
Self-interactions of Meloidogyne hapla and 
of Heterodera schachtii on Beta vulgaris ~ 
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Abstract: Double  inocula t ions  of sugar beet wi th  larvae  of Meloidogyne hapla r e suhed  in a 
h ighe r  ga l l ing  incidence in only one t r ea tmen t  than  d id  a s ingle inocu la t ion  ns ing the sante 
n u m b e r  of larvae. Double  inocula t ions  wi th  larvae of Heterodera schachtii, however, resul ted  in 
three- to five-fitld ntore cysts in most  cases than  d id  single inocula t ions  using the same u u m h e r  
of larvae. In general ,  p lan t s  d ied  more quickly  af ter  doub le  inocula t ions  than  after  single inocu- 
la t ions  of the same total  n u m b e r  of e i the r  nematode.  Rat ios  of total  st)ltthle carbohydra tes  to re- 
duc ing  carbohydra tes  were lower in m u l t i p l e  inocu la ted  t r ea tments  than  in o ther  t reatments .  
P lan t s  infected with M. hapla had lower quan t i t i e s  of B, K, attd P in leaf tissue than  noninoctt-  
la ted  plants ,  but  no differences were correlated wi th  type of inocttlatiotl .  Plants  inocula ted  with 
H. schachtii had lower qnaxtt i l ies  of B, K, and  Mg than  non inocu la t ed  planls .  Also, quan t i t i e s  of 
Mn, Ctt, attd Zn were much lower in p lan ts  inocula ted  twice with H. schachtii larvae than  in 
p lan t s  inoculate t l  wi th  the same total  n u m b e r  of larvae in a s ingle  tlose. Key Words: Cyst nema- 
tode, root-knot  nematode ,  mine ra l  eletuents, carbohydrates ,  donl)le inoctdat i tms,  paras i t i sm,  
sugar  heet. 

Predisposition effects of envi ronment  Oil 
behavior  of different pathogens and their 
hosts are impor tan t  factors in the etiology 
of disease. Plant  parasitic nematodes,  for 
example,  are found in various locales and 
are constantly associated with other organ- 
isms in specific habitats. As the environ- 
ment  of a part icular  locality changes, the 
pathogenici ty of the nematodes and the 
physiological actions of the host may 
change. These  changes may enhance or sup- 
press tile development  of a parasite or the 
growth of a host at different tempera ture  
regimes prior  to infection by the parasite. 
Studies of this nature  have been conducted 
for many  hosts as well as pathogens. In- 
vestigations regarding predisposition of a 
host to a part icular  nematode  prior  to re- 
inoculat ion with tile same nematode have 
not gained much attention.  

T h e  emphasis of this study was to in- 
vestigate tile impor tance  of predisposit ion 
of plants to MeIoidogyne hapla and Het- 
erodera schachtii prior to reinoculat ion 
with the same parasite. An abstract has 
been published (3). 

M A T E R I A L S  AND M E T H O D S  

Seedlings of Beta vulgaris L. hybrid 
var. 'USH9-A'  were grown for 3 weeks in 
steam-sterilized sand. T h e  sand was washed 
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off the roots, anti seedlings of similar size 
were transplanted into 350-ml (12 oz.) 
styrofoam cups containing pasteurized 3:1 
soil-sand mixture.  Three,  5-cm sections of 
plastic dr inking straws were spaced equally 
around each seedling with one end in con- 
tact with the roots and the other project ing 
above the soil level. Plants were inocnlated 
through the straws with 250, 500; or 1000 
second stage larvae of MeIoidogyne hapla 
Chitwood, 1949, or Heterodera schachtii 
Schmidt, 1871, in 6-ml of water. After l0 
clays, half of the plants were again inocu- 
lated with 250, 500, or I000 addi t ional  
larvae of tile same nematode species, and 
the other half were left with only the first 
inoculation. Tab l e  1 suinmarizes these 
t reatments  and their respective codes. 

T w o  inoculated-control series were used. 
One series was inoculated only at clay 1 
with 250, 500, 750, 1000, or 1250 larvae of 
either species. T h e  second series was inocu- 
lated only at clay 10 with the same number  
of larvae used at clay 1. Since no significant 
differences occnrred between the two treat- 
ments, data are presented as the average of 
the two series. 

Th i r t y  clays after the original inocula- 
tion, all roots were collected by soaking the 
pots in water and removing the soil. Al- 
though a few cysts remained in the soil, no 
at tempts  were made to recover them. Galls 
and cysts were examined and counted, and 
fresh weights of plant  top and root were 
recorded. Samples from leaves and roots 
were taken for tissne and carbohydrate  
analyses, respectively. 
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Leaf  tissues were analyzed, by using an 
emission spectrograph with A. C. arc source, 
to determine the amount  of 10 different 
elements (K, P, Ca, Mg, Mn, Fe, Cu, B, Zn, 
A1). Standard curves were determined by 
using different weights of a composite plant 
standard. Concentrations of the standards 
were determined by the official analysis 
methods of the Association of Official Ana- 
lytical Chemists (6). To ta l  soluble and re- 
ducing carbohydrates were obtained by us- 
ing the method of Umbrei t  and Burris (12). 

]n a second experiment  using the same 
treatments, the plants were allowed to grow 
up to 150 days. At that time, the only plants 
surviving were the noninoculated control 
series. There  were five replications per 
treatment,  and each experiment  was re- 
peated twice. Since there was no statistical 
difference between the two experiments, 
data are presented as the average of the two 
experiments. 

T h e  two-factor analysis of variance was 
used in statistical analyses for all experi- 
ments. T h e  LSD values for 0.05 and 0.01 
levels for all treatments are listed on the 
respective figures and in the tables. 

RESULTS 

Numbers of galls and cysts 30 days after 
inoculation increased with an increase in 
inoculum in the single-inoculated CM and 
CH series (Fig. 1, 2; see Tab le  1 for ex- 
planation o[ codes). More galls developed 
on roots when 500 larvae were applied in 
two doses than when they were applied in 
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FIG. I. Effects of single and double-inoculations 
of Meloidog),ne hapla on galling of roots of Beta 
vulgaris. Roots were examined 30 days after the 
initial inoculation. 
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FIG. 2. Influence of single and double-inocula- 
tions on development of Heterodera sehachtii on 
Beta vulgaris. Roots were examined 30 days after 
the initial inoculation. 

a single dose (M1, CM2). However, 750 
and 1250 larvae applied in single doses 
produced more galls than when they were 
applied in two doses (CM3 M2; CM5 and 
M3 and M5). Also, when 750 larvae were 
applied in two doses, more galls developed 
when 500 were followed by 250 than when 
250 were followed by 500 (M4 M2). 

Numbers of cysts were higher in all 
double-inoculation series (H1-H5) than in 
single inoculation series (CH1-CH5) (Fig. 
2). T h e  only significant differences observed 
were in treatments comparing H2 with H4 
and H3 with H5. 

In the M. hapla experiment,  root  
weights were greater (P = 0.01) in CM1 
(250), CM2 (500), and CM4 (1000) than in 
C, the control  (Fig. 3). The re  were no dif- 
ferences in root weights between C and M 
treatments. The re  were significant increases 
in root  weights in CM2 (500) compared to 
M1 (250 + 250), and in CM5 (1250) com- 
pared to M5 (1000 + 250). T o p  weights in 
CM1, CM2, CM4 and CM5 were greater 
than in C. T o p  weights in the M5 treat- 
ment were lower than in C. When top 
weights in the CM and M series were com- 
pared, CM2 was greater than M1, and CM5 
and M3 were greater than M5. 

In the H. schachtii experiment,  there 
were significant increases in fresh top 
weights of CH1 (250 larvae), CH2 (500), 
CH4 (1000), and CH5 (1250) over C (non- 
iuoculated). Fresh top weights of plants in 
the double-inoculation treatments were 
lower than in either control (C) or single- 



No. of M. hapla No. of H. schachti i  
"Yreatment larvae inoculated Trea tmen t  larvae inoculated 
designation Original 10 days later designation Original 10 days later 

M 1 250 250 H I 250 250 
M2 250 500 H2 250 500 
M3 250 1000 H 3 250 1000 
M4 500 250 H4 500 250 
M5 1000 250 H5 1000 250 

Inoculated  Inoculated 
Control  1" Control 1" 

CI MI 250 CI H1 250 
CI M2 500 C1 H2 500 
CI M3 750 CI H3 750 
C1 M4 1000 CI H4 1000 
C1 M5 1250 Cl H5 1250 

Inoculated Inoculated  
Control  2* Control 2* 

(;2 Mi 250 C2 HI  250 
C2 M2 500 C2 H2 500 
C2 M3 750 C2 H3 750 
(;2 M4 1000 C2 H4 1000 
(;2 M5 1250 C2 H5 1250 

C- noninoculat  e d C-noninocula t ed 
Control  Control  

0 0 0 0 

5 

o~ 

3 

*Since no statistical differences were noted between two inoculated control series for each nematode, data 
th roughou t  the text and on figures will he presented as the average of the two series, coded as CMI-5 or  
CHI-5. 
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FRESH TOP WEIGHT IN GM L S D 
0.05 = 0.40 

TOP WT. 
0,01 = 0.54 

] FRESH ROOT WEIGHT IN GM 
0.05 = 0.18 

ROOT WT. 
0.01 = 0.24 
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TABLE 1. Descriptive key to the populat ion,  time, and sequence of inoculation of Beta vulgaris roots 
with M e l o i d o ~ m e  hapla (M) and Heterodera schachti i  (H). 

C CM1 CM2 C M 3  C M 4  C M 5  M1  M 2  M 3  M 4  M S  

SINGLE INOCULATION TREATMENTS DOUBLE INOCULATION TREATMENTS 

FIG. 3. Effects of single and double-inoculations of Meloidogyne hapla on the growth of Beta vulgaris 
30 (lays after the initial inoculation. 
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lOP WT. 

ROOT WT. 

C CH 1 CH2 CH 3 CH 4 CH 5 H | H 2 H 3  H 4 HS 

SINGLE INOCULATION TREATMENTS 

FIG. 4. Efl'ects of single and ,touble-inocolations 
30 (lays after the initial inoculation. 

DOUBLE INOCULATION TREATMENTS 

o[ Heterodera schachtii on the growth of Beta vulgaris 

i n o c u l a t i o n  t rea tments  (CH series). Fresh 
root  weight  o[ p lan ts  in  the non inoc t t l a t ed  
t r ea tmen t  was lower than  all s ingle- inocula-  
t ion t rea tments .  T h e  only  no tab l e  differ- 
ence in  root  weight  be tween  C a n d  H series 
was be tween  the C a n d  H2 t rea tments .  
Root  weights were lower in  H1 (250 + 250 
larvae), H2 (250 + 500), and  H3 (250 + 
1000) when  compared  wi th  CH2,  CH3 a n d  
CH5,  respectively. Roo t  weight  i n  the H2 
t r e a tmen t  was lower t h a n  H4, b u t  there 
was no  s ignif icant  difference be tween  H3 
and  H5 t rea tments .  

D u r a t i o n s  of p l a n t  longevi ty  are sum- 
ntarized in  T a b l e  2. T h e  on ly  s ignif icant  
differences be tween  the M and  H series 
were be tween  M1 and  H1 and  be tween  M5 
and  H5 t rea tments .  T h e  longevi ty  of p lants  
in t r e a tmen t  C was greater  t han  in  any  
o ther  t rea tment .  Longevi ty  of p lants  in  M5 
was lower t h a n  in  o ther  t r ea tmen t s  of the 
M series and  all t r ea tments  in  the CM 
series. T h e r e  were no  signif icant  differences 
a m o n g  M2, M4, a n d  CM3. Longevi ty  of the 
p lan ts  was lower in  M1 and  M5 than  in  
CM2 and  CM5, respectively. Conversely,  
longevi ty  o[ p lan ts  i n  t rea tments  H I ,  CH5,  
CH3,  a n d  C was greater  t han  in  o ther  
t r ea tments  i n  the H and  C H  series. 

I n  the M. hapla exper imen t ,  the q t t a n t i -  

T A B L E  2. Self-interactions of Meloidogy~e 
hapla and of Heterodera schachtii on Beta vul- 
garis. Effects on plant hmgevity.a 

Treatment Number of Treatment Number ol 
designation days designation days 

for M. hapla plant for plant 
survived H. schachtii survived 

M l 94.6 H 1 109.2 
M 2 96.2 H 2 99.6 
M 3 96.6 H 3 99.4 
M 4 97.2 H 4 101.6 
M 5 86.8 H 5 99.6 
CM 1 110.4 CH 1 113.4 
CM 2 106.4 CH 2 103.6 
CM 3 102.0 CH 3 109.6 
CM 4 105.0 CH 4 102.8 
CM 5 103.0 CH 5 105.0 
C 150.0 C 150.0 
LSD: 0.05 7.74 7.30 

0.01 10.35 9.76 

aRefer to Table 1 for explanation of code. 

ties of B, K, a n d  P were lower ill all  iFIOCU- 
lated t r ea tments  then  in  the n o n i n o c u l a t e d  
control .  T r e a t m e n t s  M4 and  M5 had  
greater  a m o u n t s  of Fe a n d  A1 t h a n  all 
o ther  t r ea tments  except CM5, which  con- 
t a ined  a h igh a m o u n t  of A1. T r e a t m e n t  
M5 had  a greater  a m o u n t  of Ca a n d  Zn 
than  all o ther  t rea tments .  I n  general ,  all  
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inoculated plants contained more Ca than 
noninoculated plants. T h e  quantit ies of 
Mg were lower in all inoculated plants (ex- 
cept t reatment M1) than in noninocnlated 
plants. 

Quantities of different elements also 
varied in the H. schachtii experiment.  A 
general depression in the quantities of B, 
K, and Mg was apparent  in all inoculated 
plants when compared with noninoculated 
controls series. T h e  quant i ty  of AI was 
higher in H2, H3, H4, and H5 than in all 
other  treatments. Similarly, the amount  of 
Fe in H2, H3, and H5 was higher than in 
all other treatments. 

In general, ratios of total soluble/reduc- 
ing carbohydrates of the plants in all 
double-inoculation treatments in the M. 
hapla or H. schachtii experiments were 
lower than in the single-inoculation treat- 
ments. Similarly, plants in all the single- 
inoculation treatments had lower ratios of 
total soluble/reducing carbohydrates in 
comparison to noninoculated plants. 

DISCUSSION 

Self-interaction studies with plant path- 
ogens have been mostly limited to viruses. 
Recovery from infection and immuni ty  to 
reinfection are common in virus diseases in 
animals. Baron (1) and Isaacs (2) attribu- 
uted this type of reaction to antibodies and 
interferon. Price (8) compared the appar- 
ent recovery of infected plants to acquired 
immuni ty  in animals. Other  workers re- 
ported a similar reaction in plants infected 
with viruses (4, 9, 10). Self-interactions of 
nematodes, at least with M. hapla aml H.  
schachtii, appear to be completely different 
anti contrary to those of viruses. Our results 
indicate that plants do not  recover to be- 
come immune to these nematodes but  sup- 
port  reinfection by the same parasite. Ap- 
parently, no interfering agent is produced 
by the infecting parasites or the host. T h e  
increased populat ion in plants inoculated 
twice (over that in plants inoculated once) 
with the same total number  of nematodes 
varied with different levels of inocula and 
species of nematode. With M. hapla, the 
only combination showing a significant in- 
crease in double-inoculations was 250 + 
250 larvae (MI) inoculated at 10-day inter- 
vals. In contrast, all double-inoculation 
combinations with H. schachtii produced 

significantly (0.01) higber populat ions of 
cysts than single-inoculations with tile same 
number  of nematodes. 

Increased populations in dual-inocula- 
tions cannot be at t r ibuted to the age of the 
host plant or the avenues for entry. This  
statement is supported by the performance 
of the plants inoculated once at various 
ages and growth times in soil. 

Inhibi t ion of root and top growth and 
reduced plant longevity by the greater 
populat ion in the double-inoculation series 
were more pronounced with M. hapIa than 
with H. schachtii. 

T h e  differences in mineral  content that 
occurred in leaf tissue are not in agreement 
with the results of Owens and Novomy (7). 
They  reported no changes in mineral  con- 
tent of tomato and cucumber plants in- 
fected with M. incognita, but their results 
were based on root  analyses. 

Lower starch content in potato tubers 
inoculated with Dilylenchus destructor has 
been reported by some investigators (11, 
13). Our results indicate a general reduc- 
tion in ratios of total soluble/reducing 
sugars in double-inoculated treatments. 
Muge (5) at t r ibuted the reduction of starch 
in tubers to amylase activities of nematode 
secretions and conversion of starch to solu- 
ble sugars for utilization by the parasite. 
Correlation of increased nematode popula- 
tion anti decreased ratios of total soluble/  
reducing sugars in our double-inoculation 
treatments supports Muge's explanation. 

T h e  mechanism of increasing popula- 
tions of M. hapla and, particularly, H.  
schachtii in double-inoculation treatments 
is probably due to predisposition. Correla- 
tion of increased populat ion with reduc- 
tion of total carbohydrates compared to 
reducing carbohydrates and the changes in 
mineral content indicate the importance of 
physiological and biochemical changes in 
doul)le-inoculation treatments. Results of 
this research emphasize the need for study- 
ing self-interactions more fully in order to 
understand the complex reactions of nema- 
tode-nematode-host combinations. 
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Influence of nematodes and light sources 
on growth and nodulation of soybea# 

R. S. HUSSEY and K. R. BARKEW 

Abstract: The influence of nematodes on nodulation of soybean varied according to their modes 
of parasitism. In the greenhouse, uodule formation was stimulated by the endoparasites, 
Meloidogyne hapla and Pratylenchus penetrans, but was inhibited slightly by the ectoparasite, 
Belonolaimus longicaudatus. In an experiment under controlled conditions in a phytotron, 
Heterodera glycines severely inhibited nodule formation, whereas plants inoculated with 
B. longicattdatus and P. penetrans had more nodules per g root than nematode-free plants. 
Nitrogen-fixing capacity, however, was inhibited by all three nematode species. Different light 
sources used in the phytotron experiment also influenced growth and nodulation of soybean. A 
fluorescent plus incandescent light regime resulted in plants with the greatest shoot weight, pod 
number, and nodules per g root. Plants grown under Lucalox lamps had excessive stem elonga- 
tion. Key Words: Meloidogyne species, Belonolaimus longicaudatus, Pratylenchus penetrans, 
Glycine max, nitrogen fixation, Rhizobium. 
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T h e  i n h i b i t o r y  effects  o f  p l a n t - p a r a s i t i c  
n e m a t o d e s  o n  n o d u l a t i o n  o f  r o o t s  o f  l egu-  

m i n o u s  p l a n t s  has  b e e n  t h e  s u b j e c t  o[  sev- 
e ra l  r e p o r t s  (1, 10, 13, 14). P l a n t - p a r a s i t i c  
n e m a t o d e s  u s e d  i n  p r e v i o u s  s t u d i e s ,  h o w -  
ever ,  w e r e  l i m i t e d  to  s e d e n t a r y  e n d o p a r a -  
s i tes  w i t h  m o s t  o f  t h e  w o r k  c o n c e r n e d  w i t h  
t h e  r o l e  o f  Heterodera spec ies  i n  t h e s e  in -  

t e r a c t i o n s .  A l t h o u g h  p o o r  n o d u l a t i o n  has  
b e e n  p r e v i o u s l y  a s s o c i a t e d  w i t h  s eve re  in -  

f e c t i o n  b y  H.  glycines (4, 9), L e h m a n  et  al. 
(10) r e c e n t l y  s h o w e d  t h a t  o n l y  c e r t a i n  r a c e s  
of  th i s  p a r a s i t e  g r e a t l y  s u p p r e s s  n o d u l a -  
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