
This is an open-access article
DOI: https://doi.org/10.18512/rbms2023v22e1269

ISSN 1980 - 6477

Journal homepage: 
www.abms.org.br/site/paginas

GROWTH PROMOTION IN MAIZE INOCULATED WITH 
Trichoderma harzianum

ABSTRACT – The current research evaluated the effectiveness of Trichoderma harzianum 
in promoting the vegetative growth of maize in a medium containing nutrient solution 
from seed inoculation with different bio-input doses. The experiment was conducted in an 
agricultural greenhouse containing 8 liters of polyethylene recipients containing sand, using 
a completely randomized design with five treatments and six replications. Seeds of the maize 
hybrid MSG1001 were inoculated with different doses of the commercial product based on 
T. harzianum for every 100 kg of seeds. The treatments were: T1: 0 ml (control), T2: 200 ml, 
T3: 400 ml, T4: 600 ml, and T5: 800 ml. Sowing was performed in recipients containing fine-
washed sand and capillarity irrigation with nutrient solution until the end of the experiment. 
At 28 DAP, the following variables were assessed: shoot length (SL), root length (RL), total 
plant length (TPL), shoot dry mass (SDM), root dry mass (RDM), total dry mass (TDM), 
total chlorophyll V3 (TCV3), total chlorophyll V4 (TCV4) and stem diameter (SD). The 
gradual increase in the doses of bio-input based on Trichoderma harzianum, up to 800 ml 100 
kg-1 of seeds, promoted an increase of 27%, 81%, 40%, 34%, 64%, and 42% in the variables 
SDM, RDM, TDM, SD, SL, and TPL, respectively. For RL, TCV3, and TCV4, there was an 
increase up to doses of 619, 321.6, and 435.6 ml 100 kg-1 of seeds, respectively. Furthermore, 
a positive correlation was obtained between bio-input dose and the potassium content and 
expressive differences in the nutrient content of the control concerning the other treatments, 
which were obtained in the multivariate analysis. Finally, it is concluded that T. harzianum 
influences the vegetative growth in maize. However, depending on the dose of the bio-input, 
it can result in different plant responses.
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PROMOÇÃO DE CRESCIMENTO EM MILHO INOCULADO 
COM Trichoderma harzianum

RESUMO - O presente trabalho avaliou a efetividade de T. harzianum na promoção de 
crescimento vegetativo de plantas de milho em meio contendo solução nutritiva, oriundas da 
inoculação de sementes com diferentes doses do bioinsumo. O experimento foi conduzido em 
estufa agrícola em vasos de polietileno de 8l contendo areia, empregando-se delineamento 
inteiramente casualizado com 5 tratamentos e 6 repetições.  Sementes do milho híbrido 
MSG1001 foram inoculadas com as doses de produto comercial a base de T. harzianum para 
cada 100 kg de sementes. Os tratamentos foram: T1: 0 ml (testemunha), T2: 200 ml, T3: 400 
ml, T4: 600 ml e T5: 800 ml. A semeadura foi realizada em vasos contendo areia lavada de 
granulometria fina e irrigação por capilaridade com solução nutritiva até o término do período 
de condução do experimento. Aos 28 DAP foram avaliadas as variáveis: comprimento da 
parte aérea (SL), comprimento de raiz (RL), comprimento total da planta (TPL), massa seca 
de parte aérea (SDM), massa seca radicular (RDM), massa seca total (TDM), Clorofila total 
V3 (TCV3), clorofila total V4 (TCV4) e diâmetro do caule (SD). O aumento gradativo das 
doses do bioinsumo a base de Trichoderma harzianum até 800 ml 100 kg-1 de sementes 
promoveu incremento de 27%, 81%, 40%, 34%, 64% e 42% nas variáveis SDM, RDM, TDM, 
SD, SL e TPL, respectivamente. Para RL, TCV3 e TCV4, houve incremento até as doses de 
619, 321,6 e 435,6 ml 100 kg-1 de sementes, respectivamente. Correlação positiva foi obtida 
entre dose de bioinsumo e teor de potássio, e diferenças expressivas em teor de nutrientes do 
controle em relação aos demais tratamentos foram obtidas na análise multivariada. Enfim, 
conclui-se que T. harzianum tem influência sobre o crescimento vegetativo em milho, mas 
que dependendo da dose do bioinsumo pode resultar em diferentes respostas das plantas.
 
Palavras-chave: Zea mays L., sementes, bioinsumo, crescimento, biomassa, nutrientes.
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Maize crops have contributed substantially 
to the Brazilian economy, being the cereal of the 
highest importance for the national production 
chain, mainly in agriculture, as a base component 
of feeding for poultry and swine (Contini et al., 
2019; Godoi et al., 2008). In this context, in the 
2022/23 crop, the export expectation is 25.7%, 
behind only the United States, which leads with 
a percentage of 29,8% of total exports (Fiesp, 
2022).

Despite the increasing production in 
recent years, Fao’s (2017) projections for 2050 
indicate that the demand for grains for food 
and power generation needs an increase of 60% 
and 50%, respectively. Thus, it demonstrates 
the great challenge of meeting this future 
demand, considering the environmental impacts 
that will be generated and the increase in the 
natural resources used, which are increasingly 
scarce (Zulauf, 2000). Therefore, the search for 
alternatives that contribute to increasing crop 
performance, mainly maize, has grown due to its 
tremendous economic and social importance.

Achieving the yield potential of culture is 
challenging, especially in maize, a culture highly 
responsive to biotic and abiotic factors; there is a 
need to adapt the cultivation system for the greater 
use of the genetic potential of cultivars. In Brazil, 
maize is predominantly cultivated as the second 
crop in a monoculture system, with an increase 
of 12% compared to the 2021/22 agricultural 
year (Conab, 2022), but with environmental 
costs due to the excessive use of pesticides 
(Sarkar et al., 2021; De Vries & Wallenstein, 

2017). In this context, agricultural soils that 
employ this production system have been more 
intensively investigated in recent years for the 
structural profile of microbial communities 
(Dlamini et al., 2023; Akinola et al., 2021; Fadiji 
et al., 2021). Work carried out by Dlamini et al. 
(2023) found that microbial diversity influences 
the effectiveness of the rhizosphere microbiome 
in modulating biological functions in managing 
and maintaining maize plant health.

Chemical treatment of seeds established 
itself as a practice adopted by farmers, enabling 
control and prevention of pests and early-cycle 
diseases (Vazquez et al., 2014). However, they 
can bring contamination risks to the environment 
and the people who carry out these activities 
(Waichman, 2012). Among the alternatives, 
bioproducts based on beneficial microorganisms 
have been made available for use in agriculture, 
including some genera of microorganisms 
capable of acting in the protection of seeds and 
the promotion of plant growth, through different 
mechanisms of action (Gomes et al., 2016).

Studies using fungi of the 
genus Trichoderma have shown effective 
results in protecting against phytopathogens 
(Natsiopoulos et al., 2022; Degani & Dor, 2021; 
Elshahawy & El-Sayed, 2018; Saravanakumar et 
al., 2017) due to their ability to colonize on the 
roots (Scudeler & Venegas, 2012). In addition, 
compounds produced by the fungus induce the 
formation of a greater volume of rootlets and 
participate in the decomposition of organic matter, 
increasing nutrient availability to plants (Gomes 
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et al., 2016; Vergara et al., 2019). Recently, Hang 
et al. (2022) verified that these fungi promote the 
modification of soil fungal communities, and as a 
consequence, plant growth is promoted.

Inoculation of maize seeds 
with Trichoderma spp aims to control 
phytopathogens (Ferrigo et al., 2014; Coninck 
et al., 2020; Zin & Badaluddin, 2020). However, 
there needs to be more information about the 
effect of the inoculant dose and its relationship 
with the stimulation of plant growth in the 
early stages of development. Furthermore, this 
plant-microorganism interaction can promote 
the formation of chloroplast pigments and the 
nutritional status of plants, which needs to be 
verified.

This study aimed to evaluate the effect 
of maize seed treatment with T. harzianum on 
the initial development of plants grown in sand 
using a nutrient solution in a capillary irrigation 
system.

Material and Methods

Experimental structure

The experiment was conducted in an 
agricultural greenhouse on a farm in the 
municipality of Matelândia (PR) in western Paraná 
from September to October 2020. Plant analyses 
were performed at the Chemistry Laboratory 
of the UDC Medianeira, Paraná, Brazil.

A “chapel-type” agricultural greenhouse 
was used, totaling 5 m length x 5 m width x 3 m 

height, with a transparent plastic top cover, 100 
microns thick, of the crystal type and the sides 
covered with black shading fabric (70%).

Preparation of pots and 
characterization of the irrigation system

The vessels with a capacity of 8 liters were 
drilled on the side of the base to facilitate the flow 
of water and nutrient solution. Fine-grained sand 
(0.05 to 0.2 mm) was used as soil material for 
filling the pots, previously washed to eliminate 
impurities with remains of organic matter.

After filling the recipients, they were 
irrigated by adding potable water from artesian 
wells on the surface until full soil saturation. The 
recipients were left to drain excess water through 
the holes in the base. Each recipient was then 
placed in the structure that allowed to maintain 
a water level 2 to 3 cm above the holes on the 
base’s side (Figures 1A and B).

For installation of the experiment in the 
recipients, so that they could receive individualized 
capillarity irrigation, a wooden platform with 
a height of 1.5 m from the ground surface was 
built, divided into individualized compartments 
for recipients with 24 cm of diameter on the top 
edge, and 20.5 cm in the lower base, the height 
of 21 cm and capacity of 8 L. Each compartment 
was lined with plastic tarpaulin, before placement 
of recipients, with a distance of 5 cm between 
the perimeter of the recipient and the structure, 
to allow individualized irrigation and avoid any 
contamination (Figures 1).
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Experimental Planning

Seeds of the simple hybrid MSG1001 
(MaisGenes Sementes LTDA, Toledo, 
Paraná) were inoculated with the fungus T. 
harzianum, employing the commercial product 
StimuControl containing the strain CCT 7589 
(Simbiose Indústria e Comércio de Fertilizantes 
e Insumos Microbiológicos LTDA). The 
commercial product is guaranteed 1x109 UFC 
L-1 of the fungus. The treatments used the 
following volumes of the commercial product: 
T1 : 0 ml (control), T2: 200 ml, T3: 400 ml, T4: 
600 ml, and T5: 800ml, having as reference the 
maximum product spray volume of 400 ml 100 
kg-1 of seeds.

The experimental design was completely 
randomized with five treatments and six 

replications, totaling 30 experimental units, each 
represented by a recipient containing two plants.

Inoculation was carried out under agitation 
and homogenization of the fungal inoculum on 
the surface of the seeds inside a plastic bag for 
30 seconds. Then the seeds were immersed in 
the solution and left to dry at room temperature 
(25°C) for 15 min. Immediately after, planting 
is made using four seeds/recipient, at a depth 
of 3 cm, with later thinning to 2 seedlings per 
recipient. At this stage, the recipients with 
moisture in the field capacity were arranged in the 
wooden structure in the agricultural greenhouse. 

The first irrigation was required five days 
after sowing, adding the nutrient solution on the 
outside of the recipients until the level reached 2 
to 3 cm above the holes at its base. At this stage, 
seed reserve germination and digestion have 

Figure 1.  Schematic representation of the platform built for installation of the experiment with capillarity 
irrigation.
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already occurred. Therefore, water availability 
was monitored daily at 8:00 a.m., 12:30 p.m., 
and 5:30 p.m. Whenever the solution level 
outside the recipients dropped below the holes 
on the base sides, new irrigation with the 
nutrient solution was applied. Irrigation was 
necessary once a day until the stage from V3 
(three leaves) to V4 (four leaves). Then, due 
to the increase in the evapotranspirometric 
demand of plants from high temperatures, 
irrigations with the nutrient solution were 
given twice a day. During experimentation, 
minimum and maximum temperatures were 
recorded inside the agricultural greenhouse 
(Figure 2).

The nutrient solution was prepared as 
described by Hoagland & Arnon (1950) for 
a volume of 500 liters with potable water 
from an artesian well, adjusting the pH and 

electrical conductivity (EC) to 6.0 and 1.5 ms 
cm-1, respectively. The nutrients used in the 
formulation were calcium nitrate (Ca(N03), 
potassium nitrate (KN03), potassium sulfate 
(K2S04), potassium chloride (KCl), ammonium 
nitrate (NH4N03), magnesium sulfate (MgS04), 
manganese sulfate (MnSO4), boric acid 
(H3B03), zinc sulfate (ZnS04), copper sulfate 
(CuS04), sodium molybdate (Na2MoO4), iron 
chelate (6%) (Fe-EDTA), monopotassium 
phosphate (KH2PO4) and monoammonium 
phosphate (NH4H2PO4). For the plant’s supply 
of nutrients, the application of nutrient solution 
started at (V1) until the period of the experiment 
uninstallation, stages V4-V5. Initially, 2 liters 
of solution were applied per recipient, and the 
replacement was performed when the solution 
level reached below the holes on the side of the 
recipient base.

Figure 2. Measures of minimum and maximum temperatures in the greenhouse during the experiment.

Minimum temperature
Maximum temperature

Days after planting (DAP)
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Data Collect

At 28 days after planting (DAP), plants in 
the stages V4-V5 were evaluated for the following 
variables: shoot height (SH), measured from the 
ground to the apex of the plant; root length (RL), 
measured from the bottom of the sheath to the 
end of the root system; total plant length (TPL), 
obtained by the sum between SH and RL; stem 
diameter (SD) measured at 1 cm from ground 
level with the aid of a digital caliper; root dry 
mass (RDM), shoot dry mass (SDM) and total 
dry mass (TDM) obtained from the use of a 
drying oven at 65oC.

Chlorophyll contents were determined 
using fully extended leaf discs from the 
third (V3) and fourth leaves (V4). For the 
determination of chlorophyll contents “a” 
(CLORA) and chlorophyll “b” (CLORB), it was 
collected for each experimental unit four leaf 
discs (0.2827 cm2 disc-1). Immediately after 
collection, the discs were immersed in 4 ml of 
dimethylsulfoxide (DMSO) for three hours in 
a water bath at 65oC. Next, spectrophotometer 
reading was performed for absorbances at 
649 nm and 665 nm, followed by the use of 
equations 1 and 2 developed by Lichtenthaler 
(1987), Equation 1º - Chl “a” = (12.19.A665) 
– (3.45.A649) and Equation 2º - Chl “b” = 
(21.99.A649 – (5.32.A665). Finally, obtaining 
the levels of DMSO in µg ml-1 and area for the 
two leaf discs per experimental unit of 0.5654 
cm2 was carried out with the results conversion 
in µg.cm2 for each pigment.

To determine macro and micronutrients, 
the leaf tissue deprived of the midrib was 
submitted to drying in an oven at 60 oC with 
forced ventilation per 48 h, according to the 
recommendation described by Silva (1999). 
Then, they were analyzed in the Laboratory 
LabAgro (Serranópolis do Iguaçu, PR, Brazil) 
for the contents of Nitrogen (N), Phosphorus (P), 
Potassium (K), Calcium (Ca), Magnesium (Mg), 
Sulfur (S) Iron (Fe), Copper (Cu) Boron (B) and 
Manganese (Mn), in the leaf tissue according 
to the methodology described by Carmo et al. 
(2000).

Statistical analysis

The data obtained were initially checked 
for normality using the Shapiro-Wilk test and 
homoscedasticity using the Bartlett test. Then, the 
analysis of variance (ANOVA) was performed 
for each of the variables noted in the experiment.

For the variables showing significance for 
the bio-input dose effect, data were submitted 
to regression analysis, directing to adjust a 
mathematical model using a linear or quadratic 
equation that best adapted the results.

Pearson’s correlation test was used at 
5% probability to verify the effect of doses on 
the accumulation of macro and micronutrients 
analyzed. The principal component analysis 
(PCA) was used to evaluate macro jointly and 
micronutrients quantified in leaf tissue.

All statistical tests were performed using 
the significance level of 5% and the programs 
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SISVAR (Ferreira, 2011) and GENES (Cruz, 
2013).

 
Results and Discussion

Based on the results obtained for shoot 
length (SL) as a function of the bio-input dose 
(Figure 3), a positive linear behavior was detected 
(Figure 4A). The increase in the bio-input dose 
(1x106 UFC of T. harzianum per ml) applied to 
the seeds up to the maximum dose evaluated 
resulted in an estimated increase of 0.0317 cm 
plant-1 ml-1. Considering the maximum dose 
evaluated, the estimated gain accumulation was 
25.36 cm plant-1, is 64% higher concerning T1 
(control).

Positive results of T. harzianum inoculation 
on shoot growth of maize plants associated 
with antagonism to Fusarium at 30 DAP, 
under greenhouse conditions, were verified 
by Saravanakumar et al. (2017). Furthermore, 
a proteomic analysis of maize seedling roots 
inoculated with T. harzianum, performed by 
Shoresh & Harman (2008), found increased 
activation of metabolic processes related to 
carbohydrates and photosynthesis, providing 
the growing plant with more energy and carbon 
sources. In another study, maize seeds inoculated 
with T. harzianum also increased in the plant’s 
aerial part, associated with the increase in the 
content of nucleic acids, chlorophyll pigments, 
total protein, and total protein and phytohormones 
during the maize cycle (Akladious & Abbas, 
2014). In addition, Contreras-Cornejo et al. 

(2009) and Vergara et al. (2019) suggest that plant 
growth promotion by Trichoderma spp. may be 
related to the increased capacity of the roots to 
absorb nutrients, resulting from the release of 
compounds from this fungus, which induce the 
formation of radicels.

Regarding the variable root length (Figure 
4B), an increase was observed up to the dosage 
of 619 ml 100 kg-1 (47.8 cm plant-1), being that 
this value was obtained with the estimative of the 
function maximum point based on the derivation 
of Y (root length) concerning X (bio-input) 
(Banzatto & Kronka, 2013). However, when 
applying 800 ml 100 kg-1 of seeds, considering the 
adjusted quadratic function, the value of 46.8 cm 
plant-1, specifically, a reduction of approximately 
2% in root length concerning the highest 
efficiency dose, 619 mL 100 kg-1. Therefore, 
considering the conditions of the experiment, 
for this variable, the most appropriate response 
model was the non-linear one and doses above 
619 ml 100 kg-1 of bio-input applied to seeds did 
not promote an increase in root length under the 
evaluated conditions.

The total length of the maize plants 
(TLP) showed a linear increase when applying 
increasing doses of the bio-input based on T. 
harzianum up to the maximum dose of 800 
ml 100 kg-1 seed (Figure 4C). The estimated 
increase concerning the control was 0.0427 
cm per milliliter of the applied product. At the 
highest dose, the observed increase of 34.1 cm 
represented 42% in gain for total plant length 
compared to the control.
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For stem diameter (SD), a linear increase 
was detected with an increasing dose of bio-
input (Figure 4D). The estimated gain was 
0.0053 mm plant-1 for each ml of the product 
applied, reaching 4.2 mm plant-1 of stem 
diameter increment at the dosage of 800 ml 100 
kg-1 of seed, representing 35% more concerning 
the control. The increase in the diameter of the 
stem promoted by the T. harzianum was also 
verified in tomato seedlings (Santana Baños et 
al., 2016) and onion bulbs (Coskuntuna & Özer, 
2008). According to Egamberdieva et al. (2017), 
establishing microbial symbiosis for growth 
promotion and nutrient obtention is related to 
phytohormones’ biosynthesis. In this context, 
indole-acetic-acid (AIA), gibberellins (GAs), 
abscisic acid (ABA), salicylic acid (AS), and 
cytokinins (CKs) are described in Trichoderma 
spp. (Illescas et al., 2021), whereas AIA and GAs 
are phytohormones involved in signaling events 
related to biomass accumulation in shoots and 
roots (Chowdappa et al., 2013). 

By evaluating the accumulation of root 
(RDM), shoot (SDM), and total biomass (TDM) 
as a function of increasing doses of bio-input 
(Figures 5A, 5B, and 5C), it was detected for 
both linear and positive increments. With the 
application of each milliliter of bio-input to maize 
seeds, it is estimated that an increase of 0.0009 
g for the variables RDM and SDM corresponds 
to an increase of 27% and 81% concerning the 
control, respectively. For the TDM variable, the 
estimated dry mass gain was 0.0018 g for each 
milliliter of bio-input applied to seeds, reaching 

an increment of 1.44 g in the maximum dosage, 
representing 40% more concerning the control. In 
this context, different studies show the influence 
of Trichoderma spp inoculation, modifying 
the root architecture associated with increased 
biomass and root hairs in species such as maize 
(Harman et al., 2004; Contrejas-Cornejo et al., 
2009; Chagas et al., 2017). 

The promotion of plant growth by 
Trichoderma spp. has been verified in axenic 
systems and soil under different environmental 
conditions (Kumar et al., 2017; Contreras-
Cornejo et al., 2009; Adams et al., 2007). In a 
study carried out by Contreras-Cornejo et al. 
(2009) involving the cultivation of Arabidopsis 
thaliana, the authors detected a pronounced 
increase in biomass and the number of secondary 
roots of mutant seedlings for genes related to 
transport or signaling by auxins in co-culture 
with T. virens, concerning the control without the 
fungus. Furthermore, they detected compounds 
synthesized by this fungus that are related to 
indole-3-acetic acid, indole-3-acetaldehyde, 
and indole-3-ethanol, which may suggest the 
contribution of these auxinic compounds in 
promoting the seedling’s growth.

The increase in biomass and plants root 
hairs by Trichoderma spp (Harman et al., 2004; 
Contrejas-Cornejo et al., 2009; Chagas et al., 
2017) can result in the improvement of the 
carrying capacity for the shoots, in addition to 
providing an increase in the efficiency of water 
use and nutrient absorption by plants (Contrejas-
Cornejo et al., 2009). In maize, Fu et al. (2020) 
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Figure 3. Maize plants of the hybrid MSG1001 at the 28 DAP from seeds inoculated with different volumes of 
the bio-input based on T. harzianum (T1: 0.0 ml (control); T2: 200 ml; T3: 400 ml; T4: 600 ml and T5: 800 ml). 
In each of the different treatments, there are two plants per photo.

C

Figure 4. Shoot length (A), root length (B), total length (C), and stem diameter (D) of maize hybrid MSG1001 
plants at 28 days after planting (DAP) as a function of bio-input volume based on T. harzianum.
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found that the inoculation of T. asperellum 
promoted modifications in the soil microbiome, 
closely related to soil nutrients and the increment 
of bio-input doses. Regarding foliar nutrients, 
in this study, a positive correlation was detected 
between doses of the bio-input and nutrient 
content only for potassium, r = 0.70 (p-value 
= 0.002), which according to Vieira (2011), is 
classified as moderate.

The technique of multivariate analysis by 
principal components (PCA), used for variables 
of different types, which includes studies of 
plant mineral nutrition (Dube et al., 2019), it was 
possible to condense 80.09% of the variation 
for the macro and micronutrients levels of the 
treatments in PC1 and PC2. Furthermore, by the 
graphical distribution of scores for treatments 
and factor loadings (Figure 6), there is a wide 
dispersion from T2 to T5 concerning T1 (control), 
being possible to verify the differential behavior 
of the plants when submitted to different doses 
of T. harzianum. Concerning the control, plants 
from treatments with at least 400 ml kg-1 seed 
of bio-input (T3 to T5) showed increased foliar 
contents for K, N, Fe, Zn, and Cu.

The use of 200 ml kg-1 seed of bio-input 
(T2) resulted in an intermediate behavior 
concerning nutrient accumulation in leaves; it 
can be suggested that the amount of T. harzianum 
may have been insufficient to promote changes 
in the plant to modify processes of absorption 
and accumulation of nutrients.

In maize, Fu et al. (2020) detected that 
seed inoculation with T. asperellum promoted 

an increase in the availability of soil nutrients, 
which was not quantified in plant tissue but 
led to an increase in grain production between 
4.87 and 20.26%. However, the results of this 
study involving the inoculation of maize and T. 
harzianum, and in other species of plants, reveal 
the modification in the accumulation of mineral 
elements (Marra et al., 2021; Hoyos-Carvajal et 
al., 2015; Li et al., 2015). Hoyos-Carvajal et al. 
(2015) verified that bean plants in the flowering 
stage, with seeds inoculated with different strains 
of Trichoderma spp, promoted an increase in 
foliar nutrient contents according to soil type, 
demonstrating the importance of the agricultural 
substrate in the solubilization of these minerals 
by this fungus. In tomato plants, Azarmi et al. 
(2011) demonstrated an increase in the levels 
of Ca, Mg, P, and K associated with reduced 
seedling growth inoculated with an isolate of 
T. harzianum. This result was attributed to the 
induction of the transport of nutrients from the 
root system to the shoot and the reduction in 
the accumulation of biomass may have come 
from an excessive concentration of compounds 
synthesized by the fungus. In this context, 
Vinale & Sivasithamparam (2020) highlight that 
several strains of Trichoderma are effective for 
stimulating plant development by activating an 
auxin-dependent mechanism and activating AIA. 
However, the plant growth is closely related to 
the concentration of compounds synthesized by 
this fungus.

Concerning the total chlorophyll content 
A+B, a growing increase was found up to the 
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Figure 5. Effect of inoculant dose based on T. harzianum on the root dry mass (A), shoot dry mass (B), and 
total dry mass (C) of the hybrid MSG1001 at 28 DAP.
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dose of around 400 ml 100 kg-1 of seed for both 
the third (V3) and the fourth (V4) fully expanded 
leaves (Figure 7). In V3 for the adjusted equation 
model, an estimated value of 40.9 µg cm-2 for total 
chlorophyll at the dose of 400 ml 100 kg-1 of seed 
was obtained. However, at the maximum point of 
the function, the dose of 321.6 mL kg-1 for a total 
chlorophyll content of 41.52 µg cm-2 suggests 
that it is possible to increase the total chlorophyll 
levels with a dose of bio-input lower than 400 ml 
100 kg-1 of seed. In V4, at the maximum point 
of the function, the dose of 435.6 ml 100 kg-1 of 

seed reached 42.5 µg.cm-2 of total chlorophyll 
content, similar to those obtained in V3. Through 
the analysis of the main components, it appears 
that T3 (400 ml 100 kg-1) is positively correlated 
with the increase in nitrogen (Figure 6), which 
according to several studies, reveals that this 
nutrient is directly related to photosynthetic 
activity (Field & Mooney, 1986; Argenta et al., 
2004; Schlemmer et al., 2013; Matos Pereira et 
al., 2015).

Following Harman et al. (2012), the 
interaction between Trichoderma-plant causes 

Figure 6. Biplot graphic dispersion of treatments based on factorial scores and loads for the variables studied, 
using the analysis of main components: principal components 1 (PC1) and 2 (PC2), and the respective 
percentages of the variation explanation.
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changes in the architecture of the root system, 
enabling the increase of its surface area, associated 
with increased water and nutrient absorption 
capacity, that leads to beneficial physiological 
changes to plants such as resistance to pathogens 
and photosynthetic efficiency. In this context, 
this study found substantial changes in the root 
system, where doses higher than T3 showed 
stagnation of root growth in length (Figure 4B), 
without compromising the accumulation of plant 
biomass in the initial stages (Figure 5), despite the 
substantial modification of the nutrient content.

Nitrogen, absorbed almost exclusively by 
mass flow, is the most required macronutrient and 
the one that promotes more significant limitation 
to the accumulation of biomass in maize (Sheoran 
et al., 2021; Asibi et al., 2019; Malavolta et 
al., 1997), which is positively correlated with 
chlorophyll content. Furthermore, Piekielek et 
al. (1995) mention that chlorophyll content can 
be used to predict the plant status for this nutrient 
(N), influenced by the genetic constitution of 
the cultivar and the cultivation environment. 
Concerning the results of this research, in 
the dose of 600 ml 100 kg-1 of seed (T4), the 
estimated value of total chlorophyll was 40.21 µg 
cm-2, representing a 5.3% reduction concerning 
the highest efficiency dose (T3). This decrease 
shows that some factors may have negatively 
influenced the content of photosynthetic 
pigments, which may be associated with the 
reduction of the nutrient content, among which 
the nitrogen (Figure 7).

The reduction observed in the total 

chlorophyll content on the third and fourth leaves 
may be due to some unknown factor interfering 
harmfully in the plant at higher doses of the 
product. Alonso–Ramírez et al. (2014) verified 
the parasitism of the fungus strain T. harzianum 
in mutant plants of Arabidopsis as a result of 
lower production of defense compounds, such as 
salicylic acid, and that without the contribution of 
this compound. Also, there being no barriers that 
prevent the arrival of the fungus to the vascular 
cambium, it disseminates systemically throughout 
the entirety of the plant, bringing it to collapse. 
Hjejord & Tronsmo (2003) suggested that high 
concentrations of the bio-input containing T. 
atroviride can result in self-inhibition, i.e., an 
environment of high competition for space and 
nutrients by the fungus. This situation may result 
in a reduction in viable conidia, with a consequent 
substantial reduction in the fungus population 
and the beneficial effects of the biological agent.

The results of the present study confirm the 
beneficial relationship of the T. harzianum with 
the plant, revealed by the promotion of growth, 
particularly of the root system. As stated by Zin 
and Badaluddin (2020), plants naturally exert a 
connection with the organisms of the rhizosphere, 
which is necessary for plant development 
and nutrient assimilation. In the experiment, 
which was performed on washed sand, young 
plants showed changes in nutrient content and 
morphometric characters, regardless of the 
occurrence of a colloidal environment. In general, 
plants are living beings with a high capacity 
to recognize organisms and their secondary 
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metabolites, such as phytohormones and other 
volatile compounds (Zin & Badaluddin, 2020). 
However, the synergistic mechanisms between 
these organisms still need to be elucidated.

The success in establishing maize in 
the cultivation area is closely related to the 
expression of productive capacity determined 
by biotic and abiotic factors. In this context, 
guaranteeing environmental conditions in 
which plants are stimulated to grow through 
the use of Trichoderma is of fundamental 
importance since it helps in the control of 
soil fungi (Elad et al., 1980; Ferrigo et al., 
2014; Zin & Badaluddin, 2020) and promotes 
plant growth (Gomes et al., 2016; Vergara 
et al., 2019), thus ensuring a uniform stand. 
However, the concentration of the bio-input 

must be considered, which depending on its 
population, may cause adverse consequences 
to plant growth. Therefore, it is suggested the 
development of additional studies that can 
elucidate positive and negative effects using a 
more significant number of corn hybrids and 
application of different doses of the fungus T. 
harzianum regarding crop productivity under 
field conditions.

Conclusions

In a sand capillary irrigation system, T. 
harzianum strain CCT 7589 shows a positive 
effect in promoting the growth of the maize hybrid 
MSG1001, up to the dose of 800 ml 100 kg-1 of 
seed of the commercial product, with expressive 

Figure 7. Total chlorophyll content of the third and fourth leaf, wholly expanded, from the hybrid MSG1001 at 
28 DAP as a function of inoculant doses.
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increments on the variables SDM, RDM, 
TDM, SD, SL and TPL, of approximately 27%, 
81%, 40%, 35%, 64%, and 42%, respectively, 
concerning the control.

For the RL, TCV3, and TCV4, this bio-
input promotes significant gains of 33%, 27%, 
and 63% concerning the control for 619 ml 
100kg-1 seeds, 321.6 ml doses 100kg-1 seeds, and 
435.6 ml 100kg-1 seeds, respectively. 

Maize seeds treated with different doses 
of the bio-input result in the formation of young 
plants with variation in nutrient accumulation in 
the leaf tissue, indicating a positive correlation 
between potassium content and concentration of 
T. harzianum. In addition, in doses between 400 
to 800 ml 100 kg-1 seed of bio-input (T3 to T5), 
especially in T3, revealed by the multivariate 
analysis, there is an increase in the foliar contents 
of K, N, Fe, Zn, and Cu.
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