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Effect of Soil Temperature on the Pathogenicity 
and Reproduction of Meloidogyne chitwoodi 

and M. hapla on Russet Burbank Potato 1 
G. S. Santo and J. H. O 'Bannon ~ 

Abstract: Meloidogyne chitwoodi and M. hapla were pathogenic to both roots and tubers of  
Russet Burbank potato. Both species affected root growth at 15, 20, and 25 C, bu t  not  30 C. 
Meloidogyne chitwoodi reprotluced best at 15, 20, and 25 C and M, hapla at 25 and 30 C. Re- 
product ion of M. chitwoodi was reduced at 30 C; reproduct ion of M. hapla was reduced at 15 C 
and less at 20 C. The  reproductive potential  of M. chitwoodi was higher  than that  of M. hapla 
at 15, 20, and 25 C. M. hapla reproduced better  at 30 C than did M. chitwoodi. M. chitwoodi 
infected potato tubers in higher  numbers  than did M. hapla. 

Recently a new nematode species, 
Meloidogyne chitwoodi Golden et al., the 
Columbia root-knot nematode, was discov- 
ered parasitizing potatoes in the Pacific 
Northwest (3,7). T h e  quali ty of M. chit- 
woodi infected tubers is poor and serious 
economic losses occur in the absence of 
proper control measures. T h e  better known 
northern root-knot nematode, M. hapla 
Chitwood, is also a serious pest in that 
area (1,2,4); therefore, much of the damage 
caused by M. chitwoodi may previously 
have been ascribed to M. hapIa. Soil tem- 
perature has a marked affect on the repro- 
duct ion of root-knot nematodes (5,8). Grif- 
fin and Jorgenson (5) studied the life cycle 
of M. hapla on potato and reported that the 
nematode reproduced best at 25 C and not  
at all at 15 and 30 C. Since comparable in- 
formation on the biology of M. chitwoodi 
was not available, we designed experiments 
to compare the effects of soil temperature 
on the pathogenicity and reproduct ion of 
M. chitwoodi and M. hapla on potato 
(Solanum tuberosurn L. cv. Russet Bur- 
bank) and to evaluate the effects of infec- 
tion on tuber development.  
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MATERIALS  AND M E T H O D S  

Populations of M. chitwoodi and M. 
hapla were isolated from potato and alfalfa 
(Medicago sativa L.), respectively, and in- 
creased on tomato (Lycopersicon esculen- 
turn Mill. cv. Rutgers) in a greenhouse 
maintained at 20-26 C. Plants were watered 
daily and fertilized weekly with Hoagland's 
nutr ient  solution. Nematode eggs for 
inocula were extracted from the tomato 
roots by the method reported by Hussey 
and Barker (6). Inoculations were made by 
pipett ing the desired number  of eggs into 
25 ml of water and pouring this around the 
exposed roots of plants. 

In the first experiment,  single-eye seed 
pieces of Russet Burbank potato were 
planted in methyl bromide fumigated sand 
in metal flats. After 5 wk, plants with seed 
pieces removed were individually trans- 
planted into 18-cm-d clay pots containing 
2 liters of methyl bromide fumigated sandy 
loam soil. T h e  plants were held in a green- 
house for 1 wk. The  pots were placed in 
water tight containers and transferred to 
controlled water temperature  tanks. One 
week later either 1,000 or 10,000 M. chit- 
woodi or M. hapla eggs were added to the 
soil in each pot. Noninoculated plants 
served as controls. Plants were randomized 
in six replicates and grown at constant soil 
temperatures of 15, 20, 25, and 30 C. Dur- 
ing the experimental  period, plants received 
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regu la r  water  and  ferti l izer appl ica t ions .  
T h e  e x p e r i m e n t  was t e r m i n a t e d  13 wk 

after i n o c u l a t i o n  of nematodes .  P l a n t  tops 
were cut at the g r o u n d  l ine,  oven  dr ied,  
and  weights ob ta ined .  T o  d e t e r m i n e  repro- 
d u c t i o n  poten t ia l ,  nematodes  and  eggs were 
extracted from infected  roots immed ia t e ly  
after harvest  by the same m e t h o d  used to 
prepare  the i n o c u l u m .  Roots  f rom the con- 
trol  pots were t reated in  a s imi lar  m a n n e r .  
Oven-dry  root  weights were o b t a i n e d  after  
n e m a t o d e  ext rac t ion ,  and  n u m b e r s  of 
n e m a t o d e s / g  dry  root  weight  were deter- 
mined .  

I n  the second e x p e r i m e n t  8-wk-old 
pota to  p lants  free of seed pieces were 
p l an t ed  in  methy l  b r o m i d e  fumiga ted  sandy 
loam soil in  7.5 l i ter  plastic conta iners .  
After  2 wk plants  were i nocu l a t ed  w i th  500 
or 5,000 M, chitwoodi or M. hapla eggs. 
N o n i n o c u l a t e d  p lan ts  served as controls.  
T r e a t m e n t s  were r a n d o m i z e d  in  10 repli-  
cates on  a g reenhouse  bench  and  grown at  
a m b i e n t  g reenhouse  tempera tures  (20-26 
C). 

T h i s  e x p e r i m e n t  was t e r m i n a t e d  10 wk 
after i nocu la t ion .  T u b e r s  were careful ly  
r emoved  f rom the soil, washed free of soil, 
a n d  weighed. T u b e r s  were sliced by h a n d  
i n t o  t h i n  sections and  examined  for m a t u r e  
females. T h e  n u m b e r  of m a t u r e  females per  
t ube r  were then  de t e rmined .  

R E S U L T S  

C o m p a r e d  to n o n i n o c u l a t e d  roots, po- 
tato dry root  weights were less (P = 0.01) 
for p lan t s  at  15 or 20 C wi th  an  i n o c u l u m  
level of 10,000 M. chitwoodi or M. hapla 
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eggs and  at 25 C wi th  M. chitwoodi ( T a b l e  
1). Roo t  growth  of p lan t s  wth  1,000 M. 
chitwoodi eggs was less (P = 0.01) at  20 C 
only, whi le  tha t  of p l an t s  i nocu l a t ed  wi th  
10,000 M. hapla eggs a n d  g rown at  25 C 
was less (P = 0.05) t h a n  the controls.  Com- 
pared to controls,  there was no  signif icant  
difference in  dry weight  of roots i nocu la t ed  
wi th  1,000 M. hapla at any  t empera tu re  
( T a b l e  1). Roo t  growth  in  all t r ea tments  at 
30 C was poorer  t h a n  at  o ther  t empera tures  
a n d  there was no  signif icant  growth  differ- 
ences a m o n g  t rea tments .  

W h e n  c ompa r i ng  t empera tu re  effect 
w i t h i n  a t r e a t me n t  ( T a b l e  2, vertical),  M.  
chitwoodi r e p r o d u c t i o n  was greater  (P = 
0.01) at 15, 20, a n d  25 C t h a n  at  30 C w h e n  
inocu la t ed  wi th  I0,000 eggs. W h e n  1,000 
M. ehitwoodi eggs were used, greater  (P = 
0.01) r e p r o d u c t i o n  occurred at  20 a n d  25 C 

Table 2. Effect of temperature on egg produc- 
tion of Meloidogyne chitwoodi and M. hapla on 
potato cv. Russet Burbank 13 wk after inoculation 
with 1,000 or 10,000 eggs/2 liters of sandy loam 
soil.* 

Number of eggs/g dry root wt (I0 a) 
Soil M. chitwoodi M. hapla 

temp. (C) 1,000 10,000 1,000 10,000 

15 23 b 393 a 2 b 3 c 
20 82 a 856 a 4 b 20 b 
25 164a 562a l12a 153a 
30 12 b 53 b 146 a 190 a 

*Data followed by same letter in columns or 
underscored by a line in rows are not significantly 
different (P = 0.01) according to Duncan's multiple- 
range test. 

Table 1. Effect of Meloidogyne chitwoodi and M. hapla on root growth of potato cv. Russet Burbank 
plants grown 14 wk at four soil temperatures.* 

Soil temperatures (C) Inoculum 
(eggs]2 liters 15 20 25 ~0 

Meloidogyne spp. soil) Grams dry root wt 

Control 0 2.6 a 3.2 a 4.2 a 1.4 a 
M. chitwoodi 1,000 1.6 ab 1.0 c 2.7 ab 1.0 a 

I0,000 0.9 e 1.I c 1.0 b 1.3 a 
M. hapla 1,000 1.7 ab 2.2 ab 2.8 ab 1.2 a 

I0,000 1.5 bc 1.7 bc 1.8 abt 0.9 a 

*Data followed by the same letter in columns are not significantly different (P = 0.01) according to 
Duncan's multiple-range test. 

tDiffers from control at P = 0.05 level only. 
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than at 15 and 30 C. Reproduc t ion  of M. 
hapla was greatest (P = 0.01) at 25 and 
30 C compared  to 15 and 20 C at bo th  
inoculum levels. 

Compar ing  tempera ture  effect between 
treatments and nematodes (Table  2, hori- 
zontal), M. chitwoodi produced more (P -- 
0.01) eggs than M. hapla at 15 and 20 C at 
both  inoculum levels and at 25 C at the 
high inoculum level. Conversely, M. hapla 
produced more (P --- 0.01) eggs than  did 
M. chitwoodi at 30 C. 

In  the exper iment  to evaluate the effect 
of M. chitwoodi and M. hapla on the pota to  
tuber, tubers weighed less (P = 0.05) at 
both  inoculum levels than did noninfested 
tubers (Table  3). Numbers  of nematodes 
invading tubers were related to the initial 
inoculum density. At  each inoculum level 
more (P = 0.05) M. chitwoodi than  M. 
hapla were observed in tubers. A necrotic 
brown spot is formed around each female 
in the tuber  which affects tuber  quality. 
T h e  numbers  of M. chitwoodi females 
shown in T a b l e  3 would be sufficient to re- 
duce quality. 

DISCUSSION 

These  results show that  bo th  M. chit- 
woodi and M. hapla are capable of seriously 
affecting root  growth, tuber  production,  and  
quali ty of Russet  Burbank  potato. Griffin 
and Jorgenson (4) repor ted  similar results 
with M. hapla. 

Meloidogyne chitwoodi reproduced sig- 
nificantly bet ter  than M. hapla at 15 and 
20 C at bo th  inoculum levels and at 25 C 

Table 3. Tuber weights and the number of fe- 
male nematodes/100 g tuber of potato cv. Russet 
Burbank infected by Meloidogyne chitwoodi or M. 
hapla 10 wk after inoculation. 

Inoculum* Meloidogyne spp. Wt (g)~r Females'i" 

0 Control  84.4 a 
500 M. chitwoodi 65.9 b 6.8 b 

M. hapla 58.1 b 0.3 e 
5,000 M. chitwoodi 56.0 b 36.8 a 

M. hapla 65.7 b 1.5 bc 

* N u m b e r  of nematode  eggs added to 7.5 liters 
of soil. 

tData  fol lowed by the same letter in columns 
are not  significantly different (P = 0.05) according 
to Duncan's  mult ip le-range test. 

at the high inoculum level. Meloidogyne 
hapla reproduct ion at 30 C was significantly 
greater than M. chitwoodi. At this tempera- 
ture M. chitwoodi appeared  to be adversely 
affected. Accordiing to Griffin and Jorgen- 
son (5), o p t i m u m  tempera ture  for repro- 
duction of M. hapla on Russet Burbank  
potato  was 25 C. T h e  reproduct ive poten- 
tial of M. chitwoodi appeared to be greater 
than M. hapla at all soil temperatures  ex- 
cept 30 C which favored M. hapla. 

T h e  ability of M. chitwoodi to repro- 
duce at soil temperatures  lower than tem- 
peratures required by M. hapla is significant 
because potatoes in the Pacific Northwest  
are planted in the spring when soil tem- 
peratures range between 5 and 15 C at 
15-cm depth. At 15 C, M. chitwoodi is able 
to penetrate  and reproduce on potato roots 
much more rapidly and earlier in the sea- 
son than M. hapla. A. M. Finley (personal 
communicat ion)  has shown that  M. chit- 
woodi can penetrate  pota to  roots at 10 C. 
Thus,  M. chitwoodi will tend to have more  
generations dur ing the growing season than  
M. hapla. This  can result in earlier tuber 
infection and more  severe damage. 

T h e  infection potent ial  on pota to  tubers 
of M. chitwoodi is greater than M. hapla, 
and the reproduct ive potent ia l  is higher at 
lower temperatures.  Earliness of infection 
is of part icular  significance because the in- 
fluence of root-knot  nematodes on potato  
is not related especially to vine growth bu t  
ra ther  to a reduct ion in tuber  quality.  
Thus,  the earlier that  nematodes can in- 
vade tubers, the greater  the losses encount- 
ered. T h e  internal  necrotic spots caused by  
root-knot nematodes in tubers makes them 
commercial ly unacceptable.  A crop may be 
termed unsalable in Washington  if tubers 
have 10% or more waste caused by internal  
defects such as those result ing f rom nema- 
tode infection. 

Since 1977 several potato crop failures 
in Washington and Idaho  have been attrib- 
uted to M. chitwoodi. These  fields had been 
fumigated with 1,3-dichloropropene in the 
spring before planting. No crop failures 
have been repor ted  due to M. hapla follow- 
ing spring t rea tment  nor  M. chitwoodi 
and /o r  M. hapla after fall fumigation.  Fall 
fumigat ion is r ecommended  for root-knot  
nematode control in the Pacific Northwest  
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because excessively moist soil and low tem- 
peratures are often less favorable for spring 
fumigation. T h e  higher reproductive po- 
tential of M. ckitwoodi on potato in cooler 
soils as compared to M. hapla (7), and the 
ability of M. chitwoodi to penetrate roots 
at lower temperatures may be the principal 
reason why spring fumigation has not  been 
effective for control of M. chitwoodi. 

These results indicate that M. chitwoodi 
may be a more serious pest of potato in the 
Pacific Northwest  than is M. hapla. 
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Histopathology of Meloidogyne chitwoodi (Golden et al.) 
on Russet Burbank Potato 

A. M. Finley 1 

Abstract: Pathogenesis of M. chltwoodi associated with potato (Solanum tuberosura cv. 
Russet Burbank) followed a pattern characteristic of root-knot nematodes. Giant ceils developed 
in the phloem tissues of roots, stolons, and tubers and appeared to arise by hypertrophy and 
karyokinesis rather than cellular fusion. Gall formation was a function of parasite density and 
developed by hypertrophy of cortical cells. Brownish lesions which are symptomatic of tuber 
infection resulted from lignification of cortical cell walls in contact with egg matrix. Key words: 
M. Chitwoodi, potato (Solanum tuberosum), histopathology, pathogenesis. 

Meloidogyne chitwoodi (Golden et al.) 
was recently discovered in the Pacific North-  
west and has been demonstrated to be an 
aggressive parasite of potato crops (6). A 
root-knot nematode disease of potato has 
been known in this region for many years 
(1) and has generally been at t r ibuted to 
Meloidogyne hapla (2). Some of these in- 
cidences probably were misidentified. 

Host  responses to infection, which are 
significantly different from those described 
for infection by H. hapla (Chitwood) (3), 
led to the discovery of M. chitwoodi. T h e  
purpose of this study was to expIore and 
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describe the biological basis of these ob- 
served differences. 

MATERIALS AND M E T H O D S  

Th e  inoculum used in the controlled 
experiments of this study was obtained 
from infected potato tubers (Solanum 
tuberosum cv. Russet Burbank) harvested 
from naturally infested commercial fields. 
Egg masses were excised from the tuber 
tissues and incubated in distilled water on 
a culture shaker. A suspension of L2 juv- 
eniles was used to inoculate tomato (Ly- 
copersicum esculentum cv. Rutgers) seed- 
lings growing in a sterile pot t ing mixture.  
T h e  populat ion of nematodes which de- 
veloped on the tomatoes was used to inocu- 
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