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Abstract

Potato (Solanum tuberosum L.) is one of the most important vegetable crops worldwide and plays a vital role in food security
owing to its high productivity and nutritional value. However, intensive cultivation and excessive dependence on chemical fertilizers
have led to declining soil fertility, reduced nutrient-use efficiency, and sustainability concerns. Arbuscular mycorrhizal fungi (AMF)-
based biofertilizers offer an eco-friendly strategy for enhancing nutrient availability and crop performance. A field experiment was
conducted at Kapadvanj, Kheda District, Gujarat, India, to investigate the effects of PRO MYCO, a commercial arbuscular mycorrhizal
biofertilizer developed using Mycorrhiza-SEU Technology and containing four AMF strains, namely Funneliformis mosseae (NCBI
GenBank Accession No. PZ951203), Rhizophagus clarus (NCBI GenBank Accession No. PZ951207), Rhizophagus aggregatus (NCBI
GenBank Accession No. PZ952833), and Rhizophagus intraradices (NCBI GenBank Accession No. PZ952834), on the growth and
performance of potato (Solanum tuberosum L.). The experiment was conducted in a randomized block design with three replications.
PRO MYCO was applied at 4 kg/acre, while uninoculated plots served as the control. Plant growth, tuber yield, root colonization, AMF
spore density, and nutrient uptake were assessed, and the data were analysed by analysis of variance at P < 0.05. Compared with the
control, PRO MYCO-treated plants recorded higher germination (96.42%), plant height (71.84 cm), total tuber yield (37.24 t/ha), root
colonization (78.64%), and phosphorus uptake (36.84 kg/ha).
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Introduction (Solanum tuberosum L.) is characterized by high productivity

Potato (Solanum tuberosum L.) is one of the world’s most and a relatively short crop duration, making it an important

important food crops and ranks among the leading staple crops contributor to global food and nutritional security. In addition

after rice, wheat, and maize [1]. It is cultivated in more than 150 to its nutritional value, potato cultivation provides substantial

countries and serves as an important source of carbohydrates, economic benefits by supporting farmers’ livelihoods and the

dietary fiber, vitamins, minerals, and antioxidants [2]. Potato agricultural sector [3]. Despite its agronomic and nutritional
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importance, sustained potato production requires effective
nutrient management. The intensive use of chemical fertilizers may
adversely affect soil health, disrupt nutrient balance, and increase
the risk of environmental contamination, raising concerns about

the sustainability of conventional potato production systems [4].

Plant growth-promoting microorganisms have emerged as
an eco-friendly alternative to improve crop productivity while
maintaining soil health [5]. Among plant growth-promoting
(AMF) are

particularly important because they form beneficial symbiotic

microorganisms, arbuscular mycorrhizal fungi
associations with plant roots. Once established, their extraradical
hyphae extend beyond the nutrient-depletion zone surrounding the
roots, enabling plants to access water and nutrients from a larger
volume of soil [6]. This association is especially beneficial for the
acquisition of poorly mobile nutrients such as phosphorus, along
with micronutrients including zinc and copper. AMF colonization
may also improve root development and water-use efficiency
while increasing plant tolerance to biotic and abiotic stresses
[7]. In addition to supporting plant nutrition, AMF can improve
soil aggregation, influence microbial activity, and help maintain
soil fertility, making them valuable components of sustainable

agricultural systems [8].

Several commercial mycorrhizal biofertilizers have been
developed to exploit these beneficial effects under field conditions
[9]. PRO MYCO is a commercial mycorrhizal biofertilizer formulated
to promote AMF colonization in plant roots and improve nutrient
acquisition, thereby supporting plant growth and productivity [9].
A previous study reported that mycorrhizal inoculation improved
vegetative growth, chlorophyll content, tuber development,
nutrient uptake, and yield in potato [10]. Nevertheless, the field
performance of mycorrhizal inoculants may be influenced by
soil properties, environmental conditions, crop genotype, and
prevailing agronomic practices. Therefore, their evaluation under
specific agroclimatic conditions is essential to determine their

effectiveness and practical agronomic potential [11].

Accordingly, the present study aimed to assess the effects of PRO
MYCO application on the growth, tuber yield, root colonization,
and nutrient uptake of potato (Solanum tuberosum L.) under field

conditions. The study also examined its potential to improve crop
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performance and nutrient-use efficiency under the prevailing

cultivation conditions.

Materials and Methods
Experimental site and plant material

A field experiment was conducted at Kapadvanj, Kheda District,
Gujarat, India, using potato (Solanum tuberosum L.) to evaluate
the effect of PRO MYCO under field conditions. The study evaluated
a commercial mycorrhizal biofertilizer, PRO MYCO, applied at the
recommended dose of 4 kg/acre.

PRO MYCO and AMF composition

PRO MYCO is a commercial arbuscular mycorrhizal biofertilizer
produced using Mycorrhiza-SEU Technology. The formulation
contains four AMF strains: Funneliformis mosseae (PZ951203),
Rhizophagus (PZ951207), Rhizophagus aggregatus
(PZ952833), and Rhizophagus intraradices (PZ952834).

clarus

Experimental design

The experiment was conducted in a Randomized Block Design
(RBD) with three replications. Two treatments were evaluated:
T; (PRO MYCO @ 4 kg/acre) and T, (untreated control). The
treatments were randomly allocated within each replication to
assess the effect of PRO MYCO on plant growth, yield, mycorrhizal

colonization, and nutrient uptake.

Application of PRO MYCO

Before planting, the field was prepared according to standard
potato cultivation practices. PRO MYCO was applied as a basal soil
application in the planting furrows at the time of planting at the
recommended dose of 4 kg/acre. The inoculum was thoroughly
mixed with the soil surrounding the seed tubers to ensure uniform
distribution and effective root contact. The control plots were

maintained without microbial inoculation.

Plant growth and yield assessment

Plant growth observations were recorded at appropriate crop
growth stages from representative plants in each treatment.
Germination percentage was calculated based on the number of
emerged plants relative to the total number of planted seed tubers.
Plant height was measured from the soil surface to the tip of the

main shoot, while the number of stems per plant was determined
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by direct counting. Root length was measured after carefully
uprooting representative plants at harvest. Chlorophyll content
was estimated using a hand-held SPAD chlorophyll meter and
expressed as the chlorophyll index (SPAD) [12].

At harvest, representative plants from each treatment were
evaluated yield parameters. The number of tubers per plant was
determined by direct counting, and average tuber weight was
calculated by dividing the total tuber weight by the number of
harvested tubers. Tuber length and diameter were measured at
harvest. Fresh biomass was recorded on a per-plant basis, and dry
matter content was determined from representative tuber samples
after drying to constant weight. Marketable and total tuber yields
were calculated from the harvested produce and expressed
as tonnes per hectare (t/ha) [13]. Tubers were classified into
large, medium, and small size categories. Harvest index (HI) was

calculated using the following equation:

Harvest Index (%) = (Tuber Yield/Total Biological Yield) x 100
[14]

Assessment of root colonization, spore population, and

nutrient uptake

Evaluation of mycorrhizal colonization began with the
collection of root samples at harvest. The samples were thoroughly
washed, cleared, and stained following the standard root staining
procedure described by Phillips and Hayman [15]. Colonization
was quantified by examining stained root segments under a light
microscope using the gridline intersect method [16]. Rhizosphere
soil samples were then collected to determine AMF spore density.
Spores were extracted by the wet sieving and decanting technique
and counted under a light microscope, with results expressed as
the number of spores per 100 g of soil [17]. Plant samples collected
for nutrient analysis were dried, ground, and analyzed for nitrogen
(N), phosphorus (P), and potassium (K) using standard laboratory
procedures. Nutrient uptake was expressed as kilograms per
hectare (kg/ha).

Statistical Analysis

The experimental data were analyzed using Analysis of
Variance (ANOVA) appropriate for a Randomized Block Design
(RBD). Statistical analyses were performed using IBM SPSS
Statistics version 26.0. Treatment means were compared at the 5%

probability level (P < 0.05). The results are presented as mean *
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standard error (SE), and the Standard Error of Mean (SEm), Critical
Difference (CD) at P < 0.05, and Coefficient of Variation (CV%) were

calculated to determine the significance of treatment effects.

Results and Discussion
Effect of PRO MYCO on growth parameters of potato
Germination percentage

PRO MYCO-treated plots recorded a significantly higher
germination percentage (96.42%) than the untreated control
(88.26%) at P < 0.05 (Table 1). This response indicates that PRO
MYCO application was associated with improved establishment of
potato seed tubers under the field conditions of the present study.
The cited study, conducted under pot conditions, included potato
plants raised from true seed and reported 70-75% emergence
from true seed and complete germination of seed tubers. The study
also reported improved plant growth following AMF inoculation
[18].

Plant height

Potato plants treated with PRO MYCO attained significantly
greater plant height than the untreated control, increasing from
60.38 cm to 71.84 cm (Table 1). This improvement in shoot growth
may be attributed to enhanced nutrient acquisition and improved
root function resulting from effective mycorrhizal colonization.
Similar responses have been reported in potato. AMF-inoculated
plants attained a height of 67.0 cm in one study [19]. whereas a
separate field trial recorded an increase from 59 cm in the untreated
control to 85 cm following mycorrhizal application [20]. Despite
differences in the magnitude of response, both studies suggest that

mycorrhizal inoculation may promote vegetative growth in potato.

Number of Stems per Plant

A significant increase in the number of stems per plant was
observed following PRO MYCO application, with treated plants
producing 5.84 stems per plant compared to 4.63 in the untreated
control (Table 1). The greater number of stems indicates a
favourable vegetative response to PRO MYCO application and
may be associated with improved nutrient availability in the
treated plants. Stem number in potato has been reported to vary
with nutrient management. In the study cited above, plants in the

untreated control produced 3.14 stems/plant, whereas nutrient-

managed treatments recorded 3.70-3.76 stems/plant [21].
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Number of leaves per plant

Leaf production was significantly enhanced following the
application of PRO MYCO, with treated plants producing 54.68
leaves per plant compared with 43.27 in the untreated control
(Table 1). The increased number of leaves in PRO MYCO-treated
plants reflects improved vegetative development and canopy
formation. Differences in leaf production under various crop-
management practices have also been reported in potato, with
43.25 leaves/plant under the farmer’s practice, 49.38 leaves/plant
under the CIP technique, and 49.10 leaves/plant under flat-bed
planting with ridging and mulching [22].

Root length

Root development responded positively to PRO MYCO
application, with root length increasing from 21.84 cm in the

untreated control to 28.62 cm in treated plants (Table 1). A longer
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root system may enable plants to explore a greater volume of soil
and improve their access to water and nutrients. The effect of
AMF on root development has also been observed in Amygdalus
pedunculata, where inoculation with Rhizophagus intraradices
increased total root length from 121.80 cm in non-inoculated
plants to 182.94 cm [23].

Chlorophyll index (SPAD)

An increase in chlorophyll index was observed in response to
PRO MYCO application, with treated plants recording 48.74 SPAD
compared with 41.26 SPAD in the untreated control (Table 1). The
higher SPAD value of PRO MYCO-treated plants indicates a higher
chlorophyll index than that of the untreated control. In potato, AMF
inoculation has been associated with an increase in chlorophyll
index, from 48.17 SPAD in non-inoculated plants to 51.73 SPAD in
inoculated plants [24].

Germination Plant StTmS/ Root Length Chloro-
Treatment (%) Height plant Leaves/plant (il gt phyll Index
& (cm) (SPAD)
T1-PRO 96.42 + 1.38? 71.84 £ 5.84 £ 0.28% 54.68 + 2.14° 28.62 +1.18% | 48.74 + 1.627
MYCO 2.422
T2 - Control 88.26+1.72° 60.38 £ 4,63 £ 0.22° 43.27 +1.96° 21.84£0.96° | 41.26 + 1.41°
2.15°
SEm (%) 0.78 1.18 0.13 1.06 0.58 0.82
CD (P =0.05) 2.46 3.72 0.41 3.34 1.82 2.58
CV (%) 3.84 4.62 5.18 4.93 5.11 4.76

Table 1: Effect of PRO MYCO on Growth Parameters of Potato.

Effect of PRO MYCO on tuber yield attributes of potato
Number of tubers per plant

Enhanced tuber formation was evident following the
application of PRO MYCO, with treated plants producing 10.84

tubers per plant compared with 8.42 in the untreated control

(Table 2). The greater number of tubers reflects improved tuber
initiation and development, likely resulting from enhanced
nutrient uptake and better plant vigor associated with mycorrhizal
colonization. Comparable observations have been reported in
potato, where AMF-inoculated plants produced 4.1-5.6 tubers/

plant, whereas the uninoculated control produced only 2.9 tubers/
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plant, demonstrating the positive role of AMF in promoting tuber

formation through improved plant growth and nutrition [25].

Average tuber weight

Average tuber weight was markedly improved by PRO MYCO
application, increasing from 87.62 g in the untreated control to
112.74 g in treated plants (Table 2). Higher average tuber weight
in PRO MYCO-treated plants may reflect improved assimilate
accumulation during tuber development. Similar results were
reported in a potato study, where mycorrhizal application increased
mean tuber weight from 42.63 g in the untreated control to 72.36 g

at the optimum application level [26].

Tuber diameter and tuber length

Improvement in tuber size was evident following PRO MYCO
application, with tuber diameter increasing from 5.82 to 6.84
cm and tuber length from 7.16 to 8.43 cm compared with the
untreated control (Table 2). The larger tuber size reflects enhanced
tuber enlargement, which may be associated with improved
nutrient uptake, photosynthate allocation, and overall plant vigor
resulting from mycorrhizal colonization. Similar outcomes were
reported in potato, where mycorrhizal inoculation increased tuber
length from 5.26 to 6.28 cm and tuber width from 3.76 to 4.80 cm,
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demonstrating the positive effect of AMF on tuber growth and
overall tuber quality [27].

Fresh biomass per plant

Potato plants receiving PRO MYCO accumulated 924.68 g
plant™ of fresh biomass, compared with 706.82 g/plant in the
untreated control (Table 2). Enhanced nutrient availability in PRO
MYCO-treated plants may have contributed to greater vegetative
development and fresh biomass production. A previous study
on potato also recorded a rise in the combined fresh weight of
leaves and stems from 50.7 * 2.2 to 55.3 = 1.8 g/plant following

biostimulant application [28].

Dry matter content

PRO MYCO treated plants produced tubers with a higher dry
matter content, increasing from 19.72% in the untreated control
to 22.84% (Table 2). The higher dry matter content indicates
improved tuber quality and may be associated with greater
carbohydrate accumulation resulting from enhanced nutrient
uptake and photosynthetic efficiency. For comparison, the potato
cultivar Santé has been reported to contain 22.86% dry matter, a
level considered suitable for tuber quality and processing purposes
[29].

Average . Fresh bio-
Treatment Tubers/plant | Tuber Wiight Tl:t’:: (lz::;n Tube;z::;ngth mass (g/ Dry(l:;;tter
(8) plant)
T1-PRO 10.84 +0.52% | 112.74+4.81* | 6.84 + 0.24° 8.43+0.31% 924.68 + 22.84+0.74%
MYCO 28.74°
T2 - Control 8.42 £ 0.41° 87.62 £ 3.96° 5.82 £ 0.21° 7.16 £ 0.28° 706.82 £ 19.72 +0.68°
24.18°
SEm (%) 0.22 2.24 0.12 0.15 14.32 0.35
CD(P=0.05) 0.69 7.05 0.38 0.47 45.12 1.10
CV (%) 4.92 5.08 4.86 4.62 5.24 443

Table 2: Effect of PRO MYCO on Tuber Yield Attributes of Potato.

Effect of PRO MYCO on yield parameters of potato
Marketable yield

One of the most pronounced responses to PRO MYCO application
was observed in marketable yield, which increased from 27.34 t/

ha in the untreated control to 35.86 t/ha (Table 3). An increase

in marketable yield was accompanied by a greater proportion of

marketable-sized tubers in PRO MYCO-treated plots.Comparable
results have been reported in potato field trials, where AMF

inoculation increased marketable yield from 38.3 to 42.2 t/ha, with

an average gain of 3.9 t/ha (9.5%) [30].
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Total tuber yield

Yield performance of potato improved substantially following
PRO MYCO application, with total tuber yield increasing from 28.46
t/ha in the untreated control to 37.24 t/ha (Table 3). In a previous
potato study, AMF application at 20 g/plant and 40 g/plant resulted
in tuber yields of 50 and 55 t/ha respectively [31]. These findings
indicate that the yield response to AMF inoculation may vary with

the application rate and growing conditions.

Large tubers

A marked shift towards the large-tuber category was recorded
following PRO MYCO treatment, with its proportion rising from
34.62% in the untreated control to 52.68% in treated plots
(Table 3). Large-sized tubers accounted for a larger share of the
harvest following PRO MYCO application. In a previous study, large
commercial-grade tubers (>100 g) represented approximately
36.5-61.4% of total production across potato genotypes [32].

Medium and small tubers

A favorable shift in potato tuber size distribution was observed

following PRO MYCO application, as reflected by a reduction in
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the proportion of medium- and small-sized tubers compared with
the untreated control (Table 3). Medium-sized tubers comprised
34.42% of the harvest in PRO MYCO-treated plots, compared with
41.58% in the untreated control, whereas the proportion of small
tubers declined from 23.80% to 12.90%. Under different potato-
growing conditions, the proportion of medium-sized tubers ranged
from 19.4% to 25.8%, compared with 29.9% under the reference
condition [33].

Harvest index

Improved assimilate partitioning was evident in PRO MYCO-
treated plants, as reflected by an increase in harvest index from
68.42% in the untreated control to 76.84% (Table 3). The higher
harvest index indicates that a greater proportion of biomass was
allocated to tuber production, resulting in improved economic
yield. This response is consistent with previous studies in potato,
where AMF inoculation significantly increased biomass and tuber
yield, indicating more efficient assimilate allocation towards

economic yield.

Treatment Marketable Total Yield (t/ha) Large Tubers | Medium Tubers | Small Tubers Harvest
Yield (t/ha) (%) (%) (%) Index (%)

T1-PROMYCO | 35.86+1.42?% 37.24+1.56% 52.68+2.06% 34.42 £1.68° 12.90£0.96° | 76.84+2.04%
27.34+1.18° 28.46+1.31° 34.62 £1.84° 41.58+1.92° 23.80+1.14* | 68.4221.76°

T2-Control

SEm (#) 0.72 0.79 0.98 0.84 0.61 0.92

CD(P=10.05) 2.27 2.49 3.09 2.64 1.92 2.90

CV (%) 5.08 5.14 4.73 4.62 5.36 4.28

Table 3: Effect of PRO MYCO on Yield Parameters of Potato.

Further support comes from a study that reported an increase
in harvest index from 65.31-66.46% in the untreated control to
70.94-76.58% under improved nutrient management, suggesting
that better resource availability enhances assimilate partitioning

towards tuber production [34,35].

Effect of PRO MYCO on root colonization and nutrient uptake

of potato
Root colonization

Successful colonization of potato roots by arbuscular
mycorrhizal fungi was achieved following PRO MYCO application,
with root colonization increasing from 21.36% in the untreated
control to 78.64% (Table 4). The higher colonization level

confirms the effective establishment of a symbiotic association
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between AMF and potato roots, thereby improving the potential
for nutrient and water uptake. Experimental evidence in potato
indicates that root colonization increased from approximately
19.9% with Funneliformis mosseae to 38.3% with Rhizophagus
irregularis. Likewise, field experiments have shown measurable
root colonization in uninoculated potato plants due to the presence
of indigenous AMF; however, colonization remained lower than
in inoculated plants, indicating more effective establishment of
introduced AMF [36,37].

Spore count

AMF spore abundance in the rhizosphere was substantially
higher in PRO MYCO-treated plants, reaching 348.42 spores per
100 g soil compared with 118.64 spores per 100 g soil in the
untreated control (Table 4). The higher spore population reflects
effective multiplication of mycorrhizal propagules and successful
establishment of the fungus within the rhizosphere. A study in
sweet potato, conducted under different field conditions, recorded
177 AMF spores per 100 g of soil in cultivated fields and 224 spores
per 100 g of soil in fallow fields. Such differences may be influenced
by soil conditions, host plants, and field-management practices
[38].

Nitrogen uptake

Potato plants treated with PRO MYCO exhibited higher nitrogen
uptake, reaching 146.72 kg/ha compared with 118.26 kg/ha in the
untreated control (Table 4). Enhanced nitrogen uptake is likely

a consequence of improved root colonization, which increases
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the soil volume explored by the fungal hyphae and enhances
nutrient absorption. In potato, nitrogen uptake increased from
18.6 to 62.7 kg/ha with increasing nitrogen fertilizer application,
demonstrating that enhanced nutrient availability promotes

greater nitrogen acquisition and improved crop productivity [39].

Phosphorus uptake

Phosphorus uptake increased from 24.62 kg/ha in the untreated
control to 36.84 kg/ha in PRO MYCO-treated potato plants (Table
4). This response may be associated with mycorrhizal colonization,
as the fungal hyphal network can extend the volume of soil explored
for phosphorus acquisition. In potato, seedling-stage inoculation
with AMF increased phosphorus accumulation from 29.82 + 0.76
kg/ha in the untreated control to 51.39 # 1.84 kg/ha. This response
was associated with greater mycorrhizal colonization, improved

phosphorus-use efficiency, and increased tuber yield [40].

Potassium uptake

Potassium uptake also responded positively to PRO MYCO
application, increasing from 151.74 to 182.46 kg/ha (Table 4).
Enhanced potassium acquisition is likely a result of improved root
growth and effective mycorrhizal colonization, which increased
the plant’s capacity to absorb potassium and other nutrients
from the soil. Evidence from sweet potato also suggests a possible
association between AMF inoculation and potassium acquisition.
Inoculation with Funneliformis mosseae increased potassium
accumulation from approximately 0.77 to 0.98 g/plant compared

with the uninoculated control [41].

Root Potassium Up-
S t
Treatment (s p;)::s(;(;l(% Nitrogen Uptake Phosphorus take (kg
Colonization p 1 g (kg/ha) Uptake (kg/ha)

(%) soil) /ha)
T1-PRO MYCO 78.64+2.41° 348.42+14.26° 146.72 +5.64% 36.84+1.52° 182.46+7.16%
T2 - Control 21.36+£1.94° 118.64 +9.82° 118.26 +4.82° 24.62+1.28° 151.74+ 6.34°
SEm () 1.18 6.72 2.86 0.74 3.61
CD(P=0.05) 3.72 21.16 9.01 2.33 11.37
CV (%) 481 5.34 493 5.18 484

Table 4: Effect of PRO MYCO on Root Colonization and Nutrient Uptake of Potato.
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Conclusion

The present field study showed that PRO MYCO application

improved several growth, yield, and nutrient-related

characteristics of potato compared with the untreated control.
Treated plants recorded higher germination, plant height, stem and
leaf production, root length, and chlorophyll index. Improvements
were also observed in tuber yield attributes, including the
proportion of marketable and large-sized tubers, marketable yield,
total tuber yield, and harvest index. In addition, PRO MYCO-treated
plants exhibited greater root colonization, AMF spore density, and
uptake of nitrogen, phosphorus, and potassium. These responses
indicate that PRO MYCO may support potato growth and nutrient
acquisition under the field conditions of this study. However,
evaluation across additional locations, growing seasons, soil types,
and potato cultivars is required to confirm the consistency of its

performance under varied production conditions.
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