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Importance of Temperature in the Pathology of
Meloidogyne hapla and M. chitwoodi on Legumes’

G. D. GrirFIN? AND K. B. JENSEN?

Abstract: Effects of temperatures on the host-parasite relationships were studied for three legume
species and four populations of root-knot nematodes from the western United States. The nematode
populations were Meloidogyne hapla from California (MHCA), Utah (MHUT), and Wyoming (MHWY),
and a population of M. chitwoodi from Utah (MCUT). The legumes were milkvetch (Astragalus cicer),
alfalfa (Medicago sativa), and yellow sweet clover (Melilotus officinatis). All milkvetch plants survived
inoculation with all nematode populations, while alfalfa and yellow sweet clover were more susceptible.
On yellow sweet clover, MHCA was most pathogenic at 30 °C based on suppression of shoot growth while
MHUT, MHWY, and MCUT were most pathogenic at 25 °C. All nematode populations suppressed
growth of yellow sweet clover more than growth of milkvetch and alfalfa. The reproductive factor (Rf =
final nematode population/initial nematode population) of MHCA was positively correlated (r = 0.83)
with temperature between 15 °C and 30 °C. The greatest Rf occurred on alfalfa inoculated with MHCA
at 30 °C. The Rf of MHUT, MHWY, and MCUT were positively correlated (r=0.76, r=0.78, and r=0.73,
respectively) with temperature between 15 °C and 25 °C. The Rf values of MHUT and MHWY were
similar on all species and exceeded the Rf of MCUT at all temperatures (P < 0.05).
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sweet clover.

The family Leguminosae, found world-
wide, is second only to the grasses in eco-
nomic importance, and several species that
are adapted to rangeland conditions benefit
rangeland ecology (Allen and Allen, 1981;
Rumbaugh, 1982). Legumes make atmo-
spheric nitrogen available for other plants,
aid in land reclamation, and serve as feed
for wildlife and livestock (Bergerson, 1977,
Schmautz et al., 1980).

Legumes are hosts of several species of
plant-parasitic nematodes, and resistance
and susceptibility to nematodes differ be-
tween legume species (Griffin and Rum-
baugh, 1996). Soil temperature affects the
relationship between plant-parasitic nema-
todes and the growth of plants, including
legumes (Griffin and Gray, 1995; Griffin et
al., 1990). Some populations and races of
plant-parasitic nematodes adversely affect
survival, growth, and rhizobial nodulation of
legumes (Goplen et al., 1959; Griffin and
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Gray, 1995; Griffin and McKenry, 1989; Grif-
fin and Rumbaugh, 1996; Griffin and Thom-
son, 1988; Netscher and Taylor, 1979). This
study was conducted to compare the effects
of temperature on host-parasite relationship
of the northern root-knot nematode Meloido-
gyne hapla Chitwood, and the Columbia root-
knot nematode M. chitwoodi Golden,
O’Bannon, Santo & Finley on selected- le-
gume species of economic importance in
the western United States.

MATERIALS AND METHODS

Nematode populations studied were
Meloidogyne hapla (MHCA) from alfalfa
(Medicago sativa L.) at Visalia, California
(Grifin and McKenry, 1989); M. hapla
(MHUT) from lettuce (Lactuca sativa L.) at
Ogden, Utah; M. hapla (MHWY) from al-
falfa at Laramie, Wyoming (Griffin and
Gray, 1995); and M. chitwoodi race 2
(MCUT) from potato, Solanum tuberosum L.,
at Beryl, Utah (Griffin and Thomson, 1988).
Nematodes were maintained on ‘Rutgers’
tomato (Lycopersicon esculentum Mill.) under
greenhouse conditions, and eggs for use as
inoculum were collected with an NaOCI
method (Hussey and Barker, 1973).

Plant selections used in the study were
milkvetch (Astragalus cicer L.), alfalfa (M. sa-
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tiva L.), and yellow sweet clover (Melilotus
officinalis Willd.). Seeds were scarified and
germinated on filter paper. Plants were
grown in individual 4-cm-diam. plastic con-
tainers containing 240 g steam-sterilized
Kidman fine sandy loam soil (coarse-loamy
mixed mesic Calcic Haploxeroll; 84% sand,
8% silt, 8% clay; pH 7.4, 1% OM). After 28
days in a greenhouse at 24 + 4°C, an aque-
ous suspension of eggs (2 eggs/cm?/soil) of
one of the root-knot nematode populations
was poured into four holes 10 cm deep in
the soil around the hypocotyl base of each
plant. A control treatment receiving no
nematodes also was included for each plant
species at each temperature tested. Plants
were grown in four chambers at tempera-
tures of 15, 20, 25, and 30 °C * 2 °C, and
received 19 hours of light per day supple-
mented with high-output fluorescent lamps.
The experiment was a 3 x 3 x 2 factorial (3
nematode populations x 3 plant cultivars x 2
inoculum densities) per temperature in a
randomized complete block design with 12
replications (containers), with one plant per
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container. Plants were watered daily and fer-
tilized every 2 weeks with a complete (10 x
10 x 10) nutrient solution. After 90 days,
plants were harvested and the dry shoot
weight, a root galling index (1 = no galling,
2 = 1-10%, 3 = 11-20%, 4 = 21-50%, 5 =
51-80%, 6 = 81-100% root tissue galled),
and percentage plant survival were re-
corded. Nematode eggs were extracted from
each root system by the NaOCl method
(Hussey and Barker, 1973), and the nema-
tode reproductive factor (Rf = final nema-
tode population/initial nematode popula-
tion) and resistance classifications (Rf < 1)
were calculated for each plant (Cook and
Evans, 1987). Percentage data on plant sur-
vival were transformed with arcsine (\f x) be-
fore analysis, and differences among means
were compared at P < 0.05 using the LSD.
Each parameter measured was regressed
against nematode population.

REsULTS AND DiscUssioN

Plant selections were chosen because of
differences in their relationships to M. hapla
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Survival of milkvetch (Astragalus cicer), alfalfa (Medicago sativa), and yellow sweet clover (Melilolus

officinalis) infected with populations of Meloidogyne hapia from California (MHGCA) and Wyoming (MHWY), and
with M. chitwoodi from Utah (MCUT) at four temperatures. Plants inoculated with 0 or 2 eggs/cm® soil and grown
for 90 days after soil infestation. (LSD for nematode populations).
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Fi16. 2. Effect of Meloidogyne hapla populations from California (MHCA) and Wyoming (MHWY), and M.
chitwoodi from Utah (MCUT) on dry shoot weight of milkvetch (Astragalus cicer), alfalfa (Medicago sativa), and
yellow sweet clover (Melilotus officinalis) at four temperatures. Plants inoculated with 0 or 2 eggs/cm? soil and grown
for 90 days after soil infestation. (LSD for nematode populations).
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Fic. 3. Root galling indices of milkvetch (Astragalus cicer), alfalfa (Medicago sativa), and yellow sweet clover
(Melilotus officinalis) by Meloidogyne hapla populations from California (MHCA) and Wyoming (MHWY), and M.
chitwoodi (MCUT) from Utah at four temperatures. Plants inoculated with 0 or 2 eggs/cm? soil and grown for 90,
days after soil infestation. (LSD for nematode populations).
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and M. chitwoodi (Griffin and Rumbaugh,
1996), and survival rates differed between
plant cultivars and nematode populations
(Fig. 1). Milkvetch was the most tolerant,
and yellow sweet clover was the most sensi-
tive to nematode invasion. Milkvetch plants
survived at all temperatures. There was a
negative relationship in the survival of yel-
low sweet clover and alfalfa with MHUT and
MHWY populations between 15 °C and 25
°C (r = ~0.64) and yellow sweet clover and
alfalfa at 15 °C and 30 °C when inoculated
with MHCA (r = -0.72). Survival of yellow
sweet clover and alfalfa also was affected at
30 °C by MHUT and MHWY, but the decline
was less than at 25 °C. MCUT was less patho-
genic than M. hapla, whereas only yellow
sweet clover succumbed to MCUT at 25 °C.

Plant growth differed between cultivars
and nematode populations, and yellow
sweet clover was more susceptible (P < 0.05)
to nematodes than were milkvetch and al-
falfa (Fig. 2). Suppression of shoot growth of

M. sativa

M. officinalis

yellow sweet clover was significantly greater
from MHUT and MHWY than from MHCA
and MCUT. The suppression of plant
growth was negatively correlated with tem-
perature (r=-0.77), and nematode popula-
tions differed with temperature. The great-
est shoot growth suppression of plants in-
oculated with MHUT, MHWY, and MCUT
occurred at 25 °C, whereas MHCA was more
virulent at 30 °C.

All plant species were moderately to heav-
ily galled by all nematode populations (Fig.
3). More root galling occurred with M. hapla
populations than with MCUT (P < 0.05).
Root galling by MHCA increased with tem-
perature between 15 °C and 30 °C (r=0.70),
as did galling by MHUT (7= 0.73), MHWY (r
=0.72), and MCUT (r=0.68) and 15 °C and
25 °C.

The Rf of MHCA increased with a rise in
temperature from 15 °C to 30 °C (r= 0.83);
this effect was especially pronounced on al-
falfa at 30 °C (Fig. 4). The Rf of MHUT (r=
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Fic. 4. Reproductive factor (Rf = final nematode population/initial nematode population) of Meloidogyne hapla
populations from California (MHCA) and Wyoming (MHWY), and M. chitwoodi (MCUT) from Utah on milkvetch
(Asiragalus cicer), alfalfa (Medicago sativa), and yellow sweet clover (Melilotus officinalis) at four temperatures. Plants
inoculated with 0 or 2 eggs/cm® soil and grown for 90 days after soil infestation. (LSD for nematode populations).
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0.76), MHWY (r = 0.78), and MCUT (r =
0.73) increased with temperatures between
15 °C and 25 °C. The Rf of MHUT and
MHWY were comparable on all species and
exceeded (P < 0.05) the Rf of MCUT at all
temperatures.

The variability in the reaction of alfalfa to
M. hapla and M. chitwoodi is consistent with a
previous report (Griffin and Rumbaugh,
1996). All populations of M. hapla were
more pathogenic and had a higher Rf than
M. chitwoodi on all plant species. The rela-
tionship between root galling and nematode
reproduction was usually consistent (Griffin
and Rumbaugh, 1996).

Plants differed in their reactions to M.
hapla. The reproduction of MHCA in-
creased significantly with temperature up to
30 °C, whereas the reproduction of MHUT
and MHWY was greatest at 25 °C and sup-
pressed at 30 °C. The MHUT and MHWY
populations are from ca. 42°N latitude,
whereas the MHCA population is from near
Visalia, California, at 37°N latitude at a
much lower elevation and in soil with an
average annual temperature lower than that
in Utah and Wyoming.

As noted in a previous study (Griffin et al.,
1993), population or race differences
should be considered in plant breeding and
plant-parasite relationship studies. An accu-
rate determination of the susceptibility, re-
sistance, or tolerance of a plant to some
nematode aids crop species selection for use
in a given environment, particularly since
nematodes predispose plants to other
pathogens (Griffin et al., 1993).
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