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Seed germination involves complex processes where plant growth-promoting substances are released 
into the growth medium, mainly involving pathways that start in tryptophan (TRP) and end in the 
formation of indole-3-acetic acid (IAA). Among them, four are known as TRP-dependent and a fifth as 
TRP-independent. Some compounds were observed during germination of bean seeds that involved at 
least three IAA synthesis pathways and that kynurenine (KYN) is the first detected metabolite which is 
found in greater concentration. It was followed by tryptamine (TAM), TRP and IAA. The results of 
Trichoderma harzianum inoculation in greenhouse tests showed variability in Flor de Mayo beans 
seedlings in response to physiological level and production parameters. The effect of Trichoderma in 
Flor de Mayo common bean showed that strain 802 had a significant effect on the development of the 
height of bean seedlings, and that the 812 strain showed significant effect on the development of root 
bean seedlings. Increased growth of stem and root caused by Trichoderma strains in Flor de Mayo 
beans involves beneficial effects of inoculation on plant growth and development parameters and can 
be taken as they were a measure of survival and development of seedlings. 
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INTRODUCTION 
 
The need to increase productivity and quality of 
agricultural products has led to excessive use of chemical 
fertilizers, creating serious environmental pollution. The 
use of chemical fertilizers decreases the activity of 
nitrogen-fixing bacteria or plant growth-promoting fungi 
(Aguirre, 2006). The use of biofertilizers is an alternative 
to maintain high production with low environmental 
impact (Hermosa et al., 2012). Different soil-borne 
bacteria and fungi are able to colonize roots of plants and 
may have beneficial effect on the plant. The ability of 
microorganisms   to   stimulate   germination   and    plant  
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development has been adapted in vitro and in vivo in 
some commercial agricultural crops and ornamental 
(Unno et al., 2005; Ayyadurai et al., 2006). The 
advantages of these interactions are often due to the 
ability of bacteria and fungi to fix nitrogen, antibiosis, and 
improved water and mineral nutrition of the plant 
(Ayyadurai et al., 2006; Mehnaz and Lazarovits, 2006). 
Microorganisms that produce these beneficial 
components are often considered as plant growth-
promoting rhizobacteria (PGPR) and plant growth-
promoting fungi (PGPF), mainly found in the rhizosphere 
and rhizoplane (Van Wees et al., 2008).  

Some species of the genus Trichoderma are 
considered multifunctional plant endophytic symbionts 
because of the ability to colonize the intercellular space 
of the root and the multiple beneficial effects on growth of  
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Figure 1. Simplified pathways of IAA synthesis reported in plants, bacteria and fungus. The kynurenine route is 
called TRP Independent (Zakharova et al., 1999; Carreño et al., 2000; Aguilar et al., 2008; Chang et al., 2003; 
Hernandez et al., 2010). 

 
 
 
plants (Shoresh et al., 2010). The positive effect 
observed is strongly dependent on the fungal and plant 
genotype (Tucci et al., 2011) and the physiological status 
of the plant (Donoso et al., 2008). Several Trichoderma 
strains have the ability to reduce the severity of plant 
diseases by inhibiting plant pathogens mainly in the soil 
or on plant roots, through their high antagonistic and 
mycoparasitic potential (Viterbo and Horwitz, 2010). In 
addition, several Trichoderma strains have been shown 
to have direct effects on plants, increasing their growth 
potential and nutrient uptake, fertilizer use efficiency, 
percentage and rate of seed germination, and stimulation 
of plant defenses against abiotic damage (Shoresh et al., 
2010). Recently, the production of Trichoderma related 
substances of plant growth as indole-3-acetic acid (IAA), 
which is considered the most important plant growth 
promoter was reported (Harman, 2006; Samuels et al., 
2006). Some pathways routes for IAA synthesis are also 
reported in plants and microorganisms. Four pathways 
denominated tryptophan-dependent were broadly studied 
and one other route called tryptophan independent was 
reported; this pathways is shown in Figure 1. From TRP, 
there are four direct routes for IAA synthesis and 
alternate pathway kinurenina - anthranilic acid (AA). In 
this pathway, the amino acid (AA) can by formed from 
chorismic acid. 

On the other hand, fungus produces hydrolytic 
enzymes, secondary metabolites and biologically active 
substances that can be employed in industry in the 
degradation of agrotoxins or in agriculture as an 
antagonist of plant pathogens (Papavizas et al., 1990; 
Rey et al., 2000). Trichoderma produces compounds with 
antibiotic activity such as gliotoxin and viridine; these 
metabolites in vitro inhibit the germination and root 
growth in mustard and other dicots, while their effects are 
smaller in monocots (Jones et al., 1988), as when the pH 
is near neutrality. Other metabolites produced by 
Trichoderma are viridiol, 9-epi-viridiol and gliovirin. The 
first has herbicidal activity and its variant, the 9-epi-viridiol 

has a cytotoxic effect in Carcinoma epidermoide cells 
(Phuwapraisirisan et al., 2006). 

The common dry bean (Phaseolus vulgaris L.) is of 
great importance in the Mexican national diet. It ranks 
second in cultivated area, and is considered an 
alternative to production within crop rotation (grass-
legume). At the end of the crop cycle, this plant provides 
30% of the residual nitrogen in the soil (Salinas et al., 
2007). Most of the commercial beans grown in Mexico 
are of the types Azufrado, Bayo, Black, Flor de Mayo, 
Flor de Junio and Pinto beans (Castellanos et al., 1997). 
In the central region of Mexico, meanwhile, demand has 
increased for Flor de Mayo and Flor de Junio beans. 
Within México, the states with the largest production 
(from highest to lowest) are Zacatecas (251.8 ton.), 
Sinaloa (151.3 ton.), Durango (121.5 ton.), Nayarit (77.5 
ton.), Chihuahua (75.1 ton. and San Luis Potosi (70.0 
ton.), which together account for 68% of total national 
production (Blair et al., 2011).  

However, beans production is affected by several biotic 
(diseases, pests and weeds) and abiotic factors (soil 
salinity, temperature and moisture levels) that cause 
stress on the crop, and thus decreasing its productivity 
(Singh et al., 2001). So that the aim of this study was to 
examine the influence of Trichoderma strains on Flor de 
Mayo beans through the analysis of some indicating traits 
such as germination rate, root elongation, plant height 
and fresh weight of the seedlings as well as chlorophyll 
content. Applied aspects of this investigation lie in the 
field of in vitro germination of the bean seeds with 
symbiotic Trichoderma strains in simple medium and then 
germinated and grown in a greenhouse. 
 
 
MATERIALS AND METHODS 
 

Germination tests 
 

To evaluate this parameter, bean seeds (10 seeds) were placed in 
Petri dish plates with 10 ml of water using five plates per replication.  
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Figure 2. T. harzianum colonies showing typical growth and sporulation shapes (Experimental Biotechnology Laboratory CBG-IPN-
2010). 

 
 
 

The sampling was performed at 24, 48, 72 and 96 h. Fresh weight 
of the grain seedling was measured, as well as germination rate, 
embedded volume, dry weight of root, testa and cotyledon. 
 
 
Determination of metabolites 
 
The supernatant recovered in each sample of leachate was 
analyzed by high performance liquid chromatography (HPLC; 
Hewlett Packard model 1100) and compared against kynurenine 
(KYN), tryptophan (TRP), indole-3-acetic acid (IAA), indol-3-
acetamide (IAM) and tryptamine (TAM) standards. Samples were 
run with a phase composed of 80:20 (phosphate/acetonitrile), at pH 
3.1, with an injection volume of 20 µL at 30°C and a wavelength of 
220 nm in a column (Ultraspher C18). 
 
 
Greenhouse experiments 
 
The experiments were conducted at the Center for Genomic 
Biotechnology of the National Polytechnic Institute in Reynosa, 
Tamaulipas, Mexico, and were established from 2009 until the fall-
winter cycle of 2009 to 2010. The biological material used was the 
bean variety Flor de Mayo, of the 2008 harvest from Fresnillo, 
Zacatecas, Mexico. 
 
 
Biological material 
 
The T. harzianum fungi strains were taken from  the  strain  bank  of 

the Experimental Biotechnology Laboratory of the Center for 
Genomic Biotechnology. These strains were isolated from soil of 
the northern region of Tamaulipas, México. Strains HTE 802 and 
HTE 805 showed a green colored colony with a single ring of 
sporulation. Strains HTE 803 and HTE 804 were green in color, of 
compact and total growth. Strains HTE 812 and HTE 815 were 
light-green colored, with several rings of growth, while the strain 
HTE 813 is yellowish in color with several rings (Figure 2). 

For the conduction of tests in greenhouse, T. harzianum strains 
were multiplied in solid substrate (washed and sterilized rice), and 
incubated for 5 days at 27°C. The number of spores was counted 
by direct count in a Neubauer chamber. The treatment 
concentrations were 1×106 spores/ml, which were carried out using 
6 ml of deionized water in the spore suspension. Only deionized 
water was used in the control treatment. The bean seeds were 
placed in a Petri dish plate (50 mm), for 48 h and were planted in 
72 cavity plastic trays (KBW of 1.63 × 3.25 cm diameter × depth), 
prepared with agricultural soil (sandy loam; pH 8) and mixed with 
agricultural pearl in a 3:1 ratio. They were irrigated according to the 
crop’s water requirements.  
 
 
Statistical analysis 
 
Data collection was performed at 15 and 40 days after treatment. In 
each case, the height of the plant was measured (cm), as well as 
the produced biomass, evaluated as dry weight of root and total dry 
weight. In addition, the physiological parameter of the chlorophyll 
index (CI) was evaluated, with a chlorophyll meter (Minolta model 
SPAD-502) 40 days after the trial was initiated.  The  obtained  data  
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Figure 3. Volume of absorbed water and weight of Flor de Mayo bean seeds at different 
times. 
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Figure 4. Behavior of Flor de Mayo bean seeds at different times. 
 
 
 

was plotted with the program Excel® (2007) and were analyzed 
with the SAS Institute Inc. (1996) statistical program. The principal 
components (ACP) was made in order to select the most important 
and distinguishing variables; for ACP the statistical InfoStat 
package was used (Di Rienzo et al., 2008). 
 
 
RESULTS 
 

Leachates 
 

With respect to the phenomena observed during the 
germination process, it was found that the seed absorbs 
most of the volume of water during the first 24 h and over 

50% of the total retained. Similarly, the wet weight tripled 
and passed from a starting weight of 3.8 to 11.25 g at the 
4th day. On the contrary, after the seed absorbed the 
water, it dried and it was observed that as time passed, 
the weight became lower than the starting weight 
because of the chemical weathering that the seed suffers 
when substances that acidify it were released into the 
medium (Figure 3). 

With respect to the distribution of the weight of the 
biomass formed during the germination process, it was 
observed that most corresponded to the cotyledons 
which maintain a tendency to decrease in dry weight 
(Figure  4);  and  likewise,  the  testa   tends    to    initially  



 
 
 
 
increase its weight, only to decrease it later. Meanwhile, 
the radicle increased in weight after 72 h, which 
corresponded with the increase in the percentages in the 
germination of the seeds, which at every 24 h increased 
to 10, 60, 78 and 92%, respectively. 
 
 
Evaluation of metabolites 
 
The leachates obtained from the bean seed during the 
germination process, released substances linked to plant 
growth, such as indole-3-acetic acid, the main plant 
hormone. The presence of TAM, KYN and traces of IAM 
showed that apparently three synthesis pathways of IAA 
are involved. Two of them, TAM and IAM, participated in 
TRP-dependent pathways, while KYN is a less known 
pathway called TRP-independent. The presence and 
values of each one of the detected growth-promoting 
substances vary according to the time of sampling. Thus, 
in the results obtained at 24 h, the KYN had the least 
time of retention and was therefore the first metabolite 
detected. At the same time, it showed the highest 
concentration with 279 ppm, followed by TAM with 79 
ppm, the TRP with 56 ppm and was lesser in IAA with 15 
ppm. At 48 h, the metabolites showed the following 
concentrations; 288 ppm KYN, 29 ppm TAM, 53 ppm 
TRP and finally IAA with 17 ppm. The highlight at this 
point is that TAM showed a decrease in the concentration 
of 50%. Moreover, at 72 h, KYN showed an increase of 
34% with 432 ppm, followed by TRP with 67 ppm. As for 
the IAA and TAM, they were not detected in the third 
sampling while in the last sampling, at 96 h, a similar 
behavior to the last sample was observed with 456 ppm 
of KYN and 62 ppm of TRP; IAA and TAM were not 
detected (Figure 5a).  

In addition, the analysis of principal components 
showed an association between HTE 802 and HTE 813 
strains and seedling height, showing high values of 
seedling height trait (HTE 802=29.6 cm; HTE 813=27.3 
cm); HTE 813 and HTE 815 strains were associated with 
the total weight, with higher values of total weight trait 
(THE 813= 1.24 g; THE=1.24 g); HTE 812 strain and the 
control were associated with the variable root weight, with 
high values in root weight trait (THE 812=0.40 g; 
Control=0.39 g). Finally, strain 805 and control was 
associated with the variable chlorophyll index, with high 
values of chlorophyll index trait (HTE 805=28.6 Cl; 
Control=28.9 Cl) (Figure 6). 
 
 
Greenhouse 
 
With respect to the experiments carried out under 
greenhouse conditions, where Flor de Mayo bean seeds 
treated with T harzianum were sowed, the results show 
highly significant differences in plant height, as well as for 
the physiological parameter  for  chlorophyll  index  at  15  
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and 40 days. Dry plant and root weights differences were 
only found at 40 days (Table 1). The first two main 
components of ACP explained 90% of the total variance 
of the Trichoderma effect in Flor de Mayo beans (Table 
2).  
 
 
DISCUSSION 
 
Among plant growth regulators, IAA is the most common 
natural auxin found in plants and its positive effect on root 
growth and morphology is believed to increase the 
access to more nutrients in the soil (Vessey, 2003). In 
bean seeds, amide conjugates account for more than 
80% of the total IAA (Cohen et al., 1990). Our 
experiments clearly show that bean seeds free IAA 
synthesized in the first two days of germination and the 
three and fourth days disappeared. In contrast, Bialek et 
al. (1991) showed that the levels of both free and amide-
conjugated IAA begin to increase after the first day of 
germination, with dramatic increase observed between 
the second and third days of seed germination. This 
increase in the level of IAA parallels the increase in the 
accumulation of fresh weight in the axes of germinating 
seedlings. Contrary to this, our experiment show an 
increase in fresh weight accumulation radicle and testa 
and decrease in the cotyledons of germinating seedlings.  

It is known that TRP considerably stimulates microbial 
IAA yield in vitro (Tsavkelova et al., 2005; Hernandez et 
al., 2010). Root exometabolites also supply the 
rhizosphere with TRP, which undergo further conversion 
into IAA by plant-associated bacteria or fungi 
(Kravchenko et al., 2004; Kamilova et al., 2006). Our data 
confirmed abundant level in the four days of germinating 
seedlings (Figure 4a). Its level of approximately 65 ppm 
overage was much higher than the level reported by 
Black and Hamilton (1971) in older bean seedlings 
(14ug/g) or in Ricinus communis (50 µg/g) (Allen and 
Baker, 1980). The IAA synthesis pathways reported for 
plants and microorganisms (Hernandez et al., 2010; 
Zhao, 2010) show that the TRP decomposes to form IAA 
by various pathways known as TRP-dependent, with the 
existence of another in microorganisms known as TRP-
independent that involves the Kynurenine pathway to 
pass afterwards by the formation of anthranilic acid (AA) 
and finally reach the IAA synthesis. In plants, the 
proposed TRP-independent IAA biosynthetic pathways 
analyses of TRP biosynthetic mutants in Arabidopsis 
demonstrate that plants also can synthesize IAA without 
using a TRP intermediate (Normanly et al., 1993; Ouyang 
et al., 2000). In this case, the IAA are synthetized from 
the corismic acid between the AA (Hernández et al., 
2010). Plants may switch from basal TRP-independent 
IAA biosynthesis to TRP-dependent pathways during 
stress, when more IAA may be needed (Ribnicky et al., 
2002; Sztein et al., 2002). The indole-3-glycerol 
phosphate  pathway    [indole-3-glycerol    phosphate    to  
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Figure 5. (a) Kinetics of metabolite production during germination of Flor de Mayo beans seeds. (b) Chromatogram corresponding to IAA 
precursor metabolites detected during the germination process of Flor de Mayo beans seeds. 
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Figure 6. Dispersion Trichoderma strains and their association with response traits based on the first 
two principal components in Flor de Mayo common beans.  

 
 
 

Table 1. Mean squares of analysis of variance of Flor de Mayo beans seeds treated with T. harzianum.  
 

Source of variation Seedling height (cm) Root weight (g) Plant weight (g) Chlorophyll Index (CI) 

Treatments 270** 0.0066** 0.120** 22.11** 

Error 0.00716 0.0071 0.9682 8.68 

CV (%) 21 25 28 11 

 
 
 

Table 2. Characteristic vectors descriptive value in Flor de Mayo beans seeds inoculated with Trichoderma strains. 
 

Principal component Eigenvalue Total variance (%) Cumulative Eigenvalue Total cumulative variance (%) 

1 2.10 53 2.10 53 

2 1.48 37 3.58 90 

3 0.35 08 3.93 98 

4 0.07 02 4.0 100 

 
 
 
Indole to IAA] is the hypothetical pathway in plants for the 
formation of IAA (Cohen et al., 2003; Woodward and 
Bartel, 2005).  

Furthermore, the TRP-dependent pathway of IAA 
biosynthesis is rich with potential intermediates  (Bartel et 

al., 2001). Enzymes that convert TRP to indole-3-pyruvic 
acid, tryptamine, and indole-3-acetaldoxime have all 
been proposed to catalyze initial steps in TRP-dependent 
IAA biosynthesis in plants (Bartel, et al., 2001). TAM has 
also been  identified  in  tomato  (Cooney  and  Nonhebel,  
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1991). The potential importance of the TAM pathway is 
highlighted by the identification of an Arabidopsis flavin 
monooxygenase-like enzyme that apparently catalyzes 
the conversion of TAM to N-hydroxyl-tryptamine. These 
plants accumulate free IAA and display high auxin 
phenotypes, including long hypocotyls in the light, 
hookless development in the dark, epinastic cotyledons 
and leaves and long petioles (Zhao et al., 2001). Our 
data show abundant level of free TAM in the two days of 
germinating seedlings and the third and fourth day, the 
metabolite disappeared (Figure 5a). The four main 
tryptophan dependent metabolic pathways were showed 
by Bartel (1997). In regards to the identification of specific 
metabolites involucres on the biosynthesis pathways of 
IAA, this study showed that KYN and TRP were detected 
only in the first two days in all the days. The HPLC 
analysis showed a lower KYN retention, followed by TRP, 
then by indole acetamide (IAM), TAM and finally IAA 
(Figure 5b). So, the enzymes responsible for the 
synthesis of IAA from both TRP and TAM are active and 
possibly of IAM. This suggests the existence of the IAM 
and TAM pathways in the seeds of common bean Flor de 
Mayo. 

On the other hand, root tissues are especially sensitive 
to fluctuating concentrations of IAA and the development 
of the root system can be greatly affected by exogenous 
sources of this plant growth regulator, including microbial 
(Tanimoto, 2005) while the production of IAA by 
microorganisms commonly found in the rhizosphere of 
plants, such as Pseudomonas spp. and Rhizobium spp. 
is often associated with their potential to stimulate plant 
growth (Patten and Glick, 2002). In this context, 
rhizosphere microorganisms capable of degrading IAA 
might have a positive effect on plant growth. However, 
even though Leveau and Lindow (2005) reported the 
ecological role of such a microorganism, little is known on 
the specific impact of IAA-degraders on plant growth. For 
example in Mexico, some of these promoters are 
reportedly present in native Azospirillum brasilense 
strains (García et al., 2006, 2007; Hernández et al., 2008; 
Hernández et al., 2010). The native Trichoderma strains 
in Flor de Mayo beans showed variability at a 
physiological level and in production parameters, which 
coincide with those reported in the Chihuahua mountains, 
where the strain HK703 was used to inoculate the 
common bean variety Pinto Saltillo, and a variability in 
response to fields treated with T asperellum was 
observed (Jiménez et al., 2010); similar responses was 
found in T harzianum in soybean (Glycine max L. Merr) 
(Corrêa et al., 2007), tomato (Lycopersicon esculentum 
Mill) (Mushtaq, 2011), cabbage (Brassica oleracea L.), 
lettuce (Lactuca sativa L.), (Rabeendran et al., 2000) and 
in corn (Zea mays L.) (Mastouri et al., 2010).  

Others studies in greenhouse Trichoderma increased 
the rate of germination of maize and seedling growth of 
both maize and beans (Okoth et al., 2011). The 
increased root  length  and  collar  diameter,  stem  length  

 
 
 
 

and diameter by Trichoderma treatment are measures of 
seedling’s survivability and illustrate the direct effect of  
the fungus on the plants (Okoth et al., 2011). A number of 
mechanisms for plant growth promotion by Trichoderma 
have been proposed (Harman et al., 2004a). These 
include production of antibiotics, parasitization of other 
fungi, and competition with deleterious plant 
microorganisms. Until recently, these traits were 
considered to be the basis for how Trichoderma exerted 
beneficial effects on plant growth and development. 
However, it is becoming increasingly clear that certain 
strains have substantial direct influence on plant 
development and crop productivity (Harman, 2006). In 
our study, all of Trichoderma inoculums performed better 
compared with control and the level of beans growth 
induced by Trichoderma strains was enhanced. Okoth et 
al. (2011) also showed that Trichoderma promoted 
growth of primary root length and root branching in maize 
and beans by inducing lateral root growth. In plants, 
auxins have been demonstrated to initiate lateral root 
growth (Casimiro et al., 2001) and the observed effects of 
Trichoderma in promoting lateral root development is 
similar to in vitro experiments performed by Hexon et al. 
(2009) that showed that Trichoderma spp. produced 
indole-3- acetic acid that promoted lateral root formation 
in Arabidopsis thaliana.  

The root system is important for plant fitness because it 
provides anchorage, contributes to water use efficiency 
and facilitates the acquisition of mineral nutrients from the 
soil (Lopez et al., 2005a). Increased root size resulted 
into increased shoot size which translates into increased 
shoot biomass production, thus indicating a beneficial 
effect of inoculation on plant growth and development. 
Our analyzed data showed a significant effect (p ≤ 0.05) 
on the four traits analyzed; HTE 802 strain had more 
plant height (29.6 cm), and average weight of root (0.21 
g). Greater weight of roots was shown by strain HTE 812 
(0.40 g). Finally, the highest total plant weight was 
observed in strains HTE 813 and 815. The positive 
influence of Trichoderma on root system architecture 
would therefore relate to increased yield of plants. 
Trichoderma enhanced root biomass production and 
increased root hair development (Bjorkman et al., 1998). 
 
 
Conclusions 
 
Various metabolites related with the growth and the 
formations of biomass were reported in the germination 
of Flor de Mayo bean seeds, including TRP, which is 
considered the main precursor in the synthesis of indole-
3-acetic acid. Other metabolites such as TAM and IAM 
involved in the pathways known as tryptophan-dependent 
were detected in this study. The inoculation of Flor de 
Mayo bean seeds with T harzianum showed variability in 
response to physiological and productive traits, high-
lighting the strain  THE  802  with  effect  on  plant  height 



 
 
 
 
and strain THE 812 with an effect on root development. 
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