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 Chili is a characteristic ingredient of Mexican cuisine since pre-Columbian times 
were present as part of their culture. Chiapas is the centre of origin of the genus 
Capsicum. There are wild and cultivated varieties of Capsicum, which are 
generally planted using chemical fertilizers. Therefore, the aim of this study was 
to determine the effect of applying biofertilizantes (arbuscular mycorrhizal fungi) 
in Capsicum annuum L, Capsicum annuum L. var. annuum and Capsicum 
frutescens L. on vegetative growth and fruit yield under greenhouse conditions, 
as an alternative to more environmentally responsible systems because these 
microorganisms provide nutrient availability to plants regardless the application 
of inorganic inputs. A randomized experimental design was established, 
including 3 treatments: That is, native inoculum (IN), commercial inoculum (IC) 
and control (T), with 10  replicates. At 60 days after planting it was observed that 
the plants with treated IN showed further development of biomass (38%) with a 
significant difference (p<0.05) as compared to  the other two treatments. 

©2016 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION  
 
Numerous microorganisms coexist in the  rhizosphere 
which can positively influence plant growth and 
development, establishing a series of interactions as the 
symbiosis that exists between plants and arbuscular 
mycorrhizal fungi (AMF) in different agricultural and 
natural ecosystems (Mujica and Fuentes, 2012). AMF are 
intrarradical mycorrhizae that colonize the tissue of the 
host plant, where they develop structures characteristic of 
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the symbiosis (arbuscules and vesicles), as well as extra-
radical and mycelium, which interacts with the ecosystem 
of the rhizosphere and is responsible for making soil 
nutrients (Sosa et al., 2006). During the symbiosis, the 
host plant receives mineral nutrients from the soil taken 
by the fungus. The functions of the AMF are multiple 
(Aguilera and Li, 2007), and they represent a number of 
advantages over plant development between which are 
found the increased absorption of mineral nutrients and 
resistance to stress conditions, in addition to improving 
soil structure, especially the stability of their micro 
aggregates. As a result of mycorrhization, the plant 
undergoes a significant increase in  biomass  mainly  due 



 

 

 
 
 
 
to improved mineral nutrition of the plant induced by the 
fungus (Jahromi et al., 2008).  

Mexico is the main producer of chili in the world and the 
largest consumer with per capita consumption exceeds 
15 kg per year (SIAP, 2010). Chiapas, besides being 
center of origin, is one of the most biodiverse regions of 
the genus Capsicum (Álvarez et al., 2013). Currently chili 
production is carried out by intensive systems using 
fertilizers and chemicals to control pests and diseases, 
leading to environmental degradation and the possibility 
of health risks. Mycorrhization of chili plants are the 
inoculation with infective propagules (spores and roots) of 
mycorrhizal fungi to promote the establishment of a 
symbiotic relationship between the two organisms. The 
great majority of species of chili are able to establish this 
type of mutually beneficial partnerships in ecological 
systems. That is why the aim of this study was to 
evaluate the effect of two inoculums of AMF (one native 
and another commercial) in order to evaluate the effect of 
the application of these microorganisms on the yield of 
chili plants, due to the importance this crop has in the 
State of Chiapas. 
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
The experiment was established in the Universidad 
Politécnica de Chiapas, located in the city of Tuxtla 
Gutiérrez, Chiapas, México. The geographic location is 
latitude 16° 45' 11" North and longitude 93° 06' 56", 
corresponding to tropical regions, with more than 1100 
mm annual rainfall, with the objective of evaluating the 
effect of the application of two AMF inoculum (native and 
commercial) on the development of Chilli plants of C. 
annuum L, C. annuum var. annuum and C. frutescens L. 
 
 
Characterization of native inoculum 
 
The native inoculum was obtained from an organic coffee 
plantation where the varieties of Arabic coffee and 
bourbon are sown; this is located in the municipality of 
Cintalapa, Chiapas, México.  The geographic location is 
latitude 16° 40' 06" North and longitude 93° 38' 40", with 
more than 1018 mm annual rainfall. The characterization 
of the inoculum allows obtaining the number of spores of 
AMF g

-1
 rhizosphere soil. The spores were extracted and 

isolated according to Gerdemann and Nicholson (1963). 
This technique is used for sieving the coarse particles of 
the soil and retaining AMF spores and organic particles 
on sieves of different sizes. 50 g of soil was mixed with 
500 ml of water in the 1000 ml conical flask. The soil 
mixture was agitated vigorously to free the AMF spores 
from the soil and allowed to settle  for  5-10  min  and  the 
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supernatant was decanted through sieves of 150 and 350 
µm. Later, they were performed and mounted in 
lactoglycerol polyvinyl (PVLG) for identification under 
microscope (Schenk and Pérez, 1990; Méndez et al., 
2011). 
 
 
Establishment of plant culture 
 
The Chilli plants C. annuum L, C. annuum var. annuum 
and C. frutescens L. were propagated in germination 
trays with sand. One month after sowing, the seedlings 
were transplanted and inoculated for the three species 
including three different treatments, one consisting of 1 g 
of commercial inoculum (IC) other by 10 g native 
inoculum (IN) and the control group (C) with 10 
repetitions per treatment. The substrate used consisted 
of a sterilized soil in autoclaved at 15 lb of pressure at 
120°C for 60 min (Karagiannidis et al. 2011; 
Karagiannidis et al., 2012). The application of mycorrhizal 
inoculants was performed at a dose of 1 g of IC and 10 g 
of IN, because the IC contains up to 70 spores of Glomus 
sp. g

-1
 of inoculum, while the IN containing 7 spores of 

Glomus and Acaulospora spp. g
-1

 of rhizosphere soil. The 
growth occurred in a greenhouse and irrigation was 
performed at the discretion of drinking water. Every 
fifteen days from transplantation of plant, plant height 
was measured with a ruler from the ground floor to the 
last leaf of the plant in addition to stem diameter at the 
first internode using a digital vernier; and number of 
leaves. 
 
 

Monitoring and measurement of plants 
 

During plant development, certain agronomic traits were 
measured every 15 days such as: Plant height which was 
measured by ruler from the floor base to the uppermost 
leaf of the plant, stem diameter with digital vernier and 
number of leaves, in order to observe the plant growth 
effect relative to fungal colonization. At 10 weeks, a 
destructive sampling was performed and the weight of 
aerial and root biomass was measured. 
 
 

Statistical analyses 
 

One way ANOVA was used at p<0.05 level of 
significance, with the Statgraphics PLUS program (1999). 
Data are presented as mean ± standard deviation. 
 
 

RESULTS AND DISCUSSION 
 

Characterization of native inoculum 
 
In native inoculum, 6 spores  of  Glomus  spp.  g

-1
  of  soil
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Figure 1. Identification of spores belonging to native inoculum from the genus Glomus (A1, G. iridicum; A2, 
G. fasciculatum; A3, G. geosporum; A4, G. maunicaule; A5, G. intraradices) and Acaulospora (B1, A. aff 
bireticulata; B2, A. excavata; B3, A. alpina; B4, A. foveata). Spores mounted on a glass slide with a drop of 
PVLG + Melzer. Visualized with one objective of 40X. 

 
 
 
were found. They were identified as belonging to the 
genus Glomus in the species clarum, geosporum, 
fasciculatum,   iridicum,   maunicaule    and    intraradices 

(Figure 1). While for the genus Acaulospora, the species 
bireticulata, alpina, excavata and foveata were identified 
(Figure 1). Because the commercial inoculum  has  30  to
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Figure 2. Comparison of biomass among treatments (C= Control, IC= Commercial inoculum, 

IN=  

C  IC  IN 
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C  C  IC  IC  
IN  

IN   
 

Figure 2. Comparison of biomass among treatments (C, Control; IC, commercial inoculum; IN, native inoculum) of the three species 
evaluated (C. frutescens, C. annuum and C. annuum var. annuum). 

 
 
 
Table 1. Quantification of agronomic factors and percentage of root colonization of C. frutescens, C. annuum and C. annuum var. annuum 
with native inoculum (IN) and commercial inoculum (IC).  
 

Plant species Treatment Stem Wt. (g) Number of leaves Root Wt. (g) Fruit Wt. (g) Colonization (%) 

C. frutescens 

C 8.79
c
 13.72

bc
 4.04

bc
 0

bc
 0

c
 

IC 11.74
b
* 13.8

bc
 4.78

bc
 1.07

bc
 89

ab
 

IN 15.94
a
 19.03

a
 10.65

a
 8.63

a
 76

ab
 

C. annuum 

C 10.08b
c
 9.49

c
 3.20

c
 11.60

c
 0

c
 

IC 10.70
bc

 13.14
b
 5.28

b
 16.33

b
 56

b
 

IN 16.19
a
 17.14

a
 8.18

a
 20.64

a
 91

a
 

C. annuum var. annuum 

C 11.44
bc

 12.45
c
 6.36

bc
 14.25

c
 0

c
 

IC 11.29
bc

 17.14
b
 6.43

bc
 22.12

b
 46

b
 

IN 15.94
a
 19.03

a
 7.73

a
 31.6

a
 78ª 

 

C, Control; IC, commercial inoculum; IN, native inoculum. abDifferent literals denote a statistically significant difference (Tukey, p≤0.05). *The 
values are average of three replicates (n=3). 

 
 
 
35 spores g

-1
 mainly in the genus Glomus, also identified 

in the native inoculum, an adjustment was made in the 
inoculum concentration to be applied, so that 5 g IN was 
applied, while for the treatments evaluated with 
commercial inoculum, 1 g was added. 
 
 
Measurement of agronomic variables 
 
The studied agronomic variables showed significant 
differences (p<0.05) in the treatments evaluated. IN 
provided the highest values of above-ground biomass in 
the three crops (57% for C. frutescens, C. annuum 28 
and 29% C. annuum var. annuum). Therefore, too of the 
results were observed to compare treatments in terms of 
fresh weight of stem, root and fruit  of  each  crop.  It  was 

observed that a significant difference existed in favour of 
the native inoculum in relation to the control and 
commercial inoculum (Table 1). This may be due to the 
fact that the native inoculum had spores of high quality 
and effectiveness by being in a recent multivariate 
substrate. However, many of the spores from a 
commercial inoculum are damaged with low viability 
(Pellegrino et al., 2011). Budi et al. (2015) reported that 
soil chemical properties, such as C, N, P and heavy 
metal contribute towards AMF spore density and 
diversity.  

In relation to the evaluation of each structure of the 
plants specified above, an increase in both the stems, 
roots and fruit of the three crops associated with the 
treatment with native inoculum was expressed in fresh 
weight (Figure 2). It is worthy to mention that the  crop  of  
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C. annuum  var. annuum showed increased fruit weight in 
relation to other crops (Table 1). These results are 
consistent with that reported by González et al. (2015), 
who observed a significant increase in the agronomic 
variables after inoculation in chili plants.  

In this research the obtained results demonstrate the 
response of plants to inoculation with AMF manifesting 
the benefits of this association, especially on plants 
treated with native inoculum, evidenced in root 
development, allowing an improvement in soil nutrient 
uptake by plants, just as was demonstrated by Duan et 
al. (2015) and Watts-Williams et al. (2015); who reported 
that the expression of phosphate (Pi) or nitrogen (N) 
transporter genes in roots of plants could be regulated by 
arbuscular mycorrhizal (AM) fungi, as responsible for 
growth in plants. 

Thus, the increase was also demonstrated in above-
ground biomass for the three investigated crops treated 
with native inoculum. However C. annuum experiment 
showed further growth. This increase in above-ground 
biomass is the plants associated with AM. Recent 
research has demonstrated that the plants showed an 
improved growth rate and efficiency of photosystem II, 
due to the levels of abscisic acid and strigolactones that 
are affected by AM symbiosis, just as was demonstrated 
by Ruiz et al. (2015).  

There are works (Klironomos, 2003) which indicate that 
plant response to inoculation with AMF within an 
ecosystem can vary; and a highly parasitic or highly 
mutualistic relationship has been observed. So the use of 
native inoculum may decrease same parasitic responses 
that can be promoted with the use of exotic inoculun.  

Castillo  et al. (2009) compare effectiveness of two 
AMF, a commercial mycorrhizal inoculant (Glomus 
intraradices) and another native (Glomus claroideum) on 
the production and quality of “Cacho de cabra” and found 
that inoculation with native fungi resulted in more 
vigorous plants with a higher foliar area and shoot/root 
ratio.  

Finally, in assessing the fruits of the three crops, the 
benefit from the partnership established by the AMF from 
the native inoculum was tested. This is probably due to 
the influence of high phosphorous level that may depend 
on its promoting effects on nutrient uptake and plant 
growth. Furthermore, the interaction between AMF and 
mycorrhizal colonization period implies the possible 
involvement of carbohydrate distribution (sugar signaling) 
in the regulation of root system architecture and fruit 
development by AMF, just as was demonstrated by Xia et 
al. (2015). 

 
 
Conclusion 
 
The establishment of the symbiosis between the fungus 
and  plant  leads  to  a  recognition   sequence   of   steps  

 
 
 
 
causing both morphological and physiological changes in 
the two organisms interacting as biotechnological tool. 
Using these microorganisms is of great importance 
because of the benefits of increasing biomass.  

The positive growth response of the chili plants to AMF 
inoculation can be related to either improved phospho-
rous nutrition.  

The use of AMF from a native inoculum in agriculture 
contributes to improving the nutritional status of the plant, 
which is reflected in the increased leaf area, root and fruit 
fresh weight of the chili plants evaluated.  

This paper highlights the importance of using native 
inoculum from AMF as these are adapted to the soil and 
weather conditions in a region. The use of native AMF 
with aromatic plants may represent a convenient alterna-
tive to commercial AM fungal inocula, and may offer 
economically and ecologically important advantages in 
sustainable or organic cropping systems. 
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