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Reproduction of Heterodera zeae and Its Suppression of 
Corn Plant Growth as Affected by Temperature 1 
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Abstract: Reproduction of  the corn cyst nematode (Heterodera zeae) and its effect on growth of  corn 
(Zea mays) was studied in plant growth chambers at 24, 27, 30, 33, and 36 C. Reproduction ofH.  zeae 
increased directly with increase in temperature  from 24 to 36 C. Fifteen-cm-d pots of  corn seedlings 
inoculated with a mixture of 5,000 eggs + J2 and maintained for 8 weeks in growth chambers 
contained an average of  7,042 cysts + females at 36 C, but only 350 cysts + females at 24 C. Fresh 
weights of  plants without nematodes were highest at 27 C and lowest at 36 C. Nematodes suppressed 
plant fresh weight by an average of 30% at 27 C and by 27% at 33 C but  did not  suppress plant weight 
at 36 C. Heterodera zeae has the highest reported temperature opt imum for reproduction of any cyst 
nematode. 
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The corn cyst nematode, Heterodera zeae 

Koshy et al., 1971, was discovered in the 
Western  Hemisphe re  in Kent County,  
Maryland, in 1981 (7). This nematode was 
first described in India (4) and has been 
reported as an economic pest of  Zea mays L. 

in India (3) and in Egypt (1). The eco- 
nomic pest status of  a Maryland popula- 
tion of  this nematode is being evaluated, 
and various aspects of  its biology are under 
study. 

Plot tests in Maryland during 1981-84 
in grower fields naturally infested with soil 
population densities of  corn cyst nematode 
of  50-300 cysts/250 cm ~ soil failed to dem- 
onstrate a yield increase from corn plants 
treated with fumigant and nonfumigant  
nemat ic ides  (Krusberg ,  unpub l i shed) .  
However, reports from India and Egypt 
stated that H.  zeae stunted plants and sup- 
pressed yields of  corn (1,3). Recently, the 
optimum temperature for development of  
a Maryland population of  H. zeae was re- 
ported to be 33 C (2). It is suspected that 
low field soil temperatures and heavy ap- 
plications of  fertilizer in Maryland alleviate 
the damage to corn caused by the corn cyst 
n e m a t o d e  because  n e m a t o d e  activity 
seems to be favored by high soil tempera- 
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ture and poor plant nutrition. The high 
soil temperatures in India and Egypt may 
be a primary reason why H. zeae is econom- 
ically important to corn in those countries. 

Our  objective was to investigate the in- 
fluence of soil temperature on the repro- 
duction and suppression of  corn plant 
growth by a Maryland population of  H. 
zeae on Z. mays in a controlled environ- 
ment. 

MATERIALS AND METHODS 

Cultures of  H. zeae were maintained on 
corn (Zea mays Pioneer brand 3184) in the 
greenhouse in 20-liter pots of  autoclaved 
river sand placed on plant propagation 
mats that maintained a sand temperature 
of  30 C. Cysts placed on a 150-vLm-pore 
sieve were broken open by gentle rubbing 
with a rubber stopper to release the eggs; 
second-stage juveniles (.12) were used as in- 
oculum. The mixed eggs and J2 were col- 
lected on a 25-txm-pore sieve and were 
then suspended in tap water. Twenty ml of  
aqueous suspension containing 5,000 -+ 
250 mixed eggs and juveniles were pipeted 
onto the surface of  800 cm 3 of  autoclaved 
river sand contained in each of  50 15-cm-d 
plastic pots. Five seeds of  Pioneer 3184 
corn were placed onto the sand in each pot 
and covered with another 200 cm 3 of  au- 
toclaved river sand. Fifty pots similarly 
prepared, without H.  zeae, served as con- 
trols. All pots were subsequently placed in 
growth chambers for 7 days at 27 C for 
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seed germinat ion ,  af ter  which the plants 2000" 
we re  t h i n n e d  to two p e r  pot .  Pots in 
groups  o f  10 inoculated and 10 uninocu-  
lated were placed in a growth chamber  at ,~ 
24, 27, 30, 33, or  36 C, all in a completely 
r andomized  design. Plants in all growth N 1000 
chambers  were  main ta ined  u n d e r  a 12- E2 
h o u r  pho tope r iod  with a light intensity of  
100 txwatt/m2/sec as m e a s u r e d  us ing  a 
Q u a n t u m  Sensor,  Model  L1-185 A (LI- 
COR-Inc ,  Lincoln,  NE). Each t r ea tmen t  
was replicated 10 times. Plants were fertil- 0 
ized weekly and watered as required .  

Af ter  8 weeks, including the 7 days at 27 6000 
C, plants were harves ted  and fresh plant 
weights ,  n u m b e r s  o f  cysts in the sand,  5000 
number s  o f  females, and  numbers  of  f ree  

4000 
juveniles in the sand o f  each pot  were de- 
te rmined.  In addition, 50 cysts were col- "~ 3000 
lected at r a n d o m  f rom each pot,  the cysts ~, 
were b roken  open,  and numbers  o f  eggs 2000 
and juveniles  f rom the cysts were counted.  
T h e  e x p e r i m e n t  was conduc ted  twice; ex- 1000 
pe r imen t  1 ran  f r o m J u n e  to August  1988 
and e xpe r ime n t  2 f rom Sep tember  to No- 0 
v e m b e r  1988. T e m p e r a t u r e s  were  ran-  20000" 
domly assigned to growth chambers  sepa- 
rately fo r  each exper iment .  T h e  data of  
bo th  e xpe r ime n t  1 and  2 were combined 
and analyzed by A N O V A  for  a factorial 
( t empera tu re  x n e ma t ode  n u m b e r  x ex- ~ 10000 
per iment )  design; t r ea tment  means were 
c o m p a r e d  by LSD at P = 0.05. Regression ~" 
analysis o f  the data  did not  provide any 
addit ional  informat ion.  

RESULTS 

Reproduc t ion  o f  H. zeae increased with 
increase in t e m p e r a t u r e  f rom 24 to 36 C 
(Fig. 1). T h e  greatest  numbers  o f  full cysts, 
females, and  f ree  soil J2 were recovered  at 
36 C and the fewest at 24 C. T h e  numbers  
o f  cys t s ,  f e m a l e s ,  a n d  J2  p r o d u c e d  
d r o p p e d  o f f  very steeply, by 49, 39, and 
41%,  re spec t ive ly ,  as t e m p e r a t u r e  de-  
creased f r o m  36 to 33 C; and then  the 
number s  con t inued  to decrease somewhat  
m or e  gradual ly at 30 C and 27 C. At 24 C, 
popula t ions  o f  cysts, females, and J2 were 
only 7, 4, and  1% o f  those at 36 C, and only 
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FIG. 1. Effect of temperature on numbers of life 
stages per 1,000 cm s soil in pots of Heterodera zeae 
after multiplication on Pioneer 3184 corn for 8 weeks 
in growth chambers. A) Total cysts, B) Females, C) 
Free soil juveniles. Bars with the same lowercase let- 
ter(s) within nematode class are not significantly dif- 
ferent (P = 0.05). 

46, 13, and 2% of  those at 27 C, respec- 
tively. In both  exper iments ,  females were 
4 - 6  times more  n u m ero u s  than cysts at all 
t empera tu res  except  at 24 C, at which the 
numbers  o f  females were only 1.5-2 times 
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greater  than the number  of  cysts. Al- 
though the numbers of  cysts and females 
produced were different over the temper- 
ature range of  24 to 36 C, the numbers of 
eggs averaged 150 -+ 10 per cyst, regard- 
less of  temperature. 

Based on fresh weights, corn plants in 
the absence of  corn cyst nematode grew 
best at 27 C in both experiments (Fig. 2). 
In both experiments, corn plant weights 
were consistently lower by 17-30% in the 
presence than in the absence of  this nema- 
tode at the four temperatures 24, 27, 30, 
and 33 C. At 36 C, growth of  both inocu- 
lated and uninoculated plants was sup- 
pressed by the high temperature, and the 
presence of  corn cyst nematode caused no 
additional growth suppression. 

DISCUSSION 

Maximum reproduct ion of  H .  zeae in 
two experiments occurred at the highest 
temperature used, 36 C, and minimum re- 
production occurred at the lowest temper- 
ature used, 24 C. The low reproduction of  
H .  zeae at 24 C indicates that during winter 
in Maryland population increase in host 
plants is unlikely. However ,  corn cyst 
nematode persists in fallow field soil for 
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FIG. 2. Effect  o f  t e m p e r a t u r e  and  p resence  or  ab- 

sence o f  Heterodera zeae life s tages on  f resh  weight  o f  
P ioneer  3184 corn  plants  af ter  8 weeks in g rowth  
chamber s .  Bars  with the  same  lowercase(s) are  not  
significantly d i f f e ren t  (P = 0.05). 

several years (5). Temperature  has been 
reported to influence the susceptibility of  
relatively poor host plants to infection by 
H .  zeae. Ringer et al. (6) reported that sev- 
eral cultivars of  oat and wheat, which 
failed to support  detectable reproduction 
of  H .  z eae  when grown at f luctuat ing 
greenhouse conditions where average tem- 
peratures were 11-22 C, supported low 
levels of  nematode  reproduct ion  when 
grown in growth chambers at 33 C. Our  
study showed that temperature  affected 
not only nematode reproduction but also 
suppression of  plant growth by the corn 
cyst nematode. 

Our study showed that 36 C supported 
maximum reproduction o fH.  zeae. At 36 C 
there was no significant difference in total 
fresh weight between H .  z e a e - i n o c u l a t e d  

and uninoculated corn plants. Total fresh 
weights of  uninoculated plants grown at 36 
C were significantly lower than when 
grown at 27-33 C. Suppression of  corn 
plant growth by H .  zeae in plant growth 
chambers at 27-33 C is in accord with the 
damage to corn in the field in India and 
Egypt, where  soil t empe ra t u r e s  reach 
more than 35 C in the daytime for several 
weeks during the corn growing season. 

Wallace (8) suggested that, in general, 
nematodes have optimum temperature re- 
quirements for reproduction in the range 
of  20-30 C and minimum requirements of  
10-15 C. The results of  our study demon- 
strated that H .  zeae has an opt imum tem- 
perature of  36 C for reproduction, which 
is the highest reported for any cyst nema- 
tode. The maximum and minimum tem- 
peratures used in the present study were 
selected after it was determined that at 
continuous temperatures above 38 C, corn 
plants grew very poorly and that below 24 
C, development of H .  zeae was very slow. 
However, temperatures would fluctuate in 
a field, and a diurnal maximum of 38 C 
might be reached without the plants being 
exposed to a 38 C average for any ex- 
tended time. Our  study further suggests 
that in warmer  regions of  the Uni ted  
States, H .  zeae might develop high soil pop- 
ulation densities and might be an econom- 
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ically i m p o r t a n t  pes t  o f  co rn .  A l t h o u g h  the  
g e o g r a p h i c  r a n g e  o f  H. zeae is n o t  k n o w n ,  
the  h i g h  t e m p e r a t u r e  o p t i m u m  for  r e p r o -  
d u c t i o n  a n d  its sensi t ivi ty  to cool  t e m p e r a -  
t u r e s  sugges t  a t ropica l  o r  sub t rop ica l  ori-  
gin.  
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