The endophytic fungus Piriformospora indica
reprograms barley to salt-stress tolerance,
disease resistance, and higher yield
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Table 1. Effect of P. indica infestation on yield parameters in barley

Cultivar P. indica Yield, g per pot Straw yield, g per pot Harvest index TGW, g Ears per pot Grains per ear

Ingrid - 50.3 + 1.56 524+ 314 0.96 + 0.04 48.0 + 0.90 478 = 2.22 22.4 +0.93
- 531+ 276 53.2 = 1.02 0.99 + 0.06 48.1 = 0.65 515+ 1.29* 225+ 1.86

Annabell - 53.9 = 3.61 46.4 ~ 3.46 117 £ 0.1 506 £ 1.28 473 = 350 231 £ 1.4
- 599 = 1.73** 48.0 = 1.35 125 £ 0.04 506 £ 0.9 50.0 £ 2.45 237 £0.98

To assess whether P. indlica infestation affects yields, elite barley cultivar Annabell (Saatzucht Ackermann, Irlbach, Germany) and cultivar Ingrid were grown
in soil containing mycelium inoculum of P. indica in Mitscherlich pots at an open-air field station near Marburg, central Hesse, Germany. Values given are means

of six pots (with six plants per pot). TGW, thousand-grain weight; * and ** indicate statistically significant differences between infested and noninfested plants
(unpaired Student t test; * P - 0.05; ** P - 0.01).
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(c) Mean fold change of root and shoot weights relative
to noninfested (no P. indica or F. culmorum) &week-old plants. CP, P. indica-
infested; CF, Fusarium-infected; PF, P. indica-infested, Fusarium-infected. Er-
ror bars, SD. Columns labeled with the same letter represent not-significanthy-
different means, according to multiple unpaired Student t tests (P = 0.05),
after ANOVA.
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Table 2. Glutathione content in P. indica-infested barley roots and leaves /

[Glutathione], nmolg ' fawt. in roots

[Glutathione], nr{‘ml-g Vvt in leaves

Time after

sowing, weeks Control P. indica % of control Control P. indica % of control
\

1 200 = 42 205 = 16 103 405 = 67 403 = 54 899.5

2 230 = 32 273 = 35 119 370 =78 467 = 48 1263

3 223 + 46 308 = 49 139 510 =54 798 = 113 156.5*

Table 3. GR activity in P. indica-infested barley roots and leaves

GR activity in leaves, milliunits/mg

Time after GR activity in roots, milliunits/mg protein protein

sowing, weeks Control P. indica % of control Control P. indica % of control
1 247110 326+ 159 132 1M5+=92 22890 198~

2 443 = 98 446+ 115 101 7942 224+60 2B4%*

3 475+ 75 375 122 79 9550 16.2 6.0 171

Total GR activity was measured according to procedures described in raf. 20. Values are means of three samples.
Similar results were obtained with two independent sets of experimemnts. =, P < 0.05; == P < 0005 for
intercohortal analyses, the unpaired 5tudent  test was applied.

Together with the biochemical data (see Tables 2 and 3), these data
substantiate that the systemic plant response, leading to a reduction
of powdery mildew infection, is the result of induced resistance
rather than being caused by antibiotics secreted by P. indica.
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Fig. 4. Systemic disease resistance conferred by P. indica. (3) Severity of
powdery mildew infection (disease index) was calculated as colonies produced
by B. graminis on the youngest leaf of 3-week-old barley plants (cultivar
Ingrid), with roots either not infested (Control) or infested (P. indica). (b)
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Cellular responses to powedery milldesy attack were evaluated by counting cells
showwing an acthve defense response, a8 hypersensithve response of the whols
cell (Hypersansitive reaction), a local defense stopping a penetration attempt
{Monpenetrated cell), or 3 successful penetration (Haustoria), visible a5 the
sucrasstul formation of a fungal haustorium inthe cell. Error bars, S0. = and
= Indicate statistically significant differences between leaves of Infested and
noninfested plants (unpaired Student £ test «, P < 0005 s, P < 001}
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