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Soil infestations of the nortl tern root- 
knot  nematode Meloidogyne hapla Chit- 
wood are common on alfalfa (Medicago 
sativa L.) in temperate areas of Europe and 
North America (1,3). Field observations 
indicate that newly planted alfalfa seed- 
lings may be damaged by M. hapla and that 
the Washoe cultivar has a damage thresh- 
old level in the greenhouse of less than one 
nematode per cm ~ of soil (6). 

T o  obtain further  information on the 
relationship between alfalfa growth anti 
initial densities of two native populations 
of M. hapla, greenhouse experiments were 
conducted in Bari, Italy, and Prosser, Wash- 
ington, on M. hapla susceptible 'Washoe' 
and resistant 'Nevada Syn XX' alfalfa. 

Bari, Italy: Cylindrical plastic pots (5 
x 30 cm) each containing 500 cm ~ of steam- 
pasteurized sandy loam soil (66°,0 sand, 
21% silt, 11% clay, 2% organic matter) 
were infested with M. hapla eggs (P~) in 
geometric series from 0 to 1,024 eggs/cm~ 
soil (Fig. I A). T h e  eggs, obtained from a 
M. hapla-infested sugarbeet (Beta vulgaris 
L.) field and cultured on tomato (Lycoper- 
sicon esculentum Mill. cv. Roma) in a 
greenhouse, were recovered by the NaOCI 
method (5). Inoculum for each level was 
thoroughly mixed into the soil and placed 
in pots. Pots were individually planted with 
three pregerminated seeds of either M. 
hapla-susceptible Washoe or resistant Ne- 
vada Syn XX alfalfa, randomized in eight 
replicates and maintained at 23-26 C on 
a greenhouse bench. Plants were thinned 
after emergence to one seedling per pot. 
After 60 days, the above-ground parts were 
harvested, oven-dried, and weighed. T h e  
roots were left in the pots for another  20 
days and then removed. T h e  soil was mixed 
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Fig. 1. R e l a t i o n s h i p  h e t w e e n  t he  i n i t i a l  t l ens i ty  
(Pl  of  an  I t a l i a n  (A) a n d  a n  A m e r i c a n  p o p u l a t i o n  
(B) of Meloidogyne hapla a n d  t he  r e l a t i v e  d r y  
w e i g h t  of  tops  of  s u s c e p t i b l e  (Washoe )  a n d  r e s i s t a n t  
( N e v a d a  Syn XX)  a l f a l f a  cu l t i va r s ,  60 days  a f l e r  
p l a n t i n g  in  i n f e s t e d  soil .  

and 50-cm 3 soil aliquants were placed in 
Baermann funnels for extraction of second- 
stage juveniles (J2). 

Prosser, Washington: Plastic pots (7 × 
7 × 10 cm) each containing 450 cm 3 of 
bromoethane-treated loamy sand (82.3% 
sand, 14.5% silt, 2.9 clay, 0.3 % organic 
matter) were infested as previously de- 
scribed. T h e  inoculum was obtained from 
a nematode-infested alfalfa field and cul- 
tttred on 'Rutgers'  tomato in a greenhouse. 
Each pot was planted with a single pre- 
germinated seedling; the plants were 
grown in a greenhouse as previously de- 
scribed. Plants were harvested after 60 days; 
tops were oven-dried and weights recorded. 
Roots were immediately examined for 
nematode infection and reproduction;  re- 
production was determined by count ing 
eggs recovered by the NaOC1 method (5) 
from infected roots of each plant. 
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Plan t  response to the in i t i a l  p o p u l a t i o n s  
(Pi) was fitted to the mode l  y ~ m + 
(1-m)z I'-T f o r P  > T a n d y  = 1 for P < T  
(where y = relat ive yield, m = re la t ive  
m i n i m u m  yield, z < 1, P = in i t i a l  nema-  
tode density,  z -T = 1.05, and  T = toler- 
ance l imit)  (7). T o l e r a n c e  l imi ts  to the 
I t a l i an  p o p u l a t i o n  were 1.6 and  7 eggs/cm :~ 
soil for the susceptible and  resis tant  culti-  
vars, respectively (Fig. IA); to lerance l im- 
its to the W a s h i n g t o n  State p o p u l a t i o n  
were 0.125 and  1 egg /cm .~ soil for the sus- 
cept ible  and  resis tant  cultivars,  respectively 
(Fig. 1B). To l e r ance  l imi ts  and  m i n i m u m  
yields were consis tent ly different  be tween 
varieties for bo th  n e m a t o d e  popu la t ions .  
Grea ter  tolerance l imi ts  of bo th  cul t ivars  
to the I t a l i an  M. hapla p o p u l a t i o n  than  to 
tire Amer i can  popu la t ion ,  suggested tha t  
the A m e r i c a n  p o p u l a t i o n  was more  viru- 
lent .  However ,  the diverse geographical  
a nd  soil cond i t ions  of the two exper imen t s  
may have played an  i m p o r t a n t  role in  the 
different  degrees of v i ru lence  of the two 
n e m a t o d e  popu la t ions .  M a x i m u m  growth 
suppress ion was 90% for Washoe  and  6 0 ~  
for Nevada  Syn X X  with the I t a l i a n  pop- 
t t la t ion a n d  84% and  82%, respectively, 
with the W a s h i n g t o n  State popu la t i on .  

I t  was difficult to compare  n e m a t o d e  
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r e p r o d u c t i o n  a m o n g  the var ious  cu l t ivar  × 
p o p u l a t i o n  combina t ions ,  since the re la t ive  
ex t rac t ion  efficiencies for the final popula-  
t ion  measu remen t s  were u n k n o w n .  If  the 
ex t rac t ion  efficiency of the I t a l i a n  popula-  
t ion  was 25%, r e p r o d u c t i o n  occurred on  
~Vashoe at low population densit ies  (Fig. 
2, T a b l e  1). T h e  p l a n t  damage  at the high- 
est in i t i a l  densi t ies  resul ted  in  final den- 

10.0- 
o Washoe / . .  

8.0" • Nevada / / / ~ / /  

+ s.o ~/~ /¢"  

o7 4.o o 

2.0- /, 

0.0 2.0 4.0 6.0 8 0 10.0 

I°gz (Pi + 1) 

Fig. 2. Relationship between initial (Pl) and 
final (Pr) density of an Italian population of Meloi- 
dogyne hapla on the susceptible (Washoe) and re- 
sistant (Nevada Syn XX) alfalfa cuhivars. 

Table 1. Number of Meloidogyne hapla second-stage juveniles (J2) of an Italian population and eggs 
produced by an American population on susceptible (Washoe) and resistant (Nevada Syn XX) alfalfa 
cuhivars 80 and 60 days after planting in infested soil. 

Final population 
Initial nematode Italianl" American+ + 

density (Jjcm3 soil) (eggs/g fresh root) 
(eggs/cms of soil) Washoe Nevada Syn XX Washoe Nevada Syn XX 

0.063 O. 10 0.00 -- -- 
0.125 0.12 0.00 0.17 0.00 
0.25 0.04 0.04 -- -- 
0.5 0.90 0.02** 0.22 0.00 
l.O 0.28 0.00"* 1.14 0,00 
2.0 ! .04 0.08** 2.96 0.01 
4.0 1.34 0.00"* 4.10 0.00 
8.0 4,24 0.68* 5.33 0.01 

16.0 5,48 1.50" 2.78 0.(10 
32.0 13.88 2.20* 2.64 0.02 
64.0 15.00 5.94"* 0.22 0.00 

128.0 33.12 16.72* 0.22 0.00 
256.0 33.80 28.48 0.11 0.04 
512.0 78.86 67.74 0.14 0.00 

1024.0 109.74 111.44 -- -- 

* and ** indicate a lower (P = 0.05 and 0.01, respectively) nematode density in the Italian popula- 
tion comparing Nevada Syn XX to Washoe according to the Student t test. 

-~80 days after planting in infested soil. 
~60 (lays after planting in infested soil. 
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sities that were lower than initial densities 
(Fig. 2, Tab le  1). Assuming a similar ex- 
traction efficiency for the Washington State 
population, the general nature of the rela- 
tionship between initial and final nematode 
densities on Washoe was similar to the 
Italian population. Tile final densities of 
J2 of the Italian populat ion were lower 
than the initial densities at all inoculum 
levels in the resistant Nevada Syn XX (Fig. 
2, Table  1). Only a few eggs in the Ameri- 
can final populat ion were detected on the 
resistant Nevada Syn XX (Table  1). 

T h e  results of these experiments confirnl 
a low tolerance limit for Washoe seedlings 
to the Washington State M. hapla popu- 
lation. T h e  tolerance limit to tile Italian 
populat ion was slightly higher than pre- 
viously reported (6), perhaps because of 
more uniform distribution of inoculum 
about  root systems. T h e  data confirm the 
resistance of Nevada Syn XX to other M. 
hapla populations in addition to that re- 
ported by Griffin (4). However, early 
growth of the resistant Nevada Syn XX was 
inhibited by high numbers of the Italian 
and American M. hapla populations, even 
though nematodes reproduced poorly or 
not at all (Fig. 1 A-B, Table  1). The  high- 
est nematode densities used in these studies, 
althougll generally greater than those un- 
der field conditions, caused growth suppres- 
sion of both cultivars in the seedling stage. 
Consequently, stand establishment of the 
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resistant cultivar is a potential  problem 
at high populat ion densities of M. hapla. 
Suppressed plant growth is usually of lim- 
ited durat ion in the field, because nematode 
damage is greater in small seedlings than 
in older plants and the value of m in- 
creases with plant age (2). Yield Ioss is 
usually the result of stand loss in the seed- 
ling stage and increased weed competition. 
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Root Extracts of Pangola Digitgrass Affect Egg Hatch 
and Larval Survival of Meloidogyne incognita ~ 
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Winchester (2) reported that Pangola 
digitgrass (then called Pangolagrass), Digi- 
taria decumbens Stent., adversely affected 
the root-knot nematode Meloidogyne incog- 
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nita acrita Chitwood and Oteifa, 1952. Ear- 
lier he reported that extracts from roots 
of young Pangola digitgrass plants stimu- 
lated hatch of eggs and that extracts from 
roots of old plants killed the larvae (1). He  
did not  define "young" and "old." 

Tile research reported in this paper 
was designed to determine 1) the influence 
of root extract from various age Pangola 
digitgrass plants on egg hatch and larval 
survival of M. incognita and 2) whether  
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