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Abstract

In the present work the application effect of nematophagous fungus 
Purpureocillium lilacinum over the availability of soil nutrients and the yield of oats 
plants, using an agricultural soil was evaluated. Two experiments were conducted under 
greenhouse conditions, one with soil in natural conditions and other with autoclaved 
soil. In each experiment were handled two treatments with 20 replicates in a completely 
randomized design; one with the application of P. lilacinum and the other without the 
fungus application as a control. The soil chemical characteristics: pH, C, N, P, K, Ca, 
Fe, Cu and Zn were analyzed at the beginning and at the end of the experiment. The 
variables evaluated on oat plants were: height, fresh and dry weight, nutrients, number 
of spikelets per plant and the spikelets weight. There were no significant differences 
between treatments in plants height, the nutrient content of the soil and plants in both 
treatments, neither in fresh and dry weight in the experiment with natural conditions 
soil. The positive effect of fungus application was reflected on the greater fresh and dry 
weight in the experiment with autoclaved soil and the greater number and weight of 
spikelets of oat plants in both experiments.
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Resumen

En el presente trabajo se evaluó el efecto de la aplicación del hongo nematófago 
Purpureocillium lilacinum sobre la disponibilidad de nutrimentos del suelo y el 
rendimiento de plantas de avena, utilizando un suelo agrícola. Se realizó dos experimentos 
bajo condiciones de invernadero, uno con suelo en condiciones naturales y otro con suelo 
esterilizado en autoclave. En cada experimento se manejó dos tratamientos con 20 repeti-
ciones en un diseño completamente aleatorizado; uno con la aplicación de P. lilacinum y el 
otro sin aplicación del hongo como control. Las características químicas del suelo: pH, C, N, 
P, K, Ca, Mg, Na, Fe, Cu y Zn fueron analizadas al inicio y final del experimento. Las variables 
evaluadas en las plantas de avena fueron: altura, peso fresco y seco, contenido de nutri-
mentos, número de espiguillas por planta y el peso de espiguillas. No hubo diferencias 
significativas entre tratamientos en la altura, contenido de nutrimentos del suelo y de las 
plantas en ambos tratamientos, ni en peso fresco y seco en el experimento con suelo en 
condiciones naturales. El efecto positivo de la aplicación del hongo se reflejó en el mayor 
peso fresco y seco en el experimento con suelo esterilizado y en el mayor número y peso 
de espiguillas por planta en ambos tratamientos.

Palabras clave
fertilidad del suelo • fósforo • hongos filamentosos

Introduction

In the conventional agriculture, 
one of the main issues is to provide the 
crops with the available phosphorus, 
which has been compensated with the 
continuous application of fertilizers (42). 
The phosphorous (P) after the nitrogen, 
it is the most important nutrient for the 
plants and they only can absorb it in 
orthophosphates form. In nature, most of 
the soils have a vast reserve of organic and 
inorganic phosphorus forms (40). Never-
theless, most part of P is not available 
for the plants, because it forms insoluble 
compounds with iron and aluminum in 
acid soils and with calcium in alkaline soils 
(5, 20). In soils with high fixation capacity, 
when P contained within the fertilizers 
passes to the soil solution, it is fixed in the 
mineral fraction, without being available 
for the plants. Besides, when the fixation 
capacity of the soil has been saturated, the 

excess of phosphorus is leached towards 
underground waters, turning into a 
contamination source (16, 40). 

Although there are many saprobes 
fungi in the soil able to phosphate solubi-
lizing (19), it is not enough to supply 
the demand for nutrients of the crop. 
Some species of saprophytic fungi like 
Penicillium spp. and Aspergillus spp. have 
been studied with agricultural interest for 
their capacity of solubilizing phosphate 
compounds, improving the P availability 
in the soil and consequently enhancing 
crops yield (29, 35). These fungi affect 
directly the minerals solubilization and 
the release of cations like Fe2+, 3+, Ca2+, 
Mg2+, Cu2+, Zn2+, Mn2+, Co2+ and Sr2+, by 
the secretion of organic acids or proton 
liberation H+ (22, 23). Another species 
of fungi, used in the agricultural systems 
as phytoparasitic nematodes control 
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agents, are facultative saprophytes and 
take part in organic matter degradation 
and there its importance in nutrients 
cycling, like nitrogen and carbon (8). 
Some works concerning laboratory and 
greenhouse with Arthrobotrys oligospora 
Fres. have demonstrated the effect of this 
nematophagous fungus on the availability 
of the P using phosphoric rock (13). 

Purpureocillium lilacinum (Thom) 
Luangsa-ard, Houbraken, Hywel-Jones 
& Samson (= Paecilomyces lilacinus) is 
known since 1970's as a biological control 
agent of several phytoparasitic nematodes 
(27, 30). Also its solubilizing activity of 
inorganic forms of P is known and was 
evaluated in vitro, like calcium and iron 
phosphates (21).

However, the application of this fungus 
in the field had generated questions about 
its function in the agrosystem, because the 
previous observations (unpublished data) 
of a better development in oats plants 
grown (height, fresh and dry weight) in 
soil treated with P. lilacinum, applied to 
mitigate the levels of the phytoparasitic 
nematode populations. The aim of this 
work was to evaluate in greenhouse the 
effect of an application of P. lilacinum, on 
the availability of phosphorus, calcium 
and iron in an agricultural soil and its 
influence on the yield of oats plants 
(Avena sativa).

Materials and methods

Soil sampling
The soil used in this study was 

collected in the rural village of Los 
Pescados, located in the municipality of 
Perote, Veracruz, Mexico (19°34'41" N, 
97°9'30'' W, altitude 2.946 m), where 
the dominant soils are humic, mollic and 

haplic phaeozem andosols (24). Four soil 
samples (10 Kg each) were taken from 
potato crop rows at a depth of 10-15 cm 
in a plot of 2 ha. In the laboratory the soil 
was dried and sieved with a 5 mm mesh, in 
order to remove large organic and mineral 
particles. Subsequently, it was mixed with 
sterile perlite at a ratio of 1:1 in order 
to avoid soil compaction. Soil texture 
was a sandy clay loam (sand = 63%, 
silt = 15% and clay = 22%) according to 
Bouyoucos method.

Microorganism
In this study one strain of P. lilacinum 

(IE-430) was employed, which it is native 
of the study area and was isolated from 
juveniles J2 of the potato cyst nematode 
Globodera rostochiensis (Woll. 1923) 
Skarbilovich, 1959. This fungus was culti-
vated on oatmeal-agar plate during three 
weeks before its use. 

Experimental design
Two experiments were carried out, 

the first one with soil under natural 
conditions (NS) and the second one with 
autoclaved soil (AS).

Two treatments were applied in each 
of both experiments: 1) with P. lilacinum 
inoculated to soil (F), and 2) without 
fungus (C), as a control. All experiments 
were conducted simultaneously and 
distributed in a completely randomized 
design, under greenhouse conditions 
(natural light and 30±3°C). For ASF and 
ASC treatments, soil was sterilized in 
autoclave, into plastic bags for one hour at 
121°C, then cooled at room temperature. 
This process was repeated.

Each treatment had 20 repli-
cates, which consisted of polyethylene 
pots (1 kg capacity) with 1000 cm3 of 
soil-perlite substrate.
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For NSF and ASF pots, 200 mL 
of P. lilacinum spore suspension 
(1 x 106 spores ml-1) prepared with sterile 
distilled water were added so the applied 
dose was 2 x 108 spores pot-1.

For the controls (NSC and ASC), the same 
amount of sterile distilled water was added.  
 Three oat seeds (cv. Chihuahua) previously 
disinfected with a 1% sodium hypochlorite 
solution were planted in each pot. Once the 
plants emerged, two were selected for each 
pot removing the other one. The plants 
were watered (85 mL per pot) every 72 h. 

Soil chemical characterization
Before applying the fungus and 14 weeks 

later, rizosphera soil samples were taken 
from five pots (200 g) of each treatment.

The following chemical analyses were 
made for each soil sample: pH was measured 
in water (1:2 w/v) using a potentiometer 
(Jenco Electronics Ltd., Model 1671, 
USA). Inorganic nitrogen (nitrate NO3

-and 
ammonium NH4

+) was extracted with 
potassium chloride (KCl 2N) and quantified 
with the micro-Kjeldahl technique. 
Phosphorus was measured according to Bray 
and Kurtz 1 methodology with a spectro-
photometer at 882 nm (Spectronic 21D, 
Milton Roy, USA). Exchangeable bases (K, Ca, 
Mg and Na) were extracted with ammonium 
acetate (CH3COONH41N pH7), and their 
concentration of potassium and sodium was 
determined by flame photometry (Flame 
Photometer 410, Corning, UK) and concen-
tration of calcium and magnesium by atomic 
absorption (AA-6501 Shimadzu, Japan).

The extraction of microelements (Fe 
and Cu) was achieved with DTPA and its 
quantification was carried out by atomic 
absorption. The percentage of organic 
carbon and organic nitrogen was deter-
mined using the C/N TruSpec analyzer 
(LECO, USA). Aluminum was determined 

by the technique of exchangeable acidity, 
accomplishing extraction with potassium 
chloride (KCl 1M) and titration with 
sodium hydroxide (NaOH 0.1 M) and 
hydrochloric acid (HCl 0.1 M) (37). 
Reference values from SEMARNAT 
(2002) were consulted for interpreting 
soil tests according to Fassbender and 
Bornemisza (1987) for assessing organic 
carbon content. In the autoclaved soil 
treatments, tests were performed after 
the sterilization process. 

Yield and nutrient content 
evaluation in oat plants

At the end of the experiment 
(after 14 weeks) height, fresh and dry 
weight (root and stem) and number 
of spikelets plant-1 of all oat plants and 
weight of 200 spikelets per treatment 
were evaluated. After that, the oat plants 
corresponding to the pots where soil 
samples were taken to determine nutrient 
content were selected. These plants 
were dried in an oven at 70°C for 24 h 
and were ground up in order to quantify 
their nutrients content. The carbon and 
nitrogen were evaluated using a C/N 
TruSpec analyzer.

For phosphorus, potassium, calcium, 
magnesium, sodium, iron and copper a 
dissolving technique involving digestion 
with perchloric acid (HClO4) and nitric 
acid (HNO3) was used. Each element 
was analyzed from the acidic matrix. 
For phosphorus, we used a colorimetric 
method using phosphovanadmolybdic 
complexes and reading was performed 
with a spectrophotometer at 470 nm.

The contents of potassium and sodium 
were measured using a flame photometer. 
In the case of calcium, magnesium, iron and 
copper, atomic absorption spectropho-
tometry and flame emission were applied.
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Statistical analysis
Differences between final and initial 

amounts of most nutrients in all treatments 
were calculated and statistically tested. 
Inorganic nitrogen and magnesium were 
depleted at the end of the experiment, so their 
data was only analyzed in the first sampling.

For magnesium, potassium and 
inorganic nitrogen, the statistical analysis 
was performed only on samples with 
detectable nutrients.

The data expressed as a percentage 
were transformed by applying the function 
arccosine. NSF and NSC treatments were 
compared between them, and likewise ASF 
and ASC treatments. In order to determine 
differences between treatments in terms 
of the nutrient content of soil, plant and 
crop yield, the Student's t test was used, if 
the samples had the norms for normality 
and homogeneity of variances. Otherwise, 
we applied the non-parametric Mann-
Whitney U test (p 0.05). All analyses were 
performed using the MINITAB 14 and 
Statistica 8.0 program for Windows.

Results

Chemical characteristics of Soil
At the beginning of the experiments, the 

pH of NS (NSF, NSC) and of AS (ASF, ASC) 
treatments was strongly and moderately 
acidic respectively. At the end of the study 
a tendency of slight increase was found 
in all treatments, without presenting 
any significant differences. In the NS 
experiment, NSF treatment had a medium 
level (20-40 mg kg-1) of initial inorganic 
nitrogen (NO3

 _ NH4), whereas NSC nitrogen 
level was high (40-60 mg kg-1), according 
to reference values from SEMARNAT 
(2002). Therefore, differences were 
found in inorganic nitrogen concentration 
(t = -4.36, p = 0.002) between NSF and 

NSC. In the experiment AS, control (ASC) 
and fungus treatments (ASF) had medium 
and high level of initial inorganic nitrogen, 
respectively. Thus, ASF and ASC showed 
significant differences in ammonium 
concentration (t = 2.69, p = 0.027) at the 
beginning of the experiment. Potassium 
level was low (0.2-0.3 cmol (+) kg-1 in soil) 
in both experiments at first sampling and 
was depleted in all treatments at the end 
of the experiments.

In both experiments (NS and AS), 
the amount of phosphorus was high 
(>30 ppm) and its concentration increased 
in all treatments, but no significant 
differences were registered between them 
(table 1, page 6 and table 2, page 7).

The calcium content of NS and AS treat-
ments was very low (<2 cmol (+) kg-1in soil) 
in the initial and final sampling.

In AS, the calcium content 
decreased significantly in ASF 
(-0.36 cmol (+) kg-1in soil) compared 
with ASC (-0.14 cmol (+) kg-1 in soil). In 
both experiments magnesium was not 
detected at the beginning, but it increased 
significantly (t = -2.59, p = 0.031) in NSC 
compared with NSF at the end of the 
experiment. Also was higher (t = 3.03, 
p = 0.016) in ASF (0.05 cmol (+) kg-1) than 
in ASC (0.01 cmol (+) kg-1). Copper and iron 
contents were adequate (Cu:>0.2 mg kg-1; 
Fe:>4.5 mg kg-1), in both samplings 
(initial and end) and in all treatments. 

The concentration of copper at the 
end of experiment was lower (t = -2.42, 
p = 0.04) in ASF (0.56 mg kg-1) than in 
ASC (0.68 mg kg-1), while there were not 
differences between NS treatments. The 
concentration of active aluminum was less 
than 0.5 cmol kg-1in all treatments.

For both AS, and NS the percentage of 
carbon increased in all treatments, except 
for ASF. 
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Treatments where P. lilacinum was 
applied (NSF and ASF) presented the 
same content of organic nitrogen at the 
beginning as at the end of the experiment. 
Control treatments (NSC and ASC) 
increased organic nitrogen percentage at 
the end of the study, but in neither case 
were significant differences between treat-
ments observed (table 1; table 2, page 7).

The C/N relationship showed no variation 
between treatments and assessments. 

Table 1. Soil chemical characteristics of the NSF and NSC treatments at the beginning 
and at the end of the experiment.

Tabla 1. Características químicas del suelo de los tratamientos NSF y NSC al principio y 
al final del experimento.

The data of beginning and end are averages of five replicates. 
NSF = Natural Soil + P. lilacinum, NSC = Natural Soil Control.  

Different letters in different columns indicate statistical difference  (p≤0.05) among treatments according to 
Student's t or Mann Whitney U tests. †(+/) Indicates the increase or decrease ± standard deviation of element 

between the first and the second assessment.
Los datos de inicio y final son promedio de cinco repeticiones. 

NSF = Suelo Natural + P. lilacinum, NSC = Suelo Natural Control. 
Letras diferentes en diferentes columnas indican diferencias estadísticas (p≤0,05) entre los tratamientos de 

acuerdo con la prueba t de Student o U de Mann Whitney. † (+/-) indica el aumento disminución ± desviación 
estándar del elemento entre la primera y la segunda evaluación.

Variable
Treatments

Statistic pNS F NS C
Start End End-Initial † Start End End-Start †

pH 4.71 4.82 +0.11±0.16 4.69 5.03 +0.34±0.16 t= -2.26 0.05
N (mg kg-1) 39.05 1.49    -37.6±9.01b 47.6 0.00 -47.6 ±3.02a t= 2.36 0.04
P (mg kg-1) 32.86 36.07 +3.21±8.63 33.35 34.49 +1.14±9.51 t=0.36 0.73

K (cmol kg-1) 0.30 0.0 -0.30±0.01 0.29 0.0 -0.29 ±0.0 U= 10 0.60
Ca (cmol kg-1) 0.67 0.67     0.0±0.04 0.66 0.68 +0.02±0.03 t= -1.03 0.33
Mg (cmolkg-1) 0.0 0.03   +0.03±0.02b 0.0 0.08 +0.08±0.03a t= -2.60 0.03
Na (cmol kg-1) 0.14 0.0 -0.14 ±0.02 0.13 0.0 -0.13 ±0.03 U= 11.5 0.83

Cu (mg kg-1) 0.29 0.74 +0.45±0.07 0.27 0.73 +0.46±0.06 t= -0.42 0.68
Fe (mg kg-1) 13.15 17.28 +4.13±2.31 13.06 16.40 +3.34±1.58 t=0.63 0.55

Al (cmol kg-1) 0.47 0.45 -0.02±0.04 0.42 0.43 +0.01±0.05 t= -0.86 0.41
% organic C 2.11 2.18 +0.07±0.26 1.97 2.14 +0.17±0.09 U=12 0.60
% organic N 0.18 0.18   0.0±0.0 0.14 0.15 +0.01±0.02 U= 12.5 1.00

C/N 11.91 12.28 +0.37±1.44 13.61 13.93 +0.32±1.36

Plants nutrient content and yield
The presence of P. lilacinum in soil did 

not significantly influence the content of 
nutrients in plants from the NS and AS 
treatments (table 3, page 7).

The elements N, P, K, Mg and Zn 
were at low-deficient levels in oat plants 
from both experiments (N <1.5%, 
P <0.15%, K <1.26-1.5%, Mg <0.15% and 
Zn <15 ppm), according to the reference 
values provided by Westfall et al. (1990) 
and Jones et al. (1991).
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Table 2.   Soil chemical characteristics of the ASF and ASC treatments at the beginning 
and at the end of the experiment.

Tabla 2. Características químicas del suelo de los tratamientos ASF y ASC al principio y 
al final del experimento.

The data of beginning and end are averages of five replicates. ASF= Autoclaved Soil + P. lilacinum, 
ASC = Autoclaved Soil Control.  Different letters in different columns indicate statistical difference  (p≤0.05) 

among treatments according to Student's t or Mann Whitney U tests. † (+/-) Indicates the increase or 
decrease ± standard deviation of element between the first and the second assessment.

Los datos de inicio y final son promedio de cinco repeticiones. ASF = Suelo Autoclavado + P. lilacinum, 
ASC = Suelo Autoclavado Control. Letras diferentes en diferentes columnas indican diferencias estadísticas 

(p≤0,05) entre los tratamientos de acuerdo con la prueba t de Student o U de Mann Whitney. † (+/-) indica el 
aumento o disminución ± desviación estándar  del elemento entre la primera y la segunda evaluación.

Table 3. Nutrient content in oat plants under different treatments.
Tabla 3. Contenido de nutrients en las plantas de avena bajo diferentes tratamientos.

The results are averages from five replicates ± standard deviation.  NSF = Non-sterilized soil + P. lilacinum, 
NSC= Non-sterilized soil (control). ASF = Autoclaved soil + P. lilacinum, ASC = Autoclaved soil control. 

Different letters in the columns indicate the statistical difference (p = 0.05) between treatments (NSF-NSC) 
and (ASF-ASC) according to the Student's t or Mann Whitney U test.

Los resultados son el promedio de cinco repeticiones ± desviación estándar.  NSF = Suelo Natural + 
P. lilacinum, NSC = Suelo Natural Control,  ASF = Suelo Autoclavado + P. lilacinum, ASC = Suelo Autoclavado 

Control. Letras diferentes en las columnas indican la diferencia estadística (p = 0,05) entre los tratamientos 
(NSF-ASC) y (ASF-ASC) de acuerdo con la prueba t de Student o la prueba  U de Mann Whitney.

Variable
Treatments

Statistic pASF ASC
Start End End-Start † Start End End-Start †

pH 5.03 5.24 +0.21±0.11 5.12 5.40 +0.27±0.05 t= -1.23 0.25
N (mg kg-1) 52.96 0.25 -52.71±6.62 36.74 1.65 -34.08 ± 17.5 U= 2.0 0.03
P (mg kg-1) 40.33 45.18 +4.84 ±7.62 35.25 45.5 +11.25±9.34 t= -1.19 0.27

K (cmol kg-1) 0.26 0.0 -0.26 0.26 0.0 -0.26 U=11.5 0.83
Ca (cmol kg-1) 1.08 0.72 -0.36±0.05a 0.94 0.80 -0.14±0.11b t= -3.85 0.00
Mg (cmolkg-1) 0.0 0.05 +0.05±0.03a 0.0 0.01 +0.01±0.01b t= 3.03 0.02
Na (cmol kg-1) 0.45 0.02 -0.43±0.03 0.43 0.04 -0.39±0.02 U=5 0.12

Cu (mg kg-1) 0.24 0.56 +0.3±0.09b 0.23 0.68 +0.45±0.08a t= -2.43 0.04
Fe (mg kg-1) 10.27 14.92 +4.65±2.93 10.14 13.92 +3.78±1.11 U=0.10 0.60

Al (cmol kg-1) 0.43 0.38 -0.05±0.10 0.42 0.36 -0.06±0.06 t=0.23 0.83
% organic C 1.94 1.9 -0.04±0.12 1.90 1.98 +0.08±0.11 U=8 0.35
% organic N 0.16 0.16 0.0±0.02 0.14 0.15 +0.01±0.02 U=8 0.35

C/N 12.19 11.58 -0.61±0.97 13.98 13.43 -0.54±1.11

Nutrients Treatments
NSF NSC ASF ASC

% C 45.76±0.19 47.64±3.39 45.88±0.31   47.7±3.52
% N   1.20±0.03   1.25±0.13      1.29±0.03 b      1.44±0.12 a
% P   0.15±0.02   0.14±0.01   0.09±0.01   0.09±0.01
% K 1.49±0.2   1.57±0.09   1.35±0.09   1.44±0.06
% Ca   0.32±0.03   0.36±0.11   0.36±0.04   0.34±0.04
% Mg 0.08±0.0 0.10±0.0 0.09±0.0 0.10±0.0
% Na   0.86±0.05   0.94±0.06   1.06±0.09   1.01±0.04
Fe mg kg-1 79.98±20.1   72.73±15.14   80.07±21.27   92.31±28.28
Cu mg kg-1   5.84±2.07   5.51±2.09   4.61±1.07   4.19±0.53
Zn mg kg-1 13.21±1.84 12.98±3.75 10.75±2.33 10.59±1.51
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 The Ca and Fe content of the 
plants was enough (Ca = 0.2-0.5% and 
Fe = 40-150 ppm) in all treatments.

The level of Cu was sufficient in 
treatments NSF and NSC (5-25 ppm), 
whereas in ASF and ASC it was low (<5 ppm).

In NS experiment, NSF spikelets 
were heavier (>20%) than NSC ones 
(U = 36267.5, p<0.05). Also, NSF treatment 
had more spikelets plant-1 than NSC. 

In contrast, NSF oat plants had a lower 
fresh weight (U = 862, p = 0.011) and 
dry weight (U = 874.5, p = 0.014) than in 
NSC plants.

There were no significant differ-
ences in plant height and number of 
spikelets between these treatments. In AS 
experiment, ASF treatment had greater 
fresh weight (U = 938, p = 0.009) and dry 
weight (U = 1017.5, p = 0.024) as well as 
number of spikelets per plant (U = 112.5, 
p = 0.017) and spikelet weight (9%) 
(U = 42467, p =0.04), than in ASC. There 
was no difference in plant height between 
treatments (table 4). 

Discussion

Although the pH of the soil used in this 
study remains acid, the slight changes 
registered in a short time are interesting 
data to consider in the soil fertility, 
because a pH close to seven allows a 
greater availability in most of the essential 
nutrients for the plants (1, 31).

Our data concur with the published 
values (3.9 y 6.1) for the Perote munici-
pality soils (6, 7, 17). 

The low content of K, Ca, Mg and C in 
our experiment (15, 37) is related to the 
intensive farming of potato in the soil used 
in our experiments for more than 70 years.

In the soils of this region, chemicals 
characteristics such as the cation 
exchange capacity, the original carbon 
content, total nitrogen and exchangeable 
bases have progressively diminished due 
to soil use change, from forest to agricul-
tural fields (7, 17).

Table 4. Yield of oat plants under different treatments.
Tabla 4. Rendimiento de las plantas de avena bajo diferentes tratamientos.

The results are averages from 20 replicates ± standard deviation. † average of 200 spikelets weigth. 
NSF = Non-sterilized soil + P. lilacinum, NSC= Non-sterilized soil control. ASF= Autoclaved soil + P. lilacinum, 

ASC = Autoclaved soil control. Different letters in the columns indicate the statistical difference (p = 0.05) 
between treatments (NSF-NSC) and (ASF-ASC) according to the Mann Whitney U test. 

Los resultados son el promedio de 20 réplicas ± desviación estandar. † promedio del peso de 200 espiguillas. 
NSF = Suelo Natural + P. lilacinum, NSC = Suelo Natural Control, ASF = Suelo Autoclavado + P. lilacinum, 

ASC = Suelo Autoclavado Control. Letras diferentes en las columnas indican la diferencia estadística 
(p = 0,05) entre los tratamientos (NSF-ASC) y (ASF-ASC) de acuerdo con la prueba U de Mann Whitney.

Variables
Treatments

NSF NSC ASF ASC
Height (cm) 83.23±11.58 87.19±13.65 95.70±14.04 94.30±12.64

Fresh weight (g)     6.28±2.40 b    7.57±2.54 a  10.55±3.53 a   8.77±1.93b
Dry weight (g)    1.75±0.65b   2.14±0.84a    2.65±1.03 a    2.24±0.60 b

Spikelets  plant-1 8.62±3.49 7.20±4.75  10.54±6.24 a     8.05±4.07 b
Spikelet weight † (mg)   36.35±20.23a    29.11±14.72b   35.38±18.07a    32.06±16.69b
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The high concentrations of P regis-
tered at the beginning and end of the 
experiment (32-45 mg kg-1) in comparison 
to the found (3 y 12 mg kg-1) in the soils 
of the same study area (6), could be 
related with the application of granulated 
fertilizers in the farming fields as is the 
case of soil used in this experiment.

The lowest amount of P in ASF 
treatment compared with the control 
treatment may be due to better P assimi-
lation by plant, and this was reflected in 
more spikelets production (26).       

The depletion of inorganic nitrogen and 
potassium observed in the soil of all treat-
ments at the end of experiment, is attributed 
to the consumption realized by the oat, since 
cereals absorb more nitrogen and potassium 
than any other element (10, 14, 34). Crops as 
oat require chemical fertilization to obtain 
acceptable yields, mainly when they are 
seeded in depleted soils. This crop absorbs 
34, 5 and 20 kg of nitrogen, phosphorous 
and potassium respectively, for each tonne 
of dry matter produced (9). In addition, the 
consumption of nutrients by the microor-
ganisms and the leaching of minerals, also 
contribute to the elements loss of the soil 
reserve (5).

The increment of magnesium in 
the soil at the end of this experiment, 
although in low quantities, is important, 
because of this element is essential for 
the chlorophyll production (4). This 
raise of magnesium could be due to the 
activity of the microorganisms of the soil 
in the NS treatments and to the activity of 
P. lilacinum in the ASF treatment (11).

The degrading action of the soil biota 
contribute to the availability of cations, 
like magnesium when it mineralizes 
organic matter and dissolves the inorganic 
sources like the dolomite, hornblende and 
serpentine (5), however it is a subject of 
study to know if it is related to the activity 
of P. lilacinum.

Moreover, the concentration of active 
aluminum is presented in tolerable 
levels of plants (<2 cmol kg-1), despite of 
the acidness of the soil of all treatments 
(pH = <5.5) (28).

The less quantity of organic C and N of 
the soil, presented in the treatments with 
P. lilacinum regarding the controls, could 
point that the fungus used this elements 
for its own growth.

The organic matter in the soil repre-
sents the principal energetic resource 
for the fungus (3, 12) and it is important 
for the production of organic acids by the 
phosphates solubilizing organisms (20). 

Even though the relation of C/N of the 
soil was the right one (between 8 and 15) 
to allow the release of nitrogen through 
the degradation of the organic matter, 
the content of organic carbon was low, 
this could be a limiting factor on microor-
ganisms development (5, 31). 

Low nutrients content of plants 
obtained is a consequence of the soil 
nutrients deficiencies.

The high of the oat plants, fresh and 
dry weigh, and the content of P on vegetal 
tissue, in this experiments, are variables 
that do not indicate the activity P. lilacinum 
like solubilizer of phosphates, coinciding 
with Bashan et al. (2013).

However, the highest number and 
weight of spikelets per plant were the 
variables that indicate in a indirect way, 
the positive effect of P. lilacinum appli-
cation in the soil, because the plants may 
have absorbed a greater quantity of P, 
nutrient related to the production of seed 
(18, 33). This increment in the production 
of seeds has being obtained when applied 
Aspergillus brasiliensis Varga, Frisvad & 
Samson, Penicillium citrinum Thom and 
Cladosporium herbarum (Pers.) Link in 
different plants (32, 38, 43). 
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Phosphorus uptake by plants is 
influenced and maximized by the soil 
microbiota. Promoting microbial activity 
by the addition of organic amendments to 
agricultural soils, significantly influences 
the availability and absorption of this 
nutrient (36, 39). The low content of 
organic matter in the soil used in this 
experiment (<4%), could negatively 
influence the establishment of P. lilacinum 
and subsequent solubilization activity.

We hypothesized that availability of P, 
Ca y Fe measured by nutriments amount of 
the soil and the oats plants, would indicate 
solubilizing capacity of P. lilacium, as well 
as higher data in its vegetative variables. 
Contrary to our predictions only the 
number of spikelets plant-1 and spikelets 
weight were indicators that the plants 

had a greater availability of phosphorus. 
An important point in the field is the 
establishment of organisms applied to the 
crop soil to obtain the benefits expected in 
the yield. However, there are many factors 
that influence for conditioning the success 
of biological agents.

Conclusion 

The application of P. lilacinum has 
not produced a clear effect on the soil 
and plants nutrient content. However, 
according to our results, the fungus could 
have favored the better absorption of P, 
which was reflected on yield by stimu-
lating the seeds formation.

References

1. Acevedo Sandoval, O. A.; Chavez, E. C.; Sánchez, M. C.; Prieto García, F.; Prieto Méndez, J. 2014. 
Sesquióxidos de hierro en bosques templado húmedos del estado de Hidalgo, México. 
Revista de la Facultad de Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. 
Argentina. 46(1): 109-123.

2. Bashan, Y.; Kamnev, A. A.; de-Bashan, L. E. 2013. Tricalcium phosphate is inappropriate as a 
universal selection factor for isolating and testing phosphate-solubilizing bacteria that 
enhance plant growth: a proposal for an alternative procedure. Biology and Fertility of 
Soils. 49: 465-479.

3. Bautista-Cruz, A.; Cruz Domínguez, G.; Rodríguez Mendoza, M. de las N.; Pérez Pacheco, R.; Robles, C. 
2014. Effect of compost and slow-release fertilizers addition on soil biochemistry 
and yield of maize (Zea mays L.) in Oaxaca, Mexico. Revista de la Facultad de Ciencias 
Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 46(1): 181-193.

4. Benton, J. J. 2012. Plant Nutrition and Sol Fertility Manual. Second edition. CRC Press. EE. UU. 304 p.
5. Brady, N. C.; Weil, R. R. 2004. Elements of the nature and properties of soils. Second edition. 

Pearson Prentice Hall. EE. UU. 606 p.
6. Campos, C. A.; Oleschko, K.; Cruz, H. L.; Etchevers, B. J. D.; Hidalgo, M. C. 2001. Estimaciones 

de alofano y su relación con otros parámetros químicos en andisoles de montaña del 
volcán Cofre de Perote. Terra. 19: 105-116.

7. Campos, C. A.; Oleschko, K.; Cruz, H. L.; Etchevers, B. J. D.; Hidalgo, M. C. 2007. Exploring the 
effect of changes in land use on soil quality on the eastern slope of the Cofre de Perote 
Volcano (Mexico). Forest Ecology and Management. 248: 174-182.

8. Casas-Flores, S.; Herrera-Estrella, A. 2007. Antagonism of plant parasitic nematodes by fungi. In 
Kubicekand, C. P.; Druzhinina, I. S. (Eds.) Environmental and Microbial Relationships. 
Berlin. Springer-Verlag. 147-157. Heidelberg.

9. Ciampitti, I. A.; García, F. O. 2011. Requerimientos nutricionales. Absorción y extracción de 
macronutrientes y nutrientes secundarios. In: http://www.ipni.net/ppiweb/ltams.ns
f/87cb8a98bf72572b8525693e0053ea70/e036ac788900a6560325728e0069ff05/$
FILE/I.%20Ciampitti-%20Requerimientos.pdf (Accessed January 2013).



11

Purpureocillium lilacinum effect on oat plants yield

Tomo 48 •  N° 2 •  2016

10. Delgado Martínez, R.; Escalante Estrada, J. A. S.; Morales Rosales, E. J.; López Santillan, J. A.; 
Rocandio Rodríguez, M. 2015. Producción y rentabilidad del frijol ejotero 
(Phaseolus  vulgaris L.) asociado a maíz en función de la densidad y el nitrógeno en clima 
templado. Revista de la Facultad de Ciencias Agrarias. Universidad Nacional de Cuyo. 
Mendoza. Argentina. 47(2): 15-25.

11. Di Ciocco, C. A.; Sandler, R. V.; Falco, L. B.; Coviella, C. E. 2014. Actividad microbiológica de un 
suelo sometido a distintos usos y su relación con variables físico-químicas. Revista de 
la Facultad de Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 
46(1): 73-85.

12. Dighton, J. 2007. Nutrient cycling by saprotrophic fungi in terrestrial habitats. In: Kubicek, C. P.; 
Druzhinina, I. S. (Eds.). Enviromental and Microbial Relationships, The Mycota. Second 
edition. Berlin. Springer. 287-300. 

13. Duponnois, R.; Kisa, M.; Plenchette, C. 2006. Phosphate-solubilizing potential of the 
nematophagous fungus Arthrobotrys oligospora. Journal of Plant Nutrition and Soil 
Science. 169: 280-282.

14. Fageria, N. K.; Baligar, V. C.; Jones, C. A. 2010. Growth and mineral nutrition of field crops. Third 
Edition. EE. UU. CRC Press. 586 p.

15. Fassbender, H. W.; Bornemisza, E. 1987. Química de los Suelos, con énfasis en suelos de 
América Latina. 2ª ed. Costa Rica. Servicio Editorial del Instituto Interamericano para 
la Agricultura. 420 p.

16. Frossard, E.; Condron, L. M.; Oberson, A.; Sinaj, S.; Fardeau, J. C. 2000. Processes governing 
phosphorus availability in temperate soils. Journal of Environmental Quality. 29: 15-23.

17. Geissert, K. D.; Ramírez, S. M.; Meza, P. E. 2000. Propiedades físicas y químicas de un suelo 
volcánico bajo bosque y cultivo en Veracruz, México. Foresta Veracruzana. 2: 31-34. 

18. Grant, C. A.; Flaten, D. N.; Tomasiewicz, D. J.; Sheppard, S. C. 2001. Importance of early season 
phosphorus nutrition. Better Crops. 85: 18-23.

19. Gudiño, M. E.; de Abreu, L. M.; Marra, L. M.; Pfenning, L. H.; Moreira, F. M. d. S. 2015. Phosphate 
solubilization by several genera of saprophytic fungi and its influence on corn and 
cowpea growth. Journal of Plant Nutrition. 38: 675-686.

20. Gyaneshwar, P.; Naresh-Kumar, G.; Parekh, L. J.; Poole, P. S. 2002. Role of soil microorganisms in 
improving P nutrition of plants. Plant and Soil. 245: 83-93.

21. Hernández-Leal, T.; Carrión, G.; Heredia, G. 2011. Solubilización in vitro de fosfatos por una 
cepa de Paecilomyces lilacinus (Thom) Samsom. Agrociencia. 45: 881-892.

22. Hirsch, P.; Eckhard, F. E. W.; Palmer, R. J. J. 1995. Fungi active in weathering of rock and stone 
monuments. Canadian Journal of Botany. 73: S1384-S1390.

23. Hoffland, E.; Kuyper, W. K.; Wallander, H.; Plassard, C.; Gorbushina, A. A.; Haselwandter, K.; 
Holmström, S.; Landeweert, R.; Lundström, U. S.; Rosling, A.; Sen, R.; Smits, M. M.; 
van Hees, P. A. W.; van Breemen N. 2004. The role of fungi in weathering. Frontiers in 
Ecology an the Environmental. 2: 258-264. 

24. INEGI (Instituto Nacional de Estadística, Geografía e Informática). 2009. Prontuario de 
información geográfica municipal de los Estados Unidos Mexicanos, Perote, Veracruz 
de Ignacio de la Llave. México. INEGI. 9 p.

25. Jones, J. B.; Wolf, B.; Mills, H. A. 1991. Plant Analysis Handbook. EE. UU. Micro-Macro Publishing, 
Inc. 128. 

26. Kaur, G.; Reddy, M. S. 2015. Effects of phosphate-solubilizing bacteria, rock phosphate and 
chemical fertilizers on maize-wheat cropping cycle and economics. Pedosphere. 
25: 428-437.

27. Khan, M. R.; Akram, M. 2000. Effects of certain antagonistic fungi and rhizobacteria on kilt disease 
complexo of tomato cause by Meloidogyne incognita and Fusarium oxysporum F. sp. 
Lycopersici. Nematologia Mediterranea. 28: 139-144.

28. McBride, M. B. 1994. Environmetal Chemistry of Soils. EE. UU. Oxford University Press. 406 p.
29. Mendes, G. O.; Freitas, A. L. M.; Pereira, O. L.; Silva, I. R.; Vassilev, N. B.; Costa, M. D. 2014. 

Mechanisms of phosphate solubilization by fungal isolates when exposed to different 
P sources. Annals of Microbiology. 64: 239-349.



12

T. Hernández-Leal, D. López-Lima, G. Carrión

Revista de la Facultad de Ciencias Agrarias

30. Mendoza, A. R.; Sikora, R. A.; Kiewnick, S. 2007. Influence of Paecilomyces lilacinus strain 251 
on the biological control of the burrowing nematode Radopholus similis in banana. 
Nematropica. 37: 203-213.

31. Navarro-Blaya, S.; Navarro-García, G. 2003. Química Agrícola. 2ª edición. España. Mundi-
Prensa. 487 p.

32. Omar, S. A. 1998. The role of rock-phosphate-solubilizing fungi and vesicular-arbusular-
mycorrhiza (VAM) in growth of wheat plants fertilized with rock phosphate. World 
Journal of Microbiology and Biotechnology. 14: 211-218.

33. Pariasca-Tanaka, J.; Vandamme, E.; Mori, A.; Segda, Z.; Saito, K.; Rose, T. J.; Wissuwa, M. 2015. 
Does reducing seed-P concentrations affect seedling vigor and grain yield of rice? Plant 
and Soil. 392: 253-266.

34. Rangel Lucio, J. A.; Ramírez Gama, R. M.; Cervantes Ortíz, F.; Mendoza Elos, M.; García Moya, E.; 
Rivera Reyes, J. G. 2014. Biofertilización de Azospirillum spp. y rendimiento de grano de 
maíz, sorgo y trigo. Revista de la Facultad de Ciencias Agrarias. Universidad Nacional 
de Cuyo.  Mendoza. Argentina. 46(2): 231-238.

35. Richardson, A. E.; Barea, J. M.; McNeill, A. M.; Prigent-Combaret, C. 2009. Acquisition 
of phosphorus and nitrogen in the rhizophere and plant growth promotion by 
microorganisms. Plant and Soil. 321: 305-339.

36. Saucedo Castillo, O.;  de Mello Prado, R.; Castellanos González, L.;  Ely, N.; Silva Campos, C. N.; 
Pereira Da Silva, G.; Assis, L. C. 2015. Efecto de la fertilización fosfatada con cachaza 
sobre la actividad microbiana del suelo y la absorción de fósforo en caña de azúcar 
(Saccharum spp.). Revista de la Facultad de Ciencias Agrarias. Universidad Nacional de 
Cuyo.  Mendoza. Argentina. 47(1): 33-42.

37. Secretaría de Medio Ambiente y Recursos Naturales (SEMARNAT). 2002. Norma Oficial 
Mexicana NOM-021-SEMARNAT-2000 que establece las especificaciones de fertilidad, 
salinidad y clasificación de suelos, estudio, muestreo y análisis. México. Diario Oficial 
de la Federación. 85 p.

38. Singh, S.; Kapoor, K. K. 1999. Inoculation with phosphate-solubilizing microorganisms and 
a vesicular-arbuscular mycorrhizal fungus improves dry matter yield and nutrient 
uptake by wheat grown in a sandy soil. Biology and Fertility of Soils. 28: 139-144.

39. Souchie, E. L.; Azcón, R.; Barea, J. M.; Saggin-Júnior, O. J.; Ribeiro da Silva, E. M. 2006. Phosphate 
solubilization and synergism between P-solubilizing and arbuscular mycorrhizal 
fungi. Pesquisa Agropecuaria Brasileira. 41: 1405-1411.

40. Turner, B. L.; Frossard, E.; Oberson, A. 2006. Enhancing phosphorus availability in low-fertility 
soils. In: Uphoff, N. et al. (Eds.). Biological Approaches to sustainable soil systems. 
EE. UU. Taylor & Francis. 191-205. 

41. Westfall, D. G.; Whitney, D. A.; Brandon, D. M. 1990. Plant analysis as an aid in fertilizing small 
grains. In: Westerman, R. L. (Ed.). Soil Testing and Plant Analysis 3rd edition. EE. UU. 
Soil Society of America Inc. 495-519.

42. Whitelaw, M. A. 1999. Growth promotion of plants inoculated with phosphate-solubilizing 
fungi. In: Sparks, D. L. (Ed.). Advances in Agronomy 69. EE. UU. Elsevier. 99-151. 

43. Xiao, C.; Chi, R.; He, H.; Qiu, G.; Wang, D.; Zhang, W. 2009. Isolation of phosphate-solubilizing 
fungi from phosphate mines and their effect on wheat seedling growth. Applied 
Biochemistry and Biotechnology. 159: 330-342.

Acknowledgements
This study was conducted in the laboratory of Fungal Biodiversity and Systematics at the 

Instituto de Ecología, A. C.-Cluster Biomimic. The authors thank to Sandra Rocha, Ninfa Portilla 
and Lourdes Cruz for assistance with soil analysis. The authors also thank Dr. Adolfo Campos by 

suggestions in experiments design.


