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Abstract

The fungus Trichoderma spp. is known due to its versatility for promoting crop growth and grain yield,
improving the nutrient absorption and increasing the grain yield. The objective of this work was to evaluate
commercial strains of Trichoderma spp. and an organomineral fertilizer in the early growth promotion and grain
yield of wheat plants. Thus, wheat seeds cv. BRS 264 were treated with 2 mL of a Trichoderma suspension (2.5
x 10® conidia mL™" per 100 g seed) and submitted to growth in laboratory until 8 days after sowing (DAS). In the
greenhouse experiment, the seeds were sown in an 8 L pot, which received 4.0 x 10® conidia of Trichoderma per
pot. In both evaluations were: percentage of germination (PG), root length (RL), shoot length (SL), total length
(TL), fresh root mass (FRM), fresh shoot mass (FSM), total fresh mass (TFM), dry root mass (DRM), dry shoot
mass (DSM), total biomass (BIO), root mass ratio (RMR), shoot mass ratio (SMR) and aerial part/root system
ratio (AP/RS). In the greenhouse experiment, paniculation and grain yield were evaluated at 110 DAS. The
treatments 7. harzianum ESALQ 1306 and T. asperellum URMS5911 were considered satisfactory, since they
provided grain yield superior to 2,000 kg ha™. In addition, 7. harzianum ESALQ 1306 provided the best results
for PG, RL, SL, TL, FRM, FSM, TFM, DRM, DSM and BIO under greenhouse conditions. The reduced biomass
allocation to the root system in seedlings treated with Trichoderma ssp. occurred in the laboratory, which was
confirm in greenhouse.

Keywords: biocontrol agents, humic acid, Triticum aestivum
1. Introduction

The wheat (Triticum aestivum L.) is considered extremely important for the sustainability of small and
medium-sized properties in the south region of Brazil, being highly integrated in rotation and succession
schemes with soybean and corn crops in the no-tillage crop system, ensuring the economic flow and the
sustainability of the property (Camargo et al., 2004). In Brazil, about 11 million tons of wheat are consumed per
year, according to the Companhia Nacional de Abastecimento (CONAB, 2018).

The use of plant growth promoting microorganisms has been currently an important tool for agricultural. In this
sense, the rhizospheric interactions between plants and microorganisms are determinants and fundamental
factors for plant health, productivity and soil fertility (Souza et al., 2015). The interaction occurs through the
roots of plants that have the ability to synthesize metabolites that are recognized by microorganisms that, in
response, produce signals that promote the initiation of microbial colonization (Berg, 2009). In addition, plant
roots also have the ability to secrete sucrose as a food source providing the occurrence of colonization by
microorganisms (Druzhinina et al., 2011; Vargas et al., 2011). Among the microorganisms that associate with the
plants rhizosphere, Trichoderma species are common filamentous fungi in the soil, with some strains are capable
of establishing beneficial relationships with plants (Harman et al., 2004; Contreras-Cornejo et al., 2014).

The use of the seed treatment technique may be a viable alternative for wheat seedlings become promising and
provide better yields (Hossen et al., 2014). In the specific case, Trichoderma spp. can reduce the period of
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growth and, therefore, shorten the phase of seedlings; increase germination percentage and precocity, plant
height, root development, shoot dry mass and leaf number; increasing the yield of the crop and improving plant
vigor in biotic and abiotic stresses (Hajieghrari, 2010; Chagas et al., 2017). In additions, plant growth promotion
by wusing Trichoderma tesults from rhizosphere colonization (rhizocompetence) and production of
growth-stimulating substances (Mathivanan et al., 2005), as well as the solubilization of nutrients present in the
regions neighboring the roots, making them assimilable (Harman et al., 2004). In another investigation,
Contreras-Cornejo et al. (2009) suggest that Trichoderma spp. induces the growth promotion by a fungal
auxin-dependent mechanism.

Different Trichoderma isolates have provide significant increases in the percentage and precocity of germination,
as well as increasing growth and productivity of agricultural crops inoculated with this bioagent, as observed in
maize (Zea mays), bean (Phaseolus vulgaris), cowpea beans (Vigna unguiculata), chickpea (Cicer arietinum),
tomato (Solanum lycopersicum), tobacco (Nicotiana tabacum) and lettuce (Lactuca sativa) (Diniz et al., 2006;
Chacon et al., 2007; Hoyos-Carvajal et al., 2009; Carvalho et al., 2011; Chagas Junior et al., 2014).

The insertion of Trichoderma spp. in nutrient-poor soils would act as a biofertilizer for their ability to solubilize
these compounds by increasing crop productivity (Benitez et al., 2004). Such an insertion is highly desirable,
because besides the benefits described, it is possible to reduce or eliminate the use of chemical fertilizers, which
from the point of view of sustainable agricultural production, cause damages to the environment (Azarmi et al.,
2011). However, few studies have addressed the potential of commercial strains of Trichoderma to promote plant
growth. The objective of this work was to evaluate commercial strains of Trichoderma spp. in promoting the
growth and productivity of wheat plants.

2. Method
2.1 Commercial Strains

The commercial strains were: Trichoderma harzianum IBLF 006 WP (Ecotrich WP; Ballagro Agro Tecnologia
Ltda., Piracaia, SP, Brazil), Trichoderma harzianum IBLF 006 SC (Predatox SC, Ballagro Agro Tecnologia Ltda.,
Piracaia, SP, Brazil), Trichoderma harzianum ESALQ 1306 (Trichodermil, Koppert Biological Systems,
Piracicaba, SP, Brazil), Trichoderma asperellum URM 5911 (Quality WG, BioControle Farroupilha Ltda, Patos
de Minas, MG, Brazil) and an organomineral fertilizer (Qualytus SCP; N water-soluble 19.05 g/L, P,0s
water-soluble 38.10 g/L, K,O water-soluble 16.51 g/L, organic C 165.1 g/L. and Zn water-soluble 12.74 g/L;
Rhal Industria e Comércio de Produtos Agricolas Ltda, Cricitima, SC, Brazil).

2.2 Wheat Seedling Growth by the Treatment of Seeds With Trichoderma spp.

Wheat seeds cv. BRS 264 (recommended for cultivation at Midwest Brazillian region) were treated with 2 mL of
Trichoderma suspension (2.5 x 10® conidia mL"' per 100 g of seeds) (Carvalho et al., 2014). Thus, each treatment

had four replicates of 50 seeds (total of 200 seeds/treatment). After the treatment, the seeds were distributed on 2

germinating paper sheets, covered with a third sheet and then placed in a germinator (Logen Scientific”) at the

Seeds Laboratory in Universidade Estadual de Goias (UEG), at 25 °C, during eight days. A treatment without

Trichoderma inoculation and a treatment with organomineral fertilizer Qualytus SCP (at 8 uL for each 100 seeds)
were added as negative and positive control, respectively.

The evaluations were: percentage of germination (PG), which was obtianed by the count of normal seedlings
(absence of necrosis and pathogen on the seedlings, seminal and secondary roots with no deformations and
discounting the dead seeds), root length (RL), shoot legth (SL), total length (TL = RL + SL), root fresh mass
(RFM), shoot fresh mass (SFM), total fresh mass (TFM = RFM + SFM), root dry mass (RDM), shoot dry mass
(SDM), total dry mass (BIO = RDM + SDM), root mass ratio (RMR = RDM/BIO), shoot mass ratio (SMR =
SDM/BIO) and aerial part/root system ratio (AP/RS = SDM/RDM).

To obtain the RDM and SDM, the roots and aerial parts were detached and dried, separately, in a drying oven at
72 °C until the constant dry mass to obtain its values in milligrams.

2.3 Production of Wheat in Greenhouse by Soil Treated With Trichoderma spp.

The experiment was carried out in a greenhouse at UEG, Campus Ipameri (17°43'00.38"S, 48°08'40.96"W, 796
m), during 2016. For the experiment installation the soil used in the pots was corrected with calcareous
according to Pires et al. (2011). The 8.0 L plastic pots (0.23 m diameter) were filled with Yellow Red Latosol,
according to the criteria described by Embrapa (2013). Subsequently, 8 mL of Trichoderma suspension was
spread on each soil pot using a hand sprayer (550 mL), totaling 4.0 x 10® conidia per plastic pot. Immediately
after spraying, BRS 264 wheat seeds were manually seeded (10 seeds per pot). The experiment was arranged in a
completely randomized design (CRD) with eight replicates (pots) for each treatment (commercial strain of
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Trichoderma spp.). For comparison purposes, a treatment without 7richoderma inoculation and organomineral
fertilizer Qualytus SCP (at 8 pL for each 100 seeds) were added as negative and positive control, respectively.

The percentage of germination (PG) was verified at eight days after the sowing (DAS), estimating the number of
plants emerged per pot. After 20 DAS, it was done a thinning, leaving 5 plants per pot. At 110 DAS, the grains
harvest was carried out using the five plants from each pot wherein the moisture grain content was around 13%,
and then, it was measured the grain yield (kg ha™). The paniculation and the growth components mentioned
above (RL, SL, TL, RFM, SFM, TFM, RDM, SDM, BIO, RMR, SMR and AP/RS) were eavaluated.

To obtain the RDM and SDM, the roots and aerial parts were detached and dried, separately, in a drying oven at
72 °C until the constant dry mass to obtain its values in milligrams. Cultural practices up to 110 DAS were
carried out according to Pires et al. (2011).

2.4 Statistics Analysis

The data concerining the experiments were subjected to variance analysis (ANOVA) and to Scott-Knott test (P <
0.05), using the software SISVAR 5.3 (Ferreira, 2011).

3. Results
3.1 Wheat Seedling Growth by the Treatment of Seeds With Trichoderma spp.

Regarding the percentage of germination (PG), the strain 7. asperellum URM 5911 was superior to the other
treatments, providing 93.50% of PG. In sequence, the other strains and the organomineral fertilizer were superior
to the negative control (85.50%), with PG values ranging from 81.50 to 92.00% (Table 1). When evaluating the
lengths, the strain 7. asperellum URM 5911 presented root length (RL = 7.39 cm), shoot length (SL = 10.55 cm)
and total length (TL = 17.94 cm) higher than the other treatments, whose RL, SL and TL values ranged from
2.90 to 7.22 cm, 5.66 to 9.91 cm and 8.59 to 17.13 cm, respectively. The negative control had the lowest RL, SL
and TL values, which were 2.40; 4.35 and 6.75 cm, respectively.

Table 1. Percentage of germination percentage (PG), root length (RL), shoot length (SL), total length (TL), root
fresh mass (RFM), shoot fresh mass (SFM) and total fresh mass (TFM) of wheat seedlings cv. BRS 264 treated
with commercial stains of Trichoderma spp. Ipameri, Goias, Brazil, 2017V

Treatment PG (%)® RL(cm) SL(cm) TL(cm) RFM(g) SFM(g) TFM (g)

T harzianum IBLF006 WP 88.50c  2.90d 5.71d 8.61d 1429¢  2299¢  37.28¢

T. harzianum IBLF006 SC 89.50c  3.69¢ 6.90 ¢ 10.59 ¢ 1737b  31.40b  48.77b

T. harzianum ESALQ1306 92.00b  7.22b 991b 17.13b  2033a  43.10a  6343a

T. asperellum URM 5911 93.50a  7.39a 10.55 a 1794a  2085a  43.10a  6395a
Organomineral Fertilizer 81.50d  2.93d 5.66d 8.59d 1441¢  2239d  36.80c
Control 85.50e  240e 435¢ 6.75¢ 1193d  18.88e¢  30.81d
ov©®% 1.06 | 11.05 745 661 232 122 140

Note. " Means followed by the same lowercase letter in the same columns do not statistically differ each other
by the Scott Knott test (P < 0.05). @ Percentage of emergence at 8 days after sowing.

Concerning to the fresh mass, the strains 7. harzianum ESALQ 1306 and T. asperellum URM 5911 were superior
to the other treatments, presenting RFM of 20.33 and 20.85 mg, SFM of 43.10 mg and TFM of 63.43 and 63.95
mg, respectively (Table 2). Once again, the negative control showed the lowest values, which were 11.93, 18.88
and 30.81 mg for RFM, SFM and TFM, respectively. As for dry matter, the strain 7. asperel/lum URM 5911 was
superior to the others (RDM = 4.86 mg, SDM = 8.39 mg and BIO = 13.25 mg). The other Trichoderma strains,
although inferior to 7' asperellum URM 5911, were superior to the negative control, which had the lowest dry
mass values: 1.51, 2.57 and 4.08 mg for RDM, SDM and BIO, respectively. In terms of the reasons, the
organomineral fertilizer was superior to the other treatments as to RMR, which was 0.42, while for the other
treatments the value was 0.36 and 0.37. In an opposite way, the organomineral fertilizer had SMR of 0.58, which
was lower than the other treatments (SMR of 0.64 and 0.63), as well as the AP/RS, which was 1.41, while for the
other treatments the AP/RS was superior, ranging from 1.69 to 1.77.

269



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 8; 2018

Table 2. Root dry mass (RDM), shoot dry mass (SDM), total dry mass (BIO), root mass ratio (RMR), shoot mass
ratio (SMR) and aerial part/root system ratio (AP/RS) of wheat seedlings cv. BRS 264 treated with commercial
stains of Trichoderma spp. Ipameri, Goias, Brazil, 2017%

Treatment RDM (g) SDM (g) BIO (g)®  RMR® SMR® AP/RS®
T. harzianum IBLF006 WP 2.20d 3.89¢ 6.09 d 0.36 b 0.64 a 1.76a
T. harzianum IBLF006 SC 2.84¢ 5.02b 7.86 ¢ 0.36 b 0.64 a 1.76 a
T harzianum ESALQ1306 451D 7.99 a 12.50 b 0.36b 0.64 a 1.77 a
T. asperellum URM 5911 4.86a 839a 13.25a 0.36b 0.64 a 1.72a
Organomineral Fertilizer 2.26d 3.18d S544¢ 042a 0.58b 1410
Control 1.51e 257e 4.08 £ 0370 0.63a 1.69 a
v 594 547 461 407 245 629

Note. " Means followed by the same lowercase letter in the same columns do not statistically differ each other
by the Scott Knott test (P < 0.05). ® BIO = RDM + SDM. ® Root mass ratio (RMR = RDM/BIO).  Shoot mass
ratio (SMR = SDM)/BIO). © Aerial part/root system ratio (AP/RS = SDM)/RDM).

3.2. Production of Wheat in Greenhouse by Soil Treated With Trichoderma spp.

Contrasting the seedling experiment, all Trichoderma strains showed PG (95 to 100%) higher than the other
treatments, whose PG values were 90 and 85% for the organomineral fertilizer and control, respectively (Table
3). When comparing the lengths, 7. harzianum ESALQ 1306 showed root length (RL = 19.44 cm), shoot length
(SL = 55.54 c¢m) and total length (TL = 74.98 cm) higher than the other treatments, whose RL, SL and TL values
ranged from 6.71 to 7.92 c¢cm, 30.30 to 46.93 cm and 37.01 to 54.81 cm, respectively. The negative control
showed the lowest RL, SL and TL values, which were 5.13, 23.70 and 28.83 cm, respectively.

Table 3. Percentage of germination (PG), root length (RL), shoot length (SL), total length (TL), root fresh mass
(RFM), shoot fresh mass (SFM) and total fresh mass (TFM) of wheat plants cv. BRS 264 in greenhouse by soil
treated with suspension of Trichoderma spp., Ipameri, Goias, Brazil, 2017"

Treatment PG (%)® RL(cm) SL(cm) TL(cm) REM(g) SFM(g) TFM(g)
T. harzianum IBLFOO6 WP 95.00a  7.75b 4299¢  5074c  0.7lc 176 ¢ 2.47¢
T. harzianum IBLF006 SC 100.00a  7.92b 4369c  51.6lc  0.7lc 1.83¢ 2.54¢
T. harzianum ESALQ1306 100.00a 19.44a  5554a  7498a  17la 4.61a 6.32a
T. asperellum URM 5911 100.00a  7.88b 4693b  5481b  1.18b 337b 455b
Organomineral Fertilizer 90.00 b 6.71c 30.30d 37.01d 0.60 c 1.32d 1.92d
Control 85.00b  5.13d 2370e  28.83e  049c 1.24d 1.73d
v 581 235 1345 1276 1944 1320 1135

Note. " Means followed by the same lowercase letter in the same columns do not statistically differ each other
by the Scott Knott test (P < 0.05). @ Percentage of emergence at 8 days after sowing.

Concerning to the fresh mass, as well as the seedlings experiment, 7. harzianum ESALQ 1306 strain was
superior to the other treatments, showing RFM of 1.71 g, SFM of 4.61 g and TFM of 6.32 g (Table 4). In
greenhouse, organomineral fertilizer and the control were similar and inferior to the others, presenting values of
0.60 and 0.49, 1.32 and 1.24; 1.92 and 1.73 to RFM, SFM and TFM, respectively. As for the dry mass, T.

harzianum ESALQ 1306 was superior than the others (RDM = 1.28 g, SDM = 3.05 g and BIO = 4.33 g). The
rest of the other Trichoderma strains, although lower than 7. harzianum ESALQ 1306, were superior than control,
which had the lowest dry mass values: 0.35 and 0.59 g to SDM and BIO, respectively. T harzianum IBLF strains

and organomineral fertilizer were similar to the control as to RDM. As regards ratios, the control was superior
than the other treatments as to RMR, which was 0.41, while for the other treatments the value ranged from 0.20

to 0.34. On the other hand, the control presented SMR = 0.59, which was lower than the other treatments (0.66 to

0.80), as well as AP/RS, whose value was 1.43, whereas for the other treatments were higher, ranging from 2.21

to 4.14.
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Table 4. Root dry mass (RDM), shoot dry mass (SDM), total dry mass (BIO), root mass ratio (RMR), shoot mass
ratio (SMR) and aerial part/root system ratio (AP/RS) of wheat plants cv. BRS 264 in greenhouse by soil treated
with suspension of Trichoderma spp., Ipameri, Goias, Brazil, 2017

Treatment RDM (g) SDM (g) BIO (g)®  RMRY SMR® AP/RS®
T. harzianum IBLF006 WP 0.34¢ 1.40 ¢ 1.74 ¢ 0.20d 0.80a 4.14a
T. harzianum IBLF006 SC 034¢ 1.23 ¢ 1.57¢ 0.22d 0.78 a 3.59a
T. harzianum ESALQ1306 0.28 a 3.05a 433 a 0.30 ¢ 0.70b 2470
T. asperellum URM 5911 0.64b 2.08b 2.72b 0.24d 0.76 a 324a
Organomineral Fertilizer 038¢c 0.72d 1.10d 0.34b 0.66 ¢ 221b
Control 024 c 035e 0.59e 041 a 0.59d 143 ¢
ov©®) 2190 1752 1 1427 1637 653 2536

Note. "’ Means followed by the same lowercase letter in the same columns do not statistically differ each other
by the Scott Knott test (P < 0.05). ® BIO = RDM + SDM. ® Root mass ratio (RMR = RDM/BIO).  Shoot mass
ratio (SMR = SDM)/BIO). © Aerial part/root system ratio (AP/RS = SDM)/RDM).

Referring to the paniculation, T harzianum ESALQ 1306 required the shortest number of days (36 days),
followed by T. harzianum IBLF 006 and T asperellum URMS911 (41 days) and the others needed more than 46
days (Table 5). Regarding grain yield, 7. harzianum ESALQ 1306 was superior to the others (2,751 kg ha™),
followed by T. asperellum URMS5911 (2,241 kg ha™). Next, 7. harzianum IBLF 006 produced around 1,650 kg
ha™', and finally, the control and the organomineral fertilizer, which had, 750 and 732 kg ha™, respectively.

Table 5. Wheat plants paniculation and grain yield in greenhouse by soil treated with suspension of Trichoderma
spp., Ipameri, Goias, Brazil, 2017

Treatment Paniculation (days) Grain Yield (kg ha™")

T. harzianum IBLF 006 WP 41.87b 1,629 ¢

T. harzianum IBLF 006 SC 46.87 ¢ 1,656 ¢

T. harzianum ESALQ 1306 36.00 a 2,751 a

T. asperellum URM 5911 41.75b 2,241D

Organomineral Fertilizer 54.87¢ 750d

Control 50.75d 732d

o 200 136

Note. "’ Means followed by the same lowercase letter in the same columns do not statistically differ each other
by the Scott Knott test (P < 0.05).

4. Discussion

The main stages of germination are: (1) intense water absorption, (2) activation of metabolic processes and (3)
growth and differentiation of tissues. The presence of hormones, promoters and growth inhibitors are
fundamental for the physiological process of germination to occur (Ferreira & Borghetti, 2004). As is known, the
genus Trichoderma spp. Can to promote beneficial effects on germination and on seedling emergence, since the
solubilized nutrients become available for root uptake (Hoyos-Carvajal et al., 2009). Other authors had verified
strains of Trichoderma spp. increasing the percentage of germination of other grasses, such as maize and black
oats (Luz, 2001; Shoresh et al., 2010; Machado, 2011). As for organomineral fertilizer, Aguiar et al. (2009) found
an increase in the number of mitoses and lateral roots of grass seedlings, such as maize, suggesting that humic
substances may accelerate the seed germination process.

There are two forms of soil borne microorganisms promoting plant growth: direct and indirect form. The first
form is related with the production of hormones or analogous that influence the growth or plant development
(Machado et al., 2011), or by supplementing their nutritional requirements with phosphate solubilization (Gravel
et al.,, 2007). The indirect form comprises in the inhibition of plant pathogens (Silva et al., 2011; Gava &
Menezes, 2012). In the specific case of this work, wheat seeds cv. BRS 264 had low or no occurrence of
pathogens that were harmful to germination, suggesting that the most probable mechanism to promote initial
growth was by the direct form, that is, the production of hormones and vitamins that stimulate plant growth. In
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studies conducted by Gravel et al. (2007), Trichoderma spp. was confirmed as an indole-acetic acid (IAA)
producer, promoting the growth of Solanum Iycopersicum.

After seedlings experiment, 7. asperellum URM 5911 highlighted in comparison to the others, and this may be
related not only to the fact that it belongs to a different species, but the various factors that may interfere on this
fungi, such as better temperature adaptability and moisture of the controlled environment in which the
experiment was carried out. These physical factors are of fundamental importance for a strain to perform well
(Akrami et al., 2011).

Regarding the accumulation of fresh mass in seedling experiment, 7. asperellum URM 5911 and T. harzianum
ESALQ 1306 were superior. The explanation for this fact can be found in the study by Chacon et al. (2007),
which tomato plants inoculated with 7. harzianum showed a greater proliferation of roots and, therefore, a
greater increase in the fresh mass of the different parts of the plant. Harman et al. (2012) reports that the
interaction of the fungus with the plant occurs due to changes in root architecture, increasing the surface area,
modifying the plant physiology, resulting in greater photosynthetic efficiency.

For the reasons of the Table 2, the organomineral fertilizer presented better result as to RMR, that is, in a
laboratory experiment, the seedlings obtained from seeds treated with the fertilizer increased the biomass
allocation to the root system, probably due to the composition of the fertilizer, which is rich in macronutrients
and stimulate the micronutrients absorption. In contrast, the reduced biomass allocation to the root system in
seedlings treated with Trichoderma spp. occurred due to the high availability of water, daily, so that, there being
no water restriction, the availability of resources for the formation of a deep and robust root system was not
necessary (Guimardes et al., 2014). Consequently, the high AP/RS ratio of the seedlings treated with
Trichoderma spp. occurred due to the intense allocation of biomass to the aerial part.

In the greenhouse experiment, the organomineral fertilizer and the control provided a PG lower than
Trichoderma spp treatments. This fact may be related to the dose of fertilizer, since even though the dose used in
this study was not toxic to the plant root, there is a very narrow limit in the interval corresponding to the ideal
dose for the seeds treatment in each culture (Camargo et al., 2001). In addition, similarly, Vendruscolo et al.
(2014), observed that doses of humic substances and other organomineral fertilizers in sorghum seeds had no
effect on germination. Therefore, it is worth mentioning that, like the PG results verified in greenhouse or in
field, the effects of the treatments are sometimes uncertain and depends on the employed dose, species tested and
environmental conditions which the study was performed.

The T. asperellum URM 5911 strain, which had shown best length result in the laboratory, did not repeat this
result in field, showing results lower than 7. harzianum ESALQ 1306. An explanation for this event lies in the
fact that the soil borne fungi behavior, such as Trichoderma, can be modified when it is evaluated in another
environment (Akrami et al., 2011). These behavior differences, verified in vitro and in vivo, may be associated to
the physical, chemical and environmental conditions, which they were submitted, since they are living organisms
(Benitez et al., 2004).

Results corresponding to the superiority of 7. harzianum ESALQ 1306 in the field (such as RFM, SFM, TFM,
RDM, SDM and BIO) were expected, since after a Trichoderma strain established a relationship with the
rhizosphere, these can stimulate plant growth (Akladious & Abbas, 2012). This inference is valid, since T.
harzianum ESALQ 1306 was reported by Carvalho et al. (2015b) colonizing soil under bean crops, whereas after
fungal application, it was recovered from soil at the harvest showing populations ranging from 50 to 100 CFU g
soil. Furthermore, not only ability to colonize soil of the root region, but the plant growth promotion depends of
the interaction between isolate and plant species and experiment conditions.

In the present study, attempts has been made to obtaining fresh mass of the plants in greenhouse. Although RFM
is less frequent evaluated in scientific studies about plant growth promotion, the roots exploit a larger soil
volume and are important in the process of adaptation of plants in environments with less nutrients (Hartwigsen
& Evans, 2000; Taiz & Zeiger, 2013). In this regard, as many Trichoderma strains can aid in nutrients
solubilization (Benitez et al., 2004), it was verified that T harzianum ESALQ 1306 has potential to operate
under aforementioned conditions. In greenhouse, organomineral fertilizer and control were inferior to the other
treatments for RFM, SFM and TFM. This result confirms the premise that the optimal doses used for
organomineral fertilizer are peculiar to each species studied (Vaughan & Malcolm, 1985). Similarly, Nicchio et
al. (2013), when applying organomineral fertilizer containing humic acid in corn seeds, did not promoted an
increase of total fresh mass and total dry mass. Finally, the growth promotion depends on source, dose and plant
species used (Pimenta et al., 2009).
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The negative control was superior to the other treatments for RMR, while was inferior for SMR and AP/RS. This
result confirmed in field that Trichoderma spp. strains again reduced biomass allocation to the root system,
differentiating that, once applied on the field, most of Trichoderma isolates interact with the plant at or around
the roots, establishing a chemical and systemic communication, altering the expression of innumerable plant
gens and may provide resistance to biotic and abiotic stresses, thus promoting growth (Druzhinina, 2012).

According to Albrecht et al. (2006), from emergency to ear formation in early wheat cultivation, it takes 50 days.
In this context, T° harzianum ESALQ 1306 needed the less amount of days (36 days) for the panicles formation,
evidencing the its ability to contributed to the precocity of the plant material. Such event becomes extremely
important since a shorter crop cycle avoids greater exposure inclement weather and anticipates summer crop
planting.

Concerning grain yield, T harzianum ESALQ 1306 and 7. asperellum URMS5911 were considered satisfactory,
since the average productivity in Brazil was estimated in 2,431 kg ha™ in 2018 (CONAB, 2018). The other
strains had grain yield lower than 7. harzianum ESALQ 1306 and T. asperellum URMS5911. However, these can
not be ruled out, because not all the efficient bioagents in growth promotion have equal efficiency to control
diseases (Carvalho et al., 2011; Carvalho et al., 2015a; Carvalho et al., 2015b). As regards organomineral
fertilizer, it was verified that when applied at 8 puL for each 100 seeds, it limited to give a good effect only in PG,
not increasing grain yield.

5. Conclusion

Concerning to seedlings growth, 7. asperellum URM 5911 stood out from the others, but this strain did not
repeat their performance in the greenhouse experiments, showing growth values lower than 7. harzianum
ESALQ 1306.

T harzianum ESALQ 1306 and T. asperellum URMS5911 were considered satisfactory, since they provided grain
yield superior to 2,000 kg ha™.

The reduced biomass allocation to the root system in seedlings treated with Trichoderma ssp. occurred in the
laboratory, which was confirm in greenhouse.

The organomineral fertilizer, when applied to 8 uL/100 seeds, was limited to provide a good effect in the PG.
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