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Table 1.

Results of repeated measure analysis of variance for the effects of different Pedicularis kansuensis

density (D), endophyte status of host grass (E) at different weeks (T) on the activities of superoxide dismutase
(SOD), peroxidases (POD) and catalase (CAT) proline of Stipa purpurea

SOD activities/

POD activities/ CAT activities/

Treatment DF (U/g fresh weight) (U/g fresh weight) (U/g fresh weight)
F P F P F P

D 2 140.23 <0.01 162.20 <0.01 381.26 <0.01
E 1 4.15 0.05 35.89 <0.01 92.39 <0.01
T 3 108.18 <0.01 73.22 <0.01 134.19 <0.01
DxE 2 0.39 0.68 4.38 0.02 16.60 <0.01
DxT 6 30.19 <0.01 4.03 <0.01 48.87 <0.01
ExT 3 48.49 <0.01 0.50 0.69 1.13 0.36
DxExT 6 4.29 <0.01 0.29 0.94 1.22 0.32

The F value indicates the ratio of the variance of the group means to that of the pooled within group variance, the P value indicates the

significant level.
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Figure 1. Effects of the different Pedicularis kansuensis
density on the superoxide dismutase (SOD) activities
of Stipa purpurea after different time parasitized by P.
kansuensis. Data are the meantstandard errors. The
asterisk indicates the significant differences (P<0.05)

in SOD activities between E+ and E— plants.

250 ¢
—eo—FE+ ——FE-xP
e TEIR T
+ —0— —
200} : '

150 ¢

100 |

POD activities/(U/g fresh weight)

W
[l

Weeks

E2. HRDASARFEZEEARFTENANERE
R E AN AT EEKD E L EE(POD)E /IR
Figure 2. Effects of the different Pedicularis kansuensis
density on the peroxidase (POD) activities of Stipa
purpurea after different time parasitized by P.
kansuensis. Data are the meantstandard errors. The
asterisk indicates the significant differences (P<0.05)
in SOD activities between E+ and E— plants.
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Figure 3. Effects of the different Pedicularis kansuensis
density on the catalase (CAT) activities of Stipa
purpurea after different time parasitized by P.
kansuensis. Data are the meanzstandard errors. The
asterisk indicates the significant differences (P<0.05)
in SOD activities between E+ and E— plants.
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Table 2. Results of repeated measure analysis of variance for the effects of different Pedicularis kansuensis
density (D), endophyte status of host grass (E) at different weeks (T) on the content of malondialdehyde (MDA)
and proline and root vitality of Stipa purpurea

MDA content/(mmol/g fresh weight) Proline content/(pg/g) Root vitality/[mg/(g'h)]
Treatment DF

F P F P F P
D 2 186.92 <0.01 366.55 <0.01 231.19 <0.01
E 1 25.04 <0.01 86.70 <0.01 6.71 0.02
T 3 57.92 <0.01 91.88 <0.01 26.61 <0.01
DxE 2 4.69 0.02 26.35 <0.01 2.82 0.08
DxT 6 6.78 <0.01 15.32 <0.01 3.98 <0.01
ExT 3 0.57 0.64 4.59 0.01 0.19 0.90
DxExT 6 0.12 0.99 2.02 0.08 0.24 0.96

The F value indicates the ratio of the variance of the group means to that of the pooled within group variance, the P value indicates the
significant level.
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Figure 6. Effects of the different Pedicularis kansuensis
density on the root vitality of Stipa purpurea after
different time parasitized by P. kansuensis. Data are
the meantstandard errors. The asterisk indicates the
significant differences (P<0.05) in root vitality
between E+ and E— plants.
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Effects of Pedicularis kansuensis parasitism on physiological
characteristics of grass-Epichloé symbiont under different
hemiparasite density

12,3 12,3
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Abstract: [Objective] Root hemiparasites should be taken into account as another biotic stress of grasses as they
take directly water and nutrients from their hosts through haustoria. Cool-seasonal grasses have established
mutualistic symbioses with Epichloé endophytes: the grass-Epichloé symbionts perform better than endophyte-free
plants in biotic or abiotic stresses. However, few studies have considered the benefits of Epichloé endophyte on the
physiological characteristics of host grasses under parasitic stress. [Methods] We performed a manipulated pot
experiment with endophyte-infected (E+) and endophyte-free (E—) Stipa purpurea. Host grasses were planted with
different densities of the hemiparasitic plant Pedicularis kansuensis. The antioxidant enzymes, osmotic materials
and root vitality of S. purpurea were determined during different parasitising periods. [Results] The presence of P.
kansuensis increased the malondialdehyde (MDA) and proline content and activities of antioxidant enzymes but
decreased the root vitality of S. purpurea, and the physiological parameters of S. purpurea parasitised by high
hemiparasite density were higher than low hemiparasite density. Meanwhile, activities of antioxidant enzymes,
proline content and root vitality of E+ S. purpurea were significantly higher than in E— counterparts; in contrast, the
MDA content of E+ plants was lower than E— counterparts. [Conclusion] Our results suggest that Epichloé
endophyte can improve S. purpurea tolerance to parasitic stress by increasing activities of antioxidant enzymes,
adjusting cell membrane permeability and strengthening the root vitality of host plants. Consequently,
endophyte-infected S. purpurea may be a potential candidate as a biological method for effective and sustainable
management of the hemiparasite weed—P. kansuensis.

Keywords: root hemiparasite, biotic stress, density, Epichloé, antioxidants, root vitality
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