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Sunflower response to inoculation with single and mixed spe-
cies of arbuscular mycorrhizal fungi: Agronomic character-
istics

Abstract: The impact of indigenous arbuscular mycorrhi-
zal fungi (AMF) on agronomic characteristics of sunflower (He-
lianthus annuus L.) was evaluated in a pot experiment. The in-
digenous AME, including Glomus intraradices, Glomus mosseae,
and Glomus viscosum, were isolated from an agricultural field
in which cotton and sunflower plants were grown. The most
abundant species (G. viscosum) was multiplied in a monospe-
cific culture. Sunflower plants were inoculated with the mixture
of three selected AMF species or solely with G. viscosum. The
number of leaves, shoot length, head diameter, above ground
biomass, and seeds mass were significantly higher in the plant
inoculated with AMF mixture followed by individual inocula-
tion with G. viscosum followed by the control. AMF mixture
outperformed the G. viscosumby increasing mycorrhizal de-
pendency and mycorrhizal inoculation effect of sunflower. The
results indicate that AMF mixture could be considered as a
good inoculum for improving growth and yield of sunflower in
sustainable agriculture.
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Odziv son¢nice na inokulacijo s posameznimi arbuskularni-
mi mikoriznimi glivami in njihovo mesanico: agronomske
lastnosti

Izvlecek: V lon¢nem poskusu je bil ovrednoten vpliv sa-
moniklih arbuskularnih mikoriznih gliv (AMG) na agronom-
ske lastnosti sonénice (Helianthus annuus L.). Samonikle AMG,
Glomus intraradices, Glomus mosseae, in Glomus viscosum, so
bile izolirane iz poljskih tal, kjer sta rastla bombaz in son¢nice.
Najbolj pogosta vrsta, G. viscosum, je bila namnozena v eno-
vrstni kulturi. Son¢nice so bile inokulirane z mesanico treh
izbranih AMG ali pa samo z vrsto, G. viscosum. Vrednosti para-
metrov kot so $tevilo listov, dolZina poganjkov, premer koskov,
nadzemna biomasa in masa semen so bile znacilno vecje, kadar
so bile rastline inokulirane z me$anico AMG kot pri inokulaciji
samo z vrsto G. viscosum in najmanj$e pri kontroli. Mesanica
mikoriznih gliv se je izkazala bolj$a kot samo uporaba vrste
G. viscosum zaradi poveCane odvisnosti son¢nice od mikorize
in povecanega u¢inka mikorizne inokulacije na son¢nico. Re-
zultati nakazujejo, da bi bila inokulacija son¢nice z mesanico
mikoriznih gliv dober postopek za izbolj$anje njene rasti in pri-
delka v trajnostnem kmetijstvu.

Klju¢ne besede: arbuskularne mikorizbe glive; son¢nica;
rast; pridelek
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1 INTRODUCTION

Mycorrhiza is a symbiotic association between the
roots of higher plants and soil fungi (Smith et al., 2010).
Mycorrhizal fungi are widespread in agricultural systems
and are particularly relevant for organic agriculture be-
cause they can act as natural fertilizers, enhancing plant
yield (van der Heijden et al., 2008). Arbuscular mycor-
rhizal fungi (AMF) influence processes in the root sys-
tem at different levels (Berta et al., 1995) and reduces
fertilizer input into cropping system, without substantial
loss in yield (Tripathi et al.,, 2005). AMF species affect
plant growth differently (Zhang et al., 2011). The same
species of AME, in different geographic locations, might
vary in their ability to colonize roots and improve the
growth of plant (Camprubi and Calvet, 1996). Sunflower
as one of the most important edible oilseed crop in the
world (Weiss, 2000), can benefit from AMF especially
under conditions where nutrient availability is limiting
plant growth (van der Heijden et al., 2008). The applica-
tion of AMF in sunflower increased growth parameters
of plant, head diameter, and seed yield (Jalaluddin and
Hamid, 2011; Soleimanzadeh, 2010; Kavitha and Nelson,
2014). Mycorrhizal dependency (MD), as a useful trait to
quantify plant responsiveness to AMF colonization, was
found to be high for sunflower grown at low P treatment
(Fernandez et al., 2009). AMF species vary in their ability
to acquire resources below ground (Jakobsen et al 1992)
and to stimulate host plant growth (van der Heijden,
1998a). Daft (1983) suggested that multiple colonization,
i.e. use of a consortium, rather than a single AMF, was
probably more beneficial to the plant, because a single
AMF may not be able to withstand certain environmen-
tal changes.

We hypothesize that sunflower responds differen-
tially to different AMF species and their mixture. To test
this hypothesis, sunflower plants were separately inocu-
lated with single AMF species, or mixture of AMF spe-
cies, to reveal the effect of the two types of inocula on
the agronomic characteristics of sunflower in sustainable
agriculture.

2  MATERIALS AND METHODS

2.1 EXPERIMENTAL SITE

The experiment was conducted in plastic pots (40
x 45 cm) containing 35 kg soil during the summer sea-
son (May to September 2015) at Atomic Energy Com-
mission of Syria (AECS) research Station, southeast of
Damascus, Syria (33°21° N, 36°28” E). Sandy clay loam
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soil with pH 8.5 and organic matter 8.1 %, were obtained
from an agricultural field in which cotton and sunflower
were grown. The soil was air dried, sieved to pass a 3 mm
screen, and pasteurized at 5 kGy of gamma ray with “°Co
source using a gamma irradiator (ROBO, Russia).

2.2 AMF INOCULUM PREPARATION

AMF were obtained from the soil previously iso-
lated (Ibrahim, 2010) from an agricultural field in which
cotton and sunflower were grown. For propagating AME,
pot-cultures containing a 1:1 autoclaved soil:sand were
established using onion (Allium cepa ‘Selmouni Red’) as
a trap plant. Pot-cultures were conducted during two suc-
cessive cycles of 4 months. Plants were fertilized once a
week with 20 ml Long Ashton nutrient solution (Hewitt,
1966) containing reduced P concentration. Spores were
extracted from soil and trap culture by wet sieving and
sucrose density gradient centrifugation (Brundrett et al.,
1996) and examined under a stereomicroscope (magni-
fication x 40). AMF species identification based on the
spore morphology, was made in Eastern Cereal and Oil-
seed Research Centre, Canada. Representative spores
of each morphotype were mounted on glass slides with
polyvinyl lacto-glycerol (PVLG) and Melzer’s reagent
(1:1, v/v). Spore morphology was compared with original
species descriptions, voucher specimens of the National
Mycological Herbarium (DAOM), and internet descrip-
tions of INVAM (http://fungi.invam.wvu.edu/the-fungi/
species-descriptions.html, and J. Blaszkowski websites
(http://www.agro.ar.szczecin.pl/~jblaszkowski/Mycota/
index.html). AMF isolate included Glomus intraradices
Schenck & Smith, Glomus viscosum T.H.Nicolson, and
Glomus mosseae (Nicol. & Gerd.) Gerd. & Trappe. G.
viscosum was the most abundant species (based on the
number of viable spores in the trap substrate) was mul-
tiplied in a monospecific culture which was produced by
inoculation onion roots with the spores. After the verifi-
cation of the monospecificity in the second multiplica-
tion, the whole pot’s content was air-dried and the roots
were cut into 1-cm pieces and thoroughly mixed with the
soil:sand substrate. The inoculum of two AMF types con-
sisting fragments of onion root, mycelium and spores,
contained 580 propagules (spores, hyphae and colonized
roots) per 100 g substrate as determined using the most
probable number assay (Sieverding, 1991).

2.3 PLANTING PROCEDURES AND TREAT-
MENTS

Four seeds of confection-type hybrid sunflower
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‘Rayal” were sown in each pot (40 x 45 cm). Half of the
pots received the AM inoculum (100 g per pot) by lay-
ering at 10 cm depth of the pots at the time of sowing.
Two types of AMF inocula were used in this experi-
ment: mixed species of AMF that included G. intrara-
dices, G. viscosum, and G. mosseae, and a single species
inoculum (G. viscosum). Non-AM pots received the
same amount of sterilized AMF inoculums which were
autoclaved 20 min at 121 °C. Seedlings were thinned to
one per pot with keeping the roots of discarded plants
in the soil to avoid removing the AMF inoculum. The
experiment involved three treatments: control (steri-
lized AMF inoculum), inoculation with AMF mixture,
and inoculation with G. viscosum. The pots were ar-
ranged in a randomized complete block design with
four replicates (4 plants for each treatment). The plants
were grown under natural conditions with an average
daylength 14h, max/min temperature 36 °C/17 °C, and
average relative humidity 40 %. No chemical fertilizers
was added, and adequate soil moisture was maintained
during the experiment.

2.4 PLANT SAMPLING AND ANALYSIS

Growth parameters, such as shoot length and the
leaves number per plant were measured at the maturity
stage. The plants were harvested at physiological matu-
rity stage (R9) (Schneiter and Miller, 1981) and used for
measuring head diameter, number of seeds per head,
hundred seeds mass, above ground dry mass. Mycorrhi-
zal dependency (MD) of sunflower was determined us-
ing the equation of Plenchette et al. (1983). Mycorrhizal
Inoculation Effect (MIE) as indicator for accessing the
growth improvement caused by inoculation with the in-
digenous AME, was calculated as the difference between
the dry mass of the AM and non-AM plants and was
expressed as a percentage of the dry mass of AM plant.

2.5 DETERMINATION OF AMF COLONIZATION

Roots samples were washed thoroughly in tap wa-
ter and cut into 1 cm fragments. The root segments were
then cleared in 10 % (w/v) KOH by heating at 90 °C for
30 to 60 minutes, depending on the degree of lignifica-
tion of the roots. It was then washed and stained with
acid fuchsin in lactoglycerol. The rate of AMF-root colo-
nization was determined under a binocular microscope
by the gridline intersect method (Giovannetti and Mosse,
1980).

2.6 STATISTICAL ANALYSIS

The data were analysed by the analysis of variance
(ANOVA) using SAS program (SAS Institute Inc., 2004),
and means were compared by the least significant differ-
ence (Fisher’s PLSD) test at a confidence level of 5 %.

3 RESULTS AND DISCUSSION

No AM colonization was noted for roots of non-
inoculated plants. AMF structures, i.e. arbuscules, vesi-
cles and hyphae were observed in the root of inoculated
plants at harvest (Fig.1). However, no significant differ-
ence was found for the rate of AMF-root colonization of
sunflower plants inoculated with single and mixed spe-
cies of AMF (Fig. 2). The AMF-root colonization varied
between 24.9 and 27.6 %. This result is similar to that of
Fernandez et al. (2009) who showed that sunflower had
25.85 % AMEF colonization at low P.

The leaves number was significantly greater in the
AM plants than the control (Fig.3). The individual inocu-
lation of Glomus viscosum had higher number of leaves
(27.6) compared to the control (22.3). However, G. visco-
sum had greater effect on leaves number when it was in-

Figure 1: Microscopic images of AMF- root colonization in sunflower: (a) vesicles and hyphae(x40), and (b) arbuscules (x100)
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Figure 2: Effect of inoculation with single (G. viscosum) and mixed AMF on colonization rate (CR), mycorrhizal dependency
(MD), and mycorrhizal inoculation effect (MIE) in sunflower. Vertical bars represent + SD (n = 4).Different letters (for each pa-

rameter) on square bars indicate significant difference (p < 0.05).

cluded in AMF mixture. The inoculation of mixed species
induced the highest number of leaves (30.4).The increase
in number of leaves by AM inoculation was supported
by the finding of earlier studies in sesame (Boureima
et al., 2008) and sunflower (Kavitha and Nelson, 2014).
This difference in leaves number induced by two inocula
could be due to the different ability of AMF species to ac-
quire resources below ground (Jakobsen et al 1992) and
to stimulate host plant growth (van der Heijden, 1998a).

AMF  influenced significantly the  shoot
length(Fig.3).The individual inoculation with G. vis-
cosum increased shoot length compared to the control.
The increased shoot length by AMF was supported by
the results of Wang and Xia (2009). The shoot length
was the highest in plant inoculated with AMF mixture
at the physiological maturity stage. These results are in
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conformity with that of Kavitha and Nelson, 2014who
reported that the shoot length of sunflower was found to
be higher in plant inoculated with the mixture (Glomus
mosseae, Glomus fasciculatum, Acaulospora scrobiculata
Trappe).The results of Ramakrishnan and Selvakumar
(2012)showed higher shoot length in tomato plant inoc-
ulated with AMF mixture (G. fasciculatum (Thaxt.) Gerd.
& Trappe and G. intraradices) compared to single inocu-
lation and control. Enhanced sunflower growth by AMF
can be attributed to stimulation of the production of
growth regulating substances which promote the cell di-
vision and cell expansion. It is known that AM fungi pro-
duced auxin, gibberellin and cytokinin-like substances
and stimulated plant growth (Barea and Azcon-Aguilar,
1982; Bass and Kuiper, 1989). However, mixed AMF spe-
cies which colonized roots are complementary in their
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Figure 3:Effect of inoculation with single (G. viscosum) and mixed AMF on number of leaves and shoot length of sunflower. Verti-
cal bars represent + SD (n = 4). Different letters on square bars indicate significant difference (p < 0.05).
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Figure 4: Effect of inoculation with single (G. viscosum) and mixed AMF on head diameter and number of seed in sunflower.
Vertical bars represent + SD (n = 4). Different letters on square bars indicate significant difference (p < 0.05).

uptake of nutrients from different soil pools, thus, they
may be more beneficial for the plant growth as a mixture
than any of the species separately (Koide, 2000; Gustaf-
son and Casper, 2006).

In the present study, the head diameter, and num-
ber of seeds per head were significantly affected by AM
inoculation (Fig.4).The highest head diameter and num-
ber of seeds were observed in the plants inoculated with
AMF mixture. Also, the hundred seeds mass was signifi-
cantly increased by AM inoculation (Fig.5). The highest
seeds mass was found in the plant inoculated with AMF
mixture followed by individual inoculation with G. vis-
cosum followed by the control. Results of earlier studies
showed higher head diameter, number of seeds per head,
and seed yield in AM sunflower plants than in non-AM
plants (Soleimanzadeh, 2010; 2012). The inoculation of
AMF mixed species increased boll mass and seed yield of
cotton (Ibrahim, 2016). The beneficial effect of AMF mix-
ture found in this study, confirms the report of Kavitha
and Nelson (2014) which showed that sunflower plants
inoculated with AMF mixture had maximum head di-
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ameter, number of seeds and seeds mass. It is known that
different species of AMF vary in the form of benefits they
confer on the growth and development of plants (How-
eler et al., 1987).

In this study, above ground dry mass was increased
by inoculation of single and mixed species in comparison
with non-inoculated control (Fig.5). The positive effect
of AMF on growth and biomass yield have been shown
by earlier studies with wheat (Rabie, 2005), cotton (Ibra-
him and Abu-Rashed, 2017), and sunflower (Kavitha and
Nelson, 2014). The application of AMF in sunflower in-
creased growth and yield parameters of plant (Jalaluddin
and Hamid, 2011). Soleimanzadeh (2010) had reported
that AMF plays an important role in sunflower genera-
tive growth. The increase in shoot biomass by AMF mix-
ture could be attributed to the enhancement of nutrients
uptake (Motosugi et al., 2002;Jia et al., 2004). Different
species of AMF can produce different amounts of ext-
raradical mycelium and can have different efficiencies
in phosphate uptake from the soil (Oliveira et al., 2006)
and as a result, may contribute to differential growth re-
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Figure 5: Effect of inoculation with single (G. viscosum) and mixed AMF on above ground dry weight and 100 seeds weight in
sunflower. Vertical bars represent + SD (n = 4). Different letters on square bars indicate significant difference (p < 0.05).
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sponses of plants. Increased biomass produced by AMF
was reflected in high values of mycorrhizal dependency
(MD) and mycorrhizal inoculation effect (MIE) (Fig. 2).
The degree to which sunflower plant relied on AMF for
growth was the highest when it was inoculated with AMF
mixture (Fig. 2). This result is in accordance with the
findings of Ramakrishnan and Selvakumar (2012), who
showed that MD of tomato was the highest in the AMF
mixture treatment compared to single inoculation. Fer-
nandez et al. (2009) showed that sunflower had 42.21 %
MD at low P. The MIE was also high in plants inoculated
with AMF mixture with the highest percentage of 42.5 %
and followed by G. viscosum with 32.9 %.This result in-
dicates that an isolate of several AMF species may cause
differences in the growth responses of sunflower plant.
Van der Heijden et al. (1998b) reported that plant species
responded differently to the mixture AMF inoculation,
and that these differential responses were stronger than
to those of the single-AMF species.

4 CONCLUSION

The undertaken study shows the importance of in-
digenous arbuscular mycorrhizal fungi as a biofertilizer
for improving growth of non-oil or confection-type sun-
flower crop grown under semiarid conditions. The com-
bination of indigenous AMF (G. viscosum, G. intraradices
and G. mosseae) gave better result for agronomic charac-
teristics of sunflower compared to the single species (G.
viscosum). Therefore, AMF mixture can be considered as
a good inoculum for improving growth and yield of sun-
flower in sustainable agriculture.
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