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ABSTRACT

In the last few decades, sea levels have risen mainly because of global warming. This has caused flooding and increased
salinity in low-laying coastal agricultural lands. As a result of salinity, crop production is seriously reduced. The present
study evaluated the effects of an arbuscular mycorrhizal fungus, Rhizophagus irregularis and a rhizospheric bacterium,
Pseudomonas flourescens, alone and in dual inoculation on the survival, growth, mycorrhizal colonization, nutrient uptake,
glomalin production, and soil aggregation of scallion plants under saline conditions. In saline soils, seedling survival, growth,
total biomass, nutrient uptake, glomalin production, and soil aggregation were significantly increased when inoculated with
R. irregularis and P. flourescens. Dual inoculation with R. irregularis and P. flourescens were superior than single inoculation.
Pseudomonas flourescens stimulated mycorrhizal colonization in saline soils. The present results indicate that arbuscular
mycorrhizal fungi and beneficial rhizospheric bacteria offer potential for mitigating salinity stress in A. fistulosum.
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1 INTRODUCTION

Global warming has caused sea levels to rise mainly due
to additional water from melting ice sheets and glaciers and
the expansion of seawater as it warms. Because of the rise of
sea water levels, arable lands in low-lying coastal regions are
facing a serious problem of salinity [1, 2]. Agricultural plants
that are facing salinity problems under field conditions are le-
thal to plant survival and crop production. It has been reported
that long-term effects of increased temperatures over the last
20 years has caused sea water to rise, increased soil salinity
due to leaching of salt in the soil, and salinity has increased
from 1 to 33% in coastal low-lying areas [3-7]. This will seri-
ously affect food security and food availability worldwide [8].

Plant roots play a vital role by exploring the soil environ-
ment and taking up nutrient and water. Salinity can affect root
function by altering cell water permeability and influencing
the growth and architecture of the root system [9]. Salinity re-
sults in dehydration of the plant, interfering with nitrogen and
other nutrient uptake, affecting stomatal and hydraulic con-
ductance, reducing photosynthetic efficiency, leading to de-
cline in crop yield or even cause death of the plants [10-13].
Under saline conditions, plants suffer from Na" and CI* toxic-
ity and accumulation of Na* can cause K* deficiency resulting
damages of cellular organelles, disrupt osmotic potentials, and
impact photosynthetic efficiency [14-16]. Plants must consis-
tently maintain a low Na*to K" ratio to tolerate salinity stress
(Evelin et al. 2019). Na® and CI' ions are toxic to plants and
as the concentration of Cl- increases plants suffer from toxic
effects of Cl which affect nutrient uptake [17, 18].

In recent years, there is a growing interest to use beneficial
soil microorganisms to improve agricultural productivity un-
der adverse soil conditions. Arbuscular mycorrhizal fungi are
considered to be of particular importance for the sustainable
management of agricultural ecosystems and mediating crop
productivity [19-22]. Arbuscular mycorrhizal fungi are a spe-

cialized group of soil fungi that form symbiotic associations
with higher [23]. In this association both the partners benefit
from each other. The mycorrhizal fungi help host plants en-
hancing water and nutrient uptake from the soil far beyond
the reach of root system [23-25], increasing resistance against
diseases [16], and improving water-use efficiency [22, 26, 27].
In return, the plant provides the fungi with carbohydrates and
sugars formed during photosynthesis for fungal growth and
metabolism. Arbuscular mycorrhizal fungi are also known to
provide plants greater tolerance to biotic and abiotic stresses
by changing host-plant physiology, biochemistry along with
secondary metabolites [28-30].

In addition to arbuscular mycorrhizal fungi, plant
growth-promoting bacteria have recently attracted increas-
ing attention because of their effect on promoting the growth
in agricultural crops [31-34]. These beneficial bacteria en-
hance plant growth by producing growth hormones such as
indole-acetic acid, giberellic acid, and cytokinins [35], fixing
nitrogen from the atmosphere [36], and protecting plants by
producing antimicrobial compounds [37]. Their application
to field crops enhances the growth and act as biological fer-
tilizers [38]. Recent years, different plant growth-promoting
bacteria have been studied including nitrogen fixing bacteria
and phosphate solubilizing bacteria for their effect on plant
growth and nutrient uptake [39-41].

Plants have developed their own mechanisms such as
morphological, biological, physiological, and biochemical
changes to deal with various biotic and abiotic stresses during
the evolutionary process. They have developed mutualistic
and symbiotic relationships with different soil microorgan-
isms to deal with these stresses [42, 43]. Mycorrhizal plants
have greater tolerance to deal with biotic and abiotic stresses
compared to non-mycorrhizal plants [30, 44]. Similarly, ben-
eficial phosphate solubilizing bacteria particularly Pseudo-
monas flourescens can co-exist with arbuscular mycorrhizal
fungi and can help plants to deal with various abiotic stresses
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[40, 41, 43, 44].

Scallion (Allium fistulosum) is one of the earliest culti-
vated crops and are grown world-wide: its leaves can be eaten
either raw or cooked. Like many other crops, salinity can re-
duce the yield and quality of A4. fistulosum. The effect of ar-
buscular mycorrhizal fungi and rhizospheric bacteria on sa-
linity tolerance on A. fistulosum is unknown. The objective of
this study was to determine the salinity tolerance of 4. fistulo-
sum inoculated with an arbuscular mycorrhizal fungus, Rhi-
zopagus irregularis and a rhizospheric bacterium, Pseudomo-
nas flourescens alone and in combinations.

2 MATERIALS AND METHODS

2.1 Organisms.

Seeds of A. fistulosum were obtained from Armstrong
Garden Center, Glendora, California, U.S.A. The arbuscular
mycorrhizal fungus, R. irregularis (PL 1794RI) and a rhizo-
spheric bacterium, P. flourescens (PL 009PF) were obtained
from the culture collection bank of Pasteur Laboratory, Glen-
dora, California, U.S.A. The inoculum of R. irregularis was
maintained in the fragmented roots of carrots whereas P.
flourescens was maintained in tryptic soya broth nutrient me-
dium. The identity of these organisms was verified through
DNA metabarcoding analysis of the rDNA ITS2 region.

2.2 Seed germination.

Garden soils were autoclaved at 121°C for 15 minutes at
15 Ib pressure. When cooled, soils were placed on germina-
tion trays and covered with lids. Seeds of 4. fistulosum were
soaked in water overnight, washed with sterile distilled wa-
ter and then sown in germination trays containing moist ster-
ile soil. The germination trays were then covered with a lid to
prevent evaporation. The trays were kept in a growth cham-
ber (25°C £ 2°C) and lightly sprayed with sterile distilled wa-
ter daily to keep soil moist. Seeds started sprouting 4 days af-
ter sowing.

2.3 Effect of R. irregularis and P. flourescens on salinity
tolerance of A. fistulosum.

Autoclaved soil was treated with a 3.5% sodium chloride
solution and filled with 5-inch plastic pots. Electrical conduc-
tivity of the soil was 2.39 dSm™ and pH was 8.3. The seed-
lings were inoculated with P. flourescens and R. irregularis
alone and in combination [44]. The following 8 treatments
resulted: non-inoculated control with and without NaCl, R.
irregularis with and without NaCl, P. flourescens with and
without NaCl, a dual inoculation of R. irregularis plus P.
[flourescens with and without NaCl. Seedlings were kept in
the growth chamber at 25°C + 2°C under LED growth light
(Model X00INTBWAS) for 10 hours daily illumination. Spe-
cial attention was taken while watering to prevent leaching of
NaCl from the pots into holding trays. The pots were random-
ized in the growth chamber every 2 days. Seedling mortal-
ity was recorded for each treatment. Since garden soils were
used, pots were not fertilized.

The plants were harvested and evaluated 8 weeks after
planting. At harvest, seedlings from each treatment were care-
fully removed from the pots without damaging the root sys-
tem. Roots were washed with water and shoot and root lengths
were measured. Several randomly selected roots from each
treatment were stored in test tubes with water for later quanti-
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fication of mycorrhizal colonization, while the remaining root
mass was dried along with shoots for quantifying total bio-
mass and nutrient contents. For calculating mycorrhizal colo-
nization, roots from the test tubes were cleared in 10% KOH,
autoclaved for 10 minutes, acidified with 1% hydrochloric
acid, stained with cotton blue, and percent mycorrhizal col-
onization were recorded [45, 46]. Nutrient contents (phos-
phorus and potassium) of the seedlings from each treatment
were measured after oven drying of seedlings. The seedlings
were pre-digested with a mixture of nitric acid and hydrogen
peroxide overnight, followed by microwave heating for 15
minutes [47]. Total nitrogen was determined using Kjeldahl
method [48].

From each treatment, the amount of total glomalin-related
soil protein (T-GRSP) and easily extractable glomalin-related
soil protein (EE-GRSP) were determined [49]. One gm of rhi-
zospheric soil from different treatments was air dried, incu-
bated with 8 ml of 20 mM sodium citrate solution (pH 7.0),
autoclaved at 121°C for 30 min and then centrifuges at 1000
rpm for 15 min to extract EE-GRSP. The T-GRSP was ex-
tracted with 8 ml of 50 mM sodium citrate solution (pH 8.0)
by autoclaving at 121°C for 30 min. The procedure was repli-
cated 5 times and all suspensions were collected. The T-GRSP
and EE-GRSP concentrations were determined spectrophoto-
metrically by the Bradford dye-binding assay using bovine se-
rum albumin as the standard [50].

2.4 Statistical analysis.

Data were subjected to analysis of variance [51]. Individ-
ual means were compared using Scheffe’s test for multiple
comparisons using SAS software [52]. Means followed by
the same letters (a,b,c and so on) in bars in the graphs and ta-
bles for a particular treatment are not significantly (P = 0.05)
different from each other by Scheffe’s test for multiple com-
parison.

3 RESULTS

3.1 Effect of P. flourescens and R. irregularis on seedlings
mortality, growth, mycorrhizal colonization, and nutrient con-
tents of A. fistulosum seedlings under saline conditions.

Non-inoculated control seedlings when grown under sa-
line soil, 55.6% seedlings failed to survive (Figure 1). Mor-
tality of seedlings were 43.0% for P. flourescens and 22.0%
for R. irregularis when grown in saline soil (Figure 1). Low-
est mortality (9%) was recorded when seedlings were co-in-
oculated with P. flourescens and R. irregularis in saline soil
(Figure 1). Seedlings grown without NaCl had no mortality
(Figure 1).

3.2 Shoot length and root length.

Shoot and root length of A. fistulosum were significantly
higher when seedlings were inoculated with R. irregularis
alone and in combination with P. flourescens in saline soils
(Figure 2). Lowest shoot lengths were observed in non-inoc-
ulated control seedlings compared to other treatments (Fig-
ure 2). In all treatments, seedlings grown in saline soils had
lower shoot and root length compared to seedlings grown in
soil without NaCl (Figure 2).

3.3 Biomass production.

When A. fistulosum seedlings were co-inoculated with
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Figure 1 — Effect of P. flourescens and R. irregularis on mortality in A. fistulosum seedlings grown in saline and non-
saline soils.

both P. flourescens and R. irregularis, significant higher bio-
mass was obtained in both saline and non-saline soils (Figure
3). Lowest biomass was recorded in non-inoculated control
seedlings grown in saline soils (Figure 3). Salinity signifi-
cantly reduced the production of biomass of 4. fistulosum
seedlings in all inoculated and non-inoculated seedlings com-
pared to seedlings grown without NaCl (Figure 3).

3.4 Mycorrhizal colonization:

Seedlings inoculated with R. irregularis and in combi-
nation with P, flourescens had a lower arbuscular mycorrhi-
zal colonization in saline soils compared to seedlings grown
in non-saline soils. Mycorrhizal colonization was stimulated
when R. irregularis was co-inoculated with P. flourescens
(Figure 4). No mycorrhizal colonization was observed in
non-inoculated control and seedlings inoculated with P.
flourescens (Figure 4).
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Figure 2 — Effect of P. flourescens and R. irregularis on shoot and root length in A. fistulosum seedlings grown in saline and
non-saline soils.
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Figure 4 — Effect of P. flourescens and R. irregularis on mycorrhizal colonization in 4. fistulosum seedlings grown in saline
and non-saline soils.
3.5 Nutrient contents gen, phosphorus and potassium was observed when seedlings
The amount of nitrogen, phosphorus, and potassium was ~ Were co-inoculated with both P. flourescens and R. irregularis
significantly higher when A. fistulosum seedlings were inoc- i non-saline soils (Table 1). Non-inoculated control seedlings
ulated with P. flourescens and R. irregularis alone or in com-  had lowest amount of nitrogen, phosphorus, and potassium
binations saline soils (Table 1). The highest amount of nitro- ~ content when grown in saline soil (Table 1).
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Table 1 — The effect of P. flourescens and R. irregularis on nutrient uptake in 4. fistulosum seedlings grown in saline soil.

Treatment Nitrogen (g/kg) Phosphorus (g/kg) Potassium (g/kg)

Control — with NaCl 0.064, 0.071, 0.121
Control — without NaCl 0.313, 0.154, 0.581,

P. flourescens (P.f) — with NaCl 0.389, 0.149, 0.498

P. flourescens (Pf) — without NaCl 0.467, 0311 1.131,

R. irregularis (R.i) — with NaCl 0.967, 0.812, 1.413,

R. irregularis (R.i) — without NaCl 3.872, 2,443, 2.872 .

Pf+ R.i — with NaCl 1.667 1.117, 1.931,
Pf+ R.i — without NaCl 4.793, 3.371, 3.673,
Values are the means of three replicates. Means followed by the same letters (a,b,c and so on) in columns for a particular element are
not significantly (P=0.05) different from each other by Scheffes test for multiple comparison.

3.6 Total glomalin-related soil protein (T-GRSP-mg per
2), easily extractable glomalin-related soil protein (EE-
GRSP - mg/g), and soil aggregate stability

Total T-GRSP and EE-GRSP were highest in the rhizo-
sphere of seedlings when co-inoculated with P. flourescens
and R. irregularis grown in non-saline soil. Inoculated seed-
lings significantly improved the glomalin production when
grown in saline soils. No glomalin was reported in non-in-
oculated control and seedlings inoculated with P. flourescens
in the rhizosphere of 4. fistulosum in both saline and non-sa-
line soils (Table 2).

The soil aggregate stability was significantly improved
when seedlings were inoculated with P, flourescens and R. ir-
regularis alone or in combinations in saline soils compared
to non-inoculated seedlings. The highest amount of soil ag-
gregate stability was observed when seedlings were co-inocu-
lated with both P, flourescens and R. irregularis in non-saline
soils. Non-inoculated control seedlings had lowest amount of
soil aggregate stability when grown in saline soil (Table 2).

4 DISCUSSION

Rising sea level is one of the major environmental prob-
lems which reduces agricultural productivity worldwide [4,
53]. As sea water enters the low-lying coastal arable lands,
crop productivity is seriously affected. The harmful effect of
salinity causes Na*and CI- ions to accumulate in the lands and

reduce the soil water potential to agricultural crops. Excess of
Na"and CI- accumulate in the cytoplasm cause both osmotic
and ion stress in plants. However, plants adapt biochemically
and physiologically to alleviate the harmful effects of salin-
ity through ion homeostasis, compartmentalization, osmotic
regulation, solute biosynthesis, antioxidant enzyme activation,
antioxidant compound synthesis, polyamine synthesis, hor-
mone modulation, and nitric oxide generation [54-56]. Bene-
ficial soil microorganisms offer great potential for alleviating
detrimental effects of salinity in agricultural practices. Among
beneficial microorganisms’ arbuscular mycorrhizal fungi and
rhizospheric bacteria are potential candidates for mitigating
salinity stress. Arbuscular mycorrhizal fungi are an important
beneficial soil-inhabiting fungus in natural ecosystems which
form symbiotic associations with most land plants. They form
fungal networks connecting plant roots and soil and can influ-
ence plant growth, nutrient uptake, combat against root patho-
gens, and form plant-microbe-soil interactions [57, 58]. Sev-
eral studies have shown that arbuscular mycorrhizal fungi
can alleviate saline stresses [59-67] and this is mainly due
to the combination of nutritional, physiological, biochemi-
cal changes, and microbial associations with plants [63, 68].

In our study, growth of 4. fistulosum seedlings were sig-
nificantly stunted and showed higher rates of mortality in
saline soils when grown without any microbial treatment.
The efficiency of the arbuscular mycorrhizal fungi and rhi-
zospheric bacteria is determined in terms of plant growth,

Table 2 — Total glomalin-related soil protein (T-GRSP-mg/g), easily extractable glomalin-related soil protein (EE-GRSP -
mg/g), and soil aggregate stability (%) in the rhizosphere of A4. fistulosum under different treatments.

Treatments T-GRSP EE-GRSP Soil Aggregate stability (%)
Control — with NaCl 0.000, 0.000, 0.097,
Control — without NaCl 0.000, 0.000, 0.887,
P. flourescens (Pf) — with NaCl 0.000, 0.000, 0.391,
P. flourescens (P.f) — without NaCl 0.000, 0.000, 1.109,
R. irregularis (R.i) — with NaCl 1.897, 1.993, 2.114,
R. irregularis (R.i) — without NaCl 4914, 4.381 4.872,
Pf+ R.i —with NaCl 3.916, 3.141, 3.204,
Pf+ R.i — without NaCl 5.793, 4.992 7.511,
Values are the means of five replicates. Means followed by the same letters (a,b,c and so on) in columns for a particular glomalin
are not significantly (P=0.05) different from each other by Scheffe's test for multiple comparison.
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biomass production, and nutrient content under saline con-
dition. It was found that 4. fistulosum seedlings inoculated
with mycorrhizal fungi always outperformed non-mycorrhizal
seedlings when subjected to saline stress. Mycorrhizal fungal
hyphae are thinner than plant roots and can facilitate absorp-
tion of water-filled pores, which otherwise are inaccessible
to roots [61]. Both mycorrhizal fungi and rhizospheric bacte-
ria boosted overall plant growth and nutrient uptake, which
is consistent with the results of other studies showing my-
corrhizal fungi can alleviate the negative effects of salt and
improve plant growth [69, 70, 35, 71, 72, 22]. This could be
attributed to the fact that improvement in saline soils in 4. fis-
tulosum leaves had higher carbon assimilation rate, photosyn-
thesis, and the antioxidant capacities [73]. Mycorrhizal fungi
produce hyphae that can extend far beyond the reach of plant
roots and transport the elemental nutrients to intracellular ar-
buscles to the colonized roots. Rhizospheric bacteria on the
other hand, produce various plant growth hormones such as
indole-acetic acid, gibberellic acid and cytokines, which can
enhance overall healthier plant growth. Superior plant growth
and nutrient uptake (nitrogen, phosphorus and potassium) by
A. fistulosum seedlings were evident in this study when seed-
lings were inoculated with P. flourescens and R. irregularis
alone and in combinations.

Salinity decreases plant growth by lowering water content
of the soil and adding excessive salts moving in the transpira-
tion stream to leaves and causing leaf damage [4, 18]. Salinity
inhibits photosynthetic ability that leads to decrease in crop
production. Salt stress causes reduction of chlorophyll content
due to suppression of specific enzymes that are responsible
for synthesis of photosynthetic pigments [74]. In our study,
A. fistulosum seedlings showed higher rate of mortality when
grown in saline soil without any microbial inoculation. Both
R. irregularis and P. flourescens significantly increased seed-
ling survival, shoot and root length, total biomass, and nu-
trient uptake compared to non-inoculated seedlings in saline
soils. Mycorrhizal colonization of R. irregularis was signifi-
cantly reduced when grown in saline soils, however, mycor-
rhizal colonization was significantly increased when co-in-
oculated P. flourescens in both saline and non-saline soils.
Mycorrhizal fungal hyphae can regulate roots to manage salt
stress, maintain ionic homeostasis and osmotic equilibrium,
and modulate plant hormone profile to minimize salinity ef-
fects on growth and development [64, 74-77]. In our study,
both P, flourescens and R. irregularis reported to help A. fistu-
losum seedlings by managing toxic effect of salinity and help-
ing nutrient uptake at the same time.

Recent studies have shown that arbuscular mycorrhizal
fungi produce glomalin and increase soil aggregation under
stress conditions [44]. Glomalin is a special class of glycopro-
tein, released by spores and hyphae of arbuscular mycorrhizal
fungi [78]. This protein plays an important role in detoxifying
toxins, accumulating soil organic carbon and soil aggregates,
and regulating plant growth [78-84]. In our study, dual inoc-
ulation with P, flourescens and R. irregularis significantly in-
creased glomalin production and soil aggregation in both sa-
line and non-saline soils compared to single inoculation with
R. irregularis alone in similar soils. It is interesting to note
that P. flourescens alone did not produce any glomalin or in-
crease soil aggregation in both saline and non-saline soils,

6

however, glomalin production and soil aggregation were sig-
nificantly increased in the presence of R. irregularis in saline
soils. The synergistic effect of P. flourescens and R. irregularis
in glomalin production and soil aggregation is unknown and
needs further study. For non-inoculated control and seedlings
inoculated with P, flourescens, no glomalin production was re-
corded in both saline and non-saline soils since there were no
spores or hyphae of R. irregularis in the rhizosphere. This in-
dicates that glomalin is produced only in the presence of ar-
buscular mycorrhizal fungi. Similarly, soil aggregation was
lowest in both saline and non-saline control soils since there
were no microorganisms present to aid in soil aggregation.

Rising sea level has adversely affected fertility status, de-
pleted soil nutrients, increased salinity contents, and changed
physio-chemical properties of arable soils in low-laying lands.
Mycorrhizal fungi and rhizospheric bacteria induce tolerance
against salinity stress by enhancing root proliferation, total
biomass production, and improving the water use efficiency
to minimize the oxidative stresses and improve osmoregu-
lation. Under salinity stress these microorganisms produce
bioactive metabolites which help in their endurance and pro-
vide synergistic effect to plant growth and crop production.
A combination of arbuscular mycorrhizal fungus and plant
growth promoting bacteria offer an alternative approach that
may provide a significant impact on physiological and bio-
chemical changes of 4. fistulosum. This approach can lead to
an increase in photosynthesis, defense against oxidative dam-
age, and overall superior growth under saline conditions. Fur-
ther studies are needed under field conditions to see if these
microorganisms offer similar beneficial effects in saline soils
affected by rising sea level.

CONCLUSION

Due to global warming, sea water levels are rising and
flooding low-lying arable lands. Agricultural plants that are
facing salinity problems are lethal to plant survival and crop
production. Under saline conditions, plants suffer from Na*
and CI toxicity that causes damage to cellular organelles, dis-
rupts osmotic potentials, and impact photosynthetic efficiency.
Beneficial soil microorganisms, particularly arbuscular my-
corrhizal fungi and plant growth promoting bacteria, offer po-
tential for mitigating adverse effects of Na* and CI- toxicity
in the soil. These microorganisms could be an environmen-
tally friendly approach for reducing toxic effects of salinity.
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POJIb TOJIE3HBIX IOYBEHHBIX MUKPOOPTAHNU3MOB B CMATYEHHNH ITATYBHbBIX
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ABCTPAKT

3a nocieqHre HECKOIBKO JIECSTIIETHIH YPOBEHb MOPS MOAHSIICS B OCHOBHOM H3-32 TIIOOAJIFHOTO MOTEIUICHUS. DTO BBI-
3BaJIO HABOJHEHUS U MOBBIICHHYIO COJICHOCTh HU3KOJISKALIMX IIPHOPEIKHBIX CEIbCKOXO3SMCTBEHHBIX 3eMellb. B pesysbprare
3aCOJICHHSI TPOU3BOICTBO CEIbCKOXO3HCTBEHHBIX KYIBTYD CEPhE3HO COKPATUIIOCh. HacToslee uccienoBaHie OLEHNIIO BIIHS-
HUe Tpuda apOyCcKyIIpHOIt MUKOpU3bl Rhizophagus irregularis u pusocdepHoit 6axrepun Pseudomonas fluescens, o oTnens-
HOCTH W B JIBOWHOM WHOKYJISILMH, Ha BBDKABAEMOCTb, POCT, MUKOPH3HYIO KOJIOHH3AIHIO, YCBOCHUE MTUTATEIIbHBIX BEIIECTB,
BEIPA0OTKY IIOMAJIMHA U arperanuio MOYBbl PACTCHUH 3€IEHOTO JIyKa B YCIOBHAX 3aCONCHHS. B 3aCOJICHHOCTH MOYBHI BbI-
JKHBAEMOCTB CESHLEB, POCT, 00LIast OHoMacca, yCBOCHHE MUTATENIbHBIX BELIECTB, BRIPA0OTKa [IOMAJIHA U arperarys mo4Bbl
3HAYUTEIBHO YBEIUYUIUCEH IPU WHOKYISILUHK R. irregularis u P. fluescens. JIBoiinas uHoKynsiums R. irvegularis n P. fluescens
OKa3aJach JIydlie, 4eM OAWHOYHAs MHOKYILuMs. Pseudomonas fluescens cTAMYITMpOBaia MUKOPH3HYIO KOJIOHH3ALIHIO B 32CO-
JIeHHBIX T04BaX. [loy4yeHHbIe Pe3yabTaThl HOKA3bIBAKOT, YTO apOyCKYJSPHbIC MUKOPU3HbIE IPHOBI U MOJIE3HBIE pH30CcepHbIe
OakTepuu 00JaaI0T IIOTSHIMAIOM UL CMSTYSHUSI CTpecca OT 3acCoNieHus y A. fistulosum.

KuroueBble c0Ba: cnobanbroe nomenienue, ycmouiugocms k 3aconenuto, Pseudomonas fluorescens, Rhizophagus
irregularis, 3enenvlii 1yK.
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AHJIATIIA

Conrbl OipHEIIe OHXKBULIBIKTA TEHI3 ICHIeli HeTi3iHeH skahaHbIK KbUTbIHYFa OaiiaHbICThI KeTepinai. by cy TacKbIHbIHA
JKOHE TEHI3 KaraJlayblHAaFrbl ayblIIIapyallbulblK ajKanTapblHaa TY3AbUIBIKTHIH JKOFapblUlayblHa oKkesti. Ty3naHyablH canjga-
PBIHAH eriH HIapyalIbUIBIFBl KYPT ToMeHaenl. by seprreyne Rhizophagus irregularis apOycKyIsipiibl MUKOPH3aJIbl CaHbIpa-
YKYJIaKTHIH JKOHE pu3ocdepanslk Pseudomonas fluescens OaKTEpUSICHIHBIH KEKE JKOHE KOCapJIaHFaH ery Ke3iHAC TipIIiIiK
eTyiHe, ecyiHe, MUKOPU3aHbIH KOJIOHU3aNMSIChIHA, KOPEKTIK 3aTTap/IblH ajbIHybIHA, COPTaHIaHy KaFIalbIHIa 6CIMIIKTepIiH
copTraHiaHybIHa acepi Oaranan/bl. TONBIPAaKTHIH TY3ABUIBIFBIHIA R. irregularis xoue P. fluescens ery xe3iHne oCKiHACPIiH
TIPLILIIri, ©cyi, >KaJbl OnomMaccachl, KOPEKTIK 3aTTap/IblH CiHyl, ITIOMAJIWHHIH TY311yl )KOHE TOIBIPAKTBIH arperauschl ai-
TapibIKTal apTThl. R. irregularis sxane P. fluescens exi pet ery Oip peTTiK eryieH »orapbl 0onabl. Pseudomonas fluescens
TY3/bI TOITBIPAKTA MUKOPU3AJIAPbIH KOJIOHN3AIMSCHIH bIHTAIAHIBIPABL. HoTiokenep apOycKyIsipiibl MUKOPH3alIb/ibl CaHbIpa-
YKYJIaKTap MEH Maiansl pu3ocqepaiblk OakTepusuiapaAbiH A. fistulosum-narpl TY3IbUIBIK CTPECIH a3aiTyFa MYMKIHAIr Oap
EKEeHIH KOpCeTe/i.

Tyiiin ce3aep: scahanodvik dncvlaviny, my30bLiblKKa me3imoinix, Pseudomonas fluorescens, Rhizophagus irregularis, osica-
ChLIL NUA3.
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