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ABSTRACT

Perennial ryegrass (Lolium perenne L.) is a commercially important forage species in
New Zealand agriculture. Ryegrass persistence is important for farmers as it substantially
decreases the costs associated with reseeding pastures. Breeding for ryegrass persistence
is difficult because of the complex interaction between genotype and environment; and
the short time of field trial assessment compared to the expected longevity of pasture. A
nine year old cultivar comparison trial at Poukawa, Hawkes Bay, New Zealand was
identified and plants surviving in the cultivar plots of ‘Grasslands Samson’ and
‘Commando’ were retrieved. These populations that had survived were termed Persistent.
A sample of commercially sourced seed of these cultivars were also grown to represent
the ‘Original’ genetic pool of the cultivars sown in the field. Persistent populations were
compared to Original cultivar seed to characterise morphology and underlying genetics
associated with persistence. Results were interpreted to determine if a genetic shift had

occurred in Persistent populations due to advantageous phenotypes surviving.

Three methodologies were used to compare populations: 1) In a glasshouse, eight
morphological traits were measured after 10 weeks growth for Original and Persistent
populations of ‘Grasslands Samson’; 2) Half-sibling families were generated from
Persistent and Original populations for both cultivars and were assessed for additive
genetic variation of seven traits as one metre rows in the field over 13 months; 3) Simple
sequence repeat (SSR) markers were used to explore the genetic composition of Original
and Persistent populations of each cultivar. Analysis and interpretation of data showed
genetic shifts were cultivar specific. The greatest differences were identified between
populations of ‘Grasslands Samson’. Compared to the Samson Original population,

Samson Persistent plants had significantly greater means for four traits in the glasshouse



and half-sibling families showed evidence of shifting population means of traits
associated with animal grazing avoidance. SSR marker results were confounded by late
detection of contamination in samples. Analysis of a reduced sample size showed no
significant differences between any of the four populations using F statistics and genetic

structure analysis.

These results suggest future studies could reduce risk of contamination by
collecting single tillers from the field of Persistent populations. Further investigation of
the genetics of persistence should focus on the role of lamina sheath lengths in tiller
production, and using the half-sibling families identified in this study for germplasm

development and quantification of genotype-by-environment interactions.
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HGs Herbage growth score

Ho Observed heterozygosity

kg hat Kilograms per hectare

LL Leaf length

LnP(D) Mean posterior probability

LT Leaf thickness

LW Leaf width

LWs Leaf width score

MAF QT  Ministry of Agriculture and Forestry quick test, a soil testing metric
mL ha? Millilitres per hectare

MS Mean of squares

N Number of samples

Na Number of alleles

Nay Total number of allele variants (within a cultivar)

N(0,02¢) Normally and independently distributed
N-P-K-S Units of nitrogen, phosphorus, potassium, and sulphur. Used to express

fertiliser contents.

Nr Number of replications

Ns Number of seasons

P Phenotype

PC Principal components

PCA Principal components analysis

PCR Polymerase chain reaction

PHs Plant habit score

RAPD Random amplified polymorphic DNA
REML Residual maximum likelihood

RP Percentage of reproductive tillers

RT Number of reproductive tillers.

RTD Reproductive tiller development score
Ru Rust score

S Selection differential (average superiority of the S

selected parents), used to predict genetic gain per

cycle
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