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RESUMEN. El trabajo se realizó con el objetivo de 
conocer los efectos de diferentes dosis de un inoculante 
micorrizógeno en soporte líquido en variables del 
crecimiento, las relaciones hídricas y la eficiencia en el 
aprovechamiento de los nutrientes de plantas de tomate. 
Para su realización, se cultivaron en macetas plantas de 
tomate del cultivar INCA 9 [1] colocadas en un invernadero 
de policarbonato. Se estudiaron tres dosis (D1, D2 y D3)  
75 (D1), 150 (D2) y 300 esporas planta-1 (D3), aplicadas en 
la siembra mediante su inyección por el sistema de fertirriego 
y un tratamiento control, sin inocular. A los 25 y 40 días 
después de la germinación (DDG) se realizaron evaluaciones 
de variables fúngicas, de crecimiento en biomasa seca, del 
potencial hídrico foliar y sus componentes, la conductancia 
estomática y a los 40 DDG se realizó un análisis foliar para 
evaluar la concentración foliar de nutrientes y la eficiencia 
de utilización de estos. Los resultados mostraron, que con 
cualquiera de las dosis aplicadas se alcanzan beneficios 
importantes de la simbiosis, con incrementos en las variables 
fúngicas, el contenido de biomasa seca, las relaciones 
hídricas y la mejor eficiencia en la utilización de los 
nutrientes. Sin embargo, en general, solo con la aplicación 
de la dosis D1 se obtuvieron estos beneficios, resultando en 
este trabajo la dosis más adecuada y rentable.

ABSTRACT. The work was performed in order to know 
the effects of different doses of a mycorrhizal inoculant 
in liquid support in growth variables, water relations 
and efficiency in the use tomato plants nutrients. For its 
realization, tomato plants INCA 9 [1] were grown in pots 
and placed in a polycarbonate greenhouse. Three doses were 
studied (D1, D2 and D3) 75 (D1), 150 (D2) and 300 spores 
plant-1, applied in seeding through injection by irrigation 
system and a non-inoculated control. At 25 and 40 days after 
germination (DDG ) evaluation of fungal variables, growth 
on dry biomass, leaf water potential and its components, 
stomatic conductance the concentration of foliar nutrients 
and efficiency use of these. The results showed that with 
any of the applied doses important benefits are achieved by 
symbiosis with increases of fungal variables, the content of 
dry biomass, water relations and the best efficiency in the use 
of nutrients. However, in general only with the application 
of the D1 dose, these benefits were obtained, resulting in 
this work the most appropriate and economic dose.
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INTRODUCTION
The fundamental interest generated by the 

association of plants with arbuscular mycorrhizal 
fungi (AMF), is due to its universality among families 
of vascular plants, its apparent lack of specificity to 
inoculate already ample evidence of its influence 
on the growth of plants by greater incorporation of 
nutrients and improving their water relations (1, 2). 
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Organic material   1,70 %
Total organic carbon   0,98 %
Total Nitrogen   0,132 %
Relation C/N   7,42 
Total carbonates 12,14 %
Active limestone   3,98 %
Assimilable phosphorus  196,68 ppm
Chlorides   0,05 meq 100 g-1

Sulfates   0,29 meq 100 g-1

Iron assimilable   8,51 ppm
Copper assimilable   1,60  ppm
Manganeso asimilable 42,01 ppm
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In natural and semi-natural ecosystems, AMF 
are the most abundant group and functionally the 
most important on the ground and the dependence 
mycotrophic responsible for 90 % of terrestrial 
plants (3).

It is due to their beneficial effects on plants 
which are applied in agricultural practice as 
biofertilizers. In addition, their use significantly 
reduces environmental impact in agricultural 
areas (4, 5).

These products are generally produced in solid 
support and in Cuba; in the National Institute of 
Agricultural Sciences (INCA) from 2000, a liquid 
inoculant was obtained, LicoMic (6) allowing use 
through irrigation systems and diversify the ways of 
applying these fungi with more efficient and profitable 
adequate doses.

For the above, the following work was performed 
with the fundamental objective of knowing the 
effects of different doses of a mycorrhizal inoculant 
in liquid support in variables of growth, water 
relations and efficiency in the nutrients´ use of 
tomato plants.

MATERIALS AND METHODS
T h e  w o r k  w a s  p e r f o r m e d  a t  t h e 

exper imenta l  fa rm o f  the  Cente r  fo r  So i l 
Science and Applied Biology Segura (CEBAS-
CSIC) ,  in  Santomera-Murc ia  town,  Spa in . 
Seeds of Solanum Lycopersicon L. INCA variety 9 [1] 
of the determined growth, for the breeding program 
tomato INCA-MES were sown directly in containers 
(pots) of 5 L of capacity, containing a substrate 
compound for: soil-washed sand-vermiculite mixed 
in ratio 3: 2: 1 v/v. The characteristics of the soil 
used appear in Table I.

Table I. Characteristics of the soil used

Treatments

Four treatments were studied: three doses (D1, 
D2 and D3) of a mycorrhizal inoculant liquid support 
based on Glomus fasciculatun currently Glomus 
cubensis (7), 75 (D1), 150 (D2) and 300 spores plant-1 

(D3), applied at planting. These doses were compared 
against a control treatment without inoculation. To 
each treatment corresponded 25 pots distributed in 
a completely randomized design and each one was 
placed in a greenhouse polycarbonate equipped with 
a refrigeration system, cooling type.

Inoculation was by the irrigation system, using a 
jet pump with flow rate of 30 L h-1. For the application of 
different doses, valves were inserted into the irrigation 
lines that allowed wean each treatment (dose) and to 
make a correct inoculation.

Irrigation was carried out by a fertigation system 
and each container (pot) was placed an emitter 
(dropper) of 2 L h-1 and a delivery device for uniform 
water on the substrate surface distribution.

From planting to germination starting irrigation 
water was only at 0,5 L applied twice daily to each 
container to ensure good germination. After germinated 
plants, they received 0,40 L twice a week to 12 days 
after planting. From this date fertigation began, adding 
to a tank of 2000 L fertilizer the following:
NH4 NO3          (96 %) ____________  86  g
KNO3               (99,8 %) _________  1430 g
Ca (NO3)2        (91 %) ____________  828 g
H3PO4              (72 %) ___________   408 g
HNO3               (54 %) ____________  352 g

At the beginning, the fertigation was applied at a 
rate of 0,40 L per container, three times a week and 
remained so until the early fruiting, when it began to 
water daily. Irrigation and fertigation always applied 
equally to all treatments.

The analysis results of the water used for irrigation 
of the experiment are presented below:

PH _______________ 7.90
C.E. _____________ 1,166 mmhos cm-1

S.T.D. ___________ 0, 830 g L-1

These values show that the water used was of 
good quality.

 Evaluations conducted

Fungal variables
♦♦ Radical Colonization: Trypan Blue method (8).
♦♦ Fungal percentage occupation (9).
♦♦ Mycorrhizal dependence (DM) based on the total 

dry mass and by the formula:
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DM= Dry mass of plants with AMF-Dry mass of plants without AMFA (10)
            Dry mass of plants with AMF 

Evaluations were conducted in rootlets of three 
plants per treatment and at two samples, at 25 and 
40 days germinated (DAG). For colonization and 
occupation percentage samples they were observed 
in a stereomicroscope and microscope Olympus.
Leaf water potential (Yf) (Mpa) and its components. 
It was measured on five plants per treatment to 
25 and 40 DAG. The first evaluation was carried out 
between 9:00 to 10:00 a.m. and the second 
between 5:00 to 6:00 a.m. (before dawn) and for 
this purpose a pressure chamber (Soil Moisture 
Equipment Co, Santa Barbara, C A) i t  was 
used. For the current osmotic potential foliar 
(Yact. Foliar) immediately after evaluating Yf leaves 
were covered with foil and frozen in liquid nitrogen and 
for determining the osmotic potential saturated leaf 
(YOact foliar) surrounding leaves were taken at selected 
for measuring Yf and placed in hydration chambers 
with distilled water, darkness and between 6 and 8 °C 
for 24 hours. Immediately after they were wrapped 
with aluminum foil for freezing in liquid nitrogen 
and stored in a freezer at -80 °C.

Subsequently they were thawed at room 
temperature, placed in Ependorf with small holes 
at the base, these were placed in another, similar 
but unperforated and cell juice was extracted 
by centrifuging for three minutes at 3 000 rpm. 
From aliquots of 100 ul, the current osmotic potential 
(YOact.foliar) and saturated osmotic potential leaf (leaf 
YOsatfoliar) was determined with a vapor pressure 
osmometer Wescor of 5500.

Pressure potential (Yp) was calculated from the 
difference between the leaf water potential and osmotic 
potential current leaf, using the following equation:

Y p= Ψf - ΨO act.foliar   (Mpa).

Stomatal conductance (gs). These evaluations 
were conducted in three plants per treatment at 25 
and 40 DAG. In all cases, assessments began at 
10:30 a.m, using a porometer of diffusion steady state 
(LIQUOR-1600, LIQUOR, UK). For assessments for 
the leaf water potential and stomatal conductance, 
leaves of the upper third of the plants and well exposed 
to the sun were taken.
Dry mass of root and aerial part. These variables 
were evaluated in two moments of the vegetative cycle 
of plants, at 25 and 40 DAG. To do this, 10 plants were 
taken for treatment and were separated into root and 
aerial part and dried in a forced system oven at 75 °C 
to constant weight.

Mineral analysis. At 40 DAG a foliar analysis in order 
to know the effects of treatments on concentrations 
(%) of Nitrogen (N), phosphorus (P), potassium (K), 
calcium (Ca) and magnesium (Mg) was performed. 
To do this, five samples per treatment, consisting of 
15 leaves fully developed and taken at random were 
taken.

Mineral determinations were performed in a 
specialized laboratory to this type of analysis. The 
percentages of N and P were determined by the 
Nessler’s reagent method and spectrometric and 
concentrations of K, Ca and Mg using a Shimadzu 
Atomic Absorption Spectrophotometer AA-680 
(Shimadzu Co. Ltd. Kyoto, Jp.). The efficiency of 
utilization of nutrients was defined as the amount of 
biomass produced per unit of nutrient in tissues and 
was calculated by the relationship:

Biomass production (g)          (10)
Nutrient concentration (%)
 

The data on the percentage of mycorrhizal colonization 
were transformed by the 2arcsen√x function. This 
variable, like other indicators evaluated was subjected 
to an analysis of variance of simple classification 
(ANOVA). For processing data and comparison of 
means, the SPSS 10.0 statistical software for Windows 
was used and means with significant differences were 
compared according to the multiple range test of 
Duncan for p≤0,05.

RESULTS AND DISCUSSION
When analyzing the behavior of mycorrhizal 

colonization (Table II), it was found that both 25 as 
at 40 DAG no significant differences were found in 
plants inoculated with different doses studied and the 
highest percentages of colonization were presented to 
40 DAG, corresponding to the stage of fruiting tomato 
and inoculated plants. It should be noted that control 
treatment plants presented at both times, minimum 
values infection, whereas those for the inoculated 
treatments showed relatively high values compared 
to that reported by other researchers working on this 
crop (11).

The fact that there are no significant differences 
in the percentages of colonization among the doses 
studied this inoculant in liquid formulation, confirmed 
the effectiveness of inoculation with this product, 
behavior has been noted before.A
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Moreover, the percentages of fungal occupation, 
which represent the intensity of mycorrhizal colonization, 
increased significantly with the development of 
the crop. At 25 DAG, values of this variable were 
significantly higher in plants inoculated with dose (D2) 
and 40 DAG no statistically significant differences 
between different doses were observed. The fact of 
being a fungal occupation at 40 DAG warrants further 
symbiotic efficiency, more fungal structures exist 
inside root cells, and therefore a higher fungus-host 
exchange, regardless of the dose used.

As mycorrhizal dependence (DM), at 25 DAG a 
similar behavior to the colonization percentage was 
found and at 40 DAG, most mycorrhizal dependency 
corresponded to plants inoculated with D2, followed by 
plants of D1 and D3 treatments, respectively. It should 
be noted that at the 40 DAG, DM decreased in plants 
inoculated with D1 and D3, with respect to 25 DAG, 
while values in inoculated with D2 remained similar.

It is noteworthy that in this variable no statistically 
significant differences among plants inoculated with 
D1 and D2 in the evaluated moments, suggesting 
that symbiosis was effective regardless of applied 
spore number and inoculated plants reached growth 
of total biomass between 40 to 54 % higher than the 
uninoculated ones to 25 DAG.

In this sense, in the olive cultivation (Olea 
europaea) DM values between 39 and 62 %, 
depending on the Glomus strain used (10) were found. 
In the species Oyedaea verbesinoides (12) inoculating 
with strain Glomus manihotis have reported high values 
of DM. 

Treatment Colonization % Fungal occupation % Mycorrhizal dependence (Based on total dry mass) %
25 DDG
Control 11,13 b 0,14 c 0
D1 63,37 a 3,37 b   54,37 a
D2 49,27 a 6,65 a   49,50 a
D3 54,73 a 1,91 b   39,75 a
E. est. X       2,1003 *     1,5011 *         5,8729 *
40 DDG
Treatment

Control 20,79 b    1,53 b 0
D1 83,14 a 17,49 a   37,10 ab
D2 75,26 a 13,73 a 49,01 a
D3 76,58 a 10,70 a 31,99 b
E. est. X       5,2112 *       3,7004 *       4,5514 *

Table II. Percentage of colonization, fungal occupation and mycorrhizal dependence of tomato plants Inoculated 
with different doses of a mycorrhizal inoculant in liquid formulation based on G. cubensis

* Statistically significant difference
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Other researchers point out that the woody 
species present a mycorrhizal dependence greater 
than herbaceous, which apparently is associated 
with the lack of absorbent hairs. Moreover, there 
are evidences that plants with branched roots are 
more dependent on mycorrhizal associations that 
non-branched. Other studies also suggest that 
the fibrous roots of tropical species are colonized 
rapidly with greater growth response as a result of 
the symbiosis (13). 

In Table III, Ψf values and their ΨO act.foliar and Ψp 
components are presented as well as the ΨOsat.foliar 
where it was found that the 25 plants inoculated with 
DAG dose D1 showed the highest values of Ψf with 
significant differences with other treatments, similarly 
occurred with Ψ p values, although in this case there 
were no significant differences from the other doses 
used and other control plants. As for the ΨO act.foliar, 
this variable was similar in all treatments and the 
ΨOsat.foliar the most negative values corresponded 
with the inoculated plants with D1 and D3 doses, 
respectively, with no statistically significant differences 
among them are appreciated.

At 40 DAG were no significant differences between 
the variables and their component Ψf ΨO act.foliar  leaf 
from plants of the treatments under study, although 
less negative values corresponded to treatment plants 
D1 and D3, with very similar values. As for the Ψp, no 
differences between plants inoculated with the three 
doses applied were found, but these with control 
treatment.
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In the case of ΨOsat.foliar even when plants of the 
control treatment had the lowest values, followed by 
inoculated with D1, not the occurrence of the process 
of osmotic adjustment was evident, given the values 
of Ψp reached by plants of these treatments.

In general, mycorrhizal inoculation with any of the 
doses used favored water relations of plants at both 
time points assessed, but based on the values of Ψf no 
symptoms of water deficiency demonstrated in plants 
of any of the treatments, indicating that the irrigation 
was effective and uniformly applied to all plants.

The benefits of this mutualistic symbiosis in 
water relations of different tomato varieties have been 
reported previously with different strains, doses, types 
and forms of inoculant inoculation (14, 15).

These results are also consistent with those report 
that the extensive network of hyphae extramatrical 
mycelium produced by mycorrhizal symbiosis acts 
as an extension of the root in the ground (16), so 
that the plant obtains additional availability of nutrient 
absorption, mainly N, P and soil water (17). Moreover 
others point out that the HMA prevent the formation 
of large spaces between the roots and the soil, which 
facilitates the continuity of water through the root-soil 
interface (18).

Table III. Behavior of leaf water potential (Ψf) and its osmotic components (ΨOact. foliar)  
and pressure (Ψp) and saturated osmotic potential (ΨOsat foliar ) in young tomato plants 
inoculated with three doses of G. cubensis in liquid formulation

* Statistically significant difference

Leaf water potential and its components (MPa)
Treatment Leaf water potential Osmotic potential Pressure potential Saturated osmotic potential

25 DDG (9:00 a.m.) 
Control - 0,47 c - 0,91 0,44 b - 0,66 a
D1 - 0,26 a - 0,85 0,59 a   - 0,74 ab
D2 - 0,36 b - 0,89 0,53 a - 0,69 a
D3 -0,37 b - 0,88   0,51 ab - 0,81 b
E. est. X   0,0223       0,0098  0,0186  0,022

              *  n.s.              *                      *

40 DDG (6:00 a.m.)
Control -0,37 - 0,80   0,43 b - 0,90 c
D1 -0,31  -0,80    0,49 ab -0,84 bc
D2 -0,34  -0,84   0,50 ab -0,78 ab
D3 -0,32  -0,84 0,52 a - 0,70 a
E. est. X      0,0102       0,0099  0,0186 0,0241

n.s.   n.s.              * *
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In  addi t ion to  the benef ic ia l  e ffec ts  o f 
arbuscular mycorrhizal fungi in plant physiology, 
they have been attr ibuted benefi ts in other 
ecological processes, including their contribution 
to soil structure (19) which is of vital importance 
for  the susta inab i l i ty  o f  agro-ecosystems. 
Also, it has be said that they have a marked 
influence on the formation of soil aggregates 
through biochemical, biophysical and biological 
processes, which include mechanical actions 
of the hyphae, excretion of glycoproteins and 
other extracellular compounds and interactions 
with soil biota (1). These aspects, undoubtedly, 
promote soil water relations and thus increase 
the availability of water for plants.

In Table IV the results of evaluations of stomatal 
conductance (gs) plants are shown.

At 25 DAG highest values of this variable 
corresponded to plants inoculated with D1, showing 
statistically significant differences with plants of the 
three remaining treatments. Moreover, the lowest 
values occurred in control treatment plants, while 
at the 40 DAG showed no significant differences in 
the treatments plants. 
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These results indicate that both the gs, as in Ψf, 
the beneficial effects of inoculation were less obvious 
in as the crop (40 DAG) was developed, even in 
the case of gs values of this variable in plants they 
inoculated with D1 and D2 were the lowest. Also, it 
keeps in mind that these variables depend largely on 
the environmental conditions prevailing at the time of 
the measure and also respond to many disturbances 
linked to hydraulic continuous soil-plant-atmosphere. 

Table IV.  Stomatal conductance values of tomato 
plants inoculated with different doses 
of a mycorrhizal inoculant in liquid 
formulation

Treatments Stomatal conductance (mmolH2O m-2 s-1)
25 DDG
Control 152 c
D1 180 a
D2 166 b
D3 168 b
E. est. X                             4,0685 *
40 DDG
Control 173
D1 135
D2 158
D3 175
E. est. X    8,3005 n.s.

* Statistically significant difference

* Statistically significant difference

Plant Growth Variables
Treatment Dry root mass (g) Aerial dry mass (g) Dry mass of total (g) Root / shoot dry mass ratio

25 DDG
Control 0,050 b  0,200 c 0,250 c 0,26
D1 0,106 a  0,443 a 0,549 a 0,24
D2 0,118 a   0,363 ab   0,481 ab 0,33
D3 0,103 a 0,302 b 0,405 b 0,35
E. est. X   0,0076 *   0,0232 *   0,0288 *             0,0178 n.s.
40 DDG
Control 0,452 b  2,473 b 2,925 c 0,19 b
D1 1,308 b 3,320 a 4,629 b 0,40 b
D2 2,413 a 3,676 a 6,088 a 0,67 a
D3 0,729 b 3,331 a   4,059 bc 0,22 b
E. est. X  0,2114 *   0,1571 *   0,3120 *     0,0577 *

Table V. Effect of different doses of liquid mycorrhizal inoculant on tomato growth variables
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The effect of inoculation treatments in dry biomass 
accumulation of plants are presented in Table V, 
where it was found that both 25, as 40 DAG existed 
a marked beneficial effect of inoculation with AMF in 
the dry root, aerial and total mass standing out in this 
sense generally plants inoculated with D1 and D2 
doses. However, in the dry mass ratio of root/shoot 
only statistically significant differences at 40 DAG 
for plants inoculated with D2 were presented, while 
corresponding to the control treatment showed smaller 
values.

It should be noted that there is a large body 
of evidence about the benefits of mycorrhization 
in plant growth, tomato (20), tobacco Nicotiana 
tabacum (21), pepper Capsicun annum (22) in 
rice Oryza sativa (16, 23, 24) in hard wheat 
Tr i t i cum  durum  (25)  in  sorghum Sorghum 
vulgare  (26),  among others,  mainly due to 
a  g rea te r  absorp t ion  o f  nu t r ien ts ,  ma in ly 
phosphorus (27).  Furthermore, i t  has been 
shown that these fungi naturally associated with 
other microorganisms also contribute positively 
to the growth of plants. 

Moreover, in the tomato and wheat cultivation, it 
has been found that mycorrhizal inoculation in liquid 
formulation was more effective than in solid support 
(EcoMic) mainly due to some properties conferred the 
liquid medium to spores, favoring the germination and 
infectivity of these. 



83

* Statistically significant difference

Table VI. Foliar concentration of N, P, K, Ca and Mg (A) and efficiency in nutrient utilization (B) of tomato plants 
inoculated with different doses of a mycorrhizal inoculant in liquid formulation

Treatments N P K Ca Mg
 The concentration (%)
Control 5,20 0,48 a  2,93 b 4,67 0,92
D1 4,97 0,45 b  2,79 c 4,40 0,87
D2 5,07 0,48 a    2,97 ab 4,49 0,93
D3 4,97 0,42 b  3,05 a 4,63 0,92
Est. X            0,0502 n.s.     0,0078 *      0,0288 *             0,0750 n.s.            0,0164 n. s.
B (Efficiency of use)    Concentration (%)
Control 0,48 b 5,15 b 0,84 b 0,53 b 2,70 b
D1 0,67 a 7,47 a 1,19 a 0,76 a 3,83 a
D2 0,73 a 7,65 a 1,24 a 0,83 a 3,99 a
D3 0,67 a 7,88 a 1,09 a 0,72 a 3,61 a
Est. X     0,0122 *     0,3599 *     0,0496 *     0,0354 *      0,1659 *
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In analyzing the results in terms of foliar nutrient 
concentration (Table VI A) it was found which no 
significant differences among the plants of different 
treatments, it is presented in conjunction with foliar 
concentrations of N, Ca and Mg and only these 
differences were presented in the concentrations of P 
and K, without strong effect of inoculation treatments 
are appreciated because in the case of P, as well 
as other nutrients, generally higher concentrations 
corresponded to plant control treatment and inoculated 
with D2 and in the specific case of K, the highest 
concentration corresponded to plants inoculated 
with D2 and D3 and the lowest values were the ones 
inoculated with D1. Moreover, it was observed that the 
lowest concentration values were presented in the P 
and Mg. These results apparently are associated with 
the greatest growth increased demand for nutrients, 
especially P and this caused a decrease in nutrient 
concentrations in the biomass of the inoculated plants. 
This behavior was observed previously by researchers 
working with different grass species (28, 29).

However, considerably mycorrhizal inoculation 
favored the efficiency use of nutrients (Table VI B) 
and in all cases the efficiency was higher in plants of 
inoculation treatments, without statistically significant 
differences among them.

It is noteworthy that the largest magnitude of 
utilization efficiency was presented in the P and Mg, 
contrary to what was observed in concentration and 
the lowest corresponded to N and Ca.

These results indicate that plants inoculated 
with either studied dose used more efficiently soil 
nutrients in the production of biomass than the control 
treatment. Similar results were found when we worked 
with positions of tobacco in technified seedbeds (21). 
Moreover, (Roberts 2006) cited by (Stewart 2007) 
suggested rightly that improve the efficiency of nutrient 
use is a major challenge facing agriculture in general, 
there are tools to achieve this goal, with the use of 
biofertilizers such an element of paramount importance 
(30). However, it should avoid these improvements are 
made to the detriment of producers or the environment, 
ie, avoid reduced yields and reduce the use of chemical 
fertilizers.

CONCLUSIONES
Due to the results achieved in each of the variables 

analyzed and the beneficial effect produced on them by 
the use of doses of LicoMic, it is clear recommend the 
application of D1 dose as adequate and economically 
profitable, regardless of continuing studies in the use of 
lower doses and in other aspects of nutrient absorption.
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