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Effects of Environments, Meloidogyne incognita Inoculum 
Levels, and Glycine max Genotype on Root-knot 

Nematode-Soybean Interactions in Field Microplots 1 
T. L. NIBLACK, R. S. HussEY, AND H. R. BOERMA 2 

Abstract: Five soybean cultivars (Braxton, Gordon,Jeff, Bragg, and Wright) resistant toMeloidogyne 
incognita (Mi) and three susceptible cuhivars (Coker 156, GaSoy 17, and Coker 237) were grown at 
two locations for four seasons in microplots with increasing initial soil population densities (Pi) of  
Mi. The  resistant cultivars and Coker 156 yielded better than GaSoy 17 and Coker 237 at all Pi. 
Yield response was dependent on environmental conditions and at one location was stimulated on 
Braxton, Gordon, Jeff, and Bragg by low Pi. Although Mi reproduced well on all cultivars, the 
pattern of reproduction differed. Population densities of Mi leveled off after 90 days on GaSoy 17 
and Coker 237 but were still increasing after 120 days on the resistant cultivars; population densities 
were lower on resistant than on the susceptible cultivars. The  population density of Mi on Coker 
156 after 120 days was intermediate between those on the other susceptible and on the resistant 
cuhivars. Mi population densities followed the same pattern under varying environmental conditions. 

Key words: resistant cultivars, nematode reproduction, yield loss, population dynamics, nematode x 
environment interaction. 

The availability of  resistance to Meloi- 
dogyne incognita (Kofoid & White) Chit- 
wood is important in soybean (Glycine max 
(L.) Merr.) cuhivars adapted to the south- 
ern United States because of  the wide dis- 
tribution of  the nematode and its potential 
for suppressing yields (1,13,15). Currently, 
planting resistant cultivars is the only eco- 
nomical means of  managing root-knot 
nematodes on soybean (15). Plant breeders 
have successfully developed many cuhivars 
with resistance to M. incognita using one or 
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more approaches to screening genotypes 
(10,16,19). We use the term "resistant" to 
describe a genotype on which nematode 
reproduction is suppressed relative to a 
"susceptible" (7); however, in practice the 
designation "resistant" or "susceptible" is 
dependent  on the severity of  a plant re- 
sponse, usually galling, and frequently in- 
cludes an indication of  levels of  resistance 
within a continuum of host-parasite inter- 
actions. 

Variations in levels of  resistance ex- 
pressed by a host genotype can be attrib- 
uted to variation in nematode genotype or 
environmental conditions as well as to plant 
genotype (4). Little information is available 
on the effects of  genotype x environment 
interaction for the soybean-M, incognita 
relationship, although with the current  in- 
crease in use and importance of  root-knot 
resistant cultivars, it is essential to deter- 
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mine how well available resistance operates 
in different environments. The  objectives 
in this series of  experiments were 1) to eval- 
uate M. incognita-resistant cultivars over in- 
creasing nematode inoculum levels under  
different environmental conditions (i.e., 
years or locations or both) and 2) to de- 
termine damage threshold initial nema- 
tode population densities for the resistant 
cultivars. 

MATERIALS AND METHODS 
Four experiments were conducted dur- 

ing 1981-84 in 80-cm-d fiberglass micro- 
plots (3) installed in Appling coarse sandy 
loam (Typic Hapludult,  clayey, kaolinitic, 
thermic, 73% sand, 15% silt, 12% clay) at 
the Plant Sciences Farm near Athens, 
Georgia ,  and in Dothan  loamy sand 
(Plinthic Paleudult, fine loamy, siliceous, 
thermic, 88% sand, 10% silt, 2% clay) at 
the Southeast Branch Experiment Station 
near Midville, Georgia. Microplots were 
limed and fertilized according to soil test 
recommendations by the University of  
Georgia Agricultural Extension Service. 
Four weeks before planting microplots 
were fumigated with methyl bromide at 
0.12-0.19 k g / m  2. At planting the top 23 
cm of  soil was infested with the desired 
nematode initial population density (Pi) and 
with spores of  mycorrhizal fungi (Gigaspora 
margarita and Glomus etunicatum) and com- 
mercial inoculum of  Bradyrhizobium japon- 
icum. Forty-five seeds were planted in a 
single row through the middle of  each mi- 
croplot. Seedlings were thinned to 20 per 
microplot after 7-10 days. To  simulate 
production conditions, seeds of  the culti- 
var planted inside the microplot were also 
planted in the border  rows (95.5 cm apart) 
on either side of  the plot and between the 
microplots within the row. Supplemental 
irrigation was provided throughout  the 
growing season. 

Data were recorded for plant number  
and height at harvest. Seeds were harvest- 
ed mechanically, and seed yield and weight 
(g /100 seed) were adjusted to 13% mois- 
ture content. Relative seed yields were cal- 
culated on a per  replication basis, as the 
yield of  each nematode infested microplot 
divided by the yield of  the noninfested mi- 
croplot. Maturity date (when 95% of the 
pods reached maturity) was recorded at the 
Athens location only. 

Meloidogyne incognita was propagated in 
a greenhouse on Lycopersicon esculentum 
Mill. cv. Rutgers. The  culture had been 
established from a mixture of  three collec- 
tions selected for their aggressiveness to 
soybean (10). Eggs were collected for in- 
oculum by 0.5% NaOC1 extraction of  galled 
tomato roots (9) and were added to each 
microplot in 1,600 ml of  water suspension 
at planting. The  Pi were 0, 62, 250, and 
1,000 eggs /100 cm s soil in 1981 and 0, 31, 
125, and 500 eggs /100 cm ~ soil in 1982-  
84. At 60, 90, and 120 days after infesta- 
tion, six 2.5-cm-d soil cores were taken 15- 
20 cm deep from each microplot and 
bulked. Second-stage juveniles (J2) were 
extracted from 250 cm ~ of  the sample by 
combined elutriation (6) and centrifugal- 
flotation (11), for which the efficiency was 
ca. 20% for M. incognitaJ2. Nematode data 
were not adjusted for extraction efficiency 
but  were transformed to lOgl0(X + 1) val- 
ues to remove the correlation between 
treatment means and variances. Nematode 
population densities reported are antilogs 
of  the data analyzed. The  rates of  increase 
between sampling dates were calculated on 
nontransformed data as simple ratios per  
100 cm S soil: the reproductive factor (RF 1) 
refers to the number of  J2 extracted at 90 
days per J2 extracted at 60 days; RF2 refers 
to the same relationship between 120 and 
90 days. RFf is the number  of  j 2  extracted 
at 120 days per egg of  Pi. 

The  soybean cultivars used were desig- 
nated as either susceptible or resistant to 
M. incognita based on their root  galling re- 
sponses in greenhouse tests (8,18). Culti- 
vars Bragg, Braxton, Jeff, Gordon, and 
Wright were resistant, whereas GaSoy 17, 
Coker 156, and Coker 237 were suscepti- 
ble. All cultivars were from Maturity Group 
VII except Coker 156, a Group VI cultivar. 
In Experiment 1, conducted at the Athens 
location, Braxton and GaSoy 17 were used 
to determine appropriate Pi. Experiment 
2, conducted in 1982 at Athens and Mid- 
ville, included Bragg, Braxton, Wright, and 
GaSoy 17. Experiments 3 (1983 at Mid- 
ville) and 4 (1984 at Athens) each included 
Gordon, Jeff, and Coker 156; GaSoy 17 
was used in 1983 and Coker 237 in 1984. 
Data from each experiment were subjected 
to a separate analysis of  variance. For es- 
timation of  the effect of  environment,  only 
data for Gordon,Jeff ,  and Coker 156 were 
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TABLE 1. Effect o f  initial popu la t ion  densi t ies  (Pi) 
ofMeloidog'yne incognita on yield a n d  p l an t  h e i g h t  o f  
res i s tan t  (Braxton)  and  suscept ib le  (GaSoy 17) soy- 
bean  cult ivars  in field microplo ts  n e a r  A t h e n s ,  Geor-  
gia, in 1981. 

on the results of  orthogonal partitioning 
of the linear and quadratic effects of  Pi 
converted to log~0(X + 1) values to ap- 
proximate equally spaced levels. 

Pi* 

Yield (g-,~p!ot)t Plant height (cm)~ 

Braxton GaSoy 17 Braxton GaSoy 17 

0 100.3 101.2 31.5 31 .8  
62 120.3 50.8 33.3 31.2 

250 72.3 18.3 28.7 24.7 
1,000 73.4 10.7 30.0 18.2 
Cul t ivar  

m e a n §  92.4  45.3 31.0 26.3 

* M. {ncognita eggs/100 cm * soil. 
t Regression equations (P < 0.01) for relative yield (Y) on 

logt0Pi (X): Braxton, Y = 1.0 + 0.292X - 0.147X ~, r t = 
0.485; GaSoy 17, Y = 1.0 + 0.331X, r ~ = 0.937. 

Regression equations (P < 0.01) for plant height (Y) on 
loga0Pi (X): Braxton, NS; GaSoy 17, Y = 33.41 - 3.723X, 
r ~ ~ 0.438. 

§ Cultivar main effect significant at P < 0.01 for both vari- 
ables. 

included in the analysis. All experiments 
were conducted in randomized complete 
blocks with four replications except for Ex- 
periment 1, which was replicated six times. 

Analyses of  variance were conducted for 
all response variables assuming a mixed 
model cultivar, Pi, and environment (years 
or locations) as fixed effects and replication 
as a random effect nested within environ- 
ments, where appropriate. Qualitative ef- 
fects (cultivars and environments) were 
compared by least significant differences 
(LSD) where the F-test was significant (P = 
0.05). Quantitative effects and interactions 
were investigated using orthogonal sets of 
single degree of  f reedom comparisons. 
Regression models were constructed based 

R E S U L T S  

Experiment 1: Plant height and seed yield 
were significantly influenced by both cul- 
tivar and Pi main effects and their inter- 
action (Table 1). There  was no difference 
in seed yield between cultivars in the ab- 
sence ofM. incognita, but the negative yield 
responses to increasing Pi were best de- 
scribed as quadratic for Braxton and linear 
for GaSoy 17. Plant height was not signif- 
icantly affected by Pi for Braxton but was 
suppressed linearly over increasing Pi for 
GaSoy 17. Maturity was not affected by Pi 
or cultivar, and seed weight differed only 
between cultivars (14.8 and 12.8 g /100 
seed for Braxton and GaSoy 17, respec- 
tively). 

For both cultivars, J2 population densi- 
ties were directly related to Pi at 60 days; 
however, J2 population densities were in- 
versely related to Pi on GaSoy 17 at 120 
days while still directly related on Braxton 
(Table 2). RF1 was greater than RF2 for 
both cultivars at each Pi, but regression of  
J2 population density on days after plant- 
ing yielded linear relationships for all but 
GaSoy 17 at the high Pi, in which densities 
did not significantly change between 60 and 
120 days. The  best fits of  the linear rela- 
tionship were obtained at the low Pi for 
both cultivars. RFf was inversely related to 
Pi on both cultivars. 

Experiment 2: Except for plant height 

TABLE 2. Effect o f  initial popu la t ion  densi t ies  (Pi) o f  Meloidogyne incognita and  res i s tan t  (Braxton)  and  
suscept ib le  (GaSoy 17) soybean  cul t ivars  on  n e m a t o d e  popu la t ion  d e v e l o p m e n t  in field microp lo t s  n e a r  A thens ,  
Georgia ,  in 1981. 

Juveniles/10O cm s soil 

Cultivar Pi* 60t  RF 1 :~ 90t  RF2:~ 120t R~§ RFfJl 

B r a x t o n  62 26 14.9 293 2.9 635 0.79 11.8 
250 86 12.6 671 10.5 1,170 0.38 9.7 

1,000 451 2.7 949 1.7 1,360 0.46 1.5 

GaSoy 17 62 60 26.1 954 3.0 1,940 0.78 36.6 
250 234 7.6 1,120 1.7 1,792 0.55 9.6 

1,000 425 2.0 587 1.2 623 NS 0.7 

* M. incognita eggs/100 cm s soil. 
Days after planting. 

~. Reproductive factor between sampling dates (juvenile per juvenile). These factors were means calculated from raw data, 
not the antilogs presented in the table. 

§ R z values for fit (P < 0.01) of  linear regressions of juvenile densities (Y) on days after planting (X) at each Pi. 
II Reproductive factor (number of  juveniles produced per egg of inoculum): population density at 120 days/Pi. 
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TABLE 3. Effect of  initial population densities (Pi) ofMeloidogyne incognita on yield, plant height,  and seed 
weight of  resistant (Bragg, Braxton, and Wright) and susceptible (GaSoy 17) soybean cultivars in field micro- 
plots in 1982 at two locations in Georgia. 

Seed yield Plant height Seed weight 
(g/plot) (cm) (g/lO0 seed) 

Cultivar Pi* Athens Midville Athens Midville Athens Midville 

Bragg 0 70.0 314.5 36.3 44.5 12.7 11.9 
31 86.3 325.8 40.8 43.5 11.7 11.9 

125 86.8 293.8 35.8 42.8 12.7 11.9 
500 46.8 250.5 40.0 43.5 11.6 12.1 

Mean t  72.6 296.1 38.2 43.4 12.1 11.9 

Braxton 0 100.8 333.5 36.5 41.3 13.6 14.4 
31 117.3 332.8 40.0 41.0 13.4 14.3 

125 107.8 290.8 39.8 43.0 13.1 14.1 
500 84.8 256.8 36.3 43.3 13.2 14.4 

Mean']" 102.6 303.4 38.1 42.1 13.6 14.0 

Wright  0 113.3 346.5 37.0 43.8 11.5 11.9 
31 114.3 246.0 37.0 41.2 11.6 10.9 

125 60.8 313.0 38.5 43.5 11.1 11.6 
500 42.8 241.0 37.3 42.0 10.5 11.5 

Meant  80.6 286.6 37.4 45.2 11.2 11.4 

GaSoy 17 0 150.3 343.8 42.3 47.3 11.2 11.6 
31 25.3 161.0 38.5 44.5 10.9 10.4 

125 20.8 64.8 38.0 46.5 10.8 9.9 
500 1.5 60.3 32.5 42.5 10.5 9.9 

Meant  42.7 157.4 37.8 42.8 10.9 10.5 

LSD$ P = 0.05 44.5 NS 1.0 

* M. incognita eggs/100 cm s soil. 
t Means for cultivars over Pi. Environment main effect significant (P < 0.01) for seed yield and plant height, not significant 

for seed weight. 
Protected LSD for comparison of cultivar means only. 

(Table 3), all plant and nematode re- 
sponses measured were significantly af- 
fected by cultivar and Pi (P = 0.05). Plant 
height variation was dependent on an en- 
vironment main effect and Pi x cultivar 
interaction, although there was no cultivar 
or Pi main effect. There  was a significant 
in terac t ion  between env i ronmen t  and 
another effect (environment × cultivar, 
P < 0.01, Table 3) only for seed yield. In 
the absence of  M. incognita, yields were 2- 
5-fold different within cultivars between 
the two environments and became greater 
in nematode- infes ted  plots except  for  
Braxton. Conversion of yield values to rel- 
ative yield did not remove the environment 
main effect. In each environment, the av- 
erage effect of  the treatments including M. 
incognita vs. noninoculated controls was 
significant for Wright and GaSoy 17 but 
not for Bragg or Braxton; neither linear 
nor quadratic regressions of  yield on Pi fit 
the observed data for Bragg and Braxton 
in either environment (Figs. 1, 2), although 

there was a significant yield stimulation in 
one environment (Fig. 1). Wright's re- 
sponse to M. incognita was a linear decrease 
over Pi in one environment with a yield 
loss of  63% at the highest Pi (Fig. 1), but 
a response similar to that for Bragg and 
Braxton occurred in the other environ- 
ment (Fig. 2). Relative yield of  GaSoy 17 
was suppressed 53-82% at the lowest Pi 
and decreased as Pi increased in both en- 
vironments. 

M. incognitaJ2 population densities at 60 
days after planting were directly related to 
Pi on all cultivars. Rates of  increase in J2 
population densities between 60 and 90 
days were inversely related to Pi, except 
on Braxton, and higher than rates of  in- 
crease between 90 and 120 days (Table 4). 
There  was no environment effect on J2 
population densities at 60, 90, or 120 days. 
At the low and intermediate Pi, regressions 
of J2 population densities on sampling dates 
(days after planting) were linear and ho- 
mogeneous among Bragg, Braxton, and 
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FIG. 1. Relat ive yield r e sponses  o f  soybean  culti- 

vars  to Meloidogyne incognita at inc reas ing  initial pop-  
u la t ion  densi t ies  (Pi) in field microp lo t s  at A t hens ,  
Georgia .  Das h e d  lines ( -  - - )  connec t  m e a n s  for  cul- 
t ivars a m o n g  which  t h e r e  were no  d i f fe rences  and  for 
which  t he r e  was no  signif icant  l inear  or  quadra t i c  
regress ion  o f  relat ive yield (Y) on  logl0Pi (X): Coker  
156, Gord o n ,  a n d  Je f f  in 1984 ( . ) ;  B ragg  a n d  Brax-  
ton  in 1982 (O). Solid lines descr ibe  r eg ress ions  for: 
W r i g h t  in 1982 ( 0 ) ,  w h e r e  Y = 1.1 - 0 .228X,  r ~ = 
0.50; GaSoy 17 in 1982 (O), whe re  Y = 1.0 - 
0 .716X + 0 .132X ~, r ~ = 0.95;  and  Coker  237 in 1984 
(O), where  ~r = 1.0 - 0 .671X + 0 .135X 2, r 2 = 0.40. 

Wright (slopes and elevations not signifi- 
cantly different at P < 0.01, Fig. 3). At the 
high Pi, J2 population densities and sam- 
pling dates were unrelated on Bragg and 
Braxton but were linear for Wright (Table 
4). At the intermediate and high Pi, J2 
regressions on sampling dates were qua- 
dratic on GaSoy 17 (Fig. 4). RFf was in- 
versely related to Pi on all cultivars (Table 
4). 

Experiments 3 and 4: The analyses of vari- 
ance for plant responses in each experi- 
ment were similar: cultivar main effects 
were significant (P < 0.05) for seed yield, 
plant height, and seed weight; the Pi main 
effect was significant for all traits; and there 
were no cultivar x Pi interactions. For 
seed yield responses in each experiment, 
comparisons of  cultivar main effects sepa- 
rated GaSoy 17 or Coker 237 in their re- 
spective environments from the other three 
cultivars and did not differentiate among 
Gordon, Jeff, and Coker 156. In analysis 
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FIG. 2. Relat ive yield r e sponses  o f  soybean  culti- 
vars to Meloidogyne incognita at  inc reas ing  initial pop-  
ula t ion densi t ies  (Pi) in field microplo ts  at Midville, 
Georgia .  Dashed  lines ( -  - - )  connec t  m e a n s  for  cul- 
t ivars Bragg,  Brax ton ,  and  W r i g h t  in 1982, which  did  
no t  differ  a n d  for  which  t h e r e  was no  s ignif icant  l inear  
or  quadra t ic  regress ion  o f  relat ive yield (Y) on  log~0Pi 
(X). Solid lines descr ibe  r e g r e s s i o n s f o r :  GaSoy 17 in 
1982 and  1983 combined  (O), where  Y = 1.0 - 0 .315X,  
r ~ = 0.64; and  Coker  156, Gordon ,  and  Jeff,  com-  
b ined,  in 1983 (0 ) ,  w h e r e  Y = 1.0 - 0 .117X,  r 2 = 
0.45. 

over environments for the latter three cul- 
tivars (Table 5), the environment main ef- 
fect on seed yield was highly significant (P < 
0.0l). Seed weight was affected by envi- 
ronment  and environment x cultivar in- 
teraction, whereas plant height was influ- 
enced by environment x cultivar as well 
as environment x Pi interaction. There  
was no cultivar main effect for yield, but 
yield, plant height, and seed weight were 
all influenced by Pi (P < 0.05). 

Final population densities ofM. incognita 
J2 were significantly higher on Coker 156 
than on Gordon or Jeff, which did not dif- 
fer from one another or between environ- 
ments, at all Pi (Table 6). Within all three 
cultivars, population densities in plots at 
Pi = 31 and Pi = 125 were not different 
and increased linearly over sampling dates 
(Fig. 3). Final populations and slopes of 
population increase over sampling dates for 
Coker 237 in one environment were sim- 
ilar to those for GaSoy 17 in the other (data 
not presented). These responses for GaSoy 
17 were not affected by an environment 
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TABLE 4. Effect of initial population densities (Pi) of Meloidogyne incognita and resistant (Bragg, Braxton, 
and Wright) and susceptible (GaSoy 17) soybean cultivars on nematode population development in field 
microplots in 1982 at two locations in Georgia. 

Juveniles/100 cm s soil 

Cultivar Pi* 60~ RF 1 :[: 90~ RF2~: ] 20t R=§ RFrll 

Bragg 31 26 31.6 376 9.4 1,423 0.80 51.9¶ 
125 77 15.6 809 3.5 1,704 0.66 14.8 
500 186 4.6 266 1.9 497 NS 1.3 

Braxton 31 25 15.6 351 2.4 507 0.54 18.8 
125 134 21.1 543 2.3 1,106 0.45 10.0 
500 226 2.9 485 1.6 405 NS 1.3 

Wright 31 26 53.4 155 17.1 942 0.46 38.7 
125 130 13.9 664 2.4 1,264 0.49 12.3 
500 304 2.9 731 2.2 1,293 0.36 3.0 

GaSoy 17 31 40 36.2 748 6.5 3,570 0.68 126.6 
125 170 14.9 2,089 1.8 2,998 - - #  26.2 
500 170 7.2 989 1.8 1,390 - - #  5.8 

* M. incognita eggs/100 cm 3 soil. 
t Days after planting. 

Reproductive factor between sampling dates (juvenile per juvenile), These factors were means calculated from raw data, 
not the antilogs presented in the table. 

§ / ~  values for fit (P < 0,01) of linear regressions of juvenile densities (Y) on days after planting (X) at each Pi. 
11 Reproductive factor (number of juveniles produced per  egg of inoculum): population density at 120 days/Pi. 
¶ Cultivar means for RFr were Bragg = 22.3, Braxton = 10.4, Wright = 18.0, GaSoy 17 = 54.0. Protected LSD for 

comparison of cultivar means = 7.7 juveniles/egg (P < 0.05). Linear component of  Pi main effect was significant for all 
cultivars (P < 0.01). 

# Response quadratic rather than linear (see Fig. 4). 

m a i n  effect  w h e n  c o m b i n e d  wi th  the  da ta  
f r o m  E x p e r i m e n t  2 (Fig. 4). 

DISCUSSION 

Overa l l ,  M. incognita r e p r o d u c t i o n ,  as as- 
sessed by  J2 p o p u l a t i o n  dens i t i es  i n  soil, 
c o r r e s p o n d e d  well  wi th  r e p r o d u c t i o n  in-  
f e r r e d  f r o m  gall indices  o b t a i n e d  in  g r e e n -  
house  s c r e e n i n g  for  r o o t - k n o t  n e m a t o d e  
res i s t ance  (8 ,10,18) .  O n  cu l t ivars  classified 
as r e s i s t an t  a c c o r d i n g  to  t h e i r  gall  ind ices  
( B r a g g ,  B r a x t o n ,  G o r d o n ,  Je f f ,  a n d  
Wr igh t ) ,  n e m a t o d e  r e p r o d u c t i o n  was gen -  
era l ly  lower  o v e r  t i m e  a n d  Pi t h a n  it was 
o n  t he  suscep t ib le  g e n o t y p e s  GaSoy  17 o r  

FiG. 3. Change in soil population densities of Me- 
loidogyne incognita in field microplots at 60, 90, and 
120 days after planting. Linear regressions of 
log~0(juveniles/100 cm s soil = Y) on days after plant- 
ing (X) are illustrated for combined data from two 
locations in 1982 (open symbols) and 1983, 1984 (filled 
symbols). Slopes were homogeneous among Braxton, 
Bragg, and Wright: Braxton (O) Y = 1.266 + 0.0152X, 
r e = 0.45; Bragg (Fq) y = 0.708 + 0.0218X, r e = 0.68; 
Wright (A) y = 1.201 + 0.0164X, r e = 0.49. Slopes 
were homogeneous between Jeff and Gordon, and 
heterogeneous between Coker 156 and either Jeff or 
Gordon: Jeff (.0) Y = 0.685 + 0.0116x, r e = 0.59; 
Gordon (I) Y = 0.289 + 0.0156X, r ~ = 0.32; 
Coker 156 (A) ~ = -0.368 + 0.026X, r e = 0.54. 

C o k e r  237.  T h e r e  was o n e  e x c e p t i o n ,  Co- 
ke r  156, fo r  wh ich  g r e e n h o u s e  gall ind ices  
were  h igh  (8,18) b u t  r e p r o d u c t i o n  in  mi-  
c rop lo t s  was i n t e r m e d i a t e  b e t w e e n  tha t  o n  
o t h e r  suscep t ib le  a n d  o n  r e s i s t an t  cul t ivars .  
Possibly o n  C o k e r  156 the  p l a n t  ga l l ing  
r e s p o n s e  a n d  n e m a t o d e  r e p r o d u c t i o n  a r e  
i n d e p e n d e n t ,  as S h e p h e r d  (21) f o u n d  wi th  
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FIG. 4. Regress ions  o f  soil popu la t ion  dens i t ies  (Pi) 

9fMeloidogyne incognita (log~0 j u v e n i l e s / 1 0 0  cm s soil = 
Y) on  days a f te r  p l an t ing  (X) for  GaSoy 17 in field 
microplo ts  in t h r e e  e n v i r o n m e n t s  at  t h r e e  Pi o f  e g g s /  
100 cm s soil. Slopes were  h o m o g e n e o u s  for Pi = 125 
a n d  Pi = 500: for  Pi = 125 (O), Y = - 2 . 0 2 9  + 
0 .091X - 0 . 004X  2, r 2 = 0.71;  for  Pi = 500 (t-q), ~( = 
- 1.39 + 0 .0 7 7 X - 0 . 0003X 2, r ~ = 0.37.  For  Pi = 31 
(O), ~( = 0 .748 + 0 .035X,  r 2 = 0.69.  

certain cotton accessions challenged with 
M. incognita. Barker (2) referred to Coker 
156 as "moderately field tolerant," and 
Boerma and Hussey (5) found it to be mod- 
erately tolerant to Heterodera glycines in the 
field, although no genes for nematode re- 
sistance are known in this cultivar's pedi- 
gree. Further  investigation of  the Coker 
156-M. incognita relationship is in prog- 
ress. 

M. incognita reproduced well on all soy- 
bean cuhivars tested but  differed in the 
pattern of  reproduction. On susceptible 
GaSoy 17 and Coker 237, J2 soil popula- 
tion densities leveled off after 90 days at 
the intermediate and high Pi as indicated 
by the quadratic relationship between J2 
population densities and sampling date. 
Nematode population densities were still 
increasing at 120 days after planting on the 
resistant cuhivars and Coker 156, and al- 
though lower in general at 120 days than 
on the susceptible cuhivars, this increase 
may result in post-harvest soil population 
densities as high as on susceptible cuhivars. 
Minton et al. (17) and Kinloch (15) reached 
similar conclusions in field studies with nat- 
ural root-knot nematode infestations. It is 
interesting that the measurements of  pa- 

TABLE 5. Effect  o f  initial popu la t ion  densi t ies  (Pi) o f  Meloidogyne incognita on  yield, p l an t  he igh t ,  and  seed  
weight  o f  se lected soybean  cuh iva r s  in field mic rop lo t s  n e a r  A t h e n s  a n d  Midville, Georgia ,  d u r i n g  1983 a n d  
1984. 

Seed yield P]ant height Seed weight 
(g/plot) (era) (g/100 seed) 

Cultivar Pi* Athens Midville Athens Midville Athens Midville 

Coke r  156 0 75.8 266.5  27.8 27.8 9.7 12.1 
31 109.8 213.0  30.3 29.0 9.7 11.9 

125 77.3 197.0 28.3 26.8 9.8 11.9 
500 55.3 191.0 25.0 27.3 9.3 11.3 

M e a n t  79.1 216.9  27.8 27.7 9.6 11.8 

G o r d o n  0 76.6 260.3 31.0 31.3 10.3 11.6 
31 88.3 219.8  36.0 31.3 10.0 11.4 

125 99.5 227.8  34.8 31.3 9.9 11.0 
500 82.2 132.5 34.8 28.5 10.0 10.5 

Mean~" 86.7 221.1 34.1 30.8 10.0 11.2 

Je f f  0 80.9 254.3 29.5 33.8 11.4 13.8 
31 87.2 180.0 31.3 33.8 11.6 12.9 

125 115.8 190.3 35.5 31.8 11.7 13.3 
500 65.6 160.3 29.3 32.5 11.0 12.9 

M e a n t  87.4 196.2 31.3 32.9 11.4 13.2 

LSD$ P = 0.05 NS 2.7 I . I  

* M. incognita eggs/100 cm s soil. 
"]" Means for cultivars over Pi. Environment main effect significant (P < 0.01) for yield and seed weight, not significant for 

plant height. 
$ Protected LSD for comparison of cultivar means only. 
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TABLE 6. E•ect•fs•ybeancu•tivarsandinitia•p•pu•ati•ndensities(Pi)•fMel•id•gyneinc•gnita•nnemat•de 
popula t ion  deve lopmen t  in field microplots  at two locations in Georgia  in 1983 and  1984. 

Juveniles/100 cm n soil 

Cultivar Pi* 601" RF 1:~ 901" RF2* 120t R~§ RFfI[ 

Coker  156 31 12 3.4 28 21.4 270 0.56 12.9 
125 18 10.0 64 23.8 677 0.54 8.7 
500 38 14.5 263 12.9 1,548 0.71 3.8 

Gordon  31 6 6.0 26 5.0 112 0.41 8.9 
125 18 4.3 38 5.0 161 0.32 1.6 
500 86 4.6 198 3.2 336 0.32 0.8 

Je f f  31 2 14.9 57 3.0 124 0.59 7.2 
125 20 8.1 72 2.2 103 NS 4,4 
500 58 10.2 229 5.4 694 0.51 2.1 

* M. incognita eggs/100 cm s soil. 
t Days after planting. 

Reproductive factor between sampling dates (juvenile per juvenile). These factors were means calculated from raw data, 
not the antilogs presented in the table. 

§ R 2 values for fit (P < 0.01) of linear regression of juvenile population densities (Y) on days after planting (X) at each Pi. 
LI Reproductive factor (number of juveniles produced per egg of inoculum): population density at 120 days/Pi. Cultivar 

main effect was not significant for RFt. Linear component of Pi main effect was significant for all cultivars (P < 0.05). 

rameters used for determining nematode 
responses were not affected by environ- 
ment. Reproduction on GaSoy 17 followed 
the same pattern in all three environments 
in which the cultivar was grown, and no 
consistent environment effects were de- 
tected for nematode responses on the oth- 
er cultivars. The  stability of  nematode re- 
production over varying environments was 
unexpected. 

All cultivars classified as resistant to M. 
incognita and Coker 156 produced higher 
yields than GaSoy 17 or Coker 237 in the 
presence of  the nematode. In contrast to 
nematode reproduction, yield response was 
highly dependent  on environmental ef- 
fects. Schmitt and Barker (20) reported 
similar observations in microplot studies 
with Pratylenchus spp. on soybean. The  large 
differences in seed yields we found be- 
tween the two Georgia locations, even in 
the absence of  M. incognita, could not be 
accounted for. Microplots at both locations 
were irrigated, and soil texture differences 
were not great. Also, similar yield differ- 
ences were obtained with different sets of  
cultivars. Even the relative yields over Pi 
were different between locations. Plants 
grown in 1982 were subject to less mois- 
ture stress than those grown in 1983 and 
1984. Drought conditions may account for 
the significant yield suppression at Midville 
in 1983 for Gordon, Jeff, and Coker 156 
as Pi increased, even though the plots were 
irrigated. The  lower yield for Bragg and 

Braxton at one location was not different 
statistically from the other  location, al- 
though mean yields decreased as Pi in- 
creased. In the 1981 experiment, Braxton 
yields were significantly suppressed at high 
Pi, indicating nematicides may be benefi- 
cial on resistant cultivars at certain high Pi. 
In fact, Kinloch (12) reported yield in- 
creases of Bragg in M. incognita-infested 
field plots treated with nematicides. Stim- 
ulation of  seed yield at low Pi, such as that 
observed for the resistant cultivars Bragg, 
Braxton, Gordon, and Jeff  at one location 
in separate experiments, has been reported 
in other plant-nematode relationships (4) 
and probably reflects a real environmental 
effect. 

There  were too few Pi included in our 
studies to determine tolerance limits with 
any degree of  precision, yet it is clear that 
31 eggs/100 cm s soil (of an aggressive M. 
incognita population) is above the tolerance 
limit for susceptible intolerant cultivars. 
Assuming 20% egg hatch in microplots (T. 
L. Niblack, unpubl.) and 20% extraction 
efficiency, this population density is below 
consistently detectable levels if the soil is 
extracted for J2 unless extraction efficien- 
cy is very high. Barker and Ol thof  (4) re- 
ported a threshold population density of  
20 J 2 / 1 0 0  g soil which is considerably 
higher than ours based on the above as- 
sumptions of  hatch and extraction efficien- 
cy. The  population we used in the micro- 
plots,  however ,  was highly aggressive 
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compared with a North Carolina isolate 
(22). F u r t h e r m o r e ,  how responses  ob- 
tained in fumigated microplots correspond 
to field responses with naturally occurring 
nematode populations remains to be de- 
termined. 

Although the yield response over Pi was 
dependent  on environment, tolerant and 
intolerant genotypes, corresponding re- 
spectively to the resistant and suscepti- 
ble genotypes identified by greenhouse 
screening, were clearly differentiated at 
each location. It would be of  little value to 
qualify a resistant or susceptible designa- 
tion further because of  the dependence on 
location. The  important findings are that 
resistance (based on nematode reproduc- 
tive rate) operates in different environ- 
ments, that significant yield suppression can 
occur on resistant cultivars under  large 
nematode Pi, and that greenhouse screen- 
ing is an adequate indicator of  plant resis- 
tance for practical purposes. 
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