plant
weekly). Santos et al. (2024), when using bovine biofertilizer
for fertilization in soybean crop under salt stress (4.0 d S m™),
also found higher pod mass compared to treatment with 100%
fertilization for NPK recommendation.

B With Trichoderma
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[ — —
(o)} o] [w] [\S] L

Number of grains per pod

S

[\

For the number of grains per pod, there was an effect
of the interaction between different electrical conductivities of
irrigation water in the presence and absence of 7. harzianum.
Irrigation water with a concentration of 0.8 dSm™led to no
significant difference, but under irrigation water with a salt
concentration of 4.0 dS m™, the presence of 7. harzianum led
to higher values (11 grains per pod) and differed statistically
from the control treatment (Figure 3).

Without Trichoderma

bB I

0.8

4.0

Eletrical conductivity of irrigation water (dS m")

Figure 3. Number of grains per pod in cowpea plants under different levels of electrical conductivity of irrigation water and use of 7.
harzianum. Uppercase letters compare means between the treatments with and without 7. harzianum for the same electrical conductivity, while
lowercase letters compare means between electrical conductivities for the same treatment with or without 7. harzianum, by Tukey test (p <

0.05); vertical bars represent standard error (n=4).

This decrease in the number of grains stood out for the
deleterious effect of water salinity caused by osmotic
imbalance, making it difficult to absorb water and nutrients
due to the increase in salts in the soil, which reduces the
external water potential (SOUSA et al., 2022). Li et al. (2024)
state that fungi of the genus T7ichoderma can promote the
release of macronutrients such as nitrogen by the process of
nitrification and nitrogen fixation, which plays a fundamental
role in the performance of the number of grains.

Oliveira et al. (2023), in a study evaluating the use of
inoculants containing the strains of different lines (BR 3267
(SEMIA 6462) and BR 3262 (SEMIA 6464)) of rhizobia
recommended for cowpea in a semi-arid environment,
recorded 11.46 for the number of grains of the BRS
Tumucumagque cultivar in the first harvest.

Plants irrigated with water of 0.8 dS m" had
statistically superior values (12.46 g), compared to those
irrigated with saline water of 4.0 dS m™ (10.4 g) for the mass
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of 100 grains (Figure 4A). Salt stress causes a reduction in the
photosynthetic rate, resulting in a lower production of
photoassimilates, which would be transferred and
accumulated in the pods, resulting in grains with lower mass

Mass of 100 grains (g)

0.8 4.0
Eletrical conductivity of irrigation water (dS m")

(RIBEIRO et al., 2022). A similar trend to that found in the
present study was described by Veras et al. (2018), who
observed a reduction in the mass of 100 grains in cowpea
plants subjected to salt stress (4.0 d Sm™).

w

Mass of 100 grains (g)

Bovine Poultry

Biofertilizers

Figure 4. Mass of 100 grains of cowpea under levels of electrical conductivity of irrigation water (A) and bovine and poultry biofertilizers (B).
Means followed by different letters differ from each other by Tukey test, at 5% probability level; vertical bars represent standard error (n=4).

Regarding the use of biofertilizers, poultry biofertilizer
promoted higher mean values of mass of 100 grains (12.1 g),
differing statistically from bovine biofertilizer (10.77 g)
(Figure 4B). This effect may be related to the nutritional
support contained in this organic input, especially in N and K
(Table 2), essential for a higher production performance of
cowpea crop grown under field conditions (PRADO, 2020).
During the reproductive phase, N contributes to the synthesis
of proteins and substances in which they are translocated for
the formation and development of new reserve organs that
increase the individual weight of grains (GONZAGA et al.,
2024). Potassium helps in the activation of enzymes that
participate in the processes of photosynthesis and respiration

and in the synthesis of proteins and carbohydrates, growth and
seed formation, contributing to the magnitude of the
increment and the quality of the grains (COSTA et al., 2023).

The use of bovine biofertilizer associated with the use
of water with lower salinity, 0.8 dSm™, and with application
of T. harzianum led to higher pod length (18.64 cm), being
statistically superior to poultry biofertilizer (16.82 cm).
However, under salt stress (4.0 dS m™), the bovine
biofertilizer in the presence of the microorganism was inferior
(16.23 cm) to the absence (17.67 cm), and the poultry
biofertilizer together with 7. harzianum led to higher pod
length (18.18 cm) (Figure 5).

B With Trichoderma Without Trichoderma
24
Aa A
o Bb Ab Ab ab A2 ~ Bp
= o
5 16 - =
=
B2
2
3 8
=
4
0
Bovine Poultry Bovine Poultry
biofertilizer biofertilizer biofertilizer biofertilizer
0.8 4.0

Eletrical conductivity of irrigation water (dS mr!)

Figure 5. Pod length of cowpea under levels of electrical conductivities of irrigation water, use of biofertilizers, with and without 7. harzianum.
Uppercase letters compare means between the treatments with or without 7. harzianum for the same electrical conductivity and biofertilizer,
while lowercase letters compare means between biofertilizers for the same electrical conductivity and with or without 7. harzianum by Tukey
test (p< 0.05). Vertical bars represent the standard error (n=4).
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Oliveira et al. (2015), in a study carried out with
cowpea crop, verified a quadratic fit for pod length under the
irrigation water salinity factor, whose highest value (17.5 cm)
was obtained at salinity level of 1.25 dS m™ and showing a
decrease as the levels increased. These same authors found a
reduction in pod length, but with less intensity in the presence
of bovine biofertilizer, demonstrating a mitigating effect.
Similarly, Santos et al. (2024) also recorded a higher mean
length of soybean pod when usmg irrigation water with
electrical conductivity of 0.3 dS m™, under fertilization with
bovine biofertilizer.

The use of water with a salinity level of 0.8 dSm™
associated with bovine biofertilizer ?romoted the highest
yield, corresponding to 3378 59 kg ha™, compared to poultry
biofertilizer, 2604.84 kg ha™', which was statlstlcally superior
to bovine biofertilizer, 1400 46 kg ha™', when using water W1th
salinity level of 4.0 dS m™ promotlng yleld 0f 2328.09 kg ha™
(Figure 6A). This organic input can provide favorable
conditions for the development of microorganisms during its
fermentation and release them into the soil solution and thus
attenuate the effect of salts (FREIRE et al., 2022).

In line with the present study, Sousa et al (2024)

reported that, although brackish water of 5.0 dS m’ ! reduced
A
B Bovine biofertilizer Poultry biofertilizer
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yield components of the peanut crop, fertilization with 100%
bovine biofertilizer led to higher yield (93.78 g pot™)
compared to the other treatments (100% NPK; 100%
vegetable ash, 50% NPK + 50% bovine biofertilizer and 50%
NPK + 50% vegetable ash), reinforcing the beneficial effect of
fertilization with bovine biofertilizer. Similarly, Santos et al.
(2024) also found a beneficial effect of bovine biofertilizer on
the productive aspect of soybean crop, ev1denced with the use
of water with lower sahmty (0.3dSm™M).

Irrlgatlon using water with electrical conductivity of
0.8 d S m™ associated with the use of 7. harzianum promoted
higher yield (3 133.47 kg ha™') compared to the treatment
without the mlcroorganlsm with a salinity level of 4.0 dSm™
(1511.45 kg ha™') (Figure 6B). In contrast to this study,
Barbosa et al. (2024) obtained higher efficiency of yield and
quality of beet crop under the lowest electrical conductivity of
water (0.5 dS m™), and absence of T. harzianum.

Similarly, Sheta et al. (2024) found higher grain yield
in cowpea plants irrigated with lower salinity water (0.75 dS
m'). On the other hand, Guimardes et al. (2023) found
reduction in the grain yield of cowpea cultivars with the
increase in irrigation water sahnlty levels, equal to 18.97 and
56.92% at 1.5 and 4.5 dS m™', respectively.

B
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Q
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Figure 6. Yield of cowpea under levels of electrical conductivity of irrigation water and use of biofertilizers (A) with and without 7. harzianum
(B). Uppercase letters compare means between biofertilizers for the same electrical conductivity, while lowercase letters compare means
between electrical conductivities for the same biofertilizers, using Tukey test (p < 0.05) (A); Uppercase letters compare means between the
treatments with and without 7. harzianum for the same electrical conductivity, while lowercase letters compare means between electrical
conductivities for the same treatment with or without 7. harzianum (B), by Tukey test (p < 0.05); vertical bars represent standard error (n=4).

CONCLUSIONS

Poultry biofertilizer mitigated the deleterious effects of
salinity and promoted a higher number of pods per plant, pod
length, pod mass and yield of cowpea crop.

Salt stress of 4.0 dS m™' negatively affected cowpea,
while poultry biofertilizer was more efficient for the mass of
100 grains.

Application of Trichoderma harzianum attenuated salt
stress and increased the number of grains per plant, pod length
and yield of cowpea.

Under salt stress (4.0 dS m™), poultry biofertilizer
showed a superior mitigating effect compared to Trichoderma
harzianum, promoting higher yield of cowpea, being
recommended for the crop in saline environments.
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