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Susceptibility of plant selections to Heterodera schachtii 
and a race of H. trifolii parasitic on Sugarbeet 

in The Netherlands I 
A. E. STEELE," H. TOXOPEUS, :~ and W. HEIJBROEK 4 

Abstract:  Similar host  ranges were found for Heterodera schachtii  and a race of H. tri[olii 
parasitic on sugarbeet in The  Netherlands.  Twenty-nine of 41 plant  accessions evaluated were 
susceptible to H. tri[olii. Five breeding lines of the interspecific hybrid Beta vulgaris-B. 
procumbens  which are resistant to H. schachtii  were highly susceptible to H. tri[olii. An acces- 
sion of B. mar i t ima with partial  resistance to H. schachtii  was resistant to H. tri]olii. Key words: 
clover cyst nematode, sugarbeet nematode, Chenopodiaceae, Cruciferae, susceptibility. 
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Unti l  recently, the sugarbeet nematode, 
Heterodera schachtii Schm., 1871, was the 
only species of the genus known to attack 
sugarbeet, Beta vulgaris L. In 1975 a race of 
the clover cyst nematode, H. trifolii Goffart, 
was found to be widely distributed in south- 
eastern Netherlands. Subsequent investiga- 
tions revealed that this race caused severe 
sugarbeet crop losses and that legumes and 
a number of Dutch plant cultivars within 
the families Chenopodiacea and Cruciferae 
were hosts (6). T h e  majority of agricul- 
turally important plant species susceptible 
to H. schachtii are members of these fam- 
ilies. 
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In 1981 sugarbeets were grown on more 
than 526,000 ha in 13 states of the USA. 
Although almost all of the beet growing 
areas are infested with H. schachtii, the 
race of H. tri[olii that attacks sugarbeet has 
not been reported in the USA. Because of 
the severe damage to sugarbeet caused by 
this race of H. trifo~ii, investigations were 
under taken in T h e  Netherlands to obta in  
informat ion on the susceptibilities of U.S. 
sugarbeet cultivars, cruciferous crops fre- 
quently grown in rotation with sugarbeet, 
interspecific hybrids of Beta vulgaris and 
B. procumbens resistant to H. schachtii, to- 
mato, pea, and bean. 

MATERIALS A N D  M E T H O D S  

Ewduation of host susceptibility: Forty 
plant cultivars or breeding lines (Table 1), 
selected mostly from the Cruciferae and 
Chenopodiaceae, were evaluated for suscep- 
tibility to the race of H. trifolii parasitic on 
sugarbeet. 

Except for the Beta species and cultivars 
of bean and pea, seed were individually 
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Table 1. Response of selected crop, ornamental ,  and weed plants to Heterodera tri]olii and H. 
schachtii. 

Host 
H. tri[olii susceptibility~ 

Common Cultivar or Number  infection for 
Plant species name breeding line tested index* H. schachtii 

Beta corolliflora Zoss Wild beet WB 8 18 4.0 S 
B. lomatogona Fisch Wild beet WB 222 16 4.0 S 

g: Meyers 
B. macrocarpa Guss. Wild beet WB 25 11 4.0 S 
B. maritima L. Wild beet WB 151 20 4.0 S 
B. patellaris Moq. Wild beet WB 74 9 0 R 
B. patula Ait. Wild beet WB 95 13 4.0 S 
B. procumbens Wild beet WB 100 6 0 R 

Chrys. Sin. 
B. webbiana Moq. Wihl beet WB 130 2 0 R 
B. vulgaris L. Table beet Detroit Dark Red 20 4.0 S 
B. vulgaris L. Swiss chard Fordhook Giant 7 4.0 S 
B. vulgaris L. Sugarbeet Monohil 25 4.0 S 
B. vulgaris-procumbens lnterspecific hybrid SV 2 27 4.0 R 
B. vulgaris-procumbens lnterspecific hybrid SV 3 18 4.0 R 
B. vulgaris-procumbens lnterspecific hybrid N 146 6 4.0 R 
B. vulgaris-procumbens lnterspecific hybrid N 486 9 4.0 R 
B. vulgaris-procumbens lnterspecific hybrid YU 1 15 4.0 R 
Brassica oleracea var. Brussels sprouts .lade Cross E. strain 20 4.0 S 

gemmifera L. 
B. oleracea var. Cabbage Copenhagen 20 4.0 S 

capitata L. Market 
B. oleracea var. Cauliflower Early Snowball 20 4.0 S 

botrytis L. 
B. oleracea var. Kohlrabi Early Wbite Vienna 20 4.0 S 

gongylodes L. 
B. rapa L. Turn ip  purple top Strap Leaved 17 4.0 S 
B. rapa L. Turn ip  purple top White  Globe 17 4.0 S 
Dianthus heddewigii 1.. Pinks Fringed Gaiety 20 4.0 S 
lberis umbellata L. (;lobe Candytuft Fairy Mixed Cohu's 20 0 S 
Lycopersicon Tomato Ace 20 1.0 S 

esculentum Mill. 
L. esculentum Mill. Tomato  Improved Pearson 20 0.8 S 
L. peruvianum (L.) Wild tomato PI 128657 (Peru) 20 0 S 

Mill. 
L. peruvianum (L.) Wild tomato PI 270435 (Mexico) 20 0 S 

Mill. 
L. pimpinelli]olium Current  tomato P! 79532 (Peru) ! l 0.6 R 

(L.) Mill. 
L. pimpinell i lol ium Current  tomato PI 270453 (Mexico) 17 0.2 R 

(L.) Mill. 
Phaseolus lunatus L. Lima bean King of the Garden 4 0 R 
P. vulgaris L. Garden bean Spartan Arrow 18 0 R 

Stringless 
P. vulgaris L. Garden bean Snngold (bush 28 0 R 

type) 
Pisum sativum L. Garden pea Early Perfection 8 4.0 R 
Rheum Rhubarb  Pie Plant  Victoria 20 4.0 S 

rhabarbarum L. 
Raphanus sativus L. Radish Early Scarlet Globe 20 4,0 S 
Spinacia oleracea L. Spinach Bloomsdale or 17 3.2 S 

Savory Leaved 
Stellaria media Common chickweed 20 3.5 S 

(L.) Vill. 
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Table 1. (Continued) 

Host  
H. tri]olii susceptibility t 

Common Cnltivar or Number infection for 
Plant species name breeding line tested index* H. schachtii 

Tropaeolum majus L. (;arden nasturtium Jewel Mixed Colors 13 0 S 
Vigna unguiculata (L.) Black Eye p e a s  California Black 4 0 R 

Eye 

*Infection index: 0 = no female nematodes; 1 ~ lightly infected; 2 = moderately infected; 3 = se- 
verely infected; 4 = heavily infected. 

+Susceptibility to H. schachtii reported by Steele 
resistant; S = susceptible. 

sown directly into individual rectangular 
PVC tubes 1.5 × 2.0 × 12.0 cm long filled 
with fine silver sand (13). Seed of Beta 
species were germinated in sand. Ten  days 
after germination single seedlings were 
transplanted into individual plastic con- 
tainers which were inoculated with 300 
second-stage infective H. trifolii L2 juve- 
niles. T h e  inoculum was introduced adja- 
cent to the seedling 1.5 crn below the soil 
surface. The  inoculated plants were grown 
in an environmental  chamber maintained 
at 24 C with an 8 h photoperiod at about  
50,000 Lux. Bean and pea cultivars and 
sugarbeet cv. Monohil  were sown directly 
in a luminum foil cylinders 6.5 × 17.5 cm 
long filled with steam-sterilized sandy loam 
soil. Ten  days after the seedlings emerged, 
30 H. trifolii cysts containing eggs and juve- 
niles were added to the soil in each cylinder 
and the plants then placed on greenhouse 
benches. Twenty-eight days after inocula- 
tion, plants were harvested and the roots 
washed gently to remove sand and soil and 
examined for adult  female H. trifolii. 

Effect of temperature on host suscepti- 
bility: The  infectivities of H. schachtii and 
H. trifolii were compared on 19 plant acces- 
sions (Table 2) grown at 24 and 28 C. 
Twenty  seeds of each accession were sown 
directly into rectangular plastic tubes filled 
with fine silver sand. Ten  days after germi- 
nation, 500 newly hatched H. schachtii or 
H. trifolii second-stage infective juveniles 
were added to each tube as described pre- 
viously. Inoculated plants were in environ- 
mental chambers at constant temperatures 
maintained at 24 or 28 C and examined for 
nematode development 27 and 22 days after 
inoculation, respectively. Up  to 100 visible 

(11) or observed in unreported tests by Steele. R = 

adult females firndy attached to the root 
surfaces were counted per root system but  
not beyond. Subsequent to these tests, SVo 
1, SV-2, SV-3, N-146, YU-1, and N-486 
(cultivars resistant to H. schachtii) were 
again tested to verify resistance of these 
lines to U.S. populations of H. schachtii. 
Ten-day old seedlings were transplanted to 
individual a luminum foil cylinders and 
inoculated with the eggs and juveniles of 
30 cysts. After 33 days in a greenhouse, the 
roots of each plant were washed and ex- 
amined for adult females of H. schachtii. 

RESULTS 

Evaluation of host suitability: The  num- 
bers ol selections are listed in Table  1 in the 
column bead "Numbers  tested." Of the 40 
selections tested, 29 were susceptible to H. 
trifolii; no adult females were observed on 
any of the plants of 11 accessions. Six Beta 
spp, two Brassica spp, Rheum rhubarbarum 
(rhubarb), Raphanus sativus (radish), 
Spinacia oleracea (spinach), Stellaria media 
(common chickweed), and Dianthus hedde- 
wigii (pinks) were efficient hosts for H.  
schachtii and H. trifolii races parasitic on 
sugarbeet. Tbe  wild beet species Beta 
patellaris, B. procumbens, and B. webbiana 
were immune to the H. trifolii race. How- 
ever, all plants of tile five accessions of B. 
vulgaris-procumbens, which are resistant to 
H. schachtii, were highly susceptible to the 
sugarbeet race of H. trifolii. 

None of three bean cultivars, Phaseolus 
spp, was a host for the sugarbeet race of H. 
trifolii, but garden pea, Pisum sativnm cv. 
Early Perfection, was highly susceptible to 
the nematode. 



Table  2. Effects of t empera tu re  on Heterodera schachtii and H. tri]olii deve lopment  to the  adu l t  female  stage in p lan ts  inocula ted  wi th  500 l a rvae /p l an t  

H schachtii 

24 C* 28 C t 

Cul t ivar  No. No. No. No. 
or  p lants  p lan ts  No. 9 / p l a n t ~  plants  p lan ts  No 9 ]plant+* 

Species Accession tested infected range  R tested infected range 

Beta vulgaris L. Monohi l  20 20 > 100 > 100 20 20 > 100 
B. vulgaris L. USH 10 20 20 > 50 > 50 20 20 > 1 0 0  
B. vulgaris-procumbens SV-! 9 4 1-3 0.8 10 1 1 
B. maritima L. SVP-BMH 20 20 > 100 > 100 20 20 > 100 
B. maritima L. SVP-BMF 20 20 4-81 25.1 20 19 1-98 
B. patellaris Moq. SVP-WB49 20 0 0 0 20 0 0 
B. procure bens Chrys. Sm. SVP-WB21 20 0 O 0 11 ! 1 
Brassica napus L. Yet Neuf  ! 1 11 33-105 77.8 15 16 9-144 
Lyeopersicon esculentum Mill, Pearson AI 11 11 5-15 10.3 11 11 3-25 
L. esculentum Mill. T o m o u t  10 0 0 0 12 12 4-25 
L. peruvianum (L.) Mill. PI 128657 . . . . . . . . .  9 6 1-3 
L. pimpinelliIolium (L.) Mill. PI 79532 "10 0 0 0 10 4 1 
Raphanus sativus L. Si lent ina . . . . . . . . .  9 8 3-86 
R. sativus L. SVP-Rs636 "'9 8 . . .  . . .  10 10 16-51 
R. sativus L. SVP-Rs604.0$ . . . . . .  1-19 8.8 10 9 1-29 
Sinapsis alba L. H o h e n h e i m e r  • • • 9 9 1-55 
S. alba L. SVP-Sa601.05 11 " '9 1-18 310 8 1 1 
Spinacia oleracea L. R o u n d  Seed . . . . . .  4 4 10-16 
S. oleraeea L. Sharp Seed 20 20 > l ( ~  > 1 0 0  10 10 27-69 

> 1 0 0  
> 1 0 0  
> .1 
> 1 0 o  

16.5 
0 
.1 

58.1 
10.6 
12.8 
0.9 
0.4 

28.2 
34.8 

6.4 
22.3 

0.1 
12.8 
47.9 

e~ 

*Plants  e x a m i n e d  27 days after  inoculat ion.  
t P l an t s  ex a mined  22 days after  inoculat ion.  
++Numbers above 100 were no t  counted .  



Tab le  2. (Cont inued)  

Species 

Cul t ivar  
or  

Accession 

N o .  

plan ts  
tested 

H. tri]olii 

24 C* 

N o .  

plan ts  
infected 

No. 9 / p l a n t s  
range 

N o .  

plants  
tested 

28 c t  

N o .  

plants  
infected 

No 
range 

/ p l a n C  

Beta vulgaris L. 
B. vulgaris L. 
B. vulgaris-procumbem 
B. maritima L. 
B. maritirna L. 
B. patellaris Moq. 
B. procumbens Chrys.  SEn. 
Brassica napus L. 
Lycopersicon esculentum Mill. 
L. esculentum Mill. 
L. peruvianum (L.) Mill. 
L. pimpinelli[olium (L.) Mill. 
Raphanus sativus L. 
R, sativus L. 
R. sativus L. 
Sinapsis alba L. 
S. alba L. 
Spinacia oleracea L. 
S. oleracea L. 

Monohi l  20 20 > 100 > 100 20 20 > 100 > ! 00 
USH 10 20 20 > 50 > 50 20 20 > 1 0 0  > 1 0 0  
SV-I 9 9 3 - > 5 0  >24 .8  10 0 0 0 
SVP-BMH 20 20 > 100 > 100 20 20 > 100 > 100 
SVP-BMF 20 7 1-5 0.8 19 13 1-5 1.3 
SVP -W B49 20 0 0 0 20 0 0 0 
SVP-WB21 20 0 0 0 20 0 0 0 
Yet Neuf  10 10 > 5 0  > 5 0  l0 10 18-78 47.8 
Pearson A1 9 9 4-14 8.7 11 11 1-9 5.6 
T o m o u t  10 1 1 0.1 12 12 7-20 11.4 
PI 128657 . . . . . . . . . .  11 4 ! 0.4 
PI 79532 10 0 "0 0 10 6 1-3 1.3 
Si lent ina . . . .  . . . . . .  8 8 !-72 34.8 
SVP-Rs636 7 "7 . . . . . .  8 8 7-56 19.8 
SVP-Rs604.03 . . . . . .  18-41 25.1 10 5 1--4 1.2 
H o h e n h e i m e r  . . . . . . . . . .  11 10 17-67 43.0 
SVP-Sa601.05 10 0 "0 0 11 3 1-5 0.8 
R o u n d  Seed . . . . . . . . .  8 8 1-10 3.9 
Sharp Seed 13 "13 4-26 16.5 10 10 2-34 8.8 

e~ 

tin. 

*Plants  examined  27 days after  inoculat ion.  
tP l an t s  examined  22 days after  inoculat ion.  
~Numbers  above 100 were not  counted.  

era. 
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Effect of temperature on host suscepti- 
bility: Sugarbeet cultivars Monohil  and 
USH-10 and Beta maritima cv. SVP-BMH 
were highly susceptible both to Dutch pop- 
ulations of H. schachtii and to H. trifolii, 
but  B. procumbens and B. patellaris were 
immune  to both nematode species grown 
at 24 or 28 C (Table  2). All plants of B. 
maritima cv. SVP-BMH were parasitized by 
more than 100 adult  female nematodes.  In 
contrast, roots of the resistant accession of 
B. maritima cv. SVP-BMF averaged signifi- 
cantly fewer females of H. schachtii than 
(lid cv. SVP-BMH. T h e  mean number  of 
H. tri[olii found on cv. SVP-BMF was sig- 
nificantly lower than the number  of H.  
schachtii per plant.  Beta vulgaris-B, pro~ 
cumbens SV-I resistant to H. schachtii from 
Salinas, California, was also highly resistant 
to the Dutch popula t ion of H. schachtii 
(Table  2). However, at 24 C plants of this 
accession showed varying degrees of suscep- 
tibility to the H. trifolii race. No females 
of this species developed on plants grown 
at 28 C (Table  2). 

Oil seed rape, Brassica napus, was suscep- 
tible to both nematode species. Oil radish, 
Raphanus  sati~us cvs. Siletina and SVP- 
Rs636, showed a variable but  modera te  de- 
gree of susceptibility to H. schachtii and 
the race of H. trifolii. T h e  oil radish selec- 
tion SVP-Rs604.03 and white mustard,  
Sinapsis alba cv. SVP-Sa601.05, were re- 
sistant but  the response was variable to 
both nematodes, whereas white mustard  cv. 
Hohenhe imer  showed a response to H.  
trifolii that  varied from resistant (less than 
10 females per plant) to susceptible (more 
than l0 females per plant). 

Spinacea oleracea 'Sharp Seed' was a 
good host for H. schachtii at 24 C but  a less 
suitable host at 28 C and for H. tri[olii 
at both temperatures.  T h e  Lycopersicon spp 
were not uni form in their reactions to H. 
schachtii and H. trifolii; al though slightly 
greater numbers  of H. schachtii than H .  
trifolii developed on 'Pearson AI,' the 
nearly total resistance of ' T o m o u t '  and L. 
pimpineIIifolium to both  nematode species 
at 24 C was broken by growing these plants 
at 28 C (Table  2), 

Reevaluat ion of B. vulgaris-B, pro- 
cumbens hybrids for resistance to H .  
schachtii revealed that  no adul t  females 

2, Apri l  1983 

were present on the roots of SV-1, SV-2, SV- 
3, YU-1 or N-486, while all plants of sugar- 
beet cv. US H I 0  were heavily infected. Of 
16 plants of accession N-146 evaluated, 9 
had no adult  female H. schachtii and in- 
fections of 7 plants ranged from 1 to > 100. 

DISCUSSION 

Ahhough  the wild beet species Beta 
patellaris, B. pq'ocumbens, and B. webbiana 
were immune  to the H. trifo.lii race, the 
five B. vulgaris-procumbens hybrids resist- 
ant  to H. schachtii were highly susceptible 
to H. tri[olii. T h e  accessions SV-1 (Table  
2) and SV-2 (Table  1) are progenies of a 
parent  homozygous for the dominant  gene 
or genes conferr ing resistance to H.  
schachtii crossed with a nematode resistant 
plant  which is ei ther homozygous or hetero- 
zygous for this character. T h e  accession SV-3 
(Table  1) is the progeny of a cross between 

resistant homozygous and resistant hetero- 
zygous plants, whereas YU-1 is the $3 prog- 
eny of a single homozygous resistant plant.  
T h e  accessions N-146 and N-486 were 
heterozygous for the gene or genes confer- 
r ing resistance to H. schachtii. T h e  sugar- 
beet cuhivar  Monohi l  (B. vulgaris L.) is ex- 
tensively grown in Europe. T h e  findings of 
the present test indicate that  the gene or 
genes in ei ther the homozygous or hetero- 
zygous combinat ion  conferring resistance 
to H. sckachtii do not provide resistance to 
H. trifotii. Since B. procumbens is immune  
to H. trifolii, the genes conferring resistance 
to this nematode either were not transferred 
in the interspecific hybridizat ion of this 
species and B. rmlgaris or, if transferred, 
are not now contr ibut ing resistance in these 
accessions. Th is  indicates that cultivars de- 
veloped from these lines would be of little 
use in areas of T h e  Nether lands  heavily in- 
fested with this H. trifolii race unless other  
control measures are implemented.  T h e  re- 
sults also suggest that  sugarbeet and certain 
cruciferous crops produced in the U.S. may  
be highly vulnerable to this H. trifolii race 
if the nematode were to gain entry in to  this 
country. However, a selection of B. mari- 
tima which had  part ial  resistance to H.  
schachtii is highly resistant to H. trifo.lii 
(4). Since B. maritima crosses readily with 
B. vufgaris, its resistance to H. trifolii may 
be transferred to sugarbeet. 



Rask i  a n d  H a r t  (9) f a i l ed  to infec t  
sugarbee t ,  Beta vulgaris, with  a race  of  H .  
tri[olii in Ca l i fo rn ia .  H o l t z m a n n  a n d  
Ar ag ak i  (5) f o u n d  a s ingle  f ema le  on  one  
of  three  p l a n t s  of  r ed  t ab l e  beet ,  B. vulgaris, 
i n o cu l a t ed  w i th  H. trifolii, b u t  h i g h  popu-  
l a t ions  of H. schachtii were o b t a i n e d  on  
swiss chard ,  B. vulgaris cv. Cicla ,  a n d  Savoy 
sp inach ,  Spinacea oleracea. 

Lycopersicon esculentum ( tomato)  is a 
m a r g i n a l  host  for b o t h  n e m a t o d e  species. 
However ,  L. peruvianum (wi ld  t oma to )  is 
a m a r g i n a l  host  for  H. schachtii (12) b u t  
is i m m u n e  to H. trifoIii, whi le  L. pim- 
pinelli[olium is i m m u n e  to H. schachtii 
(12) b u t  is a host  for  H. trifo¢ii. Tropaeolum 
majus (ga rden  n a s t u r t i u m )  is suscep t ib le  
to H. schachtii b u t  is i m m u n e  to H. tri[olii. 
Mulvey  (7) r e p o r t e d  t h a t  the  oak- leaved  
goosefoot ,  Chenopodium glaucum, is a com- 
m o n  host  of H. schachtii a n d  H. tri[oIii i n  
C a n a d a .  T h e s e  obse rva t ions  are  a d d i t i o n a l  
ev idence  tha t  the  same gene o r  genes d o  
not  necessar i ly  confe r  res is tance  to  b o t h  
n e m a t o d e  species. 

A p p a r e n t l y  there  are  a n u m b e r  of races 
of H. tri[olii. Mulvey  (7) r e p o r t e d  tha t  cer- 
t a in  cu l t iva rs  of  pea  a n d  bean  were  l i gh t ly  
pa ras i t i zed  by this species, whi le  o thers  were  
severely paras i t ized .  F r a n k l i n  (2) f o u n d  tha t  
P. sativum was a n o n h o s t  b u t  P. vulgaris 
was pa ra s i t i zed  to a l i m i t e d  ex ten t .  Rask i  
a n d  H a r t  (9) obse rved  tha t  a l t h o u g h  on ly  
two females  d e v e l o p e d  in g a r d e n  pea,  bush  
bean  (P. vulgaris cv. G o l d e n  W a x )  was 
heavi ly  a t t acked  by H. tri[olii. W i n s l o w  
(14) r e p o r t e d  t ha t  pea  is n o t  a hos t  of  H.  
tri[olii, b u t  Has t i ngs  a n d  Bosher  (3) re- 
p o r t e d  a species of Heterodera a t t acked  pea  
in Br i t i sh  C o l u m b i a ,  a n d  Singh a n d  N o r t o n  
(10) f o u n d  tha t  six isolates  of  H. tri[olii 
only  l igh t ly  a t t acked  two  cu l t iva rs  of  pea  
and  four  cu l t iva r s  of  bean .  Maas  a n d  
H e i j b r o e k  (6) obse rved  t h a t  th is  race  of  
H. tri[oIii pa ras i t i zed  13 of  14 b e a n  cul t i -  
vars, b u t  of 15 pea cu l t ivars  e x a m i n e d ,  on ly  
Ear ly  Pe r fec t ion  was a host.  I n  the  s tudy  
r e p o r t e d  here in ,  n o n e  of  th ree  b e a n  cul t i -  
vars were  suscep t ib le  to  H. tri[olii anti  
Ear ly  Pe r fec t ion  g a r d e n  pea  was h igh ly  
suscep t ib le  to the  n e m a t o d e .  

Maas a n d  H e i j b r o e k  (6) also f o u n d  on ly  
l ight  infec t ions  of  the  race  of  H. tri[olii 
which  a t tacks  bee t s  in  T h e  N e t h e r l a n d s  

H. schaehtii a n d  H. trifolii: Steele et al. 287 

on  the  wh i t e  c lovers  ' B a r b i a n , '  'B lanca , '  a n d  
' T a m a r . '  On ly  two  females  were f o u n d  on  
the red  clover,  T. pratense cv. R o b i n a ,  a n d  
none  on  ' R o t r a . '  T h i s  is no t  su rpr i s ing ,  
since several  inves t iga tors  have  r e p o r t e d  a 
wide  v a r i a b i l i t y  in  the  suscep t ib i l i t y  of  T.  
repens attd T. pratense to races  of H. trifolii 
(1,2,5,7,8,9,10). T h e s e  r epo r t s  show tha t  
p l a n t  suscep t ib i l i t y  to H. trifolii is influ- 
enced by va r i e t a l  differences w i t h i n  com- 
m o n  host  p l a n t  species  as wel l  as di f ferences  
be tween  g e o g r a p h i c  isola tes  of  the  nema-  
tode.  A l t h o u g h  the  race  of H. trifolii eval- 
u a t e d  in this s tudy closely a p p r o x i m a t e s  the  
hos t  r ange  of  H. schachtii, its hosts  also 
i nc lude  ce r t a in  legumes  wh ich  the l a t t e r  
species does n o t  a t tack.  A d d i t i o n a l  r e sea rch  
may  reveal  v a r i e t a l  differences in  suscepti-  
b i l i ty ,  or  new races of H. trifolii paras i t i c  
on  suga rbee t  t ha t  show d i s t inc t ive  var ia-  
t ions in  hos t  suscep t ib i l i t y  m a y  be dis- 
covered.  
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Development of the False Root-knot 
Nematode, Nacobbus aberrans, on Sugarbeet 1 

R.  N.  INSERRA,-" N .  VOVI.AS," G.  D.  GRIFFIN," a n d  J. L. ANDERSON 4 

Abstract: The  durat ion of the embryogenic development of Nacobbus aberrans (=  N. 
batati[ormis) took 9-10 days at 25 C and 51 days at 15 C. The  J~ molted in the egg; hence 
the Je emerged from the egg. The  effect of distilled water attd root leachates of kochia and 
sugarbeet was investigated at 5, 10, 15, 20, and 25 C. Root leachates did not  significantly affect 
the percent of cumulative hatch of eggs, but  temperature did significantly affect emergence of 
juveniles (p = 0.05). Less than 1, 5, and 20% of eggs hatched at 5, 10, and 15 C, respectively. 
The  percent of cumulative hatch at 20 C was four times greater than at 15 C, while the highest 
percentage of juveniles emerged at 25 C. The  durat ion of postembryogenic development froth 
J2 inoculation unti l  the appearance of mature females with egg mas~s took 38 days, and the 
life cycle from egg to egg was completed in 48 (lays at 25 C. All immature stages, young fe- 
males and males were migratory endoparasites. Young females were able to leave the root 
swellings, where they developed from juvenile stages, and re-enter the root, where they formed 
a true gall and became sedentary. Thir ty  days after inocnlation with J., nematodes, specimens 
were detected in root tissues at  10, 15, 20, 25, and 30 C, hu t  not  at 5 C. Five days after inocula- 
tion at 23 C ( ±  2 C), juveniles had penetrated the roots and caused slight swellings of the 
tip and axis of sugarbeet feeder roots. Large cavities extended from the cortical parenchyma 
to the periphery of the stelar area, and 50 % of the central cylinder was destroyed 25 days 
after inoculation at 23 C. No syncytia formation were detected in the sugarbeet root swellings 
infected with juveniles. Syncytia were associated only with adnl t  females; hypcrplasia, abnormal 
proliferation of lateral roots, and asymmetry of root strnetnre were additional anatomical 
changes induced by adult  females. Only very smooth aunules but  no cuticular ornamentatkms 
were noted by ,SEM on the perineal area of adult  females. Key words: life cycle, embryogenesis, 
postembryogenesis, egg hatch, root leachates, histopathology, morphology. 
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T h e  fa lse  r o o t - k n o t  n e m a t o d e  Nacobbus 
aberrans T h o r n e  a n d  A l i e n ,  a n e a r t i c  spe-  
cies d i s t r i b u t e d  i n  N o r t h  a n d  S o u t h  A m e r -  
ica,  is  r e p o r t e d  to  d a m a g e  s u g a r b e e t  (Beta 
vulgaris L.) a n d  s o l a n a c e o u s  c r o p s  s u c h  as 
p o t a t o  (Solanum tuberosum L.) a n d  t o m a t o  
(Lycopersicon esculentum Mil l . )  (3 ,8,12,13) .  
I n f o r m a t i o n  o n  t h e  b i o l o g y  o f  N. aberrans 
a n d  a n a t o m i c a l  a l t e r a t i o n s  c a u s e d  b y  i ts  
p e n e t r a t i o n  of  s u g a r b e e t  a n d  t o m a t o  r o o t s  
h a s  b e e n  r e p o r t e d  (5,6,7,8,9,10).  S c h t t s t e r  e t  
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al .  (10) r e p o r t e d  t h a t  j u v e n i l e s  of  N .  
aberrans ( =  N. batatiformis T h o r n e  a n d  
S c h u s t e r )  ( I 1 )  d i d  n o t  m o l t  i n  t h e  egg.  
C l a r k  (1), h o w e v e r ,  s t a t e d  t h a t  N. aberrans 
(=  N. serendipiticus F r a n k l i n )  (11) e m e r g e d  
as J2 ( s e c o n d - s t a g e  j u v e n i l e ) .  O t h e r  a spec t s  
o f  t h e  l i fe  cycle  a n d  h o s t  r e l a t i o n s  o f  t h e  
n e m a t o d e  spec ies  a re  u n c l e a r .  T h e  p u r p o s e  
of  t h i s  p a p e r  was  to  s t u d y  (i) t i le  e m b r y -  
o g e n i c  d e v e l o p m e n t  of  N. abe rrans ( =  ba- 
tatiformis) a t  d i f f e r e n t  t e m p e r a t u r e s ,  (i i)  
t h e  ef fec t  of  r o o t  l e a c h a t e s  a n d  t e m p e r a t u r e  
o n  egg  h a t c h ,  ( i i i )  p a r a s i t i s m  o n  s u g a r b e e t ,  
a n d  ( iv)  d e t a i l e d  m o r p h o l o g y  o f  t h e  m a t u r e  
f e ma le .  

M A T E R I A L S  A N D  M E T H O D S  

A N e b r a s k a  N. aberrans ( = N .  batati- 
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