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EFFECT OF THE FILTER CAKE, PHOSPHORIC ROCK
AND BIOFERTILIZER ADDITION TO THE SOIL
ON THE PHOSPHOROUS CONTENT AND SUGAR CANE

SEEDLINGS

Efecto de la adicion de cachaza, roca fosforica
y biofertilizantes en el suelo sobre el contenido de fosforo
y el desarrollo de plantulas de cafia de azucar

Lednides Castellanos Gonzalez™, Maikel Abreus Jiménez',
Cid Naudi Silva Campos?, Ramoén Rivera Espinosa?,

Inoel Fuentes Romero', Enrique Parets Selva’,

Renato de Mello Prado? and Margarita Romero’

ABSTRACT: The sugar cane crop has global importance
scale and it can be affected productively by the phosphorous
deficit. This work aims to evaluate the effect of filter cake,
phosphoric rock, and the Azotofo® and Ecomic®biofertilizer
addition to the soil on the phosphorous content and the
development of sugar cane seedlings CP 5243 variety.
The investigation was carried out in pots with a Luvisol
soil where two vitroplants of 60 days were planted. The
treatments were prepared in a completely randomized design
with three repetitions. Nine treatments were evaluated by the
addition to the soil of filter cake, phosphoric rock and the
biofertilizers in different combinations. The morphometric,
biological and agrochemical evaluations were carried out
60 days after planting. The obtained data were submitted
to variance analysis. The media were compared by Tukey’s
test using the statistical program ASISTAT. The simbiosis
of mycorrhizae with sugarcane seedlings was verified both
at treatments with Glomus cubense and in which was not
applied. The combination of filter cake and phosphoric rock
with the biofertilizers Ecomic® and Azotofos® increased the
number of buds in the sugar cane seedlings. The application
of filter cake+Ecomic®, filter cake+Azotofos®, phosphoric
rock+Ecomic®, phosphoric rock+Azotofos® and rock+ilter
caket+Ecomic® increases the soluble phosphorous in the
studied soil.

Key words: organic fertilizer, nutrition, Saccharum

RESUMEN. El cultivo de la cafia de azucar tiene importancia
a escala mundial y puede afectarse productivamente por el
déficit de fosforo. El objetivo del trabajo fue evaluar el
efecto de la adicion al suelo de cachaza, roca fosférica y
los biofertilizantes Azotofos® y Ecomic® sobre su contenido
de fosforo asimilable y el desarrollo de plantulas de cana
de azucar variedad CP 5243. La investigacion se condujo
en macetas con un suelo Luvisol, donde se plantaron dos
vitroplantas de 60 dias. Los tratamientos se dispusieron en
un disefio completamente aleatorizado con tres repeticiones.
Se evaluaron nueve tratamientos compuestos por la adicion
al suelo de cachaza, roca fosforica y los biofertilizantes en
diferentes combinaciones. Las evaluaciones morfométricas,
biologicas y agroquimicas se realizaron a los 60 dias después
de la plantacion. Los datos obtenidos fueron sometidos a un
analisis de varianza. Las medias fueron comparadas por el
test de Tukey utilizando el programa estadistico ASISTAT.
Se verifica la simbiosis de las micorrizas con las plantulas
de cafia de azucar, tanto en los tratamientos con Glomus
cubense como en los que no se aplic6. La combinacion de
cachaza y roca fosforica con los biofertilizantes Ecomic® y
Azotofo® incrementa el nimero de brotes en las plantulas
de cafa de azicar. La aplicacion de cachaza+Ecomic®,
cachazat+Azotofos®, roca fosféoricatEcomic®, roca
fosforicat+Azotofos® y roca+cachaza+Ecomic® incrementan
el fosforo soluble en el suelo estudiado.
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INTRODUCTION

Sugar cane is a crop that arouses interest
worldwide for its importance, not only for the production
of sugar and its derivatives, but the relationship with
one of the most accessible biotechnologies, for the
generation of clean energy to replace oil (1).

Phosphorus (P) is an essential element for all
living organisms (2). As an essential plant nutrient is
characterized by the high degree of interaction with
the soil and it is one of the most deficient for crops in
tropical soils, being critical in some countries like Brazil
(3) and in some sugarcane areas in Cuba (4).

This element has a decisive effect on the growth
and development of sugar cane, through its influence
on aspects such as sprouting, root development, stem
elongation, tillering and millable stalk population (2).

There are indications that the use of a source of
phosphate fertilizer mixed with organic compounds
results in increases in nutrient availability and microbial
activity in soil and increased plant growth (5-8). In
this sense, the use of filter cake (organic waste from
the sugar industry) can reduce the doses of mineral
fertilizer in sugarcane, increasing the availability of P
in soil (9-11). The benefits obtained from the use of
this compound can be attributed to increased activity
of microorganisms and enzymes that facilitate the
process of solubilization of P in the soil (11).

The filter cake can be used then to partially
substitute the mineral phosphate fertilization (1, 12),
but information on the use of natural phosphate effect,
associated with filter cake and microorganisms, the
availability of soil P and response the plant is still
insufficient.

The phosphorus solubilizing microorganisms have
great importance in soil microbiota, by having the
ability to break the link among phosphate groups and
compounds of organic or mineral origin. Many of the
phosphorus solubilizing bacteria are within the group
of promoting rhizobacteria plant growth. Particularly
Pseudomonas fluorescens has been widely reported
as solubilizing phosphor (13).

Although the results are contradictory as to the
use of solubilizing microorganisms phosphorus, some
authors report that their addition provides an increase
in the content of this element on the ground (14),
absorption by plants and productivity (15).

The direct application of ground natural phosphate
rocks as a source of phosphorus for crops is an
alternative to P fertilization in many tropical countries
(2). The addition of phosphorus solubilizing bacteria
phosphate rock is recommended as an alternative to
increase the solubilization of this element (16).

It is recognized that many species of plants
acquire nutrients through interactions established
with microorganisms living in the rhizosphere,
especially those who have been called symbionts,
such as Arbuscular mycorrhizal fungi (AMF) (17).
These microorganisms involved in the translocation
of nutrients in the soil, mainly phosphorus. There is a
great diversity of species of AMF in the soil and their
behavior is conditioned on the characteristics of this
or der substrates where they are and the culture that
is used (18). This group is among the most studied
biofertilizer microorganisms in Cuba and has some
results in sugar cane (19).

From this background the hypothesis that the filter
cake enriched with AMF and Azotofos® as well as the
addition of a natural phosphate source, can increase
the available soil P arises and therefore the absorption
of this element in cane sugar. Therefore, the objective
of this study was to evaluate the effect of adding to the
soil of filter cake, phosphate rock, and AMF Azotofos®
on the content of phosphorus in the soil and seedling
development of sugar cane.

MATERIALS AND METHODS

The research was conducted in the near areas to
the Faculty of Agricultural Sciences at the University of
Cienfuegos, in the period from September to December
2013.

3 kg pots were used with Alitic soil with clayey
low activity (20), corresponding to a Luvisol soil (21).
The soil was collected in a field previously cultivated
with sugar cane, the Sugar Company “Carlos Balifio”
Villa Clara province, Cuba, at a depth of 0 to 0,40 m.

Immediately after harvest, soil air dried, the
lumps were pulverized and sieved (mesh 4 mm).
Subsequently chemical analysis was performed to
assess fertility, presenting the following characteristics:
pH (KCI) = 5.5; organic matter = 5,4 %; P content in
soil =21 mg per 100 g of soil (Bray-2 method) (22).
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Nine treatments were evaluated:
. Control
. Soil + filter cake
. Soil + phosphate rock
. Soil + filter cake + Azotofos®
. Soil +filter cake + EcoMic®
. Soil + phosphate rock + Azotofos®
. Soil + phosphate rock + Ecomic®
. Soil + phosphate rock + filter cake + Azotofos®
. Soil + phosphate rock + filter cake + EcoMic®

O©CoONOOOPAWN-=-

The treatments were conducted in a completely
randomized design with three replications. The
experimental units (repeats) were constituted by the
pots. In all treatments was applied uniformly, nitrogen
(200mg dm3); as urea (46% N) and potassium (150 mg
dm?); in the form of potassium chloride (60 % K,0) (23).

Two vitroplants variety CP 5243, 60 days in each
pot, obtained from laboratory in vitro reproduction of the
Territorial Research Station of Sugarcane (ETHIC) in
Villa Clara were planted. The seedlings were watered
daily to 80 % of field capacity.

Phosphate rock was obtained from magmatic
apatite (powder grain size) of the site of Trinidad de
Guedes, Matanzas, Cuba; with a composition of 24 %
P,O, = total soluble P,O, and citric acid 2 % = 6,5 %.
It was applied at a rate of 0,175 g kg™ soil, equivalent
to 60 mg kg™ of P,O.,.

The filter cake decomposed 60 days old, obtained
from the Company Azucarera “Elpidio Gémez”,
whose chemical analysis (24) showed the following
characteristics, expressed in g kg' was used:
N =18; P=12,1; K=4,3; Ca =96,4; Mg = 10,2;
S = 3,4. Microbiological analysis showed 2,5 x 102
colony forming units (ufc) of phosphorus solubilizing
microorganisms per gram (12). The dose used was
25 t ha' dry basis (12,5 g soil dm?).

The mycorrhizal bioproduct used (EcoMic®) was
obtained from the National Institute of Agricultural
Sciences (INCA), based Glomus Cubense, with a
concentration of 29 spores per gram of soil, apply 10
g thereof per pot (5 g per vitroplant ), just below the
roots of each seedling.

The Azotofos® biofertilizer was obtained in
the laboratory Soil and Fertilizer in Barajagua and
contained 10® ufc of Azotobacter chroococcum and
Pseudomonas fluorescens per gram of substrate. The
byproduct was applied at 1 kg ha™'.

At 60 days the height, thickness and number of
children of each seedling was evaluated. In addition,
the concentration of P in soil, organic matter and pH
in each experimental unit was evaluated.

Fungal variables, frequency and intensity
mycorrhizal were determined at the end of the
experiment by trypan blue staining (24). At the roots
of each seedling was determined, the percentage
of colonization, visual density and weight of the
endophyte in INCA laboratory.

The data of the height, thickness, number of
children of the plants, the percentage of colonization in
roots, visual density, the weight of the endophyte, pH,
organic matter and phosphorus concentration in soil,
underwent to an analysis of variance. The means of
the variables were compared by Tukey’s test (P <0.05)
(25) using the ASISTAT (26) statistical program.

RESULTS AND DISCUSSION

The roots of cane seedlings showed mycorrhizal
infection in all treatments, highlighting the percentage
of colonization in those receiving filter cake + EcoMic®,
with statistical difference in relation to the single
fertilized with rock phosphate + Azotofos®, but did not
differ of control (Table I).

Table I. Variables of fungal infection (colonization,
visual density and endophyte weight)

Treatments Colonization ~ Visual Weight
in roots density of the
(%) endophyte
(mg)
1. Control 19,33ab 0,68ab 1,37 ab
2. Filter cake 14,00b 0,61ab 1,23 ab
3. Rock 15,66b 0,51ab 1,02 ab
4. Filter cake+Azotofos® 14,67b 0,29ab 0,59 ab
5. Filter cake+Ecomic® 26,33a 1,78a 3,73 a
6. Rock+Azotofos® 3,33¢ 0,04b 0,08 b
7. Rock+ Ecomic® 14,33b 0,68ab 1,36 ab
8.Rock+Filtercaket+Azotofos®  14,33b 0,61ab 1,23 ab
9. Roca+Filter cake+Ecomic®  19,00b 0,57ab 1,15ab
Standar error* 1,26 0,10 0,20
Coefficient of variation (%) 19,2 18,7 19,5

Letters in uneven rows for each column differ for P < 0.05

A Crespo, A. B. Efecto de micorrizas benéficas (Mycoral®) y cachaza,
en el peso de la cana y rendimiento neto de azucar, en la Comparnia
Azucarera Tres Valles, Honduras. Tesis de Grado, Escuela el Zamorano,
2006, Honduras, 43 p.
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The visual density and weight of endophyte
seedlings not increased no treatment, compared to
the control and statistical difference expressed only
between seedlings fertilized with filter cake + EcoMic®
and that received only phosphate rock + Azotofos®.
This confirms the presence of native strains of AMF on
the floor of Sugar Company “Carlos Balifio”.

Itis shown that the filter cake can be a key enabler
for the beneficial action of AMF substrate, although
the natives did not need this to infect, even in the
presence of phosphate rock, but was observed to
some extent, decreased symbiosis in the presence of
Azotofos®. Keep in mind that this biofertilizer consists
of bacteria of the species Azofobacter chroococcum
and Pseudomonas, on which is much debated whether
may have synergistic or antagonistic effects with other
microorganisms. In this regard, other authors point as
positive, Azotobacter chroococcum adding Bacillus
megatherium and AMF in guava (Psidium guajava
L.) (27).

The presence of AMF in sugarcane soils was also
studied by others, settling differences in colonization
in roots, among treatments where filter cake and AMF
were applied only?

For variables height and thickness of the plants
there was no difference among treatments tested
(Table II); however, the number of shoots of seedlings
sugar cane increased in relation to the control, for
the three treatments receiving EcoMic®, but also for
receiving phosphate rock + filter cake + Azotofos®.

Table Il. Height, thickness and shoots of sugarcane
vitroplants according to the treatments.
University of Cienfuegos/Cuba, 2013

Treatments Fizln%;)t thzrc:r?qe)ss (Sui:(;;;tij
1. Control 16,50 8,09 433 b
2. Filter cake 18,33 9,01 8,66 ab
3. Rock 19,25 9,42 7,83 ab
4. Filter cake +Azotofos® 19,33 8,29 8,33 ab
5. Filter cake +Ecomic® 19,17 8,99 10,00a
6. Rock+Azotofos® 19,75 8,06 9,33 ab
7. Rock+ Ecomic® 18,00 9,30 10,50 a
8. Rock+Filter cake +Azotofos®™ 19,50 8091 9,66 a
9. Roca+tFilter cake + Ecomic® 19,25 9,68 10,16 a

Standard Error * 0,40 ns

Coefficient of variation (%) 9,35 10,88 19,61

0,32 ns 0,21

* Letters in uneven rows for outbreaks differ for P<0.05
ns. No statistical significance

These results show, somehow, the efficiency of
the application of mycorrhizae and the Azotofos®, but
the latter biofertilizer only surpassed the withess when
applied in the presence of filter cake”.

Perhaps it requires longer follow up to experiments
or assessments under field conditions, to verify
the beneficial action of filter cake with EcoMic® or
Azotofos®; as compared to the benefit of the addition
of the filter cake to AMF, the criteria are shared. Some
researchers report that the filter cake substrate +
litonite produced a positive effect of Glomus manihotis
on plantlets of sugarcane in the adaptation phase
(28), while others, from tests in plant cane, do not
recommend mixing filter cake with AMF because the
latter do not show all their potential®.

The phosphorus content in the soil was influenced
by some treatments made to the sugar cane seedlings,
not the pH and organic matter (Table IlI).

Soluble P increases over control was presented
in treatments fertilized with filter cake + EcoMic®, filter
cake with Azotofos®,.EcoMic® + rock phosphate,
rock phosphate +Azotofos® and rock + filter cake +
EcoMic®.

Treatments with presence of filter cake, enriched
with mycorrhizae and Azotofos® also rock + EcoMic®,
with or without addition of phosphate rock, showing
that there are reserves of P in these soils, which can
be solubilized and depending on the plant stand cane
in different ways.

The soluble phosphorus in the soil increased in
all treatments in relation to their concentration, before
planting the plantlets, which manifested 21 mg per 100
grams of soil and minimum reached by the witness was
53,72 mg per 100 g of soil . This is explained in the
treatments that received phosphate rock, because it
provided 60 mg of P, O, per kg of soil and receiving filter
cake, because it had in its composition 12.1 g kg-1 of
P,O,. To this, it must add the filter cake was associated
with a population of 2,5 x 102 ufc of phosphorus
solubilizing microorganisms per gram.

Control only be explained this increase by
sufficient existence of fixed phosphorus, as referred to
above and native microflora (AMF that were observed
colonizing the roots and other bacteria, actinomycetes
and fungi) associated rhizosphere plants, under
specific conditions, produce organic acids in their
metabolism that release the P fixed.

A Crespo, A. B. Efecto de micorrizas benéficas (Mycoral®) y cachaza,
en el peso de la cana y rendimiento neto de azucar, en la Comparnia
Azucarera Tres Valles, Honduras. Tesis de Grado, Escuela el Zamorano,
2006, Honduras, 43 p.
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Table lll. Soluble content P (P205) in the soil, pH and organic matter content

Treatments Soluble P pH MO
(mg per 100 g of soil) (in water) (Gkgh)
1. Control 53,72 ¢ 7,6 0,58
2. Filter cake 66,29 abc 7,2 0,65
3. Rock 60,42 be 73 0,58
4. Filter cake +Azotofos® 9331 a 7,3 0,64
5. Filter cake +Ecomic® 91,66 a 7,2 0,63
6. Rock+Azotofos® 87,16 ab 7,2 0,63
7. Rock+ Ecomic® 9329a 7,3 0,65
8. Rock+Filter cake +Azotofos® 67,29 abc 7,5 0,59
9. Rock+Filter cake + Ecomic® 85,88 ab 7.4 ns 0,59 ns
Standard error* 5,11 0,03 ns 0,07 ns
Coefficient of variation (%) 12,60 2,22 4,62

*Uneven letters differ in columns for p<0,05
ns. No statistical significance

In other trials in maize (Zea mays L.), filter cake
increased the soluble P in soil, which was attributed
to the amount of this nutrient in the same (146 mg kg™
soil) and microbial mass associated (2,97 x 105 and
2,2 x 103 ufc of bacteria and fungi, respectively, per
gram of filter cake) (4).

These results are the first of their kind on a soil of
Sugar Company “Carlos Balifo”. show that there may
be alternatives to phosphate fertilization with some
variants addition of AMF or Azotofos® to the soil,
although they must be verified in field conditions as well
as to determine if there is or synergistic effect between
the phosphorus-solubilizing bacterium and the AMF as
other researchers have recommended (29).

Regarding phosphate rock, although soluble P
levels are low, it is not necessary to apply this sall,
as there are sufficient amounts of insoluble P in it,
but would need to follow tested in other areas of the
company.

With regard to the need to apply EcoMic®, it must
continue to deepen the study, as some researchers
suggest that native AMF certain environments, may
have a level of adaptability such that they can be more
effective than introduced species (30).

Other researchers point out that the species of
mycorrhizal fungi introduced under field conditions
may be more effective than native and encourage
the development of plants (31); however, the ground
studied, applied more solubilized native P.
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It requires further identification and level of AMF
inoculum in key cane areas of the Sugar Company
“Carlos Balifo” where waste from the sugar industry
are used, such as filter cake that might favor the
inoculum of arbuscular mycorrhizal fungi. It would
also be interesting to evaluate other AMF strains, to
determine their effectiveness in different soils that have
the Company.

CONCLUSIONS

¢ The presence of native mycorrhizae and the
association of these are shown and seedlings
inoculated with sugarcane.

The combination of filter cake and phosphate rock
with Azotofos® and EcoMic® biofertilizers increases
the number of outbreaks in sugarcane seedlings.
Applying filter cake + EcoMic®, filter cake +
Azotofos®, rock phosphate + EcoMic®, rock
phosphate + Azotofos® and rock + filter cake+
EcoMic® increase the soluble P in soil studied.

BIBLIOGRAPHY

1. de Almeida Junior, A. B.; do Nascimento, C. W.; Sobral,
M. F.; da Silva, F. B. y Gomes, W. A. “Fertilidade do solo
e absorgao de nutrientes em cana-de-agucar fertilizada
com torta de filtro”. Revista Brasileira de Engenharia
Agricola e Ambiental, vol. 15, no. 10, 2011, pp. 1004—
1013, ISSN 1415-4366.

Arzola, P. N. C.; Fundora, H. O. y de Mello, P. R. Manejo
de suelos para una agricultura sostenible [en linea]. Ed.
FCAV-Unesp, 2013, 509 p., ISBN 978-85-61848-11-8,
[Consultado: 7 de julio de 2016], Disponible en: <http://
www.funep.org.br/visualizar_livro.php?idlivro=2753>.



Lednides Castellanos Gonzalez, Maikel Abreus Jiménez, Cid Naudi Silva Campos /et al./

10.

1.

12.

Malavolta, E. Manual de Quimica Agricola: Adubos e
Adubacgéo [en linea]. Ed. Agronémica Ceres, 1981,
Sao Paulo, Brasil, 594 p., ISBN 978-85-318-0018-4,
[Consultado: 7 de julio de 2016], Disponible en: <http://
www.estantevirtual.com.br/b/e-malavolta/manual-de-
quimica-agricola-adubos-e-adubacao/2574894528>.
Castellanos, G. L.; de Melo, P. R.; Reyes, H. A.; Asis,
L.; Caione, G.; Rosato, M. L.; Parets, S. E. y Junior, de
A. H. “Efecto de la torta del filtro enriquecida con fosfato
natural y microorganismos en el suelo y planta en un
suelo oxisol”. Centro Agricola, vol. 40, no. 2, 2013, pp.
31-37, ISSN 0253-5785.

Jiang, X.; Wright, A. L.; Wang, X. y Liang, F. “Tillage-
induced changes in fungal and bacterial biomass
associated with soil aggregates: A long-term field study
in a subtropical rice soil in China”. Applied Soil Ecology,
vol. 48, no. 2, junio de 2011, pp. 168-173, ISSN 0929-
1393, DOI 10.1016/j.apsoil.2011.03.009.

Shrivastava, M.; Kale, S. P. y D’Souza, S. F. “Rock
phosphate enriched post-methanation bio-sludge from
kitchen waste based biogas plant as P source for
mungbean and its effect on rhizosphere phosphatase
activity”. European Journal of Soil Biology, vol. 47, no.
3, mayo de 2011, pp. 205-212, ISSN 1164-5563, DOI
10.1016/j.ejsobi.2011.02.002.

Zhang, Q. C.; Shamsi, I. H.; Xu, D. T.; Wang, G. H.; Lin,
X.Y.; Jilani, G.; Hussain, N. y Chaudhry, A. N. “Chemical
fertilizer and organic manure inputs in soil exhibit a vice
versa pattern of microbial community structure”. Applied
Soil Ecology, vol. 57, junio de 2012, pp. 1-8, ISSN 0929-
1393, DOI 10.1016/j.aps0il.2012.02.012.

Krey, T.; Vassilev, N.; Baum, C. y Eichler-Lobermann, B.
“Effects of long-term phosphorus application and plant-
growth promoting rhizobacteria on maize phosphorus
nutrition under field conditions”. European Journal of
Soil Biology, vol. 55, marzo de 2013, pp. 124-130, ISSN
1164-5563, DOI 10.1016/j.ejsobi.2012.12.007.

Caione, G.; Lange, A.; Benett, C. G. S. y Fernandes, F.
M. “Fontes de fésforo para adubacéo de cana-de-agucar
forrageira no cerrado”. Pesquisa Agropecuaria Tropical,
vol. 41, no. 1, 19 de enero de 2011, pp. 66-73, ISSN
1983-4063, DOI 10.5216/pat.v41i1.8497.

Santos, D. H.; Silva, M. de A.; Tiritan, C. S.; Foloni, J. S. S.
y Echer, F. R. “Qualidade tecnolégica da cana-de-agucar
sob adubagéo com torta de filtro enriquecida com fosfato
soluvel”’. Revista Brasileira de Engenharia Agricola e
Ambiental, vol. 15, no. 5, 1 de mayo de 2011, pp. 443-
449, ISSN 1415-4366, DOI http://dx.doi.org/10.1590/
S1415-43662011000500002.

Yang, S. D.; Liu, J. X;; Wu, J.; Tan, H. W. y Li, Y. R.
“Effects of Vinasse and Press Mud Application on
the Biological Properties of Soils and Productivity of
Sugarcane”. Sugar Tech, vol. 15, no. 2, junio de 2013,
pp. 152-158, ISSN 0972-1525, 0974-0740, DOI 10.1007/
§12355-012-0200-y.

Santos, D. H.; Tiritan, C. S.; Foloni, J. S. S. y Fabris, L.
B. “Produtividade de cana-de-agucar sob adubagao com
torta de filtro enriquecida com fosfato sollvel”. Pesquisa
Agropecuaria Tropical, vol. 40, 1 de octubre de 2010, pp.
454-461, ISSN 1517-6398.

150

13.

14.

15.

16.

17.

18.

20.

21.

22.

Martinez, V.; Lopez, M.; Brossard, F.; Tejada, G.; Pereira,
A.yParra, Z. Procedimientos para el estudio y fabricacion
de Biofertilizantes Bacterianos. (ser. B, no. ser. 11), Ed.
Instituto Nacional de Investigaciones Agricola, 2006,
Maracay, Venezuela, 88 p., ISBN 980-318-212- 9.
Abou-el-Seoud, I. I. y Abdel-Megeed, A. “Impact of rock
materials and biofertilizations on P and K availability for
maize (Zea Maize) under calcareous soil conditions”.
Saudi Journal of Biological Sciences, vol. 19, no. 1, enero
de 2012, pp. 55-63, ISSN 1319562X, DOI 10.1016/j.
sjbs.2011.09.001.

Singh, H. y Reddy, M. S. “Effect of inoculation with
phosphate solubilizing fungus on growth and nutrient
uptake of wheat and maize plants fertilized with rock
phosphate in alkaline soils”. European Journal of Soil
Biology, vol. 47, no. 1, enero de 2011, pp. 30-34, ISSN
11645563, DOI 10.1016/j.ejsobi.2010.10.005.

Yu, X.; Liu, X.; Zhu, T. H.; Liu, G. H. y Mao, C. “Co-
inoculation with phosphate-solubilzing and nitrogen-
fixing bacteria on solubilization of rock phosphate and
their effect on growth promotion and nutrient uptake by
walnut”. European Journal of Soil Biology, vol. 50, mayo
de 2012, pp. 112-117, ISSN 1164-5563, DOI 10.1016/j.
ejsobi.2012.01.004.

Guerra, S. B. E. “Micorriza arbuscular. Recurso
microbioldgico en la agricultura sostenible”. Tecnologia
en Marcha, vol. 21, no. 1, 2008, pp. 191-201, ISSN 0379-
3962, 2215-3241.

Herrera-Peraza, R. A.; Hamel, C.; Fernandez, F.;
Ferrer, R. L. y Furrazola, E. “Soil-strain compatibility:
the key to effective use of arbuscular mycorrhizal
inoculants?”. Mycorrhiza, vol. 21, no. 3, abril de 2011,
pp. 183-193, ISSN 0940-6360, 1432-1890, DOI 10.1007/
s00572-010-0322-6.

.Pefia, B. M. D.; Zayas, P. M. R. de y Rodriguez, F. R. M.

“La produccion cientifica sobre biofertilizantes en Cuba
en el periodo 2008-2012: un analisis bibliométrico de
las revistas cubanas”. Cultivos Tropicales, vol. 36, no. 1,
marzo de 2015, pp. 44-54, ISSN 0258-5936.
Hernandez, J. A.; Pérez, J. J. M.; Bosch, |. D. y Castro,
S. N. Clasificacién de los suelos de Cuba 2015. Ed.
Ediciones INCA, 2015, Mayabeque, Cuba, 93 p., ISBN
978-959-7023-77-7.

Soil Survey Staff. Keys to Soil Taxonomy [en lineal. (eds.
Natural Resources Conservation Service y Agriculture
Dept), 11.2 ed., Ed. Natural Resources Conservation
Service, 12 de mayo de 2010, Washington, 344 p.,
ISBN 978-0-16-085427-9, [Consultado: 27 de junio
de 2016], Disponible en: <https://www.amazon.com/
Keys-Soil-Taxonomy-Survey-Staff/dp/016085427X>.
Bray, R. H.y Kurtz, L. T. “Determination of total, organic,
and available forms of phosphorus in soils”. Soil science,
vol. 59, no. 1, 1945, pp. 39-46, ISSN 0038-075X.



Cultivos Tropicales, 2016, vol. 37, no. 4, pp. 145-151

October-December

23.

24.

25.

26.

Bataglia, O. C.; Furlani, A. M. C.; Teixeira, J. P. F;
Furlani, P. R. y Gallo, J. R. Métodos de analise
quimica de planta [en linea]. (ser. Boletin Técnico,
no. ser. 78), Ed. Instituto Agrondmico, 1983,
Campinas, S&o Paulo, Brasil, 49 p., ISSN 0100-
3100, [Consultado: 7 de julio de 2016], Disponible en:
<https://www.bdpa.cnptia.embrapa.br/consulta/
busca?b= ad&id=204327&biblioteca=CPAO&busca=
autoria:%22FURLANI,%20P.R.%22&qFacets=
autoria:%22FURLANI,%20P.R.%22&sort=
&paginacao=t&paginaAtual=1>.

Giovannetti, M. y Mosse, B. “An evaluation of techniques
for measuring vesicular arbuscular mycorrhizal infection
in roots”. New Phytologist, vol. 84, no. 3, marzo de 1980,
pp. 489-500, ISSN 0028646X, DOI 10.1111/j.1469-
8137.1980.tb04556..x.

Tukey, J. W. “Bias and confidence in not quite large
samples”. The Annals of Mathematical Statistics, vol.
29, no. 2, junio de 1958, pp. 614-623, ISSN 0003-4851,
DOI 10.1214/aoms/1177706647.

Santos, S. F. de A. y Vieira, de A. C. A. “Principal
Components Analysis in the Software Assistat-Statistical
Assistance” [en linea]. En: VII World Congress on
Computers in Agriculture, Ed. American Society
of Agricultural and Biological Engineers, Reno,
NV, USA, 2009, DOI 10.13031/2013.29066, ISSN
2151-0032, [Consultado: 27 de junio de 2016],
Disponible en: <http://elibrary.asabe.org/abstract.
asp?JID=1&AID=29066&CID=wcon2009&T=1>.

27.Ramos, H. L.; Reyna, G. Y.; Lescalille, A. J.; Telo, C.
L.; Arozarena, D. N. J.; Ramirez, P. M. y Martin, A. G.
M. “Hongos micorrizicos arbusculares, Azotobacter
chroococcum, Bacillus megatherium y FitoMas-E: una
alternativa eficaz para la reduccion del consumo de
fertilizantes minerales en Psidium guajava, L. var. Enana
Roja cubana”. Cultivos Tropicales, vol. 34, no. 1, marzo
de 2013, pp. 05-10, ISSN 0258-5936.

28.0rtiz, R. Factores que afectan el desarrollo de vitro
plantas de cafia de azucar en la fase adaptativa. Ed.
Ediciones INCA, 2000, La Habana, Cuba, 36 p., ISBN
959-7023-12-1.

29. Fernandez, B. L.; Bompadre, J.; Pergola, M.; Silvani, V.;
Colombo, R.; Bracamonte, F. y Godeas, A. “Differential
interaction between two Glomus intraradices strains and
a phosphate solubilizing bacterium in maize rhizosphere”.
Pedobiologia, vol. 55, no. 4, julio de 2012, pp. 227-232,
ISSN 00314056, DOI 10.1016/j.pedobi.2012.04.001.

30. Lambert, D. H.; Cole, H. y Baker, D. E. “Adaptation of
vesicular-arbuscular mycorrhizae to edaphic factors”.
New Phytologist, vol. 85, no. 4, agosto de 1980, pp. 513-
520, ISSN 0028-646X, 1469-8137, DOI 10.1111/j.1469-
8137.1980.tb00766.x.

31.Dodd, J.; Krikun, J. y Haas, J. “Relative Effectiveness
of Indigenous Populations of Vesicular-Arbuscular
Mycorrhizal Fungi from Four Sites in the Negev’.
Israel Journal of Botany, vol. 32, no. 1, 1 de
enero de 1983, pp. 10-21, ISSN 0021-213X, DOI
10.1080/0021213X.1983.10676959.

Received: July 4%, 2015
Accepted: March 31,2016

Revista Cultives
Trepicales

Instituto‘NacionaI de Ciencias Agricolas

151



