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Pathological Relationship of Ditylenchus dipsaci and 
Fusarium oxysporum f. sp. medicaginis on alfalfa 1 

G. D. GRIFFIN 2 

Abstract: Ditylenchus dipsaci and Fusarium oxysporum f. sp. medicaginis synergistically affected the 
mortality and plant growth of Ranger alfalfa, a cultivar susceptible to stem nematode and Fusarium 
wilt. The nematode-fungus relationship had an additive effect on mortality and plant growth of  
Lahontan (nematode resistant and Fusarium wilt susceptible) and of Moapa 69 (nematode susceptible 
and Fusarium wilt resistant). Mortality rates were 13, 16, 46, and 49% for Ranger; 4, 18, 26, and 
28% for Lahontan; and 19, 10, 32, and 30% for Moapa 69 inoculated with D. dipsaci, F. oxysporum 
f. sp. medicaginis, and simultaneously and sequentially with D. dipsaci and F. oxysporum f. sp. medicaginis, 
respectively. Shoot weights as a percentage of uninoculated controls for the same treatments were 
52, 84, 26, and 28%, for Ranger; 74, 86, 64, and 64% for Lahontan; and 50, 95, 44, and 39% for 
Moapa 69. Plant growth suppression was related to vascular bundle infection and discoloration of  
alfalfa root tissue. Disease severity and plant growth of alfalfa did not differ with simultaneous or 
sequential inoculations of the two pathogens. Fusarium oxysporum f. sp. medicaginis affected alfalfa 
growth but not nematode reproduction. 

Key words: alfalfa, Ditylenchus dipsaci, Fusarium oxysporum f. sp. medicaginis, interaction, Medicago 
sativa, mortality, reproduction, suppression, synergism. 

The alfalfa stem nematode, Ditylenchus 
dipsaci (Kfihn) Filipjev, is the most impor- 
tant nematode pathogen attacking alfalfa, 
Medicago sativa L., in the western United 
States (3). This nematode adapts readily to 
different environmental conditions and 
parasitizes alfalfa throughout the world (4). 
Ditylenchus dipsaci is associated with alfalfa 
throughout the Intermountain region of  
the United States, and nematode invasion, 
parasitism, and disease severity increase 
during cool, humid environmental condi- 
tions that usually occur only in early spring 
(2). 

Some nematode species affect the resis- 
tance of  a plant to other plant pathogens. 
There  are many reports of  the effect of  
nematode species on the relationship be- 
tween a plant and another pathogen (11). 
Ditylenchus dipsaci is associated with other 
plant pathogens (7,12), and Fusarium ox- 
ysporum Schlect infects several economi- 
cally impor tan t  crops including alfalfa 
(1,6,8,13). 

Alfalfa stands in the western United 
States have declined when infested with 
either D. dipsaci or F. oxysporum f. sp. med- 
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icaginis (Weimer) Snyder & Hansen. The  
objective of  this study was to determine the 
importance of  this nematode-fungus  re- 
lationship on the decline of  alfalfa stands. 

MATERIALS AND METHODS 

The three alfalfa cultivars used in the ~ 
study were Ranger, susceptible to Ditylen- 
chus dipsaci and Fusarium oxysporum f. sp. 
medicag~nis; Lahontan, resistant to D. dip- 
saci and susceptible to F. oxysporum f. sp. 
medicaginis; and Moapa 69, susceptible to 
D. dipsaci and resistant to F. oxysporum f. 
sp. medicaginis. 

Inoculum ofD. dipsaci was obtained from 
a Ranger alfalfa nursery at the Utah State 
University Experimental Farm at Logan, 
Utah, and surface sterilized as outlined by 
Krusberg and Sardanelli (9). All stages of  
D. dipsaci were used as inocula. The  isolate 
of  F. oxysporum f. sp. medicaginis was ob- 
tained from alfalfa in Nevada and was used 
in a previous study (6). Inoculum was ob- 
tained by culturing the fungus on potato 
dextrose agar (6). Since the greatest dam- 
age to alfalfa by F. oxysporum f. sp. medi- 
caginis was observed in sandy soils (6), a 
steam-sterilized sandy loam soil (91% sand, 
5% silt, 4% clay; pH 7.2, 0.5% OM) was 
used. Alfalfa seeds were scarified, treated 
with captan, and germinated on filter pa- 
per in petri dishes on a laboratory bench 
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TABLE 1. Survival percentages of  three  alfalfa cul- 
t ivarst  8 weeks after inoculation with Ditylenchus dip- 
saci and (or) Fusarium oxysporum f. sp. medicaginis. 

Moapa La- 
Treatments~ Ranger 69 hontan 

D. dipsaci 85 bA 81 bA 96 cB 
F. o. medicaginis 84 bA 90 cA 82 bA 
D. dipsaci with 

F. o. medicaginis 54 aA 68 aB 74 aB 
D. dipsaci followed by 

F. o. medicaginis 51,aA 70 aB 72 aB 
Uninocula ted  control  97 cA 96 cA 98cA 

Each value is the mean of 20 replications (five plants per 
replication). Means not followed by the same letter differ 
(P ~ 0.05) according to Duncan's new multiple-range test 
(lower case letters for columns, capital letters for rows). 

~" Ranger, susceptible to D. dipsaci and F. oxysporum f. sp. 
medicaginis; Lahontan, resistant to D. dipsaci and susceptible 
to F. oxysporum f. sp. medicaginis; Moapa 69, susceptible to D. 
dipsaci and resistant to F. oxysporum f. sp. medicaginis. 

:~ 100 D. dipsaci per plant; 12 × l0 t microconidia F. oxys- 
porum f. sp. medicaginis per plant; I O0 D. dipsaci simultaneous- 
ly with 12 x 107 microconidia F. oxysporum f. sp. medicaginis 
per plant; 100 D. dipsaci per plant followed 28 days later with 
12 x 10 ~ microconidia F. oxysporum f. sp. medicaginis per plant. 

at 25 + 4 C. After 48 hours, seeds were 
washed six times with deionized water and 
planted at the 2-5-mm radicle stage in soil 
in 15-cm-d plastic containers (five per pot). 

Plants were inoculated with D. dipsaci and 
(or) F. oxysporum f. sp. medicaginis unless 
specified otherwise. Treatments  were 1) 
100 D. dipsaci per plant, 2) 12 x 107 mi- 
croconidia ofF. oxysporum f. sp. medicaginis, 
3) simultaneous inoculation with D. dipsaci 
and F. oxysporum f. sp. medicaginis micro- 
conidia, 4) sequential inoculation with D. 
dipsaci followed 28 days later with F. oxyspo- 
rum f. sp. medicaginis microconidia, and 5) 
uninoculated controls. Rhizobium meliloti 
Dang. was applied around the seedling 
planting in all experiments to insure nod- 
ulation. Treatments  were replicated 20 
times. Plants were watered after inocula- 
tion, and placed in a greenhouse and main- 
tained at 22 + 4 C. Containers were cov- 
ered with plastic for 7 days to avoid 
evaporation and enhance nematode inva- 
sion of  seedlings (5). The  experiment was 
terminated when plants were 8 weeks old, 
and plant mortality, the nematode repro- 
ductive index R (Pf/Pi  = final nematode 
population divided by initial nematode in- 

oculum), and shoot and root weights were 
determined. Alfalfa roots and stem tissues 
were sectioned and stained in 1% cotton 
blue or surface disinfested in 0.5% NaOC1 
for 2 minutes and placed on potato dex- 
trose agar in petri dishes, to determine vas- 
cular discoloration and F. oxysporum f. sp. 
medicaginis infection (10). Data were re- 
corded and analyzed using standard AN- 
OVA and means separated using Duncan's 
new multiple-range test. 

The  experiment was repeated with sim- 
ilar results; data presented here are from 
the second study only. 

RESULTS 

The survival rate of  the three alfalfa cul- 
tivars was affected by inoculations of  Di- 
tylenchus dipsaci and Fusarium oxysporum f. 
sp. medicaginis (Table 1). Plant deaths due 
to F. oxysporum f. sp. medicaginis alone oc- 
curred within the first 14 days of  growth, 
whereas those due to D. dipsaci occurred 
within the first 23 days. Death of  Ranger 
plants from combined inoculations oc- 
curred throughout  the study (56 days), 
whereas the death of  Lahontan and Moapa 
69 plants occurred only within the first 32 
days. Mortality of  Ranger plants was in- 
creased synergistically (P < 0.05) by si- 
mul taneous  or  sequent ial  inoculat ions,  
whereas plant mortality of  Lahontan and 
Moapa plants from combined inoculations 
was additive (P --- 0.05). 

Shoot weight of the three alfalfa culti- 
vars were reduced (P < 0.05) by D. dipsaci 
(Table 2). Inoculation with F. oxysporum f. 
sp. medicaginis alone reduced shoot weights 
of  Ranger and Lahontan alfalfas, but  not 
Moapa 69. Ditylenchus dipsaci reduced (P -< 
0.05) shoot weights more than did F. ox- 
ysporum f. sp. medicaginis in all three culti- 
vars. Combination of  the two pathogens 
reduced (P - 0.05) the mean weights of  
Ranger shoots, but not the mean weights 
of  Lahontan and Moapa 69, below those 
of  plants inoculated with either organism 
alone. Reductions of  shoot weights from 
combined inoculations of Lahontan and 
Moapa 69 were similar to those for D. dip- 
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TAaLZ 2, Shoot  and  roo t  weight  o f  t h r e e  alfalfa cu l t iva rs t  8 weeks  a f te r  inocula t ion  with Ditylenchus dipsaci 
and  (or) Fusarium oxysporum f. sp. medicaginis. 

Shoot weight (g) Root weight (g) 

TreatmentZ~ Ranger Lahontan Moapa 69 Ranger Lahontan Moapa 69 

D. dipsaci 0.63 b A  0.92 aB 0.67 aA 0.74 b A  1.12 bB 0,79 aA 
F. o. medicaginis 1.02 cA 1.07 b A  1.26 bB 0.80 b A  0.84 aA 0.94 b A  
D. dipsaci + with 

F, o, medicaginis 0.31 aA 0.79 aC 0.59 aB 0.58 aA  0,83 aB 0.68 aA 
D. dipsaci fol lowed by 

F. o. medicaginis 0,34 aA 0.80 aC 0.52 aB 0.54 aA 0.87 aB 0.64 aA 
Un inocu l a t e d  cont ro l  1,21 dA  1.24 cA 1.33 b A  0.97 cA 1,08 b A  0.97 b A  

Each value is the mean of 20 replicates (5 plants/replicate). Means not followed by the same letter differ (P ~ 0.05) 
according to the Duncan's new multiple range test (lower case letters for columns, capital letters for rows). 

t Ranger, susceptible to D. dipsaci and F. oxysporum f, sp. medicaginis; Lahontan, resistant to D. dipsaci and susceptible to F. 
oxysporum f. sp, medicaginis; Moapa 69, susceptible to D, dipsaci and resistant to F. oxysporum f, sp, medicaginis. 

z~ 100 D. dipsaci per plant; 12 x 10 T microconidia F. oxysporum f. sp. medicaginis per plant; 100 D. dipsaci simultaneously 
with 12 x l0 T microconidia F. oxysporum f. sp. medicaginis per plant; 100 D. dipsaci per plant followed 28 days later with 
12 x l0 T microconidia F. oxysporum f, sp, medicaginis per plant. 

saci alone. There  were no differences be- 
tween simultaneous and sequential patho- 
gen inoculations of  any cultivar. 

Inoculation with D. dipsaci reduced (P _< 
0.05) the root weights of  Ranger and Moa- 
pa cultivars but not Lahontan. Fusarium 
oxysporum f. sp. medicaginis reduced the root 
weight of  Ranger and Lahontan but not 
Moapa 69. Combinations of  the two patho- 
gens reduced (P - 0.05) root  weights over 
those with single pathogen inoculation in 
Ranger only. The  reduction in root  growth 
was additive on Ranger. 

The  incidence ofF.  oxysporum f. sp. med- 
icaginis infection and discoloration of  vas- 
cular root tissue was highest in Ranger and 
lowest in Moapa 69. Infection and vascular 
discoloration of  Ranger were greater in the 
presence of  D. dipsaci. The  incidence of 
infected and vascular discolored plants was 
52, 68, and 73% for Ranger; 48, 52, and 
54% for Lahontan; and 16, 20, and 19% 
for Moapa 69 for F. oxysporum f. sp. medi- 
caginis alone, simultaneous inoculations of  
D. dipsaci and F. oxysporum f. sp. medicaginis, 
and sequential inoculations ofD. dipsaci and 
F. oxysporum f. sp. medicaginis, respectively. 

Rhizobium meliloti nodulation was posi- 
tively (P -< 0.05) associated with root  
weights and did not differ among treat- 
ments. Numbers  of  R. meliloti nodules var- 
ied from 27 .5 /g  root  tissue for single in- 

oculation with F. oxysporum f. sp. medicaginis 
on Moapa 69 to 33.6 g / r o o t  for simulta- 
neous inoculation with D. dipsaci and F. 
oxysporum f. sp. medicaginis on Moapa 69. 

Nematode reproduction was positively 
correlated (P - 0.05) with shoot growth 
and plant resistance. The  greatest repro- 
ductive index (R) per plant resulted from 
inoculation of  Ranger and Moapa 69 with 
D. dipsaci only. There  were no differences 
in R on susceptible Ranger and Moapa 69 
alfalfa, whereas R (less than 1) was signif- 
icantly less (P - 0.01) on Lahontan. Re- 
productive indices per gram of  shoot tissue 
were 10.6, 9.7, and 8.3 on Ranger; 11.5, 
8.6, and 10.2 on Moapa 69; and 0.4, 0.3, 
and 0.3 on Lahontan inoculated with D. 
dipsaci alone, simultaneously with D. dipsaci 
and F. oxysporum f. sp. medicaginis, and se- 
quentially with D. dipsaci and F. oxysporum 
f. sp. medicaginis, respectively. 

DISCUSSION 

Ditylenchus dipsaci did not affect the 
pathogenicity of  F. oxysporum f. sp. medi- 
caginis to Moapa 69, and F. oxysporum f. sp. 
medicaginis did not affect the pathogenicity 
of  D. dipsaci to Lahontan alfalfa. In com- 
bined inoculations D. dipsaci and F. oxyspo- 
rum f. sp. medicaginis were synergistic on 
Ranger. Ditylenchus dipsaci was more patho- 
genic to Ranger than was F. oxysporum f. 
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sp. medicaginis. The inability of  D. dipsaci 
to predispose Moapa 69 to F. oxysporum f. 
sp. medicaginis differs from a previous study 
on the effects of the northern root-knot 
nematode, Meloidogyne hapla, and this same 
isolate of  F. oxysporum f. sp. medicaginis on 
alfalfa (6). This difference can be attri- 
buted to differences in physiological effects 
of  the nematode species on alfalfa plant 
tissue. Meloiclogyne hapla feeds on the vas- 
cular system, the same area invaded by F. 
oxysporum f. sp. medicaginis, whereas D. dip- 
saci is a stem feeder. The fact that the 
nematode-fungus interaction was similar 
for simultaneous and sequential inocula- 
tions and the inability ofF. oxysporum f. sp. 
medicaginis to directly affect D. dipsaci re- 
production suggest that invasion and col- 
onization of  different alfalfa tissue by the 
two pathogens affects their relationship on 
the alfalfa plant. Although neither D. dip- 
saci nor F. oxysporum f. sp. medicaginis pre- 
disposed resistant alfalfa to the other path- 
ogen, plant breeders should be aware of  
the pathological additive effect of  the two 
pathogens on the growth of  alfalfa. 
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