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Resumen

Las semillas de pinos durante su almacenamiento pueden presentar hongos que deterioran su calidad. El objetivo de la
presente investigacién consistid en identificar los géneros flngicos que se asocian a las semillas de Pinus montezumae y
P. greggii en dos humedades relativas (HR). Se les almacend a 60 y 80 % de HR a 5 °C. Los muestreos se hicieron
durante 180 dias. Se evalud el contenido de humedad de semilla (HS), las semillas libres de hongos (SLH); y se
identificaron los géneros de los hongos (GH) por la morfologia de sus colonias. En HS y SLH se aplicé un disefio
experimental completamente al azar y se hizo una comparaciéon de medias. Todas las fuentes de variacién fueron
significativas. La HS media por especie fue de 9.59 y de 12.37 %; la SLH de 64.52 y 69.28 % para P. greggii y P.
montezumae, respectivamente. En la semilla de P. greggii almacenada a 60 HR, la HS fue de 7.97 %, con 66.19 % en
SLHy a 80 HR, de 11.21 % y 62.85 % en SLH. Para P. montezumae a 60 HR, la HS fue de 10.21 % y de 71.42 % en
SLH; a 80 HR, la HS fue de 14.53 % y 67.14 % en SLH. Los GH identificados que promueven el deterioro de las semillas
fueron: Alternaria sp, que en P. greggii a 60 HR no se observd; Penicillium sp incrementd y predomind a partir de los 120
dias; Fusarium sp. fue constante; de forma esporadica se presentaron Aspergillus sp y Rizhopus sp.

Palabras clave: Aimacenamiento, calidad, hongos, humedad relativa, Pinus spp., semilla.

Abstract

Fungi develop upon pine seeds during storage, and deteriorate their quality. The objective of this study was to
identify the fungal genera that are associated with the seeds of Pinus montezumae and P. greggii in two relative
humidities (HR). They were stored at 60 and 80 % RH at 5 °C. The samplings were made for 180 days. Seed
moisture content (HS), fungal free seeds (SLH) were assessed and fungal genera (GH) were identified by colony
morphology. In HS and SLH, a completely randomized experimental design was applied and a comparison of
means was made. All sources of variation were significant. The mean HS per species was 9.59 and 12.37 % and
SLH of 64.52 and 69.28 % for P. greggii and P. montezumae, respectively. In the P. greggii seed stored at 60 HR,
HS was 7.97 %, with 66.19 % in SLH and at 80 HR, 11.21 % and 62.85 % in SLH. For P. montezumae at 60 HR,
the HS was 10.21 % and 71.42 % in SLH; at 80 HR, HS was 14.53 % and 67.14 % in SLH. The GH identified
promote the deterioration of the seeds; they were: Alternaria sp, in P. greggii at 60 HR it was not observed,
Penicillium sp. increased and predominated after 120 days, Fusarium sp. was constant; Aspergillus sp. and
Rizhopus sp., appeared sporadically
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Introduction

Restoring degraded forests and agricultural lands has become a global conservation
main aspect (Christin et al., 2016). Several countries develop methods for preserving
the seeds of forest species, in order to improve their adaptation, growth and quality
(Skrgppa and Fjellstad, 2017). Pinus montezumae Lamb. and Pinus greggii Engelm.
ex Parl. are priority species of coniferous forests in Mexico because they have great
economic, ecological and social importance (Conafor-FAO, 2011). In addition, the
second is an endemic species of North America and is classified in vulnerability status

according to the International Union for the Conservation of Nature (Conabio, 2018).

For the Pinaceae family, seed is the major propagation resource. However, during
storage, various factors cause its deterioration: its moisture content, relative humidity
and environmental temperature (Wang and Beardmore, 2004). Other agents that
favor damage to these structures are living organisms (Arguedas, 1997) such as:
fungi, bacteria, viruses, nematodes and arthropods, of which fungi are the group of
pathogens with the greatest transmission, as they develop on their surface, internal
parts or both and through different forms of propagation such as spores and sclerotia
(Neegaard, 1977).

Information on the pathogens associated with stored forest seeds is scarce, and fungi
are of interest because the damage they cause affects their subsequent
establishment. Based on the above, the objective was to identify and quantify the
fungal genera associated with the stored seeds of Pinus montezumae Lamb. and Pinus

greggii Engelm. under two conditions of relative humidity.



Revista Mexicana de Ciencias Forestales Vol. 12 (66)
Julio - Agosto (2021)

Materials and Methods

The research was carried out at the Center for Training and Development in Seed
Technology of the Antonio Narro Autonomous Agrarian University, in Saltillo, Coahuila
State, since June 2018. The seeds of Black pine (Pinus greggii) and Royal pine (Pinus
montezumae) collected in the municipalities of Metepec and Calimaya respectively, in

the State of Mexico, were provided by the National Forestry Commission (Conafor).

A representative sample of one kilogram was taken from each lot , for each species
four replications of 50 seeds were used for each relative humidity (60 and 80 %) and
for each sampling, which were carried out at 0, 30, 60, 90, 120, 150 and 180 days.
The seeds were placed in a mesh bag and suspended on a pallet in plastic containers,
so the seeds in the storage time did not directly touch the solutions. Both relative
humidity (RH) were obtained with salts according to Winston and Bates (1960); for
60 % RH, 1.5 kg of grain salt was placed for samplings two (30 days) and three (60
days), while for samplings four to seven (90 to 180 days), it was 2.0 kg. For 80 %
RH, 0.5 kg plus 1 L of water was added for the first two samplings and 1.1 kg plus 2

L of water for samplings four to seven.

The material thus treated was stored in a Torrey model CV-32 cooling chamber at a constant
temperature of 5 °C. The assessed variables were: seed moisture content (HS), which was
calculated based on ISTA (2004) with 15 seeds on average for each replication; the seeds
were placed in previously weighed aluminum boxes with a lid, then the boxes with the wet
seed were weighed and placed in a SHEL-LAB FX14-2 model drying oven, at 103 °C for 16
+ 1 hours; the boxes were subsequently weighed after drying. An OHAUS AV264 model
analytical balance was used for all measurements. HS was calculated by weight difference

and expressed as a percentage.

The identification and quantification of fungal genera (GH) and fungal-free seeds
(SLH) was carried out using the growth technique in Malta Sal Agar culture medium
(Moreno, 1988). 10 seeds were handled with four repetitions per sampling, which
were disinfested with NaClO at 0.5 % for P. greggii and at 1.0 % for P. montezumae,

for 1 minute for both species, the differences in the concentration of NaClO is due to
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the fact that the integument of P. greggii is thinner and more sensitive to sodium
hypochlorite than P. montezumae. Subsequently, the sowing was done inside an
ALDER brand laminar flow hood, with 10 seeds per Petri dish; Subsequently, they
were placed in a SHEL-LAB model FX14-2 brand incubation chamber at a temperature
of 28-30 °C for 7 days. GH were identified by colony morphology with the taxonomic
keys by Barnett and Hunter (1998) and by Moreno (1988). For SLH, the seeds that
did not develop mycelium were quantified and recorded in percentage. The incidence
(I) of GH for the two pine species was calculated using the following formula (Abdullah
and Al-Mosawi, 2010):

Amount of seeds inshich thee fungus appeared
1% = * 100
Total number of seeds

A completely randomized experimental design was applied for seed moisture and free
seeds, and a comparison of means according to Tukey (P <0.05), with the statistical
SAS (2002) package.

Results

The analysis of variance showed that for the sources of variation analyzed, such as
species, relative humidity and time, there was significance at 0.01. For HS by species,
P. montezumae reached a mean of 12.37 %, which was statistically different from P.
greggii with 9.59 %; in SLH, P. montezumae obtained the highest values with 69.28
%, compared to P. greggii (64.52 %). The lowest HS was determined under the 60
HR condition, P. montezumae presented 10.21 % and P. greggii 7.97 %; for 80 HR,
it increased for the first species (14.53 %) and for the second, 11.21 % of seed
moisture. In regard to the fungus-free seeds. in the 60 HR condition, P. montezumae
registered 71.42 % and P. greggii 62.85 % and for the 80 HR environment, the first
species, 67.14 % and the second, 66.19 %.
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During the storage time, the HS was similar for both species. In P. montezumae under
the 60 % relative humidity condition, the lowest HS was observed at 0 days (8.72
%); at 80 HR, the highest HS was at 180 days (16.42 %). Regarding SLH, the highest
percentage was identified at 30 days under conditions of 60 HR and, at 80 HR, at 60
and 90 days (76.66 and 73.33 %). The behavior of P. greggii was similar to that of
the other species of interest since at zero days under 60 HR the lowest HS value was
obtained (7.58 %); for SLH it was at 120 days at 80 HR with the highest value (75.6
%), while at 60 HR the most prominent values were recorded at 150 and 180 days
with 73.72 %. For both species, the highest HS was reached at 180 days in both RH
humidity conditions: P. greggii 9.08 and P. montezumae 13.06 %, and finally for SLH
there were no significant differences between the two relative humidity conditions
(Figure 1).
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Figure 1. Response of Pinus montezumae Lamb. and Pinus greggii Engelm. ex Parl.
seed moisture (HS) and fungus-free seeds (SLH) during 180 days of storage at 60
and 80 % relative humidity (RH).
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The fungal genera present in both species and humidities during storage were
Fusarium sp., Penicillium sp., Alternaria sp., Rizhopus sp. and Aspergillus sp.;
however, this last genus was not manifested in P. greggii at 60 % RH. At the beginning
of storage, the quantity and variability of genera was higher, but, at the end of the

samplings, Penicillium sp. was predominant.

In P. montezumae at 60 % RH, Penicillium sp. recorded incidences of 30 % at 180
days; the maximum incidence of Fusarium sp. was at 90 days (16.7 %). Alternaria
sp. and Aspergillus sp. decreased to 0 %, whereas Rizhopus sp. presemt up to 180
days (Figure 2 a). At 80 % RH, Penicillium sp. was dominant with an incidence of 8.33
to 43.3 %; on the other hand, Fusarium sp. was found until the last sampling, while
Aspergillus sp. at day 0 occurred with 10 % and Rizhopus sp with 2.33 % at 0 days
(Figure 2).
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Figure 2. Incidence percentage of different fungi genera (GH) in Pinus montezumae Lamb. seeds for 180 days of

storage at 60 and 80 % relative humidity.
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The incidence of fungi in P. greggii was similar to that of P. montezumae, since at 0
days Alternaria sp. dominated with 27 % (Figure 3), but decreased over time.
Fusarium sp. was present throughout storage. At 60 % RH, its maximum incidence
was at 60 days (23.3 %) and at the 80 % RH of at 30 days it was 16.7 %; Rizhopus
sp. was only present at the beginning of the experiment. In the 60 % RH environment,
Aspergillus sp. was not detected, and the incidence of Penicillium sp. was greater than
120 days with 33 %. In the 80 % RH environment, the greatest increase of Penicillium
sp. it was 30 % at 60 and 180 days, while the genus Aspergillus sp. it was only
observed at 150 days with 3.33 %.
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Figure 3. Incidence percentage of different fungi genera (GH) in Pinus greggii Engelm. ex Parl. seeds for 180 days

of storage at 60 and 80 % relative humidity.
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Discussion

HS is a direct function of relative humidity and environmental temperature. By having the
ability to lose or gain moisture according to environmental conditions (Delouche, 1972), P.
montezumae and P. greggii reached equilibrium humidity at 30 days and maximum values
of 16.42 and 13.06 % respectively. However, Conafor (2017ab) recommends that the most
appropriate storage humidity for P. montezumae is 8-10 % and for P. greggii, 6-7 %; during
the storage of these species, HS turned out to be a determining factor to keep seed quality
(SNICS, 2018). These percentages of seed moisture favor the presence of fungi and thus,

the deterioration process (Engels and Visser, 2007).

In regard to HR, Ortiz-Caton et al. (2011) established that the biological activity of some fungi
strains increases when they are in a range of 81-92 %. In Brassica sp., Suma et al. (2013)
concluded that the viability of the seeds and the vigor parameters of the seedlings were
reduced when they were subjected to a high RH (75 %), which coincide with the results
obtained with the present study, in which it was observed that at 80 % RH the incidence of

fungi was higher than at 60 % RH in the two species of interest.

Ceballos-Freire and Lopez-Rios (2007) established that in seeds of Alnus acuminata
Kunth (alder), Guarea guidonia (L.) Sleumer (cedrillo), Juglans neotropica Diels (black
cedar), Retrophyllum rospigliosii (Pilg.) C. N. Page (chaquiro) and Cordia
gerascanthus L. (solera) the high relative humidity (90n%) caused an increase in the
moisture of the stored seed and, as a consequence, a severe attack of fungi of the
Penicillium and Aspergillus genera occurred, which affected 50 and 70 % of the

preserved material, respectively.

The SLH trend for P. montezumae decreased dramatically in the two HRs after 90 days;
in P. greggii at 80 %, the trend decreased after 120 days, which coincides with
investigations on seeds of Pinus spp. than losing viability due to increased physiological

damage (Hilli et al., 2003; Du Hyun and Sim, 2018) during long-term storage.

The genera determined in both pine species subjected to environments of 60 and 80 % RH
during the 180 days coincide with the information provided by Guerra et al. (2004) and Campo-
Aranda et al. (2014) on the mycobiota in seeds of Pinus spp. According to Moreno (1988), field
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fungi such as Alternaria sp. and Fusarium sp., develop in humidities between 90-100 %. In this
way, Alternaria sp. was present in the seeds at the beginning of the samplings and its incidence
decreased as time passed. Fusarium sp. which behaved in the same way, was higher at 60 %
RH than at 80 % in both species. When this genus develops in the seed, it causes the quality of
the plant to become lower, since it damages the embryo before germinating and causes necrosis

of the hypocotyl and the cotyledons (Peterson, 2008; Solano-Bonilla and Brenes-Chacén, 2012).

In this study, fungi of the genus Penicillium sp., Aspergillus sp. and Rhizopus sp.,
cataloged as warehouse fungi with growth in a range between 65 and 90 % RH.
Penicillium sp. its incidence increased in all environments and in both species after
120 days, as well as Aspergillus sp. it was identified more frequently in P.
montezumae but in P. greggii it was only identified at 80 % RH. Rhizopus sp. it was
observed sporadically in P. montezumae. These genera decrease the phytosanitary
quality of seedlings by causing rotting, growth reduction and seedling death (Borges
and Urdaneta, 2010; Arguedas, 2011; Lee, 2011).

A large part of these fungi genera are considered saprophytes, some do not always
cause direct damage to the seed, but it is recognized that when the incidence is very

high, the vigor and viability of the seeds tend to decrease (Mittal et al., 1990 ).

Conclusions

The storage conditions of P. montezumae and P. greggii seeds with high relative
humidity increase the fungal incidence of genera such as: Fusarium sp., Aspergillus
sp., Alternaria sp., Rhizopus sp. and Penicillium sp., genera that have been reported

as causing deterioration.

Cold (5 °C) and dry (60 % RH) environments can be safe for the storage of P.
montezumae and P. greggii seeds, as these are the conditions where the lowest
percentage of seed moisture was reached and consequently obtained better incidence

of fungi that cause deterioration.
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