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Abstract

Although the Carica papaya plant is a mycotrophic species that requires high nitrogen (N) concentration to obtain high yield,
the effect of interaction between inoculums and nitrogen doses has not been studied thoroughly for this species. In this work
we evaluated the effect of interaction between five inoculums (a native inoculum denominated Agua Dulce; commercial
inoculum containing Glomus spp; Glomus claroideum; Acaoulospora spinosa and without inoculum) and four N
concentrations (0, 0.5, 1.5 or 4.0 mM of N) on C. papaya cv ‘“Maradol’ plant growth. Plants treated with different inoculums
of AM fungi showed significant differences (P<0.05) in plant growth. The Agua Dulce inoculum obtained 65.23 cm? of leaf
area, 10.17 g of total fresh weight and 56.67% of root colonization percentage. Also, the plant growth was affected by N
concentration supply, concentrations up to 1.5 mM increased the growth and concentrations of 4 mM of N decreased the plant
growth and the root colonization percentage. In regards to the interaction between factors, the Agua Dulce treatment inoculum
and 1.5 mM N recorded the major values in the growth variables on C. papaya plants. The fact that we have obtained better
results with Agua Dulce inoculum could be due to the diversity of AMF in this inoculum that promotes the root growth as
shown by the increased volume and root length. This would allow increased N uptake by the plant, which was reflected, in
higher growth. In conclusion, the use of Agua Dulce (native inoculum) and 1.5 mM N may be recommended to obtain good
quality plants at the nursery. © 2015 Friends Science Publishers
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and water stress, induce resistance against diseases, improve

soil structure, etc. (Gianinazzi et al., 1990). On the other
hand, there are studies that show as the extra radical mycelia

Introduction

Carica papayas like all plants require nitrogen (N) in order

to grow and develop. It is well known that N is necessary
for plant growth, because this element is essential for the
synthesis of proteins, nucleic acids, co-enzymes and many
products and by-products of secondary metabolism
(Marschner, 1998). Although N is present in the soil as a
complex mixture of organic and inorganic compounds,
ammonium and nitrate are the main sources for nutrition for
most of higher plants species (Williams and Miller, 2001).
The concentration of these two ions varies a lot in the soil
solution; therefore, the plants have developed strategies to
increase their capacity for N mobilization. One strategy is
the symbiotic association with arbuscular mycorrhizal fungi
(AMF) (Pérez-Tienda et al., 2012). The AM fungi is known
to be a major microbial component of plants. This
symbiosis, play a crucial role on several aspects of plant
physiology such as mineral nutrition, resistance to thermal

of AM fungi are able to take up and assimilate NH," (Frey
and Schilepp, 1993; Johansen et al., 1996), NO;~ and amino
acids (Tobar et al., 1994; Johansen et al., 1996; Hawkins et
al., 2000; Hodge et al., 2001). This nitrogen is translocating
to the intraradical mycelium and then released to the host
plants (Govindarajulu et al., 2005). Although AM fungi are
able to take up both NO;™ and NH,", a clear preference for
NH," has been demonstrated (Toussaint et al., 2004). This is
explained, at least partially, by the extra energy the fungus
must expend in reducing NO; to NH," before it can be
incorporated into organic compounds (Marzluf, 1996). Also,
there is evidence that AM fungi have the potential to take up
and transfer significant amounts of N to the host plant
(Karagiannidis et al., 2007; Miransari, 2011; Pérez-Tienda
et al., 2012; Smith and Smith, 2012; Ngwene et al., 2013),
in case AM fungi hyphae has access to N sources that are
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not accessible to roots (Frey and Schiiepp, 1993; Hodge,
2003; Leigh et al., 2009). McFarland et al. (2010) indicated
that more than 50% of plant N requirement was supplied by
mycorrhizal association. The effect of interaction between
AM fungi and N, already been studied in other crops as
lettuce (Tobar et al., 1994), cowpea (Ngwene et al., 2013),
carrot (Pérez-Tienda et al., 2012), strawberry (Castellanos-
Morales et al., 2010, 2012; Salgado-Barreiro et al., 2012),
grapevine (Karagiannidis et al., 2007) among others
(Miransari, 2011). However, for C. papaya not been studied
yet. The aim of this work was to study the effect that both
AM fungi and N concentration and their interaction, on
growth of C. papaya plants. Based in previous results from
our laboratory we hypothesized that plants mycorrhizal
supply with low N concentrations may increase growth
compared with non-inoculate plants or inoculate with high
N concentrations.

Materials and Methods

Experimental Conditions and Design

The experiment was conducted in the greenhouse at the
Instituto de Investigaciones Agropecuarias y Forestales,
Universidad Michoacdna de San Nicolds de Hidalgo in
Morelia Michoacan, México (lat. 19°45°95°N, long.
101°09°16*, alt. 1900 m) under natural conditions of light,
temperature, and humidity. The 5x4 factorial experiment
was designed with five mycorrhizal inoculums: a
commercial containing Glomus spp (G); a native inoculum
denominated Agua Dulce (AD) consortium isolated from
rhizospheric soil of Agave cupreata plantations in
Michoacan,  Meéxico;  Glomus claroideum  (Gc);
Acaoulospora spinosa (Ac) (these two strains kindly
provided by M.C. Laura Veronica Hernandez-Cuevas of
Universidad de Tlaxcala, México) and non-inoculum
combined with four nitrogen concentrations: 0,0.5, 1.0 and
4.0 mM (NH,),SO,. Thus, there were twenty treatment
combinations arranged in a randomized complete block
design, which was duplicated ten times.

Plant Material and AM Fungi Inoculum

Seeds of C. papaya cv. ‘Maradol’ were germinated on
sterilized sand (8 h at 120°C and 1.055 kg cm™ of pressure),
when seedlings showed similar growth and had two real
leaves, these were transplanted into black plastic bags and 2
kg of sand was used as growth medium. The sand had the
following physicochemical properties: sandy loam texture,
pH, 6.63; OM,1.2%; P, 13 ppm; Ca®*, 218 ppm; Mg**, 147
ppm; NH,", 5 ppm. Two kilograms of autoclaved substrate
was dispensed into each pot. For inoculation a hole was
made in the center of the pot and was added an amount of
50 g of soil-based inoculum (containing 80 spores), so
perfectly covering the roots of transplants. In the non-
inoculated plants, the inoculation was made with 50 g of
sterilized sand.
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Irrigation Solution

Concentrations of 0, 0.5, 1.5 and 4 mM of nitrogen as
ammonium sulfate were applied with the irrigation water,
these were prepared from a stock solution of 1 M
(NH,4),S0,. Treatments with higher concentration (1.5 and 4
mM) they were watered with deionized water every 15 days
to avoid the accumulation of salts. The pots were watered as
required to keep the substrate moist at all time.

Response Variables Evaluated

Every 20 days after being transplanted (DAT) the height
and shoot diameter were recorded until the end of the
experiment. After 100 days of being transplanted the plants
were harvested and separated into root, shoot and leaves.
The fresh weights, length and volume root and leaf area
were recorded. A representative sample (about 5 g) of fresh
roots were collected and stored in a solution of formol-
acetic acid-alcohol until analysis. Root samples were
cleared with 10% KOH, stained with ink and vinegar as
described by Vierheilig et al. (1998) and microscopically
(Motic, AE31) examined for AM colonization. The
percentage was evaluated by a modified intersection method
(Mcgonigle et al., 1990). The chlorophyll concentration in
leaves was determined according to Barnes et al. (1992).
The last fully expanded leaves, were cut into small pieces
(0.1 g) and placed in a vial containing 5 mL dimethyl
sulfoxide (DMSO) saturated with calcium carbonate. The
vials were incubated at 60°C for 4 hours. The extracts were
transferred to UV-Vis cells and the absorbance of the extract
was taken at 648.2 and 6649 nm in a UV-Vis
spectrophotometer (Lamdba 40, Perkin-Elmer) and the
concentrations of chlorophyll A and B were calculated
according to Barnes et al. (1992).

Statistical Analysis

Experimental data were analyzed with SPSS 14.0 statistical
program (SPSS Inc., Chicago, IL, USA). Two-way
ANOVA was performed considering AM fungi and
nitrogen concentrations as independent factors. Differences
between individual means were compared by Tukey's
multiple comparison tests and were considered significant at
P <0.05.

Results
Mycorrhizal Colonization

The inoculum factors and nitrogen concentration were
significant (P < 0.001 and P < 0.05, respectively). Papaya
plants inoculated showed high colonization percentages
(33% on average) compared to non-inoculated. The largest
percentage was obtained with the Agua Dulce inoculum
(56.67%), which was 42% greater than the average of
other inoculums (Fig. 1). The colonization percentages
were affected by the nitrogen concentration, doses of 0 to
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1.5 mM didn’t show significant difference and averaged
27%; for 4 mM of N concentration the colonization
(17.73%) decreased 1.5 times (Fig. 2). In regards to the
interaction inoculum and N, the treatment of Agua Dulce
consortium with 1.5 mM of N reached the highest
colonization percentage with 71.67% (Table 1).

Growth Parameters

The effect of nitrogen concentration, inoculum and their
interaction on C. papaya growth parameters is shown in
Table 1 and Fig. 3 and 4. The factors and their interaction
were statistically significant in all variables measured
(P<0.05). For the inoculums, Agua Dulce inoculum (native),
obtained the highest values in LFW (4.21 g), RFW (5.96 g),
LA (65.23 cm?), RL (19.54 cm) and RV (6.03 cm®).The
other inoculums (Acaulospora spinosa, Glomus spp and
Glomus claroideum) were statistically equal to the treatment
without AMF or in some cases lower as in RV. The increase
in plant growth and dry biomass in the inoculum of Agua
Dulce depended of nitrogen concentration in the irrigation
solution. This factor caused an increase in LFW, RFW, LA
and RV as dose increased to 1.5 mM, at higher
concentration (4 mM) the values decreased. RL showed an
opposite  effect, lower value to higher nitrogen
concentrations. The treatment that increased the plant
growth was Agua Dulce inoculum with 1.5 mM of N
concentration, which obtained the higher values of all
evaluated variables (Table 1).

Height dynamics is shown in Fig. 3. Papaya plants
inoculated and non-inoculated increased their height during
the experiment; however, this increase was affected by both
the inoculum and N concentration. Lower heights were
obtained with concentrations of 0 and 4 mM of N and
Glomus spp, Glomus claroideum and Acaulospora spinosa.
In general there was a decrease in the plant’s height when
the concentration of N was 4 mM, except in Agua Dulce
inoculum. During the first 40 DAT no significant difference
exist in height between treatments, but from this date Agua
Dulce inoculum with 1.5 and 4 mM of N, increased steadily
up to height until the end of the experiment and on average
obtained 12.72 cm. Acaulospora spinosa with 4 mM of N
showed lower heights of plants during the experiment
obtaining at the end (100 days) 4.82 cm. Plants inoculated
with Glomus claroideum, Acaulospora spinosa and Glomus
spp increased its height when the N concentration was 1.5
mM, however not exceeded the plants inoculated with Agua
Dulce inoculum (Fig. 3).

The dynamics of diameter increase of plants is shown
in Fig. 4. In our experiment, the shoot was affected by the
inoculum and nitrogen concentration (P <0.0000), it showed
a dynamic as that observed in height of the plant. At 40 days
after inoculation, treatments of Agua Dulce inoculum with
1.5 and 4 mM of N increased significantly their diameter
until the end of the experiment compared with others
treatments. At 100 days Agua Dulce with 1.5 mM of N had
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Fig. 1: Percentage of root colonization on Carica papaya
plants with different inoculums at 100 days after
inoculation. Values are average of twenty dates
independently the N concentration. Columns with the same
letter are statistically equals according to Tukey test (P <
0.05). N/AMF, without inoculum; Gc, Glomus claroideum;
Ac, Acaulospora spinosa; G, Glomus spp; AD, Agua Dulce
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Fig. 2: Percentage of root colonization on Carica papaya
plants with different N concentrations at 100 days after
inoculation. Values are average of twenty dates
independently the inoculum. Columns with the same letter
are statistically equals according to Tukey test (P < 0.05)

the highest shoots with 6.86 mm. The lowest shoots were
obtained in Glomus spp with 4 mM of N and non-inoculated
plants with 1.5 mM being 3 times smaller compared to
larger diameter reached (Fig. 4).

Chlorophyll Concentration

For chlorophyll, the variance analysis showed a significant
effect of the factors evaluated and interaction (Table 1).
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Fig. 3: Effect of interaction between AM fungi inoculums
and N concentration on height of Carica papaya plants. Gc¢
(Glomus claroideum); Ac (Acaulospora spinosa); G
(Glomus spp); AD (Agua Dulce); N/AMF (without
inoculum); ns and * indicate not significant or significant at
P < 0.05, between treatments in this date
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Fig. 4: Effect of interaction between AM fungi inoculums
and N concentration on shoot diameter of Carica papaya
plants. Gc (Glomus claroideum); Ac (Acaulospora
spinosa); G (Glomus spp); AD (Agua Dulce); N/AMF
(without inoculum); ns and * indicate not significant or
significant at P < 0.05, between treatments in this date

To inoculum factor, Glomus claroideum and Acaulospora
spinosa decreased the chlorophylls concentration, while
Glomus spp and Agua Dulce inoculums had values
statistically equal to non-inoculated plants. However Agua
Dulce inoculum obtained the higher values of chlorophyll a,
b and total (Table 1). In regards to nitrogen concentration,
the chlorophylls increased their values when increasing
nitrogen concentration. For chlorophyll a, Glomus spp with
1.5 mM of N obtained the highest value, for chlorophyll b
and total, the higher content was obtained in the treatment of
Agua Dulce with 4 mM (Table 1).
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Discussion

In this experiment, we found fungal structures in roots of
plants treated with AM fungi, regardless of nitrogen level in
the irrigation solution, which reaffirms the mentioned by
Khade et al. (2002) and Khade and Rodrigues (2008a, b;
2009). They mentioned that C. papaya is highly dependent
to mycorrhizal. The values found in the root colonization
percentage (25%) when the plants were treated with
monospecific inoculum (Glomus claroideum, Acualospora
spinosa and Glomus spp) were similar to the ones reported
by Constantino et al. (2011) on papaya plants inoculated
with Glomus intraradices and LO6pez-Moctezuma et al.
(2005) using a consortium of GlI. albidum, GI. claroides and
Gl. daphanum. In the case that the percentage obtained by
the native inoculum, these were similar to the ones reported
by Quifiones-Aguilar et al. (2012) working with papaya
plants inoculated with a consortium of Glomus denominated
ZAC 19. The fact that we found a higher percentage of roots
colonized in Agua Dulce inoculum could be due to this
contained other species of AM fungi. Burleigh et al. (2002)
indicated that the association plant fungi might be more or
less beneficial in the plant growth depending, of the plant
and fungi species. In Sunrise and Tainung, two papaya
commercial varieties the inoculated with Gigaspora
margarita induced higher dry matter production that
Glomus clarum under the same growth conditions (Trindale
et al, 2001). Sharda et al. (2010) reported significant
variations in root colonization levels on different papaya
varieties inoculated with native mycorrhizal fungi,
indicating that there was a preference the fungi by a
particular papaya variety.

Regarding growth response of papaya plants
inoculated with AM fungi, there are reports that demonstrate
a beneficial effect (Constantino et al., 2010, 2011; VVazquez-
Hernandez et al.,, 2011; Quifiones-Aguilar et al., 2012).
In our work, plants inoculated with the inoculum Agua
Dulce showed higher growth compared to plants without
inoculum and mycorrhizal with monospecific inoculum
(Ac, Gc and G). We recorded an increase of 400% on
average in the LFW, RFW, LA and 150% for the RL
respect to non-mycorrhizal plants (Table 1). Similar
responses were found by our working group in papaya
plants inoculated with different native consortiums isolated
from rhizosphere of Agave cupreata plantations from
Michoacan, Mexico. These consortiums promoted the
growth of papaya plants compared with plants non-
inoculated (unpublished data). The positive effect shown by
the native inoculum on papaya plants growth may be
explained by the fact that the fungi promoted the root
growth (showed in the increase on volume and length root
of this treatment) and the extraradical mycelium are acting
together to have a higher exploration surface, nitrogen
uptake and nutrients supplied by the growth medium.
Another reason may be the fact that the native inoculum
contained other AM fungi species or too likely other
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Table 1: Effect of AM fungi, N concentration and their interaction on Carica papaya plants growth at 100 days after

inoculation

Factor LFW RFW LA RL RV MC CA CB TC
AMF @ (cm’) (cm) (cm’) % Hog*

Gc 0.74 bc 0.94b 6.72d 9.94b 0.76a 2356 b 1.39ab 042a 1.76 ab
Ac 0.77c¢c 1.16b 9.73cd 11.17b 1.20ab 25.11b 1.20a 0.36a 156 a
G 0.94 bc 1.22b 11.21bc 11.87b 1.10ab 27.08b 150b 0.49 ab 2.00 b
AD 421a 5.96a 65.23 a 1954 a 6.03¢ 56.67 ¢ 1.48b 0.73b 2.20c
N/AMF 091b 1.42b 18.81b 12.61b 147b 0.00a 145b 0.48 ab 1.93bc
N (mM)

0 1.19a 210a 1434 a 16.42 a 2.03b 27.33 ab 114a 0.32a 142a
05 1.24ab 220a 16.67 ab 15.37 ab 211ab 26.33 ab 1.48ab 0.48b 197b
15 1.95b 2.65ab 28.37 ab 1155b 2.69 ab 29.6b 1.52b 0.56b 2.08b
4 1.66b 1.610b 29.47b 84lc 1.78a 17.73a 147b 061b 2.09b
AMF x N

Gc-0 0.87a 171a 8.18 abc 13.53 abcd 1.58 ab 26.67 ab 1.13ab 0.35a 1.30a
Gc-0.5 0.58 a 0.79a 4.58a 12.02 abcd 0.90b 30.00 ab 1.38abcd  0.32ab 1.69ab
Ge-15 091a 0.70a 9.14ab 7.30 abc 0.36abc  26.00ab 1.32 abcd 0.42 abc 1.73ab
Ge-4.0 059a 0.56 abc 499a 6.90 ab 0.20a 12.00a 1.73 bcd 0.58 abcd 2.31ab
Ac-0 1.06a 1.76a 12.64abc  16.37 bed 1.92 bc 26.67 ab 0.90a 0.24a 114a
Ac-0.5 1.07a 1.93ab 16.57 abc 16.33 abcd 137abc  26.67 ab 1.43 abcd 0.46 abcd 1.89 ab
Ac-15 054a 0.68a 53la 7.78 abc 050abc  22.00ab 1.19 abcd 0.36 abc 1.55ab
Ac-4.0 0.40 ab 0.28 abc 4.39 abc 420a 1.00abc  0.00a 1.28 abcd 0.38 abcd 1.66 ab
G-0 124a 197a 14.93abc  18.05 bed 1.82abc  30.00 ab 1.17abcd  0.32ab 149a
G-05 0.80a 117a 9.69 abc 12.42 abcd 0.77 ab 25.00 ab 1.46 abcd 0.45 abc 1.91ab
G-15 0.73a 1.02a 8.41ab 10.33 abcd 1.02ab 28.33ab 1.92d 0.73 bed 2.65b
G-4.0 097a 0.71a 11.82 abc 6.70 ab 0.78abc  25.00 ab 1.46 abcd 0.47 abcd 1.93ab
AD-0 1.68a 2.85ab 23.43abcd 18.10 bcd 2.83abc  53.33bc 1.11abc 0.29 ab 140a
AD-0.5 2.72ab 5.44 abc 39.37bcd  22.87cd 5.53 bc 50.00 bc 1.47 abcd 0.59 abcd 2.06 ab
AD-15 6.71c 9.81c 109.20d 2357d 9.55¢ 71.67c 1.77cd 0.88cd 2.65b
AD-4.0 5.71bc 5.74 bc 88.92 cd 13.63 abcd 6.20abc  51.67 bc 1.56 abcd 1.14d 2.70ab
N/AMF-0 1.08a 22la 12.51 abc 16.03 bcd 2.00abc  0.00a 1.38 abcd 0.40 abc 1.78 ab
N/AMF -0.5 1.05a 1.66 a 13.14 abc 15.02 abcd 1.98abc 0.00a 1.68 abcd 0.60 abcd 2.29ab
N/AMF -1.5 0.86a 1.04a 9.83 abc 8.78 abcd 1.15ab 0.00a 1.39 abcd 0.44 abc 1.83ab
N/AMF -4.0 0.63a 0.77a 7.77 ab 10.60 abcd 0.73abc  0.00a 1.34 abcd 0.48 abcd 1.83ab
Significances

AM F _*** _*** _*** _*** _*** _*** _** _*** _***

N *kk *kk *kk *kk *kk * *kk *kk *kk
AMF X N *kk *kk *kk *kk * ns * *x *x

LFW, leaf fresh weigh_t; RFW, root fresh weight; LA_ leaf area; R_L, root length; R_V, root volume; MC, myEorrhizaI coIorTization; CA, CB and TC,
chlorophyll a, b and total respectively. G¢ (Glomus claroideum), Ac (Acaulospora spinosa), G (Glomus spp), AD (Agua Dulce) and N/AMF (without
mycorrhizal inoculum).Values in columns with the same letters are statistically equals according to Tukey test (P < 0.05). _*** (P <0.001); ** (P <0.01);

_* (P <0.05); ns, not significant

microorganisms  such as plant  growth-promoting
rhizobacteria (PGPR); they might act together to promote
plant growth. There is evidence that the combined
interactions between AM fungi and PGPR may increase the
plant growth (Artursson et al., 2006). Lépez-Moctezuma et
al. (2005) reported that papaya plants favored its growth
when they were inoculated with AM fungi complex and
Bacillus pumilis. Constantino et al. (2010) reported a
significant increase on shoot diameter and fresh and dry
biomass on papaya seedling inoculated with GI. intraradices
and Azospirillum brasilense, compared with non-treated
plants. In another work with papaya seedlings inoculated
with Azotobacter chroococcum and Gl. intraradices, there
was a significant increase on dry biomass of inoculated
plants respect to non-treated (Constantino et al., 2011). This
positive effect might occur in the treatments with the
inoculum Agua Dulce, however would be unlikely to occur
in plants without AM fungi or in treatments with
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monospecific inoculums because the growth medium was
previously sterilized. In the case of the treatments where
monospecific inoculum were used, despite obtaining a
colonization of 25% and that this does not reflect on plant
growth increase in general, might be due to the specificity of
the plant to AM fungi species. It has been demonstrated that
the response of the plant to mycorrhizal depends on several
factors, including the host plant and AM fungi species
(Khade and Rodrigues, 2008a, b). In works with papaya,
favorable results were founded on plant growth using Gl.
intraradices, Gl. mosseae and GIl. Diaphanum (Lépez-
Moctezuma et al., 2005; Constantino et al., 2011; Quifiones-
Aguilar et al., 2012). Another possible explanation may be
because these plants didn’t have a higher volume of
explorations by roots in the growth medium and low
nutrient concentration in this mainly phosphorus, reason
why these plants obtained similar or less growth than in
plants without AM Fungi. Smith and Smith (2012),
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suggested that low or no effect of AM fungi on plant growth
was due to a deficiency of phosphorus on plants, by a
reduction in the levels of absorption by the roots and may
not be sufficiently compensated by the low percentage of
colonized roots (Grace et al., 2009). This would be likely to
occur in the case of treatments without mycorrhizal. In
regards to the effect of AM fungi in the chlorophyll
concentration, Baslam et al. (2013) and Li et al. (2013),
mentioned that the effect of mycorrhizal symbiosis on
chlorophyll contents depend on the host plant, leaf type and
AM fungi species. Diaz and Garza (2006) reported increases
in the chlorophyll content in three genotypes of Cenchrus
ciliaris L. inoculated with GlI. intraradices. Similar results
were reported in Capsicum annum plants inoculated with
Rhizophagus intraradices under greenhouse conditions
(Diaz et al., 2013). In our study we did not detect changes in
chlorophyll concentration between the different inoculums,
this may be explained in part by the type of leaf sampled in
this case, it was the last leaf fully extended and assume that
this presented the highest photosynthetic activity and does
not change the concentration of these pigments.
Furthermore, its known that nitrogen is an essential nutrient
for the growth and development of both plants (Marschner,
1998; Chapin et al., 2004) and soil microorganisms
(Demoling et al., 2007) and that the effect of AM fungi on
the host plant will depend of the dose and nitrogen source
(Miransari, 2011; Pérez-Tienda et al., 2012; Ngwene et al.,
2013). It has been demonstrated that under the same N
concentrations, the ion nitrate decreases the mycorrhizal
activity compared to ammonium (Valentine and Kleinert,
2006; Ngwene et al., 2010) and that plants have preference
for this ion (Smith and Smith, 2012). In our work, all
growth variables evaluated were affected by the N
concentration in the irrigation solution. Regarding
mycorrhizal colonization, in this case we found out that
plants with highest colonization percentage (Agua Dulce
inoculum) and irrigate with 4 mM of N, increased 28% the
percentage with respect to lower concentrations (from 0 to
1.5 mM). There are reports of an apparent negative effect of
ion ammonium respect to nitrate in the root colonization
percentage (Karagiannidis et al., 2007; Salgado-Barreiro et
al., 2012; Ngwene et al., 2013). However, this negative
effect on the root colonization is mainly due to the increase
in nitrogen concentration (Valentine and Kleinert, 2006;
Ngwene et al., 2010). Salgado-Barreiro et al. (2012)
working with strawberry plants cv. Camino Real inoculated
with Gl. intraradices found a significant decreased in the
colonization percentage when the concentration of NO3™ or
NH," was increased in the irrigation solution. The possible
reasons for this reduction may be due to the decrease in pH
of rhizosphere by ammonium uptake (Habte, 1999; Rohyadi
et al., 2004), a decrease in the distribution of carbohydrates
by the competition between both plant and fungal growth,
the assimilation of ammonium by root, the fungi growth
(Raven and Smith, 1976) or by amelioration in the
phosphorus nutritional status plant as result of ammonium

124

uptake (Johnson et al., 1984). Above growth variables we
found that when the N concentration of irrigation solution
increase until 1.5 mM the higher plant growth was recorded.
The N is one of the most important macronutrients that
affect significantly the plant growth (Marschner, 1998;
Miransari, 2011), it was expected that the plants would
grow bigger to higher N irrigation solution supply.
However, high concentration of this nutrient may produce
negative effects on plant growth due to changes in the pH or
an osmoatic effect by the accumulation of salts in the growth
medium. Today, the importance of AM fungi for plant N
nutrition is a topic of controversy (Ngwene et al., 2013).
Some authors have mentioned that the potential N uptake
and transport rates of roots are much higher than those of
hyphae so that in soil with high mineral N supply, the
contribution of AM fungi to shoot N content is likely to be
small compared with uptake by the roots (Hawkins et al.,
2000; Hodge, 2003). However, the case may be different
when AM fungi hyphae have access to N sources that are
not accessible to roots (Frey and Schilepp, 1993; Hodge,
2003; Leigh et al., 2009). There are works that have studied
the effect of the interactions between AM fungi inoculation
and different N concentrations and ionic form on plant
growth. Salgado-Barreiro et al. (2012) inoculated Fragaria
X ananassa D. Plants with Gl. intraradices and irrigated
with doses of 0, 1.3 and 10 mM of N in both forms
ammonium and nitrate. They reported a significant effect of
interaction on dry biomass; the higher plant growth was
obtained when used 3 mM of N as ammonium. Castellanos-
Morales et al. (2012) reported significant increases in leaf
area, dry biomass and colonization percentage on strawberry
plants inoculated with Gl. intraradices and irrigated with a
solution 3 mM of nitrate compared with plants with the
same concentration but without inoculation. Karagiannidis
et al. (2007) recorded an increase in the shoot dry weight
and leaf number on grapevine inoculated with Gl. mosseae
and fertilized with calcium nitrate respect to other nitrogen
sources. Azcén et al. (2001, 2008) cultivated lettuce plants
under drought conditions, tested the effects of AM fungi on
the percentage of N uptake from N fertilization under
different levels of soil N. They mentioned that AM fungi
enhanced plant N concentration, the activity of nitrate
reductase and proline content in plant. At the medium level
of N fertilization (6 mM N), AM fungi resulted in the higher
N uptake from fertilization, relative to the lowest (3 mM N)
and highest (9 mM N) N levels, which reduced N uptake
from fertilization. In our studied C. papaya plants inoculated
with Agua Dulce inoculum and supply with 1.5 mM of N as
ammonium reached the higher values of most variables
evaluated. When the N concentration was 4 mM, the effect
concomitant between both N and mycorrhizal was
ameliorated. High amounts of N fertilization can
significantly decrease N uptake by mycorrhizal plants
(Miransari, 2011). These results indicate that mycorrhizal
plants may regulate plant N uptake with respect to the
amounts of N supply.
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Conclusion

In conclusion, the C. papaya cv ‘Maradol’ plant growth was
determined by inoculum, N concentration and their
interaction. The inoculum Agua Dulce enhanced
significantly the root colonization and promoted the plant
growth, compared to plant with mono-spore inoculums or
non-inoculated. However these results depended on the N
nitrogen concentration in the irrigation solution. The fact that
the inoculum Agua Dulce was the best, might be due to the
presence of different AM fungi species. The poor response
of others inoculums would result from the specificity by host
plant to fungi. The low N concentration results benefic to
plant growth respect to high concentration, where the growth
was reduced. This apparent response may be the result of the
contribution to mycorrhizal in N uptake at low concentration.
Finally the treatment where we obtained the best growth of
C. papaya plants was with Agua Dulce (native) inoculum
and 1.5 mM of N concentration.
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