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withdrew from the feeder roots (Figs. 28, 
30). Helicotylenchus oleae fed on a selected 
site on the root for only a limited time and 
then moved to other feeding sites. The  
nematode's feeding activity appeared to 
affect only epidermal cells and cortical 
tissue. No evidence of vascular damage was 
detected. 
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The Influence of Temperature on Meloidogyne incognito 
on Soybean ~ 

J O H N  F. N A R D A C C I  and K. R. BARKER ~ 

Abstract: T h e  effects of t empera tu re  and  itfilial i n o c u l u m  densi ty  of Meloidogyne incognita on 
soybean growth  and  nema t ode  reproduc t ion  were invest igated in g reenhouse  t empera tu re  tanks 
and  in control led-growth chambers .  T h e  interact ions  of init ial  i n o c u l u m  densi ty  (Pl) and  soil 
t empera tu re  in effects on shoot  g rowth  were adequa te ly  described by mul t ip le- regress ion  models .  
At  the  h ighes t  t empera tu res  (30 or 32/28 C), modera te  to h igh  i nocu lum killed many  plants .  A 
PI of 27,000 eggs /15-cm-diam pot  re tarded  shoot  growth at 26 C. Only the  greatest  PI (81,000 
eggs/15-cm pot) suppressed  shoot  g rowth  at 18, 22, or  20/16 C. Inocula t ion  with 3,000 or  9,000 
egg s / p l an t  resulted in heavier  root systems at all t empera tu res  except  30 C. At  tha t  t empera tu re ,  
9,000 eggs suppressed root growth.  At 18 and  26 C, a PI of  81,000 eggs was requi red  to re tard  root  
growth.  Nema t ode  reproduc t ion  was related directly to t empera tu re  and  Pl except at a densi ty  of 
81,000 eggs/15-cm pot. Key H'ords: Glycine max, root-knot ,  popu la t i on  dynamics .  

Meloidogyne incognita (Kofoid and 
White) Chitwood poses a serious problem in 
the production of soybean, Glycine max 
(L.) Merr., in the coastal-plain area of the 
southern United States (24). Most research 
on this problem has involved rating cul- 
tivars for disease resistance (6), reporting of 
disease incidence (9, 16, 17), and evaluating 
nematicides (15). Kinloch (15) found that 
about 40% of soybean fields sampled in 
Florida were infested with M. incognita. 
Soybean yields of susceptible and resistant 
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cultivars were respectively suppressed by 
53-90% and 32-40%. 

Relatively little has been done to deter- 
mine the relationship between soybean 
yield and initial population density (Pt) of 
M. incognito (18). In a greenhouse experi- 
ment, lbrahim et al. (13) found that 2,000 
larvae/15-cm-diam pot resulted in shoot 
dry weigltts of 'Lee 68' soybeans that were 
slightly less than in healthy plants. Field 
plots with Pt of 15 larvae/100 cm 3 of soil 
treated with 1,3-dibromo-3-chloropropane 
(DBCP) yielded 840 kg /ha  more than con- 
trois on root-knot-susceptible 'Pickett 71' 
(15). 

These studies did not include any meas- 
ure of the influence of temperature on this 
host-parasite relationship. The  general el?- 
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fects of temperature on the reproduct ion of 
Meloidogyne spp. have been demonstrated 
(3, 23, 25). Godfrey (10) determined the 
critical temperature for reproduct ion of an 
unknown Meloidogyne species on soybeans 
to be 28 C. Dropkin (8) suggested that M. 
incognita acrita reproduces well on soy- 
beans at temperatures between 24 and 35 C, 
depending on host cuhivar. 

Tempera tu re  may affect nematode re- 
product ion directly, al though it also acts 
imtirectly hy influencing plant growth (22). 
Since larger vigorously growing plants can 
support  greater nematode populations (1, 
22), temperature can modify the relation- 
ship between Pl and P~. (final nematode 
populat ion density). The  influence of en- 
vironment  on the relationship between 
tomato growth and P~ of M. incognita has 
been documented (2). 

Although field experimentat ion is nec- 
essary to establish realistic threshold 
densities, greenhouse and growth-chamber 
studies are useful for indicating basic 
nematode-host interactions. T h e  experi- 
ments reported herein were designed to 
determine the effects of temperature on the 
reproduction of M. incognita on soybeans, 
and to ascertain the effect of temperature on 
the relationship between soybean growth 
and initial nematode inoculum level. 

MATERIALS AND M E T H O D S  

Preparation of Inoculum and Culture 
of Plants: Inoculum for the greenhouse 
temperature-tank experiment  was obtained 
from tobacco roots grown in microplots at 
the Central Crops Research Station in Clay- 
ton, Nor th  Carolina. For the phytotrou 
experiment,  3-week-old 'Manapal '  tomato 
(Lycopersicum esculentum Mill.) seedlings 
were transplanted to ]5-cm-diam clay pots 
containing a 1:1 mixture  of methyl- 
bromide-treated Norfolk sandy-loam and 65- 
mesh silica sand with a greatest mean diam 
of 245 ~m. Plants were inoculated by dis- 
pensing a suspension of about  20,000 eggs 
of M. incognita around the roots. A solu- 
tion of V H P F  (Miller Chemical and 
Fertilizer Corp., Hanover,  PA) supple- 
mented with 1.2 × 10 -:~ mM of KNO 3, 1.9 
× 10 -3 mM of MgSO,  and 1.6 × l0 -~ mM 
of H.~BO~ was supplied semiweekly or as 
needed. Eggs were extracted from roots of 

tobacco or 75-to-90-day-old tomato by a 
NaOC1 technique (12). Eggs were counted 
with a stereoscopic microscope, and desired 
inoculum densities were prepared. 

Unless stated otherwise, soybean [Gly- 
cine max (L.) Merr.] cv 'Lee 68' seedlings 
were transplanted singly to 15-cm-diam pots 
containing 1,500 cm 3 of the pott ing mix- 
ture. At transplanting, 200 mg of a 
commercial preparat ion of Rkizobium 
japonicum (Kirch.) Buchanan (Nitragin: 
Nitragin Co., Milwaukee, WI) were added 
around the roots. Modified VHPF was 
added to each pot 1 or 2 days after trans- 
planting. Plants were watered as needed 
with half-strength Hoagland's solution (11) 
minus nitrogen, or with tap water. Water  
was added daily to bring the soil moisture 
to about  8% by weight as determined with 
an Agtronic soil moisture meter (Agtronics 
Co., Barstow, CA). 

Experimental design and statistical 
analysis: A complete random block design 
was used in both experiments with six 
replicates per treatment.  At the end of each 
experiment,  the plants were harvested and 
data recorded as: l) shoot dry weight (105 
C for 3 days); 2) root fresh weight; and 3) 
final nematode numbers. T h e  final popula- 
tion densities of larvae and males (Pf) in 
the soil were determined by thoroughly mix- 
ing the soil from each pot, taking a 500-cm s 
subsample, and processing with a combina- 
tion of elutr iat ion (4) and centrifugal 
flotation (14). Eggs were extracted from 
roots by the method of Byrd et al. (5). 

Analyses of variance were used to test 
the significance of P~ or temperature and 
the interaction of these variables in effects 
on plant growth and final nematode den- 
sities. Regression analyses were used to 
determine relationships when P~ and tem- 
perature interacted to influence plant 
growth. These relationships were fitted to 
linear or quadrat ic  models, and the choice 
of best fit was based on tests of significance. 
A log10 (X + I) t ransformation of nematode 
numbers was used in these analyses to 
stabilize variance and to facilitate handling 
of nematode data. 

Temperature-tank experiment: Seed 
were germinated in vermiculite for 5 days, 
at which time the seedlings were trans- 
planted into 15-cm-diam plastic pots 
containing 1,500 cm 3 of the pott ing mixture.  
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Various densities of M. incognita were es- 
tablished by dispensing a 50-ml egg 
suspension or water into 10 holes around 
the base of the plant to give 0, 3,000, 9,000, 
27,000, or 81,000 eggs/pot. 

Pots were placed in Wisconsin-type 
temperature  tanks maintained at 18, 22, 26, 
and 30 C with ambient  temperature rang- 
ing from 20 to 35 C. Each pot was equipped 
with a drainage system consisting of a 
plastic fitting in the bot tom of the pot at- 
tached to Tygon  tubing (0.64 cm I.D.) 
connected to a central drain in the tank. 
Each tank had a heating and cooling sys- 
tem, and a pump for water circulation. 
Multi-vapor lamps (225 hlx) provided long- 
day (14 h) i l lumination for the first 28 days, 
and supplemental  lighting for the re- 
mainder  of the experiment.  T h e  experiment  
was terminated at 90 days. At 30 C, how- 
ever, some of the plants died before that 
time, so data were collected upon plant  
death. 

Phytotron experiment: In a growth- 
chamber experiment,  2-day-old seedlings, 
germinated in vermiculite in a 27.5 C 
incubator, were transplanted to 90-cm ~ 
Dixie paper cups containing 75 cm 3 of the 
soil mixture.  Seedlings were maintained in 
the greenhouse at 26/22 C (alternating 
day/n ight  temperature).  At 7 days, the 
seedlings with root balls intact were trans- 
ferred to 15-cm-diam clay pots with 1,500 
cm 3 of the pott ing mixture. Immediately 
before transplanting, the soil in each pot 
had been infested with 0, 9,000, 27,000, 
54,000, or 81,000 eggs of M. incognita. 

T h e  pots were placed in "C-type" 
growth chambers (7) and were maintained 
at al ternating day /n igh t  ambient  tempera- 
tures of 32/28, 28/24, 24/20, or 20/16 C. 
Soil temperatures closely paralleled those 
ambient  temperatures. A combination of 
T-12 1,500-ma cool white fluorescent and 
Krypton-filled incandescent filament lamps 
provided an i l luminance of 430 to 480 (hlx). 
T h e  plants were grown under  long-day (14 
h) conditions for 28 days, and then main- 
rained at short days (10 h) for 54 days 
(harvest). Many plants died under the two 
highest temperature regimes before the 
82nd day, and data were collected upon 
plant death. 

RESULTS 

Temperature-tank experiment: Soil 
temperature and initial inoculum density 
(Pl) greatly affected the growth of shoots 
and roots. Dry weight of shoots was related 
inversely to temperature and PI (Fig. 1). 
T h e  interaction between Pl and soil tem- 
perature on shoot growth (P --- 0.01) was 
adequately described by a nmltiple- 
regression model (Fig. 1). At 30 C, 100, 100, 
67, and 33% of plants respectively inocu- 
lated with 81,000, 27,000, 9,000, and 3,000 
eggs of M. incognita died before the ex- 
periment was terminated. All control plants 
survived. Shoot dry weights of plants grown 
at 26 C respectively inoculated with 27,000 
or 81,000 eggs were 34 and 72% less than 
those of controls. At 22 and 18 C, a P~ of 
81,000 eggs was required to suppress shoot 
growth. 

Root  weights increased with tempera- 
ture from 18 to 26 C, but  were lowest at 
30 C. Root  weights were greater than those 
of controls at Pi's of 3,000, 9,000, and 27,000 
(Table 1). A P~ of 81,000 suppressed root 
growth. There  was also an interaction of P~ 
and soil temperatm'e with root growth 
(Table 1). Root  fresh weights were greater 
(P = 0.05) than those of controls at a Pl of 
9,000 eggs at all temperatures except 30 C. 
At 30 C, a Pi of 9,000, 27,000, or 81,000 eggs 
resulted in root weights that were respec- 
tively 36, 39, and 77% less than those of 
controls. A P~ of 3,000 eggs generally 
stimulated root growth. Initial densities of 
81,000 eggs were required to suppress root 
growth at 18 and 26 C. On the basis of fresh 
weight, however, M. incognita did not de- 
press root g~'owth at 22 C. 

Reproduct ion of M. incognita at 30 C 
was greatest when P~ was 3,000 (Table  2). 
Nematode reproduction was depressed at 
18 C, and was insufficient to maintain (P, = 
P~) the populat ion at the highest density. 
P, was highly correlated with the Pc of 
larvae plus eggs. At harvest, larvae and 
adult  males were few in numbers compared 
with egg populations (Table 3). T h e  high- 
est temperature yielded the greatest number  
of all stages counted. T h e  relat ionship of P, 
aml P, (for eggs and larvae) for each tem- 
perature was reasonably described by a 
quadratic model (Fig. 2-A). On the basis 
of these models, equi l ibr ium densities ["E" 
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FIG. 1. Re la t ionsh ip  of i~it ial  i n o e u l u m  densi ty  (Pi) of Me[oidogyne incognita and  t e m p e r a t u r e  to 

growth of soybean in the  greenhouse .  

T A B L E  1. Influence of i n o c u l u m  densi ty  and  t emp e r a t u r e  on root g rowth  of soybean.  

I n o c u l u m  densi ty  
(eggs in 1,000's/pot) Root  fresh wt. (g) per  t empe ra t u r e  

T e m p e r a t u r e  tank:  18 C 22 C 26 C 80 C Mean  

0 5.9 6.8 8.4 7.7 7.2 
3 6.8 9.5 8.5 11.2 9.0 
9 10.0 10.5 14.3 4.9 9.9 

27 8.4 10.2 14.2 4.7 9.4 
81 3.9 6.8 7.4 1.8 5.0 

Mean  7.0 8.8 10.5 6.1 8.1 
LSD: P = 0.05 P = 0.01 

T e m p e r a t u r e  2.1 2.9 
Pi 1 .5  2.0 
In terac t ion  ( T e m p  X Pt) 3.0 4.0 

t ' hy to t ron  expt. :  20/16" 24/20 28/'24 32/28 Mean  

0 5.9 5.4 6.8 6.4 6.1 
9 7.3 7.6 8.6 10.2 8.4 

27 7.4 8.0 9.6 9.8 8.7 
54 8.9 8.2 9.6 10.7 9.3 
81 5.5 9.0 7.6 7.7 7.4 

Mean  7.0 7.6 8.4 9.0 8.0 
LSD: P = 0~5 P = 0.01 

T e m p e r a t u r e  1.3 NS 
Pi 1.6 2.1 
In te rac t ion  ( T e m p  X P0 NS --  

' ,Tempera tu res  a l te rnate  d a y / n i g h t .  Data  are m e a n s  of  six replicates.  
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TABLE 2. Reproductive factors (R) of Meloidogyne incognita on soybean as affected by inoculum 
density and temperature. 

Inoculum density 
(eggs in 1,000's/pot) R(Pf/PI) per temperature 

Temperature tank: 18 C 22 C 26 C 30 C 
0 0 0 0 0 
3 2.9 9.7 17.7 83.7 
9 2.7 11.0 17.5 16.8 

27 1.0 8.7 12.9 10.7 
81 0.2 2.6 3.4 2.9 

LSD: P = 0.05 P = 0.01 
Temperature 4.6 6.1 
Pi 5.2 6.9 
Interaction (Temp X Pl) 10.4 13.7 

Phytotron expt.: 
0 
9 

27 
54 
81 

20/16 C a 24]20 C 28/24 C 32/28 C 
0 0 0 0 

0.8 9.1 20.0 33.7 
0.9 7.5 12.7 18.9 
0.8 5.0 7.9 12.7 
0.5 2.8 4.7 7.7 

LSD: P = 0.05 P = 0.0l 
Temperature 1.4 1.8 
pl 1.5 2.0 
Interaction (Temp)< PI) 3.1 4.0 

"Temperatures alternate day/night. Data are means of 

(dea th  r a t e  = b i r t h  ra te)  is t i le  p o i n t  where  
t i le  curve crosses the  m a i n t e n a n c e  l ine/  for 
this  n e m a t o d e  at  18, 22, 26, a n d  30 C were  
respec t ive ly  a b o u t  20,000, 320,000, 650,000, 
and  180,000. 

T h e r e  was a s ignif icant  (P = 0.01) in ter -  
ac t ion  be tween  Pj a n d  t e m p e r a t u r e  in  effects 

TABLE 3. Relative numbers of larvae, eggs, and 
males of Meloidogyne incognita on soybean as af- 
fected by temperature. 

Pt in 1,000's/1,500 cm3 
soil (pot) 

Experiment Larvae 
& temperature Larvae + eggs Males 

Temperature tank: 
18 13 0.2 19 0.1 
22 1.1 144 0.1 
26 3.2 209 0.4 
30 5.9 232 0.4 

LSD @ P=0.01 1.7 80 0.1 

Phytotron expt.: 
20/16 C A 0.1 29 0.2 
24/20 C 0.3 196 0.3 
28/24 C 1.4 333 0.9 
32/28 C 2.8 532 1.3 

LSD @ P=0.01 0.8 79 0.7 

• Temperatures alternate day/night. 

six replicates. Pf include eggs and larvae. 

on  n e m a t o d e  r e p r o d u c t i o n .  T h e  Pf of  l a rvae  
p lus  eggs inc reased  w i th  P,, excep t  for 3,000 
at  30 C and  81,000 at  a l l  t empe ra tu r e s .  Re- 
p r o d u c t i o n  was grea tes t  at  30 C, b u t  t ha t  
reflects the  h igh  r e p r o d u c t i v e  ra te  a t  t ha t  
t e m p e r a t u r e  at  a Pl of  3,000. 

Phytotron experiment: T e m p e r a t u r e  
a n d  in i t i a l  i n o c u l u m  dens i ty  (P~) affected 
p l a n t  g r o w t h  (Fig. 3). Dry  weights  of shoots  
were  g rea te r  a t  28 /24  a n d  24 /20  C than  at  
the  two t e m p e r a t u r e  ext remes ,  a n d  were  
inverse ly  r e l a t e d  to Pl- T h e  i n t e r a c t i o n  of  
P, a n d  t e m p e r a t u r e  wi th  shoot  g rowth  (P = 
0.01) was a d e q u a t e l y  desc r ibed  by  a 
mu l t i p l e - r eg re s s ion  m o d e l  (Fig. 3). A l l  
n e m a t o d e - i n f e c t e d  p l an t s  g rown  in  the  
32 /28  C t e m p e r a t u r e  r eg ime  d ied  before  the  
e n d  of the  e x p e r i m e n t .  A t  28 /24  C, respec- 
t ive ly  33, 67, a n d  67 % of  p l an t s  d i e d  w h e n  
i n o c u l a t e d  w i th  81,000, 54,000, a n d  27,000 
eggs. Al l  con t ro l  p l a n t s  surv ived  at  b o t h  of  
those t empe ra tu r e s .  A Pl of  9,000 eggs was 
sufficient to suppress  shoot  we igh t  by  4 4 %  
at  28 /24  C. A t  24 /20  C a PI of  54,000 eggs 
suppressed  shoot  w e i g h t  b y  4 2 % ,  whereas  
at  20 /16  C a Pi of  81,000 eggs caused  a n  
82 % suppress ion .  

R o o t  fresh weights  were  pos i t i ve ly  re- 
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FIG. 2. (A-B). Effects of initial inoculum density 
(PI) on the reproduction of Meloidogyne incognita 
at four temperatures. (Maintenance line: PI = Pf)" 
A) Greenhouse temperature-tank experiment. Re- 
spective quadratic regression models are: 
30 C Pt=~).007 + 2.42(LogPt)--0.27(LogPl) 2 

r = 0.99"* 
26 C Pr=--0.005 + 1.99(LogPi)--0.17(LogPl) 2 

r = 0.99** 
22 C Pf =--0.008 + 1.88(LogPi)--0.16(LogPl) 2 

r = 0.99** 
18 C Pf=-0.007 + 1.73(LogPl)--0.17(LogPt) z 

r = 0.97** 
B) Phytotron experiment. Respective quadratic are- 
gression models are: 
32/28 C Pr=--0.0003 + 2.23(LogPt)--O.21(LogPi) 2 

r = 0.99** 
28/24 C Pf=--0.0007 + 2.10(LogPl)--0.19(LogPl) 2 

r = 0.99** 
24/20 C P f=--0.001 + 1.86(LogPt)--0.15(LogPt)z 

r = 0.99** 
20/16 C Pf=0.01 + 0.95(LogPl)" 

r = 0.98 +* 

lated to tempera ture ,  and  increased wi th  Pl 
except  at  the highest  Pi (Table  1). 

Final  densities and  reproduc t ive  rates 
of M. incognita increased wi th  t empera tu re  
increments  (P = 0.01) (Fig. 2-B, T a b l e  2). 
Those  relat ionships  were adequa te ly  de- 
scribed by quadra t i c  models  for t empera tu re  
regimes of 32/28,  28/24,  and  24/20  C. A 
l inear regression equa t ion  character ized the 
re la t ionship  best  at 20 /16  C, bu t  tha t  tem- 
pera ture  regime al lowed the ma in tenance  of  
tile init ial  popu la t i on  only  at a Pt of  27,000. 
Few males and  larvae were recovered as 
compared  wi th  eggs (Table  3). On  the basis 
of  the quadra t i c  models,  the equ i l i b r ium 
densities on a total p l an t  basis were similar:  
24 /20  = 550,000; 28 /24  = 600,000; 32/28 
= 725,000. Final  densities increased wi th  P~ 
except at tile highest  densi ty (81,000 eggs). 

N e m a t o d e  r ep roduc t i on  in teracted  sig- 
nif icantly wi th  P~ and  tempera ture .  For  
larvae plus eggs, Pf increased wi th  Pt for all 
tempera tures  except  at densities of  81,000 
eggs of M. incognita. Again,  the reproduc-  
tive factor  was greatest  at the highest  
t empera tu re  and  lowest Pt. 

D I S C U S S I O N  

A recent  review (1) offers a t h o r o u g h  
discussion of  the te rminology  and  schemes 
used to designate a host as good  or  poor  for 
a given nematode  species. Oos tenbr ink ' s  
(19) reproduc t ive  factor (R) provides a 
basic measu remen t  of  the nematode ' s  re- 
product ive  capabilities. Seinhorst  (21) used 
the equ i l i b r ium densi ty (E) and  m a x i m u m  
rate of  r ep roduc t ion  (a) to de te rmine  host 
status. Quan t i t a t ive  character iza t ion of  
re lat ionships  in this m a n n e r  provides funda-  
menta l  models  for predic t ing  nema tode  
reproduc t ion .  Most studies involv ing  en- 
v i ronmenta l  factors add  to knowledge  of  
the requi rements  for nema tode  species, 
a l t hough  m a n y  fail to characterize the re- 
la t ionship  between Pt and  Pr. 

In  the present study, the equ i l i b r ium 
densi ty and  the r ep roduc t ive  factor  for M. 
incognita on soybean were great ly influ- 
enced by tempera ture .  A t  the lowest 
tempera tures  (18 and 20 /16  C) b o t h  E and  
R were low, p robab ly  the result  of  poor  
g rowth  of  the host plant ,  a l though  the 
direct  effect of t empera tu re  on n e m a t o d e  
infect ion and  deve lopment  should  also be 
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(PI) of Meloidogyne incognita and temperature to 

recognized. Under  conditions opt imum for 
plant  growth, both  E and R were high. 
Opt imum temperatures seem to signify an 
overlap in the requirements of both host 
and parasite for growth and development  
(10). These results are consistent with other 
reports. Rates of reproduct ion for different 
populations of four Meloidogyne spp. on 
tomato were greater at 25-32 C than 20-2l 
or 15-16 C (23). Godfrey (10) suggested the 
op t imum temperature for an unknown 
Meloidogyne sp. on soybean to be 28 C. 

Meloidogyne incognita acrita has been 
shown to reproduce well at temperatures as 
high as 35 C (8). T h e  present results, how- 
ever, suggest this to be possible only at low 
initial nematode densities. Since R was so 
great at the highest temperatures (30 and 
32/28 C), one would expect extensive root 
damage to have limited nematode feeding 
sites, causing a subsequent drop in E. T h a t  
situation developed in the temperature 
tanks bu t  not in the growth chambers. In 
the phytot ron experiment,  soybean seed- 
lings had been held in the greenhouse for 7 
days before transplanting to nematode- 
infested soil. Those plants with additional 
feeding sites were more tolerant of initial 
nematode infection, resulting in a higher 

E than for the younger plants in the 
temperature tanks. This  result supports the 
suggestion (22) that plant size or age is more 
impor tant  than temperature.  

R decreased as Pt increased at the 
highest temperatures, indicating that com- 
peti t ion for feeding sites was a limiting 
factor. At low temperatures, the change in 
R with increasing Pl was slight, signifying 
poor nematode infection a n d / o r  develop- 
ment. On the basis of equi l ibr ium density 
and the reproductive factor, soybean would 
be considered a good host at all tempera- 
tures studied above 18 or 20/16 C. External 
factors, such as temperature, influence the 
relationship between Pi and P~ directly and 
also by their action on the host, as suggested 
by Seinhorst (21). 

T h e  close correlation between Pi and 
crop response or yield has been established 
(1, 2, 19, 20, 26). T h e  environment  has a 
strong influence on this relationship. Ac- 
cording to Wallace (27), crop failures are 
often most serious when some environ- 
mental  stress coincides with nematode 
infection. Barker et al. (2) demonstrated 
that fact in determining the relations be- 
tween Pl and damage to tomato at two 
locations in North  Carolina. Under  condi- 
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t ions  f a v o r a b l e  [or  p l a n t  g r o w t h ,  losses to  
M. incognita w e r e  s l igh t .  I n  con t r a s t ,  
w h e n  t e m p e r a t u r e s  w e r e  h igh ,  r a i n f a l l  
m o d e r a t e ,  a n d  soi l  c o a r s e - t e x t u r e d ,  n e m a -  
t o d e  d a m a g e  was severe .  A l t h o u g h  
c o n t r o l l e d - e n v i r o n m e n t  e x p e r i m e n t s  m a y  
n o t  b e  d i r e c t l y  r e l a t e d  to  f ie ld  tests, t h e  
p r e s e n t  resu l t s  p o i n t  t o w a r d  a s i m i l a r  
r e l a t i o n s h i p  for  M. incognita o n  soybeans .  
N e g a t i v e  c o r r e l a t i o n s  o f  P~ a n d  t e m p e r a t u r e  
versus  s h o o t  g r o w t h  w e r e  h i g h l y  s i g n i f i c a n t  
(P = 0.01) as s h o w n  by m u l t i p l e - r e g r e s s i o n  
analyses .  T h e  t o l e r a n c e  l eve l  o f  s o y b e a n  
a p p e a r s  to be  l ow (1,000 e g g s / 5 0 0  cm a o f  
soi l)  a t  h i g h  t e m p e r a t u r e s ,  b u t  e x t r e m e l y  
h i g h  at  l ow  t e m p e r a t u r e s .  [ P r e v i o u s  s tud ies  
i n d i c a t e  t h a t  o n l y  a b o u t  2 0 %  o f  l a r v a e  a r e  
i n f e c t i v e  w h e n  h a t c h e d  f r o m  eggs e x t r a c t e d  
i n  N a O C 1  (12)]. l b r a h i m  et  al. (13) d e m -  
o n s t r a t e d  t h a t  2,000 l a r v a e  o f  M. incognita/ 
p o t  w e r e  r e q u i r e d  to cause  a s l i gh t  loss 
o f  s h o o t  d r y  w e i g h t  of  ' L e e  68'  soybean .  
Stress c o n d i t i o n s  w e r e  n o t  p r o v i d e d  i n  t h a t  
s tudy ,  so a h i g h e r  t o l e r a n c e  l eve l  w o u l d  be  
e x p e c t e d .  

T h e  m u l t i p l e - r e g r e s s i o n  m o d e l s  deve l -  
o p e d  for  Pt a n d  t e m p e r a t u r e  h a v e  o n l y  a 
l i m i t e d  p o t e n t i a l .  S o y b e a n s  d o  n o t  n o r m a l l y  
d i e  f r o m  r o o t - k n o t  n e m a t o d e  i n f e c t i o n .  
S o m e  of  t h e  i n i t i a l  dens i t i e s  a n d  t e m p e r a -  
tu res  used  in  these  tests a re  p r o b a b l y  h i g h e r  
t h a n  a y o u n g  p l a n t  e n c o u n t e r s  in t he  field. 
N e v e r t h e l e s s ,  i t  is e v i d e n t  t h a t  t h e  effect  of  
i n i t i a l  d e n s i t y  o n  f inal  d e n s i t y  o r  c r o p  re-  
s p o n s e  is m o d i f i e d  by  t e m p e r a t u r e .  F u r t h e r ,  
these  p a r a m e t e r s  a r e  i n t e r r e l a t e d  in  such  a 
way  t h a t  t he  prec ise  effect  of  e a c h  o n  the  
o t h e r  m u s t  be  c a r e f u l l y  d e t e r m i n e d .  A d d i -  
t i o n a l  i n f o r m a t i o n  f r o m  field a n d / o r  
m i c r o p l o t s  is n e e d e d  b e f o r e  t h e  effects of  Pt, 
t e m p e r a t u r e ,  a n d  r a i n f a l l  c an  be  i n t e g r a t e d  
i n t o  a use fu l  m o d e l  for  p r e d i c t i n g  s o y b e a n  
yie ld .  
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Proleptonchoides southindiae n. gen., n. sp., 
a New Leptonchoid from South India 1 

V. R. FERRIS, 2 C. G. GOSECO, ~ and A. C. KUMAR :~ 

Abstract: Proleptonchoides southindiae n. gen., n. sp. (Doryla imida:  Leptonchidae) ,  is described 
f rom soil a r o u n d  false tobacco (Lobelia excelsa) and  c a r d a m o m  (Elettaria cardamomurn) in South  
India .  P. southindiae is prodelphic ,  has  a shor t  constr ic ted esophageal  bu lb  and  flanged 
odontophore ,  and  is phylogenet ical ly  close to Proleptonchus. Key Words: t axonomy,  Nematoda ,  
Doryla imida ,  Lep tonchidae ,  Proleptonchus. 

During September-November  1976, one 
of us (ACK) collected nematodes as a par t  
of a survey around the Coffee Research 
Station of the Central  Coffee Research In- 
stitute (C.C.R.I.), Chikmagalur  District, 
Karnataka,  South India.  In  one locality a 
new leptonchoid was found in substantial  
numbers  associated in soil with roots of 
Lobelia (false tobacco), a p lant  which grows 
widely in the area in loamy soils of p H  5.6- 
6.6. T h e  collection site is at lat i tude 13022 ' 
N and longitude 73028 ' E at an elevation of 
853 m above mean sea level. Annual  rainfall  
averages 2540 mm, with most  rainfall  be- 
tween March and November .  In  subsequent 
sampling in the spring of 1977, adults were 
not found again until  after the March rains. 
Mean annual  t empera ture  of the area is 
26.8°C (range 17.8-35). In  the spring of 
1978 the new leptonchoid was collected in 
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large numbers  at an addit ional  site in the 
same general area, from soil a round the 
roots of Elettaria cardamomum Maton. 
(cardamom). I t  is not known whether  this 
leptonchoid is plant-parasitic, a l though the 
large numbers  recovered suggest that  it 
might  be. 

Proleptonchoides n. gen. 

Type species: Proleptonchoides south- 
indiae n. sp. 

Differential diagnosis: Proleptonchoides 
can be distinguished from Proleptonchus 
Lordello, 1955, by the flanged spear exten- 
sion (odontophore)  and the digitate-spicate 
tail. T h e  thick sclerotized ~toma is similar 
to that  of Proleptonchus, al though more 
columnar  and less distinctly flask-shaped. 

Description: Leptonchidae.  Body cyl- 
indroid, slightly arcuate. Cuticle with 
distinct transverse striations; subcuticle 
coarsely striated, loose. Refractive elements 
in cuticle abundant .  L ip  region slightly set 
off, lips distinct. Stoma thick, sclerotized, 
nearly cylindrical. Spear slender, spear ex- 
tension flanged. Esophageal bulb  short and 
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