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Abstract: Sugar beet (Beta vulgaris L. cv. Monogerm C.S.F. 1971) seeds sown into Vine land  
line sandy loam, infested with 15,500 H. sehachtii juven i les /po t ,  showed little growth d u r i n g  an 
I l-week test in the greenhouse .  Seedlings t r ansp lan ted  at  2, 4, and  6 weeks of age had  32, 30, and  
31% less top weight  and  71, 68, and  59% less root weight ,  respectively, compared  to controls  
grown in nematode- f ree  soil. Nematode  reproduct ion  in both direct-seedetl and  t r ansp lan ted  
sugar  beets was l imited and  related to root weight .  Shoot / roo t  ratios were increased by the  
nematodes  in all nematode- in fec ted  beets compared  to those grown in soil w i thou t  nematodes .  
In contrast  to seeding or t r ansp l an t ing  sugar  beets into nematode- in fes ted  Vine land  fine sandy 
loam, an inocttlation of Beverly fine sandy loam s u p p o r t i n g  0 (seeds), 2-, 4-, and  6-week-old 
sugar  beet  seedlings with 7,400 juven i l e s /po t ,  followed by 11 weeks of g rowth  in the  growth-  
room, resul ted in lop weight  losses of only 13, 3, 18, and  15% and losses in roo! weight  of 44, 
38, 36, and  .~8%, respectively. Nematode  reprodttct i tm was h igh and  all shoo t / roo t  ratios were 
increased by the  nema tode  compared  to the  non inocu la t ed  controls .  These  expe r imen t s  have 
shown tha t  sngar  beets sown into nematode- infes te t t  soil are damaged  m u c h  more  heavily by 
H. schachtii juveni les  l han  seeds inocula ted  with the  nema tode  immedia te ly  fol lowing sowing. 
R e s u h s  indicate tha t  an  increase in tolerance of sugar  beets to al lack by H. schachtii does not  
occur beyond the tit'st 2 weeks of g rowth  and  tha t  t r ansp lan t ing  damage  lowers the  lolerance of 
seedlings Io nema tode  attack. Key words: sugar  beet cyst nematode ,  age tolerance, t r ansp l an t ing  
damage ,  host-parasi te  re la t ionship .  J ou rna l  of Ncmato logy  15(4):555-559. 1983. 

Enhanced tolerance of sugar beets (Bet, 
vulgaris L.) to attack by the sugar beet cyst 
nematode (Heterodera schachtii Schmidt) 
with increasing age or size of the plant  is 
well documented (5,10,17). Sugar beets are 
usually sown as early in the spring as possi- 
ble so that the seedlings will at tain this en- 
hanced tolerance by the time temperatures  
are o p t i n m m  for the nematode (2,5,13). 

With  some crops intolerant  of cool tem- 
peratures, age and size are at tained by 
setting transplants in the field when tena- 
peratures permit.  Transplant ing ,  however, 
often causes severe damage to root systems 
through the loss of many  fine feeder roots. 
Seinhorst and Ol thof  (unpublished) showed 
that  t ransplant ing strongly decreased the 
tolerance of tobacco to attack by the root  
lesion nematode,  Pratylenchus penetrans 
(Cobb). 

Th is  study compares the age-related in- 
crease in tolerance (as seen in sugar beets) 
to the possible decrease in tolerance due to 
t ransplant ing damage (as observed in to- 
bacco) with sugar beets as a model crop. 
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M A T E R I A L S  AND M E T H O D S  

Each greenhottse or growthroom experi- 
ment,  nsing sugar beet, Beta vulgaris L. cv. 
Monogerm C.S.F. 1971, consisted of four 
t reatments (seedling age) replicated 12 times 
(pots) and arranged in a randomized block 
design on the hench. All data were analyzed 
by Duncan 's  new mult iple-range test or 
analysis of variance. 

Greenhouse: Three  batches of 24 sugar 
beet seedlings, each sown 2 weeks apart ,  
were grown singly in 2.5-cm clay pots filled 
with pot t ing soil. Six weeks after the first 
sowing, half of the seedlings in each batch 
were t ransplanted with some adher ing soil 
into 10-cm clay pots filled with 600 g of 
Vineland fine sandy loam (6[ % sand, 28% 
silt, 11~4, clay, p H  5.7, organic mat te r  
3.2%) infested with 15,500 H. schachtii 
juveni les/pot ;  numbers  of nematodes were 
based on 2-week extraction with the Baer- 
mann  pan method (16). T o  serve as con- 
trols, the other half  were t ransplanted into 
similar soil steam-sterilized previously for 
30 rain at 120 C. Immedia te ly  after trans- 
planting, another  batch of 24 10-cm clay 
pots filled with either nematode-infested or 
steam-sterilized Vineland fine sandy loam 
were seeded to sugar beets at 5-6 seeds/pot  
and thinned to one seedl ing/pot  10 clays 
later. All pots, ranging from freshly seeded 
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pots to those containing 6-week-old plants, 
were kept t(or an additional 11 weeks at 
mid-summer temperatures in the green- 
house. Upon termination of the experiment,  
weights of tops and roots were determined 
and juveniles, extracted from the soil [or 2 
weeks, were counted. 

Growthroom: Ninety-six 10-cm clay pots 
were each filled with 600 g of Beverly fine 
sandy loam (comparable in soil texture to 
Vineland fsl) containing 6% moisture, cov- 
ered with ahuninum foil, and kept at 
22.5 C. Twenty-four  pots were sown each 
with four sugar heet seeds, presoaked in 
water for 24 hours, and then placed in a 
growthroom at 22.5 C, 75% R.H., and 160- 
215 hlx. Seeding was repeated twice at 
2-week intervals. In order to obtain large 
amounts of inoculum, H. schachtii juveniles 
were extracted with a combination of the 
Fenwick can method (3) and the Baermann 
pan method (16) from heavily infested 
Vineland fine sandy loam cropped to cab- 
bage. At inoculation, the pots containing 
6-, 4-, or 2-week-old plants were thinned to 
one seedling/pot and the remaining 24 pots 
were seeded. In half the pots (12 of each 
plant age), H. schachtii juveniles were pi- 
petted in water at 7,400/pot into four holes 
in the soil surrounding each seedling or 
seed; the other 12 pots (controls) received 
water only. After inoculation, plants were 
grown for 1 i weeks in the growthroom and 
top and root weights were determined and 
final juvenile densities (P~) in the soil 
counted as before. 

RESULTS 

Greenhouse: Practically no growth at 
all was made when seeds were sown directly 
into nematode-infested soil (Table 1). Re- 
gardless of age at which seedlings were 
initially exposed to nematode attack, top 
and root weight of nematode-infected plants 
differed significantly from the uninfected 
control. The r e  was no age-related difference 
in final top weight in plants 4 or 6 weeks 
old at the time of transplanting into in- 
fested soil. 

Age effects on root weight of the controls 
were similar to top weight; however, root 
weight of nematode-infected seedlings in- 
creased with age until  6 weeks. 

The  shoot / root  (S/R) ratio decreased 
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with age at transplanting in controls and 
nematode-infected plants. Regardless of age, 
the S /R  ratio of the nematode-infected 
seedlings was higher than that of the con- 
trols (Table  1). 

Final juvenile populat ion density de- 
creased relative to the initial density (P,) 
when seeds were sown into nematode- 
infested soil. With transplanted seedlings, a 
limited amount  of reproduct ion was ob- 
served (Table 1). 

Growthroom: Neither addit ion of nema- 
todes at seeding nor inoculation of 2-week- 
old seedlings resuhed in significant differ- 
ences in weight of top, as compared to con- 
trols (Table 2). However, top weight of 4- 
and 6-week-old seedlings was significantly 
reduced by nematodes, as was root  weight in 
all seedlings regardless of age at inoculation. 

T o p  and root weights of controls and 
seedlings inoculated at transplanting dif- 
fered significantly from those inoculated at 
seeding. However, there were no age-related 
differences between the seedlings except top 
weight at 2 versus 6 weeks of age. 

Th e  S/R ratio decreased with age in 
both control and nematode treatments; 
those of plants inoculated with nematodes, 
regardless of age at inoculation, were sig- 
nificantly higher than the controls (Table  
2). 

Final juvenile density increased more 
than 8 times the P~ when seeds were sown at 
inoculation. With 2-, 4-, and 6-week-old 
seedlings, the Pe values were significantly 
greater and averaged 39 times the Pi (Table  
2). 

DISCUSSION 

Sowing seed in nematode-infested soil 
resulted in very little growth, whereas much 
less damage occurred when seeds were sown 
in nematode-fi'ee soil followed immediately 
by inoculation with nematodes. In the latter 
case, only root weight was significantly 
lower. Presumably, the root system was able 
to develop and acquire some tolerance dur- 
ing the time required for the nematodes to 
reach the roots from points of inoculation. 
These results confirm Griffin's observation 
(5) that H. schachtii was highly pathogenic 
when germinated sugar beet seed was sown 
into nematode-infested soil. T h e  results also 
agree with Abawi and Mai's (1) report  that 



Table  1. T o p  and  root weight  and  shoot / roo t  ratio of sugar  beet (Beta vulgaris L. cv. Monogerm C.S.F. 1971) seedlings of different  age t ransp lan ted  or seeded into 
Vineland fine sandy loam infested wi th  15,500 Heterodera schachtii juveniles/600-g pot, and  final densi ty  (Pf) of the  juveniles  in the  soil after  11 weeks in the  green- 
house.  

Age of seedl ing Oven-dry  weight  (g) Shoot / roo t  
at first root T ops  Roots  rat io l ' t soil 
exposure  to Non-  Non-  Non- No. 
H. schachtii infected Nematode-  % infected Nematode-  % infected Nematode-  juveni les /  

(wk) control  infected Diff. control infected Diff. control  infected pot  (1000"s) 

0 1.97 a t  0.04 a*:~ 98 .92 a .01 a* 99 2.14 4.00* 13 a 
2 3.10 b 2.10 b* 32 2.11 b .62 b* 71 1.47 3.39* 46 ab 
4 4.18 c 2.92 c* 30 3.47 c 1.10 c* 68 1.20 2.65* 88 c 
6 4.09 c 2.82 c* 31 3.55 c 1.45 d* 59 1.15 1.94* 74 bc 

"~Numbers followed by the  same let ter  wi th in  a c o l u m n  are not  significantly different (P = 0.05) according to Duncan ' s  new mul t ip le - range  test. 
:~Difference at P = 0.05 between weights of noninfec ted  control  and  those infected with nematodes  are marked  with an asterisk. 

Table  2. T o p  a nd  root weight  and  shoot / roo t  rat io of  sugar  beet (Beta vulgaris L. cv. Monogerm C.S.F. 1971) seedlings of different age grown in Beverly fine sandy 
loam, and  final densi ty  of Heterodera schachtii juveni les  in soil after 11 weeks in the  g rowthroom after inocula t ion  with 7,400 juveni les /600-g pot. g~ 

Oven-dry  weight  (g) Shoot / roo t  

Tops  Roots  ratio Pf soil 
Age of seedling Non-  Non- Non-  No. 
at inocula t ion  inocula ted  Nematode-  % inoculated Nematode-  % inoculated Nematode-  juveni les /  

(wk) control  inocula ted  Diff. control  inoculated Diff. control  inocula ted  pot  (1000's) 

o~ 
g~ 

t~ 

0 3.01 a t  2.63 a 13 2.68 a 1.51 a* 44 1.12 1.74" 58 a 
2 3.96 b 3.84 b 3 4.69 b 2.91 b* 38 .84 1.32" 244 b 
4 4.29 bc 3.50 b*~ 18 4.87 b 3.14 b* 36 .88 1.11" 297 b 
6 4.45 c 3.80 b* 15 5.55 b 3.45 b* 38 .80 1.10" 277 b 

0~ 
°° 

t N u m b e r s  followed by the  same let ter  wi th in  a c o l u m n  are not  significantly different (P = 0.05) according to Duncan ' s  new mul t ip le - range  test. 
~Difference at P = 0.05 between weights of non inocu la t ed  control  and  those inoculated with nematodes  aide marked  with an  asterisk. 
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yields of direct-seeded cabbage were smaller 
than those of cabbage transplanted into 
heavily infested fields. 

Apart  from the extreme sensitivity of 
germinating seed in nematode-infested soil, 
little evidence was found to suggest an in- 
crease in tolerance with age beyond the first 
2 weeks. With  2-, 4-, and 6-week-old seed- 
lings, damage to both tops and roots did 
not change with age and averaged, respec- 
tively, 31% and 66% in the greenhouse and 
12% and 37% in the growthroom. These 
results are at odds with those of Griffin (5) 
who observed a direct relationship between 
plant age and damage by H. schachtii when 
germinated seed and sugar beet seedlings of 
different age were transplanted into soil 
containing much lower juvenile populat ion 
densities than in the greenhouse study de- 
scribed above. Th e  short durat ion of age 
effect on the tolerance of plants was also 
observed with Pratylenchus penetrans on 
apple (8) and alfalfa (12). 

Sugar beet seedlings transplanted into 
nematode-infested soil suffered much more 
damage than nontransplanted seedlings in- 
oculated with nematodes. It is possible that 
the damaged root  systems form new roots 
resulting in a higher proport ion of young 
root tips in transplanted seedlings. Het- 
erodera schachtii juveniles are known to 
penetrate roots just behind the growing tip 
or where lateral roots emerge (14). 

It seems unlikely that the difference in 
Pt in the two experiments (25.9 vs. 12.3/g of 
soil) played a major  role in the difference 
in damage observed. Both densities resulted 
in considerably less damage than in micro- 
plot experiments (11) where Pl's of 6.2 and 
14.4/g of soil caused respective losses in top 
weight of 4 6 3  and 79%. Significant sugar 
beet yield losses were reported at densities 
varying from 1 to 20 eggs/ml of soil (2,4,6, 
7,9,11), depending on environmental  condi- 
tions (5,17). 

T h e  method of inocnlation probably 
also affected the actual P~. In this green- 
house study and in microplots (11) and 
naturally infested field soil, the nematodes 
were evenly distributed throughout  the soil. 
Therefore,  most of the nematodes were too 
far removed from the germinating seeds or 
the small transplants to have an immediate 
effect. In contrast, when nematodes were 

added to the soil in the growthroom study, 
they were concentrated near the germinated 
seed or transplanted root  system. However, 
some mortal i ty may have occurred, as was 
found with Pratylenchus penetrans when 
46% died after they were injected into 
coarse sand (Seinhorst and Olthof, unpub- 
lished). 

In both experiments, the S /R  ratio 
tended to decrease with age in both controls 
and nematode-infected plants. Similarly, the 
presence of nematodes caused a significant 
change in the S/R ratio, regardless of age at 
which seeds or seedlings first became ex- 
posed to nematodes or inoculation. T h e  
S /R ratios were generally higher in the 
transplanted seedlings than in the nontrans- 
planted seedlings, owing perhaps to loss of 
roots during transplanting. An increase in 
the S /R ratio with nematodes indicates that 
roots are damaged disproport ionately more 
than the tops. Griffin (5) also noted that re- 
duct ion in top growth was less than those 
for root growth in similar experiments. This  
phenomenon suggests that sugar beet seed- 
lings are able to lose a certain amount  of 
roots without  showing a reduction in top 
growth, as was also shown for corn (15). 

Final density of juveniles in the soil in 
both experiments depended on the weight 
of the root and averaged about  85,000 
juveniles produced per gram of dry root in 
the growthroom and 69,000 in the green- 
house; this agrees with Griffin (6). T h e  
transplanting damage in the greenhouse, 
which could not be overcome in time, may 
explain both the smaller roots and hence 
the lower reproduction.  

These experiments have confirmed that 
growth of sugar beets is severely restricted 
when seeds are sown in nematode-infested 
soil. T h e  results indicate that an increase in 
tolerance of sugar beets to attack by H.  
schachtii does not occur beyond the first 2 
weeks of growth, and that transplanting 
damage lowers the tolerance of seedlings to 
nematode attack. 
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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. 
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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 -  
p a r a s i t i c  n e m a t o d e s ,  p a r t i c u l a r l y  t h e  r o o 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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