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FOURTH AND FIFTH GENERATION PROGRESSIN
BREEDING WHITE CLOVER FOR RESISTANCE TO
ROOT-KNOT NEMATODE

C.F. MERCER and J. VAN DEN BOSCH

AgResearch Grasslands, PB 11-008, Palmerston North

ABSTRACT

Root-knot nematode (Mel oidogynetrifoliophilapreviously referred
to as M. hapla) is widespread in New Zealand pasture and parasitises
whiteclover. A current breeding programmeai msat achieving economic
control throughtheuseof whiteclover cultivarsres stant tothenematode.
Inthefourthandfifthgenerationsof theprogramme, thereweresignificant
differencesbetweenresi stant and susceptiblelinesintermsof number of
gallsand galls/g of root dry weight (the measure of resistance). Thefifth
generation had animproved level of resistanceover earlier generations.
Theinfluence of plant size on the expression of resistanceisdiscussed.
Resultsshowed that continued selection and crossingislikely to further
enhanceresistance.
K eywor ds: breeding, resi stance, root-knot nematodes, Trifoliumrepens,
whiteclover

INTRODUCTION

Root-knot nematodes (Meloidogyne spp.) have been studied in New Zealand
pasture since the 1960s (Y eates 1977) and data on their distribution (Mercer and
Woodfield 1986) and their injury to white clover (TrifoliumrepensL.) (Watsonet al.
1994) havebeen published. Thedominant root-knot nematodeinfecting cloversinNew
Zealand wasincorrectly identified asM. hapla Chitwood but isnow recognised asM.
trifoliophila Bernard and Eisenback (Mercer et al. 1997).

In abreeding programme screening white clover for resistancetoM. trifoliophila,
early resultsonvariationinthenumbersof root gallscaused by M. trifoliophila, and the
calculationsof heritability, indicated that breeding for resistancewaspossible (vanden
Bosch and Mercer 1989; 19964a). L ater, thiswas confirmed in the early generations of
the sel ection programme (van den Bosch and Mercer 1989; 1996b). Thispaper reports
results of two further generations of selection for resistance.

MATERIALSAND METHODS

The 132 lines screened in the fourth generation were 104 resistant lines, 20
susceptible lines, and eight ‘ benchmark lines' used as controls in this and previous
screenings. Inthefifthgeneration, of the128lines, 101 wereresistant, 19 susceptibleand
again, eight werebenchmark lines. Fourth generation (fifth generation) seed wassown
on 23 March 1992 (14 April 1993) and inoculated with a suspension of
M. trifoliophilaeggson 30April 1992 (11 May 1993). The sowing procedure, soil mix,
inoculum source and rate, and glasshouse conditionsfor the pots have been described
previously (van den Bosch and Mercer 1996b). Threeto four weeks after inoculation,
roots were washed, galls counted, and roots dried and weighed. “Galls/g” of root was
calculated by dividing the number of gallsby theroot dry weight for each genotype.

RESULTS
Thereweresignificant differencesbetweenlinegroupsfor gals, root dry weight, and

gals/ginthefourthgenerationandfor gallsand gallg/ginthefifth generation (Table 1).
Gallg/g valuesfor theresistant sel ections of thefourth generation averaged 69% of the
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valuesfor thesusceptibleselections; fifth generation resi stant sel ectionsaveraged 34%.

TABLE 1. Mean number of Meloidogyne trifoliophila galls, root dry weight,
and galls/gonTrifoliumrepenslinesin twoscr eeningsfor resistance.

Selectiongroup No. of No. of Rootdry Galls/gof  Mean- Range
genotypes of galls weight(g) rootdry

weight?
Fourthgeneration
Resistant 1017 16.9a 0.0205 a 920 a 233 - 2226
Susceptible 182 23.0b 0.0201a 1350b 747 - 3116
Benchmark 75 17.0a 0.0142b  1280b 541 - 1800
Significance - P<0.05 P<0.001 P<0.05 -
Fifthgeneration
Resistant 968 276a 0.0427 760 a 190 - 1880
Susceptible 184 80.7¢c 0.0432 2230c 1370 - 4520
Benchmark 76 68.3b 0.0465 1700 b 1410 - 2180
Significance - P<0.05 NS P<0.01 -

1withinacolumn, meansfollowed by thesameletter donot differ at theprobability level
stated.

2“Mean” appliestothemeansof all thegenotypesin each groupingand*“range” applies
to themeans of lines.

Plotsof frequency of gall§/g, adjusted sotheareasunder theresi stant and susceptible
curveswereequal , showed separate peaksfor thesetwolinegroupingsin each screening
(Fig.1).

DISCUSSION

Therecurrent sel ection programmeiscontinuingtoimprovethelevel of resistance.
The resistant selections in the third generation averaged 43% of the susceptible
selections' galls/g (vanden Boschand Mercer 1996a) and therati oswere 69% and 34%
for thefourth and fifth generationsreported here. A possible explanation for thefourth
generation’ sdeviationfromasteady downwardtrendisthesmall sizeof theplantsinthe
fourth generation (benchmarkswere amean of 0.0142 g root dry weight) compared to
the generation before (benchmarks' mean root dry weight of 0.033 g) and to the
generation after (benchmarks' mean root dry weight of 0.0465 g). The poorer growth
was possibly due to atoxin released from the soil during the pasteurisation. Eno and
Popenoe(1964) measured largeincreasesinN, NH 4+, Pand Sfoll owing steamtreatment
anditispossiblethat an accidental increase in temperature during the heating process
resulted in an imbalance of nutrients. Heat treatment made soil toxic to white clover
seedlingsin other experimentsin our laboratory and isno longer used to treat soil.

Improved resistance against root-knot nematodes has been reported for other
sel ection programmes. Pederson and Windham (1995) reported devel opment of ahigh
level of resistance to M. incognita in white clover over four generations but direct
comparisons with the present breeding programme are not possible because of the
different methods of assessment of thelevel of parasitism. However, it seemsthat the
level of resistance of Pederson and Windham's (1995) white clover line‘MSNR4' is
greater than that of thefifth generation resistant group inthecurrent programmeasitis
described as having 97% of the plantswith no galling or just 1-10% of theroot system
galled. Inthework reported here, 18% of thetotal number of genotypesin theresistant
grouping were plants with <10% of the maximum galls/g value (1880 galls/g, resistant
grouping line means). The reason for the more rapid progress made by MSNR4 is not
known but perhaps white clover’s resistance to M. incognita is under more smple
geneticcontrol.
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FIGURE 1: Frequencydistribution of galls/gof root dryweight for resistant and
susceptible selectionsafter four and five generationsof selection in
whiteclover for resistanceto theroot-knot nematode Meloidogyne
trifoliophila. Data have been adjusted to giveequal areasunder the
two curvesin each figure.

InNew Zealand, themisidentification of M. trifoliophila hasled to someconfusion
in the literature on New Zealand nematodes but the root-knot nematode in the early
screeningsof thisprogramme (van den Boschet al. 1993) and in thefirst pathotypetest
(Mercer and Grant 1993) wascertainly M. trifoliophila. Methodsfor distinguishing M.
trifoliophila from M. hapla have been described by Mercer et al. (1997).

Bernard and Jennings (1997) discussed the possibility of misidentification of a
Mississippi isolateof M. gramini colaagainst whichresi stancehasbeenreportedinwhite
clover by Pedersonand Windham (1995). Bernard and Jennings(1997) reported that the
putativeM. graminicolausedinthePedersonand Windham (1995) resi stancescreenings
moreclosely resembledM. trifoliophilathanM. graminicola. If themisidentificationis
confirmed, then M SNR4will beincludedinthebreeding programmeand comparedwith
New Zealand white clover resistant to M. trifoliophila.
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Further improvement in resistance should be possible with additional recurrent
selectioncycles; crossingwith superior agronomicmeaterial isdesirablefor thedevel opment
of resistant cultivars.
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