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Influence of Six Vegetable Cultivars on Reproduction 
of Meloidogyne iavanica ~ 

N.  D. BAFOKUZARA 2 

Abstract: Replicated field and greenhouse experiments were used to evaluate the effect of 
tomato, cabbage, cucumber, carrot, Amaranthus hybridus, and pepper on growth anti fecundity 
of Meloidogyne spp., particularly M. javanica. In the field tests, tomato, cucumber, aml carrot 
favored population increases of Meloidogyne spp., while Amaranthus, pepper, and cabbage lim- 
ited them. Some cropping sequences that included crops from the latter group had a suppressive 
effect on population growth. Thus, of the 36 cropping sequences that were investigated, the 
following kept the pests in check: tomato-pepper; tomato-,'Dnaranthus; cabbage-pepper; 
dmaranthus-pepper; carrot-cabbage; pepper-pepper; pepper-Amaranthus; and Amaranthus. 
pepper. In the greenhouse tests, tomato, cucumber, and carrot had a high number of galls per 
50 cm of root, large, conspicuous galls and egg masses, and a high number of larvae per egg 
mass. Thus, they were highly susceptible. Cabbage and Ammvmthus were unsuitable hosts as 
reflected in the absence of galls or a low number per 50 cm of root. small size of galls and egg 
masses, and few progeny on the subsequent crop of pepper. The length of time required for 
eggs to hatch on different hosts varied considerably atul is thought to he a significant factor in 
infection of hosts. Key words: rotations, pest management. 

Journal of Nematology 15(4):559-564. 1983. 

V e g e t a b l e  c r o p  losses  c a u s e d  b y  p l a n t -  
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k n o t  n e m a t o d e s ,  Meloidogyne spp., can  be  
e x t e n s i v e  (2,5,8) a n d  a re  a f u n c t i o n  o f  p e s t  
p o p u l a t i o n  d e n s i t i e s  (3,6). O n e  o f  t h e  p r i n -  
c i p a l  m e a n s  o f  r e d u c i n g  t h e s e  losses is g r o w -  
i n g  u n f a v o r a b l e  h o s t s  w h i c h  s u p p r e s s  n e m a -  
t o d e  d e v e l o p m e n t  a n d  af fec t  p o p u l a t i o n s .  
U n d e r  p r e s e n t  E a s t  A f r i c a n  a g r i c u l t u r a l  
c o n d i t i o n s ,  w h e r e  v e g e t a b l e s  a re  p r o d u c e d  

by sma l l - sca le  f a r m e r s ,  c r o p  r o t a t i o n ,  o r  
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crop rotat ion in conjunct ion with other  
cultural  control measures, is apparent ly  the 
most practical method of nematode manage- 
ment .  Local data to support  a breeding pro- 
gram for resistance are lacking, and inex- 
pensive nematicides are not readily availa- 
ble. However,  efficient use of crop rotat ion 
depends on unders tanding the host-parasite 
relat ionship between the noxious nematode 
species and the host plants to be protected 
(1). 

No data were available concerning the 
influence of various commonly  grown East 
African vegetables on mul t ip l ica t ion of 
root-knot nematodes,  part icularly M. ]ava- 
nica, the most prevalent  pest in the region 
(10). Field and greenhouse exper iments  
were conducted to gain this information.  

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

Field experiments: T h e  t rea tment  con- 
sisted of six crops (Table  1). In  the first 
season, each t rea tment  was replicated six 
times in a Latin square design. In  the sec- 
ond season, t reatments  were applied in se- 
quence to the same plots so that  each crop 
grown in the first season had  a chance to 
be followed by each of the six crops. In  all, 
there were 36 t rea tment  combinations.  

Each plot measured 2.7 m × 1.5 m and 
was bordered by an interspace of 0.9 m. Of  
the four crop rows per plot, the two outer  

Table 1. Influence of host on soil populations of 

4, October 1983 

ones served as guard  rows. T h e  plots and 
the interspaces were kept  weed free 
th roughout  the exper imenta l  period. T o  
avoid cross transfer of soil f rom one plot  
to the other, only the initial cultivations 
were done by tractor; hand hoes were used 
for subsequent  cultivations. T h e  crops were 
managed according to current  recommen- 
dations (4,11). 

Soil samples (100 ml) for nematode  ex- 
aminat ion  were taken at five intervals after 
plant ing (Table  1). Root  samples were 
taken only at harvest times. Nematodes ex- 
tracted from soil with the Oostenbr ink 
elutr ia tor  and those extracted f rom roots 
by the maceration-infi l trat ion technique 
(7) were counted and identified as to genus 

under  a stereo microscope. 
Ini t ial  soil populat ions of root-knot  

nematodes were bioassayed at the start  of 
each season. Composi te  soil samples, taken 
f rom each plot, were put  in 15-cm plastic 
pots in the greenhouse and two indicator  
plants (Citrullus vulgaris) planted in each 
pot. T h e  plants were examined for root- 
knot  infection after 60 days. T h e  degree 
of root-knot attack in both  field and green- 
house plants was estimated, using a scale 
of 0-4, with 0 = no galls observed on the 
root system, 1 = 1-25% of root system in- 
fected, and 4 = 76-100% infected. T h e  
exper iment  was based at the Nat ional  Hor-  
t icuhure  Research Station, Thika ,  Kenya. 

Meloidogyne species.* 

Nematode counts t at specified 
sampling dates (season I) in 1977 

Host 27 Jan 10 Feb 3 Mar 23 Mar 14 Apr 

Tomato 
Lycopersicon esculentunt Mill. cv. Moneymaker 8 19 304 1,346 777 

Pepper 
Capsicum [rutescens cv. Yolo Wonder 1 4 22 165 126 

Cabbage 
Brassica oleracea var. capitata L. cv. Drumhead 17 16 61 213 195 

Carrot 
Daucus carota L. var. sativa DC. cv. Chanteney 13 11 4 22 139 

Cucumber 
Cucumis sativus L. cv. Ashley 9 11 115 269 322 

Amaranthns 
Amaranthus hybridus L. var. incurvatus 4 9 29 75 3 

*Populations of larvae and males. 
t each  figure is the sum of six composite samples (!00 ml soil/sample), each made up of five subsamples. 
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Greenhouse studies: M. javanica, f o u n d ~ t a i n e d  at  25 C. H a t c h e d  juven i l e s  were 
to be the most  i m p o r t a n t  pest i n  the p r e - . w i t h d r a w n  wi th  a d r o p p e r  f rom the watch 
l i m i n a r y  field studies, a n d  the six v e g e t a b l e ~ g l a s s  every 24 hours,  counted ,  a n d  dis- 
cul t ivars  used in  the field trials were u s e d ~ ' c a r d e d .  C lean  dis t i l led  water  was t h e n  
in  these studies. Eleven-day-old s e e d l i n g s ~ a d d e d  to the r e m a i n i n g  eggs a n d  they were 
i n  20-cm plastic pots filled wi th  steam-,~l r e t u r n e d  to the i ncuba to r .  T h i s  p rocedure  
steril ized soil were i n o c u l a t e d  wi th  0, 10, ' was repea ted  dai ly  u n t i l  h a t c h i n g  ceased; 
1,000, and  10,000 second-stage juven i l e s  of 
M. javanica. Inocu la t ions  were made  by 
p ipe t t i ng  s tandard ized  n e m a t o d e  suspen- 
sions in to  shallow depressions made  in  the 
soil a r o u n d  the base of each seedling. T h e  
depressions were then  filled with soil and  a 
l i t t le  water  added.  Each t r e a tmen t  was rep- 
l icated five times; the n o n i n o c u l a t e d  seed- 
l ings served as controls.  

Measurements  of in fec t ion  and  repro- 
duc t ion  were made  49 days after  inocula-  
t ion.  T h e  severity of root  in fec t ion  was de- 
t e r m i n e d  by t ak ing  roo t -knot  indices  as 
descr ibed earl ier .  T h e  n u m b e r  of galls on  
ten 5-cm pieces of root  was also de te rmined .  
T h e  n u m b e r  of juven i les  per  egg mass was 
es t imated in  the fol lowing m a n n e r .  Vary ing  
n u m b e r s  of l ight-brown,  in tac t  egg masses 
were removed from host roots wi th  fine 
forceps. Groups  of 10 or fewer egg masses 
f rom the same host were placed in  separate 
watch glasses, c leaned with sterile water,  
and  then  placed in  an i n c u b a t o r  ma in -  

however,  observat ions  were c o n t i n u e d  for 
7 clays as a fu r the r  check on  a possible 
t empora ry  stop to ha tch ing .  N o  egg masses 
or galls were f ound  on  pepper .  

R E S U L T S  

Field experiments: P o p u l a t i o n  densi t ies  
of Meloidogyne species increased in  the 
rhizosphere wi th  the growth  of host p lan ts  
tmti l  a bou t  harvest  t ime when  a decl ine  
was observed (Tab le  1). T h e r e  were differ- 
ences in  the occurrence a nd  p o p u l a t i o n  
densi t ies  of these nematodes  on  different  
crops (Tables  1, 2). T o m a t o  suppor t ed  the 
highest  nema tode  p o p u l a t i o n  densi t ies  bo th  
in soil a nd  roots. Cabbage  a nd  c u c u m b e r  
also had  a favorable  inf luence  on popula-  
t ion  growth.  A l t h o u g h  carrots exh ib i t ed  
low infec t ion ,  they genera l ly  had  smal l  root  
systems a nd  their  swollen root  parts  were 
infected inconspicuous ly .  

D u r i n g  the second season, a l eng thy  

Table 2. The numbers of individuals of ,Meloidogyne spp.* and the root-knot indices associated with 
six vegetable crops, Thika, Kenya, January-September 1977. 

Crop§ 
Data recorded]- Season+ + To. Pe. Ca. Cuc. Cab. Am. 

%Occurrence in rhizosphere soil I 89,0 70.0 56.7 63.3 73.3 56.7 
II 46.7 43.3 36.7 33.3 43.3 50.0 

Mean nematode count per soil sample I 81.8 10.6 6.3 24.2 16.7 4.0 
II 3,7 1.9 2.1 8.9 3.8 5.1 

Popu'ation in roots I 47.121 1.249 687 1,286 1,291 804 
II 9,036 213 54 632 83 19 

Mean root knot index~ I 1.7 1.3 0.7 1.1 1.3 0.9 
(i) greehouse field I 4.0 0.9 3.9 3.9 2.0 2.1 

(ii) greenhouse field II 1.1 1.6 2.0 2.0 1.3 1.9 
II 3.8 0.6 3.8 3.9 2.2 2.0 

*Mixed populations of Meloidogyne spp. 
+Based on 36 samples per vegetable per season. 
.+Season I January-May; II May-September. 
§To = tomato, cv. Moneymaker; Ca = carrot, cv. Chanteney; Cab = cabbage, cv. Drumhead; Pe 

= pepper, cv. Yolo Wonder; Cuc = cucumber, cv. Ashley; Am = Amaranthus. 
IIPopulation of juveniles and a few males. 
+Scale: 0 ,,= no galls; 1 = 1-25%; 2 = 26-50%; 3 = 51-75%; 4 = 76-100% of the root system in- 

fected. 
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drought  adversely affected stands and sub- 
sequently plant growth and nematode re- 
production. Nevertheless, the level of in- 
fection on preferred hosts was high. High- 
est mean counts of root-knot larvae and 
males from the rhizosphere were taken from 
cucumber, Amaranthus, and cabbage. How- 
ever, highest root infections were found in 
tomato and cucumber; Amaranthus had 
the lowest infection level. Estimates of root- 
knot  indices for the two seasons indicate 
that mixed populations of Meloidogyne 
spp. were unable to build up on pepper, 
cabbage, and Amaranthus. 

Of the 36 different cropping sequences 
studied, rotations of tomato-Amaranthus, 
tomato-pepper,  carrot-cabbage, pepper- 
pepper,  cabbage-pepper, Amaranthus-cab- 
bage, pepper-Amaranthus, and Amaranthus- 
pepper  were most effective in suppressing 
nematode populat ion increases. 

Greenhouse studies: Except in pepper 
where there was no attack, the level of in- 
fection of M. javanica in all crops, as as- 
sessed by root-knot indices and the number  
of galls per 50 cm of root, increased with 
increase in inoculum density (Table  3). 
Most of the galls were found on primary 

Tab l e  3. Effect of hos t  and  Meloidogyne javanica i nocu lum levels on root -knot  index  and  gall fre- 
quency*  

I n n o c u l u m  No. of galls H a t c h i n g  Mean  no. of  
level Root -kno t  per  50 cm per iod juveni les /  

Host  eggs / p l an t  index t of  roots (days)+ egg mass§ 

T o m a t o  0 0.0 31 778 
cv. M o n e y ma ke r  10 0.7 4.2. 

100 2.1 87.6 
1,000 3.5 81,4 

10,000 4.0 293 

Cabbage  0 0.0 
cv. D r u m h e a d  10 2.1 35.8 10 43 

100 N D N D  
1,000 3.4 48.6 

! 0,000 3.0 74,0 

C u c u m b e r  0 0.0 0.0 
cv. Ashley  10 1.0 0.8 106 393 

100 1.4 25.2 
1,000 2.3 39.4 

I 0,000 4,0 165.0 

Carro t  0 0,0 0.0 
cv. C h a n t e n e y  10 0.8 2.5 89 "~25 

100 1.4 31.6 
1,000 3,0 73.6 

I 0,000 3.4 109.2 

A m a J a n t h u s  0 0.0 0.0 
10 0.0 0.0 

100 1.0 2.3 69 157 
1,000 1.8 38.8 

10,000 3.7 69.6 

Pepper  0 0.0 
cv. Yolo W o n d e r  10 0.0 

100 0.0 
1,000 0,0 

10,000 0.0 

#Data  on h a t c h i n g  period and  n u m b e r  of  larvae per  egg mass  relate to represen ta t ive  spec imens  f rom 
all inoculat ions.  

+Scale: 0 = no galls: 1 ~ 1-25%; 2 = 26-50%; 3 ~ 51-75%: 4 = 76-100% of  the  root  system in- 
fected. 

~Length  of t ime  requ i red  for all viable eggs to ha t ch .  
§ T h e  fol lowing n u m b e r  of  egg masses  were used:  tomato ,  50; cabbage,  11; cucumber ,  36; carrot,  32; and  

A m a r a n t h u s ,  21. 



a n d  seconda ry  roots,  a poss ible  i n d i c a t i o n  
t l tat  the re  was no  second-gene ra t ion  a t t ack  
on mos t  vegetables  d u r i n g  the  p e r i o d  of 
inves t iga t ion .  R o o t  systems of t o m a t o  
s l towed the h ighes t  in fec t ion  level  a n d  those 
of Amaranthus, the  least  n u m b e r  of  galls.  

T h e r e  was v a r i a t i o n  in the  sizes of galls.  
Ga l l s  in tomato ,  cucumber ,  a n d  ca r ro t  were  
large  and  consp icuous  and  had  la rge  egg 
masses, i n d i c a t i n g  good  r e p r o d u c t i o n .  
T h o s e  in  Amaranthus a n d  cabbage  were 
t iny  and  inconsp icuous  a n d  h a d  egg masses 
tha t  were  small .  Egg masses in cabbage  
were difficult  to find, a n d  the m a j o r i t y  of 
those f o u n d  d i d  no t  con t a in  eggs. 

Hatching (incubation) period: Some 
h a t c h i n g  occu r red  i m m e d i a t e l y  in  d i s t i l l ed  
water ,  b u t  there  was a k i n d  of r h y t h m :  
one  b ig  ha tch  was of ten  fo l lowed  by a smal l  
ha tch  on the  fo l lowing  day  or  two. Accord-  
ing  to a K r u s k a l - W a l l i s  test,  t he re  was also 
v a r i a t i o n  (P = .05) in  j u v e n i l e  counts  
a m o n g  hosts  a n d  in the  l eng th  of  t ime  eggs 
f rom di f fe ren t  hosts  took to ha tch .  How-  
ever, on  Amaranthus and  cucumber ,  and  
on ca r ro t  a n d  tomato ,  resul ts  d i d  no t  differ  
s ignif icant ly .  

T h e r e  was no  r e l a t i o n s h i p  be tween  
c lu tch  size a n d  i n c u b a t i o n  p e r i o d  (r  = 
0.03). Eggs i n c u b a t e d  the  least  a m o u n t  of  
t ime  on  t o m a t o  a n d  the  longes t  on ca r ro t  
(P -- 0.01). E x c e p t  for  cabbage ,  in  wh ich  
case v a r i a b i l i t y  cou ld  no t  be assessed, the  
o the r  cu l t iva rs  were i n t e r m e d i a t e  in t he i r  
effects. 

D I S C U S S I O N  

Resul t s  f rom field s tudies  i n d i c a t e  tha t  
host  p l an t s  had  a d o m i n a n t  inf luence  on 
the surv iva l  a n d  m u l t i p l i c a t i o n  of  r o o t - k n o t  
nema todes ,  p a r t i c u l a r l y  u n d e r  cond i t i ons  
of  a d e q u a t e  soil mois tu re .  M o r e  n e m a t o d e s  
were  f o u n d  on toma to ,  cucumber ,  a n d  car- 
ro t  t h a n  on  Amaranthus, peppe r ,  a n d  cab- 
bage.  ' M o n e y m a k e r '  t o m a t o  was compara -  
t ively the  most  suscep t ib le  host ;  p o p u l a -  
t ion  increases  of  r oo t -kno t  n e m a t o d e s  on  
this c rop  were  r a p i d  a n d  pers i s t en t ly  h igh .  
R o o t  in fec t ion  as assessed by p l a n t  ga l l i ng  
was extensive ,  i n d i c a t i n g  the h igh  suscepti-  
b i l i t y  of  this  crop;  in  c o n t r a s t , / l m a r a n t h u s  
s u p p o r t e d  a low ra te  of n e m a t o d e  r ep roduc -  
t ion,  d e m o n s t r a t i n g  h igh  resis tance.  Crop-  
p ing  sequences  tha t  i n c l u d e d  peppe r ,  cab- 
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bage,  a n d  Arnaranthus gene ra l l y  h a d  a 
suppress ive  effect on  roo t -kno t  nematodes .  

G r e e n h o u s e  s tudies  i n d i c a t e  tha t  ex- 
cept  for pe ppe r ,  wh ich  is no t  a hos t  of M. 
/avanica, the  o t h e r  vege tab les  d i f fered  in  
t he i r  a b i l i t y  to s u p p o r t  the  g r o w t h  a n d  
r e p r o d u c t i o n  of  M. javanica: t omato ,  cu- 
c u m b e r  a n d  ca r ro t  are  su i t ab le  hosts;  cab-  
bage  a n d  Amaranthus, poor  hosts. 

I t  is no t  c lear  w h a t  factors  were  respon-  
s ible  for  tlte va r i a t i ons  in h a t c h i n g  t ime  
of  eggs f rom di f fe ren t  hosts.  I t  is poss ib le  
tha t  the  p r e h a t c h  phys io log ica l  deve lop-  
m e n t  of juveni les ,  a c c u m u l a t i o n  of  inh ib i -  
tors in  egg masses as h a t c h i n g  proceeds,  
c lu tch  size, or  t e m p e r a t u r e  were  respon-  
sible,  e i t he r  s ingly or  in c o m b i n a t i o n ,  for  
these va r i a t ions  (9,12). T h e  ex tens ive  in- 
c u b a t i o n  p e r i o d  of  eggs f rom some hosts  
presents  a p o t e n t i a l  d a n g e r  of  c o n t i n u o u s  
in fec t ion  o r  in fec t ion  of  c rops  over  a long  
t ime.  R a p i d  h a t c h i n g  c o u l d  l e a d  to r a p i d  
sp read  of the  pest  when  w e a t h e r  c ond i t i ons  
are  su i tab le ;  s 'ow h a t c h i n g  cou ld  compl i -  
cate  p l a n n i n g  of c on t ro l  measures  for  this  
n e m a t o d e .  
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Influence of Meloidogyne hapla Chitwood, 1949 on 
Development and Establishment of Heterodera schachtii 

Schmidt, 1871 on Beto vulgoris L. ' 
PARViZ JATALA 2 and HAROLD j .  Jr:NSr, N 3 

Abstract: Inf luence of Meloidogyne hapla on es tahl i shnrent  and  m a t u r i t y  of Hete~odem 
schachtii in sugarbeet  was stmlied.  Resul ts  ind ica ted  tha t  when  the  major i ty  of M. hapla were 
in second, th i rd ,  or four th  larval stages wi th in  p lants  pr ior  to H. schachtii inocula t ion ,  growth 
and  deve lopmen t  of  the  lat ter  was re tarded.  However,  when  M. hapla reached the young  fe- 
male  stage pr ior  to inocula t ion  of H. schachtii, es tab l i shmen t  and  deve lopment  of the  lat ter  
was great ly enhanced .  As M. hapla reached m a t u r i t y  before and  af ter  egg produc t ion  pr ior  to 
t t .  schachtii inocula t ion ,  e s t ah l i shmen t  and  g rowth  of the  la t ter  was progressively decreased. 
In each instance,  M. hapla developed independen t ly  and  m a t u r e d  at  the  same rate as in p lants  
inocu'.ated wi th  only M. hapla. Usual ly  rat ios of  total  soluble carbohydra tes  to r educ ing  carbo- 
hydra tes  were lower, b u t  not  significantly different ,  in p lan ts  receiving bo th  nema todes  as 
compa r e d  to o ther  t rea tments .  Key words: no r t he rn  root -knot  nematodes ,  sugarbeet  nematodc ,  
sugarbeet ,  in ter re la t ionships ,  carbohydra tes ,  predisposi t ion.  

Jou rna l  of  Nemato logy  15(4):564-566. 1983. 

Studies concerning interrelationships of 
Meloidogyne hapla and Heterodera schach- 
tii in sugarbeet, Beta vulgaris L., have 
shown each parasite could exert influence 
upon the other  and upon the host when 
populat ion densities, inoculation combina- 
tions, and inoculation t iming were manipu- 
lated (2,3,4,5,6,7). Although several popu- 
lation combinations were used, the most 
interactive level was 250 M. hapla and 1,000 
H. schachtii larvae. T h e  effects of such in- 
teraction affect the ability of parasites to 
mature  and to change host physiology. 
Thus,  under  certain conditions, a plant 
could become less or more suitable as a 
host for a second invading parasite. We 
report  here the influence of various de- 
velopmental stages of M. hapla on estab- 
lishment and maturi ty of H. schachtii in 
sugarbeet. 
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MATERIALS AND M E T H O D S  

Several sugarbeet seedlings cv. USH 9A 
were collectively grown in 10-cm plastic 
pots of sandy loam soil. Three  weeks after 
germination, the seedlings were divided 
into four equal groups and inoculated as 
follows: each plant in two groups received 
1,000 M. hapla juveniles (tomato cv. Rut- 
gers source); another  group 1,000 H.  
schachtii juveniles (commerical beet 
source); and the remainder  were left as con- 
trol for carbohydrate analysis. Six days after 
inoculation, seedlings were uprooted, 
washed to remove larvae that had not pene- 
trated, and replanted in 350-ml styrafoam 
cups containing sterilized soil. Th ree  inoc- 
ulation tubes (7-cm sections of dr inking 
straws), spaced equidistant from the plant, 
were inserted in each cup with one end in 
contact with roots and the other  extending 
about 3 cm above the soil line. Subsequent 
inoculations were made through these 
tubes. 

Trea tments  were as follows: 1) H.  
schachtii (Hs) alone, 2) M. hapla (Mh) 
alone, 3) Mh + Hs, and 4) noninoculated 
controls. At 0, 1, 2, 3, and 4 weeks after 
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