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isolates in HV), mostly due to higher populations
of Fusarium oxysporum in LV roots (29 isolates cf.
5 in HV). There was no difference (P > 0.05) in the
Soil Pathogenicity Index between LV and HV soil.
The plant parasitic nematode populations in 250 ml
of soil in LV and HV areas were 42.7 and 9.7 for
Heterodera and 28.1 and 3.9 for Meloidogyne,
respectively.
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Abstract Two years after establishment, areas of
low vigour (LV) were noticed within a white clover
(Trifolium repens)/ryegrass (Lolium perenne)
pasture. These areas became progressively larger,
and, two years later, the pasture had low vigour,
comprising only 3% white clover. Clover tissue
nitrogen and phosphorus levels were greater in high
vigour (HV) than in LV herbage. There were no
differences (P > 0.05) in "total" bacteria, fluorescent
pseudomonads, or proportions of deleterious
bacteria in LV and HV white clover roots (mean
logio CFUs for total count and fluorescent
pseudomonads were 9.4 and 8.8, respectively, and
the proportions of deleterious bacteria encountered
in these groups were 6.9% and 17.5%). There was
a 9-fold difference (P < 0.01) in the white clover
dry matter between LV areas and HV areas in
February, increasing to 25-fold (P< 0.01) in March.
The total dry matter yield differences, which
included grasses and clover, were 2.7- and 2-fold
(P < 0.01) for the two months. More fungi were
isolated (P < 0.05) from LV white clover roots than
from HV roots (164 and 104 isolates, respectively).
This was mostly due to greater numbers (P < 0.01)
of Codinaea fertilis in LV roots (111 cf. 41 in H V).
In ryegrass roots, there were also greater numbers
(P < 0.01) of total fungi in LV roots (97 cf. 50 total
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INTRODUCTION

Most improved perennial pastures in New Zealand
consist predominantly of a legume, white clover
(Trifolium repens), and a grass, ryegrass (Lolium
perenne). The clover content of established pastures
can fluctuate widely with time (Fothergill & Davies
1993). White clover vigour is often high when first
established, but vigour and/or persistence can then
decline from the second year after establishment
(Watson et al. 1996a). The causes for this decline
and patchiness are not fully understood
(Schwinning & Parsons 1996). However, in addition
to heterogeneity imposed by nutritional, climatic,
and soil factors (Brock et al. 1989; Hunt & Easton
1989), it is likely that pests and pathogen complexes
(Watson et al. 1994; Skipp & Watson 1996) also
affect the performance of plants differentially in
patches within pastures.

A common explanation for the high vigour of
white clover after establishment from cropping is
the low soil nitrogen status which reduces
competition from grasses. As symbiotic nitrogen
fixation by clover elevates the soil nitrogen status,
the vigour of companion grasses also increases, so
that grasses effectively out-compete the clover.
Graminaceous plants such as maize are not hosts
of many insect pests and root diseases of clover,
however. Pest and pathogen populations increase
from low levels after legume re-establishment
(Pederson et al. 1991) following cropping.
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It is complex and often difficult to design field
studies to determine the causes of decline in the
vigour of white clover. The likely causes of decline
include a combination of complex interactions
between climatic and nutritional factors, as well as
fluctuating populations of pests and pathogens. In
this study, carried out in 1996 and 1998, we had an
opportunity to investigate some of these factors in
a multi-year field experiment located in the Bay of
Plenty, New Zealand. The experimental site had
been re-established in ryegrass/white clover pasture
after 15 years of maize cropping (Watson et al.
1996a), and often experiences summer dry
conditions atypical of many New Zealand pastoral
soils (Watson et al. 1998). Earlier, we reported
observations on the damage to white clover foliage
caused by caterpillars of the Lepidopteran species
Zinzina labradus and Epyaxa rosearia in high
vigour (HV) and low vigour (LV) areas of pasture
(Watson et al. 1996b). Pot experiments have
demonstrated that the root pathogen Codinaea
fertilis can reduce root dry matter by 50 and 60%
and shoot dry matter by 30 and 40% at soil water
holding capacities of 50 and 40%, respectively
(Waipara et al. 1996).

In the second year after the establishment of
pasture, we began to observe a marked patchiness
in the vigour of white clover and, to a lesser extent,
ryegrass. The work reported here, carried out in dry
summer months, forms a "snapshot in time" particu-
larly in reference to abundance of root pathogens
in high vigour (HV) and low vigour (LV) areas of
pasture. We investigated the abundance of a range
of micro-organisms and nematodes including
deleterious bacteria, root-colonising fungi in plant
roots and in surrounding rhizosphere, and plant-
parasitic nematodes, in soil collected from HV and
LV areas within the grazed pasture. We also com-
pared the potential combined effects of soil patho-
gens in soil samples from HV and LV patches by
calculating a "Soil Pathogenicity Index" (SPI),
derived by comparison of seedling growth in
untreated soil with that in soil disinfested by a mild
microwave heat treatment (Skipp & Sarathchandra
1999).

MATERIALS AND METHODS

Site
The field study was set up on a dairy farm at
Pongakawa (37°52'S, 176°30'E) in the coastal Bay
of Plenty region in New Zealand, where declining

dairy production was attributed to poor white clover
persistence and performance (R. N. Watson pers.
comm.). The soil type was Paengaroa Shallow Sand
(an Aquic Hapludand; Soil Survey Staff 1992). This
soil had the following chemical characteristics:
organic C, 5.2%; total N, 0.39%; Olsen P (|ig g~'
soil) 41; K (meq.%) 4; and pH (water) 5.3. The
details of the trial design and the aims have been
described elsewhere (Watson et al. 1996a). Briefly,
four large plots (each 0.125 ha) were sown with
white clover (cv. Grasslands Kopu) in September
1994 at a site which had been cropped with maize
for 15 years. The work reported in this paper was
done on subplots within the main plots which were
undersown with perennial ryegrass (cv. Yatsyn) in
July 1995 and grazed by dairy cows 4-5 weekly to
June 1996.

Dry matter (DM) assessments
In February 1996, four paired subplots (each 0.5
m2) on HV and LV clover within each white clover
main plot were identified and herbage (42 days
growth) was clipped prior to grazing. Harvested
herbage was dissected for species composition
analysis and dried for DM determination.
Harvesting and herbage dissection was repeated
prior to the next grazing in March 1996 (34 days
growth). Regular dry matter assessments were also
carried out in white clover plots throughout the
experiment. By 1998, clover vigour at the trial site
had reduced considerably and dry matter assess-
ments (34 days growth) were done on the main
plots.

Herbage nutrients
Dissected herbage from HV and LV areas was
analysed for nutrient levels using standard
methods (Ruakura Plant Laboratory 1992). For
white clover, analyses were done to determine the
major nutrients nitrogen (N), phosphorus (P),
sulphur (S), magnesium (Mg), calcium (Ca), and
potassium (K), and the minor nutrients manganese
(Mn), zinc (Zn), copper (Cu), iron (Fe), boron
(B), and molybdenum (Mo). Ryegrass was
analysed for N and P.

Soil insects
At the conclusion of the March 1996 harvest, 10
soil cores (10 cm diam. x 15 cm deep) were taken
from each of the 0.5-m2 sub-plot areas. Plant-
feeding insects were hand sorted for counting and
the soil was returned to the plots.


