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Physiology of the production of strawberries inoculated with
arbuscular mycorrhizal fungi

Fisiologia da produciao de morangueiros inoculados com fungos
micorrizicos arbusculares
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Saggin Janior’; Daniele Aparecida Nascimento*; André Ricardo Zeist’; Renata
Favaro®; Katielle Rosalva Voncik Cérdova’; André Gabriel®

Abstract

The use of arbuscular mycorrhizal fungi (AMF) is a strategy to increase the absorption of nutrients
by plants, stimulate the plant defense system, and promote the synthesis of bioactive compounds. In
addition, AMF can reduce production costs and improve the agricultural and environmental sustainability
of farming systems. The objective of this study is to evaluate the effect of AMF on production and
physiological parameters of strawberry cultivars. The cultivars Camarosa, Aromas, Camino Real,
Monterrey, Portola, San Andreas, and Albion were evaluated in the year 2016, and Camarosa, Camino
Real, Monterrey, and Albion were analyzed in the year 2017. These cultivars were grown either with
or without AMF. The analyzed production variables were the total number of fruits and fruit yield and
weight. Gas exchange and leaf area were also determined in 2017. Fruit yield in treated and control
plants was assessed in the two study years. AMF inoculation augmented the leaf area in all cultivars
except for Monterrey, photosynthetic performance in the cultivars Camarosa and Camino Real, and the
transpiration rate in the cultivar Camarosa. These results indicate that AMF improve agronomic and
physiological characteristics of strawberry cultivars.

Key words: Fragaria x ananassa Duch. Mycorrhizae. Inoculants. Physiological characteristics.
Rhizospheric microorganisms.
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Resumo

O uso de fungos micorrizicos arbusculares (FMAs) ¢ uma alternativa para proporcionar melhor absorgédo
de nutrientes, estimular o sistema de defesa dos vegetais e promover a sintese de compostos bioativos.
Além disso, podem diminuir os custos de produgdo ¢ tornar os sistemas de cultivo mais sustentaveis e
comprometidos com o ambiente. Objetivou-se com o presente trabalho avaliar a influéncia de FMAs
nos componentes agronomicos e fisiologicos de cultivares de morangueiro. As cultivares avaliadas
foram Camarosa, Aromas, Camino Real, Monterrey, Portola, San Andreas ¢ Albion no ano de 2016
¢ Camarosa, Camino Real, Monterrey ¢ Albion no ano de 2017, inoculadas e ndo inoculadas com
FMAs. Avaliou-se os componentes agrondmicos (numero de frutos, produgdo total ¢ massa de frutos)
nos dois anos de cultivo. No ano de 2017 avaliou-se também as trocas gasosas e estimou-se a area
foliar. Quanto aos componentes agrondmicos, houve destaque para as plantas micorrizadas em relagdo
as ndo micorrizadas nos dois anos de avaliagdo. A inoculagdo com FMAs proporcionou incremento
da area foliar para as cultivares, exceto Monterrey. Os FMAs proporcionaram ainda incremento do
rendimento fotossintético para as cultivares Camarosa e Camino Real e da transpiragdo para Camarosa.
O uso de FMAs proporcionou melhora das caracteristicas agronomicas e fisiologicas das cultivares de
morangueiro avaliadas no presente trabalho.

Palavras-chave: Fragaria x ananassa Duch. Micorrizas. Inoculantes. Componentes fisiologicos.

Microorganismos rizosféricos.

Introduction

Strawberries (Fragaria x ananassa Duch.) are
cultivated in different regions of the world. In the
year 2014, the global production of strawberries was
more than 8 million tons in approximately 373,000
hectares. The largest producers were China, with
more than 3 million tons, and the United States,
with approximately 1.3 million tons (FAO, 2014).
Strawberry production in Brazil is approximately
105,000 tons in an area of 4,000 ha (REISSER
JUNIOR et al., 2015).

Strawberry is a perennial crop that requires
extensive labor and is cultivated primarily by
small farmers. For this reason, this crop has
significant economic and social importance and
is a relevant source of income for family farming.
Conventional strawberry cultivation has become
costly because of the indiscriminate use of crop
protection products and fertilizers to increase yield
(GIMENEZ et al., 2008). The extensive and often
unnecessary use of fertilizers leads to imbalances
in the crop system, enhancing plant susceptibility
to pests and pathogens, and potentially leading
to soil salinization and environmental pollution
(KIRSCHBAUM, 2006).

Mycorrhizae is a symbiotic association between
plant roots and the beneficial fungi of the soil,
and arbuscular mycorrhizal fungi (AMF) are a
promising strategy to minimize the indiscriminate
use of mineral fertilizers and augment the yield
and quality of several crops, including strawberries
(VESTBERB et al., 2004).

The use of AMF in crop production systems has
intensified because mycorrhizal colonization can
stimulate the plant defense system and tolerance
to biotic and abiotic stresses (SAGGIN JUNIOR;
SILVA, 2005; VOS et al., 2012; CECATTO, 2016).
The use of this symbiotic system can reduce the use
of fertilizers in plants by enhancing the efficiency
of absorption of nutrients with low soil mobility,
such as phosphorus (COSCOLIN, 2016). Moreover,
AMF may act as
plant hormonal balance, tolerance to pathogens
(ROUPHAEL et al., 2015), biomass, development,
and yield (ANTUNES et al., 2012).

bioregulators, increasing

It has been shown that inoculation of strawberries
with  AMF improves plant growth (NIEMI;
VESTBERG, 1992), stolon emission (ALARCON
etal., 2000), photosynthetic performance, fruit yield
(BORKOWSKA, 2002), tolerance to pathogens
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(MATSUBARA et al., 2009; VOS et al., 2012), and
water stress (BOROWICZ, 2010). However, few
studies to date evaluated the effect of AMF on the
physiology of production of strawberry cultivars
grown under field conditions under low tunnels. The
objective of this study is to assess the effect of AMF
on production and physiological characteristics of
strawberry cultivars.

Materials and Methods

The study was conducted at the Olericulture
Sector and the Laboratory of Plant Physiology/
Horticulture of the Research Center for Vegetables
(Nucleo de Pesquisa em Hortalicas—NPH), at the
Department of Agronomy, Cedeteg campus of the
State University of Center-West (Universidade
Estadual do Centro-Oeste—UNICENTRO), located
in Guarapuava (latitude, 25°23°01” S; longitude,
51°29°50” W; altitude of 1,025 meters), Parana,
Brazil. The soil is classified as Typical Dystrophic
Bruno Latosol (EMBRAPA, 2013).

The study used a completely randomized block
design. In 2016, a 2 x 7 factorial arrangement was
chosen, with four blocks, totaling 14 treatments
comprised of seven strawberry -cultivars (five
with a neutral photoperiod [Aromas, Monterey,
Portola, San Andreas, and Albion] and two with a
short photoperiod [Camarosa and Camino Real]
inoculated or not with AMF). In the year 2017, a 2
x 4 factorial arrangement was used, with six blocks,
totaling eight treatments comprised of four cultivars
(Monterey, Albion, Camarosa, and Camino Real)
treated or not with AMF. In both years, each block
corresponded to one plot, and each plot contained
eight plants cultivated in an area of 30 x 30 cm.

The commercial seedlings used were imported
from Chile, certified, and disease-free. The soil was
prepared by plowing, liming, and harrowing. The
seedbeds were covered with a black polyethylene
30-um film (mulching). Fertilization at planting
was performed before transplanting according to
the soil characteristics of the study area.

Liming was carried out in 2016 two months
before planting using 100 g of calcitic limestone per
m?, Fertilization at planting consisted of 50 g of K,O
and 50 g of nitrogen per m?. Phosphate fertilization
was performed using 50% of the recommended
dose with 200 g of P O at planting and topdressing.
This type of fertilization was used to stimulate
the development of mycorrhizal fungi, which are
more active under conditions of low phosphorus
availability in the soil (Smith and Read, 2008).

In 2017, 384 g of calcitic limestone per m?
was applied to the soil. Fertilization at planting
consisted of 50 g K,O and 48.24 g nitrogen per m’.
Phosphate fertilization was performed with 50%
of the recommended dose with 253 g of P,O, per
m?. Micronutrients were sprayed every 15 days,
including 0.7 g of Borax, 0.3 g of copper hydroxide,
1.8 g of zinc sulfate, and 2.9 g of CAB Plus per m?.

Before seedling planting, a mycorrhizal inoculant
containing several AMF strains was added to the
pits as detailed in Tables 1 and 2. The inoculant
was supplied by the Johanna Débereiner Biological
Resource Center (Centro de Recursos Biologicos
Johanna Déobereiner) of Embrapa Agrobiology,
located in Seropédica, Rio de Janeiro, Brazil.

The management of pests and diseases was
carried out during the crop cycle as needed, and
specific products licensed for use in strawberry
crops in Paranad were used. The alternate spraying
of the active ingredients thiamethoxam (250 g
kg!') and abamectin (18 g L) was performed for
controlling mites and aphids. Rovral® (500 g L),
Bendazol® (700 g 1000 L), and Difenoconazole®
(200 g L") were used for the preventive control of
fungal diseases, including Mycosphaerella fragaria,
anthracnose, and gray mold.

Irrigation was performed by dripping according
to the water requirement of the crop and climatic
conditions. The fruits were harvested every two
days from August to February in the two study
years. Fruits with more than % reddish color were
collected.
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Fruits with a weight higher than 10 grams were
considered commercial, and those with injuries
in the epidermis were discarded. The following
production variables were evaluated: number of
commercial fruits per plant (NCFP), number of

Table 1. Arbuscular mycorrhizal fungi strains inoculated in strawberry crops in 2016.

non-commercial fruits per plant (NNCFP), and total
number of fruits per plant (TNFP), commercial
fruit yield (g/plant) (CFY), non-commercial fruit
yield (g) (NCFY), total fruit yield (TFY), and mean
weight of commercial fruits per plant (g) (MWCEFEP).

. . Num- Number of Wel.ght of
. Original . the inocu-
Strain Species ber of spores per dose
code . lant dose
spores/g of inoculant
®
Acaulospora colombiana (Spain & N.C.
A97 CNPAB 053 Schenck) Kaonongbua, J.B. Morton & 18 10 0.56
Bever (2010)
Acaulospora morrowiae Spain & N.C.
A96 CNPAB 052 Schenck (1984) 23 10 0.43
A38 IES-33 Acaulospora scrobiculata Trappe (1977) 43 10 0.23
Dentiscutata heterogama (T.H. Nicolson
A2 CNPAB 002 & Gerd.) Sieverd., F.A. Souza & Oehl 27 10 0.37
(2008)
Gigaspora candida Bhattacharjee,
A36 1ES-29 Mukerji, J.P. Tewari & Skoropad (1982) 6 10 1.67
Glomus formosanum C.G. Wu & Z.C.
A20 CNPAB 020 Chen (1986) 25 10 0.40
Scutellospora calospora (T.H. Nicolson
A80 CNPAB 038 & Gerd.) C. Walker & F.E. Sanders 15 10 0.67
(1986)
Scutellospora gilmorei (Trappe &
ATS CNPAB 034 Gerd.) C. Walker & F.E. Sanders (1986) 8 10 1.25
Inoculant mixture 14 80 5.58
Table 2. Arbuscular mycorrhizal fungi strains inoculated in strawberry crops in the year 2017.
- Num- Number of Wel.ght of
. Original . the inocu-
Strain Species ber of spores per dose
code . lant dose
spores/g of inoculant
®
A92 CNPAB 048 Acaulospora foveata Trappe & Janos 7 10 1.43
(1982)
Acaulospora mellea Spain & N.C.
A9%4 CNPAB 050 Schenck (1984) 13 10 0.77
Acaulospora morrowiae Spain & N.C.
A96 CNPAB 052 Schenck (1984) 23 10 0.43
A38 IES-33 Acaulospora scrobiculata Trappe 43 10 0.23
(1977)
continue
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continuation

Claroideoglomus etunicatum (W.N.

Ad4 Inoculum 51

Schuessler (2010)

Becker & Gerd.) C. Walker & 17 10

0.59

Dentiscutata heterogama (T.H. Nicol-

A2 CNPAB 002
Oehl (2008)

son & Gerd.) Sieverd., F.A. Souza & 23 10

0.43

Gigaspora candida Bhattacharjee,

A36 IES-29

(1982)

A20 CNPAB 020

Chen (1986)

Mukerji, J.P. Tewari & Skoropad 6 10

Glomus formosanum C.G. Wu & Z.C.

1.67

25 10 0.40

Rhizophagus clarus (T.H. Nicolson &

AS CNPAB 005
(2010)

N.C. Schenck) C. Walker & Schuessler 8 10

1.25

Scutellospora calospora (T.H. Nicolson

A80 CNPAB 038

(1986)

& Gerd.) C. Walker & F.E. Sanders 15 10

0.67

Scutellospora gilmorei (Trappe &

A7S CNPAB 034

(1986)

Gerd.) C. Walker & F.E. Sanders 8 10

1.25

Inoculant mixture

12 110 9.12

The leaf area (LA) was estimated, and gas
exchange was determined for the plants cultivated in
2017. The LA of green leaves was determined at the
end of the production cycle using a LI-COR® meter
leaf area meter (model LI 3100C) and expressed
in square centimeters per plant. In December, gas
exchange was determined using a LI-COR® infrared
gas analyzer (IRGA) (model LI6400XT) (with
1000-pmol photons m?s™, 400 umol mol™ of CO,,
and ACO, + AH,0 lower than 1%) by measuring the
net CO, assimilation or photosynthetic performance
(4, pmol CO, m* s), stomatal conductance (gs,
mol CO, m? s), and transpiration rate (£, mmol
H,O m?s™).

The data on the analyzed characteristics were
tested for normality and homogeneity of the
residuals using the Shapiro-Wilk and Hartley tests,
respectively, and subjected to individual and joint
analysis of variance. When the F test was significant,
the means were subjected to Tukey’s test at a level of
significance of 5% and analyzed using the statistical
program SISVAR version 5.3 (FERREIRA, 2010).

Results and Discussion
Production variables

There were no significant differences in the
TNFP between the cultivars inoculated with AMF
in 2016. However, this parameter was relatively
higher in the cultivars Camarosa and San Andreas
grown without AMF and in the cultivar Aromas
grown with AMF (Table 3).

In 2017, in contrast to the previous year, the
TNFP was higher in plants grown with AMF when
compared with control plants. Moreover, this
parameter was higher in the cultivars Monterey and
Albion grown with or without AMF compared with
the other cultivars (Table 3). In 2016, the CFY of
AMF-treated plants from the cultivars Camino Real
and Albion was higher than that of the respective
controls. In the inoculated group, the mean CFY
was higher in the cultivars Camarosa, Aromas, and
Albion. In the control group, the mean CFY was
higher in the cultivar Aromas (Table 3).
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In 2017, the mean CFY was higher in AMF-
treated plants relative to untreated plants. The CFY
was higher in the cultivar Albion inoculated or not
with AMF relative to the other cultivars (Table 3).
In 2016, the TFY was higher in the cultivars Camino
Real and Albion treated with AMF than in the other
treated cultivars. Furthermore, this variable was
higher in the cultivar Camarosa treated with AMP
and Aromas treated or not with AMF (Table 3).

In 2017, the TFY was higher in treated plants
compared with the control groups and higher in
plants from the cultivar Albion treated or not with
AMF (Table 3). In 2016, there were no significant
differences in the NCFY between the treated and
control groups. Nonetheless, this parameter was
significantly higher in the cultivar Camarosa (Table
3). In 2017, the NCFY was comparatively higher in
inoculated plants. This variable was higher in the
cultivars Albion and Monterey inoculated or not
with AMF relative to the other cultivars.

The mean MWCEFP in 2016 was higher in treated
plants. This parameter was higher in the cultivars
inoculated with AMF
compared with the respective controls. Furthermore,
the MWCFP was higher in the cultivar Aromas
treated or not with AMF when compared with the
control (Table 3). In 2017, the MWCFP was higher
in treated plants relative to control plants. This

Albion and Camarosa

variable was higher in the cultivar Albion treated or
not with AMF compared with the other cultivars.

The analysis of the production characteristics in
2016 indicated that AMF were effective, especially
for the cultivars Camino Real and Albion, in which
fruit yield in inoculated plants was higher than that
in control plants, and the mean fruit yield in treated
plants of the cultivar Camarosa was higher than that
in control plants (Tables 3 and 4). In contrast to the
results of 2016, in which AMF increased the yield
of a few cultivars, the production characteristics of
the inoculated cultivars were better in 2017 (Tables
3 and 4).

In 2017,
different fromthose in 2016, with a longer dry period,

edaphic-climatic conditions were

which may have stimulated plant metabolism,

allowing higher growth and development.
Treatment with AMF may be beneficial to crops
because the performance of these microorganisms
is enhanced under environmental stress conditions.
In 2016, there were no stress conditions in the
evaluated crops, such as excessive radiation or
high temperatures. This was characterized by mild
temperatures, seasonal rains, and adequate relative
humidity, allowing an increase in plant metabolism
and precluding the need to allocate alternative
energy resources for plant growth and development.
Therefore, the

parameters by AMF was not as expected because

improvement in production
these microorganisms are more active under stress
conditions for the plant.

Bona et al. (2014) found that the fruit yield
and size in strawberry plants inoculated with
AMF was higher than that of control plants. This
finding agrees with the present study because yield
was augmented in treated plants in the two study
years when compared with the respective controls.
Castellanos-Morales et al. (2010) evaluated fruit
yield and size in strawberry plants using different
concentrations of nitrogen and inoculation of the
AMF Rhizophagus intraradices and observed that
the use of this fungus did not significantly affect
these variables. This finding does not corroborate
the present study because our results indicated that
AMF increased fruit yield.

Nzanza et al. (2012) found that the weight of
tomato fruits inoculated with mycorrhizae was
higher than that of control plants. Similarly, Wang
et al. (2008) observed that the weight of cucumber
fruits was 1.4 and 1.3-fold higher in plants treated
with F. mosseae or Glomus versiforme, respectively,
than in the controls. These findings corroborate the
present study, in which fruit yield was higher in
AMF-treated plants.
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Martinez (2012) evaluated the quality and yield
of'the strawberry cultivars Albion and Jacona treated
with the AMF Rhizophagus clarus and found that
yield was increased by 28.75% in Albion relative to
the control, and the mean fruit weight in inoculated
plants of the Jacona cultivar was higher than that
of the control. This finding agrees with the present
study, in which AMF enhanced yield in the Albion
cultivar by 31.87% in 2016 and 17.85% in 2017
relative to the control.

The production characteristics were better
in the presence of AMF in the two study years.

Nonetheless, in 2017, these characteristics were
improved in all inoculated cultivars. It is believed
that treatment with AMF increases the uptake of
minerals adsorbed to the soil, including phosphorus
(SILVA, 2013), allowing higher yield in treated
cultivars. This result may be due to the stressful
environmental conditions in 2017, which enhanced
the activity of AMFs and demonstrates that these
microorganisms were effective in promoting plant
growth and development.

The mean TNFP, CFY, NCFY, and TFY in 2016
and 2017 are shown in Table 3.

Table 3. Total number of fruits, yield of commercial and non-commercial fruits, and total fruit yield of strawberry
cultivars grown with arbuscular mycorrhizal fungi at UNICENTRO, Guarapuava, Parana, Brazil, in 2016 and 2017.

Production parameters

2016
TNFP CFY NCFY TFY
Cultivar Treatments
1 NI I NI 1 NI I NI
Camarosa  69.44aB  73.41aA 1080.09aA 1007.57bA 87.90aA 81.39aA 1167.99aA 1088.96aB
Aromas 68.60aA 65.25bB 1150.97aA 1176.93aA  79.87aA 77.60aA 1230.84aA  1254.56aA
Camino Real 67.62aA  66.03bA  1051.53bA  962.81 bB  70.29aA 69.71aA  1121.8bA  1032.51bB
Monterey 68.84aA 67.03bA  947.26bcA  883.93bA  82.42aA 87.84aA 1029.68bcA  971.77bA
Portola 66.00aA  66.87bA  909.13cA  927.06 bA 71.67aB 86.80aA  980.80cA  1013.85bA
San andreas  66.00aB  69.53bA  904.27cA  902.64 bA 71.67aB 89.37aA  985.73cA  992.011bA
Albion 66.43aA 66.78bA 1081.04aA  704.29cB  80.94aB 87.37aA 1161.98bA  791.65¢cB
Mean 67.12A 6741 A 1017.7A 937.89B  77.83B 8286A 1096.97A 1020.75B
CV (%) 3.11 6.1 12.21 5.84
2017
Camarosa  60.86bA 57.36bB  723.26dA 55336 dB  73,18aA 60.73aB  890.94cA  742.50cB
Camino Real 56.30cA 51.27cB  817.76cA  681.76cB  73.71aA 60.86aB  796.97dA  614.22 dB
Monterey 66.24aA 62.74aB 1019.21bA  795.63bB  84.02aA 67.91aB 1103.24bA  863.54bB
Albion 67.11aA 62.88aB 1062.62aA  880.53aB  91.62aA 67.77aB  1154.24aA  948.30aB
Mean 62.63A  58.56B  905.71A 727.82B 80.63A  64.32B 986.35A 792.14B
CV (%) 1.6 2.18 7.61 2.06

I, inoculated; NI, not inoculated; TNFP, total number of fruits per plant; CFYP, commercial fruit yield (g/plant); NCFYP, non-
commercial fruit yield (g/plant); TFYP, total fruit yield (g/plant); CV, coefficient of variation. The results are presented as mean
(n =7 and n = 4). Means with the same lowercase letters in each column and the same uppercase letters in each line were not
significantly different from each other using the Tukey’s test (p<0.05).

The NCFP, NNCFP, and MWCEFP in 2016 and
2017 are shown in Table 4.
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Table 4. Number of commercial and non-commercial fruits and mean weight of commercial fruits in strawberry plants
treated with arbuscular mycorrhizal fungi at UNICENTRO, Guarapuava, Paran4, Brazil, in 2016 and 2017.

Production parameters

2016
NCFP NNCFP MWCFP
Cultivar
I NI 1 NI 1 NI
Camarosa 58.72aB 62.15aA 11.62aA 11.25aA 18.36bcA 16.21bB
Aromas 55.97abA 54.50bA 12.72aA 10.75aA 20.58aA 21.59aA
Camino Real 56.81abA 55.69bA 10.81aA 10.34aA 18.50bcA 17.28bA
Monterey 55.44abA 55.34bA 13.40aA 11.69aA 17.08cdA 15.97bA
Portola 55.37bA 54.50bA 10.62aA 12.37aA 16.39dA 17.01bA
San Andreas 54.94bA 57.28bA 11.06aA 12.25aA 16.45dA 15.74bA
Albion 55.34abA 54.00bA 11.09aA 12.78aA 19.53bA 13.04cB
Mean 56.08A 56.21A 11.62A 11.63A 18.13A 16.69B
CV (%) 3.05 12.06 4.84
2017
Camarosa 50.16 bA 47.52 bB 10.24 bA 9.66 aB 16.29 cA 14.34 cB
Camino Real 46.05 cA 41.61 cB 10.63 bA 9.83 aA 15.70 dA 13.29dB
Monterey 55.61 aA 53.58 aB 10.69 bA 10.16 aA 18.32 bA 15.13bB
Albion 55.27 aA 52.30 aB 11.83 aA 10.58 aB 19.22 aA 16.83 aB
Mean 51.77A 48.50 B 10.85 A 10.06 B 17.38A 1490 B
CV (%) 1.52 5.93 1.22

I, inoculated with mycorrhizal fungi; NI, not inoculated with mycorrhizal fungi; NCFP, number of commercial fruits per plant;
NNCFP, number of non-commercial fruits per plant; MWCFP, mean weight of commercial fruits per plant (g); CV, coefficient of
variation. The results are presented as mean (n = 7 and n = 4). Means with the same lowercase letters in each column and the same
uppercase letters in each line were not significantly different from each other using the Tukey’s test (p<0.05).

Leaf area

In 2017, there was a significant difference in
LA between strawberry cultivars grown with and
without AMF. Moreover, there were significant
differences in individual parameters between
cultivars grown in the presence and absence of
AMF. LA was higher in inoculated cultivars than
in controls. The differences were significant for all

cultivars, except for Albion (Table 5).

LA was higher in treated plants of the cultivar
Camarosa and lower in treated plants of the cultivar
Albion relative to the other treated cultivars. There
were no significant differences in LA between the
untreated cultivars (Table 5).

There was a significant increase in LA by 380%,
207%, 220%, and 68% in the inoculated cultivars
Camarosa, Camino Real, Monterey, and Albion,
respectively, compared with the respective controls.
Despite the higher LA with AMF, there were no
significant differences in this variable in the cultivar
Albion treated or not with AMF.

The larger LA increases the photosynthetic
area, enhancing sunlight absorption and energy
efficiency (carbohydrate synthesis) for plant growth
and development, resulting in the production of
larger fruits.
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Table 5. Leaf area of strawberry cultivars treated with mycorrhizal fungi at UNICENTRO, Guarapuava, Parana,

Brazil, in 2017.

Leaf area (cm?)

Inoculated Uninoculated
Camarosa 5230.30 aA 1429.36 aB
Camino Real 4028.33 abA 1946.40 aB
Monterey 2760.51 bcA 1246.89 aB
Albion 1710.02 cA 1162.51 aA
Mean 343229 A 1448.29 B
CV (%) 39.74

CV, coefficient of variation. The results are presented as mean (n = 6). Means with the same lowercase letters in each column and
the same uppercase letters in each line were not significantly different from each other using the Tukey’s test (p<0.05).

LAisarelevant characteristic because it is related
to the rate of photosynthesis carried out by the plant
and affects the production of photoassimilates,
which are partially translocated to the AMF and
fruits (CAVALCANTE et al., 2002). Silva et al.
(2004) observed that the larger LA in plants treated
with AMF was positively correlated with higher 4,
leading to augmented plant growth and biomass.

The expansion of LA by AMF in different
strawberry cultivars agrees with the results obtained
for other crops, including acerola (Costa et al., 2001),
passion fruit (Cavalcante et al., 2002), mangaba
(Costa et al., 2005), and papaya (Lima et al., 2011).
These studies found that the LA of AMF-treated
plants was larger than that of untreated plants.

Gas exchange

The net CO, assimilation (4) in the cultivars
Camarosa and Camino Real inoculated with AMF
was higher than that of the controls. In contrast,
A was higher in untreated plants from cultivars
Monterey and Albion. Moreover, 4 was higher
in the latter two cultivars (neutral day cultivars)
compared with short-day cultivars (Table 6). This
result may be because Monterey and Albion are
insensitive to the photoperiod and, at the time of
data analysis (December), were in full production,
whereas the cultivars Camarosa and Camino Real

are short-lived and, therefore, have lower biological
activity.

A was increased in the cultivars Camarosa and
Camino Real inoculated with AMF (Table 6), which
may justify the results on fruit yield in these cultivars
because higher A results in higher yield. This result
demonstrates the effectiveness of inoculation in
these cultivars.

The comparatively higher 4 in these two cultivars
may be related to improved physiological function
provided by the symbiotic association. However,
the mechanisms by which mycorrhization causes
these beneficial effects on gas exchange are not yet
fully understood (SHENG et al., 2008).

There were no significant differences in gs
between the treatments. However, in the AMF-
treated group, the cultivar with the highest and
lowest mean gs was Monterey and Camino
Real, respectively. In the control group, gs was
relatively higher in the cultivar Monterey and
lower in the cultivars Camarosa and Camino Real,
with no significant difference between the latter
two (Table 6).

There were no significant differences in E
between the treatments. However, E was higher in
the inoculated plants from the Camarosa cultivar
compared with untreated plants.

Semina: Ciéncias Agrdrias, Londrina, v. 40, n. 6, suplemento 3, p. 3333-3344, 2019

3341



3342

Cordeiro, E. C. N. et al.

Among the treated plants, £ was higher in the = Monterey, without significant differences between
cultivars Monterey and Camarosa and lower in the latter two cultivars. This result may be due to
the cultivars Albion and Camino Real, without higher water and mineral absorption caused by
significant difference between the latter two AMF.
cultivars. In untreated plants, £ was higher in the
cultivar Monterey and lower in the cultivars Albion,
Camarosa, and Camino Real, with no significant
differences between the last three cultivars (Table 6).

This result is justified by the obligatory
symbiosis, which requires the plant to provide
glucose and fructose to the hyphae, allowing the
total energy cost of carbohydrate production to reach

Rosa (2016) evaluated physiological changes in  up to 20% of photosynthesis production (BOLDT et
vines inoculated with Dentiscutata heterogama and  al., 2011; ADOLFSSON et al., 2015). As a result,
found that the rate of CO, assimilation, gs, and £  the plant increases CO, assimilation to compensate
were higher in AMF-treated plants. In the present for the need for carbohydrates, ensuring continuity
study, the rate of CO, assimilation was relatively ~of symbiosis and benefiting from the improved
higher in the cultivars Camarosa and Camino Real, nutrition provided by mycorrhizae (ADOLFSSON
corroborating the results of previous studies. etal., 2015).

A and E were higher in inoculated cultivars, with The mean gas exchange of strawberry cultivars
higher 4 in the cultivars Camarosa and Camino cultivated with and without AMF are shown in
Real and higher £ in the cultivars Camarosa and Table 6.

Table 6. Results of physiological parameters of strawberry cultivars grown with arbuscular mycorrhizal fungi at
UNICENTRO, Guarapuava, Parana, Brazil, in 2017.

Cultivar A (umol CO, m*s™) gs (mol CO, m?s™) E (mmol H,O m?s™)

I NI | NI I NI
Camarosa 6.88 bA 5.42 bB 0.68 abA 0.60 bA 8.58 aA 7.77 bB
Camino Real 7.13 bA 5.73 bB 0.60 bA 0.60 bA 7.51 bA 7.71 bA
Albion 6.51 aB 7.85 aA 0.65 abA 0.69 abA 7.69 bA 8.22 bA
Monterrey 6.99 aB 7.56 aA 0.80 aA 0.81 aA 9.12 aA 9.49 aA
Mean 6.88 A 6.64 A 0.68 A 0.68 A 823 A 829 A
CV (%) 6.99 16.57 5.95

I, inoculated with mycorrhizal fungi; NI, not inoculated with mycorrhizal fungi, 4, photosynthetic performance; gs, stomatal
conductance; E, transpiration rate; CV, coefficient of variation. The results are presented as mean (n = 6). Means with the same
lowercase letters in each column and the same uppercase letters in each line were not significantly different from each other using
the Tukey’s test (p<0.05).
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