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Article Info ABSTRACT

Article type: Background and Objectives: Soil salinity is a growing issue in
Full Length Research Paper  agricultural soils, especially in arid and semi-arid regions, leading to
reduced crop growth and production. Mycorrhizal fungi play a significant
role in enhancing agricultural plant yields, especially in low-fertility soils,

Avrticle history:

Received: 05.10.2025 by increasing root surface area through the spread of fungal mycelia in the
Revised: 09.03.2025 soil. This study aimed to investigate the effect of arbuscular mycorrhizal
Accepted: 09.14.2025 fungi on proline content, chlorophyll levels, and nutrient uptake in
Zea mays plants grown in saline and non-saline soils.
,\K,l?évgrorp?zsé, Materials and Methods: This experiment was conducted as a factorial
Phosphatase, experiment in a completely randomized design with two factors:
Phosphorus, inoculation with mycorrhizal fungi (Funneliformis mosseae strains Al and
Proline, A2) and salinity levels (saline soil with EC = 7 dS m™ and non-saline soil
Salinity with EC = 2 dS m™). The experiment was conducted in a greenhouse with

three replicates. The pots were maintained at 70% of field capacity for
three months. Following plant harvest, the dry weight of roots and shoots,
phosphorus concentration in roots and shoots, and the concentrations of
certain elements—such as copper, zinc, iron, manganese, potassium, and
sodium—in the shoots were measured. Additionally, leaf chlorophyll and
proline contents were determined.

Results: Salinity stress significantly reduced several measured plant and
soil traits. Parameters such as leaf chlorophyll index, roots and shoot dry
weight, phosphorus concentration in roots and shoots, Olsen phosphorus,
microbial carbon, and colonization were reduced (by 12.3%, 12.2%, 7.1%,
43.75%, 3.6%, 30%, 28.5%, and 10.1%, respectively). Inoculation with Al
and A2 strains of mycorrhizal fungi improved most of the measured
characteristics. The interaction effects of salinity and mycorrhizal fungi
showed that for treatments that was inoculated with fungi, in non-saline
condition, leaf chlorophyll, dry weight of roots and shoots, phosphorus in
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roots and shoots, Olsen phosphorus, microbial carbon, colonization,
potassium, copper, manganese, iron, and zinc were significantly increased
(by 1.8%, 42.2%, 15.9%, 50%, 28.5%, 68.4%, 64.38%, 92.1%, 40.5%,
44.7%, 232.7%, 87.3%, and 28.125%, respectively).

Conclusion: Overall, the use of mycorrhizal fungi plays a significant role
in the absorption of nutrients and in increasing the resistance of plants
(especially Zea mays plants) to salinity stress. Strain A2 performed better
than strain Al in many cases, which indicates the difference between these
two strains and their adaptation to environmental conditions. The use of
mycorrhizal fungi, especially salt-tolerant strains, can improve plant
growth in saline soils and increase the concentration of nutrients in the
inoculated plants compared to non-inoculated conditions. Therefore, plants
can have better growth and have higher tolerance to soil salinity by
improving nutrient absorption through symbiotic microorganisms.
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Table 1. Physicochemical parameters of the used soil.
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Table 2. Analysis of variance of the effect of the tested factors on the mean squares of the studied traits
of Zea mays plants.
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Figure 1. Interactive effects of salinity and mycorrhizal fungi on the dry weight of roots (A) and aerial parts (B).
Histograms that share at least one common letter indicate no significant difference at the 5% level of Duncan’s test.

il Sl Sl U S Ol 00 e
S 5 e Gt SiUl 5 sos e sl0s
G5 (s o SRS L aS ST il 5l AL
Sy Uil sl ol elan 0y Ul
Se Olgea dsn (V) ssde oS s
o]

g L“V—i)j L ole 85l

A

sonbe 5 Goss Jele ss s igds sl
S o s Ol LOT Blize Sl 5 15,50
boodsn M G iohe ((V dod) ss lo e
I8 ol ails 8 S s Soale O Jles
Gt a4 Sl oS s s s (o

Js 4 oss Al oS ey 4 s e



Oy Son g ZSOMS and o [ won gy GBA36F 39,5 5T

(7E) 358 0 oS 35 IS 2alS 5 L5 IS s s
Sl B S 5 Culs st A il E s
4 o (s 0SB 05D SS el SIS
G T I P SRS L o]
ot DLl IS Gl i B s e sl (s IS
Fgm el 5 dey dan ol Oae o
Orore (Y0) 55l o axlye Cuspdme b 35 05
s S o o clle Ll
5 Sl el wSle A GlaedS s
mA Sl RIS s
S5 IS Ll suaiS iDe 4S s Db, S

4(‘.3'.1.»««

L s ks Jlall Oud s & e 5 il o0
S pboles (M0 35800 2y IS lacnss
Loy Ja s il G5 e O L
oube sl slas 53 (V) Las o s Sl Sa 5
Ot Slesd 4 ol 155500 lag B L el
A2 4 5 3L I J85 S Ol Sale
Jos e oS Jdu s (RIB s SIAL @ e
Aree O SS (AY ISE) cl es a
ol 515 lgme Sl 1 sSle sla i
53 b 5 el (055,55 Oliee R BI L 15 5SSl
5 edd (Jd509) Lo 355 Ol Sl sl ol S
3 A s Sl Solg o s sl IS L
T SlR L OY) ssd e b ol 5 Slas
wulS iy IS jlade 5 it esle Hlade I A
B B 5 biasn s s el edd
Sl osle (gho s Lo bl 4 v 15,500
g8 2B e 4 el LS Rl L s

(YA s S

A

L optis s slrle 51 o)l Jske lad S50 SLe
JGal) sl Olpsar 5 clablows Ll clis
Sl 3wl Aol pl S o Jas 5 JenSsdn
4 Sl Ulie el 5o 2l S Ulpe o
OF Ol o5, Yo oS ol OLS 5 St i
o i Kb o o4 S sloil
Lol o Odel ool b 5 ol (g poml (oS S 5 5L
Wb B 51 Pl 5 O Sk ol ol
O PERCA P U PNE VR PRRCIN P I P\ o))
S Jbs S Olse (2alS caial Aol e US4
3 Sos Jeod o s ol el en S s
S OWLS 55 e 5T b L 5 (el (i
sls Ol g cpl glaesls gy n (YY) 50
o5l s s s SRals Gl 1) S0k
Ol 3 38" Aoy Slils lasles o 5 il ol
Ol 2p S5 odsn S (F S0 5V
adly gagd= U 15,50l jaas o S blol
O a3 45 das 2alS 1, olS 1 (g5 J ol
5L sSle sz B ol el oS on s
Llaales olod mhaw (Ll el DIl 3 slacin
ol 5 Ol Ol Gl Of a5 Lsd 0 St
Sl b, by Sy e lie
JS2) Siale Dsb lasles & s oS s s
Olyee i 5 opl & 5 0 (658 A5 il 2o 55 ()

AL e A s
S aS sls ol laesls mls s NS asls
A olS s IS (Mo)s YY) Lials cel (g5
b SasHles Gl s 4 goss 5 (Y ga)
2 I il S g0y e



YEe0 Y b)wai b)’-")‘-&il{’ &?5‘5& S Q).hm;

O Saline soil B Non-saline soil

1.2

0.8
0.6
0.4
0.2

¢ cd

oo
Proline (mcg/g wet weight)

Without
inoculation
Mycorrhizal fungus inoculation

(B) (&) pysSs B Syl

Strain A1 Strain A2

O Saline soil B Non-saline soil
42
a
9= 40 bc g
. >
L2 38
o
%5 36
35
34
32
Without Strain Al Strain A2
inoculation

Mycorrhizal fungus inoculation
(A) (@l )55 g 8 Giale

(;'J) &,:JJJ.;"(JD J::}}ls b‘}:ﬂﬁ‘ﬁ)}&h}d)ﬁ J.,.Lé;.a Q‘;‘—\'Jﬁ

Bl Sl 05031 10 a5 s e gl BB S ke O S Sl slls slapl S s
Figure 2. Interactive effects of salinity and mycorrhiza on chlorophyll content (A) and proline levels (B).
Histograms that share at least one common letter indicate no significant difference at the 5% level of Duncan’s test.
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Figure 3. Colonized root (A), comparison of the mean interactive effects of salinity and mycorrhiza on the level

of colonization (B).
Histograms that share at least one common letter indicate no significant difference at the 5% level of Duncan’s test.
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Histograms with at least one common letter have no significant difference at the 5% level of Duncan's test.
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Histograms with at least one common letter have no significant difference at the 5% level of Duncan's test.
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Figure 6. Interaction effects of salinity with mycorrhizal fungi on the amount of Potassium (A) and Sodium (B)

concentration in the Shoot.
Histograms with at least one common letter have no significant difference at the 5% level of Duncan's test.
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