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Effects of Environmental Factors and Cultural Practices 
on Parasitism of Alfalfa by Ditylenchus dipsaci 1 

G. D. GRIFFIN 2 

Abstract: Cool humid weather enhanced development and reproduction of Ditylenchus dipsaci in 
alfalfa in laboratory and field studies in Utah. Relative humidity and nematode reproduction were 
positively correlated (P < 0.05), whereas air temperature and nematode reproduction were nega- 
tively correlated (P < 0.05). The greatest number of nematodes per gram of alfalfa tissue was found 
in nondormant Moapa alfalfa tissue at St. George during April, whereas the greatest numbers of 
nematodes were found in dormant Ranger alfalfa in June at West Jordan and Smithfield. There 
was 100% invasion of both resistant Lahontan and susceptible Ranger alfalfa plants at soil moisture 
levels of 61-94% field capacity. Fall burning of alfalfa to control weeds reduced, and spring burning 
increased, the incidence of invaded plants, nematodes per gram of plant tissue, and the mortality 
of susceptible Ranger (P < 0.01) and Moapa (P < 0.01) alfalfa plants over that of plants in nonburned 
control plots. Fall burning also reduced and spring burning increased the incidence of invaded 
plants (P < 0.05), but had no influence on nematodes per gram of plant tissue or the mortality of 
resistant Lahontan and Nevada Synthetic XX alfalfa over those of plants in control plots. 

Key words: alfalfa stem nematode, air temperature, mortality, relative humidity, reproduction, 
resistance, soil moisture, susceptibility, Ditylenchus dipsaci, Medicago sativa. 

T h e  alfalfa s tem n e m a t o d e ,  Ditylenchus 
dipsaci (Kuhn) Filipjev, is the  mos t  impor -  
tant  n e m a t o d e  paras i te  a t t ack ing  alfalfa, 
Medicago sativa L. (8). Since this n e m a t o d e  
adapts  to d i f ferent  e n v i r o n m e n t a l  condi-  
tions, it parasi t izes alfalfa plants  t h r o u g h -  
out  the  world  u n d e r  d i f fe ren t  cl imatic 
conditions (5). When  D. dipsaci-infected nar- 
cissus bulbs were  exposed  to a t e m p e r a t u r e  
grad ien t ,  the  n e m a t o d e s  did best  at the  
t e m p e r a t u r e  at which narcissus bulbs a re  
no rma l ly  s to red  (3). Similarly,  D. dipsaci 
showed an affinity to invade alfalfa tissue 
at t e m p e r a t u r e s  favorab le  for  n e m a t o d e  
r e p r o d u c t i o n  (6). 

D. dipsaci is a s s o c i a t e d  wi th  a l f a l f a  
t h r o u g h o u t  the  I n t e r m o u n t a i n  Reg ion  o f  
the  Un i t ed  States. N e m a t o d e  invasion,  par -  
asitism, and  the  d e g r e e  o f  disease severi ty  
a re  associated with cool h u m i d  env i ron-  
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men ta l  condi t ions  tha t  usually occur  only 
in ear ly spring.  

T h e  object ive  o f  this s tudy was to ex- 
amine  the  effect  o f  selected e n v i r o n m e n t a l  
factors  and  cul tural  pract ices  on  the par -  
asitism and  r e p r o d u c t i o n  o f  D. dipsaci on 
alfalfa. 

MATERIALS AND METHODS 

A l abo ra to ry  s tudy was c o n d u c t e d  at Lo-  
gan, Utah ,  to d e t e r m i n e  the  effects o f  rel-  
ative humidi ty ,  soil mois tu re ,  and  soil t em-  
p e r a t u r e  on invasion and  r e p r o d u c t i o n  o f  
D. dipsaci in alfalfa. G e r m i n a t e d  R a n g e r  
alfalfa seeds, 25 seeds pe r  15-cm-d po t  in 
soil f r o m  a Smithfield,  U tah ,  alfalfa field, 
were  inocula ted  with 100 n e m a t o d e s  pe r  
seed (2,500 pe r  pot)  and  g rown  in g rowth  
chambers  at 32 -54 ,  53 -72 ,  71 -93 ,  and  9 0 -  
100% rela t ive  humid i ty  at  soil t e m p e r a -  
tures  o f  10, 15, 20, and  25 C. Plants  were  
ha rves ted  a f t e r  90 days, and  the  n u m b e r s  
o f  n e m a t o d e s  p e r  p lant  d e t e r m i n e d  using 
a B a e r m a n n  funnel  technique .  

A c o r r e s p o n d i n g  field s tudy was con-  
duc ted  to d e t e r m i n e  the  effects o f  d i f fe ren t  
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environmental factors on the reproduction 
of  D. dipsaci in 3-year-old alfalfa plantings 
of  Moapa alfalfa at St. George, Utah, and 
Ranger alfalfa at West Jordan,  Utah, and 
at the Smithfield field. Recording ther- 
mographs were installed at each location 
to monitor air temperature and relative 
humidity. Physical characteristics of  study 
locations were as follows: 1) St. G e o r g e - -  
72% sand, 17% silt, 9% clay, 2% organic 
matter, pH 7.3; elevation 878 m; mean 
maximum, minimum, average tempera- 
tures of  25.2 6.7, 21.5 C, respectively; and 
annual average precipitation of  21.5 cm. 
2) West J o r d a n - - 6 8 %  sand, 18% silt, 11% 
clay, 3% organic matter,  pH 7.2; elevation 
1,286 m; mean maximum, minimum, av- 
erage temperatures of  15.2, 6.1, 9.2 C, re- 
spectively; and annual average precipita- 
tion 37.9 cm. 3) Smithfield--71% sand, 
12% silt, 15% clay, 2% organic matter, pH 
7.3; elevation 1,405 m; mean maximum, 
minimum, average temperatures of  14.8, 
0.3, 6.1 C, respectively; and annual aver- 
age precipitation 43.8 cm. Ten random- 
ized plots (10 x 10 m) were established in 
each area, and two nematode-parasitized 
plants were  col lec ted  f rom each plot  
monthly for 12 months. Plant tissue was 
transported to the laboratory in an ice 
chest. Parasitized buds and stems were cut 
into 2-mm-long pieces and 20 g per plant 
were placed on a Baermann funnel at 25 
__+ 3 C in sterilized water for 24 hours, after 
which the emerged nematodes were count- 
ed. Since nematodes recovered from plants 
after the first harvest are usually from sec- 
ondary growth of  living plant stubble, or 
from fourth-stage juveniles surviving in an 
anhydrobiotic state within the plant stub- 
ble (11,12), only fresh plant tissues from 
primary shoot growth were used for re- 
covery of  nematodes. 

A greenhouse study was initiated to de- 
termine the effects of  soil type on parasit- 
ism and reproduction of  D. dipsaci in al- 
falfa. Soils from the three experimental 
fields, although similar, were tested to de- 
termine if parasitism to, and reproduction 
of  D. dipsaci in alfalfa differed among the 
soils. Four flats (25 X 36 x 10 cm) o f  soil 

were collected from each field site (St. 
George, West Jordan,  and Smithfield), fu- 
migated with methyl bromide, irrigated to 
field capacity, planted to 100 germinated 
seeds of  Ranger alfalfa, and inoculated with 
1 O0 D. dipsaci per seed. Flats were covered 
with plastic to reduce evaporation and 
placed in a greenhouse at 22 + 4 C. The  
plastic was removed and flats were irri- 
gated after 5 days and thereafter as need- 
ed. Plants were harvested after 21 days and 
the percentage of  stunted plants and num- 
bers of  nematodes per plant determined. 

A study similar to the greenhouse study 
was conducted in 3-year-old stands of  sus- 
ceptible Ranger and resistant Lahontan at 
Smithfield. Randomized plots (5 x 5 m) 
were irrigated to field capacity, and plants 
were pruned to simulate harvest when rep- 
licated plots had dried to moisture levels 
of 92, 60, 34, and 8% FC at a 10-cm depth 
(five replicates per soil moisture level). 
Three  weeks after cutting, the numbers of  
parasitized plants were determined for each 
plot. All plants were harvested later at 5 -  
10% bloom stage and weighed, nematodes 
in 20 g plant tissue per parasitized plant 
were counted, and the data analyzed. 

In a parallel greenhouse study, D. dipsaci 
was added to methyl bromide fumigated 
soil from Smithfield. The soil was thor- 
oughly mixed, watered to field capacity, 
placed into 10-cm-d plastic containers, and 
allowed to dry to 6, 32, 61, and 94% FC. 
Each container was planted with four ger- 
minated seeds of  susceptible Ranger or re- 
sistant Lahontan. Containers were covered 
with aluminum foil and placed into water 
baths at 12, 16, 20, 24, and 28 C. Treat-  
ments were replicated six times. After 10 
days, seedlings were removed from the 
containers, washed free of  soil, replanted 
in similar sized containers of  methyl bro- 
mide fumigated soil, and returned to the 
temperature tanks. Plants were harvested 
after another 35 days and nematode par- 
asitism and r ep roduc t ion  were deter -  
mined. 

The  effect of  fall and spring burning for 
control of weeds on the invasion of  alfalfa 
tissue by D. dipsaci was investigated in a 
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FIO. 1. Schematic  design o f  2-year-old plant ings 
(7.5- x 15-m plots) o f  Ditylenchus dipsaci-susceptible 
do r m an t  (Ranger),  susceptible n o n d o r m a n t  (Moapa), 
and resistant d o r m a n t  (Lahontan  and Nev Syn XX) 
alfalfa at West  Jo rdan ,  Utah.  Fall burn ings  were  in 
early O c tobe r  and spr ing burn ings  in early March.  

2-year-old stand (7.5- x 15-m plots) of  sus- 
ceptible dormant  Ranger, susceptible non- 
dormant  Moapa, and resistant dormant  
Lahontan and Nevada Synthetic XX (Nev 
Syn XX) alfalfa in a D. dipsaci-infested West 
Jordan field (Fig. 1). A commercial weed 
burner  was used for the fall burning in 
early October and the spring burning in 
early March. When spring plants were 
15 cm tall, the percentage of parasitized 
plants per plot was determined. Twelve 
plants per plot were randomly selected and 
weighed, and numbers of  nematodes in 20 
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Fro. 2. Effect  o f  soil t empe ra tu r e  and mois ture  on  
parasit ism by Ditylenchus dipsaci o f  Ranger  alfalfa seed- 
lings af ter  90 days in a g rowth  chamber .  LSD [P < 
0.05 (soil t empera ture )  = 2.4; (relative humidity) = 
4.3]. 

g composite plant material were deter- 
mined. At the first commercial cutting of  
alfalfa, the percentage of  surviving plants 
in the different treatments was determined 
and the data analyzed by analysis of  vari- 
ance. 

RESULTS 

Maximum nematode invasion and re- 
production of  D. dipsaci occurred at 90-  
100% relative humidity in a laboratory 
study (Fig. 2). Therefore ,  numbers of  
nematodes recovered from alfalfa plants 
were equated to hours per day of  relative 
humidity over 90%. Since there is little 
growth of alfalfa at St. George and little 
or no growth of  alfalfa at West Jordan and 
Smithfield during the late fall and winter 

TABLZ 1. Effect o f  soil mois ture  on invasion and parasit ism o f  resistant  Lahon tan  and susceptible alfalfa 
by Ditylenchus dipsaci.t 

Soil 
moisture 
(~ FC) 

Invaded plants(%) Nematodes/g planttissue Plant weight(g) 

Lahontan Ranger Lahontan Ranger Lahontan Ranger 

8 0 a 0 a 0 a 0 a 249 a 227 c** 
34 57 b 100 c** 32 b 87 c** 257 a 141 b**  
60 100 c 100 c 38 b 207 d**  268 a 118 a** 
92 100 c 100 c 4 6 b  219 d ** 253 a 110 a** 

Numbers followed by same letter in columns not significantly different (P < 0.05) according to Duncan's multiple-range 
test. 

** Significantly different from Lahontan (P < 0.01). 
I" Three-year-old planting of D. dipsi~ci-infested alfalfa field plots irrigated to 100%'field capacity (FC) and alfalfa harvested 

when desired soil moisture levels we#e reached at a 102cm depth. Plots were harvested later when 5-10% of the alfalfa plants 
were in bloom. 

. . . .  l . . . . .  ii 
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months, depending on climatic conditions, 
data collected during November through 
February were omitted. 

Nematode reproduction was positively 
correlated (P < 0.05) to relative humidity 
atSt. George, West Jordan,  and Smithfield 
(Fig. 3). However, nematode reproduction 
and air temperature were negatively cor- 
related (P < 0.05) at all three experimental 
locations. Reproduction of  D. dipsaci in- 
creased with an increase in temperature,  
results being consistent with previous find- 
ings. 

Soil type did not affect invasion and re- 
production of D. dipsaci in alfalfa. All 
Ranger alfalfa plants in each of the differ- 
ent soil types were invaded by D. dipsaci, 
averaging 132 ___ 14 nematodes (P < 0.05) 
per seedling after 21 days. 

Soil moisture affected nematode inva- 
sion and reproduction, and growth of  al- 
falfa after the first cutting (Table 1). There  
was a positive relationship (r = 0.92) be- 
tween the percentage of  nematode-para- 
sitized plants and the percentage of soil 
moisture 10 cm deep. Neither cultivar was 
invaded at a soil moisture of  8% FC al- 
though Lahontan plant growth was greater 
than that of  Ranger. There  were no dif- 
ferences in the percentage of invaded plants 
and numbers of  nematodes in susceptible 
Ranger plants at soil moisture levels of  34-  
92% FC. There  were significantly fewer 
(P < 0.05) invaded plants and nematodes 
in resistant Lahontan alfalfa at 34% FC 
than at higher moisture levels. Significant- 
ly more nematodes (P < 0.01) per gram of  
plant tissue were recovered from Ranger 
than from Lahontan at soil moisture levels 
above 8%. D. dipsaci did not affect growth 
of Lahontan, but there was a direct rela- 
tionship between soil moisture, nematode 
invasion, and growth of Ranger alfalfa; the 
poorest growth occurred at soil moisture 
levels of  60-92% FC. 

In the greenhouse, invasion of alfalfa was 
affected by both soil temperature and soil 
moisture (Fig. 4). D. dipsaci failed to invade 
either Ranger or Lahontan at 6% FC, but 
both cultivars were invaded at 32-94% FC. 
More Ranger than Lahontan alfalfa plants 

were invaded by D. dipsaci (P < 0.01) at 
32% FC at all soil temperatures. Signifi- 
cantly more (P < 0.01) nematodes were 
recovered from Ranger than Lahontan 
plants at all soil temperatures at 32-94% 
FC (Fig. 5). Plant growth paralleled nema- 
tode reproduction; there was a greater re- 
duction (P < 0.01) in plant growth of 
Ranger than Lahontan at all soil temper- 
atures at 32-94% FC (Fig. 6). However, 
Lahontan plant growth was stunted at tem- 
peratures at 32-94% FC. 

Fall burning of alfalfa decreased (P < 
0.01) and spring burning increased (P < 
0.01) the number of susceptible Ranger and 
Moapa alfalfa plants invaded (stunted) by 
D. dipsaci and numbers of  nematodes per 
plant (Figs. 7, 8). Spring burning reduced 
plant growth and mortality of  susceptible 
alfalfa plants (Figs. 9, 10). Invasion, nema- 
todes per plant, plant growth, and plant 
mortality of  resistant Lahontan and Nev 
Syn XX were not affected by fall or spring 
burning. 

DISCUSSION 

This study shows the importance of  en- 
vironmental factors on the host-parasite 
relationship between alfalfa and D. dipsaci. 
Nematode  reproduc t ion  was positively 
correlated with relative humidity and neg- 
atively correlated with air temperature.  
Reproduction of D. dipsaci increases with 
temperature (5). Hence, nematode repro- 
duction is affected more by the adverse ef- 
fect of  air temperature on relative humid- 
ity than it is by the positive effect of  
temperature.  

The  greater correlation between num- 
bers ofD. dipsaci to relative humidity at St. 
George than at West Jordan and Smith- 
field, which was due to greater  nematode 
reproduction, may reflect the mild climate 
and the long period (4-6 weeks) of cool 
humid weather during the early spring 
growth of  alfalfa. At West Jordan and 
Smithfield there is only a short period (2- 
3 weeks) of high humidity during early 
spring alfalfa growth. Differences in alfalfa 
cultivars may also affect this relationship. 
Moapa is a nondormant  type selected from 
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African alfalfa that initiates growth in early 
spring and grows until late fall, whereas 
Ranger is a dormant selection from Cos- 
sack, Ladak, and Turkestan alfalfas that 
initiates growth in late spring and grows 
until early fall (1). 

The greater percentage of invaded plants 
and nematodes per gram of tissue at op- 
timum soil moisture levels apparently oc- 
curred because D. dipsaci is more attracted 
to, and reproduces bet ter  on, Ranger al- 
falfa than on Lahontan alfalfa (9); in ad- 
dition, prior infestation levels were higher 
in the Ranger alfalfa plots. At the 8% FC 
soil moisture level, where no nematode 
infection occurred, differences in growth 
between the two alfalfa cuhivars reflect ge- 
netic differences. 
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Resistance of  Lahontan alfalfa to D, dip- 
saci is ca. 70% (10), but seedling resistance 
is similar to that of  Ranger (2). Differences 
in D. dipsaci resistance between the two 
varieties occur only in older plants, which 
accounts for the stunted Lahontan growth 
at soil temperatures of  12-28 C and soil 
moisture levels of  32-94% FC. Lahontan 
plants resistant to D. dipsaci would have 
eventually overcome the nematode para- 
sitism if allowed to grow. 

Data obtained from this study confirm 
field observations on the relationship be- 
tween soil moisture after the first cutting 
to yield reductions in later cuttings through 
partial or complete destruction of  the al- 
falfa crown (8). In the western United 
States, yield reductions have been ob- 
served in second-cutting alfalfa when cut- 
ting was made immediately after irrigation 
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o r  w h e n  rainfal l  p e n e t r a t e d  t he  soil to  a 
d e p t h  o f  at least 10 cm i m m e d i a t e l y  a f t e r  
cu t t ing .  U n d e r  these  condi t ions ,  sur face  soil 
m o i s t u r e  be low the  w i n d r o w s  favors  n e m a -  
t o d e  invas ion o f  ne w  c r o w n  g r o w t h .  

T h e  t iming  o f  alfalfa b u r n i n g  fo r  w e e d  
c o n t r o l  a p p e a r s  to  affect  t he  i nc idence  o f  
n e m a t o d e - i n f e c t e d  plants .  Possible  D. dip- 
sad weed  hosts  g r o w i n g  in alfalfa p lants  
a n d  n o n h o s t  p lants  t h a t  m a y  act  as reser -  
voirs  fo r  D. dipsaci (4,7) a re  also d e s t r o y e d  
by  fall b u r n i n g .  T h e  r e s e r v o i r  ma te r i a l  is 
b r o k e n  d o w n ,  h o w e v e r ,  a n d  the  n e m a t o d e s  
re leased  in to  the  soil b e f o r e  sp r ing  b u r n i n g  
occurs .  B u r n i n g  m a y  increase  o r  ini t iate  
n e m a t o d e  me tabo l i sm .  I f  so, l ower  t em-  
p e r a t u r e s  w o u l d  n e g a t e  n e m a t o d e  devel-  
o p m e n t  if  b u r n i n g  o c c u r r e d  d u r i n g  the  fall, 
whe r ea s  cond i t ions  fo l lowing  sp r ing  b u r n -  
ing  f a v o r  n e m a t o d e  invas ion  a n d  subse- 
q u e n t  disease express ion .  O n l y  f u r t h e r  
s tudy  can  clar i fy this associat ion.  
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