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Effects of Temperature and Root Leachates 
on Embryogenic Development and Hatching of 

Meloidogyne chitwoodi and M. hapla ~ 
R. N.  INSERRA, 2 G. D.  GRIFFIN, ~ a n d  D.  V. SISSON a 

Abstract: At 20 C the duration of the embryogenic development of Meloiclogyne chitwoocli 
and M. hapla was about 20 days. At 10 C the embryogenic development was 82-84 days for 
M. chitwoodi and 95-97 days for M. hapla. The effect of distilled water and root leachates of 
potato cv. Russet Burbank, tomato cv. Columbian, and wheat cv. Hyslop on the hatching of 
eggs of the two root-knot nematode species was investigated at 4, 7, 10, 15, 20, and 25 C (-- 1 C). 
Cumulative egg taatch was no greater in root leachates titan in distilled water, but temperature 
did significantly affect egg hatch (P = 0.05). Less than 1% of the eggs of both nematode species 
hatched at 4 C. The percent cumulative hatch at 10 C was significantly less (P = 0.05) than 
at higher temperatures for both nematodes and significantly more (P = 0.05) M. chitwoodi 
eggs hatched than did M. hapla eggs. At 15 G the percent cumulative hatch of both species 
was significantly lower (P = 0.05) than that at 20 and 25 C. The percent cumulative egg hatch 
of two species did not differ at 25 C, but was higher (P = 0.05) at 25 C than at 20 C. At 7 C 
the emergence of M. chitwoodi juveniles was about seven times (P = 0,01) greater than that  
of M. hapla in distilled water. Key words: Columbia root-knot nematode, northern root-knot 
nematode, juvenile, emergence. Journal of Nematology 15(I):123-127. 1983. 

T h e  C o l u m b i a  r o o t - k n o t  n e m a t o d e  

(Meloidogyne chitwoodi G o l d e n  e t  al.)  a n d  

t h e  n o r t h e r n  r o o t - k n o t  n e m a t o d e  (M. hapta 
C h i t w o o d )  a r e  t h e  t w o  m o s t  e c o n o m i c a l l y  
i m p o r t a n t  n e m a t o d e s  o f  t h i s  g r o u p  in  t h e  
Pac i f i c  N o r t h w e s t  (1,3,4). R e c e n t  s t u d i e s  
(2) h a v e  s h o w n  t h a t  3/1. chitwoodi is a b l e  
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to  r e p r o d u c e  a t  l o w e r  soi l  t e m p e r a t u r e s  
t h a n  M. hapla a n d  t h a t  M. chitwoodi c a n  

i n v a d e  p o t a t o  (Solanum tuberosum L )  
r o o t s  a t  10 C (2). H o w e v e r ,  t h e r e  is a l ack  
o f  i n f o r m a t i o n  o n  t h e  ef fec t  o f  t e m p e r a t u r e s  

a n d  r o o t  l e a c h a t e s  o n  t h e  e g g  h a t c h  o f  t h e s e  
t w o  species .  A s t u d y  was  c o n d u c t e d  to  de-  
t e r m i n e  t h e  d u r a t i o n  o f  e m b r y o g e n i c  de-  

v e l o p m e n t  a n d  t h e  e f fec t  o f  s ix t e m p e r a -  

t u r e s  a n d  t h r e e  d i f f e r e n t  p l a n t  r o o t  l each -  
ares  o n  t h e  e m e r g e n c e  o f  M. chitwoodi a n d  
M. hapla j u v e n i l e s .  
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M A T E R I A L S  AND M E T H O D S  

A Washington State M. chitwoodi popu- 
lation from tomato (Lycopersicon esculen- 
t~m Mill.) cv. Columbian and a Utah M. 
hapla populat ion from lettuce (Lactuca 
sativa L.) were used in our  experiments. 
Both nematode populat ions were reared on 
tomato cv. Columbian plants in a green- 
house to obtain inocula for experimenta- 
tion. 

Embryogenesis: Five single-cell eggs of 
each nematode species were enclosed in 
cavity slides filled with distilled water. T h e  
slides were placed in Petri dishes, l ined with 
moist filter paper  to retard evaporation, 
and stored in a growth chamber at 10 or 20 
C (+__ 1 C). Phases of embryogenic devel- 
opment  were recorded on a daily basis. 
There  were four replicate dishes of each 
nematode at each temperature. 

Effect of temperature on hatch: T e n  
egg masses (about 2,500-3,000 eggs) of each 
nematode species were removed from to- 
mato roots, placed on a 200-mesh (75 t~m) 
microsieve (2 cm d) and enclosed in a Petri 
dish. T h e  Petri dish was partially filled 
with distilled water or a root leachate of 
ei ther  potato cv. Russet Burbank, tomato 
cv. Columbian, or wheat (Triticum 
aestivum L. em Thell)  cv. Hyslop suffi- 
ciently to cover the egg masses. Root  
leachates were obtained from 2-month-old 
container grown plants by drenching the 
soil with 2 liters of distilled water and col- 
lecting the leachates that occurred dur ing 
a 24-hour period. T h e  leached root  dif- 
fusates were centrifugated at 935 x g for 
8 rain to remove particulate mat ter  and the 
supernatant  liquid and stored at 4 C during 
the experiment.  Dishes with eggs in dis- 
tilled water and root leachates were main- 
tained at 4, 7, 10, 15, 20, and 25 C ( ±  1 C), 
and each treatment was replicated four 
times. At 7 C egg masses were maintained 
only in distilled water. Distilled water and 
root  leachates were changed daily, and 
counts of emerged juveniles were obtained 
daily until  cessation of hatching, except 
those at 7 C which were terminated after 
30 days. At the end of the experiment,  all 
egg masses were ground in a glass tube and 
unhatched eggs were counted. Numbers  
of hatched eggs expressed as percent of the 
total initial egg poimlation, were analyzed 

statistically using a split-plot in time analy- 
sis of variance. 

RESULTS 

Embryogenesis: Embryogenic develop- 
ment  o[ M. chitwoodi and M. hapla was 
essentially the same as for other  root-knot 
nematodes (5). Both species lay single cell 
eggs; M. chitwoodi eggs measured 83.0/~m 
(76-86) X 39.7 /zm (38-42) and are signifi- 
cantly (P --- 0.05) wider than M. hapla eggs 
which measured 81.5 tzm (76-) x 37.7 
tzm (34-40) (n ---- 16). Egg segmentation 
through the six-cell stage required about  
the same time in both species: 77-100 hours 
and 75-97 hours at 10 C and 35-48 hours 
and 36-40 hours at 20 C for M. chitwoodi 
and M. hapla, respectively. Embryogenic 
development from egg deposition unti l  the 
emergence of second-stage juveniles was 
similar for both species: 20-21 days for M. 
chitwoodi and 21-22 days for M. hapla at 
20 C. At 10 C, however, embryogenic de- 
velopment o[ M. hap.la was longer than 
that of M. chiwoodi: 95-97 days and 82-84 
days, respectively. 

Effect o[ temperature on hatch: T h e  
total number  of eggs hatching for ei ther 
nematode at 4 C was always less than I% 
of the initial number  of eggs. This  was less 
(P = 0.05) than at other temperatures (Fig. 
1A-H). Hatching o[ M. chitwoodi eggs oc- 
curred over 20, 20, 35, and 20 days in dis- 
tilled water, potato, tomato, and wheat 
leachates, respectively (Fig. IA-D). Hatch- 
ing of M. hapta eggs occurred over 30, 15, 
15, and 10 days in distilled water, potato, 
tomato, and wheat leachates (Fig. 1E-H). 

T h e  emergence o[ juveniles of both spe- 
cies extended for 60 and 70 days at 10 C 
and was longer than at other temperatures 
(Fig. I A-H).  Th e  percent of cumulative 
hatch of each nematode species was signifi- 
cantly (P = 0.05) less at 10 C than at 
higher temperatures (Fig. 1A-H). 

Between 60 and 70, 20 and  65, 25 and 
65, and 30 and 65 days in distilled water, 
potato, tomato, and wheat leachates, re- 
spectively, the cumulative hatch of M. 
chitwoodi eggs was higher  (P ~ 0.05) than 
that of M. hapla eggs. Between 30 and 70, 
50 and 65, and 50 and 70 days in distilled 
water, potato, and wheat leachates, respec- 
tively, the percent cumulative hatch of M. 
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chitwoodi eggs was less (P = 0.05) than  in 
tomato  leachate. Between 50 and 70 days 
and  50 and 65 days, the percent cumulat ive 
hatch of M. hap la eggs in distilled water  
and potato  leachate, respectively, was 
higher (P -- 0.05) than in tomato  and  
wheat leachates. 

T h e  dura t ion  of egg hatch of M. chit- 
woodi and M. hapla at 15 C was 30-35 
days, about  half  that  at 10 C. Cumula t ive  
hatch of eggs of the two species at 15 C 
was lower (P = 0.05) than at 25 and 20 C, 
except  for M. chitwoodi which was not  sig- 
nificantly different in pota to  and tomato  
leachates (Fig. l A D ) .  

In  distilled water  at 15 C, cumulat ive 
hatch of M. hapla eggs was greater (P = 
0.05) than that  of M. chit:woodi eggs be- 
tween 30 and 35 days. However,  it was less 
(P = 0.05) than that  of M. chitwoodi eggs 
in the leachates (Fig. 1A-H).  Hatch  of .21//. 
chitwo.odi eggs in distilled water  at 15 C 
was less (P = 0.05) than in leachates, but  
egg hatch in leachates of the different 
plants did not  differ significantly (Fig. 1A- 
D). Egg hatch of M. ha#ta at  15 C in dis- 
tilled water  was higher (P -- 0 .05) than  in 
leachates between 30 and 35 days (Fig. 
1E-H),  but  there were no significant dif- 
ferences among  the leachates in egg hatch 
(F ig .  IE -H) .  

Embryogenic  development  and  egg 
hatch of M. chitwoodi and M. hapla oc- 
curred dur ing 20 and 25 days at 20 C. T h e  
number  of M. chitwoodi eggs hatching a t  
20 C was less (P = 0.05) than at 25 C in all 
leachates between I0 and  25 days; t h e r e  
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'Fig. 2. Influence of temperature on the percent 
of cumulative egg hatch of Meloidogyne chitwoodi 
and M. hapla in distilled water over a 30-day period. 
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were, however, no significant differences 
bet,~een the number  of juveniles emerging 
in distilled water  (Fig. 1A-D). 

Hatch  of M. hapta eggs in distilled wa- 
ter and pota to  leachate was less (P = 0.05) 
at  20 C than  at 25 C between l0 and  25 
days, but  similar in tomato  and wheat  
leachates dur ing the same time period (Fig. 
IE -H) .  Hatch of M. chitwoo.di eggs in dis- 
tilled water  and tomato  leachate was less 
(P = 0.05) than that  of M. hapla between 
15 and 25 days (Fig. 1A-H),  but  more  (P 
= 0.05) M. chit~vo.odi eggs hatched than  
did M. ha~pla eggs in pota to  and  wheat  
leachates at 20 C (Fig. IA-H) .  Between 20 
and 25 days, tile number  of M. chitwoodi 
eggs hatching in wheat  leachate was more  
(P = 0.05) than those in distilled water, po- 
tato, and tomato  leachates (Fig. l A D )  at 
20 C. Hatch  of M. hapla juvenile was not 
significantly different in any of the media  
used (Fig. 1E-H).  

Tile highest accumulat ive egg hatch for 
both  nematodes occurred, at, 25 C (Fig. 
1A-H). M. chitwoodi egg hatch was higher 
(P = 0.05) in tomato  and wheat  leachates 
and less (P = 0.05) in distilled water  and 
potato leachate than  M. hap la between 5 
and 25 days (Fig. 1A-H).  Between 5 and 
25 days, hatch of M. chit'woodi eggs in dis- 
tilled water  was less (P = 0.05) than in the 
leachates; the effects of leachates on egg 
hatch, however, were not different from one 
another  dur ing the same time period (Fig. 
l A D ) .  Ha tch  of M. hapta eggs in distilled 
water  and  potato leachate were greater  (P 
= 0.05) than in tomato and wheat  leachates 
between 5 and 20 days at 25 C (Fig. IE -H) .  

A significantly (P = 0.01) greater num- 
ber of M. chitwoodi eggs (30%) hatched 
than did M. hapla eggs (4%) between 5 and 
30 days incubat ion at 7 C (Fig. 2). 

DISCUSSION 

Potato  and tomato  are both  hosts of M.  
chitwoodi and M. hapla, and wheat  is host 
of M. chitwoodi. T h e  root  leachates of 
these plants obta ined by the me thod  used 
in this exper iment  showed no effect on the 
hatch of M. chitwoodi and M. hapla eggs; 
its influence was errat ic and  changed at  
different temperatures.  Hatch  of M. chit- 
woodi eggs in distilled water  was less (/~ 
= 0.05) than in root  leachates at  15 and 
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25 C b u t  was s imi la r  to  the  r o o t  l eacha tes  
at  10 a n d  20 C. T h i s  i nd i ca t e s  no pe r s i s t an t  
a n d  s table  ac t ion  of  the  leacha tes  on  the  
ha t ch  of M. chitwoodi eggs. T h e  effect of  
the  roo t  leacha tes  on the h a t c h  of  M. hapla 
eggs was also e r r a t i c  a n d  inefficacious. M o r e  
(P = 0.05) M. hapla eggs h a t c h e d  in  dis- 
t i l l ed  w a t e r  t han  in  t o m a t o  r o o t  l e acha t e  
a t  10, 15, a n d  25 C, and ,  i n  a d d i t i o n ,  the  
effect on egg ha t ch  of  l eacha te  of  tomato ,  
a good  host  of  M. hap,la, was s im i l a r  to  t ha t  
of l eacha te  of wheat ,  no t  a hos t  of M. hap.Ia, 
at al l  t empera tu re s .  

T h e  ha tch  of  M. chitwoodi a n d  M.  
hap,ta eggs was g rea t ly  in f luenced  by tem- 
pe ra tu re .  M. chitwoodi egg h a t c h  was 
g rea te r  (P = 0.05) t han  M. hapla a t  10 
and  7 C. A t  7 C the re  were  g rea t e r  (/~ 
0.05) n u m b e r s  of  M. chitwoodi eggs ha tch-  
ing  be tween  25 a n d  35 days  t h a n  a t  10 C, 
so b o t h  t e m p e r a t u r e s  a re  r e l a t ive ly  favor- 
ab le  for egg ha t ch  of  this  species (Figs. 1 A -  
D, 2). H a t c h  of  M. hapla, eggs a t  7 C was 
less (P = 0.05) tha t  a t  10 C, so t empera -  
tnres above  10 C are  more  f avo rab le  for 
egg ha tch  of  th is  pa ra s i t e  (Figs. 1 E - H ,  2). 
At  10 C the d u r a t i o n  of egg ha t ch  of  b o t h  
species was shor te r  t h a n  tha t  of  embryo-  
genic  d e v e l o p m e n t  i n d i c a t i n g  t h a t  at  the  
b e g i n n i n g  of  the  e x p e r i m e n t  the  eggs were  
in  an  a d v a n c e d  stage of  d e v e l o p m e n t .  T e m -  
pe ra tu re s  o~ 15, 20, a n d  25 C h a d  s im i l a r  
effects on  the  h a t c h  of  M. chitwoodi a n d  

M. hapla eggs; 25 C was the  mos t  f avorab le  
t e m p e r a t u r e  for bo th  species. 

U n d e r  field cond i t ions ,  in fec t ions  of  M.  
chitwoodi are  e x p e c t e d  to  occur  e a r l i e r  t h a n  
those of  M. hapga, since 7 a n d  I0  C are  rel-  
a t ive ly  m o r e  f avorab le  to  egg h a t c h  of  ~ / .  
chitwoodi t h a n  to  M. hapta egg ha tch .  How-  
ever, because  of  t he  inc reased  l eng th  of  
e m b r y o g e n i c  d e v e l o p m e n t  at  these low tem- 
pera tures ,  M. chitwoodi i n i t i a l  p o p u l a t i o n  
dens i t ies  wil l  be l i m i t e d  a n d  lower  t han  
those tha t  occur  a t  h i g h e r  t empe ra tu r e s .  A t  
t e m p e r a t u r e s  above  10 C, however ,  r o o t  
in fec t ions  of b o t h  n e m a t o d e  species a re  ex- 
pec ted  to  be s imi la r .  
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