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Morphological and physiological effects of water deficit and
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Abstract Morphological and physiological
responses to water deficit of two tall fescue (Festuca
arundinacea) cultivars were compared in a
glasshouse experiment and the effect, on those
responses, of artificial infection of the tall fescue
plants with two fungal endophyte (Neotyphodium
coenophialum) strains was evaluated. The cultivars
were Maris Kasba (MK), of Mediterranean origin,
and El Palenque (EP), an Argentinian cultivar of
temperate origin. The endophyte strains
AgResearch isolate (AR501) and the Kentucky
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(KY31) wild type were compared with nil-
endophyte controls. Leaf growth rate of EP plants
under water deficit was higher and leaf senescence
rate lower than for MK plants (P < 0.05). MK plants
showed a greater increase in the proportion of dead
leaf tissue than EP plants as water deficit increased
(P < 0.05). Stomatal conductance and lamina
osmotic adjustment at low soil moisture were lower
for MK than EP (P < 0.05). Endophyte-infected
plants had a lower dry weight and tiller number,
but a higher net growth rate during water deficit
treatments than endophyte-free plants (P < 0.05).
A significant cultivar x endophyte interaction
(P < 0.05) was observed for many variables studied.
This implies that any new endophyte strain should
be evaluated in combination with the plant
genotypes with which it is likely to be associated
in commercial practice. MK-KY31 and EP-AR501
associations appeared to tolerate short-term water
deficit more effectively than other associations
studied. There was evidence that the two endophyte
strains studied had different physiological effects
on their tall fescue host plants.
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INTRODUCTION

In New Zealand, tall fescue (Festuca arundinacea)
has been recommended as an option where summer
drought limits the persistence of ryegrass (Anderson
1982; Brock 1982). In Argentina tall fescue is the
most important perennial cool-season grass in sown
pastures (Gonzalez & Gardner 1977; Mazzanti &
Arosteguy 1985). Tall fescues of Mediterranean
origin (F. arundinacea var. letourneuxiana) differ
from temperate cultivars in their seasonal growth
patterns and, therefore, their complementary use in
Argentinean temperate animal production systems
to improve continuity of seasonal forage supply has
been suggested (Mazzanti & Arosteguy 1985;
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Mazzanti et al. 1985). Genomic formulae have been
published by Marlatt et al. (1997).

Enhanced pest and drought resistance has been
observed in endophyte-infected tall fescue plants
(Bacon 1993). However, in most water stress
experiments with tall fescue (Belesky et al. 1989;
De Battista et al. 1990; Hill et al. 1990; Belesky &
Fedders 1996; Elbersen & West 1996; Marks &
Clay 1996) the physiological and morphological
responses have been inconsistent, with a strong
interaction between the plant genotype and fungal
strain (Bacon 1993). Furthermore, we are aware of
only one previous study of endophyte-infected
decaploid Mediterranean tall fescue, that of Buck
et al. (1997).

New Neotyphodium coenophialum strains have
been isolated recently that appear to confer on the
plant ecological advantages, such as pest resistance
and drought tolerance, without producing the
alkaloids that cause "tall fescue toxicosis" in cattle.
One of these, designated AR501, is currently under
evaluation at AgResearch, New Zealand. However,
data comparing the performance of the new strain
with older strains, such as Kentucky-31 (KY31),
are needed.

For these reasons, a glasshouse experiment was
carried out to compare the morphological and
physiological responses to water deficit of two tall
fescue cultivars, one Mediterranean and one
temperate, each either endophyte-free or artificially
infected with a known strain of N. coenophialum.

MATERIALS AND METHODS

Plant culture
The tall fescue cultivars studied were the temperate
cultivar El Palenque (EP, 6x = 42), using seed
obtained from INTA Pergamino, Argentina, and the
Mediterranean cultivar Maris Kasba (MK, lOx =
70), using seed obtained from INRA, France.
Between November 1995 and February 1996,
several batches of endophyte-free seeds, treated as
suggested by Bouton et al. (1993), were surface-
sterilised, germinated, and the seedlings inoculated
with endophyte strains using method l(iii) of Latch
& Christensen (1985). The endophytes used were
KY31 and AR501, both supplied by AgResearch,
New Zealand. Plants were transferred to a
glasshouse, and were grown first in root trainers
and later in 100-mm-diameter pots filled with a
peat-sand mixture (3:2 by volume) supplemented
with a mixture of three slow-release fertilisers at a

rate of 7.2 kg m 3 of potting mix. Plants were
periodically examined for endophyte infection
(Latch & Christensen 1982). Six endophyte-
infected plants of each cultivar-endophyte assoc-
iation and six endophyte-free plants of each cultivar
were split on 17 February 1997 to obtain multiple
ramets of two tillers from each plant. Each of these
was transferred to a 100-mm-diameter pot filled
with the peat-sand mixture. After a further seven
weeks of growth, four plants of each cultivar-
endophyte combination were transferred to
individual 150 x 150 x 140 mm pots filled with the
peat-sand mixture fertilised as above. On 13 May
1997, pots were sorted into their respective blocks
and water treatments. The design had four blocks,
two blocks in each of two glasshouses. Each block
had 24 plants, arranged in four "plots". Each plot
was a tray containing one of four water treatments,
that is, six pots: one pot of each of the six possible
combinations of the three endophyte strains
(AR501, KY31, nil) and two cultivars (MK, EP).

Under this arrangement, four water-stress
treatments within each block were applied to four
cloned plants obtained from the same parent plant,
with 24 different parent plants included in the
experiment (4 blocks x 6 endophyte strain-cultivar
combinations). During establishment, plants arising
from the same parent plant genotype were randomly
assigned to one block and then randomly allocated
to water treatments within blocks. Plants were
sprayed to control aphids and mites, as described
byAssuero(1998).

Plants were trimmed to 150 mm, one block per
day beginning with the first block on 29 May and
concluding with the fourth block on 1 June. Four
water stress treatments were imposed within blocks
on the same day: Control = 150 ml water por ' d^1;
SI = 113 ml water pot'1 d"1; S2 = 75 ml water por1

d -'; and S3 = 38 ml water p o r ' d 1 .
Average minimum and maximum daily temper-

atures recorded in the glasshouse between 28 May
and 17 July 1997 were 20.4 ± 3.0°C and 22.8 ±
1.7°C, respectively.

Measurements
All pots were weighed on 24 June and again on
14-17 July. Gravimetric water content (g water per
g dry soil) was determined prior to daily watering
on these same dates. Here, and for other measure-
ments, a four-day period indicates Blocks 1 to 4
measured on consecutive days to spread workload.

Two tillers per pot were labelled on 28 May with
coloured plastic wire, and tissue turnover measure-


