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Growth promotion of
pecan rootstock seedlings
with Trichoderma spp.

Abstract — The objective of this work was to select Trichoderma spp. strains
with potential to promote the growth of rootstock seedlings of the pecan Barton
cultivar by improving their morphological parameters and quality index, as
well as to biochemically characterize these strains in vitro. In vitro bioassays
were carried out with 59 Trichoderma spp. strains to evaluate their effects
on the germination percentage and root growth of a bioindicator plant. The
pre-selected strains were inoculated onto pecan seeds with a spore suspension
at a concentration of 1x10° conidia per milliliter. The experimental design
was completely randomized, with five replicates. The analyzed variables were
plant height, stem diameter, number of leaves, shoot dry mass, root dry mass,
total dry mass, and the Dickson quality index. For each strain, qualitative
evaluations of calcium phosphate solubilization and of the production of
siderophores, hydrocyanic acid, and indole-3-acetic acid were carried out
in vitro. The production of hydrocyanic acid and indole-3-acetic acid was
not observed. Strains CPACT275, CPACT809, CPACT838, CPACTS852, and
CPACTSS59 significantly enhanced the biomass and quality index of ‘Barton’
pecan rootstock seedlings. The growth promoted by Trichoderma spp. may
be related to calcium phosphate solubilization by all strains and siderophore
production by CPACT838 and CPACTS852.

Index terms: Carya illinoinensis, biostimulant, siderophores, solubilization
of phosphate.

Promocao de crescimento de mudas de porta-enxerto
de nogueira-peca com Trichoderma spp.

Resumo — O objetivo deste trabalho foi selecionar linhagens de 7richoderma
spp. com potencial de promover o crescimento de mudas de porta-enxerto da
cultivar de nogueira-peca Barton ao melhorar seus parametros morfologicos
e indice de qualidade, bem como caracterizar bioquimicamente essas
linhagens in vitro. Foram realizados bioensaios in vitro com 59 linhagens de
Trichoderma spp., para avaliar seus efeitos sobre o percentual de germinagio e
o crescimento radicular de planta bioindicadora. As linhagens pré-selecionadas
foram inoculadas as sementes de nogueira-pecd com suspensdo de esporos a
1x10° conidios por mililitro. O delineamento experimental foi inteiramente
casualizado, com cinco repeti¢des. As variaveis analisadas foram altura de
planta, diametro do caule, nimero de folhas, massa seca de parte aérea, massa
seca de raizes, massa seca total e indice de qualidade de Dickson. Para cada
linhagem, foram realizadas avalia¢des qualitativas da solubilizagdo de fosfato
de calcio e da produgdo de siderdforos, acido cianidrico e acido indol-3-acético
in vitro. Nao foi observada produg@o dos acidos cianidrico e indol-3-acético.
As linhagens CPACT275, CPACT809, CPACT838, CPACT852 ¢ CPACT859
promoveram aumento significativo na biomassa e no indice de qualidade das
mudas de porta-enxertos de nogueira-peca ‘Barton’. A promogdo do crescimento
por Trichoderma spp. pode estar relacionada a solubilizag@o de fosfato de calcio
por todas as linhagens ¢ a produg¢ao de sideroforos por CPACT838 e CPACTS852.

Termos para indexacdo: Carya illinoinensis, bioestimulante, sider6foros,
solubilizacdo de fosfato.
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Introduction

The cultivation of pecan [Carya illinoinensis
(Wangenh.) K. Koch] trees has been increasing in
various countries, driven by the growing market
demand for their fruits and derivative products,
such as oil and flour, which are rich in mono- and
polyunsaturated fatty acids, vitamin E, minerals,
polyphenols, and phytosterols, offering numerous
health benefits, particularly in the prevention of
diabetes and cardiovascular diseases (Atanasov et
al., 2018). Additionally, pecan trees can also be used
as timber, ornament, shade source, and material for
substrates (Martins et al., 2024).

The Southern region of Brazil has favorable soil and
climate conditions for pecan trees, with the state of Rio
Grande do Sul covering the largest planted area in the
country, totaling 70% of the national pecan production
and yielding an estimated 5.17 thousand tons in 2023
(Rio Grande do Sul, 2023). Although there are no
consolidated official data, it is estimated that there
are currently between 8 and 12 thousand hectares of
pecan trees cultivated in the Brazilian territory, with
an expected expansion to 25 thousand hectares by
2030 (Martins et al., 2024).

For the successful establishment of commercial
orchards, in addition to a proper planning and
preparation of the planting area, it is crucial to obtain
high-quality seedlings, which includes parameters
such as uniformity in height, a vigorous visual
appearance, absence of pests and diseases, and a
balanced ratio between the aboveground portion and
the root system (Poletto et al., 2016). However, pecan
producers face obstacles that make the activity time-
consuming and costly, such as the need to carry out
procedures as seed scarification and stratification,
as well as to keep seedlings in a nursery for 24 to 36
months in order to reach the planting point (Poletto
et al., 2016). Another difficulty is that the root system
of nut trees is composed of a dominant (pivoting) main
root and few secondary roots, which are responsible
for absorbing water and nutrients (Grauke et al., 2016).
Therefore, practices that favor and/or enhance the
development of secondary roots can be beneficial to
accelerate seedling growth.

In this scenario, the search for growth-promoting
microorganisms becomes a challenge to be overcome
in order to reduce the time the plants are kept in the
nursery, operational costs, and cost of the seedlings to
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the producer, in addition to providing more vigorous
and uniform seedlings, with a positive impact on the
survival and initial development of plants in the field.
In the literature, the high capacity of Trichoderma
spp. to contribute to the sustainable development of
agroecosystems is highlighted. These fungi stand
out due to their abilities to activate plant defense
mechanisms and preempt pathogen attacks, as well
as to assist plants in resisting abiotic stresses and in
the recovery of soils contaminated with heavy metals
(Cortés-Hernandez et al., 2023). Fungi of the genus
Trichoderma spp. have been used in vegetable, forage,
forestry, and fruit species due to their mechanisms
involved in plant growth promotion, such as the
solubilization of phosphate and micronutrients and the
production of secondary metabolites and hormones
(Santos et al., 2021).

The objective of this work was to select Trichoderma
spp. strains with potential to promote the growth of
rootstock seedlings of the pecan Barton cultivar by
improving their morphological parameters and quality
index, as well as to biochemically characterize these
strains in vitro.

Materials and Methods

For the study, 59 Trichoderma spp. strains,
belonging to the collection of microorganisms of
interest for biological pest control of Embrapa Clima
Temperado, were evaluated. For this, in vitro bioassays
were initially carried out using lettuce (Lactuca sativa
L. as a bioindicator of the deleterious effects of the
strains with harmful potential to pecan, according to
the methodology of Kremer (2013). The strains were
grown in rice bran culture medium (50 g rice bran
extract, 20 g dextrose, and 15 g agar up to final volume
of 1,000 mL in distilled water) and incubated for seven
days at 25°C and in the absence of light, before being
transferred into a 1.0 cm long groove close to the edge
of 9.0 cm wide Petri dishes containing the already
solidified culture medium. At the end of the incubation
period, 1.0% (v/v) agar/water, at 25°C, was poured over
the fungal colonies for the lettuce seeds to be laid on
after solidification.

The Grand Rapids TBR curly lettuce cultivar
was used for the bioassay. Seeds without pesticide
treatment were disinfected by being immersed in
70% (v/v) alcohol for 1 min and in 1.5% (v/v) sodium
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hypochlorite for 2 min, and then were washed four
times with sterile water to remove residues. The seeds
were arranged in parallel on plates, totaling 20 seeds
per plate. At the end of three days of incubation at
25°C and a 16-hour photoperiod, the percentage of
seed germination and the length of the primary root of
the seedlings were evaluated. The experimental design
was completely randomized, with four replicates per
treatment. Petri dishes without fungal growth were
used as controls. Means were compared by the Scott-
Knott test, at 5% probability.

Seven promising strains were identified in the
previous bioassay and then tested to evaluate their
potential to promote the growth and improve the
quality of rootstock seedlings of the Barton pecan
cultivar. For this, another bioassay was conducted
from August 2020 to January 2021 in a plant nursery,
located at the Cascata experimental station of Embrapa
Clima Temperado, in the municipality of Pelotas, in
the state of Rio Grande do Sul, Brazil. The nursery
was completely enclosed, covered with agricultural
plastic film, and equipped with a cooling system, with
temperature and relative humidity control between
25 and 30°C and between 70 and 80%, respectively.
Seeds of the Barton pecan cultivar, without pesticide
treatment, were disinfected following the same
procedure applied to the lettuce seeds. Then, the
seeds were scarified with a grinder and stratified
using a plastic box containing layers of moist sand, at
4°C, for 90 days in a cold chamber, according to the
methodology of Poletto et al. (2016).

For the mass propagation of the strains, Erlenmeyer
flasks containing 100 g parboiled rice and 70 mL
distilled water were sterilized in an autoclave for 20
min at 120°C. After the rice cooled, five disks (5.0 mm
wide) of active colonies were removed for later use. At
the end of a seven-day incubation period, at 25°C and in
the absence of light, 100 mL sterile water were added
to each Erlenmeyer flask to obtain a spore suspension.
The suspension was incorporated at a dose of 2.0 mL
at 1x10° conidia per milliliter and a depth of 5.0 cm
in pots containing 4.0 kg washed sand and two pecan
seeds. Once the seedlings were established, thinning
was carried out to one seedling per pot.

Irrigation was performed with a graduated cylinder
to avoid flooding of the substrate and leaching
of the applied treatments. Weekly evaluations of
morphological parameters began when most seedlings

had two pairs of leaves, which occurred two months
after planting, and continued until the sixth month.
Plant height (cm) was determined by measuring
the plant from its base to the insertion region of the
youngest leaves, while stem diameter (mm) was
measured at 3.0 cm from the base of the plant using
a digital caliper. Only leaves larger than 2.0 cm were
considered to calculate the mean number of leaves per
seedling. To obtain shoot, root, and total dry mass (g),
the seedlings were collected six months after planting,
oven dried, and weighed on an analytical balance.
The Dickson quality index (DQI) was determined
according to the following equation (Dickson et al.,
1960): DQI = (TDM) / [(H/SD) + (SDM/RDM)] where
TDM is total dry mass, H is plant height, SD is stem
diameter, SDM is shoot dry mass, and RDM is root
dry mass.

Non-inoculated seedlings were used as the control.
The experimental design was completely randomized,
with five replicates, and the experimental data were
tested for normality and homogeneity of variances.
Once the assumptions were met, the results were
subjected to the analysis of variance, and means were
compared by the Duncan test, at 5% probability. If the
assumptions were not met, the data were subjected
to the non-parametric Kruskall-Wallis test, at 5%
probability.

The seven strains previously selected were also
analyzed for the following biochemical features:
solubilization of calcium phosphate, and the
production of siderophores and plant regulators such
as hydrocyanic acid and indole-3-acetic acid.

The adapted methodology of Chagas et al. (2016)
was used to evaluate the solubilization capacity of
calcium phosphate. In this bioassay, mycelium disks
(5.0 mm in diameter) were transferred to modified
NBRIP culture medium (Nautiyal, 1999) containing
10 g L glucose, 5.0 g L' MgCl,.6H,0, 0.25 g L
MgS0,.7H,0, 0.20 g L' KCl, 0.1 g L' (NH,4),SO4, 10
g L' Ca;HPO,, and 10 g L agar. The bromothymol
blue indicator was added to the medium, whose pH
was adjusted to 7.0. The dishes were incubated at 25°C,
without light, for five days. Then, solubilization was
evaluated qualitatively by observing if the blue color of
the culture medium changed to yellow/orange around
the fungal colony. Each fungal strain represented one
treatment, and the dishes without inoculation were
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used as the control. The experimental design was
completely randomized, with four replicates.

To detect the production of siderophores, the strains
of Trichoderma spp. were also subjected to a bioassay
using the universal method of Schwyn & Neilands
(1987). For this, six mycelial disks, measuring 5.0 mm
in diameter, were transferred to Erlenmeyer flasks
containing 100 mL potato-dextrose medium. After
five days of growth, at 25°C, under orbital agitation
at 150 rpm, the fungal mass was precipitated by
centrifugation at 1,500 rpm for 10 min. The evaluation
was carried out qualitatively after 15 min of mixing the
supernatant and chromeazurol S solution, at pH 5.6,
in equal volumes. The strains whose color changed
from blue to yellow/brown were considered to have
produced siderophores. Each fungal strain consisted of
one treatment, and a BD medium without inoculation
was used as the control. The experimental design used
was completely randomized, with four replicates.

The methodology described by Miller & Higgins
(1970) was adapted to conduct the bioassay to determine
the hydrocyanic acid production of the seven selected
strains. A 5.0 mm mycelial disk from each of strain
was individually transferred to Petri dishes containing
potato-dextrose agar (PDA) medium plus 4.4 g glycine
(C,Hs5NO,) and 0.081 g ferric chloride hexahydrate
(FeCl;.6H,0). Adjusted to the diameter of the Petri
dish lids, sterilized filter paper disks were immersed
in a solution of 5.0% picric acid (w/v) and 2.0%
sodium carbonate (w/v). The evaluation was carried
out qualitatively after incubation for 15 days at 25°C
and in the absence of light, based on the change in
color from yellow to dark yellow or brown, indicative
of hydrocyanic acid production by the strains. A PDA
medium with C,HsNO, and FeCl;.6H,0, but without
inoculation was used as the control. The experimental
design was completely randomized, with four replicates
for each treatment.

The in vitro production of indole-3-acetic acid was
analyzed using the methodology adapted by Chagas
etal. (2017). Five disks (3.0 mm in diameter) were
transferred to Falcon tubes containing 25 mL potato
dextrose plus L-tryptophan ata concentration of 100 mg
L. To investigate the synthesis capacity of the strains
in the absence of the precursor, the same procedure
was carried out using a potato dextrose medium
without L-tryptophan. The used tubes were placed on
an orbital shaker at 150 rpm, at 25°C, for eight days.
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Afterwards, 2.0 mL of the culture from each replicate
were subjected to centrifugation at 12,000 rpm for
15 min. In Elisa plates, one part of the Salkowski
reagent [FeCl; 0.5 mol L' + HCIO, (35%)] and two
parts of the supernatant obtained from each strain were
added in the absence and presence of L-tryptophan.
The evaluation was carried out qualitatively by
observing the change in color from yellow to pink,
indicative of the production of indoleacetic acid. The
experimental design was completely randomized, with
four replicates per treatment.

Results and Discussion

Of the 59 Trichoderma spp. strains evaluated in
the bioassay using lettuce plants as a bioindicator
of deleterious effects, 12 prevented completely
seed germination, 17 were phytotoxic and reduced
germination, and 30 did not differ significantly from
the control (Table I). Regarding the length of the
primary root of the seedlings (Table 1), 24 strains
promoted higher increases than the control, especially
CPACTI109 (280.20%) and CPACT275 (254.28%)),
followed by CPACT809 (197.75%), CPACTS859
(189.18%), CPACTS852  (183.88%), CPACTS838
(166.94%), and CPACTS815 (158.98%), which were
selected for evaluation. Nandini et al. (2021) observed
that, although the genus Trichoderma includes over
200 species, currently, Trichoderma asperellum,
Trichoderma viride, Trichoderma virens, and
Trichoderma harzianum are highlighted as the most
commonly used in studies on plant growth promotion
and pathogen control.

Morphological attributes, including plant height,
stem diameter, and shoot and root dry matter, are
important to determine seed quality during nursery
cultivation, directly impacting the initial establishment
of plants in the field. The evaluation of combinations
of two or more morphological attributes can be carried
out using indices or relationships, as the Dickson
quality index (Grossnickle & South, 2017).

For most of the analyzed variables, except for
plant height, stem diameter, and number of leaves
per seedling, inoculation with Trichoderma spp.
provided the best results (Table 2). With regard to
number of leaves, the obtained results are in line with
those of Santos et al. (2021), who also did not observe
any significant difference between dwarf cashew
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(Anacardium occidentale L.) seedlings inoculated
with Trichoderma spp. and the control. According to
the same authors, this occurred because the studied
strains did not produce indole-3-acetic acid, an auxin
directly related to the growth of plants, particularly of
their aerial parts, which is attributed to the promotion
of cell elongation in the apical region, as also observed
in the present work.

Considering the relative difference between
treatments with and without T7richoderma spp.,
significant increases were observed depending on

the used strain, namely: from 17.56 to 55.12% for
shoot dry matter, 67.58 to 82.54% for root dry matter,
and 50.41 to 67.05% for total dry matter (Table 3).
The relationship between shoot and root dry matter
was significantly higher for strains CPACTS809,
CPACTS838, and CPACTS859 in relation to the control
treatment, with a certain homogeneity, varying from
0.41 to 0.46 g, which is an indicative of some similarity
in the attributes related to the morphological quality of
plants compared with different strains of Trichoderma
spp. These values show that there was the emission of

Table 1. Seed germination percentage (SGP) after three days of incubation, at 25°C and a 16-hour photoperiod, and primary
root length of seedlings of the Grand Rapids TBR lettuce (Lactuca sativa) cultivar in the absence (control) and presence of

Trichoderma spp. strains.

Trichoderma spp. SGP (number of seeds ~ Primary root length Trichoderma spp. SGP (number of seeds ~ Primary root length
strain per plate) (mm) strain per plate) (mm)
Control 86.87a 4.90e CPACTS517 70.00b 5.77d
CPACT102 72.50b 1.03g CPACT611 0.00e 0.00g
CPACT109 97.50a 18.63a CPACT649 0.00e 0.00g
CPACTI111 0.00¢e 0.00g CPACTS805 96.25a 10.95¢
CPACTI123 73.75a 0.96¢ CPACTS806 81.25a 6.73d
CPACT133 0.00¢e 0.00g CPACTS808 62.50b 6.08d
CPACT164 82.50a 8.25¢ CPACTS809 90.00a 14.59b
CPACTI165 80.00a 9.12¢ CPACTS810 63.75b 5.68d
CPACTI193 0.00e 0.00g CPACTS815 87.50a 12.69b
CPACT201 68.75b 2.14f CPACTS834 0.00¢e 0.00g
CPACT205 62.50b 0.87¢g CPACTS836 90.00a 8.17¢
CPACT208 81.25a 1.91f CPACTS838 98.75a 13.08b
CPACT231 90.00a 8.62¢ CPACTS840 93.75a 9.42¢
CPACT275 93.75a 17.36a CPACT847 92.50a 9.36¢
CPACT276 51.25¢ 0.65¢g CPACTS852 83.75a 13.91b
CPACT301 91.25a 8.62¢ CPACTS854 67.50b 6.45d
CPACT311 67.50b 0.73¢g CPACTS859 96.25a 14.17b
CPACT315 77.50a 6.35d CPACT860 80.00a 9.45¢
CPACT321 81.25a 3.31e CPACT862 27.50d 0.83¢g
CPACT325 0.00e 0.00g CPACT1055 91.25a 4.55¢
CPACT331 48.75¢ 3.88e CPACTI1058 93.75a 1.37f
CPACT341 0.00e 0.00g CPACTI1059 41.25¢ 0.76g
CPACT362 81.25a 2.96f CPACT1061 86.25a 1.52f
CPACT415 65.00b 1.32f CPACT1063 75.00a 2.10f
CPACT418 61.25b 0.88¢g CPACT1066 0.00e 0.00g
CPACT438 47.50c 4.10e CPACT1105 93.75a 5.56d
CPACT445 56.25¢ 1.76f CPACT1106 0.00¢e 0.00g
CPACT458 0.00¢e 0.00g CPACTI1108 78.75a 6.25d
CPACT459 82.50a 1.24f CPACT1109 78.75a 2.94f
CPACT460 0.00e 0.00g CPACTI1163 55.00c 1.97f
CV (%) 20.60 31.46 20.60 31.46

(UMeans followed by equal letters, in the column, do not differ by the Scott-Knott test, at 5% probability. CV, coefficient of variation.
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secondary roots capable of ensuring a rapid growth
after planting, a desirable characteristic given the
increase in the uptake capacity of the roots and in the
resistance to water stress under field conditions. The
ability of Trichoderma spp. to stimulate root growth
makes it advantageous as a rooting agent, providing an

Table 2. Chi-square and p-value for plant height, stem
diameter, and number of leaves of six-month-old rootstock
seedlings of the Barton pecan (Carya illinoinensis) cultivar
produced from seeds subjected to 90 days of stratification
and inoculated with Trichoderma spp. strains under plant
nursery conditions, with temperature between 25 and 30°C
and relative humidity between 70 and 80%, at the Cascata
experimental station of Embrapa Clima Temperado, located
in the municipality of Pelotas, in the state of Rio Grande do
Sul, Brazil.

Variable DF® Chi-square p-value
Plant height (cm) 5 2.30581™ 0.80541
Stem diameter (mm) 5 1.32000 0.93286
Number of leaves 5 5.65597m 0.34115

(MDegrees of freedom. “Nonsignificant by the Kruskal-Wallis test, at 5%
probability.

Table 3. Shoot dry matter (SDM), root dry matter (RDM),
total dry matter (TDM), and Dickson quality index (DQI)
obtained for six-month-old rootstock seedlings of the Barton
pecan (Carya illinoinensis) cultivar produced from seeds
subjected to 90 days of stratification and inoculated with
Trichoderma spp. strains under plant nursery conditions,
with temperature control between 25 and 30°C and relative
humidity between 70 and 80%, at the Cascata experimental
station of Embrapa Clima Temperado, located in the
municipality of Pelotas, in the state of Rio Grande do Sul,
Brazil®,

Trichoderma SDM RDM TDM DQI
spp. strain o (Gram per plant)--------------

Control® 2.05bc 4.01b 6.07c 0.98¢c
CPACT109 1.98bc 4.96b 6.94bc 1.22abc
CPACT275 2.41abc 6.72a 9.13ab 1.65a
CPACTS809 2.99a 7.13a 10.12a 1.68a
CPACTS815 1.73¢ 4.47b 6.20c 1.06bc
CPACTS38 3.18a 6.96a 10.14a 1.55ab
CPACTS852 2.72ab 7.32a 10.04a 1.75a
CPACTS859 2.87a 6.98a 9.85a 1.56ab
CV (%) 17.34 16.63 15.62 20.86

(OMeans followed by the equal lowercase letters, in the columns, do not
differ by the Duncan test, at 5% probability. ®Without inoculation. CV,
coefficient of variation.
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alternative for reducing the use of chemical fertilizers
(Jietal., 2020).

Some promising strains promoted a greater increase
from 58.16 to 78.57% in the Dickson quality index
of the pecan rootstocks, especially CPACT275,
CPACTS809, CPACTS838, and CPACTS852 (Table 3).
This result shows the superior quality of inoculated
seedlings as this index considers parameters such as
seedling vigor and the balance of biomass distribution
(Oliveira et al., 2018). Although there is no standard
value in the literature for the Dickson quality index of
pecan seedlings, higher values are an indicative of a
higher seedling survival in the field.

In plants grown under suboptimal conditions for
their development, whether due to limitations in light,
water, nutrients, temperature, or salinity, Trichoderma
spp. may act as a mechanism to overcome stressful
situations, promoting plant growth. This is because
the fungus is capable of producing both antioxidant
enzymes that reduce oxidative damage and abscisic
acid that regulates stomatal closure (Stewart & Hill,
2014). In the present study, the response observed in
seedlings treated with Trichoderma spp. was even
more evident because, in all treatments superior to
the control, the standard for the Dickson quality index
(higher than 1.55) was reached under cultivation
conditions in sand, a substrate in which few nutrients
are available to plants.

Plant growth promotion by the Trichoderma spp.
fungus occurs through secondary metabolites released
into the rhizosphere, including small peptides and
other active metabolites capable of promoting root
branching and the solubilization of the insoluble
micronutrients present in the soil in order to
modulate root architecture, which ensures a greater
absorption and translocation of scarcely available
minerals, increasing plant development (Junges et al.,
2016). The ability of all seven strains to solubilize
calcium phosphate (Figure 1) and the production of
siderophores by strains CPACT838 and CPACTS52
(Figure 2) confirm this aspect. Lopez etal. (2019)
observed increases in the shoot and total dry matter of
yerba mate (/lex paraguariensis A.St.-Hil.), attributing
this gain to the production of siderophores and the
solubilization of phosphates by Trichoderma spp.

Growth promotion by Trichoderma spp. also occurs
throughindirectmechanisms, includingmicroorganism
control through competition for nutrients, antibiosis,
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CPACTR809

CPACTS52 CPACTS59

Figure 1. Qualitative evaluation of calcium phosphate solubilization by Trichoderma spp. strains in a modified NBRIP
culture medium (control, without inoculation). The dishes were incubated, at 25°C and without light, for five days. The
change from the initial blue color to yellow/orange around the fungal colony is an indicative of solubilization, an indicator
of the potential of the strains to promote the growth and increase the biomass and the quality index of pecan (Carya
illinoinensis) rootstock seedlings.

L L i aa e

Control CPACT275 CPACT809 CPACTS859 CPACTR838 CPACT109 CPACTS852 CPACTS815

Figure 2. Qualitative evaluation of siderophore production by Trichoderma spp. strains in potato-dextrose medium (PD)
for five days, at 25°C, under orbital agitation at 150 rpm. The change in the blue color of the solution to yellow/brown is
indicative of siderophore production, an indicator of the potential of the strains to promote the growth and increase the

biomass and the quality index of pecan (Carya illinoinensis) rootstock seedlings. A PD medium without inoculation was
used as the control.

-y
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or mycoparasitism. In this process, extracellular lytic
enzymes produced by Trichoderma spp. degrade the
cell walls of pathogens, allowing the fungal hyphae to
penetrate (Cortés-Hernandez et al., 2023).

None of the seven strains of Trichoderma spp.
tested showed the ability to produce hydrocyanic
acid (Figure 3). Hydrogen cyanide can promote seed
germination and act as a defense regulator in plants,
inducing systemic resistance, although, at high
concentrations, it can have deleterious and inhibitory
effects (Diaz-Rueda et al., 2023).

The evaluated strains were also not able to produce
indole-3-acetic acid, either in the presence or absence
of the L-tryptophan precursor (Figure 4). In a similar
bioassay, Santos et al. (2021) also found that strains
of Trichoderma spp. used in dwarf cashew seedlings
were not able to biosynthesize indoleacetic acid either
in the absence or presence of L-tryptophan.

Different strains of Trichoderma spp. affect plants in
various ways, producing over 800 known compounds
(Cortés-Hernandez et al., 2023). According to the

CPACT109

same authors, some of these compounds, such as
proteins and metabolites, activate immunity receptors
in plants upon contact, aiding them in combating
invasive organisms. Additionally, Trichoderma assists
in soil recovery through heavy metal absorption and
has the ability to survive in soil even in the presence
of high concentrations of phytosanitary products.
Gonzalez-Pérez etal. (2018) added that one of the
most accepted theories to explain the better shoot
development in several plants during the interaction
with Trichoderma spp. is the consequent production
of volatile organic compounds, including mono- and
sesquiterpenes, alcohols, ketones, and lactones, as well
as the accumulation and redistribution of auxins in the
roots in order to favor plant growth.

According to the obtained results, the selected
Trichoderma spp. consist in a mechanism that promotes
gains in the growth, development, and quality of
the rootstock seedlings of the Barton pecan cultivar,
proving to be an alternative of great technological
innovation. In view of the observed gains, these strains

CPACTS09 = ¥

\

CPACTS852 CPACTSS

Figure 3. Qualitative evaluation of hydrocyanic acid production by Trichoderma spp. strains incubated for 15 days, at 25°C
and in the absence of light, in dishes containing potato dextrose agar (PDA) medium plus 4.4 g glycine (C,HsNO,) and
0.081 g ferric chloride hexahydrate (FeCl;.6H20). The change in the yellow color from medium to dark yellow or brown is
an indicative of hydrocyanic acid production, an indicator of the potential of the strains to promote the growth and increase
the biomass and the quality index of pecan (Carya illinoinensis) rootstock seedlings. Dishes without inoculation were used
as the control.

Pesq. agropec. bras., Brasilia, v.59, €03745, 2024
DOI: 10.1590/S1678-3921.pab2024.v59.03745
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Figure 4. Qualitative evaluation of indoleacetic acid production by Trichoderma spp. strains in the absence (C) and presence
of L-tryptophan in Falcon tubes containing potato dextrose medium, placed on an orbital shaker at 150 rpm and 25°C for
eight days. The change in the yellow color of the Salkowski reagent to pink is an indicative of indoleacetic acid production,
an indicator of the potential of the strains to promote the growth and increase the biomass and the quality index of pecan

(Carya illinoinensis) rootstock seedlings.

of Trichoderma spp. showed the potential to increase
seedling quality through growth promotion, which was
not limited to the amount of active ingredient used, but
related to inherent mechanisms of action.

Conclusion

The CPACT275, CPACT809, CPACTS3S,
CPACTS852, and CPACTS859 Trichoderma spp. strains
significantly enhance the biomass and quality index
of the rootstock seedlings of the Barton pecan (Carya
illinoinensis) cultivar, which may be related to calcium
phosphate solubilization by all strains and siderophore
production by CPACT838 and CPACTS852.
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