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Abstract
Bell pepper is a vegetable with beneficial properties for human nutrition. However, salinity is an abiotic factor 
affecting bell pepper yield in arid and semi-arid areas of Peru. The objective was to determine the combined effect 
of humic acid (HA) with Trichoderma harzianum (TH) as sustainable alternatives to increase the yield of bell peppers 
subjected to salt stress. The experiment was carried in field out during the 2023 and 2024 seasons design with a 
2 x 3 x 2 factorial scheme, referring to the electrical conductivity (EC) of the irrigation water (0 and 4 dSm-1), HA 
(0, 15 and 30 L ha-1) and TH (0 and 1 kg ha-1). Agronomic and yield-related parameters were analyzed. The results 
showed that the saline soil accompanied by irrigations of 0 and 4 dS m-1 of EC, showed a significant decrease in 
agronomic parameters and an increase in concentration of sodium and chlorine in bell pepper leaves. However, 
the application of 30 L ha-1 of HA with TH increase in plant height (86.53 y 86,42%), higher root dry weight (95.44 
y 95.32%) and plant dry weight (90.46 y 90.41%), also, greatly improved fruit length 64.6 y 63.74%) and width 
(58.47 y 57.31%), significantly increased fruit content per plant (91.49 y 91.30%), fruit weight per plant (93.29 and 
93.15%) and total yield (89.54 and 89.23%) in relation to plants subjected to salt stress. It also significantly increases 
the concentration of potassium and calcium in the leaves (37.88 and 48.71%), K+/ Na+ ratio (72.07 and 74.93%) and 
proline content (58.60 and 59.31%) superior to the control, as a defense mechanism against salt stress. Therefore, as 
the dose of humic acids combined with Trichoderma harzianum is increased, the plant shows tolerance to salinity, 
being a sustainable alternative of bell pepper to reduce salt stress in arid and semi-arid areas of Peru.
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Resumo
O pimentão é um vegetal com propriedades benéficas para a nutrição humana. No entanto, a salinidade é um 
fator abiótico que afeta o rendimento do pimentão em áreas áridas e semiáridas do Peru. O objetivo deste estudo 
foi determinar o efeito combinado do ácido húmico (AH) com o Trichoderma harzianum (TH) como alternativas 
sustentáveis para aumentar a produção de pimentões submetidos ao estresse salino. O experimento foi realizado 
em campo durante as estações do ano de 2023 e 2024, com um esquema fatorial 2 x 3 x 2, referente à condutividade 
elétrica (CE) da água de irrigação (0 e 4 dSm-1), AH (0, 15 e 30 L ha-1) e TH (0 e 1 kg ha-1). Os parâmetros agronômicos 
e relacionados à produtividade foram analisados. Os resultados mostraram que o solo salino, acompanhado de 
irrigações de 0 e 4 dS m-1 de CE, apresentou uma redução significativa nos parâmetros agronômicos e um aumento 
na concentração de sódio e cloro nas folhas do pimentão. No entanto, a aplicação de 30 L ha-1 de AH com aumento 
de TH na altura da planta (86,53 e 86,42%), maior peso seco da raiz (95,44 e 95,32%) e peso seco da planta (90,46 e 
90,41%), também melhorou muito o comprimento do fruto (64,6 e 63,74%) e a largura (58,47 e 57,31%), aumentou 
significativamente o conteúdo de frutos por planta (91,49 e 91,30%), o peso dos frutos por planta (93,29 e 93,15%) 
e o rendimento total (89,54 e 89,23%) em relação às plantas submetidas ao estresse salino. Também aumentou 
significativamente a concentração de potássio e cálcio nas folhas (37,88 e 48,71%), a relação K+/ Na+ (72,07 e 74,93%) 
e o teor de prolina (58,60 e 59,31%) superior ao controle, como mecanismo de defesa contra o estresse salino. 
Portanto, à medida que a dose de ácidos húmicos, combinada com Trichoderma harzianum, é aumentada, a planta 
mostra tolerância à salinidade, sendo uma alternativa sustentável de pimentão para reduzir o estresse salino em 
áreas áridas e semiáridas do Peru.

Palavras-chave: condutividade elétrica, prolina, solo salino, Trichoderma harzianum.
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this activity and do not retain soil moisture (Pereira et al., 
2024), as a result, crop nutritional problems have arisen, 
the soil biota is poor and it has become more difficult to 
achieve expected yields (Bhat et al., 2020).

In this situation, several authors have found that humic 
acid is a sustainable alternative to mitigate the effect of 
salt stress (Amerian et al., 2024), because it is an organic 
compound that is formed through the decomposition of 
organic matter and improves soil aggregation, resulting 
in greater water retention, in addition to the chelation 
of several nutrients, increases the activity of the Rubisco 
enzyme and reduces the toxicity of some uptake ions 
(Lasheen  et  al., 2024). However, previous studies have 
revealed that humic acid increases its salinity tolerance 
efficiency and increases yield when combined with a 
beneficial microorganism (Behr  et  al., 2023; Pineda-
Cotrina et al., 2022).

Although there are a large number of microorganisms, 
recent studies have shown that the use of T. harzianum 
has achieved efficient disease control results (Xiao et al., 
2023) and produces organic substances that solubilize 
ions, improving the availability and uptake of nutrients 
from the fertilizers applied to the plant (Hasanuzzaman 
and Fujita, 2022). Therefore, the associated application of 
humic acid and T. harzianum could improve intercellular 
communication in salt stress signaling, plant homeostasis 
and plant performance (Bandara and Kang, 2024).

The present research is based on the hypothesis that one 
of the doses of humic acids combined with Trichoderma 
harzianum tolerates soil salinity and saline water irrigation 
in relation to the agromorphology and yield of bell bell 
pepper. Therefore, the objective is to determine the 
combined effect of humic acid and Trichoderma harzianum 
as a sustainable alternative to increase the yield of bell 
peppers subjected to salt stress in semi-arid conditions 
of Huacho, Peru.

2. Materials and Methods

The research was carried out during the seasons 2023 
and 2024 in experimental field of the Faculty of Agricultural 
Engineering, Food Industry and Environmental Engineering 
of Jose Faustino Sanchez Carrion National University, 
located in province of Huacho, Lima, located at 6°22’53” 
South Latitude and 78°49’06” West Longitude, and at an 
altitude of 2617 meters above sea level.

2.1. Methodology

The experimental treatments were implemented in a 
factorial design, based on a completely randomized block 
design with four replications. The first factor consisted of 
two levels of electrical conductivity (0 and 4 dS m-1), the 
second factor consisted of three levels of humic acids (0, 15 
and 30 L ha-1) and the third factor included plants applied 
with Trichoderma harzianum and without application, with 
a total of 12 treatments and four replications. Therefore, 
the treatments were established as shown in Table 1.

In this study, the treatments were established in the 
field and before transplanting the bell pepper, soil analysis 
was carried out (season 2023), collecting soil samples 

1. Introduction

The bell bell pepper (Capsicum annum L.) or sweet 
bell pepper is one of the main horticultural crops with a 
high commercial demand worldwide (Lima et al., 2023), 
because the fruit has a high nutritional value, good taste, 
pleasant aroma and beneficial properties for human health 
(Salinas et al., 2023). However, the constant productive 
growth of this vegetable has resulted in increased exposure 
to various abiotic stresses such salt stress (Sood et al., 2023).

Saline soils are responsible for low yields and economic 
losses in the bell pepper crop (Mačkić  et  al., 2023). It 
should be noted that salinity refers to the accumulation 
of salts in the soil, which is caused by a high concentration 
of sodium and chlorine ions up to a level of toxicity 
(Ennab et al., 2023), which generates osmotic stress in the 
plant (Gürsoy, 2024), hormonal imbalance (Malik et al., 
2022), low nutrient mobilization (Lian et al., 2022) and 
generates reactive oxygen species (ROS) resulting in plant 
dehydration, wilting and even death (Saberi et al., 2021). 
Studies have shown that saline soils cause low yields of 
peppers, because high ionic concentrations hinder water 
uptake and consequently the movement of nutrients by 
mass flow is significantly reduced, causing the fruit to 
have a smaller size and weight (Pérez-Inocencio  et  al., 
2023). Considering that Capsicum are moderately sensitive 
to salt stress, different studies have shown that bell bell 
pepper improves nutraceutical quality from a soil electrical 
conductivity (EC) of 3 dS m-1 but yields are significantly 
reduced (Pérez-Inocencio et al., 2023), while with saline 
water irrigation at an EC of 1.6 or 2.8 dS m-1 bell pepper 
yield is reduced by 30 to 35% and also affects fruit quality 
(Fallik et al., 2019; Mačkić et al., 2023), due to poor fruit 
filling by water (Al-Saif et al., 2024).

On the other hand, bell pepper production is 
concentrated in the coastal regions of Peru, which is 
characterized by lack of rainfall, high evapotranspiration 
(Chakroun  et  al., 2023) and to make up for the water 
deficiency, irrigation is carried out with groundwater 
(Minhas  et  al., 2020), which is saline and whose EC is 
approximately 2.8 dS m-1 and can even exceed 4 dS m-1 
and irrigation with this low quality water causes the 
accumulation of salts in the soil, which can lead to salinity 
in agricultural areas (Andrade et al., 2024; Fallik et al., 2019). 
However, global warming and the lack of strategies may 
increase the salinity of coastal zone soils, jeopardizing the 
country’s food security (Sultan et al., 2023).

Taking into account that horticultural crops such 
as Capsicum require good nutritional and hormonal 
management, so in situations of salt stress is detrimental 
because the accumulation of salts alters the uptake of 
nutrients and cellular metabolism of the plant, resulting 
in low yield and if not intervened in time causes the 
death of the plant (Alsudays et al., 2024). In view of this, 
farmers carry out management practices such as the use 
of desalinators and/or washing with heavy irrigation to 
mitigate the saline effect (Gili et al., 2003). However, these 
practices are not completely efficient and water resources 
are limiting in coastal agriculture (Chakroun et al., 2023). 
In addition, in sandy soils, salinity reduces beneficial soil 
microbial activity and these practices do not maintain 
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the commercial strain, this consisted of preparing a 
solution of 100 g of the commercial product with 0.5 kg of 
molasses in a tank (36 L volume) of water without chlorine, 
homogenizing it for 30 minutes and covering it with its lid 
in order to activate the microorganism according to the 
following procedure Bader et al. (2020), after two days, 50 
mL of the solution were applied at the foot of the plant. 
It should be noted that the application of microorganism 
was combined with humic acid, therefore, 10 applications 
were made, the first one at 7 days before transplanting 
and tenth one at the beginning of fruiting, according to 
methodology proposed by Tirado-Malaver et al. (2024).

The genetic material was the bell bell pepper. The 
fertilization of the crop was carried out with a dose of 
150-120-150 NPK, such dose was established according 
to the crop requirements and the soil analysis. As for 
pathogen control, no fungicides were applied in order 
to analyze the effect of Trichoderma harzianum, and 
for insect pest control, low-spectrum insecticides were 
applied preventively. Harvesting was carried out 134 days 
after transplanting.

2.3. Agronomics parameters of bell pepper

In each experimental plot 10 plants were randomly 
selected and before harvest the plant height (cm) was 
measured, after harvest the root dry weight (g), plant dry 
weight (g), number of fruits per plant were evaluated, 
then the fruits per plant were weighed (kg plant-1) with 
an Ohaus® portable digital scale, the fruit length (cm) 
and fruit width (cm) was measured using a digital Vernier 
caliper (Suzhou Sunrix Precision Tools Co., China). Total 
yield (t ha-1) was estimated by dividing the weight of fruit 
per plant by the planting density on a hectare of land.

2.4. Ion concentration in leaves and estimation of proline

Leaf samples were collected from each experimental 
unit in order to estimate the concentration of K+, Ca2+, 

randomly, obtaining the following information: soil sandy, 
pH of 7.1 being slightly acidic, with 0.4% organic matter, 
CE of 8.3 dS m-1 (with salinity problem), in terms nutrient 
content these were: P (23.30 mg kg-1), K (362.07 mg kg-1). 
In the following season (2024), the soil analysis showed 
that soil salinity was slightly reduced (EC of 8.1 dS m-1), 
however, the soil still presents salinity problems, while 
the other soil parameters remained constant.

2.2. Conduct experiment

The research was conducted during the 2023 and 
2024 season to validate the data. The experimental plot 
consisted of three rows of 10 plants at a distance of 0.3m 
between strokes and 0.9m between rows. Irrigation was 
carried out using the drip irrigation system, in each furrow 
a 16 mm diameter polyethylene tape was placed, with 
drippers regulated at a flow rate of 2 L per hour, for each 
plant, which are connected to tanks with the respective 
treatments. Irrigation applications were also carried out 
with two separate tanks. In the first tank, fresh water 
was added from irrigation, which has an EC of 0.3 dS m-1. 
The second tank was filled with tap water and NaCl was 
added until the electrical conductivity reached 4 dS m-1. 
Irrigation frequencies were executed according to the 
water requirements of each period of the bell bell pepper.

On the other hand, three levels of humic acids were 
applied to the soil (0, 15 y 30 L ha-1) which were prepared 
through 40 kg of Leonardite and 4 kg of potassium 
hydroxide (90% purity) in 100 L of water according to 
Pineda-Cotrina et al. (2022), homogenizing it for five days 
and the decantation was for three days, then they were 
applied every week, from seven days before transplanting 
until the beginning of the bell pepper fruiting period, 
reaching 10 applications of 1.5 and 3 L ha-1 each.

With respect to the application of Trichoderma 
harzianum, the commercial strain was used “strain 1123” 
(1,5x1010 conidias g-1) at a cumulative dose of 1 kg ha-1 

Table 1. Description of the treatment under study.

Treatments

Electrical 
conductivity (EC)

Acid humic (AH)
Trichoderma 

harzianum (TH) Description

dS m-1 L ha-1 kg ha-1

T0 0 0 0 0 EC + 0 AH + 0 TH

T1 1 0 EC + 0 AH + 1 TH

T2 15 0 0 EC + 15 AH + 0 TH

T3 1 0 EC + 15 AH + 1 TH

T4 30 0 0 EC + 30 AH + 0 TH

T5 1 0 EC + 30 AH + 1 TH

T6 4 0 0 4 EC + 0 AH + 0 TH

T7 1 4 EC + 0 AH + 1 TH

T8 15 0 4 EC + 15 AH + 0 TH

T9 1 4 EC + 15 AH + 1 TH

T10 30 0 4 EC + 30 AH + 0 TH

T11 1 4 EC + 30 AH + 1 TH
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to Tirado-Lara et al. (2020) and to compare the means of 
the treatments the Tukey’s multiple range test was used 
with a probability (p) ≤ 0.05 and the regression tests were 
also performed with the same statistical package.

3. Results and Discussion

3.1. Agronomic parameters

The mean squares results of the analysis of variance 
in Table 2 show significant differences (p<0.05) for the 
main factors humic acid (HA) and T. harzianum (TH) in 
the variables plant height (PH), root dry weight (RDW) 
and plant dry weight (PDW) during the two seasons, 
while the effect of electrical conductivity (EC) levels was 
not significant (p>0.05) in both seasons. Regarding the 
interaction of factors, the variables PH, RDW and PDW 
showed significant effects in the interaction between EC 
x AH and for AH x TH in both seasons, indicating that salt 
concentrations were affected by increasing doses of HA, as 
well as HA levels responded to the application of TH, which 
indicates that increasing doses of HA with TH produces 
a significant effect on agronomic parameters. However, 
the analysis shows that interaction of three factors for the 
variables PH and RDW in 2023 season had no significant 
effect (p>0.05), while the variables PH, RDW and PDW in 
2024 season reported a significant effect, which confirms 
that as time passes, salt concentrations are affected by 
increasing doses of HA with application of TH.

Since no interaction was found between the three 
factors in the PH and RDW variables in the 2023 season, 
the main effects analysis was carried out, and this analysis 
shows each factor separately, as shown in the following 
Figures 1A and 1B. When analyzing CE, it was observed 
that both levels were statistically similar. With respect 
to HA levels, the 30 L ha-1 dose was statistically superior 
to the other doses, producing a 63.36% increase in PH 

Na+ and Cl-, since these ions are more active in metabolic 
processes related to the osmotic effect caused by salt stress 
(Munns et al., 2010). The extraction began with washing 
the leaves with distilled water, then they were taken to 
the oven for drying at 75 °C for 72 hours and were ground 
using a basic mill. The wet digestion method was used 
using 65% nitric acid for the extraction of ions, and the 
concentration of K+ and Na+ was estimated with the use 
of a flame photometer (model Pin AAcle500, PerkinElmer, 
Inc., USA), on the other hand, Ca2+ was estimated by atomic 
absorption spectrometer (model Pin AAcle500, PerkinElmer, 
Inc., USA), Cl- was calculated by spraying 100 mg of the 
leaf poured into a Falcon tube, then 10 mL of nitric acid 
was applied in one hour at 80 °C, after which 1 mL of 
the extract was used and the Cl- concentration was read 
through the ferricyanide colorimetric method at 480nm 
according to the methodology of Munns et al. (2010).

The proline content was quantified using the 
methodology of Bates et al. (1973), where leaf samples 
were taken from each treatment, 0.5g of fresh leaf tissue 
was weighed, then crushed in a porcelain mortar with 5mL 
of ethanol (95%), then frozen with liquid nitrogen. They 
were then homogenized with 1 ml of sulfosalicylic acid 
(3%). Residues were removed by centrifugation (13000g) 
at 10 minutes. Next, 500 µl of the extract was extracted 
and reacted with acetic acid (500 µl) and acid ninhydrin 
(500 µl), this mixture was placed in water at 100 °C for 
60 minutes and cooled in an ice bath. 1 ml of toluene was 
used to extract the proline and it was quantified with a 
spectrophotometer (Hewlett Packard 8452, USA) at 520nm. 
The result was expressed in milligrams of proline per gram 
of dry weight (mg proline g-1 DW).

2.5. Statistical analysis

Data were analyzed with SAS statistical software 
(9.1). The statistical analysis was performed through the 
factorial design analysis of variance, based on a completely 
randomized block design with four replications according 

Table 2. Summary of analysis of variance for plant height (PH), root dry weight (RDW), Plant dry weight (PDW).

Source of Variation
MS

DF PH-2023 PH-2024 RDW-2023 RDW-2024 PDW-2023 PDW-2024

Blocks 3 2.45ns 1.14ns 1.27ns 0.05ns 4.79ns 19.66ns

Cond Elec (CE) 1 0.16ns 1.00ns 1.92* 0.21ns 29.17ns 6.90ns

Ac. Hum (AH) 2 2947.65** 5395.31** 259.54** 1943.55** 29075.96 ** 43180.58

CE x AH 2 35.27** 0.24ns 0.45ns 0.22ns 145.22* 48.99**

Trichoderma (T) 1 410.32** 759.07** 185.46** 210.59** 4495.39** 13635.02**

CE x T 2 0.03ns 3.59ns 0.06ns 0.30ns 1.02ns 62.38**

AH x T 2 62.69** 24.67** 52.49** 47.63** 313.62** 6.32ns

CE x AH x T 2 5.05ns 9.45** 0.47ns 1.21* 117.94* 146.53**

Error 33 4.27 1.33 0.4 0.25 27.32 7.83

Total 47

VC (%) = 6.82 3.35 6.21 4.35 6.32 3.01

*Significant; **Highly significant. Note: VC (%) = Variation Coefficient; DF = Degrees of freedom; MS = Mean Squares; ns = not significantly.
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Figure 1. Simple effect for plant height (A), root dry weight (B), fruit width (C), potassium (D), calcium (E), sodium (F), potassium 
sodium ratio (G) and proline (H). Note: HC = humic acid (L ha-1); EC = electric conductivity (dS m-1); WT = with Trichoderma harzianum; 
NT = No Trichoderma harzianum.
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during the first season. 25 and 83.92% in relation to the 
control during the first season and for the following season 
these same treatments their values increased by 16.09 and 
20.30% for PH, 13.21 and 13.30% in RDW and for PRW by 
13.77 and 15.09% in relation to the previous season. It can 
be observed that EC levels do not produce significant effect 
when applying a dose of 30L ha-1 of HA with TH, which 
means that the application of HA shows a good root and 
foliar development when using this microorganism under 
saline soil conditions with water irrigation of 0 and 4 dS 
m-1 respectively.

3.2. Yield parameters

In Table 4 showed variables that showed significance 
(p<0.05) in the main factors as in the interaction between 
EC and HA, as well as for HA and TH were fruit length 
(FL), fruit width (FW), number of fruits per plant (NFP), 
number of fruits per plant (WFP) and total yield (TY) 

compared to the 0 L ha-1 HA dose. For the RDW variable, it 
presented an increase of 57.55% in relation to 0 L ha-1 HA in 
the 2023 season; however, for the 2024 season, the highest 
HA dose presented an increase of 15.72 and 13.75% in the 
PH and RDW variables in relation to the previous season. 
Regarding the TH factor, it is observed that the application 
of this microorganism statistically exceeds the treatment 
without application of T. harzianum by 17.60% for PH and 
32.35% for RDW, however, the use of this microorganism 
in the 2024 season increased its values by 13.42% for PH 
and 10.27% for RDW compared to the previous season (see 
Figures 1A and 1B).

Table 3 shows that 30 L ha-1 de HA with TH at both levels 
of EC presented statistically superior values to the other 
treatments for the variables PH, RDW and PDW, which 
surpassed the control by 78.56 and 77.25% in PH, with 
90.17 and 89.91% in RDW and for the variable PDW the 
increase was 84.25 and 83.92% in relation to the control 

Table 3. Multiple comparison of means according to Tukey’s test for plant height (PH), root dry weight (RDW), Plant dry weight (PDW).

Treatments
PH-2023 PH-2024 RDW-2023 RDW-2024 PDW-2023 PDW-2024

cm g

T5 (0 EC + 30 HA + CTA) 44.55 ± 3.60 a* 53.09 ± 0.88 a* 14.45 ± 0.90 a* 16.65 ± 0.26 a* 127.83 ± 0.90 a* 148.24 ± 1.52 a*

T11 (4 EC + 30 HA + CTA) 41.98 ± 1.41 ab 52.67 ± 0.79 a 14.08 ± 1.21 a 16.24 ± 0.31 a 125.17 ± 1.21 a 147.42 ± 0.80 a

T3 (0 EC + 15 HA + CTA) 33.65 ± 1.86 d 43.46 ± 0.61 bc 12.26 ± 0.78 bc 14.27 ± 0.56 c 114.35 ± 0.78 b 117.13 ± 3.40 c

T9 (4 EC + 15 HA + CTA) 38.43 ± 0.54 c 42.74 ± 0.36 c 12.16 ± 0.23 bc 14.24 ± 0.14 c 107.56 ± 0.23 bc 114.01 ± 4.43 c

T10 (4 EC + 30 HA + NTA) 39.13 ± 0.73bc 45.64 ± 1.34 b 12.69 ± 0.35 b 15.11 ± 0.17 b 103.58 ± 0.35 cd 132.24 ± 0.88 b

T4 (0 EC + 30 HA + NTA) 40.08 ± 0.24 bc 45.23 ± 0.78 bc 12.35 ± 0.09 bc 14.68 ± 0.63 bc 96.96 ± 0.09 d 128.92 ± 2.37 b

T2 (0 EC + 15 HA + NTA) 31.43 ± 1.00 d 37.43 ± 1.81 d 11.49 ± 0.56c 12.81 ± 0.41 d 88.62 ± 0.56 e 97.47 ± 0.96 d

T8 (4 EC + 15 HA + NTA) 33.73 ± 1.66 d 37.24 ± 0.60 d 10.28 ± 0.64 d 12.58 ± 0.22 d 85.83 ± 0.64 e 94.95 ± 2.02 d

T7 (4 EC + 0 HA + CTA) 19.39 ± 1.60 e 20.12 ± 1.09 e 9.54 ± 0.42 d 9.72 ± 0.79 e 56.92 ± 0.42 f 57.85 ± 5.12 e

T1 (0 EC + 0 HA + CTA) 21.40 ± 2.22 e 18.21 ± 1.49 e 9.81 ± 0.39 d 8.81 ± 0.45 f 43.84 ± 0.39 g 44.60 ± 2.59 f

T0 (0 EC + 0 HA + NTA) 10.40 ± 2.44 f 9.88 ± 0.46 f 1.72 ± 0.25 e 1.42 ± 0.21 g 21.68 ± 0.25 h 19.31 ± 0.51 g

T6 (4 EC + 0 HA + NTA) 9.55 ± 0.77 f 7.15 ± 0.47 f 1.42 ± 0.30 e 0.76 ± 0.26 g 20.13 ± 0.30 h 14.14 ± 0.85 h

*Means ± standard deviation. Note: EC = electrical conductivity; HA = humic acid; NTA = without application of Trichoderma harzianum; CTA 
= with application of Trichoderma harzianum. Means with a common letter are not significantly different according to Tukey’s test (p ≤ 0.05).

Table 4. Summary of analysis of variance for weight of fruit length (FL), fruit width (FW), number of fruits per plant (NFP), Weight of 
fruits per plant (WFP) and total yield (TY) of bell pepper.

Source of 
Variation

MS

DF FL-2023 FL-2024 FW-2023 FW-2024 NFP-2023 NFP-2024 WFP-2023 WFP-2024 TY-2023 TY-2024

Blocks 3 0.52ns 0.26ns 0.13ns 0.16ns 0.24ns 0.41ns 0.003ns 0.01ns 3.15ns 5.48ns

Cond Elec (CE) 1 0.23ns 0.32* 0.17ns 0.52* 0.52ns 0.52ns 0.02ns 0.02ns 13.00ns 14.17ns

Ac. Hum (AH) 2 34.37** 49.00** 21.62** 39.02** 117.15** 235.40** 2.10** 3.99** 1625.83** 3081.03**

CE x AH 2 0.07ns 0.26* 0.31* 0.29* 1.40* 0.65* 0.03* 0.02* 15.14* 13.14*

Trichoderma (T) 1 15.55** 18.91** 9.88** 25.23** 58.52** 188.02** 1.14** 3.20** 883.91** 2463.33**

CE x T 2 0.82ns 0.72* 0.035ns 0.21ns 0.52ns 0.02ns 0.039ns 0.003ns 3.41ns 1.13ns

AH x T 2 11.33** 11.86** 4.37** 4.15** 0.90ns 8.90** 0.02* 0.15** 14.01* 114.14**

CE x AH x T 2 0.89** 0.80** 0.01* 0.44** 0.14* 1.90* 0.03* 0.04** 22.73* 30.52**

Error 33 0.17 0.14 0.11 0.08 0.41 0.47 0.01 0.01 4.88 5.27

Total 47

VC (%) = 5.77 5.23 5.43 4.63 12.14 10.32 11.75 10.03 11.96 9.97

*Significant;**Highly significant. Note: VC (%) = Variation Coefficient; DF = Degrees of freedom; MS = Mean Squares; ns = not significantly.
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EC and the interaction between three factors only presented 
significance in Cl- for both seasons (Table 6). Also, Table 7 
and Figure 2A, show that the concentrations of K+ and 
Ca2+ decreased significantly with increasing salinity level. 
However, by increasing the doses of HA combined with 
microorganism the concentration of K+ and Ca2+ showed 
an increase of 37.88 and 48.71% in ratio of plants subjected 
to salt stress, for 2023 and 2024 seasons, respectively 
(Figure 1D and 1E). While the Na+ concentration in leaves 
of bell pepper plants without HA application in saline soil 
and subjected to saline irrigation (EC 4 dS m-1), an increase 
of 39.78 and 50.96% was found in two seasons (Figure 1F) 
and for Cl- concentration in leaves showed an increase of 
59.24 and 63.29% when plants were subjected to salt stress 
for 2023 and 2024 seasons respectively.

As for K+/Na+ ratio, a significant reduction of 62.61 
and 74.93% was observed when plants in saline soil were 
subjected to saline water irrigation (EC of 4 dS m-1) in both 
seasons. Thus, the highest K+/ Na+ ratio in bell pepper leaves 
was found in saline soil treatments with water irrigation 
at EC of 0 and EC of 4 dS m-1 accompanied by 30 L ha-1 of 
HA combined with TH (Figure 1G).

3.4. Proline

Table 6 shows that the factors EC, HA, TH and their 
interactions had a significant effect (p≤0.01). It is observed 
that the proline content significantly increases with 
increasing salinity level in bell pepper plants applied with 
high doses of HA combined with TH. However, the proline 
content in plants without HA application in saline soil and 
subjected to saline irrigation (EC of 4 dS m-1) decreased 
significantly by 41.4 and 33.57% in 2023 and 2024 seasons, 
respectively (Table  7). Likewise, the treatments that 
obtained the highest amount of proline were found in the 
saline soil treatment with saline water irrigation (EC of 
4 dS m-1) accompanied with the application of 30 L ha-1 
of HA combined with TH (4.08 ± 0.08 and 4.25 ± 0.12 mg 
proline g-1 DW) followed by saline soil treatment with water 
irrigation (EC of 0 dS m-1) accompanied by the application 
of 30 L ha-1 of HA combined with TH (4.01 ± 0.07 and 4.17 
± 0.06 mg proline g-1 DW) (Figure 1H).

3.5. Regresión

Figure  2 shows the direct relationship between PH, 
RDW, NFP and TY and increasing doses of HA with and 
without the use of T. harzianum under EC levels, which 
was fitted to a linear function where the highest value 
was reached at the 30 L ha-1 dose of HA with TH. Likewise, 
the coefficient indicates that the increase of 1 L of HA 
combined with the microorganism under saline soil and 
water irrigation (0 and 4 dS m-1 of EC) produces an increase 
of 16.64 and 13.23 cm of plant height (Figure 2A), 6.76 
and 6.41 g plant-1 of root weight (Figure 2B), of 4.5 and 
3.75 fruits per plant (Figure 2C), and the yield increases 
by 16.64 and 13.23 t ha-1 (Figure 2D). In addition, EC levels 
did not affect PH, NFP and WFP when 15 and 30 L ha-1 of 
HA were applied with TH. This model demonstrates that 
increasing doses of HA combined with the microorganism 
show tolerance to salinity and increases plant height, fruit 
number, root weight and yield.

during the two seasons. This indicates that the application 
of irrigation with EC water of 0 and 4 dS m-1 was affected 
by the increase in HA levels with the use of T. harzianum 
producing a significant effect on yield parameters. While 
the effect of the interaction between EC and TH was not 
significant (p>0.05) in both seasons. It is also observed 
that the variables that showed interaction between the 
three factors were FL, NFP, WFP and TY, indicating that 
at doses of 30 and 15 L ha-1 of HA with the application 
of T. harzianum did not respond to the increase in EC, 
while the variable FW did not show interaction between 
factors in the first season, while in the following season 
it showed significance.

Regarding the effect of the main factors for the variable 
FW in the 2023 season. The FW with EC levels was not 
affected in both seasons. When HA levels were evaluated 
separately, it was observed that for the 30 and 15 L ha-1 
HA doses there was an increase of 36.47 and 32.46% in 
FW in the first season in relation to the 0 ha-1 HA dose. 
Likewise, the application of TH reached the highest value 
in FW, producing an increase of 14.15% compared to that 
without the use of TH (see Figure 1C).

The effect of the interaction between EC, HA and TH on 
yield parameters is summarized below (Table 5). The results 
indicated that treatments T5 and T11 were statistically 
superior to the other treatments in all yield variables 
during the 2023 season. In contrast, for the 2024 season, 
treatments T5, T11 and T3 achieved the highest values for 
all yield variables. Regarding the variable FL and FW in the 
first season, it was observed that at doses of 30 L ha-1 of 
HA with TH at an EC of 0 and 4 dS m-1 reached the highest 
values with an increase of 57.94 and 57.53% in comparison 
with the control for FL and for FW the increase was 46.59 
and 45.74% in relation to the control, and in the following 
season these same treatments increased their values by 
6.46 and 5.66% for FL and FW by 8.93 and 7.85% over the 
previous season.

Regarding NFP and WFP for the first season, treatments 
T5 and T11 reached the highest values with 8.75 and 8.50 
fruits and 1.15 and 0.96 g plant-1, exceeding the control 
by 85.71 and 85.29%, 85.71 and 85.29% for NFP and 91.49 
and 91.3% for WFP, respectively. However, in the following 
season, the values of treatments T5, T11 and T3 increased 
by 25.53, 26.09 and 31.82% for NFP and by 22.82, 23.29 
and 30.94% for WFP in relation to the previous season. The 
total yield in the 2023 season showed that T5 and T11 were 
significantly superior to the other treatments, obtaining 
values of 31.84 ± 0.11 and 30.93 ± 0.07 t ha-1 exceeding 
89.54 and 89. 23% compared to the control, while in the 
2024 season it was observed that at doses of 30 and 15 L 
ha-1 of HA with TH at an EC of 0 and 4 dS m-1 produced an 
increase of 23.18, 23.76 and 30.73% with respect to previous 
season. It is observed that increasing doses of HA with TH 
showed tolerance to the EC of 4 dS m-1.

3.3. Ion concentrations in leaf

Based on the results, HA, HT and the interaction between 
two factors obtained significant effect (p ≤ 0.01) on the 
concentrations of K+, Ca2+, Na+ and Cl- together with the 
relationship of K+/Na+ on bell pepper leaves. However, the 
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Figure 2. Regressions for plant height (A), root dry weight (B), number of fruits per plant (C), total yield (D), potassium sodium ratio 
(E) and proline (F) on two levels of electrical conductivity, three levels of humic acids and two levels of Trichoderma harzianum. Note: 
EC = electric conductivity (dS m-1).



Brazilian Journal of Biology, 2025, vol. 85, e28949210/16

Tirado-Malaver, R.H. and Tirado-Lara, R.

Ta
bl

e 
6.

 A
na

ly
si

s 
of

 v
ar

ia
nc

e 
fo

r 
po

ta
ss

iu
m

 (
K

), 
ca

lc
iu

m
 (

Ca
), 

so
di

um
 (

N
FP

), 
ch

lo
ri

ne
 (

Cl
), 

po
ta

ss
iu

m
 s

od
iu

m
 r

at
io

 (
K

/N
a)

 a
nd

 p
ro

lin
e 

(P
ro

).

So
u

rc
e 

of
 

Va
ri

at
io

n

M
S

D
F

K
-2

02
3

K
-2

02
4

Ca
-2

02
3

Ca
-2

02
4

N
a-

20
23

N
a-

20
24

Cl
-2

02
3

Cl
-2

02
4

K
/N

a-
20

23
K

/N
a-

20
23

Pr
ol

-2
02

3
Pr

ol
-2

02
4

Bl
oc

ks
3

3.
15

ns
1.

31
ns

2.
03

ns
0.

75
ns

0.
00

11
ns

0.
04

6n
s

8.
73

*
8.

07
*

13
.9

6n
s

32
.0

9n
s

0.
02

ns
0.

01
7n

s

CE
1

0.
01

ns
0.

45
ns

1.
36

ns
8.

36
**

0,
.0

03
ns

0.
03

2n
s

8.
21

ns
0.

61
ns

6.
26

ns
3.

55
ns

0.
09

*
0.

47
**

A
H

2
92

3.
20

**
19

38
.4

7*
*

37
7.

63
**

96
8.

64
**

0.
33

**
*

0.
49

**
33

63
.6

1*
*

44
59

.1
1*

*
74

38
.3

3*
*

14
03

0.
89

**
13

.7
7*

*
20

.7
7*

*

CE
 x

 A
H

2
15

.6
4*

19
.7

7*
0.

40
ns

4.
76

ns
0.

02
**

0.
01

*
5.

27
ns

9.
68

*
25

.1
0n

s
23

3.
13

*
0.

08
**

0.
02

ns

TH
1

42
7.

77
**

41
4.

78
**

24
8.

02
**

41
3.

78
**

0.
05

1n
s

0.
15

**
15

2.
83

**
67

.5
0 

**
18

12
.4

1*
*

44
83

.2
1*

*
3.

29
**

6.
55

**

CE
 x

 T
2

7.
23

ns
0.

32
ns

1.
07

ns
0.

70
ns

0.
02

1n
s

0.
06

0n
s

38
.2

2*
*

11
.6

4*
21

.0
8n

s
62

.8
1n

s
0.

01
ns

0.
09

2n
s

A
H

 x
 T

2
38

.0
6*

*
31

.8
1*

30
.2

7*
*

6.
85

ns
0.

02
6n

s
0.

01
*

56
.7

7*
*

44
.1

7*
*

22
4.

41
**

29
9.

36
**

1.
15

**
0.

21
*

CE
 x

 A
H

 x
 T

2
0.

78
ns

1.
07

ns
2.

12
ns

5.
46

ns
0.

02
23

ns
0.

03
2n

s
27

.7
2*

*
33

.8
8*

*
13

.9
5n

s
45

.9
1n

s
0.

07
*

0.
19

*

Er
ro

r
33

3.
93

6.
45

2.
89

2.
52

0.
02

23
0.

02
3

3.
65

1.
96

33
.1

1
44

.7
3

1.
76

0.
04

To
ta

l
47

V
C 

(%
) =

4.
45

5.
64

5.
38

4.
72

6.
37

6.
65

5.
31

4.
02

9.
01

9.
73

4.
33

7.
4

*S
ig

ni
fi

ca
nt

; *
*H

ig
hl

y 
si

gn
if

ic
an

t. 
N

ot
e:

 V
C 

(%
) =

 V
ar

ia
ti

on
 C

oe
ff

ic
ie

nt
; D

F 
= 

D
eg

re
es

 o
f f

re
ed

om
; M

S 
= 

M
ea

n 
Sq

ua
re

s;
 n

s 
= 

no
t 

si
gn

if
ic

an
tl

y.



Brazilian Journal of Biology, 2025, vol. 85, e289492 11/16

Sustainable alternatives to reduce salt stress in peppers

Ta
bl

e 
7.

 M
ul

ti
pl

e 
co

m
pa

ri
so

n 
of

 m
ea

ns
 a

cc
or

di
ng

 to
 T

uk
ey

’s
 te

st
 fo

r 
po

ta
ss

iu
m

 (
K

), 
ca

lc
iu

m
 (

Ca
), 

so
di

um
 (

N
FP

), 
ch

lo
ri

ne
 (

Cl
), 

po
ta

ss
iu

m
 s

od
iu

m
 r

at
io

 (
K

/N
a)

 a
nd

 p
ro

lin
e 

(P
ro

).

Tr
ea

tm
en

ts
K

-2
02

3
K

-2
02

4
Ca

-2
02

3
Ca

-2
02

4
N

a-
20

23
N

a-
20

24
Cl

-2
02

3
Cl

-2
02

4
K

/N
a-

20
23

K
/N

a-
20

23
Pr

o-
20

23
Pr

o-
20

24

m
g 

g-1
m

g 
pr

ol
in

e 
g-  D

W

T5
 (

0 
EC

 +
 3

0 
H

A
 +

 C
TA

)
53

.0
6 

± 
1.

90
 a

*
57

.8
9 

± 
0.

49
 a

*
39

.6
6 

± 
1.

08
 a

*
41

.1
6 

± 
0.

46
 a

*
0.

56
 ±

 0
.0

3 
c*

0.
51

 ±
 0

.0
2 

e*
21

.3
6 

± 
1.

07
 e

*
19

.7
7 

± 
1.

15
 e

*
95

.5
3 

± 
7.

57
 a

*
11

4.
83

± 
4.

50
 a

*
4.

01
 ±

 0
.0

7 
a*

4.
17

 ±
 0

.0
6 

a*

T1
1 

(4
 E

C 
+ 

30
 H

A
 +

 C
TA

)
54

.3
4 

± 
1.

15
 a

b
57

.1
1 

± 
1.

08
 a

39
.4

8 
± 

1.
15

 a
41

.3
0 

± 
0.

93
 a

0.
59

 ±
 0

.0
4 

c
0.

56
 ±

 0
.0

6 
e

23
.3

0 
± 

0.
58

 e
20

.9
5 

± 
1.

14
 e

93
.3

4 
± 

7.
23

 a
10

3.
09

 ±
 1

1.
41

 a
4.

08
 ±

 0
.0

8 
a

4.
25

 ±
 0

.1
2 

a

T3
 (

0 
EC

 +
 1

5 
H

A
 +

 C
TA

)
51

.6
1 

± 
0.

80
 a

50
.2

7 
± 

4.
53

 a
34

.9
1 

± 
1.

38
 b

40
.5

4 
± 

1.
30

 a
0.

73
 ±

 0
.0

3 
b

0.
63

 ±
 0

.0
3 

d
30

.9
3 

± 
1.

29
 c

29
.9

4 
± 

0.
47

c
70

.8
3 

± 
3.

20
 b

79
.9

5 
± 

10
.6

1 
b

3.
12

 ±
 0

.0
8 

c
3.

30
 ±

 0
.1

4 
c

T9
 (

4 
EC

 +
 1

5 
H

A
 +

 C
TA

)
50

.4
6 

± 
1.

17
 a

53
.3

4 
± 

1.
55

 a
34

.2
1 

± 
1.

69
 b

39
.6

9 
± 

0.
54

 a
0.

71
 ±

 0
.0

2 
b

0.
61

 ±
 0

.0
3 

d
26

.2
6 

± 
2.

26
 d

24
.2

2 
± 

2.
18

 d
70

.9
3 

± 
3.

41
 b

88
.0

0 
± 

4.
67

 b
3.

34
 ±

 0
.1

5 
b

3.
78

 ±
 0

.1
7 

b

T1
0 

(4
 E

C 
+ 

30
 H

A
 +

 N
TA

)
45

.4
1 

± 
1.

50
 b

48
.3

8 
± 

1.
30

 b
31

.3
8 

± 
1.

56
 c

37
.4

3 
± 

0.
40

 b
0.

60
 ±

 0
.0

4 
c

0.
60

 ±
 0

.0
4 

d
26

.0
1 

± 
1.

87
 d

21
.0

9 
± 

0.
63

 e
75

.8
6 

± 
7.

27
 b

80
.0

3 
± 

5.
51

 b
3.

08
 ±

 0
.1

0 
c

3.
49

 ±
 0

.1
6 

c

T4
 (

0 
EC

 +
 3

0 
H

A
 +

 N
TA

)
42

.9
9 

± 
0.

73
 b

48
.3

6 
± 

0.
93

 b
32

.4
1 

± 
0.

42
 c

37
.0

7 
± 

1.
61

 b
0.

61
 ±

 0
.0

2 
c

0.
61

 ±
 0

.0
2 

d
23

.6
5 

± 
3.

39
 e

21
.6

2 
± 

2.
43

 e
71

.1
3 

± 
2.

15
 b

80
.6

9 
± 

3.
21

 b
2.

81
 ±

 0
.1

2 
d

3.
10

 ±
 0

.0
8 

c

T2
 (

0 
EC

 +
 1

5 
H

A
 +

 N
TA

)
45

.8
9 

± 
1.

74
 b

46
.6

1 
± 

1.
24

 b
31

.1
7 

± 
1.

10
 c

35
.0

3 
± 

1.
79

 b
0.

74
 ±

 0
.0

4 
b

0.
76

 ±
 0

.0
4 

b
33

.8
6 

± 
2.

17
 c

31
.7

6 
± 

1.
73

 c
62

.6
9 

± 
4.

99
 c

61
.8

6 
± 

2.
58

 d
2.

75
 ±

 0
.1

5 
d

2.
73

 ±
 0

.1
1 

d

T8
 (

4 
EC

 +
 1

5 
H

A
 +

 N
TA

)
47

.3
1 

± 
1.

17
 b

48
.8

2 
± 

1.
10

 b
31

.0
3 

± 
2.

21
 c

31
.0

3 
± 

2.
21

 c
0.

76
 ±

 0
.0

6 
b

0.
70

 ±
 0

.0
2 

c
38

.8
4 

± 
1.

87
 b

34
.7

2 
± 

0.
95

 b
62

.7
9 

± 
4.

76
c

70
.2

9 
± 

1.
67

 c
2.

86
 ±

 0
.0

8 
d

2.
71

 ±
 0

.4
4 

d

T7
 (

4 
EC

 +
 0

 H
A

 +
 C

TA
)

36
.4

0 
± 

2.
52

 e
33

.5
9 

± 
1.

96
 e

26
.9

9 
± 

1.
70

 d
28

.6
4 

± 
1.

70
 d

0.
85

 ±
 0

.0
3 

a
0.

85
 ±

 0
.0

3 
b

51
.6

3 
± 

1.
00

 a
54

.4
3 

± 
1.

30
 a

43
.0

0 
± 

3.
43

 d
39

.7
9 

± 
3.

87
 e

1.
67

 ±
 0

.1
4 

e
1.

80
 ±

 0
.1

2 
e

T1
 (

0 
EC

 +
 0

 H
A

 +
 C

TA
)

38
.9

7 
± 

1.
30

 e
35

.7
9 

± 
3.

45
 e

28
.0

1 
± 

1.
07

 d
28

.6
4 

± 
1.

11
 d

0.
83

 ±
 0

.0
4 

a
0.

81
 ±

 0
.0

6 
b

51
.7

7 
± 

1.
11

 a
52

.1
7 

± 
0.

72
 a

47
.0

5 
± 

2.
67

 d
44

.6
0 

± 
5.

78
 e

1.
78

 ±
 0

.0
6 

e
1.

76
 ±

 0
.1

7 
e

T0
 (

0 
EC

 +
 0

 H
A

 +
 N

TA
)

34
.5

8 
± 

1.
82

 d
30

.8
6 

± 
1.

83
 d

24
.4

7 
± 

0.
66

 d
22

.3
5 

± 
0.

78
 e

0.
90

 ±
 0

.0
6 

a
0.

95
 ±

 0
.0

3 
a

51
.9

1 
± 

1.
27

 a
52

.6
6 

± 
0.

88
 a

38
.7

4 
± 

2.
35

 d
32

.6
4 

± 
1.

27
 f

1.
71

 ±
 0

.0
5 

e
1.

21
 ±

 0
.0

7 
f

T6
 (

4 
EC

 +
 0

 H
A

 +
 N

TA
)

32
.9

6 
± 

3.
05

 d
29

.6
9 

± 
2.

33
 d

25
.5

2 
± 

2.
23

 d
21

.1
9 

± 
0.

95
 e

0.
93

 ±
 0

.0
4 

a
1.

04
 ±

 0
.0

6 
a

52
.4

1 
± 

1.
19

 a
53

.8
6 

± 
1.

21
 a

35
.7

2 
± 

4.
77

 d
28

.7
9 

± 
2.

86
 f

1.
66

 ±
 0

.1
2 

e
1.

40
 ±

 0
.1

0 
f

*M
ea

ns
 ±

 s
ta

nd
ar

d 
de

vi
at

io
n.

 N
ot

e:
 E

C 
= 

el
ec

tr
ic

al
 c

on
du

ct
iv

it
y;

 H
A

 =
 h

um
ic

 a
ci

d;
 N

TA
 =

 w
it

ho
ut

 a
pp

lic
at

io
n 

of
 T

ri
ch

od
er

m
a 

ha
rz

ia
nu

m
; C

TA
 =

 w
it

h 
ap

pl
ic

at
io

n 
of

 T
ri

ch
od

er
m

a 
ha

rz
ia

nu
m

. M
ea

ns
 w

it
h 

a 
co

m
m

on
 le

tt
er

 
ar

e 
no

t 
si

gn
if

ic
an

tl
y 

di
ff

er
en

t 
ac

co
rd

in
g 

to
 T

uk
ey

’s
 te

st
 (

p 
≤ 

0.
05

).



Brazilian Journal of Biology, 2025, vol. 85, e28949212/16

Tirado-Malaver, R.H. and Tirado-Lara, R.

2023). Specifically, HA produces soil aggregates by 
holding moisture longer (Saidimoradi et al., 2019), which 
causes nutrients to be mobilized by mass flow to the 
roots (Rasouli et al., 2022; Tirado-Malaver et al., 2021). 
It has been reported that soil aggregation is a dynamic 
process in which plant and microorganisms interact 
and influence the increase of soil fertility and this is 
accompanied by an improvement in the availability of 
nutrients (Řezáčová et al., 2021).

While the action of Trichoderma, Xiao  et  al. (2023) 
indicate that the application of this microorganism 
proliferates in the rhizosphere of the plant and through 
it synthesizes organic compounds that solubilize ions, 
improving the availability of these (Woo et al., 2023) and 
takes advantage of the water retained by the soil aggregates 
(Bandara and Kang, 2024), resulting in increased root 
growth of the plant. In addition, the Trichoderma according 
to Duan et al. (2023) applied from the transplant and in 
early stages of the plant of bell pepper, tends to increase its 
proliferation, helping to root the seedlings and stimulates 
in it, the synthesis of endogenous hormones (gibberellins 
and auxins), producing greater root development, which 
results in the increase of the uptake of nutrients. On the 
other hand, Estévez-Geffriaud et al. (2020) indicated that 
Trichoderma produces fungal elicitors in the rhizosphere 
of the plant, which solubilizes nutrients and produces 
mycoparasitism in pathogenic fungi of the soil, fulfilling 
a double function as biofertilizers and biofungicides.

Regarding fruit characteristics, the supply of saline 
irrigation of 4 dS m-1 of EC in saline soils reduced 42.47% 
in fruit diameter and 54.26% in fruit length, surpassing that 
reported by Amerian et al. (2024). According to Qiu et al. 
(2017), soil salinity causes osmotic stress in the plant, 
which significantly reduces the movement of water from 
soil to plant tissue, leading to metabolic alterations in the 
cells and fruit filling of the bell pepper fruit (Navarro et al., 
2010). On the other hand, the application of increasing 
doses of HA was favored when using Trichoderma to 
obtain a fruit of better caliber, because it increases the 
tolerance to salinity and implies that the conduction of 
water is continuous, which results in a continuous flow 
of carbohydrates and water to the fruit achieving a better 
caliber (Kanabar et al., 2024). These results are close to 
those obtained by Fallik et al. (2019) in bell pepper.

Likewise, results show that salt stress increases 
flower drop and reduces fruit set (Seenivasagan and 
Babalola, 2021) and increasing doses of HA combined 
with Trichoderma produce a significant effect on NFP 
and WFP (Seenivasagan and Babalola, 2021). These results 
confirm that the beneficial microorganism improves 
intercellular communication in salt stress signaling and 
plant homeostasis (Chaudhary et al., 2022). In addition, 
this microorganism in the rhizosphere produces organic 
acids which generates acidic conditions involving nutrient 
solubilization (Bandara and Kang, 2024), improves soil 
aggregation and allows increased water and nutrient 
transmission to growing fruits (Ennab et al., 2023). After 
one year, the combination of HA and Trichoderma, improves 
the uptake of water and nutrients (Gürsoy, 2024), as well 
as a continuous flow of photosynthates and water to the 
fruit, achieving a higher number of fruit set and higher 

While for K+/Na+ ratio and proline content, Figure 2E, 
shows that the increase of 1 L of HA combined with the 
microorganism under saline soil and with water irrigation 
of 0 and 4 dS m-1 EC, there is the increase of 35.12 and 
31.65% in K+/Na+ ratio and the increase of 1.21 and 1.23 mg 
proline g-1 DW (Figure 2F). In contrast, the application of 
increasing doses of HA combined with TH showed higher 
K+ uptake and proline synthesis as a defense mechanism 
against salt stress.

4. Discussion

The results showed that saline soil accompanied by 
irrigations of 0 and 4 dS m-1 of electrical conductivity, 
reduces the growth and productivity of bell pepper, 
because the plant subjected to saline stress, loses its 
ability to uptake water and nutrients (Danish et al., 2024), 
presents a hormonal imbalance (Malik et al., 202), low 
cell division (Saberi et al., 2021), stomata closure (Gürsoy, 
2024) and toxic effect of Na+ (Amerian  et  al., 2024). 
However, increasing the dose of humic acid combined 
with Trichoderma harzianum significantly increases salinity 
tolerance and produces a significant effect on agronomic 
parameters (PH, RDW and PRW) of bell pepper during the 
2023 season and these values increase slightly in 2024 
season. These results are consistent with the findings of 
da Silva et al. (2021) who tested applications of beneficial 
microorganisms with different doses of HA and found a 
significant effect on agronomic parameters of bell pepper 
when increasing the doses of HA with the microorganism 
under salt stress conditions.

In study reported by Pineda-Cotrina et al. (2022) when 
applying HA combined with Trichoderma, plant height 
ranged from 44.55 to 55.93cm without salinity conditions, 
while in the study of Massimi et al. (2023) it was lower 
because saline soil conditions and saline irrigation of more 
than 2 dS m-1 restricts the movement of water to the leaf 
tissue, showing a reduction in plant dry matter.

It was observed in this study that saline soil with 
water irrigation of 0 and 4 dS m-1 EC caused significant 
reductions in root dry weight and leaf biomass of bell 
pepper. This is corroborated by Shukry et al. (2023) who 
revealed that plant growth retardation under salt stress 
is due to Na+ accumulation in plant tissue, which triggers 
electrolyte leakage, leading to low root and leaf growth. 
Specifically, the accumulation of salts in rhizosphere of plant 
reduces and hinders the entry of water into the vascular 
bundles of the roots, causing the cells to lose turgor and 
a physiological imbalance to occur (Mishra et al., 2023), 
hindering the uptake of nutrients (Ahmad et al., 2022). 
However, in our research, increasing HA doses combined 
with Trichoderma for two seasons significantly reduced the 
negative effect of salinity and increased root development 
(root dry weight), improving nutrient and water uptake 
to plant. This effect is due to the double action of HA and 
Trichoderma. Recent studies have shown significant effects 
of the combined use of HA and beneficial microorganisms 
on root and leaf growth of barley (Alsudays et al., 2024).

Regarding HA, the effect is due to soil aggregation, 
ionic imbalance and moisture retention (Massimi et al., 
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plant, accumulating osmolytes at the cellular level that 
regulate the water potential and solubilize K+ allowing 
to maintain the Na+ and K+ ratio in plant (Bhat  et  al., 
2020). Also, the microbes produce exopolysaccharide 
which is a biofilm that retains water and binds Na+ and 
Cl- ions (Kim et al., 2024; Wang et al., 2019), resulting in 
stabilization of soil aggregates, generating the movement 
of nutrient and water transmission to the root efficiently 
(Mukherjee et al., 2019).

In addition, Trichoderma produces organic acids 
that solubilize nutrients from different mineral forms 
(precipitates and fertilizers) (Woo et al., 2023) and humic 
acid, stabilizes soil aggregates and thus, fertilizer nutrients 
are better utilized, increasing the soil microbial community, 
photosynthetic activity, carbohydrate accumulation 
and water conduction to the fruit (Ntanasi et al., 2024). 
Therefore, as the dose of humic acids combined with 
the beneficial microorganism increases, the plant shows 
tolerance to soil salinity and saline water irrigation of up 
to 4 dS m-1, achieving good growth and productivity in 
bell pepper, similar to plants without salt stress. However, 
further experiments on the study of the physical, chemical 
and biological properties of the soil are required for a 
better understanding.

5. Conclusions

The results show that saline soil accompanied by 
irrigations of 0 and 4 dS m-1 of electrical conductivity, 
significantly reduces the growth and productivity of bell 
pepper. However, the combined application of 30 L ha-1 
of humic acid and Trichoderma harzianum, increases the 
tolerance to salinity and produces a significant effect 
on plant height, plant dry weight and increases root 
development, which improves the uptake of nutrients 
and water, favoring fruit set, fruit size and fruit weight 
per plant, resulting in the increase of the total yield of 
bell pepper in both seasons.

It was also found that the plant subjected to salt stress, 
increases the uptake of sodium and chlorine, causing 
harmful effects on it. However, the increase of the doses 
of humic acids combined with Trichoderma harzianum, 
significantly increases the concentration of K+ and Ca2+ 
in leaves, also, the proline content increases, generating 
defense mechanisms to the saline stress. Therefore, this 
combination is a sustainable alternative of bell pepper 
to reduce salt stress in arid and semi-arid areas of Peru.
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