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Meloidogyne spp, and Heterodera glycines into 
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Abstract: The rates o f  soybean root  penet ra t ion  by freshly hatched second-stage juveniles  (12) o f  
Meloidogyne arenaria, M. hapla, M. incognita, M. javanica, and Heterodera glycines races 1 and 5 were 
examined  over  a per iod  of  1 to 240 hours .  Heterodera gtycines en te red  roots more  quickly than  
Meloidogyne spp. Penetra t ion by most nematodes  was accomplished within 48 hours.  T h e  increases in 
penet ra t ion  af ter  48 hours  were insufficient to warrant  fu r the r  assessments. Penetra t ion o f  J2 into 
roots  o f  soybean seedfings in a s tyrofoam container  was as good or  bet ter  than  in a clay pot.  Thus ,  
rapid and accurate root -penet ra t ion  assessments can be made  at 48 hours  af ter  inoculation. 
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Several nematode taxa, including He- 
terodera glycines Ichinohe and the four  most 
common species of  Meloidogyne, often in- 
duce severe damage to soybean, Glycine 
max (L.) Merr.  (11). Most assessments 
made to understand the host response to 
the pest or  the host-parasite relationship 
involve characterizing root penetration by 
the infective second-stage juveniles (J2). 
The  time required for J2 root penetration 
depends on their vigor and position in re- 
lation to the root and on soil environment, 
inc luding t empera tu re ,  mois ture ,  and 
edaphic factors (14). Many factors, such as 
CO 2 concentration, affect nematode move- 
ment to host roots (5). Knowledge of  the 
time required for J2 penetration of the 
host is critical for evaluations of  nemati- 
cide efficacy, construction of  nematode- 
life tables, and general population dynam- 
ics studies. Furthermore,  it is important 
that this evaluation be as efficient as possi- 
ble because assessment of  penetration of- 
ten requires large numbers  of  observa- 
tions. 

Methods of  assessments for nematode 
infection vary with research purposes (3,4, 
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7,9,10). For example, potato roots were ex- 
amined 4 weeks after inoculation with Glo- 
bodera spp.; however, 4 hours were re- 
quired to count all J2 in one root system 
(9). Although accurate evaluation of  pene- 
tration is critical, efficiency also is impor- 
tant when large numbers of  samples are 
involved. Subsampling may be necessary 
for some studies, even though the sam- 
pling error is increased (12). For example, 
A1-Hazmi et al. (1) used 1.0-g subsamples 
of  corn roots and examined them at 4, 8, 
16, and 32 days to assess penetration by M. 
incognita (Kofoid & White) Chitwood. 

The objectives of  this study were to de- 
termine i) the rate of  host penetration by 
J2 ofM.  arenaria (Neal) Chitwood, M. hapla 
Chi twood ,  M. incognita, M. javanica 
(Treub) Chitwood, and H. glycines races 1 
and 5; and ii) the most suitable conditions 
for growing soybeans for easy, accurate, 
and efficient evaluation. 

MATERIALS AND METHODS 

Host penetration experiment: Experimental 
units consisted of  a soybean seedling grow- 
ing in soil artificially infested with nema- 
todes. Soybean 'Lee 68' seeds were soaked 
in tap water for 5 minutes and then placed 
into a container of  damp sterile vermicu- 
lite. The container was enclosed in a plastic 
bag and placed into an incubator at 27 C. 
Seedlings with 3-cm-long roots at 42 hours 
after seeding were transplanted into either 
a 9-cm-d styrofoam container or a 15-cm-d 
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clay pot. These containers were filled with 
300 (styrofoam) or 1,300 (clay pot) g of  soil 
(92% sand, 6% silt, 2% clay; humic matter 
content 0.3%, bulk density 1.5 g/cm3). The 
clay pots were wrapped with aluminum 
foil; the soil surface of  all containers was 
covered with 3 cm of  perlite to retard 
evaporation. 

Susceptible soybean roots were inocu- 
lated with freshly hatched J2 of  M. are- 
naria, M. hapla, M. incognita, M. javanica, 
and H. glycines. Plants were placed in a 
greenhouse with ambient air temperatures 
ranging from 25 to 31 C. The  experiment 
was conducted twice with four replicates 
per treatment arranged in a randomized 
complete block design. Numbers  of  J2 in 
roots were determined at 1, 3, 6, 24, 48, 
and 120 hours in both trials; a 240-hour 
evaluation was added when the experi- 
ment was repeated. 

Meloidogyne spp. were cultured on Lyco- 
persicon esculentum Mill. 'Rutgers' for inoc- 
ulum. The eggs of  these nematodes were 
extracted from infected roots using a mod- 
ified sodium hypochlorite extraction tech- 
nique (8). Heterodera glycines was cultured 
on race-specific cultivars of  soybeans. Eggs 
were freed by crushing egg sacs and cysts 
with a 40-ml glass tissue grinder (2). Eggs 
from each nematode group were hatched 
on a 25.5-p,m pore screen. Juveniles hatch- 
ing during the first 24 hours were dis- 
carded; those hatching during the next 24 
hours were used to infest the soil. One 
hundred  grams of  soil were removed from 
each container, creating a funnel-shaped 
depression. Roots of  seedlings were placed 
at the bottom of  the depression. Aliquants 
of  500 freshly hatched J2 were applied 
over the roots and immediately covered 
with the 100 g of  removed soil. Water was 
added to each container to bring the soil to 
field capacity (0.03 MPa). The  clay pots 
also were watered on days 2, 4, 6, and 8 to 
maintain field capacity. 

To  enhance  visual contrast  be tween  
nematodes and plant tissue, roots of  seed- 
lings were thoroughly washed and then 
s ta ined using a mod i f i ed  sod ium hy- 
pochlorite-acid fuchsin staining technique 

(6). Roots were placed into a drop of  glyc- 
erin in 6-cm-d inverted plastic petri dishes 
and flattened with slight pressure. The  
root system was examined with the aid of  a 
stereomicroscope and numbers  of  J2 in 
roots determined. Nematode counts were 
converted to a percentage of  initial inocu- 
lum. 

All data were subjected to analysis of  
variance and Wal ler -Duncan Bayesian 
k-ratio t-test. 

Type of experimental containers: Three  
types of  container systems were compared 
for 6 days to determine which one would 
allow greater J2 penetration into soybean 
roots. Container types tested were closed, 
semi-closed, and open. The  closed system 
container consisted of  a 15-cm-d pot filled 
with 1,300 g of  soil watered to field capac- 
ity and enclosed in a 4-liter plastic bag. The  
semi-closed system consisted of  a 9-cm-d 
styrofoam container filled with 300 g of  
soil and watered to field capacity; the soil 
surface was covered with 20 g of  perlite. 
Further watering was not required in these 
two systems. The open system container 
consisted of  a 15-cm-d clay pot filled with 
1,300 g of  soil. This system was watered 
twice daily. The soil type, soybean cultivar, 
experimental design, replicates, and statis- 
tical analyses were the same as those used 
in the "host penetration experiment." 

RESULTS AND DISCUSSION 

Host penetration experiment: Penetration 
of  soybean roots by the nematodes was 
rapid and usually increased little after 48 
hours (Table 1). Exceptions were M. hapla 
and M. arenaria, which continued to in- 
crease throughout the 240 hours. Two J2 
of  H. glycines were found in the roots at 1 
hour.  By 3 hours,  and especially by 6 
hours, 17 to 40% of  the inoculum was 
f o u n d  in the roots.  Root  invasion by 
Meloidoffyne J2 had begun within 3 hours, 
and 5-12% infection was evident at 24 
hours and later (Table 1). In other work, 
M. javanica was able to locate and invade 
tobacco roots more quickly than M. incog- 
nita (3,4), but these two species behaved 
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TABLE 1. Penetrat ion of  Lee 68 soybean by second-stage juveniles of  Meloidogyne arenaria, M. hapla, M. 
incognita, M. javanica, and Heterodera glycines races 1 and 5. 

Percentage of Pi penetrating roots 

Hour M. arenaria M. hapla M. incognita M. javanica H. glycines R1 H. glycines R5 

1 0 d - e  0 d - e  0 d - e  0 c--e < 1 d - e  < 1 d - e  
3 < 1 d - f  0 d - f  < 1 d - f  < 1 c - f  3 c--e 3 cd-e  
6 < 1 d - g  0 d - g  < 1 d - g  < 1 c -g  5 c - f  11 c-e 

24 12 c - f  5 c - f  10 c - f  11 b - f  16 b - f  32 b - e  
48 19 b - f g  9 b - g  20 a b - f  23 a - f  18 b - f g  44 a-e  

120 18 b - f g  10 b - g  23 a - f  25 a - f  19 b - f  43 a--e 
240 28 a -e  18 a - fg  16 b -g  20 a -e fg  24 a--efg 25 b - e l  

Numbers followed by same letter in columns or rows are not different (P = 0.05) by Waller-Duncan Bayesian k-ratio t-test. 
Data are means of four replications and runs, except 240 hours were means of one run. a, b, c, and d represent differences 
(P = 0.05) in nematodes over time (columns). e, f, g, and h represent differences (P = 0.05) between nematodes within time 
(rows). 

similarly on soybean in the present study. 
The more rapid penetration of  soybean 
roots by H. glycines versus Meloidogyne spp. 
may be due to the perceptibly faster move- 
ment of the juveniles. 

Inoculum efficiency varied among the 
six test organisms (Table 1). Inoculum ef- 
ficiencies were as follows: M. arenaria-- 
28%, M. hapla 18%, M. incognita--23%, 
M. javanica--25%, Heterodera glycines race 
1--24%, and H. glycines race 5--44%. An- 
other study showed that juveniles ofM. ja- 
vanica infect tobacco roots more rapidly 
than M. arenaria or M. incognita for 2---6 
days, but levels of J2 for the three species 
were similar after 10 days (4). Decreased 
rate of penetration after 48 hours by the 
same age cohort inoculum is probably re- 
lated to depletion of  energy reserves or 
other vigor-related conditions of  nema- 
todes (13). Over time, root mass increases, 
and stained juveniles could become more 
difficult to locate; thus, this problem may 
account in part for lower counts at 240 
hours. 

We conclude that 48 hours is preferable 
for assessing penetration of roots. At this 
time, the root mass is easily managed and 
subsampling is not required. The assess- 
ment time is minimal compared to that for 
older roots. 

Type of experimental container: The levels 
of  root penetration by J2 of H. glycines 
races 1 and 5, M. incognita, and M. javanica 
were not different (P = 0.05) in clay pots 

and styrofoam containers (Table 2). More 
M. arenaria and M. hapla juveniles pene- 
trated roots growing in styrofoam contain- 
ers than in the foil-wrapped clay pots. Sty- 
rofoam containers retard water evapora- 
tion and are easy to use for short-term 
experiments. Their uniformity in weight, 
low maintenance,  and ease of  disposal 
make them ideal for this type of  assess- 
ment, especially for nematicide evalua- 
tions. The time and labor necessary to as- 
sess root penetration at 48 hours is mini- 
mal. Thus, samples can readily be handled 
in large experiments. Because most of the 
host penetration by these nematodes is ac- 
complished within 48 hours, efficient and 
accurate assessments can be made using 
these small disposable containers. Larger 

TABLE 2. Compar ison of  15-cm-d a luminum foil 
wrapped  clay pots and 9-cm-d styrofoam containers 
on the ma x imum amoun t  of  penetrat ion by Meloido- 
g'yne arena~'ia, M. hapla, M. incognita, M. javanica, and 
Heterodera glycines races 1 and 5. 

Percentage J2 penetration 
(% of Pi) 

Styrofoam Clay pot 

M. arenaria 26* 15 
M. hapla 13" 7 
M. incognita 6 5 
M. javanica 3 4 
H. glycines R1 4 5 
H. glycines R5 4 5 

* = Penetration between clay pot and styrofoam container 
is different (P = 0.05) by analysis of variance. 
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containers, however, must be used when a 
greater time period is required or when 
older plants are needed to meet the exper- 
imental objective(s). These short-term as- 
sessments are particularly valuable if pen- 
etration rates are the primary data desired. 
Longer term experiments may involve dif- 
ferential emigration as occurred for J2 of 
M. incognita (8) on resistant versus suscep- 
tible plants. 
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