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Abstract

Neotyphodium endophytes are obligate vertically-transmitted
endo-symbionts of Lolium multiflorum grass. Thus, the success
of endophyte is tied with the success of the seed. Here we present
results from experiments aiming to test the effect of endophyte
infection on seed viability and germination vigour. Endophyte-
infected and non-infected seeds of three L. multiflorum accessions
were compared under accelerated ageing conditions (40°C
and ~15% moisture content). Endophyte negatively affected
seed viability and seed germination vigour in only one of the
evaluated accessions. The effect of endophyte presence on seed
quality in pasture grasses could depend on the population genetic
background, and be related to direct or indirect effects of fungal
infection on seed morphological or physiological characteristics.
Keywords: Lolium multiflorum, Neotyphodium endophyte, seed
quality, accelerated ageing

Introduction

Lolium multiflorum is an annual cool season grass species widely
spread in Argentinean Pampas (Soriano et al. 1992). It is used as
winter forage in many livestock production systems (De Battista
2005). This species establishes a symbiosis with Neotyphodium
occultans endophyte fungus (Moon ef al. 2000). Endophyte-
infected plants produced more seeds and roots (Vila-Aiub et al.
2005) and were less attacked by aphids than non-infected ones
(Omacini et al. 2001). Moreover, infected and non-infected seeds
displayed dissimilar germination pattern (Vila-Aiub ez al. 2005),
based on different water (Gundel ez al. 2006a), thermal and light
quality (Gundel ez al. 2006b) requirements.

Changes in endophyte frequency in a seed lot can be explained
by two causes: differential death rates between endophytes and
host seeds, and differential death rate of non-infected and infected
seeds. Under storage conditions, seeds remain viable for longer
periods than endophyte (Rolston ez al. 1986; Welty et al. 1987;
Medvescigh et al. 2004). However, under buried conditions,
endophyte-infected seeds did not have a higher survival rate than
non-infected ones (Hume & Barker 2005).

Table 1 Endophyte infection level (%) of biotypes of
L. multiflorum accessions, Traditional, Lucero and Picaflor
(on 100 evaluated seeds each).

Accession Biotype  Endophyte Infection level (%)
Traditional E+ 89
E- 27
Lucero E+ 90
E- 2
Picaflor E+ 86
E- 4
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Accelerated ageing experiments have been used as fast tests
to assess seed quality. Under this test, seeds are exposed to a
deteriorative condition by means of high temperature and seed
moisture content, and the dynamics of seed viability in relation
to time is evaluated. Although results from this kind of test do not
necessarily correlate with seed performance in the field, they are a
good predictor of seed quality (McDonald 1998), and in particular
for L. multiflorum, could indicate field performance (Marshall &
Naylor 1985). In this paper we use the results from accelerated
ageing tests to estimate the effects of endophyte infection on host
L. multiflorum seed longevity and germination vigour.

Materials and Methods

Seed origin and management of the after-ripening

Seeds of three Lolium multiflorum accessions were used in the
experiments: Traditional, Lucero and Picaflor. Seeds of Traditional
accession were collected from old-field successional communities
from Inland Pampa sub-region (34°06'S, 60°25'W) in 1998.
Frequency of infection with Neotyphodium endophytes in this
population was 85%. Half of the collected seeds were treated with
triadimenol fungicide (150 g a.i./kg) to generate the non-infected
biotype (E-). Treated and untreated seeds were sown in soil free
of L. multiflorum seeds. When E- seedlings had 2-3 leaves, they
were sprayed with benomyl fungicide (500 g a.i./kg). Seeds of
both biotypes (Traditional E- and Traditional E+) were annually
cultivated for 5 years in contiguous plots allowing cross pollination
between them in order to reduce possible genetic differences.

Seeds of Lucero and Picaflor accessions were hand-collected
from different grassland fields in 2003. Both accessions showed
endophyte infection levels of more than 90%. E- biotypes were
generated as described before. Treated (Lucero E- and Picaflor
E-) and untreated (Lucero E+ and Picaflor E+) seeds were sown
in 2004 in contiguous plots on soil free of L. multiflorum seeds
and cross pollination between them was allowed.

Seeds of the F6 generation of Traditional and F1 of Lucero and
Picaflor accessions, produced during the natural growing season
of 2004 were used. All the accessions were cultivated in adjacent
plots in the experimental field at the Faculty of Agronomy
(34°35'S, 58°35'W). Seeds were sown on L. multiflorum free soil
and cross pollination of plants was allowed. Produced seeds were
hand-harvested and stored in glass jars at room temperature until
the experiments. Seeds had 3 months of after-ripening when the
experiments were carried out in 2005.

Endophyte infection level

The endophyte infection level of each accession was evaluated
under light microscopy (Latch er al. 1987), using the Rose
Bengal technique (Bacon & White 1994). One hundred seeds per
accession biotype were evaluated.

Accelerated ageing experiments

One E+ and E- seed lot (6 g) per L. multiflorum Traditional,
Lucero, and Picaflor accessions was used. To adjust seed to
high moisture content, seeds were exposed to a water saturated
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Table 2 Seed moisture content of biotypes of L. multiflorum accessions, Traditional, Lucero and Picaflor, during storage
and after the humidification treatment (SD in brackets). Seed moisture content (%) was measured on one sub-sample of
0.2 g (100 seeds) of seed per biotype during storage and on three sub-samples of 0.2 g of seed per biotype.

Seed moisture content (%)

Accession Biotype During storage After the humidification
Traditional E+ 12.00 14.23 (1.17)

E- 12.03 12.95 (0.33)
Lucero E+ 10.09 14.13 (0.96)

E- 9.40 12.85(0.12)
Picaflor E+ 11.47 15.66 (0.06)

E- 11.48 14.54 (1.19)

Table 3 Equation of linear regressions that describe seed viability in probit units (v) in relation to incubation time (D)
under accelerated ageing condition of biotypes of L. multiflorum accessions: Traditional, Lucero and Picaflor. D, : time

(days) to reach 50% of viability.

Accession Biotype Linear equation R? o D,
Traditional E+ v=373-0.16 D 0.94 -6.00 22.42
E- v=371-017D 0.93 -5.72 21.21
Lucero E+ v=379-0.18D 0.91 -5.67 21.46
E- v=3.07-0.11D 0.92 -8.65 26.57
Picaflor E+ v=3.64-0.17D 0.92 -5.78 21.04
E- v=352-0.16 D 0.92 -6.34 22.33

atmosphere for 6 hours. Seeds of each biotype were placed in a
humidification closed plastic box (21 x 15 x 5 cm) above distilled
water at 10°C with a plastic net (1 mm mesh) placed 1 cm above
a liquid water lamina of 1 cm. The seeds were distributed on
the plastic net. Seed moisture content was gravimetrically
determined before (during storage) and after the humidification
process, by weighing seeds (fresh weight), drying at 130°C for
1 hour, and reweighing (dry weight) (ISTA 1996). Seed moisture
content was expressed in percentage on fresh weight basis as: g
H,0/100 g fresh weight (Table 2). Finally, each seed lot was held
inside a hermetically sealed glass jar, and incubated in a growth
chamber at 40+0.5°C.

Seed viability dynamics in relation to storage time were
determined on three sub-samples of 30 seeds of each biotype taken
every 5 days from each glass jar and incubated under optimal
temperatures for germination: 15/25°C alternating temperature
(ISTA 1996). Seeds were sown in 9 cm diameter Petri dishes
on filter paper moistened with 5 ml distilled water. Germination
(radicle protrusion) was recorded after 5 days and germinated
seeds were removed from the dish, until no further germination
was recorded. Non-germinated seed was considered to be non-
viable. Germination speed or germination rate per day, a direct
measure of the seed vigour, was estimated as the proportion of
germinated seed during the first 5 days divided by five.

Data analysis

The dynamics of seed viability in relation to storage time were
analysed by fitting a regression line for each biotype. According
to Ellis & Roberts (1980), seed viability loss can be described by

the equation: .
v=Ki—-D/oc

where v is viability proportion (probit units) after D days under
constant storage condition; Ki is a constant specific to the seed
lot and o is the standard deviation of the frequency distribution
of number of seed deaths in time (D). The effect of endophyte
infection level on seed viability was tested by comparing slopes
and y-intercepts of the regression lines between biotypes of the
same accession.

The germination vigour was analysed by means of two way
analysis of variance, considering endophyte infection status
(E+ and E-) and time of incubation as sources of variation.
Differences in vigour between biotypes at each extraction time
were assessed by LSD test.

Results and Discussion

Endophyte infection level in E+ biotype of all accessions was
near 90% while that of E- biotypes was significantly lower (Table
1). The endophyte infection level did not affect seed viability
loss in Traditional and Picaflor accessions, as accounted for by
the slope (P>0.05) and the y-intercept (Ki, P=0.203 and P=0.07
respectively) of the equation that describes seed viability in
relation to incubation time under accelerated ageing conditions
(Table 3, Fig. 1). In turn, the rate of viability loss was higher
for E+ seeds than E- ones for the Lucero accession (P=0.001).
Double interaction between endophyte infection status and
incubation time on seed germination vigour was only observed
for Traditional accession (P=0.022), and not for Picaflor
(P=0.757) and Lucero (P=0.110) accessions. Endophyte had a
slightly positive effect for Picaflor (P=0.035) and not for Lucero
(P=0.111) (Fig. 1).

These results suggest that the endophyte effect would depend
on the population genetic background and the evaluated process.
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All Traditional, Lucero and Picaflor accessions were grown in a
common garden, and shared pollen as plants were able to freely
cross-pollinate. However it is expected that the maternally-
transmitted endophytes would maintain their specific genetic
background associated with each accession (Sullivan & Faeth
2004). Thus, seed phenotype from each accession results from
the interaction between the genotypes of the host plant and that
of the endophyte. It is noteworthy that endophyte infection did
not affect seed viability, but negatively affected seed germination
vigour of Traditional accession. On the other hand, the removal
of endophytes from seeds of Lucero accession had a greater
negative impact on seed viability than on the germination vigour.
Finally the overall effect of endophyte infection was low in
the Picaflor accession, as it did not change seed viability, and
marginally affected germination vigour only at the beginning of
accelerated ageing.

The general negative effect of endophyte infection on seed
longevity observed under the tested ageing conditions can be
explained in part, considering that E+ seeds were able to achieve
higher moisture contents than E- (Table 2) and that there is a
negative correlation between seed moisture content and seed
longevity (Ellis & Roberts 1980). The parameters of the viability
equation were developed, in part, to detect seed quality differences
between species and seed lots within a species (McDonald
1998). Despite Ki being used as a characteristic of each species
(Ellis & Roberts 1980), it is not uncommon to find variations
among different seed lots of the same species (Walters 1998).
In our experiments endophyte infection in the Lucero accession
modified the parameters of the seed viability equation, increasing
Ki and diminishing ¢ comparatively to non-infected seeds (i.e.
narrowing the distribution of dead seeds in the population). Even
if this result was the outcome of a confounded effect of endophyte

Figure 1 Seed viability (left panel) and germination vigour (right panel) of E+ () and E- (A) biotypes of L. multiflorum in
relation to incubation time under accelerated ageing condition for Traditional (upper set), Lucero (middle set) and Picaflor
(lowest set) accessions. In the left panels straight lines indicate the fitted linear equation models for each biotype that
describe seed viability as a function of time. On the right panels, the asterisks indicate significant differences between

biotypes at each extraction time (LSD, P<0.05).
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presence and the increase in moisture content, this variability
in water content would be related to direct or indirect effects of
the fungal infection on the seed morphological or physiological
characteristics, which merits further investigations.
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