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ABSTRACT
Objective: To evaluate the effect of mycorrhizal inoculation and the use of vermicompost on the growth of red cedar 

(Cedrela odorata L.) seedlings under nursery conditions. 

Materials and Methods: The treatments were with and without a Glomus intraradices inoculum, combined with different 

amounts of vermicompost in the growth substrate (0, 10, 20 and 30%), in a completely randomized block design. The 

variables evaluated were plant height (PH), stem diameter (SD), number of leaves (NL), dry weight (DW), mycorrhizal 

colonization (MC) and number of spores (NS). 

Results: The addition of vermicompost to the growth substrate improved the growth of C. odorata seedlings, the best 

treatment being 30% of vermicompost without mycorrhizae. The percentage of mycorrhizal colonization and number of 

spores per 100 g of soil decreased when increasing the amount of vermicompost in the substrate.

Study Limitations/Implications: None.

Findings/Conclusions: Vermicompost was the leading promoter of C. odorata plant growth under nursery conditions.

Keywords: substrate, arbuscular mycorrhizal fungi, colonization.

INTRODUCTION

T
he quality of the substrate used in nurseries is one of the factors that 

influence the growth of plants, which means it is important to have 

organic and microbiological alternatives for the sustainable 

production of Cedrela odorata plants (Oros-Ortega et al., 

2015).  Vermicompost is characterized by being made up of finely 

divided, highly porous, aerated, drainable, moisture retaining 

materials. These materials have reduced quantities of 

soluble salts, higher cation exchange capacity (CEC) and 

a growing number of total humic acids. It is an organic 

substrate with high content of nitrogen, potassium, 

phosphorus, magnesium and micronutrients (Ruíz, 2011); 

it contains biologically active substances that regulate 

vegetative growth (Atiyeh et al., 2000c). 
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In addition, vermicompost has a large surface area, which 

permits it to adsorb and strongly retain the nutritional 

elements, which are easily assimilable by plants (Atiyeh 

et al., 2000a; Atiyeh et al., 2000c), besides having a high 

capacity to be mixed with the soil in order to slowly 

liberate nutritional elements and accelerate plant growth 

(Capistran et al., 1999).

Another important biological element to be taken 

into account in the substrate is the use of arbuscular 

mycorrhizal fungi (AMF) which has become a viable 

alternative in order to reduce losses in multiplication, 

acclimatization and adaptation processes of different 

plant species in diverse agro ecological conditions. 

Due to the low quality of C. odorata seedlings grown 

in nurseries, the use of AMF has been proposed, which 

may improve development and growth of seedlings 

during their first months of life, considering that some 

species of the Cedrela genus can potentially form 

mycorrhizae with Glomus  and Acualospora genera 

(Souza et al., 2006). The symbiosis between arbuscular 

mycorrhizal fungi and plants plays an important role 

in the adaptation of plants in terrestrial ecosystems 

(Honrubia, 2009). One of the benefits of this symbiosis 

is related to plant nutrition in environments with nutrient 

restrictions, where the plant supplies carbohydrates to 

the fungi for its metabolism and the fungus aids in intake 

and transport of the nutrients the plant requires (Smith, 

2013). The symbiosis favors the plant’s tolerance to biotic 

and abiotic stress, improves the physical characteristics 

of the soil, and favors the diversification of plant species 

in ecosystems (Smith and Read, 2008). 

C. odorata seedlings with high mycorrhizal colonization 

have been obtained when the seedlings were inoculated 

with spores native to high evergreen and medium sub-

evergreen forests (Méndez-Cortés et al., 2013). A positive 

effect has also been observed with the inoculation of 

Glomus spp. in terms of plant height, stem diameter 

and number of leaves 30, 60 and 90 days after sowing 

in Antillean mahogany (Swietenia micorrmahagoni (L.) 

Jacq.) in nurseries (Bango-Folgoso et al., 2013). 

Similar results were found for plant height, stem diameter 

and number of leaves by  Falcon-Oconor et al. (2013) in 

Swietenia mahagoni and Lisyloma latisiliquum inoculated 

with Glomus hoi like and Glomus intraradices. When 

Oros-Ortega et al. (2015) evaluated C. odorata seedlings 

inoculated with Rhizophagus intraradices in nurseries, 

they found larger and more vigorous plants in terms of 

plant height, stem diameter, root dry weight, plant dry 

weight, and mycorrhizal colonization of up to 50%. 

Similar results were found by Méndez-Cortés et al. 

(2013) in C. odorata, obtaining greater height, diameter, 

number of folioles, aerial and radicular dry biomass, 

number of spores and colonization percentage (50 to 

80%). These results make sense with that cited by Moína-

Quimí et al. (2018) who determined that the percentage 

of colonization of tropical fungi species is higher than 

50%. 

Accordingly, and in the interest of generating knowledge 

about the use of vermicompost and the application 

of mycorrhizal fungi, the effect of vermicompost and 

mycorrhization of the roots of C. odorata on the growth 

of seedlings under nursery conditions, was evaluated. 

MATERIALS AND METHODS
The study was carried out in nurseries in Campeche, 

Mexico. The predominant climate is warm humid, with 

summer rains (Awo) according to the Köppen climate 

classification modified by García (2004), with an average 

annual precipitation of 1290 mm and mean temperature 

of 22 °C. 

For this study C. odorata seeds were used which were 

obtained from fruits collected from trees in Campeche 

communities, making sure to use intact unopened 

capsules without any insect or fungal damage. The 

fruits (capsule) were dried by solar dehydration for 8 h 

during 4 d, afterwards they were disinfected with 5% 

sodium hypochlorite during 7 min. Then they were 

rinsed with sterile water and stored in glass jars in a dry 

and cool place. In order to obtain seedlings, seeds were 

germinated in plastic trays with 72 cavities previously 

washed and sterilized, using Peat-Moss® as substrate, 

placing one seed per cavity at a depth of 2 cm. Once the 

seedlings had been in the trays for 95 days after sowing 

(DAS), they were transplanted to black polyethylene bags 

with 2.1 kg capacity using sterilized black forest soil with 

methyl bromide as substrate. The vermicompost used as 

part of the study’s treatment was sterilized with a 100 

mg dose of Basamid® on a surface of 1 m2 per 30 cm of 

depth; afterwards it was covered with polyethylene plastic 

during seven days, and then aerated for three days. When 

the seedlings were transplanted, they were inoculated 

with the mycorrhizal fungus Glomus intraradices at a 

rate of 10 g per plant. The colonization percentages of 
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roots used as inoculum for G. intrarradices were 90% colonization with 1200 

spores per 100 g of soil. The experimental design was a randomized block 

design with eight treatments and 40 repetitions per treatment, considering 

one plant per bag as an experimental unit. The treatments were 0-0, 10-

0, 20-0, 30-0, 0-M, 10-M, 20-0 and 30-0, considering the first number as 

the percentage of vermicompost in the substrate and the second as the 

inoculation with arbuscular mycorrhizal fungi (AMF) G. intrarradices.

The experimental unit consisted of 40 plants lined up at a distance of 1.5 

m between lines and 40 cm between plants. The study variables were 

plant height (PH), stem diameter (SD), number of leaves (NL), leaf area (LA), 

mycorrhizal colonization (MC), and number of spores (NS). Measurements 

were taken every 30 d, with a total of five measurements. The quantification 

of dry weight was calculated by placing leaves, stems and roots into brown 

paper bags which were then dried in an oven at 80 °C during 48 hours. In 

order to determine the presence of the mycorrhizal fungus and to quantify 

colonization, a technique was used to color the fungal structures in the 

root and then to count the infection by observing through a microscope 

using the Phillips and Hayman method (1970). The infection percentage 

was determined based on the total segments colonized by the fungus and 

the segments that had arbuscules and vesicles, depending on the case. The 

infection percentage was calculated using the following equation: 

%infection
No. of colonized segments

No. of observed segmen
=

tts
×100

Separating and counting spores was carried out using the Nicolson (1963) 

method, mentioned by Ferrera-Cerrato and Gonzáles-Chávez (1993) as a 

sieving and decanting method, which requires the observation and evaluation 

of spores through a stereoscopic microscope or, sometimes, an optic 

microscope. The number of spores was obtained by counting the amount 

found on filter paper with the use of a stereoscopic microscope. The result 

was expressed in number of spores per 100 g of dry soil using the following 

formula: 

Spores in 100 g of dry soil
(No. of counted spores)(grams 


oof dry soil)

100 g humid soil
( )100

The data obtained was subjected to a variance analysis and Tukey’s multiple 

comparison of means test (Tukey, 0.05) using the statistics program SAS 

(Statistical Analysis System Institute, 2004).

RESULTS AND DISCUSSION 
Plant Height and Stem Diameter

The results showed a greater effect with vermicompost in substrate than 

those inoculated with AMF. At a higher concentration of vermicompost in the 

substrate, the plant’s height and diameter were greater, showing significant 

differences between treatments during the dates of measurement (Table 1). 

The greatest height (28.65 cm) 

was obtained at 150 days after 

transplant (DAT) using the substrate 

with 30% vermicompost without 

AMF inoculation, while the best 

inoculation treatment was with AMF 

and 10% vermicompost (22.61 cm). 

These results indicate the feasibility 

of the use of vermicompost 

in the production of nursery 

seedlings which contribute to the 

development of C. odorata plants. 

The effect of the AMF was not 

observed in the growth of the 

seedlings due to the substrate 

enriched with vermicompost, which 

made nutritional elements available 

through this organic component, 

as is the case with phosphorus 

that reduces the capacity of AMF 

for the extraction and transport of 

available chemical elements to the 

plant. With respect to mycorrhizal 

inoculation the results are not in 

accordance with what was found 

in previous studies carried out with 

C. odorata where mycorrhizal 

inoculation favored an increase in 

plants’ height and diameter (Falcon-

Omar et al., 2013; Bango-Folgoso et 

al., 2013; Oros-Ortega et al., 2015). 

However, the results obtained by 

Moreno-Reséndez et al. (2014) 

with Acacia pennatula (Schltdl. and 

Cham.) Benth. determined that the 

use of 10% vermicompost and 90% 

natural soil obtained the best results 

at 240 days after transplant (DAT). 

It is also important to consider 

that the results obtained could be 

due to factors such as the type of 

mycorrhizal fungus, the amount 

of inoculum, the organic material 

content in the substrate, as well as 

the plant species being studied. 

In terms of the number of leaves, 

the results showed a similar trend 

to those observed for height and 
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Table 1. Height and diameter stem per plant average of Cedrela 
odorata with different levels of vermicompost and mycorrhizal fungi.

Treatment Height plant (cm) Stem diameter (cm)

Days after 
trasplant

90 150 60 150

00 9.96 c 10.71 f 0.70 c 1.08 d

10-0 12.40 b 18.98 d 0.77 abc 1.18 c

20-0 13.46 a 25.51 b 0.92 ab 1.25 b

30-0 13.98 a 28.65 a 0.94 a 1.30 a

0M 13.43 a 14.52 e 0.75 abc 1.24 b

10M 12.18 b 22.61 c 0.74 abc 1.31 a

20M 10.61 c 11.93 f 0.71 c 1.09 d

30M 10.61c 11.65 f 0.73 bc 1.09 d

MSD 0.73 1.30 0.20 0.03

Treatments with the same letter are statistically the same (Tukey, 
0.05). MSDMinimum significant difference. Results of two 
samplings of the five carried out.

stem diameter, where the higher number of leaves was 

due to the use of vermicompost in the substrate and not 

because of mycorrhizal inoculation (Figure 1).

The effect of vermicompost on the growth of C. odorata 

plants was attributed to higher availability of nutrients in 

the substrate, the improvement of its physical properties, 

and higher moisture availability (Costa and Martin, 2018). 

A higher number of leaves was observed with the 30V-M 

treatment (66.75 leaves), and a similar trend was found 

with the 10V-M treatment (56.57 leaves). 

The number of leaves obtained (66.07) at 90 d with 

Glomus intraradices inoculation without the use of 

vermicompost is similar to that found by Bango-

Folgoso et al. (2013) in mahogany plants (Swietenia 

mahagoni) who obtained 9.03 leaves on average 

per plant with an inoculation with the Glomus 

genus. On the other hand, Méndez-Cortés et al. 

(2013) found that during the initial development of 

C. odorata there were plants with a higher number 

of leaves using different sources of mycorrhizal 

inoculum, with the results varying depending on 

the type of soil and the relation with the organic 

matter present. 

The dry weight increased with 30% vermicompost 

application without AMF inoculation, with each 

section of the plants weighing 4.26 g (leaves), 

10.94 g (stem) and 14.93 g (roots). In terms of the 

mycorrhizal inoculation treatments, 0V-M and 10V-

M were the most noteworthy. All of the treatments 

with vermicompost with or without mycorrhizal 

inoculation exceeded the control treatment in terms of 

weight of leaves, stem and root. 

The results suggest that the addition of vermicompost 

improved the availability of nutrients and improved the 

physical properties of the substrate, which could be 

interpreted as improved photosynthesis activity in the 

plant. This confirms an overall improved plant quality 

for future establishment in the field, which agrees to 

that established by Costa and Martín (2018). Although 

the mycorrhizal effect was overshadowed by the use of 

vermicompost, it is important to consider its subsequent 

effect for the survival of C. odorata plants when they are 

taken into the field where agro-climatic conditions could 

be more limited. In the field it is important to evaluate 

the relationship of foliage weight and dry root weight, in 

which the best treatments were those inoculated with 

G. intraradices based on the results in Table 2. Those in 

the nursery business prefer plants that are not too big 

and with abundant roots; roots with sufficient anchoring 

capacity, but especially the capacity to explore and aid in 

the extraction of the field’s nutrients.

Mycorrhizal Colonization and Number of Spores

The percentage of mycorrhizal colonization (56.6%) and 

the number of spores per 100 g of soil (51.40) were higher 

without vermicompost in the substrate, and decreased 

as the amount of organic component increased (Figure 

2) to values of 50.8% 42.8%, 32.2% for 10, 20 and 30% 

of vermicompost, respectively. A similar trend was seen 

with the number of spores per 100 g of soil with values 

Figure 1. Growth kinetics average per plant of Cedrella odorata by 
vermicompost and mycorrhizal inoculation use (Glomus intraradices). 10VWM: 
10 g of vermicompost without mycorrhiza, 20VWM: 20 g of vermicompost 
without mycorrhiza, 30VWM: 30 g of vermicompost without mycorrhiza, 
0VM: 0 g of vermicompost with mycorrhiza, 10VM: 10 g of vermicompost 
with mycorrhiza, 20VM: 20 g of vermicompost with mycorrhiza, 30VM: 30 g 
of vermicompost with mycorrhiza.
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Table 2. Dry weight average of leaves, stem, and root average 
of Cedrela odorata plants growing at different levels of 
vermicompost and inoculation with Glomus intraradices as 
substrate.

Treatment
Dry weight (g) DWL / 

DWRLeaf stem root

00 0.81 c 3.69 c 4.50 d 1.00

10-0 1.56 bc 7.61 bc 7.61 bcd 1.20

20-0 3.07 ab 10.04 ab 10.95 a 1.20

30-0 4.26 a 10.94 ab 14.93 a 1.02

0M 1.88 bc 12.73 a 10.05 ab 1.45

10M 2.80 abc 10.85 ab 14.04 a 0.97

20M 1.24 bc 5.25 c 9.13 bc 0.71

30M 0.82 c 4.01 c 5.68 cd 0.85

MSD 2.14 3.98 3.50

Treatments with the same letter are statistically the same (Tukey, 
0.05). MSDMinimum significant difference.

at 44.20, 39.40 and 29.60 spores per 100 g of soil. The 

results are attributed to the enriched organic substrate 

which reduced the functionality of the AMF. 

The value found for mycorrhizal colonization without 

the use of vermicompost was 55.60%, within the values 

found by Oros-Ortega et al. (2015) at 50%, Moína-

Quimí et al. (2018) at 50%, and Méndez-Cortés et al. 

(2013) from 50 to 80%. Authors such as Oros-Ortega 

et al. (2015), when working with red cedar, found that 

inoculation produced high levels of mycorrhization 

in roots by the sixth month. Moreno-Resendez et 

al. (2014) considered that timely inoculation occurs 

in the early stages of plant growth and increases as 

new roots are formed. The number of spores found 

was good compared to those reported on mahogany 

grown in nurseries by Guuetra-González (2009) at 

12 for Caulospora spp., 3 for Glomus spp., and 6 for 

Entropospora spp. 

In their study using native mycorrhizal 

fungal species, Mendes-Cortez et al. 

(2013) found an average number of 30.38 

spores per 100 g of soil, amount lower 

than that found in the present study with 

Glomus spp. of 51.40 100 g1 of soil. 

CONCLUSIONS
The use of organic fertilizers could be a 

sustainable alternative for the production 

of red cedar (C. odorata) in nurseries. The 

use of vermicompost at a 30% dose as 

part of the substrate promoted a more vigorous growth 

in the plants. The effect of biofertilizer with arbuscular 

mycorrhizal fungi (Glomus intraradices) favored better 

root development, which is a favorable effect in field 

conditions.
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