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ABSTRACT

Salinity stress is a major problem that limits the growth and yield of crops worldwide.
Arbuscular mycorrhizal fungi (AMF) are known to improve plant growth by enhancing
nutrient uptake and stress tolerance. A pot experiment was conducted by using
Funneliformis mosseae and salinity levels of 150 mM & 200 mM NaCl, arranged in a
completely randomized block design manner in order to examine the potential of
mycorrhizal fungi in mitigating the adverse impacts of salinity. The results showed that
inoculation markedly enhanced growth parameters i.e. root length increased by 88.25%,
shoot length by 220.1%, root fresh weight by 98.7%, and shoot fresh weight by 77.2% as
compared to control. Chlorophyll contents were also affected under salt stress by 23.2%
and 9.2%, while found improved with AMF. Superoxide Dismutase (SOD) activity was
observed increased by 28.9%, Peroxidase (POD) activity increased to 36.4%, and
Ascorbate Peroxidase (APX) activity by 56.25% as compared to the control. In the
presence of 200 mM NaCl, AMF-treated plants exhibited SOD activity at 8.5 pmol/g fw
and POD activity at 1.35 pmol/g fw, reflecting improved oxidative stress tolerance.
Catalase (CAT) activity was enhanced by 50% in AMF-treated plants under salt stress.
These results demonstrated that AMF played a crucial role in enhancing antioxidant
defense mechanisms and mitigating oxidative damage in potato plants under salt stress
conditions. So it can be concluded that AMF inoculation possesses potential in mitigating
the salt stress and induce changes in growth and physiological attributes of plants.

INTRODUCTION

Soil is a vital, non-renewable resource, meaning that
once it's degraded, it cannot be restored. Salinity is a
major factor in soil degradation, ranking as the second
leading cause. Every day, approximately 2,000 hectares
of arable land are lost globally due to salinization. This
issue can reduce crop yields by 10-25% and, in severe
cases, can halt cropping entirely, contributing to
desertification. Addressing soil salinization is crucial for
maintaining food security and preventing further
desertification (Shahid et al.2018). Salinity impacts
plants by introducing several constraints. The first is
osmotic stress, where a drop in external water potential
makes it harder for plants to absorb water. This
immediately triggers changes inside the plant: most
noticeably, the growth of both roots and shoots slows
down sharply because the cells lose turgor pressure,
which is essential for expansion. The second problem is
ionic imbalance, often referred to as ionic stress or ion
toxicity. This happens when too much sodium (Na*) and
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chloride (CI7) build up inside the plant’s active cells.
Although high levels of sodium can damage plant
metabolism and even kill the plant (Zhange et al. 2020),
the exact mechanisms behind this toxicity are still not
fully understood. Among major crops, potatoes, which
are the fourth most important food source worldwide, are
especially sensitive to soil salinity (Gebrechristos and
Chen 2028).

Potatoes, one of the world’s most important food crops,
are particularly vulnerable to soil salinity. Ranked as the
fourth most vital staple globally, potatoes are rich in
carbohydrates, protein, fiber, vitamin C, riboflavin, and
essential minerals. With the global population expected
to reach between 8.8 and 10 billion by 2050 (Shahid et
al.2018), potatoes will be increasingly important in
ensuring food and nutrition security, especially in
developing nations. Excessive salinity, on the other
hand, throws this equilibrium off and causes more
activity of antioxidant enzymes such superoxide
dismutase (SOD), peroxidase (POD), and catalase
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(CAT). Often, the activity of these enzymes is used to
evaluate a plant's salt tolerance; they are also rather
important in detoxifying ROS and free radicals. High salt
levels cause a reduction in potassium in the plant, which
compromises the activity of these antioxidant enzymes
(Boorboori and Lackdova 2025) This not only causes
ROS buildup but also interferes with vital activities,
including photosynthesis, especially the carbon dioxide
(CO») fixation. While increased chloride levels lower
chlorophyll content, high amounts of ROS can harm
cellular components like proteins, lipids, and DNA.
Salinity decreases the water potential of the soil as well,
therefore increasing the difficulty for plants to absorb
water. Plants then suffer osmotic stress, which results in
lower turgor pressure in the leaves, stomatal closure, and
a further drop in photosynthesis and growth (Han et
al.2023).

Among the visible consequences of salt stress are fewer
leaves, yellowing, curling, wilting, and finally leaf drop
(Chourasia et al. 2021). The accumulation of sodium
ions also disrupts potassium absorption a vital nutrient
for many enzyme activities in the plant (Wang et al.
2013). Naturally, plants support a great range of
microorganisms affecting their structure, metabolism,
and resistance (Ruiz-Lozano et al. 2012). Among the
most advantageous are arbuscular mycorrhizal (AM)
fungi, which create symbiotic interactions with plant
roots. Under stress situations, these fungi are very useful
as they enable plants to develop more strongly and
provide more output (Smith, 2008). About 80% of
terrestrial plants, including many important crops, can
create these links (Willis et al.2013). Managing salt
stress using biological agents such as mycorrhizal fungi
is turning out to be an optimistic approach. By improving
nitrogen uptake and affecting both physiological and
biochemical processes, AM fungi help plants manage
salt. Much research has demonstrated that even in saline
settings, inoculating crops with AM fungus results in
enhancements in plant health and production (Kapoor et
al.2013). Consequently, these fungi provide a quick,
durable way to restore saline soils and increase the yield
and quality of several economically significant crops
(Dar etl.2013). Given the sensitivity of potatoes to soil
salinity, this study aims to explore the role of AMF
inoculants in mitigating salt-induced stress and
enhancing potato growth. While many studies have
explored the role of AMF in salt stress mitigation, there
remains a need for in-depth analysis of how different
NaCl concentrations affect enzymatic activities and
nutrient uptake in potato seedlings.

MATERIALS AND METHODS

Experimental set up

A completely randomized block design (CRBD) pot
experiment was conducted at the Department of
Environmental Sciences, BZU Multan to observe the
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effects of salt stress and the role of AMF in alleviating
the growth and enzymatic activities of potato seedlings.
Pots were filled with sandy loamy soil collected from the
upper layer (0-30 cm depth) of the lawn of university
botanical garden having nitrogen, phosphorus, and
potassium contents 30, 15 and 1.36 mg/kg of soil
respectively. The collected soil was sterilized at 60°C for
48 hours and homogenized in order to avoid
contamination. High-quality potato seeds (Solanum
tuberosum) were obtained from Harral Seed Corporation
(Pvt) Ltd., Multan, and used for the experiment. Five
healthy and equal sized potato seeds were sown in pots
inoculated with Funneliformis mosseae.

Isolation of AMF from Plant Roots

The Wet Sieving and Decanting method was used to
isolate AMF spores from plant roots. Roots were
cleaned, chopped into tiny bits, and soaked in sterile
water to release spores. Spore separation from root
fragments was accomplished by passing the mixture
through sieves measuring 100 pm and 50 pm. Centrifuge
tubes were used to gather the spores and combine them
with a sucrose solution. After centrifugation, the spores
floated to the top, and the liquid was carefully poured
out. The spores were washed with sterile water and
examined under a microscope using Trypan blue stain
for clarity. About 0.8 grams of soil containing 40 spores
per gram of Funneliformis mosseae was mixed with
sterile soil and added to each 1 kg pot for the experiment.

Application of NaCl Concentrations

After being surface sterilized for three minutes with
0.5% sodium hypochlorite, the potato seeds were rinsed
with distilled water and allowed to germinate in sandy
soil. Healthy seedlings were moved into 20 cm by 20 cm
pots with 0.8 g of Funneliformis mosseae (AMF) 3 cm
below the soil's surface and 6.0 g of soil. There were six
groups of treatment: control (No AMF, No NaCl), AMF
only (0.8 g AMF, No NaCl), 150 mM NaCl + AMF, 150
mM NaCl, 200 mM NaCl + AMF, and 200 mM NacCl.

Assessments of parameters

Fresh and dry weights of roots, shoots of both AMF-
treated and non-inoculated plants were assessed by using
digital balance while method of Arnon 1949, which
involves acetone extraction, centrifugation, and
absorbance readings at particular wavelengths, was used
to measure the amounts of chlorophyll contents of the
leaves using the formula:

For Chlorophyll a (Chl a):

Chl a (ug/g fW): 12.7xAg63 - 2.69XA645

For Chlorophyll b (Chl b):

Chlb (].lg/g fW)= 22 .9xAgas - 4.68XA663

For Total Chlorophyll (Chl a + Chl b):

Total Chlorophyll Content (ug/gfw)= 20.2xAgsz +
8.02XA545

Shoot samples were homogenized with Tris-HCI buffer,
centrifuged at 10,000 rpm, and stored at -20°C. Fresh
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leaf samples were frozen in liquid nitrogen, crushed in
phosphate buffer (pH 7), and centrifuged for protein
extraction, with protein content measured using
Bradford’s method. SOD activity was assessed by
measuring the reduction of nitroblue tetrazolium (NBT)
at 560 nm, following the method described by
Giannopolitis and Ries (1977). POD activity was
determined by measuring the increase in absorbance at
470 nm using guaiacol as the substrate by using the
method of Chance and Maehly (1955). Hydrogen
peroxide, CAT, and APX activities were measured at
390 nm, 240 nm, and 290 nm, respectively. A BSA
standard curve was used to estimate total protein.

Data Analysis

MS Excel was used for the calculation of mean and
standard deviation while Two Way ANOVA was carried
out by using Statistix 8.0 software. The significant
difference between the treatments was analyzed by using
Tukey’s HSD post hoc test denoted by letters at (p <
0.05).

RESULTS

Effect of AMF and salt stress on growth Parameters.
As shown in Table 1, root length of AMF treated plant
group was observed maximum of 88.25% as compared
to control while reduction of 55.20% with AMF and
61.3% without AMF under 150 mM NacCl stress was also
recorded. Root length further decreased to 25.1%
without AMF and 35.48% with AMF at 200 mM NaCl
compared to control while, in AMF treated plant, shoot
length increased from 220.1% in control plants to
240.13%. Under 150 mM NaCl + AMF, shoot length
was improved by 160.1%, and 120.3% under 200 mM

NaCl + AMF, compared to 98.5% and 73.21% without
AMF, respectively. The root fresh weight of AMF
treated plants was increased to 138.2% while at 150 mM
NaCl stress, root fresh weight dropped to 38.89%
without AMF and 22.2% with AMF. Shoot fresh weight
also improved with AMF alone, reaching 177.2%, but
dropped under salt stress to 41.1% (NaCl + AMF) and
82% (NaCl + no AMF) as compared to the control. The
chlorophyll content, including chlorophyll a and
chlorophyll b, exhibited significant variations across
different treatments. In the control group, chlorophyll a
was measured at 19.28 pg/g, while chlorophyll b was
6.43 ug/g, indicating healthy photosynthetic activity.
AMF inoculation without NaCl showed a notable
increase in both chlorophyll a (27.23 pug/g) and
chlorophyll b (9.08 ug/g), suggesting that AMF
enhanced photosynthesis and chlorophyll production.
However, under 150 mM NaCl + AMF, chlorophyll a
and chlorophyll b decreased to 15.45 pg/g and 5.15 pg/g,
respectively, indicating a decline in photosynthetic
efficiency due to salt stress. In the absence of AMF under
150 mM NaCl, both chlorophyll a (13.35 pg/g) and
chlorophyll b (4.45 pg/g) were further reduced,
highlighting the detrimental effect of salinity on
chlorophyll synthesis. A pronounced reduction was
observed under 200 mM NaCl + AMF, with chlorophyll
a at 7.13 pg/g and chlorophyll b at 2.38 pg/g,
demonstrating a significant decline in chlorophyll
content due to increased salinity, despite AMF
inoculation. The most severe reduction occurred in the
200 mM NaCl + No AMF treatment, where chlorophyll
aand chlorophyll b were the lowest at 2.78 pg/g and 0.93
Kg/g, respectively, confirming the negative impact of
high salt concentrations on chlorophyll contents.

Table 1

Effect of AMF and Salt stress on the growth parameters of the potato plant (Solanum tuberosum) at (p<0.05).
Treatments Control AMF, no NaCl lSO:nXAM’}I:aCI 130’r\InOMAIItIAa|§: I ZOOTRAMI\::aCI ZEOLnOMAwAaFC I
Root length (cm) 17.520.03¢ 32.620.05° 28.20.04 19.440.03° 9.60.02° 4.3£0.02°
Shoot length(cm) 22.5+0.03° 49.2+0.08? 30.20.04 20.70.03° 12.240.03¢ 8.70.04¢
Shoot fresh weight (g) 34.60.05° 74.3+1.6° 51.4+1.2 35.7+0.08« 21.80.05° 15+0.04"
Root fresh weight (g) 30.1+0.04¢ 55.8+0.92 48.3+0.06° 33.5£0.9° 16.5£0.02° 7.5£0.08f
Shoot dry weight (g) 13.5£0.05¢ 23.6£0.52 15.7+0.07° 9.3+0.05¢ 5.240.04¢% 4.120.05f
Root dry weight (g) 8.5+0.06° 15.4+0.04° 11.8+0.04b 7.320.03« 4.90.01° 2.30.01
Chlorophyll a 19.2 +0.05 27.2+0.6° 15.4£0.04°  13.3+0.02 7.1£0.04¢ 272002
Chlorophyll b 643002  9.0£0.23 5.1 0.01° 4.4+0.01% 2.38 £0.01f 0.9 +0.019
Total chlorophyll content (ug/g) ~ 25.7+0.07° 36.3+0.92 20.6+0.05° 17.8 +0.03¢ 9.5 +0.05° 3.7 £0.02°

Effect of AMF and salt stress on enzymatic
parameters

Total soluble protein content was significantly reduced
under salt stress but was enhanced by AMF inoculation.
The control plants had a total soluble protein content of
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2.2 mg/g fw. AMF inoculation without salt stress
increased protein content by 41%. Under 150 mM NacCl
+ AMF, protein content was 1.7 mg/g fw, a 22.7%
reduction compared to the control. The 150 mM NaCl +
No AMF treatment exhibited 1.1 mg/g fw, a 50%
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reduction was observed as compared to control while Figure 1
under 200 mM NaCl + AMF, protein content was 1.3
mg/g fw, showing a 52.9% reduction from the control,
while the 200 mM NaCl + No AMF treatment had the
lowest protein content at 0.9 mg/g fw, a 59.1% reduction
recorded as compared to control as shown in Fig. 1-6.
SOD activity showed a significant increase under salt
stress and was further enhanced by AMF inoculation as
it helps improve the plant's antioxidant defense
mechanisms. In the control group, the SOD activity was
4.5 pumol/g fw. however, AMF treatment without salt
stress increased SOD activity by 28.9%, due to
improvement in nutrient uptake. Under 150 mM NaCl +
AMF, SOD activity increased by 62.2% but without )
AMF, SOD activity further increased by 79.1%  Figure2
compared to the control. With 200 mM NaCl + AMF, 12
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increased under salt stress, but AMF inoculation helped
mitigating the extreme rise in CAT levels. AMF
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activity was observed 17% less compared to non-AMF
treatment under 150 mM NaCl, 41.7% more than the
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inoculation resulted in a lower APX activity, indicating
that AMF reduces oxidative damage by improving plant
stress tolerance. AMF inoculation without salt stress Figure 4
resulted in a 56.25% increase to 12.5 pmol/g fw. Under
150 mM NaCl + AMF, APX activity increased by 150%,
while 150 mM NaCl + No AMF exhibited 25.0 pumol/g
fw, a 212.5% increase from the control. Under 200 mM
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were reduced by AMF inoculation. The control plants

w b~ O O
o O O o

=
o

a
b
C
d
e
III

Control AMF 150mM 150mM 200mM 200mM

CAT Activity (umol/g fw)
o & 3

had H:0: levels of 12.0 uM/g fw. AMF inoculation NaCl+ NaCl+ NaCl+ NaCl+
without salt stress reduced H:0: levels by 16.7%, AMF  No AMF No

bringing the level to 10.0 uM/g fw. Under 150 mM NaCl AMF AMF
+ AMF, H:0: levels were 22.0 uM/g fw, a 83.3% Treatments

increase compared to the control.

C ight © 2025. IJBR Published by Indus Publish Page | 410
_ Q) -oPyrig X ublished by Indus Publishers
HBR Vol.3 fssue.S 2025 EMEEE®  This work is licensed under a Creative Commons Attribution 4.0 International License.




Arbuscular Mycorrhizal Fungi (AMF) Helps in Mitigating the Growth...

Dad, K. et al.,

Figure 5
18 a
g 16 b
=14 c
S 12 d
£ ‘
038 f
206
204
<02
o o
Q Control AMF 150mM 150mM 200mM 200mM
NaCl + NaCl+ NaCl+ NaCl +
AMF No AMF No
AMF AMF
Treatments
Figure 6
60
~ 50
E
o0 40

a
. 7
C
230 d
Q:l 20 e f I
T 10 .
. [l

Control AMF 150mM 150mM 200mM 200mM
NaCl + NaCl+ NaCl+ NaCl +

AMF No AMF No

AMF AMF

Treatments

Figure 1-6

Effect of Salt stress and AMF inoculation on Total
Soluble protein content (mg/g fw), SOD Activity
(umol/g fw), POD Activity (umol/g fw), CAT Activity
(umol/g fw), APX Activity (umol/g fw) and H.O:
(uM/g fw) on potato seedlings at significant level
(p<0.05).

DISCUSSION

Soil salinization is a major cause of soil degradation
worldwide, posing a serious threat to crop production,
particularly in dry and semi-dry regions. In salt-affected
and poorly drained soils, frequent surface salt buildup
hinders plant growth. As researched by Nie et al. (2024),
salinity negatively impacts plant health by disrupting key
physiological processes such as growth, photosynthesis,
and water balance. This is primarily due to the osmotic
stress that impairs water absorption, ion toxicity caused
by excessive sodium ions, and oxidative damage
resulting from an increase in reactive oxygen species
(ROS). The damage caused by salinity manifests as poor
seed germination, reduced nutrient absorption, and
degradation of cellular structures like membranes,
proteins, and DNA (Arif et al.2020). An important
approach for enabling plants to handle salt stress is by
adding arbuscular mycorrhizal fungus (AMF) into the
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soil. AMF form symbiotic relationships with plant roots,
where they extend their hyphal networks into the soil,
enhancing nutrient uptake, especially phosphorus and
nitrogen. Additionally, AMF contribute to maintaining
ion balance and improving water absorption, which is
critical under salt stress conditions (Saboor et al.2021).
AMF are particularly vital in organic farming and have
been shown to boost plant growth, with productivity
increases ranging from 16% to 78% (Ebbisa et al. 2022).
Furthermore, AMF helps preserve soil enzymes and
organic matter, thus promoting healthier and more
productive soils (Janah et al.2021). Research has
demonstrated that AMF can improve plant tolerance to
salinity by alleviating the negative effects of salt stress.
This aligns with findings from Nie et al. (2024), who
showed that plants inoculated with AMF exhibit better
growth (46.3%) and survival under saline conditions
compared to those without AMF. In potatoes, previous
studies have also confirmed that AMF inoculation can
enhance tuber yield and improve nutritional quality,
particularly under salt stress (Douds et al.2007; Carrara
et al.2023). Salt stress impedes water absorption,
generates ion toxicity, and induces oxidative stress, all
of which reduce plant biomass and hinder growth, as also
reported by Han et al. (2023). The results of the present
study reinforce these findings. Results showed that
salinity significantly inhibited the growth of potato
plants, as evidenced by reductions in both fresh and dry
weights and a decrease in chlorophyll content. These
findings confirm that potatoes are particularly sensitive
to even low salinity levels. However, AMF-treated
plants showed better growth parameters, including
increased root and shoot length, as well as higher fresh
and dry weights under salt stress AMF significantly
enhanced the growth of potato plants, confirming the
beneficial role of AMF in enhancing plant resilience
under saline conditions. AMF inoculation improved root
length by 86.25% and shoot length by 120.3% in the
presence of 200 mM NaCl, while the control group
showed a root length of 17.5 cm and a shoot length of
22.5 cm. In contrast, AMF-treated plants under salt stress
had root lengths of 28.2 cm (150 mM NaCl + AMF) and
9.6 cm (200 mM NaCl + AMF). AMF also showed an
increase in shoot fresh weight, with AMF-treated plants
showing an increase of 177.2% under non-saline
conditions, which aligns with the study by Wahab et al.
(2023). An important consequence of salinity stress is
the excessive generation of reactive oxygen species
(ROS), which leads to oxidative stress and damage to
plant cellular components. Under salt stress, plants often
experience disruption in cellular integrity, leading to
damage in key structures such as membranes, proteins,
and DNA. AMF plays a crucial role in mitigating this
oxidative stress by enhancing the plant's antioxidant
defense system, effectively neutralizing ROS. AMF-
inoculated plants have been shown to exhibit increased
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activities of antioxidant enzymes, including total soluble
protein,In CAT, APX, SOD, and peroxidase (POD), all
of which work synergistically to reduce oxidative
damage and protect cellular structures from
deterioration. In this study, AMF-inoculated potato
plants showed a significant increase in SOD and POD
activity under salt stress, with SOD activity increasing
by 28.9% and POD activity rising by 36.4% compared
to non-inoculated. This increase in SOD and POD is
consistent with Latef et al. (2011), who observed that
AMF-inoculated plants exhibited higher levels of SOD
and POD, contributing to enhanced oxidative stress
tolerance. Additionally, CAT and APX activities were
also elevated in AMF-treated plants under salinity,
further supporting the protective role of AMF in
managing ROS. The AMF treatment resulted in a 50%
increase in CAT activity and a 56.25% increase in APX
activity compared to the control group. This finding
aligns with Pooja et al. (2025), who reported similar
increases in antioxidant enzyme activities in AMF-
treated plants exposed to salinity, enhancing their ability
to neutralize H.O- and other harmful ROS. The increase
in SOD, POD, CAT, and APX activity under AMF
inoculation demonstrates a robust defense mechanism
against the oxidative damage caused by salinity. The
AMF symbiosis likely improves the plant's nutrient
uptake, particularly potassium, which is essential for the
function of these enzymes. Furthermore, AMF improves
the nutrient availability and water absorption capacity of
plants, thus enhancing their overall stress tolerance. In
contrast, non-AMF plants under salt stress showed
significantly lower levels of these antioxidant enzymes,
confirming that AMF inoculation offers a clear
advantage in enhancing the plant's resilience to oxidative
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