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Abstract

Background and Objectives: Tall fescue (Festuca arundinacea) is one of the most important
grass species, widely used for forage production, soil conservation, and turf construction. It forms
a symbiotic relationship with endophytic fungi of the genus Epichloé (Neotyphodium =
Acremonium), which enhance the host plant's tolerance to biotic and abiotic stresses. This study
aimed to investigate the role of symbiotic endophytic fungi in improving tall fescue tolerance to
salt stress under hydroponic conditions.

Materials and Methods: To evaluate the effect of endophytic fungi on salt stress tolerance,
endophyte-infected plants were first identified using rose bengal staining and propagated by tiller
division. Half of the tillers were treated with fungicides (propiconazole and Folikor) to generate
endophyte-free controls. Both endophyte-infected and endophyte-free clones were transferred to
hydroponic culture containing Johnson's nutrient solution at half strength. After establishment,
salinity treatments were applied gradually in three stages to avoid osmotic shock. A factorial
experiment based on a completely randomized design with three replications was conducted, with
factor A being the presence or absence of endophytic fungi and factor B being salinity stress at
four levels (control, 0.5%, 1%, and 1.5% NaCl). One month after salt treatments, data were
collected on tiller number, leaf length, shoot fresh and dry weight, root length, root fresh and dry
weight, crown fresh weight per plant, and shoot-to-root dry weight ratio. Data were analyzed
using ANOVA, followed by LSD test to compare the means of treatment.

Results: Analysis of variance indicated that endophytic fungi significantly affected tiller number,
shoot and root fresh and dry weight, crown fresh weight, and shoot-to-root dry weight ratio (P<
0.01), and root length (P< 0.05), but had no significant effect on leaf length. Salinity significantly
influenced all traits except shoot-to-root dry weight ratio (P< 0.01). The interaction between
endophyte presence and salinity was significant only for root dry weight (P< 0.05). Endophyte-
infected plants exhibited improved traits compared to endophyte-free clones; for example, shoot
dry weight was 1.14 g/plant in infected plants versus 0.70 g/plant in endophyte-free plants,
representing a 1.5-fold increase. Root dry weight increased from 0.14 g/plant in endophyte-free
to 0.36 g/plant in infected plants, a two-fold increase. Mean comparisons under different salinity
levels indicated that tall fescue tolerated 0.5% NaCl well, but higher concentrations caused
significant reductions in all traits. Shoot fresh weight decreased from 38.7 g/plant (control) to
26.1 g/plant (1.5% NaCl), and root fresh weight decreased from 5.46 g/plant (0.5% NaCl) to 1.87
g/plant (1.5% NacCl), a nearly threefold reduction. The endophyte x salinity interaction revealed
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that under high salinity, endophyte-infected plants maintained significantly higher root dry weight
than endophyte-free plants (0.34 g/plant vs. 0.11 g/plant at 1% NaCl), indicating enhanced rooting
capacity under stress.

Conclusion: Endophyte-infected tall fescue plants demonstrated improved tolerance to salt stress.
The use of endophyte-infected tall fescue can enhance the sustainability of forage yield in areas
with moderately saline soils and water.

Key words: Salinity stress, root, tall fescue, symbiotic association, endophyte.
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Figure 1. Microscopic observation of A) Endophytic fungus mycelium in endophyte-infected seeds (left) and B) the leaf
sheath of endophyte-infected plants (right) tall fescue using the Rose Bengal staining method.
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Table 1. Nutrient and micronutrient components of Johnson's nutrient solution used in hydroponic culture
Compounds Molecular Concentration of Concentration of Volume of stock ~ Element
weight (MW) stock solution (M) stock solution (g/1) Solution (ml)

Major nutrients

KNOs 101.1 1.00 101.1 3.0 N, K
Ca(NOs)2 4H.0 236.2 1.00 236.2 2.0 Ca
NHsH2PO4 115.1 1.00 115.1 1.0 P
MgS0,+7H,0 246.5 1.00 246.5 0.5 S, Mg
Minor nutrients

KCI 74.5 50 # 3.750 1.0 Cl
HsBO3 61.8 25 1.550 1.0 B
MnSOs. H20 169.0 2.0 0.338 1.0 Mn
ZnS0Oq4 + 7H,0 287.5 2.0 0.575 1.0 Zn
CuSO, +5H,0 249.7 0.5 0.125 1.0 Cu
H2Mo0O, 162.0 0.5 0.081 1.0 Mo
Fe-EDTA 346.1 20 6.920 1.0 Fe
# Micronutrient concentrations are presented in mM (millimolar). el (Y30 Ao MM iy G5 e oS i (slaclals #

Jles! 5 s B3 gu58 g wale (A S 5550 Lol o 53 o sl 708 Ol ule 5 sl £ sl s S oS galS -y S

Sosd sbesles

Figure 2. Endophyte-infected and endophyte-free tall fescue plants under hydroponic conditions A) before applying
salinity stress treatments and B) after applying salinity stress treatments.
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Table 2: Analysis of variance (ANOVA) of different traits of endophyte-infected and endophyte-free tall fescue
plants under salinity stress in hydroponic conditions

Sources DF MS

. Shoot Shoot Root Root Crown

nzmgtrer Ieergtfh Fresh dry IeRr?gotth fresh dry fresh SR
weight weight weight weight weight

Endophyte(E) 1  181.50™ 0.66 25.27™ 117 150.00°  51.48™ 0.28™ 17.90™ 22.91™
Salinity (S) 3 55.00™ 269.00™ 46.00™ 0.74™ 468.11"  14.24™ 0.05™ 8.79™ 431
ExS 3 9.61 6.77 2.83 0.09 32.33 4.34 0.02" 1.39 0.32
Error 16 9.99 11.28 1.77 0.05 17.83 1.16 0.005 0.75 1.58
CV % - 27.48 9.20 32.92 25.89 13.77 29.24 27.20 13.68 29.83

* ** significant at the 5% and 1% probability Tevel, respectively.

*

S/R= Shoot root dry weight ratio
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Figure 3. Image of endophyte-infected (E+) and endophyte free (E-) tall fescue plants under A) 1% (right) and B)
1.5% salinity stress.

Syt Bl s s (o5 sl 6ke) £ 51 ke 5 sl gL il aih Sl GLS s lio (ke aglio ¥ Jsux

Table 3-Mean comparison of traits in endophyte-infected and endophyte-free tall fescue plants (averaged salinity stress
treatments) in hydroponic conditions

Endophyte Tiller Leaf Shoot_ fresh Shoo_t dry Root Root_fresh RooF dry Crowr] fresh

fungi number Length Weight Weight Length Weight Weight Weight S/IR
perplant  (cm) (9/p) (9/p) (cm) (9/p) (9/p) (9/p)

E+ 14.252 36.332 5.072 1.14% 33.16° 5.152 0.362 5.5632 3.24b

E- 8.75° 36.66% 3.02b 0.70° 28.16° 2,220 0.14° 3.80° 5.192

LSD 5% 2.76 2.94 1.16 0.21 3.69 0.94 0.06 0.76 1.10

5l a5 0 Jlas! CL.—/ 53 Golgme s\ LSD a5l el s sl G > G JBlas Ll AS@L»WQL,, Osm B
Means followed by the same letter in the columns have no significant difrerences at 5% probability by LSD test.

S/R= Shoot root dry weight ratio

E*and E-, Endophyte infected Endophyte-free, respectively.
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Table 4. Means comparison of traits in tall fescue plants in four salinity stress treatments (averaged endophyte infected
endophyte-free plants) under in hydroponic conditions

Salinity Tiller Leaf Shoot fresh  Shoot dry Root Root fresh ~ Rootdry  Crown fresh
stress number Length Weight Weight Length Weight Weight Weight SIR
perplant  (cm) (9/p) (9/p) (cm) (9/p) (9/p) (9/p)

Control 14.502 45.66° 7.382 1.292 37.66° 4.28° 0.25° 5.752 5.46°
0.5% salt 13.002 37.16° 5.18° 1.142 37.16° 5.46° 0.378 5.60? 4.00%
1.0% salt 11.00° 3250° 2.35° 0.74° 29.00° 3.12v 0.22b 4.04° 3.78%
1.5% salt 7.50° 30.66 ¢ 1.26° 0.53° 18.83°¢ 1.87°¢ 0.15°¢ 3.26° 3.61°
LSD 5% 3.91 4.16 1.64 0.29 5.23 1.33 0.08 1.08 1.55

5185 0053 0 Jlaasl o 53 )15 sime 5l LSD gysa3 olad  dties il G S Jilas sl & oo Sile s 2
Means followed by the same letter in the columns have no significant differences at 5% probability by LSD test.

S/R= Shoot root dry weight ratio
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Table 5- Mean comparison of Endophyte fungi and salinity stress interaction effects for different traits of tall fescue plants
under hydroponic conditions

. Tiller Leaf Shoot fresh Shoot dry Root Root fresh Rootdry  Crown fresh
Salinity Endophyte . . . . .
- fungi number Length Weight Weight Length Weight Weight Weight S/IR
per plant (cm) (9/p) (9/p) (cm) (9/p) (9/p) (9/p)
Control E+ 16.33° 44662 8.532 1.48°2 40.00° 5.522 0.342 6.262 4432
E- 12.66° 46.662 6.22° 1.10° 35.332 3.05° 0.17° 5.242 6.49°
0.5% salt E+ 17.00° 33.362 7.10? 1512 43.00? 8.022 0.552 6.712 2.74%
E- 9.00° 38.00 3.25° 0.76° 31.33° 2.91° 0.19° 450° 5.25°
1.0% salt E+ 14.66° 32.332 3.062 0.97? 30.002 4.692 0.342 5.472 2.862
E- 7.33° 32.66° 1.63° 0.49° 28.00° 155" 0.11°¢ 2.62° 4.69°
1.5% salt E+ 9.00?2 32.00 1.582 0.60? 19.66° 2.382 0.20° 3.682 2.90?
E- 6.00° 29.332 0.94° 0.45° 18.00° 1.37° 0.10° 2.85° 431°

2,10 a0 0 Jlaas! Clz“ 23 Sols sme Ol LSD Q}.A).T ol des alin O > S Bl )l 45&.\.&@&/3\.,» 5t B 3
Means followed by the same letter in the columns have no significant differences at 5% probability by LSD test.

S/R= Shoot root dry weight ratio
E*and E-, Endophyte infected and-free, respectively.
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Figure 4. Means of root dry weight (g/plant) in endophyte-infected (E* plant) and endophyte free (E- plant) of tall fescue
plants under salinity stress treatments.
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