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Interacting Effects of Soil Temperature and Type on 
Reproduction and Pathogenicity of Heterodera schachtii 

and Meloidogyne hapla on Sugarbeets 1 
G. S. SANTO and W. J. BOLANDEW 

In central Washington, Heterodera 
schachtii Schmidt (the sugarbeet cyst 
nematode) is associated with sugarbeets 
(Beta vulgaris L.) growing in fine-textured 
soils, and Meloidogyne hapla Chitwood (the 
nor thern root-knot nematode) is associated 
with sugarbeets growing in coarse-textured 
soils. T h e  opt imum soil temperature  for 
reproduct ion on sugarbeets is between 21 
and 30 C for H. schachtii (2, 7, 8, 9, 11, 12) 
and between 24 and 30 C for M. hapla (un- 
published). In 1975-77 temperatures 8-10 
inches deep in several sugarbeet fields 
seldom exceeded 20 C during the growing 
season (March-October). Despite those rela- 
tively low soil temperatures, H. schachtii 
and M. hapla are important  pathogens on 
sugarbeets in Washington. This  study was 
undertaken to determine any relation be- 
tween soil temperature and soil type on the 
reproduct ion and pathogenicity of H.  
schachtii and M. hapIa on sugarbeets. Pre- 
liminary results have been reported (10). 

H. schachtii was cultured on sugarbeets 
and M. hapla on tomato. Nematodes for 
inoculum were extracted by placing H.  
schachtii cysts and M. hapla-infected roots 
under mist for 24-48 hr. Inocnlations were 
made by pipett ing the desired number  o[ 
nematodes into 50 ml of water and pouring 
the water around the plant roots. Sugarbeet 
seeds (U 8~ I Hybr id  8) were planted in 
methyl-bromide-fumigated silt loam (28.2% 
sand, 45.4~. coarse silt, 5.0% fine silt, 21% 
clay) or sandy loam (72.4% sand, 20.8% 
coarse silt, 1.8% fine silt, 5.0% clay) soil in 
l-liter plastic containers. T h e  containers 
were placed in temperature-controlled water 
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tanks. Seeds were allowed to germinate and 
grow for 4 weeks at 24 C. T h e n  the seedlings 
were thinned to one per pot  and water-tank 
temperatures were readjusted to 16, 18, 21, 
aud 24 C. Five-week-old seedlings were in- 
oculated with 1,000 second-stage larvae of 
H. schachtii or M. hapIa. Controls were 
plants receiving no nematodes. Pots in each 
temperature tank were arranged in a com- 
plete randomized block design, and each 
treatment was replicated eight times. 
Ambient  temperature in the growth room 
was maintained at about  24 C. T h e  light 
source was V H O  cool white fluorescent 
bulbs at an intensity of 4.8 × 103 lumen/sq .  
meter situated 91 cm above the temperature 
tanks. Plants were watered as needed and 
fertilized with Hoagland's nut r ient  solution 
every 2 weeks. T h e  experiment  was termi- 
nated at 18 weeks. Fresh weight of shoots 
and roots was determined, and nematode 
counts were made from 850 cc soil and 
entire roots. Nematodes from soil were 
extracted by Jenkins'  centrifugal-flotation 
technique (5). H. schachtii females and 
cysts attached to the roots were removed by 
washing. M. hapla second-stage larvae in 
roots were extracted by placing roots on 
screens under  mist for 7 days. 

H. schachtii reproduced best in the silt 
loam, and M. hapla reproduced best in the 
sandy loam (Table  l). Reproduct ion  of H. 
schachtii was greater at 24 and 21 than at 
18 and 16 C. Significantly more M. hapla 
second-stage larvae were recovered at 24 C 
than at either 21, 18, or 16 C. Nematode 
populat ion increase with temperature was 
greater (P = 0.01) in silt loam for H.  
schachtii and in sandy loam for M. hapla. 
H. schachtii and M. hapla both  reduced 
sugarbeet plant  fresh weights at 24 C (Table  
2) but  not  at the other temperatures tested. 
H. schachtii reduced top and root weights 
in both  silt loam and sandy loam. M. hapla 
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TABLE 1. Number of cysts" of Heterodera schachtii and larvae of Meloidogyne hapla 13 weeks after in- 
oculation of sugarbeets growing in two soils at four temperatures. Inoculum: 1,000 second-stage larvae per 
pot. 

Nematode and Soil temperature (°C) 
soil type 16 18 21 24 

H. schachtii 
Silt loam 130 a 680 a 4,200 a 4,900 a 
Sandy loam 15 b 90 b 590 b 790 b 

M. hapla 
Silt loam 1 b 40 b 1,000 b 2,700 b 
Sandy loam 1,300 a 1,500 a 30,000 a 140,000 a 

"Mean of 8 replicates. Values in each pair of figures in a column not followed by the same letter differ sig- 
nificantly at the 5% level (Duncan's multiple-range test). 

r e d u c e d  the weights  of  shoots,  b u t  n o t  of 
roots  in  ti le sandy  l o a m  soil,  a n d  d i d  n o t  
affect p l a n t  g rowth  in  s i l t  loam.  Suga rbee t  
p l a n t  g rowth ,  unaf fec ted  by  soil t empera -  
ture,  was g rea te r  in  si l t  l o a m  than  in  sandy  
l o a m  (P = 0.01). 

T h e  resul ts  w i th  M. hapla s u p p o r t  the  
obse rva t ion  tha t  species of  Meloidogyne 
d a m a g e  sngarbee t s  more  in  coarse - t ex tu red  
soils (12). H. schachtii occurs in  a wide  
r ange  of  soil  types (3, 4, 12) b u t  i ts ac t iv i ty  
is f avored  by  coarse r a t h e r  t han  fine- 
t e x t u r e d  soils (1, 13, 14, 15). Even  so, h igh  
p o p u l a t i o n  dens i t ies  of  H. schachtii have  
been  recovered  f rom sugarbee ts  g rowing  in 
f ine - tex tured  soils (4). Caveness  suggests 
t ha t  the  occur rence  of  H. schachtii in  fine- 
t e x t u r e d  soils m a y  be  r e l a t ed  to soil  struc- 
tu re  (4). S tudies  by  W a l l a c e  i n d i c a t e  tha t  

TABLE 2. Fresh weights of sngarbeet plants 
grown 18 weeks at 24 C in two soils with anti with- 
out inoculation with two nematode species." 

Shoot Root 
Soil type weight b weight b 

and nematode (g) (g) 

Silt loam 
0 29.7 a 26.2 a 
Meloidogyne hapla 31.2 a 26.6 a 
I-leterodera schachtii 23.5 b 14.1 b 

Sandy loam 
0 25.6 a 25.3 a 
M. hapla 19.6 b 24.3 a 
tt. schachtii 17.2 b 11.2 b 

the  emergence  of  H. schachtii l a rvae  f rom 
cysts is r e l a t e d  to soil s t ruc tu re  r a t h e r  t han  
soil  type (13). H e  suggests t ha t  soil  a e r a t i o n  
is the  s ingle  mos t  i m p o r t a n t  fac tor  associ- 
a t ed  w i th  soil s t ruc ture .  Soil  s t ruc tures  t ha t  
favor  p l a n t  g r o w t h  also favor  ac t iv i ty  of  H .  
schachtii (14). T h i s  s t a t e m e n t  suppor t s  the  
resul ts  we o b t a i n e d .  Bo th  suga rbee t  g r o w t h  
a n d  H. schachtii r e p r o d u c t i o n  were  be t t e r  
in sil t  l oam than  in  sandy  loam.  R e d u c t i o n  
in  suga rbee t  g r o w t h  by  these n e m a t o d e  
pa thogens  w o u l d  p r o b a b l y  no t  have been  
l im i t e d  to the  h ighes t  t e m p e r a t u r e  tes ted if  
younge r  seedl ings  h a d  been  i n o c u l a t e d  (6). 
H e a v y  roo t  gal ls  i n d u c e d  by M. hapla m a y  
accoun t  for the  m a i n t e n a n c e  of  r oo t  we igh t  
by  in fec ted  p lan ts .  

I n  cen t ra l  W a s h i n g t o n  the  c o m m o n  oc- 
cu r rence  of  H. schachtii wi th  f ine - tex tured  
soils a n d  M. hapla w i t h  coarse - t ex tu red  soils 
may  be  due  in  p a r t  to s u b o p t i m a l  soil  tem- 
pe ra tu res  for n e m a t o d e  d e v e l o p m e n t .  I n  
areas where  soil  t e m p e r a t u r e s  a re  c o m m o n l y  
o p t i m a l  for n e m a t o d e  d e v e l o p m e n t  the  
effect of  soil  type  m a y  be less p r o n o u n c e d .  
O u r  s tudy  showed tha t  n e m a t o d e  r ep ro -  
d u c t i o n  inc reased  as soi l  t e m p e r a t u r e s  
a p p r o a c h e d  o p t i m u m ,  regard less  of soil  
type.  T h e  c o m b i n a t i o n  of  s u b o p t i m a l  soil  
t e m p e r a t u r e s  a n d  soil  type  p r o b a b l y  l imi t s  
the d i s t r i b u t i o n  of  H. schachtii a n d  M.  
hapla on  sugarbee t s  in  cen t ra l  W a s h i n g t o n .  

L I T E R A T U R E  C I T E D  

aFive-week-old seedlings were inoculated with 1,000 
second-stage larvae per pot. 
bMean of  8 replicates. Values in each column not 
followed by the same letter differ significantly at 
the 3% level (Duncan's multiple-range test). 
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