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Background and Objectives: Salinity stress is a major challenge in
natural and rangeland areas, particularly in arid and semi-arid regions, with
significant negative impacts on plant growth and performance. This stress
limits plant growth by disrupting the absorption of water and essential
nutrients such as phosphorus, nitrogen, and potassium, thereby reducing
plant growth and productivity. Arbuscular mycorrhizal fungi (AMF) play a
crucial role as root symbionts in enhancing nutrient uptake, increasing
plant resistance to environmental stresses, and reducing the absorption of
toxic ions like sodium. The medicinal plant Lycium depressum is important
for soil stabilization and biodiversity conservation in arid and semi-arid
regions due to its relative tolerance to salinity and drought. However, there
is limited information on the impact of AMF symbiosis on nutrient uptake
and salt tolerance in this plant. The objective of this study is to investigate
the effects of different salinity levels and inoculation with various AMF
species (including Funneliformis mosseae, Rhizophagus intraradices, and a
combination of F. mosseae + R. intraradices) on nutrient absorption
(sodium, potassium, calcium, magnesium, and phosphorus) and root
colonization percentage in L. depressum. This research aims to develop
effective biological strategies for improving the establishment and
sustainability of this valuable species in saline ecosystems and providing
solutions for the optimal management of degraded rangelands.

Materials and Methods: This study was conducted as a pot experiment in
a factorial design using a completely randomized block design with four
replications, totaling 64 experimental units in the greenhouse of Gorgan
University of Agricultural Sciences and Natural Resources in 2022. The
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experimental treatments consisted of two factors: 1) Inoculation with
arbuscular mycorrhizal fungi (AMF) at four levels: treatments with
Funneliformis mosseae (F1), Rhizophagus intraradices (F2), a combination
of F. mosseae + R. intraradices (F1+F2), and a control without fungi (FO0);
2) Different salinity levels induced by sodium chloride at four levels: a
control (soil salinity of the native habitat, equivalent to 6 dS/m) and levels
of 10, 14, and 18 dS/m. Cuttings of Lycium depressum were collected from
the Qaragara large rangeland hills and, after rooting in a washed sandy bed,
were transferred to pots containing sterilized soil from the native habitat.
Fungal inoculum (60 grams, containing 60 spores per gram) was applied as
a thin layer 1 cm below the root in each pot, and salinity levels were
applied gradually. Plants were maintained under controlled greenhouse
conditions for two years, with a mean temperature of 21°C to 27°C, 8
hours of darkness and 16 hours of light, and humidity maintained at 70% to
80% of field capacity. The concentration of nutrients (sodium, potassium,
calcium, magnesium, and phosphorus) was measured in leaves and roots.
Root colonization percentage was determined using the trypan blue
staining method and counting fungal structures with a light microscope.
Data were analyzed using the General Linear Model (GLM) in Minitab
software version 19, and mean comparisons were performed using Tukey's
test at a 5% probability level. Graphs were drawn using Excel 2016.

Results: The results of this study showed that increasing salinity levels
significantly reduced growth and nutrient uptake in L. depressum.
However, inoculation with arbuscular mycorrhizal fungi (AMF),
particularly the combined treatment (F1+F2), had a positive effect on
nutrient absorption. In mycorrhizal treatments, the concentration of
potassium, calcium, magnesium, and phosphorus in leaves significantly
increased (P < 0.05). The highest absorption of these elements was
observed at a salinity level of 6 dS/m (S1). At this salinity level, the
combined treatment F1+F2 increased phosphorus absorption by up to two-
fold and calcium absorption by more than two-fold compared to the
control. Additionally, at this salinity level, root colonization percentage in
the F1+F2 treatment reached 26.325%, which was 39 times higher than the
control. As salinity increased to levels of 10, 14, and 18 dS/m (S2, S3, and
S4), the positive effect of the combined treatment F1+F2 on nutrient
absorption and root colonization decreased, but it still outperformed the
control. For example, at the S4 salinity level, potassium absorption in the
F1+F2 treatment increased by more than two-fold compared to the control.
Furthermore, the F1+F2 treatment significantly improved calcium and
magnesium absorption across all salinity levels, such that at the S4 level,
calcium absorption in this treatment was more than three and a half times
that of the control. The fungal combination F1+F2 also reduced sodium
absorption in roots (by up to 50%) and leaves (by up to 64.3%), especially
at higher salinity levels, and enhanced plant tolerance to salinity through
synergistic effects. These findings suggest that the fungal combination
F1+F2 can be used as an effective strategy to improve nutrient uptake and
enhance the tolerance of L. depressum to salinity stress.

Conclusion: This study demonstrated that salinity stress significantly
affects the absorption of nutrients (sodium, potassium, calcium,
magnesium, and phosphorus) and root colonization by arbuscular
mycorrhizal fungi (AMF) in Lycium depressum. However, inoculation
with a combination of two fungal species (F1+F2), particularly at lower
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salinity levels, effectively mitigated the adverse effects of salinity. The
combined treatment F1+F2 played a crucial role in enhancing the
absorption of essential elements like calcium and magnesium (in some
salinity levels, several times higher than the control) and significantly
increasing root colonization (up to 39 times at the lowest salinity level and
notably at other levels). Additionally, the F1+F2 treatment reduced sodium
absorption in roots by up to 50% and in leaves by up to 64.3%, especially
at higher salinity levels, and improved plant tolerance to salinity through
synergistic effects. These findings suggest that using this fungal
combination can be an effective strategy for managing salinity stress in
L. depressum and potentially similar species. This approach is particularly
important for projects aimed at rehabilitating saline rangelands and
sustainably developing land use in arid and semi-arid regions facing soil
salinity issues.
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Figure 1. Location of Golestan Province in Iran and the geographical location of Ghareh Ghar Bozorg
rangeland in Agh-Ghala County (sampling site of (Lycium depressumm cuttings).
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Figure 2. Morphology and Organs of Lycium depressum.
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Table 1. Experimental treatments: salinity stress levels and applied mycorrhizal fungi.
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Table 2. The most important physical and chemical characteristics of the tested soil.

ot o

e

i S S 0is Soslcgla @kl sl e
o Ls - Ls )
Mg ) (N T ek (EC) A US sol
ppm ppm % (P) (K) % (dS/m) H texture
Ppm ppm (PH)
2346 21335 0.12 5.8 271 % 12 52 6 76 (P
Silt-loam

KOH Jglons 0T 51 g 35 0 sdalie 5508
e U aw) Jhie OF L fados aaly, 5 adss
AL ladss ladpas LUd els slinnd (45
Yooowe 4 leolis 5 K, S e
2B 5S| O ol 4 036 Jgle s aids
(NaOH) 1..S; 0 R Ak ¥ Jels)
W 5 /N chale b Sty OFssds 1) e T
Sl sl e 5 48,5 13 Ghie O s
L S gined Jhie Of L ooddows ool ol
Lol (2K, ol i Gileesll g
S S dend Jglee 53 435 0 e 4 il
adss 3l e as Habge 1) clale L (HCD
b 0k SO dolome (T b sdad 05 5 el
5 Blol ek sas 4 oK, Jaloms s Tv/0 clale L
L (S BUI gles Ly cele Y8 Gde 4
5 oS (SSY td S5 5l 2SS, I sl
35 g edd 4 VN1 ez S 40 ki O
Sy Sl sk 4 5 adss Sy Jge caals
A s badys s 2SS Je (Lo
VYU CldS G e dbals )y Culbhs 4 an

£

Dprl i8S Aoy mnd 5 ady, el K,
Szl Ol Lo Gl oS slaads,
Sl S s S ades 53 SposSe sz,
oslazal (YY) 51 S 5 by S v s o L3 -S|
b glaai,, 3l ¢J§ TAR VPRI PN TR !
s 8 e il S Ly Sladad 5 oslaer
S5 a8 e 100 (VIV) J U1 dgloes 5
IS gl )l s S
s lS i Jsle Sl eslinal (bdi sl Sde SV b
5 Ll Sl sl ol S5 L FAA
(o5 o e 35 401000 oz S 0 100 U]
Sl B oaw bady) oJ 501 Oogn) Hkie 4 (e
Ve e w s el el il lade O L ws
sl bl slad ) 055 BBI sles L3 cela
e clle b (KOH) s sun sl J sl
sl p5 5205 LKOH s o ol 3 0 asls 13
b bates 5 oDt SUS S5z (il
il G5 4 K5 8w 53 5 035 g
bkl 5 Al e Il gl e 5o als)
3556 3,5 b 4 KOH Jloes & i ol 3



VY€e0 ) b)lou’; &Y 2,99 cdl&,yi cblis dlbwﬁh,ﬁ

A el s ela Cpgon anks
SR e Bl W) skl bl b el gduasid
LSl bl CLLEJ bla sl LS esls
Gop PSS Sheslinal b 2B sls bl
Cole oo s bt Vex oS5 L OV S 5
L35 dnloe S ddaly Gillas O gl 5 S Ao

0F U9

B bbb s faSS 6 1) T sl
S eslinal b lad 5555 5 ks ad S sl Jals
Cusn JB Tox olSon L8 s S
GBS Sras Sl esliiad b als s O gl 5lS Aoy sy
(Gridline Intersect Method) «o bl
A3 S s (FY) Loy sl &1 Sy bl

Y" W‘,o,\.i LSJ'.‘.'AT&J ‘5\.&4..:..:‘) c))E.'\.d w“\.’

) Ol 5 S Aty dlone Jga p () byl

S5osSele slaslla b fblis bl sl

* 100

LSy O}:m‘ﬂ}lsw)b(%) =

bl bl IS sl

55 Sy ; Ol i oIS Ao ys el 5 ks S5l S, ol Y UK
Figure 3. Steps of root staining and determination of mycorrhizal root colonization.
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Figure 4. The interactive effects of salinity and mycorrhiza on leaf phosphorus content of Lycium depressum.
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Table 3. Analysis of variance of the effects of mycorrhizal fungi and salt stress on some nutrient elements and
root colonization percentage of Lycium depressumm.
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Figure 5.1. The interactive effects of salinity and mycorrhiza on leaf sodium content of Lycium depressum.
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Figure 5.2. The interactive effects of salinity and mycorrhiza on root sodium content of Lycium depressumm.
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