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Abstract 

 

Lupinus montanus HBK is a herbaceous species that is widely distributed in Mexico, primarily in the 

Sierra Madre Occidental and the Transversal Neovolcanic. It is characterized by synthesizing alkaloids 

whose fungicides, bactericides and hypoglycemic properties have been reported experimentally. 

However, obtaining these metabolites via extraction from cultivated plants involves investment costs 

that could turn it into a very profitable activity. In this research the main factors involved in the 

development of calluses that could be directed toward studying the synthesis and production of 

secondary metabolites or to micropropagation were evaluated via indirect organogenesis. The research 

results indicated that the factors evaluated (explant culture medium and incubation) and their 

interactions show differences in responses; under light conditions callus compact structure is obtained, 

while in dark friable calluses were obtained. The highest yields were obtained in biomass callus 

originated from Epicotyl in combinations of 2,4-D, BA and Kinetin in concentrations of the order of (4-

6μM; 1-2μM and 2-2μM respectively) under dark conditions. 

 

Lupinus montanus, Friable, necrosis, Auxin, cytokinin. 
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Introduction 

 

Several studies point to the importance of in 

vitro for the initiation of cell suspension 

cultures for the synthesis of secondary 

metabolites callogenesis. Similarly, from 

calluses obtained in vitro can induce the 

formation of both plants (indirect 

organogenesis) and somatic embryos (direct 

embryogenesis) through which could obtain 

specific clones according own research interests 

(Martinez et al., 2010). 

 

In woody plants such as Lupinus 

montanus herbaceous- HBK, induction and 

callus culture is somewhat more complicated 

compared to other plants. This complication is 

due primarily to the large amount of metabolic 

substances tissue released in response to 

oxidative stress to which it is subjected after 

being cut (Tang and Newton, 2004). While it is 

true that the use of some of these metabolites as 

lupanine alkaloid has been experimentally 

reported both medical area (Dove et al., 2011) 

and the agrochemical (Bermudez et al., 2009), 

it is also true that in the initial explant 

management stage, the combination of these 

with phenols and other exudates metabolites is 

undesirable. 

 

The objective of this research was to 

evaluate the response to callus formation and 

their gain in biomass from three different types 

of explants (hypocotyl and epicotyl Cotyledon) 

grown in media added with different 

concentrations of auxin 2,4 

dichlorophenoxyacetic acid (2,4-D), cytokinin 

6-benzylaminopurine (BA) and 6-

furfurylaminopurine (kinetin) and two types of 

incubation. 

 

 

 

 

 

 

Material and methods 

 

The research was conducted on the premises of 

the Laboratory of plant tissue culture in the 

Department of Plant Science at the Universidad 

Autónoma de Chapingo. 

 

Plant material. As seedling explant source 

Lupinus montanus four weeks of age, obtained 

by germinating seeds in vitro in MS culture 

media (Murashigue and Skoog, 1962) were 

used. The seeds were obtained from plants 

collected in 2011 on the hill of Xipes (19 ° 00 

'48' 'N, 97 ° 21' 20 '' W), municipality of Libres, 

Puebla. The plants were identified by 

taxonomic keys and descriptions of Dunn 

(1979), subsequently they validated and placed 

in the National Herbarium of Mexico (MEXU) 

of the Institute of Biology of the Universidad 

Nacional Autónoma De México. 

 

Obtaining explant. It was harvested at random 

a total of 10 seedlings after 4 weeks of growth. 

The regions used as explant source: hypocotyl, 

cotyledon and epicotyl, were sectioned in 

approximate size 3x3x3 mm, and then planted 

in MS (Murashigue and Skoog, 1962) in petri 

dishes under six different treatments with 24 

replicates each. The treatments were the 

following T0 = control without plant growth 

regulators (RCV), T1 = 2,4-D (1.0 µM) + BA 

(0.5 µM), T2 = 2,4-D (1.0 µM) + kinetin ( 0.5 

M), T3 = 2,4-D (2.0 µM) + BA (2.0 M) + 

kinetin (1.0μM), T4 = 2,4-D (4.0 µM) + BA 

(1.0 M) + kinetin (2.0μM ) and T5 = 2,4-D (6.0 

µM) + BA (2.0 M) + kinetin (2.0μM). In all 

cases the RCV were supplemented in MS 

100%, supplemented with 0.40 mg L-1 

thiamine, 100 mg L-1 myo-inositol, 3% sucrose 

and 7 g L-1 agar, and 100 mg L-1 of activated 

charcoal at a pH of 5.7 ± 0.1.  
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Subsequently, 12 repetitions of each 

treatment were incubated under conditions of 

constant darkness at 25 ± 1 ° C, while the 

remaining 12 for each treatment period were 

incubated under light / dark (16: 8) at an 

average temperature of 25 ± 1 ° C, both the 

incubation period was four weeks to recording 

variables evaluated. 

 

Callogenic response was evaluated with 

a qualitative scale of 0 to 1, where 0 = no 

answer, 1 = callus formation. For the variable 

level of necrosis, the scale was 0 to 3: where 0 

= (<10%), 1 = (> 10 <30%), 2 = (> 30 <60%), 3 

(> 60%) . The color and structure of the callus 

were determined by observations cream or 

green compact or friable, respectively. 

Furthermore, for quantitative evaluation 

variable (biomass) is randomly selected callus 

six samples of each treatment and the increase 

in fresh weight was obtained in each case. 

 

Statistical analysis. The results of qualitative 

variables were analyzed under a completely 

randomized design (DCA) by Kruskal-Wallis 

test (P ≤ 0.05). While results in increased 

biomass were evaluated in a factorial 

arrangement DCA, using the model: 

 

Yijkl = μ + Ai + Bj + Ck + (AB)ij + (AC)ik + 

(BC)jk + (ABC)ijk +ξijkl 

 

Where: 

Yijkl = Response biomass increase 

μ   = General Media 

Ai = Effect of the explant (hypocotyl, cotyledon 

and epicotyl) 

Bj   = Effect of treatment (2,4-D: BA: Kinetin) 

Ck = Effect of incubation (photoperiod: 

permanent darkness) 

(AB)ij = Explant interaction Treatment  

(AC)ik= Explant interaction: incubation 

(BC)jk= Interaction treatment: incubation 

(ABC)ijk= Explant interaction Treatment: 

incubation 

ξ ijk = Experimental error 

The data analysis of variance and Tukey (P ≤ 

0.05) were submitted in all cases the Minitab 

17.0 statistical software was employed (2013). 

 

Results and discussion 

 

Callogeneic response. After four weeks it 

shows that the culture media presenting 

combinations of plant hormones induced callus 

formation in three different types of explant 

under both incubation procedures (photoperiod: 

permanent darkness), contrasting with that 

observed in the control treatment (T0 ) in which 

there was no response (Figure 1). 

 

No statistical difference (p = 0.0789) for 

callus formation between treatments with 

combinations of 2,4-D auxin BA with respect to 

those with combinations of 2,4-D with Kinetin 

found. Similarly explant level was not 

statistically different (p = 0.0876) because from 

the three tissues callus formation was presented. 

 

 
 

Figure 1 Callus formation under conditions of 

incubation photoperiod (16: 8). A) Hypocotyl 

(T0), B) epicotyl (T3), C) Cotyledon (T4); 

Callus formation under conditions of constant 

darkness. D) Epicotyl (T0), E) Epicotyl (T5), 

F) Hypocotyl (T3). 
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These results agree with those reported 

by Montes et al., (2009), who managed to 

induce callus formation of Lupinus ascherbornii 

from cotyledon explants of root and hypocotyl, 

with combinations of 2,4-D and kinetin, in 

concentrations 1 mg L-1a 2 mg L- 1 (4 to 8 

mM). 

 

Degree of necrosis. The Kruskal Wallis noted 

that statistically there is no difference regarding 

the degree of necrosis of the explants incubated 

under conditions of photoperiod and permanent 

darkness (p-value = 0.105) treatments. In 

general, under dark conditions, the level of 

necrosis which had calluses formed from the 

three types of explant was less than 5% of all 

occurrences incubated in the different 

treatments. On the other hand, under conditions 

of light / dark (16: 8), the level of necrosis was 

close to 12% of all occurrences; 15 of them 

were for cotyledon, hypocotyl and 8 to 3 to 

Epicotyl. It should be noted that the degree of 

tissue necrosis presenting these corresponded in 

all cases to the category of level 1 (> 10 <30%). 

 

Callus color and structure. It was observed 

that both the color and the structure of the 

callus were intimately associated with the 

incubation conditions (p-value = 0.000), 

regardless of the culture medium and the 

explant source. In terms of light / dark, 

chlorophyll present in the cells of the callus was 

expressed generating a uniform green pattern 

(Figure 2A) while under steady dark, 

chlorophyll was inhibited, as a result, the fabric 

the tissue acquired a creamy tonality (Figure 

2B). 

This fact agrees with the commonly 

observed in in vitro cultures of various species 

under both conditions, as said work 

Parsaeimehr et al., (2010) and Tavakkol et al; 

(2011), who when evaluating the effect of light 

and growth regulators on callus induction of 

herbaceous Brassica napus L., Ephedra 

observed the same tones in corns grown in light 

and dark. 

 
 

Figure 2 Color and structure calluses. A) 

Callus formed from hypocotyl explant under 

conditions of light / dark (T4). B) Callus 

formed from hypocotyl explant under 

conditions of permanent darkness (T4). 

 

On the other hand, Figure 2A illustrates 

the compact structure of callus had grown 

photoperiod light / dark, while in the second 

case (Figure 2B), was friable structure type in 

all instances. This result is in line with those 

reported by Rajiv and Yadav (2006) on the 

influence of light on induction of friable 

calluses incubated at low intensities of light or 

dark, for various plant species. 

 

Callus biomass. The variance analysis allowed 

observing the effects that the factors evaluated 

in increasing biomass. A level explants, there 

was statistically significant difference (p-value 

= 0.000) compared to the effect of the explant 

in biomass response, regardless of the medium 

or incubation condition which was subjected to 

(Figure 3A). The explant from which formed 

callus with the highest biomass was epicótilo 

(1.3307 ± 0.5151), whereas among the 

hypocotyl and cotyledon not point Tukey 

statistical difference (p-value = 0.0637). 
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Figure 3 Charts major effects on biomass of 

corn. A) Effect of explant. B) Effect of culture 

medium. 

 

A culture media level analysis of 

variance showed that there was a significantly 

different response for biomass response (p 

value = 0.000). In Figure 3B the positive effect 

of culture media with higher concentrations of 

2,4-D, BA and kinetin in the callus biomass 

increase, regardless of the incubation was 

observed. Induced responses culture media T4 

and T5 were significantly different and greater 

than those obtained with the other media. 

Similarly, the effect of incubation factor was 

statistically different (p-value = 0.000) to the 

response obtained in permanent darkness 

photoperiod. 

 

Figure 4 shows the interaction between 

the various factors discussed in the experiment. 

The answer callus biomass was higher for the 

three types of explant cultures incubated under 

conditions of constant darkness (Figure 4A). 

 

The interaction between culture media 

and incubation process, significant (p-value = 

0.002). The average responses for media with 

higher content of 1 mM 2,4-D, BA and / or 

Kinetin (T3, T4, T5) were significantly 

different from those obtained with the media 

whose cytokinin concentrations were less than 

1 PM (T1, T2). 

 
Figure 4 Interaction Charts. E) vs incubation 

Interaction explant. B) Interaction of culture 

medium vs incubation. 

 

For any of the explants evaluated under 

any of the different culture media, the response 

in biomass is increased, going from a state of 

incubation in the light, to a phase of permanent 

darkness (Figure 4A). 

 

The increase in biomass observed in the 

dark, could be associated to the fact that auxin 

not undergo degradation by photo-oxidation, 

allowing a greater extent are present in both the 

medium (exogenous) and the tissue 

(endogenous) further promoting cell elongation 

and consequently the further development of 

biomass compared to what happens in lighting 

conditions, as explained some research at the 

level of plant tissues (Taiz and Zeiger, 2010). 

 

Conclusions 

 

All combinations of different types used RCV 

induced callus formation from three different 

explants. Percentages of necrosis of the tissues 

were very low (5% in darkness photoperiod at 

12%) and did not affect the survival of the 

tissue. Moreover, the calluses formed from any 

of the explants incubated both photoperiod and 

dark level differed coloration and structure 

being green and compact structure under 

conditions of light / dark, and cream and friable 

structure under conditions of constant darkness. 
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Corns (both compact and friable) 

generated from epicotyl were those with higher 

gain in biomass, while cotyledon was the one 

that produced less biomass. With respect to the 

culture media, and increasing dose combination 

of 2,4-D, BA and kinetin potentiate a better 

response in biomass increase for the three types 

of explant. 
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Abstract 

 

There are a lot of agricultural waste in agriculture. These are causes of pests in the soil due to its excess 

and further complicate agricultural work. A possible solution is to transform agricultural waste into 

organic additives, through a process of pyrolysis, these additions to the soil help to change their 

physical properties such as: porosity, apparent density and infiltration in the short term. Therefore, this 

work focused on quantities of materials pyrolytic encountered in corn, sorghum, chickpea, and cane, 

sawdust waste. The latter served as a witness. To achieve this, were collected 5 specimens of each 

material in the municipality of Guasave, Sinaloa, Mexico. The materials were ground and is sieved 

with a 2mm particle diameter. Subsequently implemented a bath of 50 ml of extract from orange peel 

and dried in the oven at 60 ° C. Finally the pyrolysis process was applied to 380 ° C for 35 minutes. 

The amount of pyrolytic material was used to determine the method of initial weight less final weight 

of processed materials. The results obtained were analyzed with the statistical method of mean 

differences. Treatments of corn and sorghum were which resulted with most material pyrolytic. The 

above give an added value to crop residues, which are usually sold at low cost to feed cattle. 

 

Pyrolytic, Orange, biomass, organic residue extract. 
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Introduction 

 

Agriculture exist in a lot of product in the 

threshing corn plots (Figure 2), chickpea, 

sugarcane and sorghum (Arauzo, 2014) 

agricultural waste. These wastes are causing 

pests in the soil due to its excess and further 

complicate farming. However, this waste can be 

profitable and innovative if they become 

retaining moisture materials because they are 

inexpensive and are abundant in the state of 

Sinaloa (Jiménez, 2013). In the state of Sinaloa 

as in many regions of Mexico and the world it 

needs more efficient use of crop residues in 

organic agriculture. One possible solution is to 

transform agricultural waste into organic 

additives, by a pyrolysis process, these 

aggregates to the ground help to change their 

physical properties such as porosity, bulk 

density and infiltration in the short term 

(Ricardo, 2014). Pyrolytic production materials 

from agricultural biomass (Casini, 2014) have 

great economic potential and impact on the 

environment (Mora, 2014). Pyrolysis converts 

low value waste moisture adsorbents with a 

high utility value. Also, they can be used to 

retain macro and micro elements (Martinez, 

2014) and as substrate in protected agriculture. 

Finally, you can export as activated filter (Liew, 

2014) coal, which benefits the state's economy 

and the country. Pyrolysis, carbonization is 

based on agricultural waste, and is carried out at 

a temperature of 380 ° C for 35 minutes (Figure 

1). To activate and accelerate the increase in 

porosity extract orange juice (Valencia, 2005) is 

added. According to Ekpete, pyrolytic material 

has applications such as micro and macro 

retainer chemicals in the water, water filter, 

odor eliminator and flavors in animal fat and 

others. The pyrolytic material can produce 

waste from cardboard, sawdust, raw timber and 

others (Penjumrasa, 2014). This work focused 

on knowing the quantities of pyrolytic materials 

found in waste corn, sorghum, chickpea, 

sugarcane and sawdust. 

 

 

 

In Figure 1, the process shown in vitro 

pyrolysis. 

 

 
Figure 1 pyrolytic process 

 

Materials and methods 

 

In Figure 2, the threshing process is shown in 

an agricultural farm. As seen after threshing are 

organic residues. 

 

 
Figure 2 Process for obtaining threshing 

waste. 

 

 
Figure 3 Collection of organic waste. 
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Figure 4 Grinding process 

 

 
Figure 5 Particle size 

 

 
Figure 6 pyrolysis 

 

 
Figure 7 Raw Material (initial) 

 

 

 
Figure 8 Material processing (final) 

 

 
Figure 9 pyrolytic material 

 

5 samples of 10 kg of agricultural waste 

were collected in the municipality of Guasave 

Sinaloa, Mexico (Figure 3). These residues 

were: corn, sorghum, chickpea, sugarcane and 

sawdust. The latter served as a control. Samples 

were then crushed with a power mill Aztec 

mark (Figure 4) and sieved with a diameter of 

2mm particle (Figure 5). 100 g of each sample 

was weighed on an electronic scale (Brand 

Arda) (Figure 6). The samples were dried in an 

oven at a temperature of 60 degrees centigrade 

for 24 hours to 5 treatments., Then 50 ml bath 

of orange peel extract is applied and got the 

stove again, for final drying, finally the 

pyrolysis process, proposed by Varriano 

(2010), in physics laboratory of the 

Universidad Autónoma Chapingo, Texcoco, 

Edo Mexico, was applied in February of 2015.. 

To determine the amount of pyrolytic material 

initial weight method less final weight of the 

processed materials (Figure 7 and 8) was used.  
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The results of pyrolytic material (Figure 

9) obtained were analyzed using the statistical 

method of mean differences with an 

experimental design of 5 treatments with 5 

repetitions. Data analysis was performed on 

MAT-LAB 2013. 

 

Results 

 

Table 1 shows that mean difference exists in the 

5 treatments (maize (T-5), sorghum (T-4), 

chickpea (T-2), reed (T-3) and sawdust (T-1 is 

observed )), a method using pyrolysis at a 

temperature of 380 ° C and a time of 35 

minutes. 

 

 
Table 1 Experimental design 

 

In Figure 10 the averages of the 5 

treatments content pyrolytic material obtained 

in the process pyrolisis observed. Treatments 4 

and 5 were those that were most pyrolytic 

amount of material compared to T1 according 

to the pyrolysis process at a temperature of 380 

° C and 35 minutes with a particle size of 2 

mm. 

 

 
Figure 10 Treatment of processed organic 

waste 

 

This is corroborated by the statistical 

test of mean difference where T-2, T-4 and T-5 

treatments have a significant difference from 

the control (Figure 11). 

 

 
Figure 11 Difference in treatment means 

 

Conclusions 

 

According to the results of the calculations, it 

can be concluded that sorghum and maize are 

the materials from which most pyrolytic 

material can be obtained. This gives added 

value to crop residues, which are usually sold at 

low cost to feed livestock. 
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Abstract 

 

Pines, cedars and associations of the populations of forests are the most important types of trees in the 

study area. Fire is the main disturbance of the dynamics of these forests. This study aimed to analyze 

possible differences in chemical and biological properties of soil between six types of forest: A: burned 

and replanted forest with Pinus sp; B: Burned forest and not reforested; C: unburned forest and 

reforested; D: No burned and not replanted, young forest; E: Not burned and not reforested; the fire had 

occurred 11 years before the study. Soil properties were measured in the first 10 cm of depth that has 

more influence on forest recovery: Protein, humidity, dry matter and content of nitrogen (N). Burned 

and replanted forests had a higher protein concentration due to the type of forest and vegetation, which 

means that in 11 years it had regenerated by itself and the species with which this area was reforested it 

has prospered and the soil has good concentration of nutrients. The extreme values of proteins decrease 

the population of springtails. After a fire is desirable that the vegetation is restored as soon as possible 

to mitigate the potential loss of nutrients and promote the recovery of soil properties, which can be 

benefited by planting Pinus sp and associated with native species such as oak, fir and Quercus. 

 

Pinus, colembolo natural forest, fire effects, postfire soil conditions. 
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Introduction 

 

In the last decade, extensive forest fires have 

occurred in most continents, affecting a wide 

range of ecosystems (Williams & Bradstock, 

2008) and the forests of the central area of 

Mexico have been no exception. The ecological 

consequences of these fires are site specific and 

highly associated with reproductive mode of the 

dominant species and the subsequent weather 

conditions the fire (Veblen et al., 2008). To 

help restore the affected ecosystems and fire 

management planning in these native forests, it 

is necessary to advance knowledge about the 

effect of the disturbance on the various 

components of the ecosystem and its resilience. 

 

Within animal groups that live in the 

soil, the most important are the springtails and 

oribatid by their number, diversity, species 

abundance and activity mites. These groups are 

considered biogeographic and ecological 

indicators because of their great aptitude for 

speciation, estenotopía, short life and little 

power of dispersal of species adapted to the soil 

life and different soil types, and their eating 

habits, as degrading organic matter (Johnston, 

2000; Palacios-Vargas, 2003). 

 

Most springtails feed on fungal hyphae 

or decaying plant matter (Brown-Meneses et 

al., 2004). There are also some predatory 

species that feed on nematodes, rotifers and 

other springtails (Rusek, 1998; Palacios-Vargas 

et al; 2000). By its feeding they play an 

important role in the decomposition of organic 

matter and control the populations of bacteria 

and fungi (Palacios-Vargas et al., 2000). 

 

Collembola are very valuable to soil 

structure, since most soils contain millions of 

its "pellets" that delay release of essential 

nutrients benefit the plant roots, as well as 

serving as a substrate for many 

microorganisms. 

 

Collembola are prey to many insects, 

especially ants and beetles, as well as numerous 

predatory mites, which are a key element in the 

food chain (Palacios-Vargas et al., 2000). Its 

abundance, diversity of species and 

characteristics provides information on the 

environmental impact of ecosystems. 

For areas of burned forests, there is little 

information regarding the use of soil fauna as 

bioindicator let alone using springtails, so it is 

necessary to study the relationship of soil 

components in burned forests  

 

Objective 

 

Relate soil nutrient status of a pine-oak forest, 

where a wildfire was presented with 

populations of springtails. 

 

Relate the five types of variants pine 

oak forest species studied were developed in 

each of them. 

 

Hypothesis 

 

There is a direct relationship between the 

presence and size of populations of springtails 

and soil nutrient status. 

 

Materials and methods 

 

Study area. In the study area the prevailing 

climate is temperate humid summer long with 

average annual rainfall between 500 and 1,000 

mm also have an annual average temperature of 

15 ° c., with an average for most warmest 

months 10 ° C and for the coldest months can 

occur temperatures ranging from -3 to 18 ° C, 

have four distinct seasons; a relatively hot 

summer, autumn gradually lower temperatures 

with the passage of time, a cold winter and 

spring with higher temperatures gradually with 

the passage of time. No extreme weather events 

(Romero, 2009) is presented. 
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The town lies at an altitude of 2.480 

meters. The vegetation of the study area occurs 

in the low hills toward the high end, in the 

foothills of the Sierra Nevada, in the lower parts 

of predominantly agricultural land use 

temporary and the plains some areas with 

irrigated agriculture are located. 

 

Collembola collection. The material 

studied corresponds to eight collections of litter 

per site six sampling sites pine and oak were 

established in the town of Tequexquinahuac, 

Texcoco, State of Mexico, these collections 

were made weekly from 2009 to 2010. In each 

study site were established at randomly 1 m2, 

which constituted the sampling units, they were 

located in different zones of the study area with 

six types of forest. These experimental units 

were established in October 2009 to 2010 in the 

six sites, corresponding to a period of 11 years 

after the event the fire that occurred in 1998. 

Each of these six sites was considered as a 

treatment and as different sample points 

repetitions of each treatment. 

 

Soil properties. In October 2009, 11 

years fires have occurred sampling to analyze 

soil properties was made; in the same six 

sampling sites springtails. The four parameters 

or soil factors, with a fundamental character as 

soil descriptors were: protein, moisture, dry 

matter and nitrogen (N). To these they were 

sent for analysis in the laboratory of Animal 

Science at the Universidad Autónoma 

Chapingo. 

 

Analysis of data 

 

Data were analyzed for each location 

considering the six treatments (Forest types) 

with their respective repetitions (A: n = 6, B: n 

= 6, C: n = 6, D: n = 5, E: n = 5 ) by analysis of 

variance (ANOVA), assuming that the 

sampling error represents the experimental 

error. 

Prior to the ANOVA assumptions of 

homogeneity of variance and normality were 

examined. Tukey-Kramer, which is a 

modification of the Tukey test for designs with 

the SAS System 2009 program used in each of 

the analysis and to determine from what 

treatments there were differences significant. 

 

Results and discussions 

 

The Braquistomelidae family had a larger 

population in the site C, followed by site D, 

after the Site, Site B and A respectively. 

 

The largest population of the Isotomidae 

family appeared at the site C, followed by site 

D, E, B and A respectively. 

 

Entomobridae families, and Sminturidae 

Onychiuridae occurred in similar proportions in 

the five sites and fewer regarding 

Braquistomelidae and Isotomidae families 

(Figure 1). 

 
Figure 1 Population of springtails per family in 

the five study sites 

 

* 1: Site A; 2: Site B; 3: Site C; 4: Site D; 5: 

Site E. 

 

The greater  abundance of Isotomidae, is 

attribuited to their species, that have been 

recorded as highly adaptable to disturbance 

caused by agricultural and forestry practices, 

and as mentioned Mendoza et al. (1999), they 

can grow in soils with low or high organic 

matter content (Figure 2). 
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Figure 2 Population density of springtails per 

family present at the study sites 

 

Statistical analysis 

 

In the ANOVA results for populations of 

Collembola was no significant difference 

among the six types of forests pvalue = 0.0002. 

 

In the mean comparison Tukey-Kramer 

high values of population of Collembola was 

observed in forest type C: unburned forest and 

reforested, although there was no significant 

difference with the D: Forest unburned and not 

replanted, young forest; where if there was 

significant difference from previous treatments 

but not to each other were: A: Burned forest 

and reforested; B: Burnt forest and not 

reforested and E: No, not reforested burned, old 

forest. They corroborate with Figure 1. 

 

The ANOVA for Protein significant 

difference between sampling sites pvalue 

<0.0001 and mean comparison Tukey-Kramer 

found that the best treatment was the forest B: 

Burnt forest and reforested; although there was 

no significant difference with the forest C: 

unburned forest and reforested; where if there 

was significant difference from previous 

treatments was the D: Forest unburned and not 

replanted, young forest, and treatments had 

lower concentration of nitrogen were E: Forest 

unburned and not replanted, old forest and A: 

Forest burned and reforested 

 

 

 

Site A (burned and reforested with pine 

forest) showed a decrease in proteins that are 

composed of nitrogen and hydrogen, this 

decrease is due to the tree species with which 

they replanted the site because in the pine 

needles a decrease is observed the activity of 

the soil microfauna that gives rise to a lower 

rate of litter decomposition and therefore better 

protein production. The cause lies in the 

chemical-nutritive pine litter, poorer in calcium 

and rich in nitrogen and resin compounds as 

inhibitors, waxes and lignin as indicated 

Schlatter and Otero (1995) features. 

 

For forest type B (Burnt forest and not 

reforested) also presented a poor population of 

springtails but a high amount of nitrogen and 

hydrogen, elements that make up the protein 

(reflected in the Tukey-Kramer tests because 

they were the same results), this relationship is 

because in soils with excess nitrogen is a 

significant decrease in populations of 

springtails as shown Kopeszki (1997) who 

observed a decrease in the growth and 

abundance of populations of Collembola, due to 

the presence of acids (SO4), heavy metals and 

excess nitrogen fertilizers in soils. As a result, 

the rate of decomposition, kolMO was lower. 

 

For forest type C: unburned forest and 

reforested and D: Do not burned and not 

replanted, young forest; had the largest 

population of springtails and also had a lot of 

protein (nitrogen, hydrogen) moderate, these 

forests have similar features because both were 

not burned; C was reforested, and D was not 

reforested but a young forest which can be 

deduced that have greater diversity of species 

which favors the presence of springtails in the 

soil. The growth rate of the population of 

springtails serves as a biomarker of health or 

soil quality as indicated Kopeski (1997). 

Overall the response of different ecosystems to 

changes in nitrogen vary with the type of 

vegetation, soil fertility and the ability to 

replenish (Wan et al., 2001). 
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Fire generates different conditions on 

the ground, which may have implications for 

the emergence of seedlings (Kennard and Gholz 

2001) as in Pinus sp. (Pauses et al., 2003). 

(Urretavizcaya 2005, 2006) indicates that 

regeneration in the short term is not controlled 

only by changes in soil fertility, but by a 

combination of factors such as the availability 

of seeds and changes in soil temperature 

patterns in the areas burned, associated with 

changes in tree and shrub cover after the fire 

(Urretavizcaya et al., 2006), factors that match 

the Kitzberger et al; reported. (2005). 

 

The results of this work can contribute 

to recommendations regarding the further 

handling of a fire in the forests of the region 

Tequexquinahuac or regions with similar 

climatic conditions and vegetation in this area. 

It is widely known that the greatest risks of 

erosion after fire occur in the rainy season 

immediately after the disturbance (Goh and 

Phillips, 1991; DeBano, 2000; Robichaud et al., 

2003; Neary et al., 2005; Cerda and Doerr, 

2005). It is also known that timber harvesting 

may increase the risk of erosion and nutrient 

loss (Beschta et al., 1995, 2004, 2000 McIver 

and Starr, Page-Dumroese et al., 2006). Ensure 

that the post fire vegetation is established to 

mitigate potential losses of nutrients and 

promote the recovery of soil properties prior to 

the extraction of wood can be burned along 

with restoration planning for planting, a 

measure to implement in the management of 

these areas 

 

Conclusions 

 

Forests C and D have a higher population of 

springtails, which means that this type of 

organisms are highly sensitive to disturbances 

such as fires and changing vegetation when 

these forests are replanted. 

 

 

The B and C sites had the highest 

concentration of protein due to the type of 

forest and vegetation, which means that it was 

regenerated in 11 years and the species with 

which this area prospered reforested and the 

soil has good concentration of nutrients. 

 

The high concentration of proteins 

containing nitrogen and hydrogen reduce the 

rate of reproduction of Collembola and 

therefore their populations. 

 

Pines by its high concentrations of 

inhibitors such as resin, waxes and lignin 

decreases decomposition rate by Collembola 

litter and hence protein production. 

 

Populations with high density of 

Collembola was found that occurs in ground 

conditions with moderate protein concentration. 

The forests where disturbances such as fire and 

reforestation, did not showed the highest 

population of collembola. 
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Abstract 

 

It has limited information on the chemical composition of Tagetes species distributed in Ecuador, 

which limits its use as a biopesticide, for that reason, to advance the characterization of this plant 

genetic resource, in this work the oil composition described essential obtained by hydrodistillation of 

five species in situ plants. Using a procedure GC / MS the following major compounds were 

determined: anethole (66,997%), estragole (31,685 &) and anis aldehyde (1.495%) in T. filifolia; trans-

tagetone (52.76%), 4-ethyl-4-methyl-1-hexene (25.56%), verbenone (3.32%), 1-verbenone (3%), β-

ocimene (8.62%), β-linalool ( 1.19%) and cis-tagetone (6.21%) in T. terniflora; trans-tagetone 

(33.97%), 4-ethyl-4-methyl-1-hexene (13.85%), cariofilene (3.18%), β-ocimene 16.96%), trans-

ocimene (3.73%), cis-tagetone (9.1 %), 1-verbenone (11.69%) and verbenone (16.57%) in T. minuta; 

trans-tagetone (17.89%), trans-ocimene (3.73%), 1-verbenone (13.89%), verbenoana (24.34%), epoxy 

pinane 2.3 (0.44%) and 4-ethyl-4-methyl-1- hexene (39.69%) in T. zypaquirensis; and trans-tagetone 

(30.91% 9, trans-ocimene (25.66%) and valeric acid (43.43%) in T. multiflora.       
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Introduction 

 

The genus Tagetes (Compositae) appeared on 

the American continent 65 million years 

ago(Turner, 1997). So far they have referred 53 

species distributed in the Americas from the 

southwestern United States to southern 

Argentina (Plant List, 2013). 

 

Refer some species of Tagetes 

(Asteraceae) took advantage of Mesoamerica 

medicinal, ornamental and ceremonial purposes 

in ancient times (Kaplan, 1960; Neher, 1968; 

Estrada, 1986; cited by Serrato, 1999) In the 

Florentine Codex. In countries like Argentina, 

Chile, Peru, Bolivia and Colombia, the Tagetes 

even be used as a medicinal plant or food 

preparation and flavor (T. minuta and T. 

terniflora) and flavor (Ulloa, 2006). In 

Ecuador, Tagetes filifolia and T. terniflora are 

used as food additives (De la Torre et al., 

2008), also used to dye clothing such as T. 

minuta (brown) and T. filifolia ( yellow color); 

and anise (T. filifolia) an alcoholic beverage 

flavor is prepared and given to the chicha and 

humita (Bertero et al., 2009). 

 

Today we seek further applications of 

these plants for their chemical properties. 

Specifically we are working with the essential 

oil and the aqueous portion of the distillation to 

leverage their chemical compounds as 

bactericides (T. patula) (Wan et al., 2015), 

antitripanosomal (T. caracasana, T. 

zyparquirensis and T. heterocarpa) (Escobar et 

al., 2009); Biopesticides (T. caracasana and T. 

zypaquirensis) (Barrientos et al., 2012) for its 

biological effect against fungi and nematodes 

(Tariq et al., 2010). 

 

 

 

 

 

 

 

The low production costs of essential oil 

of this species (Serrato, 2003) and its organic 

origin, represent an important economic and 

ecological option compared to synthetic 

insecticides products, which, besides being a 

source of environmental pollution and damage 

to human health, are partly due to 

unprofitability of agricultural production 

systems. 

 

There are few studies on endemic 

species Tagetes Ecuador in chemical 

composition. Therefore, this paper aims to 

provide knowledge about the chemical 

composition of species distributed in Ecuador, 

in addition to well protect the natural resources 

of this country. 

 

For Ecuador eight species are 

recognized: T. terniflora, T. filifolia, T. 

verticillata, T. minuta, T. multiflora, T. 

zypaquirensis and T. dianthiflora (Tropicos, 

2015) they are found in the Andes, between the 

2000-3500 meters, while introduced species 

and domesticated and T. erecta and T. patula 

covering an altitudinal range of 0-3000 meters 

(Tropicos, 2015). 

 

Among the chemical compounds of 

Tagetes they are: thiophenes, phenols, 

flavonoids, coumarins and terpenes, which have 

biological activity nematicide, insecticide and 

acaricide (Nava et al, 2012.). 

 

Several environmental factors are 

involved in the chemical composition of the 

essential oil, for example, nutrition, climate 

issues, water availability, amount and intensity 

of light and soil type; in mint, monoterpenes 

metabolism is influenced by environmental 

factors. (Burbott and Loomis, 1967). T. filifolia 

in different geographic areas of Argentina 

where it is distributed naturally variation of 

chemical compounds is observed in the 

essential oil (Maestri et al., 1991). 
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Whereas no background on the profile 

of essential oils Ecuador species and that the 

distribution of these species correspond to 

different geographic locations, the objective of 

this study was to identify the chemical 

constituents in the essential oil of plants and 

five species populations obtained in situ. 

 

Methodology 

 

Collection of biological material 

 

To perform the essential oil extraction plant 

fresh tissue it was collected in five species of 

flowering Tagetes Ecuador. 

 

In the case of T. filifolia, the samples are 

located in the provinces of Canar, Loja, 

Pichincha; T. terniflora, in the provinces of 

Canar, Chimborazo, Pichincha, Tungurahua; T. 

minuta in the province of Pichincha; T. 

multiflora in the provinces of Azuay, Canar, 

Chimborazo, Pichincha and T. zypaquirensis in 

the provinces of Bolivar, Canar, Carchi, 

Chimborazo, Cotopaxi, Imbabura, Pichincha 

(Table 1). 

 
Tagetes species altitude 

meters 

coordinates 

filifolia 3090 N 0'17'24,2'' 

    O 78'21'17,2'' 

filifolia 2497 S 00'15'42,1'' 

    O 78'22'59,9'' 

filifolia 2461 S 1'4'11,1'' 

    O 78'1'49'' 

minuta 2656 S 0'5'59,8'' 

    O 78'26'44,3'' 

minuta 2500 N 00'00'44,0'' 

    O 78'25'52,2'' 

minuta 2445 S 0'6'7,1'' 

    O 78'18'23,4'' 

multiflora 2445 S 0'6'7,1'' 

    O 78'18'23,4'' 

multiflora 2010 S 0`1`29,02``         O 

78`20`5,3`` 

multiflora 1935 S 0`4`11.8``           O 

78`22`23.89`` 

terniflora 2656 S 0'5'59,8'' 

    O 78'26'44,3'' 

terniflora 2600 S 1'25'57,4" 

    O 78'30'52,7" 

terniflora 2078 S 4´0,7´22,15``      O 

70`12`7,51`` 

terniflora 2010 S 0`1`29,02``         O 

78`20`5,3`` 

zypaquirensis 3154 S 0'41'56'' 

    O 78' 5'2,8'' 

zypaquirensis 3090 N 0'17'24,2'' 

    O 78'21'17,2'' 

zypaquirensis 2490 N 0'16'46,7'' 

    O 78'14'48,3'' 

zypaquirensis 2078 S 4´0,7´22,15``      O 

70`12`7,51`` 

 

Table 1 Coordinates of biological material 

collected 

 

Extraction of essential oil 

 

The fresh tissue was cut into pieces of 3 cm and 

led to distillation in a Clevenger (Günther, 

1948) series-connected computer, using round 

flasks of 1 L capacity; distillation of essential 

oils by hydrodistillation was a process that 

lasted for 45-60 min. Each species and 

population separately distilled. Once the 

extraction is completed, the amber oil was 

stored in base plates and cooling were carried. 

 

Determination of chemical compounds 

 

The chemical composition of the essential oil 

was analyzed by gas chromatography-mass 

spectrometry (GC-MS) on a Polaris Q 

Finnnigan Trace GC Ultra equipped with 

Polaris Q mass detector, electron impact (70 

eV). One diphenyl dimethyl polysiloxane 5MX 

RTX-column (5:95) of 30 x 0.25 mm D x 0.25 

microns was used. The injector and detector 

were set at 250 and 300 ° C. The oven 

temperature started at 70 ° C, 1 min remained 

well and was programmed to reach 250 ° C at a 

rate of 20 ° C.min-1.  
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Helium as carrier gas was used at a flow 

rate of 1ml min-1. Diluted samples (1/100 in 

methylene v / v chloride) 1 uL injected 

manually, Split (scan) mode and three replicates 

of each species were made. 

 

For a description of the major results 

only compounds relative percentages 

corresponded to more than 1% were considered. 

 

Quantitative data were obtained from a 

percentage of peak area. 

 

Identification of components was done 

by comparing retention indices and mass 

spectra relative to the NIST database system 

GC-MS and spectral data published by Allured 

Publishing Corp., Carol Stream, Illinois, 

(Adams, 2001). 

 

Results and discussion 

 

The retention times of the majority in the 

essential oil molecules species from Ecuador 

showed 4.4 to 10.6. The major species were 

composed as follows: anethole (66.9%), 

estragole (31.6%) and anise aldehyde (1.4%) in 

T. filifolia; trans-tagetone (52.7%), 4-ethyl-4-

methyl-1-hexene (25.5%), verbenone (3.3%), 1-

verbenone (3%), β-ocimene (8.6%), β-linalool ( 

1.1%) and cis-tagetone (6.2%) in T. terniflora; 

trans-tagetone (33.9%), 4-ethyl-4-methyl-1-

hexene (13.8%), caryophyllene (3.1%), β-

ocimene 16.9%), trans-ocimene (3.7%), cis-

tagetone (9.1 %), 1-verbenone (11.69%) and 

verbenone (16.5%) in T. minuta; trans-tagetone 

(17.8%), trans-ocimene (3.7%), 1-verbenone 

(13.8%), verbenoana (24.3%), 2.3 epoxy pinene 

(0.4%) and 4-ethyl-4-methyl-1- hexene (39.6%) 

in T. zypaquirensis; and trans-tagetone (30.9%), 

trans-ocimene (25.6%) and valeric (43.4%) acid 

in T. multiflora. Secondary metabolites in T. 

filifolia correspond to phenylpropanoids, while 

in other species it is terpenes. 

 

The results are described for the first 

Tagetes species of Ecuador, and give an idea of 

intra- and inter-specific variability that exists in 

the type of chemical and the concentration of 

the same partners phyto geographic area they 

inhabit such species. 

 

Previously it reported some species 

composition: dill and estragole in Tagetes 

filifolia (. Maestri et al, 1991); tagetone, 

dihydrotagetone, ocimene and ocimenone in T. 

terniflora; tagetone and dihydrotagetone in T. 

minuta (Chamorro et al., 2008) in T. 

zypaquirensis dihydrotagetone; and tagetone, 

ocimenone and tagetenona in T. multiflora. 

 

The next action research would be the 

assessment of the performance of oils by 

piloting as they have limited data of biomass 

production and oil extraction on an industrial 

level Tagetes (Saavedra et al., 2003) to 

determine the economic viability of this 

biotechnology (Serrato, Barajas & Diaz, 2007). 

 

Specifically on the variability of 

essential oils (Figures 1, 2, 3 and 4) several 

trends: a) the relative abundance of molecules 

among populations of the same species differs 

depending on geographical origin, for example, 

in T. filifolia found in higher percentage 

anethole and estragole in both populations and 

T. zypaquirensis find molecules as trans-

tagetone, verbenone, 1-verbenone, trans 

ocimene, pinane 2.3 epoxy and 4-ethyl-4-

methyl-1- hexane (Figures 1 and 4); b) 

molecules that occur in some people, not 

produced elsewhere and T. minuta (trans-

tagetone (64.48%), trans-ocimene (11.2%) and 

cariofilene (9.56%)) and T. terniflora 

(verbenone ( 8.94%), 1-verbenone (9.07%) and 

0.23% cariofilene)) (Figures 2 and 3). 
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These results match with those obtained 

by other authors (Giorgi et al., 2005; Badoni et 

al, 2009;. Sarvari, 2009; Mahzooni et al, 2012; 

Mahzooni-Kachapi et al., 2014), who 

emphasize in different species the content of 

essential oil interacts with the geographic 

location, confirming that between individuals of 

the same species, chemical components, in 

some cases vary in concentration and some 

others disappear and others appear as changes 

in altitude that developed. In T. filifolia 

variability compounds in the essential oil is a 

function of the different phyto geographical 

areas of Argentina (Maestri, Zygadlo, Grosso, 

Abburra, & Guzman, 1991). 

 

 
 

Figure 1 Chemical composition of Tagetes 

filifolia. Populations (F and H) 

 

 
 

Figure 2 Chemical composition of Tagetes 

minuta. People (B, E and I) 

 

 

 
 

Figure 3 Chemical composition of Tagetes 

terniflora. Towns (D, G and I) 

 

 
 

Figure 4 Chemical composition of Tagetes 

zipaquirensis. Populations (A, Y, L and Z) 

 

 
 

Figure 5 Chemical composition of Tagetes 

multiflora. Populations (K) 

 

Conclusions 

 

In the essential oil of the five species of 

Tagetes Ecuador phenylpropanoids and 

terpenes found in relative abundance the 

variability depending on geographical origin. 
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Abstract 

 

The family Staphylinidae is second family belonging to the Order Coleóptera, with most (47 744) 

described species. The rove beetles are insect ecologically significant, carrying out different roles in 

agroecosystems; in many cases as predators of agricultural pest. Between March of 2007 and October 

of 2008, samples of these coleopterans were carried out in six coffee agroecosystems belonging to 

Central Valley of Costa Rica. The sampling consisted in the Quadrat Sampling Method, in this method 

a wood quadrat (0,5 x 0,5 m) was placed around coffee plants, where litter was collected and 

subsequent it was sieved and placed into Berless funnels to insect extract. Analyses of the components 

of biodiversity for the species, were carried out, calculating biological diversity index (Shannon-

Wiener), species evenness, Margalef richness, Jaccard similarity index, non-metric multi-dimensional 

scaling (MDS) and analysis of similarities (ANOSIM) as well.  

 

A total of 1406 specimens were captured. Of these, 382 (27,17%) were collected in Palmares, 

355 (25,25%) in Tres Ríos Sombra, 212 (15,08%)  in Barreal Sol, 183 (13,02%) in Barreal Sombra, 

161 (11,45%) in Tres Ríos Sol and 113 (8,04%) in Naranjo.  

 

Ten species determined and five undetermined belonging to seven subfamilies were caught. 

According to the biological diversity analysis, Palmares shows the highest richness of rove beetles in 

the sampled places. 
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Introduction 

 

The coffee industry is an activity of great 

economic importance in Costa Rica. Current 

market trends and requirements regarding the 

production and marketing of coffee in the world 

has seen the need for a more conservationist, 

friendly agriculture with the environment and 

with less use of external inputs, resulting in a 

coffee of highest quality and differentiated. 

Which is why, in recent years sustainable 

agriculture, has appeared as a way to maintain 

the productivity of agro-ecosystems, preventing 

the degradation of natural resources. So from an 

ecological perspective, there is a need to 

develop incentives for farmers to adopt 

alternative production systems that generate 

fewer negative effects on the environment. 

 

Invertebrates in the fields play an 

important role as partners to determine the 

biodiversity of agro-ecosystems (Fuller et al 

1995;. McCracken and Bignal 1998). The soil 

invertebrate fauna, including many groups of 

predators such as ground beetles and rove 

beetles, which play an important role in the 

natural control of pests. Increasing natural 

predation of pests through a more conservation 

farming, resulting in a reduction in pesticide 

use (Marasas et al., 2001). 

 

Introducing shade trees in coffee system 

has a number of advantages such as improved 

aeration, drainage and soil fertility. According 

to Rice and Ward (1996) coffee cultivation 

associated with shade trees can act as shelter for 

some biodiversity and migratory and resident 

birds, insects, reptiles, mammals, among others.  

 

Also Moguel and Toledo (2004), point 

to the importance of conserving the diversity 

being between 84 and 184 species of birds and 

609 species of arthropod to in shade coffee. 

 

 

 

 

Also, the incorporation of trees in coffee 

plantations may favor several groups of insects, 

which can achieve high levels of diversity in 

shaded plantations, among which highlights the 

Coleoptera (Nestel et al. 1993) order. In this 

group stands the family Staphylinidae, which is 

the second largest family of beetles with known 

number of species 47.744 (Bouchard et al. 

2009). This family is distributed worldwide and 

is found in virtually all types of ecosystems. 

About half of rove beetles are found in mulch, 

becoming one of the most common and 

ecologically important insects of the soil fauna 

(Bohac 1999). 

 

Staphylinidae most specific are known 

as predatory mites feeding on, collémbolos, 

nematodes and small insects and larvae; it can 

be used as potential drivers of some 

herbivorous insects (Bohac 1999; Bouchard et 

al. 2009). So far few studies have been 

developed in Costa Rica, to assess biodiversity 

in agro staphylinids coffee. So from the 

perspective of conservation agriculture, 

knowledge of biodiversity in the coffee agro 

staphylinids and functionality necessary; since 

some genres they might be acting as agents of 

biological control of pests, especially the coffee 

berry borer (Hypothenemus hampei (Ferrari).) 

Also staphylinids can be used as bio-indicators 

of environmental state and particularly of 

human influence agroecosystems (Bohac 1999). 

The objectives of this research is the 

identification of genres Staphylinidae species, 

collected in six agro coffee in the Central 

Valley of Costa Rica, to analyze the 

biodiversity present in each of the sampled sites 

and evaluate the possible effect of shade trees 

in coffee plantations staphylinids on 

biodiversity. 
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Materials and methods 

 

Location 

 

The research was conducted in six different 

coffee agroecosystems belonging to the Central 

Valley of Costa Rica (Table 2). Within which 

they were handled entirely conventional 

systems and other managed alternately with 

different types of shade trees (Table 1). 

 

 
Table 1 Location of management systems and 

shade species used 

  

For better understanding of the data in 

the following tables, the following 

abbreviations are used: TrSol, TrSombra, 

BSOL, BSombra, PSombra, nsol mean Tres 

Rios Sol, Three Rivers Shadow, Sun Barreal 

Barreal Shadow, Palmares and Naranjo, 

respectively. 

 

Sampling 

 

The samples were taken monthly from March 

2007 to October 2008, so that each system was 

sampled a total of 20 times. 

In each of the sites described above 10 

different points samples they were taken. The 

first point was set at 100 meters from the 

entrance of each plot, the rest of the points are 

taken at random at a distance of 100-200 m 

between them. For sampling a combination of 

established methods used by Martin 1977; 

Bestelmeyer et al. 2000 for the study and 

sampling of arthropods inhabitants of litter and 

humus, which consisted of placing a wooden 

quadrant 0.5 x 0.5 m on the ground and so the 

coffee plants surround individually. All litter 

and litter located within the quadrant were 

collected and deposited in plastic for transport 

to the laboratory of Entomology at the National 

University of Costa Rica where they were 

sieved through a sieve (pore size 3 mm) bags. 

The resulting material was about 300 g 

deposited Berlese funnels for three days to 

extract staphylinids, which were collected in 

bottles of alcohol (75%). 

 

Taxonomic identification 

 

The specimens taken from each sample were 

retained and labeled. The species identification 

was performed at the Center of Studies in 

Zoology from the University of Guadalajara in 

Jalisco, Mexico. 

 

Analysis of data 

 

Shannon-Wiener index (H ') of biological 

diversity were calculated acording to the 

equation: where  pi is the proportion of each 

species individually in the system, as well as 

Simpson biodiversity index according to the 

equation ni is calculated individuals in the 

species i and n is the total number of 

individuals.. And equity of Pielou species (J '= 

H' / H 'max) where H' max = ln (n). And 

species richness (Margalef) by the equation d = 

(S-1) / log N, where S = total number of species 

and N = total number of individuals. 

 

Locality Management Altitude 

(m) 

geographical 

coordinates 

Average 

annual 

precipitation 

(mm) 

Species shadow 

three 

Rivers 

Sun 1432 “lat 9,54836ºN”, 

“long 

83,58850ºW” 

2 690,95 

 

no 

three 

Rivers 

Shadow 1385 “lat 9,55072ºN”, 

“long 

83,59214ºW” 

2 690,95 

 

Eucalyptus 

deglupta, Inga sp. 

Barreal Sun 1010 “lat 9,58070ºN”, 

“long 

84,08574ºW” 

1 543,35 

 

no 

Barreal Shadow 1019 “lat 9,58010ºN”, 

“long 

84,08558ºW” 

1 543,35 

 

Eucalyptus deglupta 

Palmares Shadow 970 “lat 

10,03120ºN”, 

“long 

84,25014ºW” 

2 647,4 

 

Erythrina sp., Inga 

sp., Gliricidia 

sepium, Dracaena 

fragrans (L) Ker-

Gawl, Yucca Baker 

guatemalensis 1872. 

Orange 

tree 

Sun 1035 “lat 

10,05381ºN”, 

“long 

84,22793ºW” 

2 647,4 

 

no 
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Jaccard similarity index, which is 

estimated based on absence-presence of species 

are also calculated. According to CJ equation j 

= (a + b - j), where j = Number of species in 

common between the two sites, a = No species 

in the first place and b = No. species at the 

second site. In a complementary way a 

multidimensional scaling (MDS) and an 

analysis of similarity of a road (ANOSIM) to 

detect differences in the structure of 

communities was held staphylinids. 

 

To counteract the effect of the 

abundance of zeros one dummy variable is 

added. In the pretreatment of a square root data 

for processing data so that the most abundant 

and rare species had no influence on the 

analysis it is applied. 

 

For the above software FIRST 6 

(Plymouth Routines in Multivariate Ecological 

Research) Version 6.1.13 and PERMANOVA + 

Version 1.0.3 (Clarke and Gorley 2006) was 

used. 

 

Results and discussion 

 

Species composition 

 

1406 individuals, from ten to five indeterminate 

certain species and seven subfamilies (Table 1) 

were collected. Indeterminate species could 

classify only to the level of subfamily. The 

subfamily with the highest number of species 

was Staphylininae 6, unlike most of the rest, 

which presented only two species and in the 

case of Paederinae, Pselaphinae and 

Scydmaeninae, which were only represented by 

a single species (Table 2).  

 

Subfamilies with more individuals were 

Paederinae with 432 (30.73%), followed by 

Osoriinae with 333 (23.68%) and Staphylininae 

261 (18.56).  

 

Similarly Garcia et al. (2001); Garcia 

and Chacón de Ulloa (2005) reported 78 species 

grouped in eight subfamilies, of which 

Staphylininae Paederinae and were the most 

abundant and most species richness in dry 

forests in Colombia. Also, Jiménez Sánchez et 

al. (2009), an analysis of temporal variation of 

the diversity of rove beetles in tropical 

deciduous forest in Morelos, Mexico reported 

the second highest number of individuals within 

the Paederinae subfamily. 

 

 
 

Table 2 Total number of species, families and 

individuals Staphylinidae found in coffee 

systems studied 

 

The distribution of the individuals 

species was heterogeneous, where Thinocharis 

sp. was the one who had the highest number of 

individuals with a total of 432 (30.73%), 

followed by Aneucamptus sp. 330 (23.47%). 

Lissohypnus species sp., Coproporus sp. and 

Apocellus sp., showed similar abundance 

between them. On the other hand species with 

fewer individuals they accounted for an 

undetermined species (St3), Nacaeus sp., 

Philonthus sp. and Bryoporus sp. each with less 

than 1% of all individuals. 

 

When comparing the number of species 

identified for each of the systems, it shows that 

three of them (BSOL, BSombra and PSombra) 

had twelve species, followed by TrSol eleven 

species. On the other side they presented nsol 

TrSombra and only ten species each. 

Gender  subfamily Frequency  % 

Thinocharis sp. 

Aneucamptus sp. 

Lissohypnus sp. 

Coproporus sp. 

Apocellus sp. 

Indeterminada (Scy) 

Paederomimus sp. 

Indeterminada (Pse) 

Carpelimus sp. 

Indeterminada (St1) 

Indeterminada (St2) 

Indeterminada (St3) 

Nacaeus sp. 

Philonthus sp. 

Bryoporus sp. 

Paederinae 

Osoriinae 

Staphylininae 

Tachyporinae 

Oxytelinae 

Scydmaeninae 

Staphylininae 

Pselaphinae 

Oxytelinae 

Staphylininae 

Staphylininae 

Staphylininae 

Osoriinae 

Staphylininae 

Tachyporinae 

432 

330 

144 

123 

99 

60 

58 

56 

41 

35 

18 

4 

3 

2 

1 

30,73 

23,47 

10,24 

8,75 

7,04 

4,27 

4,13 

3,98 

2,92 

2,49 

1,28 

0,28 

0,21 

0,14 

0,07 

Total  1406 100 
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A total of nine common species, 

Apocellus sp., Carpelimus sp., Coproporus sp., 

Indeterminate (PSE) Undetermined (SCY), 

Lissohypnus sp., Paederomimus sp. occurred in 

the six study sites which were Aneucamptus sp.. 

and Thinocharis sp. (Table 3). Moreover, the 

species Philonthus sp. and Bryoporus sp. they 

were present only in TrSol and BSombra 

respectively. For other systems no exclusive 

species was found. 

 

The appearance of the species 

Philonthus sp. in TrSol, may be due to 

environmental conditions present in the system 

as a management system under the sun, the 

temperature of the soil surface and stubble this 

is usually higher compared to a shadow system. 

According to Hofmann and Mason (2006), a 

species belonging to the same genus as is the 

case Philonthus cognatus is an inhabitant of 

soils with high temperatures and high degree of 

compaction. 

 

 
 

Table 3 absolute and percentage numbers 

Staphylinidae species found in the six coffee 

systems. Heredia, Costa Rica. 2009 

 

 

The structure of dominance and roles 

staphylinids species varied depending on the 

type of management and the geographic 

location of the plantation. The most abundant 

species in the system and TrSombra TrSol was 

Thinocharis sp. While in the BSOL, BSombra 

PSombra systems and the most abundant 

species was Aneucamptus sp. Furthermore 

Apocellus sp. It was the dominant species in 

nsol (Table 3). These species showed a clear 

dominance in each system evaluated with 

respect to other species found within the 

system, in this case, it is possible that these 

species are mostly using available resources, 

compared to the rest which gives them a 

competitive advantage to increase their 

populations in the systems evaluated. Opposite 

situation seen in the case of PSol, where the 

effect of higher plant diversity of shade trees is 

reflected in better balance between species of 

rove beetles showing no clearly dominant 

species in the system, where the diversity of 

resources available within the system allows 

community structure more stable staphylinids. 

This related to other factors such as type of 

operation, characteristics, in situ that may have 

influenced the dominance and abundance of 

rove beetles. 

 

 
Biodiversity staphylinids 

 

Systems with greater number of individuals 

were PSombra staphylinids (382) followed by 

TrSombra (355) and third BSOL (212). 

According to Shannon-Wiener index (Table 4), 

Pal shows the highest value of species diversity 

with a value of 2.25, followed by BSOL and 

nsol (2.14 and 2.09 respectively).  

agroecosystem 

 TrSol TrSombra BSol BSombra PSombra NSol 

Gender 

 

No. % No. % No. % No. % 

 

No. 

 

% No. % 

Thinocharis sp. 

65 40,37 241 67,89 21 9,91 16 8,74 73 19,11 16 14,16 

Aneucamptus 

sp. 

26 16,15 31 8,73 93 43,87 87 47,54 76 19,90 17 15,04 

Lissohypnus sp. 

15 9,32 17 4,79 17 8,02 37 20,22 39 10,21 19 16,81 

Coproporus sp. 

3 1,86 7 1,97 30 14,15 18 9,84 63 16,49 2 1,77 

Apocellus sp. 

13 8,07 10 2,82 15 7.08 4 2,19 31 8,12 26 23,01 

Indeterminate 

(SCY) 

9 5,59 11 3,10 12 5,66 13 7,10 7 1,83 8 7,08 

Paederomimus 

sp. 

19 11,80 18 5,07 7 3,30 1 0,55 5 1,31 8 7,08 

Indeterminate 

(PSE) 

7 4,35 7 1,97 6 2,83 1 0,55 23 6,02 12 10,62 

Carpelimus sp. 

1 0,62 12 3,38 5 2,36 3 1,64 16 4,19 4 3,54 

Indeterminate 

(St1) 

0 0 0 0 1 0,47 0 0 34 8,90 0 0 

Indeterminate 

(ST2) 

1 0,62 0 0 2 0,94 0 0 14 3,66 1 0,88 

Indeterminate 

(St3) 

0 0 0 0 3 1,42 1 0,55 0 0 0 0 

Nacaeus sp. 0 0 1 0,28 0 0 1 0,55 1 0,26 0 0 

Philonthus sp. 2 1,24 0 0 0 0 0 0 0 0 0 0 

Bryoporus sp. 0 0 0 0 0 0 1 0,55 0 0 0 0 

 

 agroecosystem 

 TrSol TrSombra BSol BSombra PSombra NSol 

No. species 

11 10 12 12 12 10 

No. individuals 

161 355 212 183 382 113 

% Of individuals 

11,45 25,25 15,08 13,02 27,17 8,04 

Margalef richness 

6,36 4,75 6,73 7,62 5,17 7,44 

Equity Pielou 

0,83 0,78 0,86 0,77 0,90 0,91 

Shannon-Wiener 

2,00 1,8 2,14 1,92 2,25 2,09 
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The highest values of richness 

(Margalef index), which had BSombra (7.62) 

and nsol (7.44), presenting these two sites more 

functional relationship between number of 

species compared to the total number of 

individuals. The sites with greater equity 

corresponded to nsol (0.91) and PSombra 

(0.90), there being a higher proportion in terms 

of rove beetles species in those in the 

communities; It is all species in these similar 

sites in the number of individuals. Two of the 

remaining systems (BSOL and TrSol) presented 

intermediate values of equity analysis values of 

0.86 and 0.83, respectively. 

 

The most diverse agricultural ecosystem 

according to Shannon-Wiener index is 

PSombra, which significantly exceeded the 

other systems evaluated. These results may be 

related to a greater diversity of shade trees in 

this system, accompanied by high precipitation 

regimes since according to Buse and Good 

(1993), the increasing diversity of habitats, it 

may result in increased diversity of rove 

beetles. 

 

The greatest diversity in PSombra, 

indicates that most of rove beetles prefer sites 

with high moisture content and a greater 

diversity of plant species and litter, which 

provides favorable environmental conditions 

and greater resources available for settlement in 

that system. These families of beetles are 

commonly found in nature, particularly in 

terrestrial habitats with wet conditions. 

(Bouchard et al. 2009). 

 

Biodiversity values show that the 

resources provided by the PSombra system 

favors different species of rove beetles occupy 

these habitats and abundant display them. 

According to Frank and Thomas (2008) these 

insects prefer damp places, living on leaves, 

forest soils and other places with high organic 

matter content.  

As well as several adults and larvae of 

rove beetles are associated with flowers. 

Therefore greater diversity and species 

composition in the coffee brings different micro 

habitats and different resources for the arrival 

of rove beetles and other organisms and insects, 

which could be directly related to the eating 

habits of this family of beetles. Also this could 

be due to other factors not analyzed in this 

research as altitude, physical and chemical soil 

characteristics, degree of erosion, farming 

practices, temperature, topography, vegetation 

of the area, wind), among other biotic and 

abiotic factors that could impact directly or 

indirectly on the abundance and diversity of 

staphylinids in coffee agroecosystems 

evaluated. About Jiménez Sánchez et al. (2009) 

mentions that at a local level, environmental 

variables such as altitude, slope, sunlight and 

water retention capacity of the soil, explaining 

changes in the structure and composition of 

vegetation. All these biotic and abiotic factors 

create a mosaic of microhabitats with 

differences in structure and composition of 

flora and fauna. In Mexico it has been reported 

that local, Staphylinidae fauna is distributed 

very unevenly due to variations in humidity, 

temperature and habitat disturbance (Jiménez-

Sánchez et al. 2009). 

 

On the other hand, the presence of high 

biodiversity in unshaded (BSOL and nsol) sites 

might be related to habitat preferences of some 

species. 

 

Species similarity among sites sampled 

 

Comparing species composition between 

systems, the index used shows that the most 

similar systems together were the TrSol and 

agro nsol worth 90.91 (Table 5). These were 

followed by BSOL and PSombra (84.62), and 

BSombra TrSombra, TrSombra and PSombra, 

BSOL and nsol, PSombra and values nsol 83.33 

each. 
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Table 5 Indices of similarity (Jaccard) species 

of Staphylinidae in agroecosystems coffee in 

Costa Rica 

 

By contrast the most dissimilar sites 

correspond to TrSol and BSombra (64.29), and 

BSOL TrSombra (69.23), and nsol BSombra 

(69.23) systems. There was a middle group 

with values between 71.43 and 76.92. Which 

indicates that there is a difference in the 

composition of communities in coffee 

agroforestry systems staphylinids (with and 

without shadow), because in most cases the 

sites were for similar systems under a single 

management, with it is the If TrSol and nsol? 

 

The chart shows that EMD sites showed 

different communities staphylinids. Four of 

agro-ecosystems were grouped into two 

subgroups formed by TrSol and nsol, PSombra 

and Bsol. Showing these grouping similarities 

between peer groups. Conversely completely 

different sites respects others were BSombra 

and TrSombra (Fig. 1). 

 

The sites showed differences in the 

composition of communities of rove beetles 

(Fig. 1), each site species selectivity. 

 

The Bryoporus sp., Scy, and Nacaeus sp 

species. They were the most influential in the 

community of species in TrSombra 

staphylinids. Also Apocellus sp., PSE, St1, St2, 

St3 and Coproporus sp. They were shown to be 

most abundant in local conditions and Bsol 

PSombra. Species like Lissohypnus sp., 

Carpelimus sp. and Aneucamptus sp. They 

showed preference for BSombra and Psombra. 

 

For Philonthus sp. and Paederomimus 

sp. They showed a slight dominance under the 

ecological conditions of TrSol and nsol 

 

 

Figure 1 EMD in coffee systems studied. 

Heredia. Costa Rica 

 

The results of ANOSIM one-way (Table 

6) revealed that there were significant 

differences in the communities of staphylinids 

in coffee agro Central Valley Costa Rica 

analyzed (global R: 0.036 p <0.01).; In the 

individual analysis by pairs of sites only TrSol, 

BSOL groupings BSOL, BSombra; BSombra, 

nsol, showed no significant differences between 

them 

 

 
* Based on the similarity index Bray-Curtis. 

 Number of permutations 9999, overall R: 0.036 p <0.01% 

 

Table 6 Analysis of similarity of a track 

(ANOSIM) * 

 

 

Systems 

Systems TrSol TrSombra BSol BSombra PSombra NSol 

TrSol ---------      

TrSombra 75,00 ------------     

BSol 76,92 69,23 ---------    

BSombra 64,29 83,33 71,43 -----------   

PSombra 76,92 83,33 84,62 71,43 -----------  

NSol 90,91 81,82 83,33 69,23 83,33 --------- 
 

Treatments R Value  P Value 

Pairwise   

TrSol, TrSombra 0,034 0,01 

TrSol, BSol 0,022 0,02 

TrSol,BSombra 0,024 0,01 

TrSol, PSombra 0,022 0,01 

TrSol, NSol 0,013 0,01 

TrSombra, BSol 0,082 0,01 

TrSombra, BSombra 0,097 0,01 

TrSombra, PSombra 0,04 0,01 

TrSombra, NSol 0,091 0,01 

BSol, BSombra 0,002 15 

BSol, PSombra 0,017 0,01 

BSol, NSol 0,021 0,01 

BSombra, PSombra 0,03 0,01 

BSombra, NSol 0,015 0,02 

PSombra, NSol 0,04 0,01 

 



34 

Article                                                                                                                   ECORFAN Journal 
                                                                              December 2015 Vol.1 No.1 27-36 

 

 
ISSN-On line: 2414-8830 

ECORFAN® All rights reserved. 

 

CALVO-ARAYA, José Alonso & GONZALEZ-HERRERA, Allan, Allan. Rove 

diversity (coleoptera: Staphylinidae) in six coffee agroecosystems of Central 

Valley of Costa Rica. ECORFAN Journal- Republic of Nicaragua 2015. 

The data observed in the species 

similarity index, EMD and ratified in ANOSIM 

can see that there is a difference in the 

composition of communities in coffee 

staphylinids agroforestry systems analyzed. 

These results reflect the distinctive character of 

the fauna of rove about litter on the floors of 

coffee, proving that the different elements 

associated with the production systems, as in 

the case of vegetation associated with coffee, 

affects staphylinids communities in Costa Rica. 

 

Understanding the different abiotic and 

biotic factors affecting the abundance, 

distribution and biodiversity in general 

staphylinids, it could be applied to biological 

control tactics within a system of integrated 

pest management. Since it has been shown in 

other crops staphylinids different species act as 

predators of various pests. For example Collins 

et al. (2002) showed that staphylinids can 

reduce aphid populations in cereals. 

 

As for these living species of rove 

beetles on leaves, in this case the coffee mulch 

analyzed for their habit some identified here 

might be preying on larvae of the coffee berry 

borer, since this insect pest often develops part 

of its life cycle in the grains left on the ground. 

According to Varley and Gradwell (1971), 

Philonthus decorus (Gravenhorst, 1802) is a 

predator which feeds on moth pupae winter 

(Operophtera brumata (Lepidoptera: 

Geometridae) on the ground. 

 

Therefore eating habits and behavior of 

some staphylinids identified here is to seek 

food in places on litter moisture and therefore 

compete to some degree with the development 

life cycle of the coffee berry borer on grain left 

on the floor in coffee systems, which 

sometimes come to suppress populations of 

mites and insect pests in different crops (Frank 

and Thomas 2008). 

 

In general, the importance of 

staphylinids in relation to the competition with 

the coffee berry borer is unknown, which is 

required to conduct research to understand and 

quantify the significance of this family of 

beetles on the dynamics of these insect pest 

populations. 

 

Conclusions 

 

Regarding habits Staphylinidae in coffee 

systems very little is known in Costa Rica, so 

this study is try to measure the biodiversity of 

species belonging to this family and their 

possible use as biological control agents in 

these systems. Overall in this study significant 

differences in the sampled sites were obtained, 

reflecting the type of management in coffee 

affects the population dynamics of rove beetles 

in the soil. In this sense it is necessary to 

conduct future studies focused on the ecology 

of rove beetles, identifying detail abiotic and 

biotic factors which influence their distribution 

and abundance in coffee and determining which 

species act as predators of the coffee berry 

borer. 

 

Acknowledgements 

 

This research was carried out thanks to the 

economic contribution of CONICIT. We thank 

Dr. J. L. Navarrete-Heredia University of 

Guadalajara, Jalisco, Mexico, for his help in the 

identification of the species.  

 

References 

 
Bestelmeyer, B.T.; Agosti, D; Alonso, L.E; 

Brandão, C.R.F; Brown, W.L; Delabie, J.H.C; 

Silvestre, R. 2000. Field Techniques for the Study 

of Ground-Dwelling Ants: An overview, 

Description, and Evaluation. pp.122-144. In: Agosti, 

D; Majer, J.D; Alonso, L.E; Schultz,T.R. (Eds.). 

Ants. Standard Methods for Measuring and 

Monitoring Biodiversity . Smithsonian Institution 

Press. Washington and London.  

 



35 

Article                                                                                                                   ECORFAN Journal 
                                                                              December 2015 Vol.1 No.1 27-36 

 

 
ISSN-On line: 2414-8830 

ECORFAN® All rights reserved. 

 

CALVO-ARAYA, José Alonso & GONZALEZ-HERRERA, Allan, Allan. Rove 

diversity (coleoptera: Staphylinidae) in six coffee agroecosystems of Central 

Valley of Costa Rica. ECORFAN Journal- Republic of Nicaragua 2015. 

Bohac, J. 1999. Staphylinid beetles as 

bioindicators. Agriculture, Ecosystems and 

Environment 74 (1999) 357–372 

 

Bouchard, P; Grebennikov, V.V; Smith, A. 

B.T; Douglas, H. 2009. Biodiversity of 

Coleoptera. In Foottit, R.G; Adler, P.H. eds. 

Insect Biodiversity: Science and Society. 

Blackwell Publishing Ltd. p. 265-301. 

 

Buse, A; Good, J. E. G. 1993. The effects of 

conifer forest design and management on 

abundance and diversity of rove beetles 

(Coleoptera: staphylinidae): implications for 

conservation. Biological Conservation 1993, 

64, 67-76. 

 

Clarke K. R.; R. N. Gorley. PRIMER v6: User 

Manual/Tutorial, PRIMER-E, Plymouth, UK, 

2006. 

 

Collins, K.L; Boatman, N.D; Wilcox, A; 

Holland, J.M; Chaney, K. 2002. Influence of 

beetle banks on cereal aphid predation in winter 

wheat. Agric. Ecosyst. Environ. 93, 337–350. 

 

Frank, H.J; Thomas, M.C.   2008. Rove Beetles 

(Coleoptera: Staphylinidae). pp. 3218-3224.  In 

Encyclopedia of Entomology. Second edition. 

Ed.Capinera, J.L. Springer Springer Verlag.  

 

Fuller, R.J; Gregory, R.D; Gibbons, D.W; 

Marchant, J.H; Wilson, J.D; Baillie, S.R; 

Carter, N. 1995. Population declines and range 

contractions among farmland birds in Britain. 

Conservation Biology, 9, 1425–1441. 

 

García, R.; Armbrecht, I.; Ulloa-Chacón, P. 

2001. Staphylinidae (Coleoptera): composición 

y mirmecofilia en bosques secos relictuales de 

Colombia. Staphylinidae (Coleoptera). 

Composition and myrmecophilia in dry 

relictual forests of Colombia. Folia 

Entomológica Mexicana 40: 1-20. 

 

García, R.; Chacón de Ulloa, P. 2005. 

Estafilínidos (Coleoptera: Staphylinidae) en 

fragmentos de bosque seco del Valle geográfico 

del río Cauca. Revista Colombiana de 

Entomología. 31: 45-50. 

 

Hofmann, T.A; Mason, C.F. 2006. Importance 

of management on the distribution and 

abundance of Staphylinidae (Insecta: 

Coleoptera) on coastal grazing marshes. 

Agriculture, Ecosystems and Environment 114 

(2006) 397–406. 

 

Jiménez- Sánchez, E; Zaragoza-Caballero, S; 

Noguera, A.F. 2009. Variación temporal de la 

diversidad de estafilínidos (Coleoptera) 

nocturnos en un bosque tropical caducifolio de 

México. Revista Mexicana de Biodiversidad 

80: 157-168, 2009. 

 

Martin, J.E.H. 1977. Collecting, preparing and 

preserving insects, mites, and spiders. The 

Insects and Arachnids of Canada. Part 1. 

Agriculture Canada, Ottawa, 182 pp 

 

Marasas, M; Sarandon, S; Cicchino, A. 2001. 

Changes in soil arthropod functional group in a 

wheat crop under conventional and no tillage 

systems in Argentina. Applied Soil Ecology 18 

(2001) 61–68 

 

Moguel, P. y V.M. Toledo. 2004. Conservar 

produciendo: biodiversidad, café orgánico y 

jardines productivos. Biodiversitas 55: 2-7 pp. 

CONABIO. 

 

Nestel, D., F. Dickschen, and M. A. Altieri. 

Diversity patterns of soil macro-Coleoptera in 

Mexican shaded and unshaded coffee 

agroecosystems: an indication of habitat 

perturbation. Biodivers. Conserv. 2:1993. 70–

78. 

 

 



36 

Article                                                                                                                   ECORFAN Journal 
                                                                              December 2015 Vol.1 No.1 27-36 

 

 
ISSN-On line: 2414-8830 

ECORFAN® All rights reserved. 

 

CALVO-ARAYA, José Alonso & GONZALEZ-HERRERA, Allan, Allan. Rove 

diversity (coleoptera: Staphylinidae) in six coffee agroecosystems of Central 

Valley of Costa Rica. ECORFAN Journal- Republic of Nicaragua 2015. 

Rice, R; Ward, J. 1996. Coffee, conservation, 

and commerce in the Western Washington DC. 

Smithsonian Migratory Bird Center. 47 p. 

 

Varley, G.C; Gradwell, G.R. (1971) The use of 

models and life tables in assessing the role of 

natural enemies. In Biological Control, (ed. 

C.B. Huffaker), pp. 93–112. Plenum Press, 

New York. 

 

 



37 

Article                                                                                                                   ECORFAN Journal 
                                                                              December 2015 Vol.1 No.1 37-47 

 

 

Diagnosis of mycotoxigenic fungi instored grain corn 

 

MAIDANA-OJEDA, Marco´*†, ACOSTA-RAMOS, Marcelo´, ARÁMBULA-VILLA, Gerónimo´´ 

and CABRERA-MARÍA, Graciela´´´ 

 

´Universidad Autónoma Chapingo.Mexico-Texcoco highway 36.5 km. Chapingo, Texcoco, State of Mexico, Mexico. 

´´Instituto Politécnico Nacional. Center for Research and Advanced Studies -Santiago de Querétaro, Qro. México.  

´´´Universidad Nacional del Nordeste. 868 May 25, Corrientes, Argentina. 

 

Received March 14, 2015; Accepted October 27, 2015 

 

Abstract 

 

Fungi in stored grains can cause harmful effects on the health of consumers due to the mycotoxins that 

they produce. aflatoxins are the most toxic and carcinogenic fungal metabolites that are frequently 

more found in nature. During 2014/2015 an investigation was conducted to analyze the interaction of 

storage conditions with the incidence of mycotoxigenic fungi and aflatoxin concentration in stored 

grain corn. 27 samples of stored corn grain from the main producers states of Mexico were taken, and 

the conditions in which they were stored were registered. Fungi and aflatoxins incidence were 

quantified in laboratory, and the interaction effect of seed conditions with those parameters. High 

incidence of Fusarium and Aspergillus species were found, with 32 and 8% respectively, but with low 

levels of Aflatoxins. Also, we found influence between the levels of aflatoxins with the storage time 

and Aspergillus incidence. A high influence of grain moisture and volumetric weight with Aspergillus 

incidence was observed. Also we found an influence with the level of aflatoxins, storage time and 

Aspergillus incidence. 

 

Aspergillus, aflatoxin, storage condition. 
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Introduction 

 

Currently corn, along with wheat and rice are 

globally 75% of the produced grains. They 

provide 56% of carbohydrates and 50% protein 

food in the world, and in addition to providing 

nutrients for animals elements is a basic raw 

material for the processing industry (Suleiman 

et al., 2013;. Simopoulos, 2002 ; Morris and 

López-Pereira, 2000; FAO, 1993; Stoskopf, 

1985; Malavolta et al., 1974).. Stored grain 

corn, depending on storage conditions and 

health of the culture from which they come, can 

be attacked by differentiated fungi pathogens 

into two groups. Field and store (Suleiman et 

al., 2013; Miller, 2008; Jouany, 2007; Carrillo, 

2003; Arbeláez Torres, 1978; Christensen and 

Kaufmann, 1969). In Mexico, the most 

important fungal genera that infect grain 

storage are Aspergillus, Fusarium and 

Penicillium (Crhistensen and Lopez, 1962; 

Arrúa Alvarenga et al., 2012;. Garcia and 

Martinez, 2010; Hernández et al., 2007; 

Gallardo et al., 2006;. Bucio et al., 2005), they 

also are reported worldwide (Stumpf et al., 

2013;. Maširević et al., 2012;. Marín et al., 

2012;. Ghiasian et al., 2004;. Orsia et al., 2000). 

These fungi can cause harmful effects on the 

health of consumers by generating mycotoxins 

(Binder, 2007; Cabanes, 2000; Pitt, 2000; 

Martinez and Benavides Moreno Ocampo, 

1988). 300 fungal toxins (.; Binder, 2007; 

Carrillo, 2003 Arroyo-Manzanares et al., 2014) 

are known. Aflatoxin is problem for many 

products, but when it comes to grains, is mainly 

a problem in maize (Miller, 1995).  

 

The aflaxotinas B1, B2, G1 and G2 are 

the most toxic and carcinogenic fungal 

metabolites that are naturally more frequently, 

and the most important producers of 

Aspergillus species are the Flavi section, 

including A. flavus, A. parasiticus and other 

species (Richard, 2007; Bennett and Klich, 

2003; Brasel Hussein, 2001; Widstrom, 1996; 

Miller, 1995).  

 

Mexican Official Standard (NOM-188-

SSA1-2002) sets a limit of 20 ppm aflatoxins in 

cereal grains for human consumption (Ministry 

of Health, 2002).  

 

While aflatoxin limits tolerated in 

globally food vary from 0 to 35 ppm, more 

frequently from 4 to 20 ppm (FAO, 2004). The 

concentrations of mycotoxins are a function of 

fungi in stored grains developed and 

competition between them, which is determined 

the humidity, storage time, water activity, 

temperature, pH, substrate composition and 

presence of pests (Sanchis et al., 2007;. Shapira 

and Paster 2004). In stored grains with high 

humidity (˃14%) and temperature (˃20 ° C), 

and / or drying can be potentially contaminated 

inadequate (Ominski et al., 1994). 

Contamination of grains with mold and fungi is 

recognized as one of the most important 

problems in tropical countries around the world 

(Kaaya and Kyamuhangire, 2006), where the 

only viable solution to mycotoxins in the fork is 

to prevent growth fungal (Tefera, 2012; 

Carrillo, 2003). 

 

This calls for the study of the 

interactions between these factors, allowing a 

better understanding of the influence of storage 

conditions on the content of mycotoxins in 

stored corn kernels, and therefore set design 

management strategies that reduce mycotoxin 

levels, prevention of fungal growth on stored 

grains. 

 

The objective of this research was to 

analyze the interaction of storage conditions 

and the incidence of fungal mycotoxigenic and 

Introduction 
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Materials and methods 

 

The works were carried out in the Laboratory of 

pathogenic fungi of expertise in plant protection 

Universidad Autónoma Chapingo, located at 

km 38.5 of the highway Mexico - Texcoco, 

Chapingo, State of Mexico, and the laboratory 

of organic material of CINVESTAV Queretaro, 

located in the Real Fractionation Juriquilla, 

Santiago de Queretaro, Queretaro State.  

 

The implementation period of the study 

was between the months of July 2014 to 

September 2015. corn samples were taken of 

grain stores of the major producing states 

(Table 1). They were performed in accordance 

with the provisions of the Official Mexican 

Standard (NOM-188-SSA1-2002) that sets the 

limits of aflatoxins in cereal grains. 

 
State Samples 

Chiapas 6 

Guanajuato 3 

México 5 

Morelos 2 

Oaxaca 2 

Puebla 4 

Sinaloa 3 

Tabasco 1 

Veracruz 1 

Total 27 

 

During and immediately after sampling, 

the principal conditions in the grains were 

determined (humidity, type of storage, damaged 

grains, volumetric weight, storage time and 

genetic material) were determined. 

 

12 seeds of each sample were used, 

which were initially disinfected on its surface, 

for 2 minutes, sodium hypochlorite at 2% 

rinsed with sterile distilled wáter and dried with 

sterile paper.  

 

 

 

 

 

 

Later they were placed in petri dishes (3 

seeds per Petri dish) containing medium potato-

dextrose agar culture and incubated about 7 

days at 27 (± 2) ° C (Hernandez et al., 2007; 

Carrillo, 2003; Quiñones Martinez, 2011). 

Isolations and purifications were performed by 

culturing hyphae tip of each strain of the fungus 

for subsequent identification (Morales et al., 

2007; Ruiz Castañeda, 2001; French and 

Teddy, 1980). 

 

The morphological identification of 

fungi was performed by microscopic 

observation of assemblies from developed 

isolates in Petri dishes on PDA culture medium 

and AA with carnation, with the technique of 

tape (transparent adhesive), (Arenas, 2003). 

 

The observed and descriptions structures 

were compared with descriptive identification 

keys (Sampson et al., 2014;. Leslie and 

Summerell, 2006; Carrillo, 2003; Moreno-

Martinez and Benavides Ocampo, 1988; Nelson 

et al., 1981; Booth, 1971) . 

 

The biological and morphological 

characteristics considered during identification 

were: growth rate, appearance of pigmentation 

and aerial mycelium colony level in culture, 

presence or absence, arrangement, size, shape 

and color of micro and mesoconidias; size, 

shape, color and number of cells macroconidia, 

presence or absence of chlamydospores 

(Fusarium strains), size and shape of the 

bladder and head and presence or absence of 

metulae in Aspergillus strains. 

 

For molecular identification as isolation 

frequency was considered and the eight most 

common strains were selected. 
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For the extraction of fungal DNA, the 

protocol described by the company Macrogen 

DNeasy Plant Mini Kit Kit, Quiagen Brand, 

consisting of the following is followed: 

 

Each fungus purified and incubated for 

7 days in culture medium PDA, transferred 50 

to 100 mg of mycelium, a microcentrifuge tube 

(Eppendorf), 400 uL of Buffer AP1 and 4 mL 

of RNase was added, stirred at vortex.  

 

Samples were incubated in a water bath 

for 10 min at 65 ° C, stirring by inversion 2 or 3 

times; They were added 130 mL of Buffer AP2 

5 min and kept on ice. The mixture was placed 

in the QIAshredder mini spin column and 

centrifuged for 2 min at 14,000 rpm.  

 

The liquid passed through the column to 

a new microcentrifuge tube, to which were 

added 1.5 volumes of buffer AP3 / E 

transferred. This solution was placed in a 

DNeasy Mini spin column, centrifuged for 1 

min at 8,000 rpm, it was transferred to a new 

tube, and added 500 uL of buffer AW; He 

centrifuged again for 1 min at 8,000 rpm, and 

500 uL of buffer AW was added, and then 

centrifuged for 2 min at 14,000 rpm, for the 

purpose of washing the DNA; finally, the 

DNeasy Mini spin column to a new tube was 

transferred, they were put 100 mL of buffer AE 

DNeasy for elution, incubated for 5 min at 

room temperature and centrifuged for 1 min at 

8,000 rpm (Qiagen, 2012). 

 

Once the DNA of the 8 strains obtained, 

the product was sent to Laboratories Macrogen 

in Korea, for the amplification of two universal 

regions corresponding to the ITS region and the 

region of the genes coding for the factor 

elongation. 

 

 

 

 

 

Aspergillus strains for amplification of 

the ITS region was made and the universal 

primers ITS-4 (5'-

TCCTCCGCTTATTGATATGC-3 ') and ITS-5 

(5'-GGAAGTAAAAGTCGTAACAAGG-3') 

rRNA genes were used, the subunit 18S, 5.8S 

and 28S, which amplify an internal intergenic 

spacer (ITS) and generate a product of varying 

size between 550 and 585 base pairs (bp) 

approximately (Samson et al., 2014). 

 

Meanwhile, for strains with 

morphological characteristics corresponding to 

Fusarium, genes encoding elongation factor 

EF1 and EF2 

GGAAGTACCAGTGATCATGTT 

ATGGGTAAGGAGGACAAGAC which 

generate a product of 700 bp (O'Donnell et al., 

1998). 

 

Quantification of aflatoxin was 

performed using affinity chromatography based 

on monoclonal antibodies, which detect 

aflatoxins B1, B2, G1 and G2 in grains 

(Aflatest / VICAM), validated by AOAC 

(1995). For the same the following procedure 

was followed: 50 grams of sample were ground 

and 5 g of free iodine salt, then they were 

mixed in a solution of methanol / distilled water 

80:20 in a blender for 1 minute were added.  

 

It later went through filter paper into a 

beaker; 10 mL of the obtained solution was 

diluted in 40 mL of distilled water. 

Subsequently, 2 mL of the extract filtered and 

the affinity column is spent per Aflatest at a rate 

of 1-2 drops.seg-1, just as the affinity column 

Aflatest was washed 2 times by passing 

distilled water at a rate of 1- 2 drops.seg-1 5mL.  
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Aflatoxins were eluted from the affinity 

column by passing through the same 1 mL of 

HPLC grade methanol at a rate of 1-2 

drops.seg-1, collecting the resulting in a 10 mL 

tube; He was added 1 mL Aflatest developer, 

and placed for 30 seconds in a fluorometer 

VICAM Series 4 E, previously calibrated. 

 

The data were sorted into a spreadsheet 

(Excel), and then multiple linear regression 

tests were performed using SAS version 9.3 

software, including the frequency of isolates 

aflatoxinasy levels recorded storage conditions 

during sampling.  

 

It was considered as a criterion variable 

for the repressor enter and remain in the model 

must have less than 0.05 type I error and where 

it was necessary, the intercept was not included 

in the model. 

 

Results and discussion 

 

General characteristics of the samples 

 

Samples of corn kernels studied came from 

different types of establishments, either 

producer or commercial premises local storage, 

being the most part, from producing. 

 

Storage forms varied according to the 

type of establishment where they came from. 

Those samples obtained from producers 

generally were stored in drums of 100 or 200 

liters, or in bags, and less frequently in trojas or 

cozcomates. In the storage premises commonly 

performed in sacks, while in storage facilities 

was took place on grain silos with more 

advanced technology. 

 

The reduced availability of technology 

in the grain storage by small farmers causing a 

greater amount of loss mainly in tropical and 

subtropical regions (IICA, 2012; Munkvold, 

2003a; Jouany, 2007). 

 

Mostly grains were analyzed native and 

hybrid varieties Asgrow7573, and lower 

frequencies and other hybrids like Cronos 

DK2060. 

 

The stored grain moisture ranged from a 

range of 14.4 and 22.2%, with an average of 

13.24% (Table 2). In 70% of grain moisture 

content was 13% or less, which according 

Munkvold (2003b) is recommended for storage 

of corn. 

 

The storage time was also very variable 

(from 4-42 months), with 60% of samples 

stored for less than a year, with longer storage 

facilities producers destine their production to 

consumption. 

 

 
Table 2 Characteristics of the samples studied 

grain corn. Year 2014/2015 

 

The damage observed in the seeds were 

mechanical damage during harvest or insect 

damage, and were around 20%. Both storage 

time, as the level of damage having grains are 

determining factors in the incidence of 

mycotoxigenic fungi, and therefore of 

mycotoxins in the kernels (Christensen and 

Kaufmann, 1969; Binder, 2007) by. 

 

For the volumetric weight average was 

72.24 kg.hL-1, with a range that varied from 

46.9 to 80.7 kg / hl, values very close to those 

reported by Peña Betancourt et al., (2013), who 

analyzed 15 samples from from different states 

of Mexico, Creole and hybrid grain corn 

varieties intended for consumption, they found 

that the volumetric weight fluctuated between 

49 and 80 kg.hL-1. 

 

Characteristics 

Average Minimum Maximum 

Humidity 

13.24 10.40 22.20 

Storage time (months) 

11.81 4.00 42.00 

Damage to the seed (%) 

19.81 1.00 84.00 

Volumetric weight (kg.hL-1) 

72.24 46.90 80.70 
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Frequency of isolation of fungi 

 

The genera most frequently (incidence) were 

Fusarium and Aspergillus, with 32 and 8% 

incidence respectively.  

 

These two genres together with 

Penicillium (1.1%) are the most common fungi 

in stored grain worldwide (Stumpf et al., 2013;. 

Maširević et al., 2012;. Marín et al., 2012;. 

Arrúa Alvarenga et al., 2012. ; Garcia and 

Martinez, 2010; Hernández et al., 2007; 

Gallardo et al., 2006; Bucio et al., 2005;. 

Ghiasian et al., 2004;. Orsia et al., 2000;. 

Crhistensen and Lopez, 1962). 

 

Other genera of fungi were isolated 

Cladosporium (2.4%), Rhizopus (1.1%) and 

Trichoderma (1.4%) (Figure 1). 

 

 
Figure 1 Frequency of isolation of fungi (%) in 

stored corn kernels from different states of 

Mexico 

 

4 species of Fusarium (F. verticillioides 

15.1%, 4.5% F. oxysporum, F. proliferatum 

4.2% and 8.1% F. graminearum), and two 

species of Aspergillus (A. flavus and A. 

fumigatus 4.8% were identified 3.2% ). 

 

 

 

 

When multi-linear regression with a 

probability of type I error of 0.05 between the 

moisture content in the grains, the storage time, 

damage and volumetric seed weight, the 

incidence of Aspergillus, could generate a 

model, corresponding to the best fit to the 

following equation:  

 

Incidence of Aspergillus = 2.11 (% 

moisture content in grain) - 0.27 (volumetric 

weight). 

 

Some factors such as damage to grains 

either mechanically or by insects, facilitating 

fungal infection (Setamouet al., 1997), were 

part of the model when the probability of type I 

0.1 error is allowed, but to reduce it 0.05 was 

no longer in the best-fit model, thus indicating 

that, although it has influenced the level of 

incidence of Aspergillus, the moisture content 

in the grains and the volumetric weight, had 

greater influence. 

 

The grain moisture was the most 

influential factor in the incidence of Aspergillus 

spp. inthe evaluated samples, which coincides 

with Ominski et al., (1994), and together with 

temperature, strongly influenced the fungal 

invasion in stored grain. 

 

The influence of volumetric weight is 

that associated with increased grain hardness 

(Correa et al., 2002), thus generating a greater 

difficulty to be invaded by microorganisms. 

Which partially explains the low incidence of 

these in stored grain. 

 

However, none models separately acting 

factors, and the degree of fungal invasion 

depends on an interaction between them 

(Christensen and Kaufmann, 1969; Binder, 

2007). 
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Aflatoxin levels 

 

Aflatoxin levels detected in the samples had a 

variation of between 0 and 68 ppm, with an 

average of 9.74 ppm (Figure 2). 93% of the 

samples had an aflatoxin concentration below 

the level allowed by the Official Mexican Norm 

(NOM-188-SSA1-2002), which sets the limits 

of aflatoxins in cereal grains for human and 

animal consumption 20 ppm. 

 

 
 

Figure 2 Levels of mycotoxins in samples 

stored corn kernels from different states of 

Mexico over the years 2014/2015 

 

The mycotoxin levels above 20 ppm 

were found to a lesser extent, with a total of 

7%. The best fit for this variable was the 

following model: aflatoxin levels (ppm) = 0.49 

(storage time) + 0.68 (% incidence of 

Aspergillus). 

 

According to background, Hell et al., 

(2000), in a study conducted in the countries of 

the east coast of Africa, found as the most 

influential factors in the accumulation of 

aflatoxins storage time, damage to the seed and 

use of local products or plants (excerpts) as 

protectants during storage. 

 

But the degree of fungal invasion is well 

documented as one of the main factors causing 

postharvest mycotoxin content (Chulze, 2010; 

Bennett and Klich 2003; Swanson, 1987). 

 

 

 

Conclusions 

 

Fungi with the highest incidence in samples of 

corn grains were F. verticillioides, F. 

oxysporum, F. proliferatum, F. graminearum, 

A. flavus and A. fumigatus. As the moisture 

content in the grains and the volumetric weight 

of these factors most influence on the incidence 

of Aspergillus in the samples studied. 

 

 

In 81% of the samples they were 

detected aflatoxin, although in lower 

concentrations to 20 ppm in 93% of them. Only 

7% of the samples was out of the norm with 

concentrations greater than 20 ppmC and 

maximum of 49 ppm. The most influential 

factors in the levels of aflatoxins in grains were: 

storage time and the incidence of Aspergillus 

spp. 
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Abstract 

 

In vitro cultivation of mulberry boneless Castile was performed using the temporary immersion system 

(SIT ) to evaluate the dependence of the production of Rubus glaucus Benth in vegetative phase with 

respect to time of the cycle SIT were 12 , 15 , and 18 hours; and with respect to introducing culture 

medium which came the initial explants for SIT . As a result it was found that the best treatments for a 

good development of new shoots that will be obtained from the multiplication phase in the SIT are: 

cycle time of 12 hours and medium solid introduction; in addition to make the project economic 

analysis determined that multiplying the arrears boneless SIT increases in production compared to 

traditional propagation and consequent lower production costs , obtaining a profit ratio of 5 : 1 
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Introduction 

 

In Ecuador, the demand for arrears of Castile 

boneless Rubus glaucus Benth to plus 3%, 

because this plant is related to a greater number 

of branches producing and tillering between 

15% to 20% higher than the traditional default 

with spine (Sigarroa & Garcia, 2011). Ecuador 

is growing in the agricultural field; They are 

constantly developing new commercial 

productions, thanks to its growing conditions 

(Ramirez, 2009). The blackberry has 

productivity problems in Ecuador, by the use of 

traditional breeding. According to Monteiro 

(2004), the blackberry is propagated by 

vegetative methods such as cuttings and 

layering; these types of processes facilitate the 

spread of pests and diseases that affect the 

quality and quantity of production and 

consequently increase the economic loss to the 

producer; while by the in vitro method, a large 

number of outbreaks would be obtained from 

small amounts of tissue (Pati, Sharma, Sood, & 

Ahuja, 2004). 

 

Being limited production boneless 

arrears of Castile for the reasons mentioned, it 

is looking for new strategies to increase the 

multiplication of Rubus glaucus Benth, and for 

this one of the techniques of vegetative 

propagation in vitro culture is used. Temporary 

Immersion System (TIS), which apart from 

cheaper production costs and overcome the 

difficulties of static cultures, they exhibit the 

ability to automate some stages of cultivation in 

vitro, allow ease of scale and increase the rates 

of multiplication is used , development and 

productivity of materials spread (Pérez, Ponce, 

Jiménez, & Agramonte, 1998). 

 

Materials and methods 

 

The mother plant blackberry castile boneless 

was collected in Sangolquí-Ecuador, located in 

the S 0`18`16.37``y O 78`27`06.92`` 

coordinates, at an altitude of 2.472 meters. 

 

 

Collection of plant material 

 

The sampled plants were selected in situ 

choosing explants with the best features: more 

leaves, free of disease; besides plants with an 

adequate number of buds and similar 

physiological conditions (Pierik, 1990). 

 

Disinfection of plant material 

 

twig washings  vigorously with a solution of 

commercial detergent detergent, then immersed 

in a solution of Benlate® 2 g Tetracycline (5 

mg), liquid soap (100 ml), iodine (5 ml) and 

citric acid (0.1 g ), all volumetric 4 liters of 

distilled water for 45 minutes. 

 

After disinfection, it was rinsed with 

distilled water three times for one minute each 

wash. The braces are cut into pieces of 10 cm, 

leaving the center of each cut one to two 

buds.The plant material was transferred to a 

laminar flow chamber, and placed in an 8% 

solution of commercial bleach for ten minutes, 

washed with distilled water three times for ten 

minutes. 

 

Establishment of in vitro culture 

 

Preparation of culture medium 

 

Murashigue salts and 50% Skoog macro- and 

micronutrients were used additionally placed 15 

gL -1 sucrose, 0.5 mL BAP [1500 mL L-1] and 

0.1 mL AIA [1500 mL L-1]; was adjusted pH 

5.6 culture medium, then 4 g of agar was added. 

20 ml of medium was dispensed into pre-

sterilized containers and then the containers 

were autoclaved at a pressure of 15 PSI at 121 ° 

C for 30 minutes. 
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Planting in vitro explant 

 

After disinfection, the explants were seeded in 

the culture media for establishing and 

transferred to growth room where they 

remained for a period of 20 days at constant 

light conditions (16 hours light and 8 hours 

dark), the average temperature 23 ° C. 

 

Temporary immersion system 

 

Preparation of liquid culture medium for 

multiplication 

 

Murashigue salts and 50% Skoog macro- and 

micronutrients were used additionally placed 30 

gL -1 sucrose, 1.3 ml BAP [1500 mL L-1] and 

0.3 ml AIA [1500 mL L-1]; the pH of the 

culture medium was adjusted to 5.6. Means at a 

pressure of 15 PSI at 121 ° C were autoclaved 

for 30 minutes. 

 

Planting in vitro explant 

 

Temporary immersion system, formed by two 

glass flasks of 850 ml capacity, one for the 

growth of the explants and the other as a 

reservoir of culture medium was used. These 

bottles were connected together by a silicone 

hose 6 mm diameter. 

 

The culture medium was circulated from 

a vial to another depending on the opening or 

closing according to the programmable timer to 

determine the frequency and duration of 

immersion. At the entrance of bottles 

hydrophobic filters (0.20 um,) was placed to 

ensure sterility air. The air pressure was 

regulated by a pressure gauge. 

 

The explants used in the course of SIT 

were taken from the establishment phase, and 

those explants that had similar characteristics 

were considered: length (3 cm) and stem 

diameter (2 mm), and were free of 

contamination.  

Apical cut to plant in containers 

corresponding to the explants bioreactors. After 

seeding, the cultures were taken and remained 

in the growth chamber for a month in constant 

light conditions (16 hours light and 8 hours 

darkness) and average temperature of 23 ° C. 

after a month, we proceeded to the collection of 

the data. 

 

Programming SIT 

 

We worked with the constant immersion time 

two minutes, varying only the frequency and 

means of introducing the initial explants 

bioreactor. 

 

Results and discussion 

 

Selection of the optimal dose of BAP or BAP + 

PBZ in liquid culture medium partial 

immersion for the multiplication of blackberry 

Rubus glaucus Benth boneless. 

 

Standardizing the culture medium for 

multiplication was performed by applying 

HIDE (paclobutrazol) at four different 

concentrations to homogenize the shoot growth. 

 
Trat. No. 

Outbreaks 

Bud length 

(mm) 

Bud diameter (mm) 

 Media   Media   Media   

T1 3.4  c 33.7  d 1.05  b 

T2 3.3  b 3.9  c 1.10  c 

T3 3.3  b 2.2  b 1.20  d 

T4 0  a 0  a 0  a 

 
Means with common letter are not significantly different 

(p> 0.05) 

 

Table 1 Duncan Test. Variables analyzed in the 

partial immersion assay 
 

In the variable number of outbreaks, the T1 

(1.3 mg.L-1 BAP) had a higher number of 

sprouts (3.4 buds per explant); in the variable 

length of the outbreak, T1 (1.3 mg.L-1 BAP) 

had a longer length of shoots (33.7 mm). 
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And for the variable diameter of the 

outbreak, have the T3 (1.3 mg.L-1 BAP; HIDE 

1.25 mg.L-1) has the value of the average 

diameter higher outbreak (1.2  0.01 mm) with 

respect to the other treatments (Table 1). 

 

Positive results were obtained in 

treatments T2 (BAP: 1.3 mg.L-1; HIDE: 0.75 

mg.L-1) and T3 (BAP: 1.3 mg.L-1; HIDE: 1.25 

mg.L-1), the which showed homogeneous 

outbreaks, but decrease the number and length 

thereof; also thickened stem diameter, and these 

results are similar to those described by 

Rodriguez Aranguren & Farres (2005) in his 

research that works with concentrations HIDE 

0.125 mg.L-1. This result was similar to that 

found by Avilán, Soto, Escalante, Rodriguez, & 

Ruiz (2003), who noted the effect of 

paclobutrazol in curtailing the size of outbreaks. 

 

Using data shoot length depending on 

the concentration of HIDE, a polynomial 

regression, which was plotted (Figure 1) and 

the equation thereof was calculated was 

performed with reference to 35mm as ideal 

length for working in multiplication of delay in 

SIT. As a result the following equation is 

obtained: y = 1.786 + 0.006x2-0.253x, with R2 

= 0.973. Where x is the length of the outbreak 

is expected to achieve (35 mm) and y is the 

concentration of HIDE to be found.

 
Figure 1 Linear regression polynomial 

concentration CULTURE. 

 

 

Thus it was determined that the 

concentration of HIDE Ideally y = 0.281 mg.L-

1. With this concentration, it can be obtained 

theoretically homogeneous shoots and bud 

expected length. 

 

In addition, the T1 (1.3 mg.L-1 BAP) as 

the most suitable treatment to continue the 

multiplication phase delay in the Temporary 

Immersion System since according to Figure 1 

shows is considered as low HIDE 

concentration, shoot length increases. 

 

Evaluation of three days of temporary 

immersion cycle of production, for boneless 

explants blackberry Rubus glaucus Benth, in 

the multiplication phase of the SIT. 

 

 
 

 
Figure 2 Mean (cycle-time interaction through 

introduction) of the variables fresh weight, 

shoot length, number of leaves per shoot and 

production rate 
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The value of the highest average for the 

fresh weight was in the TR1 (12 hours, solid 

medium) (1  0.04g); for shoot length was 

obtained TR1 (12 hours, solid medium) (6.22  

0.12 mm); for the variable number of leaves per 

shoot was the TR1 (12 hours, solid medium)  

(5.07 . 0,17 cm and the production rate 

corresponds to TR1 (12 hours, solid medium) 

(2.21  0.23) compared to other treatments. 

 

According Castro & Gonzales (2002), to 

achieve development in in vitro tissue culture, it 

is necessary to provide plants with essential 

nutrients sufficient, so they are not a limiting 

factor for multiplication in the plant growth 

factor. Therefore, the T5 (18 hours, liquid 

medium) and T6 (18 hours, solid medium) 

treatments reported no multiplication; 

According Escaletes and DOSBA, (1993), the 

phenolization is characterized by a change in 

the color of the tissue from green to brown, and 

this happens not to have a willingness 

bioregulators; as well as in the present work, 

where explants changed color from green to 

brown by the phenolization and also for 

dehydration they suffered when there are very 

long frequencies. 

 

The results showed significant 

differences between treatments with the same 

cycle time but with the initial explants from 

different culture media introduction. Thus, T1, 

T3 and T5, despite being with T2, T4 and T6 

respectively in the same cycle time, had higher 

production index (greater stem length, the 

greater number of leaves, fresh weight) per 

stem initial explants solid culture medium 

introduction. 

 

These results also reflect according 

Debergh and Maene (1981) and Robert Smith 

(1990) and Preil and Hempfling (2002), 

Bautista, et al., (2004). 

 

 

Who claim that the explants that are in 

liquid culture medium the surface of the explant 

come into direct contact with the environment 

which allows the most efficient uptake and 

release of nutrients which can accumulate in the 

tissue area that disperse quickly in liquid 

culture medium in the solid toxic metabolites. 

 

It can also be attributed to a higher 

absorption of growth regulators in the culture 

medium changes from solid to liquid 

(Jambhale, 2000). Research has shown that in 

the liquid medium, the availability of water, 

minerals, and growth regulators, is greater 

when compared with semisolid and solid media 

culture, which promotes faster growth 

(Debergh, Harbaoui , & Lemeur, 1981). 

 

In addition, the peculiarity that 

randomly explants, regardless of treatment had 

shoot formation took two forms: the shoots 

formed from an origin point, and throughout the 

explant, this can be attributed to a lack light 

distribution or arrangement in which the 

explants are inside the bioreactor by the 

agitation produced by the medium when in the 

immersion time, since the direction in which 

the sprouts are grown from explants are 

conditioned by the auxin production, and this 

tends to accumulate in the plant part that is 

shaded; therefore if the plant does not have 

shade, auxin drop from the apical part of the 

explant to the base, promoting the formation of 

buds from the same point, otherwise, they will 

go along the explant (Squeo & Cardemil, 

2006). 

 

Cost analysis 

 

The comparative analysis of costs between 

multiplication of delay in SIT and conventional 

form showed that the increase in the SIT has 

lowered cost and more useful than conventional 

multiplication.  
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In the SIT, in the best treatment 

production plants 170 in a month was obtained 

with PVP 7.48 USD per plant and a return of 62 

months, while conventionally multiplying an 

output of 35 plants in one month is obtained 

with a PVP 32.05 USD per plant and a return of 

296 months. Thus it is said that the production 

rate of blackberry Rubus glaucus Benth is 5-1 

between SIT and multiplication in the 

conventional manner respectively. 

 

Conclusions 

 

For multiplication of delay in SIT, the T1 (1.3 

mg.L-1 BAP 0 mg.L-1 HIDE) gave highest 

number of outbreaks (4 shoots per explant) and 

longer (35mm) to T2 (3 shoots per explant, 

shoot length 30mm), T3 (3 shoots per explant, 

shoot length 20mm) and T4. Paclobutrazol at 

concentrations of 0.75 mg.L-1 (T2) and 1.25 

mg.L-1 (T3), homogenizes the length of 

outbreaks of blackberry Rubus glaucus Benth 

boneless without inhibiting their growth and 

development altogether but decreases number 

of shoots and length. 

 

The treatment showed higher production 

of blackberry Rubus glaucus Benth boneless 

SIT in bioreactors are working 12 hours cycle 

time and their means of explants derived from 

solid introduction. 

 

1 (SIT Multiplication: PVP = 7.48; 

conventional Multiplication: PVP = 32.05) with 

the use of SIT producing mulberry Rubus 

glaucus Benth because 5 is increased relative to 

the conventional method which reduces 

production costs and increases earnings. 
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