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THE EFFECT OF COMMERCIAL ARBUSCULAR 
MYCORRHIZAL FUNGl (AMF) INOCULANTS 
ON RICE ( O p  sativa) IN DIFFERENT TYPES OF SOlLS 

F. Fernández, R. Ortiz, M. A. Martínez, Annareya Costales and Desirée Llonin 

ABSTRACT. The use of biofertilizas is a practice that is 
gaining much importance within the context of ecological 
or sustainable agriculture. In this work, the effect of some 
strains of commercial mycorrhizal inoculants and different 
doses of chemical fertilization was studied on rice produc- 
tivity in some places of Colombia. Thus, AMF were shown 
to be beneficia1 under flooding conditions using seed co- 
vering where Glonzus fasciculahm was the most outstan- 
ding species. It was observed that AMF showed specificity 
in different soil substrates including the necessity of selec- 
tingcorrectly the fungal type to be used in order to prevent 

troubles at fungus-plant symbiosis develop- parasi t ism 
ment. 
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INTRODUCTION 

At present, there is a tendency of resorting to 
sustainable agriculture with the motive of using local 
renewable resources ,since the use of biofertilizers or 
biological fertilizers can improve the absorption of de- 
termined nutrients reserved in the soil (Mayea, 1990; 
Sieverding, 1991). 

The use of biofertilizers is becoming notable, if one 
applies that the sustainable use of chemical fertilizers to 
guarantee nutrients has biologically damaged most 
agricultural soils (Sieverding and Gálvez, 1988). 

ECOMIC is the name of a commercial microbial 
inoculant prepared on an inert substrate, using simple 
or mixtures of different VAM-forming fungal strains 
(AMF) (Fernández et al., 1996), which are known for 
their beneficial effects on ion absorption, such as P, N, 
K, Ca, Mg, Cu, Zn, B, etc. It is recommended to be used 
in almost 80 % plants of agricultural interest (Marschner 
and Dell, 1994). 
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RESUMEN. El uso de los biofertilizantes es una práctica 
cadavez más importante dentro del contexto de agricultu- 
ra ecológica o sustentable. En este trabajo, se estudió el 
efecto de algunas cepas comerciales de BIOFERT, inocu- 
lante micorrizógeno,y distintas dosis de Icrtilización quí- 
mica sobre la productividad del cultibo del arroz en 
algunas localidades colombianas. Se evidenció el efecto 
benéfico de las cepas de hongos micorrizogenos (HMVA) 
en condiciones de inundación, sobre la producción del 
arroz empleando la tecnología de recubrimiento de semi- 
llas, destacándose significativamente la cspecie Glornus 
fasciculaturn, además se demostró la especificidad de las 
cepas de HMVA con el tipo de sustraios, asi como la 
necesidad de seleccionar correctamente c.1  tipo de hongo 
a emplear para evitar posibles problemac de parasitismo 
durante el desarrollo de la simbiosis honeo-planta. 
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On the other hand, as most Poaceas crops, rice 
accepts this association quiet easily (Raju et al., 1990) 
and this effect has proved the optirrlzing benefit of 
chemical fertilization which may lead tr? ,3 change in crop 
farming (Salive, Echeverry and G u z r r ~ ~  1, 1994). 

The principal objective of this work is to study the 
effects of different strains of ECOMIC and determined 
doses of chemical fertilization on the riumber of tillers 
and rice productivity in several soils of Colombia. 

MATERIALS AND METHODS 

Experiments were done in three iocations as fo- 
Ilows. 
Experiment 1. It was carried out in Bariloche Experimen- 
tal Farm, Department of Tolima, locatect at 750 m above 
sea level witn L. inean annual temperatiire of 2 5 ' ~  and 
an annual rainfall of 1 500 mm. It was seeded in the first 
semester of 1994 on an Alfisol soil u s i ~ ~ g  the mid-term 
cultivar Orizica-1, and the percentagr: of 95 % with 
germination. 

Two strains of ECOMIC, Glomus t~sciculatum (1) 
and Glomus mosseae (2) were empioyed and four 
combinations of full chemical fertilizaticm (0, 50, 75 and 
100 %) were studied. Furthermore, two control treat- 
ments were used: one of them with coi~iplete chemical 



fertilizer (100 %) and the other without it. A diagram 
illustrating 100 % fertilization was used following the 
technical pattern of Colombia. 
Sowing: 50 kg.ha-' N, 80 kg.ha-' P and 60 kg.ha-' K 
Active tillering: 100 kg. ha" N 
Panicle initiation: 50 kg.ha-l N. 

A randomized block design with four repetitions 
was used in 200-m2 plots . 
Experiment 2. It was carried out in AGROINCO enterpri- 
se, Villavicencio, Department of META, located at 250 m 
above sea level with a mean annual temperature of 2g°C 
and an annual rainfall of 5 000 mm. It was conducted in 
thefirst semester of 1995 on an oxisol soil. Three strains 
of ECOMIC were employed: Glomus fasciculatum ( l ) ,  
Glomus mosseae (2) and Glomus manihotis (3), and 
three combinations of full chemical fertilization (50, 75 
and 100%) were studied; also two controls were used 
with chemical fertilization and without it. 

A diagram illustrating 100 % fertilization was used 
following the technical pattern of Colombia. 
Sowing: 75 kg.ha-l N, 100 kg.ha-l P and 80 kg.ha-' K 
Active tillering: 120 kg.ha-' N 
Panicle initiation: 50 kg.ha-l N. 

A randomized block design with four repetitions 
was used in 500-m2 plots . 
Experiment 3. It was done in AGROINCO enterprise, 
Granada. Department of META, under the same climatic 
conditions as Experiment 2, during the first semester of 
1995 on an lnceptisol soil. In this occasion, one strain 
of ECOMIC was used (1) and also three combinations 
of full chemical fertilization (50, 75 and 100 %) were 
studied following 100 % the technical pattern of Colom- 
bia for these soils; also two controis with chemical 
fertilization and without it.. 
Sowing: 75 kg.ha" N, 100 kg.ha-' P and 80 kg. ha-' K 
Active tillering: 120 kg. ha-' N 
Panicle initiation: 50 kg.ha-l N. 

The same statistical desing as in Experiment 2 was 
used here in 2 000-m2 plots. 

Table 1 shows some chemical characteristics of 
the soils in different experiments. 

Table l. Some chemical characteristics of the soils 
in different experiments 

Organic P pH Ca Mg K Al 
Experiment matter H20 KCI (cm01.k~-') 

(%) 

1 Alfisol 2.9 44.0 7.9 6.8 16.3 3.8 0.36 0.30 
2 Oxisol 1.7 12.9 4.3 3.5 0.5 0.1 0.13 3.20 
3 lnce~tisol 2.1 8.1 5.1 4.4 0.8 0.2 0.11 3.30 

lnoculant application followed seed covering te- 
chnique, according to a technology developed by Fer- 
nández et al. (1 996) using a seedlinoculant ratio 1011. 

The ECOMIC strains used were donated by the 
Soil Ecology Lab, from the lnstitute of Ecology and 
Systematics (CITMA). This material is listed as follows: 
ECOMIC 1 : Glomus fasciculatum (lhaxter sensus Ger- 
denman). Gerdenman & Trappe 

ECOMIC 2: Glomus mosseae (Nicolson & Gerdenman). 
Gerdenman & Trappe 
ECOMIC 3: Glomus manihotis (Howeler, Sieverding & 
Shenck). 

The following parameters, were evaluated: tiller 
number and agricultural yield; in addition, yield incre- 
ment was calculated according to the commercial con- 
trol (100% chemical fertilization). 

Concerning fungal parameters, fresh rice rootlets 
were collected at grain ripening time and stained follo- 
wing the method of Phillips and Hayman (1970). The 
infection percentage was calculated through the inter- 
sect method (Gridline developed by Giovanetti and 
Mosse (1980), besides calculating root fungal density 
(RFD) according to Fernández et al. (1 992). 

On the other hand, correlations were calculated 
between different fungal parameters and the agricultural 
yied recorded by each fungal application and nonino- 
culated treatments. 

Experimental results were statistically processed 
according to the corresponding Variance Analysis; 
means of each treatment were compared through Dun- 
can's Multiple Range Test, whenever necessary. 

RESULTS AND DlSCUSSlON 
Rice tiller production and agricultura1 yield There were 
significant differences among treatments of each expe- 
riment studied, as shown in Table 11, except tiller pro- 
duction in the third experiment. The highest values of 
both parameters measured were recorded when ap- 
plying the biofertilizer. 

Table II. Effect of mycorrizal fungi (AMF) and 
fertilizerdoses (%F) on tiller number (Tn) 
and agric~.ltural yield (Y) in different 
experiments - (E) -- 

% F AMF E 

1 2 3 
Tn Y Tn Y Tn Y 

(tha") (t.ha-l) (t. ha") 

1 3.87 f 3.90 f 4.00 e 4.41 f 
2 4 . 9 0 ~  3.25g 2.10f 2.88i 

O 3 4.01 e 4.39f 
C 3.80f 2.87h 1.17f 2.90i 1.90 2.12e 

1 : Glornus fasciculaturn 
2: Glornus rnosseae 
3: Glornus rnanihotis 
C: Control 



If each experiment is separatdy analyzed, two 
groups of soil conditions are observed: the first one 
(Experiment 1) with a neutral-alkaline soil and, in gene- 
ral, good fertility conditions whereas the other one (ex- 
periments 2 aná 3) in acid soils with very bad fertility 
(Table 1). 

In the first case, there was ever a good crop 
response to ECOMlC application, high yield and notabie 
tiller number as fertilizer dosage increased (100 %). The 
highest values were recorded at the top fertilization dose 
(1 00 %) (Figure 1). 

Yleld Increment ($6) 
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Figure 1. Yield increments. Experiment 1 

39 

28 

In experiments 2 and 3, although the answer to rice 
production wasvery similarto the one obtained by strain 
1 in acid soils, a completely different performance was 
reported by Glomus mosseae (2). In this trial, soil che- 
mical properties were not appropriateforthe right fungal 
performance of strain 2, as it will be further seen. This 
result is consistent with those obtained by Barea et al. 
(1991), who stated this kind of microorganism works in 
soils having a neutral to alkaline pH; thus, infectivity 
potentially decreases under acidity conditions, proving 
a reduced strain answer to inoculation. 

Again, it is interesting to remark the progressive 
answer recorded as chemical fertilization rates increa- 
sed in each strain studied (except 2 on account of the 
reasons given above), indicating that up to 50 % full 
chemical fertilizer is saved with higher increments than 
the production control of 11 and 22 % (1 and 3) respec- 
tively; just the single use of a full fertilization pattern and 
inoculation would then yield up to 50 % increments by 
Glomus fasciculatum (1) (Figure 2 and 3). 

Undoubtedly, treatments with better performan- 
ces were those with Glomus fasciculatum, they showing 
a steady answer in the three kinds of soils studied, giving 
evidence of a wide-spectrum strain potentiality. This 
type of VAM is characterized by working under different 
conditions of pH and soil fertility, mostly due to its 
competitive ability as a key strain from Glomus genus 
(Barros, 1987; Herrera et al., 1993). 
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Figure 2. Yield increments. Experiment 2 
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Figure 3. Yield increments. Experiment 3 

-9 

22 
11 

However, a third ECOMIC strain (Glomus maniho- 
tis) was studied and reported as efective for slightly acid 
soils (Barros, 1987 and Fernández er al., 1992). This 
time, the result was similar to that obtained by Glomus 
fasciculatum but yields were lower; therefore, it was no 
longer applied in experiment 3. 
Fungal parameters 

When appreciatinc, the fungal parameters recor- 
ded in different trials (Ttable III), it can be observed that 
in alrnost al1 treatments there was evidence of AM infec- 
tion, as much in the inoculated treatment as in the 
control one without inoculation; there were significant 
differences among the variants studiecr in each experi- 
ment. 

lnteresting infection values were obtained in each 
experiment. Concerning Experiment 1, the two ECOMlC 
species used had qitite similar infectiori values in each 



dose applied and the highest values were observed in 
those treatments having 50 and 75 % of the doses, 
respectively; a signignificant reduction was observed 
when applying 100 % fertilizers. 

Table 111. Root infection percentage (RIP) and visual 
density (VD) found in different experi- 
ments 

% F AMF E 

1 2 3 
RIP VD RIP VD RIP VD 
(%) (%) (%) (9') 4 (%) 

1 29.2 c 2.1 d 29.5 a 3.6 b 
2 2 9 . 0 ~  2.1d 8.4g 0.6e 

O 3 2 4 . 3 ~  2 . 0 ~  
C 18.7e 1.4e 15.0e 1.4d 1 9 . 6 ~  1 . 8 ~  

AMF: VAM fungi 
1 : Glomus lasciculatum 
2: Glomusmossew 
3: Glomus manihotis 
C: control 
% F: chemical fertilization dosis 
Meansfollowed by the same letter within a column are not 
significantly different at p <0.05 

This behavior is also evident in noninoculated 
treatments; however, in general, rice infective values are 
relatively low, taking into account how infection behaves 
in other Poaceas species such as: sorghum, corn, su- 
garcane and Brachiaria (Raju et al., 1990). 

It is important to have in mind that al1 experiments 
were carried out under flooding conditions with a small 
water layer 20 days after inoculation, which implies that 
infection was developed under microaerophilic condi- 
tions, leading the fungus to diminish its invasive capa- 
city. 

However, when analyzing visual density percent- 
age (VD), there was an inverse response to that obtai- 
ned with infection percentage, its values increasing as 
fertilization levels increased. It means that nutrient trans- 
locating efficiency improves proportionally with more 
fungal components in the inner root parts, which is in 
agreement with the agricultural yields obtained at the 
best treatments; similar results were reported by Strullu 
eral. (1991). 

On the other hand, infection percentages are rela- 
tively lower under natural conditions, it showing a more 
deficient native behaviour, which could be better appre- 
ciated when analyzing visual density percentages, as 
they tended to disminish contrarily to inoculated treat- 
ments. 

Seemingly, within the agricultural ecosystems 
subjected to successive applications of fertilizers for a 
long time, biodiversity tends to decrease and VAM spe- 
ciesl adapted to these conditions are not only very 
ineffective but also have a high parasitic potential (He- 
rrera et al., 1988). 

Concernig the second experiment, the behavior of 
strains 1 and 3 was similar to that of the previous one; 
nevertheless, ECOMIC 2 (Glomus mosseae) had a si- 
milar performance to noninoculated treatments, maybe 
because soil conditions are not so appropriate for this 
infection, recording very low values and density levels, 
which is very similar to native VAM. 

When analyzing the third experiment, credits were 
given to the quality of ECOMIC 1, dueto its nice perfor- 
mance in production and sustainable yield compared to 
2, which is not recommended for acid soils and the 3, 
although having good characteristics, it is quite similar 
to 1 but it does not yield higher effects. 

After analyzing the correlation between visual den- 
sity and agricultural yield (Figure 4), it can be apprecia- 
ted that wherever there is specificity between the soils 
and strain applied, the correlation is very positive; ne- 
vertheless, it is opposite in case of native strains and 
Glomus mosseae, on account of the reasons previously 
stated. 

Coefficient of correlation (r) 

-1.5 lz 
G.fas G.rnan G.mos 1 Gmos 2 C.nat 

0.65 1 0.99 1 0.69 1 -0.22 ( -0.95 -- 
Arbuscular rnycorrhizal fungi 

Figure 4. Some coefficients of correlation calculated 
by levels and ECOMIC strains , 

As a conclusion, it can be seen that ECOMIC 1 b 

(Glomus fasciculatum) does have a wide spectrum of 
infection, contrarily to Glomus mosseae (2) which had 
a good performance in neutral-alkaline soils but a bad 
performance in acid soils. ECOMIC 3 has a good beha- 
vior, however, it is not recommended for alkaline soils 
(Sieverding and Gálvez, 1988). 
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