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Abstract

We evaluated the effect of two rhizobacteria (Azotobacter chroococcum and Azospi-

rillum brasilense) and a commercial product containing multiple strains of arbuscular

mycorrhizal fungi (AMF) and an NPK fertiliser on the growth and yield of habanero

chilli (Capsicum chinense Jacquin). All treatments were applied as single or combined

inoculants, under nursery and field conditions, in a completely randomised design. The

biofertilisers were applied to the roots by coating or dipping, with the inoculants in a

solid or liquid support, respectively. At 30 days after inoculation, populations of 2.5×106

to 1.3×106 cfu g soil−1 of A. brasilense and 10.3×105 to 2.6×105 of A. chroococcum

were detected in the rhizosphere of the crop. The prevalence of colonisation of plants

inoculated with AMF ranged from 35 to 57%, with the greatest values recorded for the

treatment involving single biofertilisation by root coating. In the nursery phase, single

biofertilisation promoted a higher growth and nutrient content in the crop than combined

biofertilisation. However, in the field phase the combined biofertilisation increased the

nutrient content of the plant leaves, which was significantly greater than observed in

the NPK treatment.

The highest yields were recorded for the treatments involving a single inoculation of A.

chroococcum and for those with the multi-strain of AMF, with average values of 2.5 and

2.3 kg plant−1 respectively, compared with 1.0 kg plant−1 obtained with the treatment

in which NPK fertiliser was applied.

Keywords: Biofertiliser, Azospirillum brasilense, Azotobacter chroococcum, PGPR, root

coating

1 Introduction

Mexico has the greatest genetic diversity of chillies and peppers (Capsicum spp.), and

occupies second place in terms of world production. However, yields are generally very

low with a mean of 13.7 t ha−1. In spite of this, Capsicum spp. represents one of the

main horticultural exports of Mexico (FAOSTAT, 2005). In organic farming systems,
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the use of organic fertiliser and microbial inoculants or biofertiliser represents a sustain-

able alternative to high inputs of chemical fertilisers used in the conventional production

systems (Kennedy et al., 2004).

Among the microorganisms that have been used as biofertilisers there is a group of

bacteria known as plant growth promoting rhizobacteria (PGPR) and arbuscular mycor-

rhizal fungi (AMF), that have been recognized for their potential use in agriculture and

horticulture (Azcon, 2000; Lucy et al., 2004). The mechanisms by which PGPR pro-

mote plant growth are diverse, and often the beneficial effect is due to a combination of

mechanisms (Bashan et al., 2004). Nitrogen fixation, the solubilisation of phosphorous

in the rhizosphere and the production of phytohormones, enhance plant growth directly.

In mycorrhizal associations, plants supply carbohydrates to fungi, while fungi improve

plant nutrition by increasing the absorption and translocation of nutrients, principally

P, as well as N, K, Cu, Zn and Mg (Linderman, 1992).

The techniques that exist for the application of biofertilisers include seed coating (Terry

et al., 2002), which reduces production costs by using lower volumes of inoculants

(Taylor and Harman, 1990). In the case of crops that require transplantation, such

as the habanero chilli, one inoculation technique consists in dipping the roots of seedlings

in a mixture of solid biofertiliser and water immediately before transplantation (Bashan,

1998).

In the present study we examined the effect of different methods of inoculation on the

development of populations of Azospirillum brasilense and Azotobacter chroococcum,

as well as micorrhizal colonisation in Capsicum chinense Jacquin. Additionally, we

studied the effects of these treatments on growth and yield of C. chinense under tropical

conditions.

2 Materials and Methods

2.1 Microbiological and plant material

Pure strains of A. chroococcum and A. brasilense were used in the experiments. These

were isolated by the Instituto de Investigaciones Fundamentales en Agricultura Tropical

(INIFAT), La Habana, Cuba, and reproduced in laboratory cultures. The MICORRIZA

(NOCON S.A. de C.V.) product was used for the mycorrhizal inoculants, which is a

low cost and commercially available product in Tabasco State, Mexico. This contains

multi-strain arbuscular mycorrhizal fungi at a concentration of 5×106 spores ml−1. The

habanero chilli seedlings (Capsicum chinense Jacquin) were obtained from seeds com-

mercialized by SEMINIS S.A. de C.V., Mexico. Habanero chilli seedlings of 45 d old

were used in the nursery and field experiments.

2.2 Characterization of the soil

The soil used in the experiments was a loamy eutric Fluvisol according to FAO /

UNESCO’s classification, with 26% clay, 36% silt and 38% sand, an apparent density

of 1.3 g cm−3, pH(H2O) value of 6.7, organic matter content 1.6%, total N content of

0.1 g 100 g dry soil−1, P(Olsen) content of 12.2 mg kg−1, K content of 0.9 cmol kg−1,
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Ca of 12.5 cmol kg−1, Mg of 6.4 cmol kg−1 and a cation exchange capacity (CEC) of

24.3 cmol kg−1 (ammonium acetate 1N, pH 7). This type of soil is common in Tabasco

State.

2.3 Preparation of biofertilisers

In the case of the liquid biofertilisers, A. chroococcum was cultured in liquid Ashby

medium enriched with NH4NO3 (3 g l−1) and yeast extract (0.1 g l−1), whereas A.

brasilense was grown in a nutrient broth (Bioxon). Both were incubated at 30°C with

orbital agitation (150 rpm) for 60 hours in the case of A. chroococcum and 48 hours

in the case of A. brasilense, to obtain a concentration of 1×109 colony forming units

(cfu) ml−1. The solid biofertilisers (A. chroococcum, A. brasilense and AMF) were

prepared from the liquid biofertilisers using a substrate of dry sugarcane press mud

with a particle diameter of 1 mm, sterilized at 1.2 atm for 1 hour. Every kilogram of

substrate was inoculated with 500 ml of the liquid inoculants. The inoculated solid

substrates were incubated at 30°C for 10 days. The concentration of A. brasilense and

A. chroococcum in solid supports was 1×1010 cfu g−1 which was verified by the dilution

plate count method. Agar Ashby medium was used for A. chroococcum and agar Congo

red medium was used for A. brasilense.

2.4 Experimental design in the nursery

The nursery experiment was carried out in October 2005 in Tabasco, Mexico. Temper-

ature ranged from 25 to 30°C during the experimental period. In this experiment we

evaluated the effect of the different application methods (dipping and root coating in

single or combined form) on rhizobacteria populations and micorrhizal colonisation as

well as plant growth and leaf nutrient content. A completely randomised experiment

was designed with 12 treatments and 5 repetitions (Table 1). Chilli plants were planted

in seedling trays (150 individual cells). When plants had grown to the desired size they

were individually inoculated with the treatments described in Table 1. Immediately af-

ter inoculation seedlings were individually transplanted to pots filled with 500 g of a

substrate (soil: manure 1:1, previously sieved at 2 mm and sterilized twice at 1.5 atm

for 30 min). The seedlings were watered daily with water to maintain the moisture

at approximately 60% water holding capacity of the soil and maintained under nursery

conditions during 30 days.

The single coating treatments (AbS, AcS, AMFS) involved a 1:10 mixture of 10 g of

biofertiliser and 90 ml of adherent (2 % w/v starch), whereas in the combined treat-

ments (AbS+AMFS, AcS+AMFS) the mixture contained 10 g per inoculant and 180 ml

of adherent. The root balls of seedlings were coated with the mixtures of the differ-

ent treatments and allowed to dry in the shade for 10 min. In the treatments where

non-combined biofertilisers were applied by dipping (AbL, AcL, AMFL), the roots were

submerged in their corresponding bacterial or AMF inoculants for five minutes. A 1:1

(v/v) mixture of each of the inoculants was previously prepared for the combined treat-

ments applied by dipping roots (AbL+AML, AcL+AMFL). Afterwards, the complete

root ball of the seedling was submerged for 5 minutes in the inoculant preparation and
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Table 1: Experimental treatments

Treatments Description Support Application method

AbS A. brasilense solid root coating

AbL A. brasilense liquid root dipping

AcS A. chroococcum solid root coating

AcL A. chroococcum liquid root dipping

AMFS Arbuscular mycorrhizal fungi solid root coating

AMFL Arbuscular mycorrhizal fungi liquid root dipping

AbS+AMFS A. brasilense+Arbuscular mycorrh. fungi solid root coating

AbL + AMFL A. brasilense+Arbuscular mycorrh. fungi liquid root dipping

AcS + AMFS A. chroococcum+Arbuscular mycorrh. fungi solid root coating

AcL + AMFL A. chroococcum+Arbuscular mycorrh. fungi liquid root dipping

Control — — —

Chemical Fertiliser N:P:K (25:10:30 g plant−1) — soil application

allowed to dry in the shade for 10 min. For the NPK treatment a dose of 25:10:30 g

plant−1 was applied directly to the substrate, adding all the P and K but only half of

the N. The other half of N was added at the moment of transplantation in the field.

Samples of 10 g of rhizospheric soil per plant were collected 30 days after inoculation to

determine the rhizobacterial population. Soil samples were suspended in 90 ml sterile

distilled water and shaken for 30 min at 150 rpm. Immediately after shaking, each sus-

pension was serially diluted by pipetting 1 ml aliquots into 9 ml sterile water, to obtain

a final dilution of 10-5 fold. A 0.1 ml volume of each dilution of the series was plated

on Petri dishes with agar Congo red medium for the A. brasilense treatment, whereas

Burk’s N-free medium was used for A. chroococcum treatments. Three replicate dishes

were prepared for each dilution. Agar plates were incubated at 30°C for 48-96 hours.

After incubation, the number of colony forming units (cfu) g−1 of soil was determined

by the pour plate method. Rhizobacteria were identified considering cellular and colony

morphology, and by Gram staining (Holt, 2000, Bergey’s Manual). Mycorrhizal colo-

nization of roots in terms of percent infection was measured according to the method

of Phillips and Hayman (1970).

2.5 Experimental design in the field

A group of 60 chilli plants were prepared in the same way as described for the nursery

experiment. Chilli plants were transplanted to a biointensive tropical organic garden

(soil characteristics as described in the nursery experiments). The plants were planted

at a distance of 0.8 m between each other in a completely randomised design with 12

treatments and 5 repetitions (n= 5 plants). Plant growth and nutrient content were

evaluated in leaves collected at 80 days after planting i.e. 110 after inoculation. The

plants were harvested at 8 months after sowing and the yield was determined according

to the fresh weight of the chilli fruits.
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2.6 Evaluation of the growth and nutrient content of chilli plants

In the nursery experiment, the plant height (cm), number of leaves, fresh biomass and

nutrient content were evaluated 30 days after inoculation or fertilisation. For nutrient

analyses, the N content was determined by semi-micro Kjeldahl procedure (Bremmer,

1965). Total P and K content were determined by HNO3 − HClO4 treatment and

were measured by vanadomolybdate spectrophotometry and flame atomic-absorption

spectrometry, respectively. In the field phase, the height (cm), number of branches and

stem diameter at the base of the plant (cm), were evaluated 110 days after sowing.

The leaves samples were collected from each plant during flowering to determinate the

total nutrient content (N, P and K) using methods mentioned above. The fruits were

harvested after 200 days.

2.7 Statistical analysis

Results were then subjected to a one way ANOVA, and means were compared by Dun-

can’s multiple range Test (p<0.05). In the case of non normaly distribution data, an

angular transformation (for the mycorrhizal colonisation data) and a logarithmic trans-

formation were applied (for the rhizobacterial population). All analyses were performed

using STATISTICA version 6.0 Software.

3 Results and Discussion

3.1 Rhizobacteria and mycorrhizal colonisation

The populations of both rhizobacteria decreased after inoculation during the period of

the experiments. According to Barea and Azcón-Aguilar (1982), the decrease in

the population of bacteria after inoculation may be related to difficulties in adapting

to their new environment. However, the root exudates play a significant role in the

growth of microorganisms (Narula et al., 2005). This exudation is reduced after 60 d

past planting and much of the plant’s energy reserves are channeled towards fruit/seed

formation, thus causing an exponential decline in the survival of introduced bacteria.

The population of A. brasiliense found in the rhizosphere of habanero chilli ranged

from 1.3×106 to 2.4×106 cfu g−1 soil and was significantly greater (p¡0.05) than that

determined for A. chroococcum with values of 6.8×105 to 1.0×106 cfu g−1 soil (Table

2). Root coating and dipping, either single or combined inoculation did not significantly

affect the population of either rhizobacteria species.

Soil microorganisms influence AM fungal development and the establishment of sym-

biosis but no clear pattern of response has been found. Negative impacts upon the AM

fungi include a reduction in spore germination and hyphal length in the extrametrical

stage, decreased root colonisation and a decline in the metabolic activity of the inter-

nal mycelium (Wyss et al., 1992). According to our results, the highest incidence of

mycorrhizal colonisation (57.3%) was observed in the treatment AMFS involving single

biofertilisation by root coating (Table 2). The combined inoculation of rhizobacteria

and AMF resulted in a lower colonisation in comparison with the treatments with AMF

as the single inoculants (Table 2). These results differ from those of Fitter and Gar-

baye (1994) who reported that rhizobacteria increased the capacity of AMF to colonise
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the roots of plants. However, according to Gianinazzi-Pearson (1982), free-living

bacteria such Azotobacter and Azospirillum spp. can increase microbial populations in

the rhizosphere of mycorrhizal plants.

Table 2: Population of rhizobacteria and mycorrhizal colonisation in Capsicum chinense
Jacquin 30 days after inoculation in the different treatments under nursery
conditions.

Treatments Rhizobacterial population (cfu g soil−1) Mycorrhizal colonisation (%)

AbS 1.3×106 a nd

AbL 2.5×106 a nd

AcS 7.0×105 bc nd

AcL 6.8×105 bc nd

AMFS nd 57.3 a

AMFL nd 47.3 b

AbS + AMFS 1.5×106 a 42.0 bc

AbL + AMFL 1.5×106 a 41.0 cd

AcS + AMFS 10.3×105 b 35.3 de

AcL + AMFL 2.6×105 c 37.0 cde

Control nd nd

NPK nd nd

Means followed by different letters are significantly different based on Duncan’s multiple range
test (p < 0.05), a > b > c. nd= not determined. cfu= colony forming units. Treatment codes
are given in Table 1.

3.2 Effect of the treatments on the growth and nutrition of chilli plants:
nursery experiment

The treatment AbS resulted in a significantly positive effect on the height of the plants

(Table 3), in comparison with AcS, AbL+AMFL, AcS+AMFS, AcL+AMFL and the Con-

trol. No significant differences occurred among the other treatments. The highest fresh

biomass and number of leaves were also observed in the AbS treatment, and this was sig-

nificantly different from AcS, AcL, AbS+AMFS, AbL+AMFL, AcS+AMFS, AcL+AMFL

and the Control (p<0.05). No synergistic effects that might favour the growth of the

crop were observed in the treatments involving combinations of biofertilisers (Table 3).

Several studies have reported increases in growth and development for crops such as

tomato, coriander, pepper and lettuce after inoculation with Azotobacter and Azospiril-

lum (Terry et al., 2002; Bashan et al., 2004). However, the roots of pepper normally

form symbiotic associations with AMF (Mena-Violante et al., 2006), and the poten-

tial for AMF to increase plant growth under conditions of low soil P content has been

well documented (Linderman, 1992). In contrast, some Glomus isolates have been

shown to stimulate plant growth independent of plant P nutrition or when P is not

limiting (Davies Jr. et al., 1993).
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Table 3: Growth and nutrient content (Total N, P, K) in plant tissue of Capsicum
chinense Jacquin at 30 days post-inoculation in the nursery experiment.

Growth parameters Nutrient content (%)

Treatments Number Leaves Height (cm) Fresh weight (g) NTotal P K

AbS 28.0 a 27.72 a 12.55 a 4.32 a 0.53 b 1.43 e

AbL 19.2 cde 26.38 ab 10.81 ab 4.18 ab 0.58 a 1.44 e

AcS 26.2 ab 22.96 bcd 8.41 bcd 3.78 ef 0.44 d 1.56 de

AcL 18.8 cde 25.08 abcd 9.25 bcd 3.75 ef 0.41 e 1.85 c

AMFS 19.2 cde 24.96 abcd 10.01 abcd 4.07 bc 0.56 a 1.61 d

AMFL 20.8 cd 26.08 abc 10.57 abc 4.00 cd 0.50 c 1.61 d

AbS + AMFS 26.0 b 24.26 abcd 8.83 bcd 3.68 f 0.41 e 1.80 c

AbL + AMFL 19.8 cde 21.20 d 7.19 d 3.73 ef 0.38 f 2.16 b

AcS + AMFS 27.0 ab 21.86 cd 9.09 bcd 3.88 de 0.37 f 2.15 b

AcL + AMFL 20.8 cd 21.56 d 7.70 cd 3.78 ef 0.43 cd 1.92 c

Control 18.0 e 20.96 d 7.59 cd 3.61 f 0.37 d 1.45 e

NPK 18.8 cde 24.94 abcd 10.58 abc 4.13 bc 0.52 bc 2.44 a

Means followed by different letters are significantly different based on Duncan’s multiple range
test (p < 0.05), a > b > c. Treatment codes are given in Table 1.

Previous studies have reported that the combined application of PGPR and AMF in-

creased growth and development in inoculated plants (Bashan et al., 2004). In our

study, the greatest response in C. chinense was obtained when the biofertilisers were

applied as single inoculants. The incipient effect on the growth of the plants with the

combination of rhizobacteria and mycorrhiza may be related to the competition of each

symbionts for carbonated compounds, a situation in which the host plant must both

satisfy its physiological requirements and provide energy to the symbiont microorganisms

(Azcon, 2000).

Significantly higher N content in plant tissue of C. chinense was observed in the treat-

ments AbS (4.3%) and AbL (4.2%). The P content of plant tissue was significantly

higher in treatments AbL (0.58%) and AMFS (0.56%), than the others. The NPK

treatment resulted in the highest K content (2.44%), (Table 3). The increase in the

nutrient content of plants inoculated with PGPR is mainly due to the changes produced

in the morphology of the roots by the phyto-hormones that are synthesized by many

rhizobacteria and that result in an increase in root surface area (Bashan et al., 2004).

However, PGPR may also enhance mineral uptake, not only as a consequence of the

increase in root surface area but also by stimulating proton efflux activity (Bashan,

1990). (Murty and Ladha, 1988) showed that Azospirillum inoculation increased P

and NH+
4 uptake by rice plants, although, whether this was a result of increased nutrient

mobilization, or a secondary effect of improved root growth, was not demonstrated. Ad-

ditionally, the roots that are colonized by mycorrhizal fungi use the extraradical mycelium

to explore a greater volume of soil, and translocate nutrients from the soil to the plant

more efficiently, resulting in improved plant nutrition (Linderman, 1992).
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3.3 Effect of the treatments on the growth and nutrition of chilli plant: field
experiment

Under field conditions the plant response to biofertiliser inoculation may be influenced

by factors such as soil parameters, climatic conditions and other microbial interactions

(Lucy et al., 2004). Moreover, in unsterilized field soil conditions competition may occur

between introduced and native microbial populations. In this study, the maximum plant

growth values in the field occurred when the biofertilisers were applied singly (Table

4). The treatments that significantly stimulated the height of the plants were AMF

by root coating or dipping (AMFS and AMFL) and A. chroococcum by root coating

(AcS). Additionally, treatments AcS and AMFL resulted in stem diameter values that

were significantly high than observed in other treatments (p < 0.05). The number of

branches was significantly greater in the AMFs treatment than the Control (p < 0.05)

but did not differ significantly with respect to the other treatments.

Table 4: Growth and nutrient content (Total N, P, K) in plant tissue of Capsicum
chinense Jacquin at 30 days post-inoculation in the nursery experiment.

Growth parameters Nutrient content (%)

Treatments Height (cm)
Stem diameter

(cm)
Number of
branches

NTotal P K

AbS 29.40 bcd 0.47 f 6.4 a 3.50 e 0.50 a 2.42 a

AbL 33.60 bc 1.27 bc 6.6 a 3.65 d 0.32 f 1.77 c

AcS 42.20 a 1.50 ab 7.6 a 2.79 h 0.36 e 1.12 f

AcL 34.20 b 1.20 bcd 7.8 a 3.24 f 0.33 f 1.39 de

AMS 45.80 a 1.27 bc 8.0 a 3.00 g 0.21 h 1.34 ef

AML 42.80 a 1.73 a 7.4 a 3.04 g 0.35 ef 1.84 c

AbS + AMS 30.20 bcd 0.90 de 7.0 a 4.35 a 0.40 d 1.62 cd

AbL + AML 27.00 cd 0.70 ef 5.4 ab 4.02 c 0.49 ab 2.11 b

AcS + AMS 26.80 cd 0.70 ef 5.2 ab 4.17 b 0.47 b 2.23 ab

AcL + AML 25.80 d 1.10 cd 7.8 a 4.38 a 0.43 c 1.73 c

Control 25.20 d 0.43 f 3.3 b 2.80 h 0.23 gh 1.26 ef

NPK 27.80 bcd 1.03 cde 6.8 a 2.94 g 0.25 g 1.43 de

Means followed by different letters are significantly different based on Duncan’s multiple range
test (p < 0.05), a > b > c. nd= not determined. cfu= colony forming units. Treatment codes
are given in Table 1.

The combined inoculation with rhizobacteria and AMF seem to be the most effective

treatment to improve N uptake. The leaf analysis of plants (Table 4) showed a greater

N content with treatments AcL+AMFL and Abs+AMFs with 4.3% for both treatments,

and this was significantly greater than observed in the other treatments (p < 0.05).

Generally, Azotobacter does not form intimate metabolic associations with the host

plant and they therefore have a limited supply of carbon to provide energy for nitrogen

fixation (Hubbell and Gaskins, 1984). Spores of mycorrhizal fungi seem to provide

Azotobacter with an operational base in the vicinity of roots and a supply of carbon

that increases the efficiency of both mycorrhizae and Azotobacter. In the case of P and
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K, the AbS treatment resulted in the highest content (0.5% and 2.4%, respectively) and

this was significantly greater than observed in treatments AbL, AcS, AcL, AMFS, AMFL,

AbS+AMFS, AcL+AMFL, Control and NPK (p < 0.05).

3.4 Effect of the treatments on the yield of chilli plants

The use of PGPR to increase crop yield has been limited due the variability and incon-

sistency of results between laboratory, greenhouse and field studies. The application of

biofertilisers had a positive effect on the yield of chilli fruits. The maximum values were

recorded for treatments AcS with 2.5 kg plant−1 (25 t ha−1) and AMFS with 2.3 kg

plant−1 (23 t ha−1), compared with 1.0 kg plant−1 (10 t ha−1) that was obtained with

the NPK treatment and 0.8 kg plant−1 (8 t ha−1) obtained in the Control treatment

(Figure 1). Treatments that used combinations of biofertilisers resulted in significantly

lower yields than those that were applied as single inoculants. It is also important to

point out that the yield obtained was significantly greater with the treatments applied

in solid supports compared with those applied in liquid supports.

Figure 1: Effect of the different treatments on the yield of Capsicum chinense Jacquin.
Means followed by different letters are significantly different based on Dun-
can’s multirange Test (p < 0.05), a > b > c. Errors bars = standard error of
mean (n= 5).
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In this study, Azotobacter in solid support (AcS) resulted in increases in plant height,

the stem diameter and the yield but not in the nutrition of habanero chilli. These results

suggest that plant responses to these bacteria could be associated with plant growth

hormones, rather than the results of nitrogen fixation and phosphate solubilisation.

Dobbelaere et al. (2002) also found that A. brasilense and A. irakense strains stim-

ulated overall plant growth, including root development and increased yield of spring

wheat and maize. However, neither rhizobacteria species affected the N content of
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plants or grains. The effect of AMF on Capsicum annuum L. plants has been studied,

in some detail with records of positive effects on growth, development, yield and some

parameters of fruit quality such as size, colour and pigment content (Aguilera-Gómez

et al., 1999; Mena-Violante et al., 2006).

4 Conclusion

The application of biofertilisers to C. chinense plants had a positive effect on the growth

and nutrition of the crop with respect to the control and the NPK fertiliser treatment.

The application of a root coating technique did not modify the concentration of the

population of rhizobacteria or mycorrhizal fungi in the rhizosphere of C. chinense, but,

this technique resulted in greater yields than the application of biofertilisers by root

immersion. Biofertilisation with Azotobacter chroococcum and arbuscular mycorrhizal

fungi applied as single inoculants in solid supports and by root coating provided the

highest crop yields that even exceeded that of the NPK treatment. It is possible there-

fore, to obtain good yields with the application of biofertilisers under tropical conditions

similar to those established in this study.
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S., Gónzalez-Castañeda, J., Davies Jr., F. T. and Olalde-Portugal, V.;

Arbuscular mycorrhizal fungi enhance fruit growth and quality of chile ancho (Cap-

sicum annuum L. cv San Luis) plants exposed to drought; Mycorrhiza; 16:261–267;

2006.

Murty, M. G. and Ladha, J. K.; Influence of Azospirillum inoculation on the mineral

uptake and growth of rice under hydroponic conditions; Plant Soil ; 108:281–285;

1988.

Narula, N., Kumar, V., Singh, B., Bhatia, R. and Lakshminarayana, K.;

Impact of Biofertilizers on grain yield in spring wheat under varying fertility conditions

and wheat-cotton rotation; Archives of Agronomy and Soil Science; 51(1):79–89;

2005.

Phillips, I. M. and Hayman, D. S.; Improved procedure for clearing roots and stain-

ing parasitic and vesicular-arbuscular mycorrhizal fungi for rapid assessment of infec-

tion; Trans. Br. Mycol. Soc.; 55:158–161; 1970.

Taylor, A. and Harman, G. E.; Concepts and technologies of selected seed treat-

ments; Annual Review of Phytopathology ; 28:321–339; 1990.

Terry, E., Terán, Z., Mart́ınez-Viera, R. and Pino, M.; Biofertilizantes, una

alternativa promisoria para la producción hort́ıcola en orgánoponicos; Cultivos Tropi-

cales; 23(3):43–46; 2002.

179



Wyss, P., Boller, T. H. and Wiemken, A.; Testing the effect of biological control

agents on the formation of vesicular arbuscular mycorhiza; Plant Soil ; 147:159–162;

1992.

180



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


