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Abstract: T he  iuvolve tnent  of Tyle~chorhynchus clarus in p l a n t  disease is repor ted .  Add i t i on  of 
a suspension of surface-axenized nematodes  reduced top and  root  growth  of alfalfa.  R e p r o d u c t i o n  
of T. cIarus was greater  a t  24 and 27 than  at  21 C. T h e  in te rac t ion  of nematodes  wi th  tempera-  
ture  did not  p roduce  significant effects on alfalfa  g rowth  in the  4.5-mo expe r i men t a l  period.  T. 
clarus fed endo- and  ectoparasi t ical ly .  Key H'ord: s tun t  nematode .  

Tylenchorhynchus clarus Allen is widely 
distributed in California, where it is asso- 
ciated with many crops (11). Although T. 
clarus has received scant at tent ion it appears 
to be worldwide in occurrence (3, 6, 11). 
Radewald et al. (9) observed an increase in 
head weight of lettuce (Lactuca sativa L.) 
in T. clarus-infested fields following fumi- 
gation with 1,3-dichloropropene but  not 
with 1,2-dibromoethane even though the 
populat ion densities of T. clarus were re- 
duced by both fumigants. T. clarus did not 
reduce the growth of lettuce in the green- 
house (9). This  species is one of the 
nematodes most frequently recovered from 
alfalfa fields in California (11). This  study 
was initiated to determine the effects of 
temperature  on the pathogenicity of T. 
clarus to alfalfa (Medicago sativa L.). 

MATER IALS  AND M E T H O D S  

A two-factor factorial experiment  was 
designed to test the effect of two levels of 
T. clarus at three temperatures on the 
growth of 'Moapa 69' alfalfa. Seeds were 
planted in 1.2-liter pots containing a heat- 
treated sandy loam consisting of 78 % sand, 
14% silt, and 8% clay. Seedlings were 
thinned to four/pot soon after emergence. 
When they were 1 mo old the soil was in- 
fested with 1,800 T. clarus/pot. An equal 
number  of uninfested pots served as con- 
trols. Centrifugal flotation was used to 
extract nematode inoculum from cultures 
on alfalfa growing in tile greenhouse (5). 
Before being inoculated the nematodes 
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were axenized for 12 hr in a solution con- 
taining Aretan at 130 ug/ml  (3% w /w  
mercury; Plant Protection Ltd. Yalding, 
Kent, England) and dihydrostreptomycin 
sulfate at 6 X 104 ug/ml.  Pots were placed 
in temperature tanks at 21, 24, and 27 C. 
There  were six replicates of both the 
nematode-infested and uninfested pots at 
each temperature.  Supplemental  incandes- 
cent lighting of 2,700 lux (measured at the 
soil surface) with a 13-hr photoper iod was 
supplied during the period of short day 
lengths. T h e  plants were fertilized regularly 
with a 7% N, 6% P20.~, 19% K~O fertilizer 
containing no urea and little ammonia,  
which have been shown to injure nematodes 
in greenhouse cultures (8). 

During the 4.5-mo experimental  period, 
three cuttings were harvested. Plants were 
cut, 5 cm above the crown, when the first 
bloom appeared on any plant  in the ex- 
periment. Harvest of tops at first bloom 
allowed for maximum growth and storage 
of root reserves and enabled the plants to 
be cut at a uniform physiological age rather  
than a chronological age (12). Final nema- 
tode populations were extracted from the 
soil and root washings by centrifugal flota- 
ration. Roots were cultured for fungi. Root  
sections were placed in 0.5 % NaOC1 for 20 
sec, rinsed in sterile water, blotted dry, and 
cultured on 2 % water agar, potato-dextrose 
agar (PDA), PDA acidified with lactic 
acid, and a medium selective for Pythium 
and Phytophthora (7). 

T o  determine the feeding sites of T .  
clarus, 2-day-old alfalfa seedlings growing 
in sand in a petri dish were inoculated and 
placed at 27 C. After 72 hr, hot lactophenol 
containing acid fuchsin was poured into 
the dish to kill the nematodes in situ. 

RES U LTS  

At all temperatures T. clarus suppressed 
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the top,  root ,  and  to ta l  weights  of ' M o a p a  
69' a l fa l fa  be low those o~ u n i n o c n l a t e d  
controls  ( T a b l e  1). T o p  weights  and  total  
p l an t  weights  increased wi th  t empera tu re ,  
bu t  roo t  we igh t  was no t  affected by the 
range  of  t empera tu re s  s tudied.  T h e  nema-  
tode X t e m p e r a t u r e  i n t e r ac t i on  was no t  
s tat is t ical ly s ignif icant  since the r e d u c t i o n  
in p l an t  g rowth  caused by T. clarus was 
s imi lar  at al l  t empera tu re s  ( T a b l e  1). 

N e m a t o d e  feed ing  resul ted  in fewer 
feeder  roots  (Fig. 1). N o  lesions or  o the r  
abnorma l i t i e s  were  observed.  N e m a t o d e  
p o p u l a t i o n s  had  increased to 5,580 +__ 1556 
at 21 C. T h i s  was smal ler  (P < 0.05; us ing 
i n d e p e n d e n t  compar isons)  than  the popula-  
t ions of  15,133 ± 5220 and  17,433 ~ 5053 
respect ive ly  recovered  at 24 and  27 C. T h e r e  
was no difference be tween  the final popula-  
t ions at 24 and  27 C. 

N e m a t o d e s  were  k i l l ed  in situ on and  in  
roots  of  the a l fa l fa  seedlings.  T h e y  were  
mos t  a b u n d a n t  in the zone of  dif ferent ia-  
t ion,  bu t  were  observed  also in the zone of  
e l o n g a t i on  and  the  mer i s t ema t i c  region.  
N e m a t o d e s  tha t  p e n e t r a t e d  the roots  d id  so 
p r i m a r i l y  in the  zone of  d i f fe ren t ia t ion ,  
wi th  one- th i rd  to one-ha l f  of  the i r  bodies  
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FIG. I-(A-C). Roots and stubble of 'Moapa 69' 
alfalfa 4.5 months after inoculation wilh Ty- 
lenchorhynchus clarus at soil temperatures of 27, 
24, or 21 C. ,4) 27 C. B) 24 C. C) 21 C. Uninoculated 
controls are the top members of each pair. and 
nematode-inoculated plants are the bottom mem- 
bers. 

ins ide  the root ,  whereas  others  were  en t i re ly  
w i t h i n  the roots  (Fig. 2). Fewer  than  10% 
of the nema todes  observed  had  com ple t e ly  
pene t r a t ed  the root .  

TABLE 1. Effects of soil temperature and Tylenchorhynchus clarus on growth of 'Moapa 60' alfalfa. 

Fresh weight (gin)" 
Temperature Nematode 

(C) inoculation Tops ~ Roots Total plant" 

21 -- 47.3 + 2.5 30.1 ----- 2.0 87.7 ± 3.8 
21 + 35.9 ± 3.2 21.8 ± 35 66.4 ± 7.4 
24 -- 53.2 ± 3.0 29.2 ± 3~0 92.4 ± 5.1 
24 + 46.9 ± 2.8 21.7 ± 2.0 78.0 ± 5.1 
27 -- 65.6 ± 2.7 32.1 ± 3.3 109.5 ± 5.3 
27 + 50.4 ± 4.0 22.3 ± 2.9 82.1 ± 7.6 

Analysis of variance: 

Source of 
variation 

Mean squares 

df Tops Roots Total plant 

Treatments 
A = T. clarus 
B = Temperature 
Interaction A X B 

Error 

5 563.71"* 138.02" 1269.69"* 
1 1082.41"* 662.24** 3971,51"* 
2 808.75** 9.72 1059.14" 
2 59.32 4.22 125.34 

30 55.72 48.70 206.50 

• Mean and standard error of 6 replications. 
OTotal oC three cuttings. 
CTotal of three cuttings, roots, and stubble. 
• P < 0.05. 
• *P < O.01. 



FIG. 2. Root segment of a 
'Moapa 69' alfalfa seedling infected 
with Tylenchorhynchus clarus. One 
nematode is completely within the 
root (arrow). 

F u n g i  i so la ted  f rom roo t s  of i n fec t ed  
and  u n in f ec t ed  p l an t s  were :  Trichoderma 
viridae Pers., Alternaria alternata (Fr.) 
Keissler ,  PeniciUium spp.,  Fusarium solani 
(Mar t . )  A p p e l  & Wr .  e m e n d  Snyd. 8c Hans . ,  
Fusarium oxysporum Schl. e m e n d  Snyd.  & 
Hans . ,  Epicoccum nigrum Link ,  Aspergillus 
sp., Paecilomyces sp., and  Chaetomium 
globosum Kunze  ex Fr.  A l l  of  the  fungi  
i so la ted  a re  recogn ized  as c o m m o n  soil 
saprophy tes .  T h e  inc idence  of  the  fungi  
was the  same for n e m a t o d e - i n f e c t e d  a n d  
u n i n f e c t e d  p l a n t s  excep t  for E. nigrurn, 
which  was r ecove red  f rom a n e m a t o d e -  
i n fec t ed  p l a n t  g r o w n  at  21 C. 

D I S C U S S I O N  

A l t h o u g h  gene ra l l y  cons ide red  to be  
weak ly  pa thogen ic ,  some species of  Ty- 
lenchorhynchus are  h a r m f u l  to grasses (1, 
15) a n d  o thers  are  assoc ia ted  w i th  diseases 
of  d i c o t y l e d o n o u s  p l an t s  (4, 10). T h e  pres- 
en t  s tudy  d e m o n s t r a t e d  the  i n v o l v e m e n t  of  
T. clarus in  disease of  a l fa l fa .  

Species of  Tylenchorhynchus a n d  r e l a t e d  
genera  gene ra l l y  vary  in  the i r  f eed ing  
b e h a v i o r  f rom cursory  b r o w s i n g  to semi- 
e n d o p a r a s i t i s m  w i t h  the i r  heads  e m b e d d e d  
in the  roo t  (2). T h e y  have  se ldom been  
obse rved  feed ing  endopa ra s i t i c a l l y .  S te ine r  
(14) r e p o r t e d  Tylenchorhynchus claytoni 
Ste iner  to be  an  e n d o p a r a s i t e  of  tobacco  
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(Nicotiana tabacum L.), a n d  W a s i l e w s k a  
(15) r ecovered  Merlinius brevidens (Al len)  
S idd iq i  f rom roo ts  of  a l fa l fa .  I n  the  p re sen t  
s tudy  T. clarus was f o u n d  feed ing  e n d o p a r a -  
s i t ica l ly  as well  as ec toparas i t i ca l ly .  T h i s  
f ind ing  was m a d e  af te r  f inal  p o p u l a t i o n s  
were  d e t e r m i n e d  by  e x t r a c t i o n  f rom soil  
a n d  r o o t  washings  w i t h o u t  i n c u b a t i o n  of  
the  roo ts  for e x t r a c t i o n  of  endopa ras i t e s .  
T h e r e f o r e ,  f inal  p o p u l a t i o n s  were  un-  
d o u b t e d l y  la rger  t han  i nd i ca t ed .  

T h e  h ighe r  n u m b e r s  of  T, clarus 
o b t a i n e d  at  24 and  27 C are  a r esu l t  of  the  
d i rec t  effect of  t e m p e r a t u r e  on  the  nema-  
tode  r a t h e r  t h a n  an  effect of the  a v a i l a b i l i t y  
of  food, s ince roo ts  weights  were  n o t  
affected by  t e m p e r a t u r e .  
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Modification of a Computer Simulation Model 
for a Plant-Nematode System 

H. FERRIS 1 

Abstract: New da ta  on  egg deve lopmen t  and  de a t h  rates, and  re f inements  of logic concern ing  
in terac t ion  of the  n e m a t o d e  and  host,  were incorpora ted  into a s imula t ion  mode l  of  a 
Meloidogyne arenaria and  grapevine  system. S imula t ions  of field da ta  improved  h u t  o the r  areas 
of  weakness in the  model  were discovered. T w o  peaks in the  egg popu la t i on  curve sugges ted  
tha t  the  nema t ode  was able to comple te  two life cycles before hos t  do rmancy  and  dec l in ing  
t empera tu res  l imi ted  physiological  acti.vity. Key Words: Meloidogyne arenaria, popu la t i on  
dynamics ,  nematode-hos t  in teract ion.  

T h e  development  of a computer  simu- 
lator (MELSIM) of a nematode-plant  
system (2, 3) has assisted in directing 
research efforts (4, 6). Experimentat ion 
with the simulator has exposed errors which 
required refinements in the logic of the 
model. T h e  result is that the simulator must 
be updated periodically. It  is hoped that 
the simulators predictive ability will im- 
prove as knowledge of the system is gained. 
This  paper reports the effects of incorporat- 
ing data on egg development  and death 
rates (4) into the model, and of some logic 
refinements in the relationship of numbers 
of nematodes to plant  damage and the in- 
fluence of the physiological status of the 
host. Tr ia l  simulations are compared with 
field data (5). 

Egg development and death rates: Ex- 
periments on Meloidogyne arenaria egg 
development relative to temperature (4) 
indicated the need for two regression 
models, one to describe the development 
and hatch rate of 74% of the egg popula- 
tion and the other  to describe the slower 
hatch of the remainder.  The  simulator was 
modified to part i t ion each cohort of newly 
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deposited eggs into two developmenta l /  
hatch groups. Eggs developed according to 
a temperature-dependent  rate (proport ion 
of development completed per h): 

D = ( 2 ~ . 5  T - ~ 3 5 ) ( 1 0 - ~ )  
Seventy-four percent of the eggs hatched at 
matur i ty  while the remainder  hatched at a 
rate (egg hatch~egg~h): 

H = 0 X  - 3 0 . 5 ) ( 1 0 - 0 )  
Studies of the effects of temperature on 

egg death rate (4) were used to formulate 
models based on temperature and length of 
exposure. Death rates (deaths/egg/h)  dur- 
ing the first week of exposure to sub-optimal 
temperature were described by: 

R = (4 5 9 .5 -  38.5T + 0.9T2)(10 -~) 
and during subsequent exposures by: 
R = (10855.9-  606.2T + 14.7T ~ + 

20.gL 2 -  1.9TL 2 + 0.04T2L2)(10-0 
where T -- temperature and L -- length of 
exposure in days. 

Since temperature  experiences of each 
daily cohort of eggs will vary, the deaths of 
each age group of eggs are determined in- 
dividually. T h e  data base for the models 
was developed at constant temperatures 
(4), and the simulations involve fluctuating 
temperature.  It  could be argued, therefore, 
that the temperature-death rate models are 
somewhat misused in the simulator since 
the age of an egg is not  a measure of time 
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