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Revised Host Range and Studies on the 
Life Cycle of Longidorus africanus 

CRAIG KOLODGE, 1 J O H N  D. RADEWALD, 2 AND F u J I O  SHIBUYA 2 

Abstract: T he  host range of  Longidorus africanus was demonstra ted to be much wider than pre- 
viously reported. All commercial crop plants tested, except two of  four crucifers, were hosts of  L. 
africanus. T h e  nematode was widespread in fields, and soil type did not  appear to be related to its 
distribution. T he  minimum time to complete a life cycle was 9 weeks at 28 C in a plant growth 
chamber.  Field observations of  population densities indicated, however, that  in undisturbed field 
soils the life cycle required considerably less time than was indicated by growth chamber  studies. 
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Longidorus africanus Merny was first rec- 
ognized in 1969 as a pathogen of  head let- 
tuce in the Imperial Valley of  southern 
California (12,14). In greenhouse studies 
Lamberti (10) reported the nematode to 
be a pathogen of  sorghum and sugar beets. 
Lamberti  (11) also found in a lathhouse 
study that 11 of  40 plant cuhivars tested 
supported reproduction of  L. africanus. 
Cohn (2) reported grape and bur marigold 
as hosts of  L. africanus and that the life 
cycle was completed in 3 -4  months on both 
plants. 

In 1968 we suspected L. africanus was a 
pathogen of  carrot in the Imperial Valley, 
even though the nematode did not repro- 
duce or cause damage on carrot in a lath- 
house study (10). Our  objectives were to 
investigate pathogenicity ofL. africanus on 
crop plants grown in the Imperial Valley, 
to reinvestigate its host range and life cycle, 
and to determine its Valley distribution. 

MATERIALS AND METHODS 

A population ofL. africanus was obtained 
from soil around roots of  bermudagrass 
(Cynodon dactylon (L.) Pers.) in the Imperial 
Valley. The  nematode was maintained for 
inoculum in the greenhouse on tomato (Ly- 
copersicon esculentum Mill. cv. Tropic). 

Host range: Thirty-three plant cultivars 
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(Table 1) were direct seeded and grown in 
2,500 cm s of  pasteurized field soil (85% 
sand, 11% silt, 4% clay) in 15-cm-d plastic 
pots. Plants were maintained at a soil tem- 
perature of  27 + 5 C on a greenhouse 
bench. Two weeks after germination, seed- 
lings were thinned and four of  the six sin- 
gle pot replicates per cuhivar were infested 
with 10 adult and 20 mixed juvenile stages 
(hand picked) of  L. africanus. Nematodes 
were washed into shallow depressions in 
the soil at the base of  the plants. The  two 
remaining pots of  each cultivar served as 
noninfested controls. An additional treat- 
ment was a pot of  moist fallow soil infested 
with 30 L. africanus. All plants received 
full-strength Hoagland's nutrient solution 
weekly (9). Nematodes were extracted from 
the entire pot  soil mass 8-12 weeks after 
infestation with an extraction efficiency of  
50-60%. At termination all root  systems 
were examined for symptoms of nematode 
damage. The  experiment was performed 
twice. 

Field survey: During June-Augus t  1984, 
39 fields in the Imperial Valley were sam- 
pled for L. africanus. Soil from around nine 
different crop plants and two dominant 
weed species was included in the survey. 
Soil types sampled included sandy loams 
(87% sand, 8% silt, 5% clay) to silty clays 
(17% sand, 58% silt, 25% clay). Samples 
were taken with PVC coring tubes (3.7 cm 
d x 15.0 cm long). The  tubes were pressed 
into the soil, removed, and both ends 
capped to minimize loss of  nematodes re- 
sulting from soil disturbance and drying. 
Nematodes were extracted using Cobb's 
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TABLE 1. P lan t  cul t ivars  tes ted  for  suitability as hosts  for  Longidorus africanus and  effect o f  d i f fe rent  p lan t  
cul t ivars  on  its r e p r o d u c t i o n  u n d e r  g r e e n h o u s e  condi t ions .  

Plant family and Final Percent Host 
common name Scientific and cultivar name pop.* changet rating:~ 

Cont ro l  

Poaceae  

S o r g h u m  
Barley 
B e r m u d a g r a s s  
C o r n  
W h e a t  
Oa t  

Malvaceae 

Cot ton  
O k r a  

As te raceae  

Le t tuce  
Sunf lower  

Fabaceae  

Snap  bean  
L ima  bean  
Alfalfa  
Pea 

Umbe l l i f e rae  

Ca r ro t  
Ca r ro t  
Ca r ro t  

Cucurb i t aceae  

C u c u m b e r  
Can t a loupe  
Squash  
Zucchini  
W a t e r m e l o n  

Solanaceae  

Eggp lan t  
T o m a t o  
Peppe r  

C h e n o p o d i a c e a e  

Sugar  bee t  
Sp inach  

Labia tae  

S p e a r m i n t  

Lil iaceae 

O n i o n  

Cruc i fe rae  

Broccoli  
Caul i f lower  
Cabbage  
Radish  

Moist  fallow soil 11 - 19 

Sorghum bicolor (L.) M o e n c h  cv. G-499 GBR 
Hordeum vulgare L. cv. U C  566 
Cynodon dacytlon (L.) Pets .  cv. C o m m o n  
Zea mays L. cv. Gldn.  Cross  B a n t a m  
Triticum aestivum L. cv. R a m o n a  70 
Arena sativa L. cv. Sierra  

Gossypium hirsutum L. cv. S J -4  
Hibiscus esculentus L. cv. C l em s on  Spineless 

Lactuca sativa L. cv. Climas 
Helianthus annuus L. cv. M a m m o t h  

Phaseolus vulgaris L. cv. G r e e n  Pod 
Phaseolus lunatus L. cv. Baby F o r d h o o k  
Medicago sativa L. cv. Moapa  
Pisum sativum L. cv. Snowbird  

Daucus carota L. cv. Danve r s  126 
Daucus carota L. cv. I m p e r a t o r  
Daucus carota L. cv. Hal f - long  N a n t e s  

Cucumis sativus L. cv. I m p r o v e d  L o n g  Gr e e n  
Cucumis melo L. cv. Delicious 51 
Cucurbita pepo L. cv. Go lden  S u m m e r  Crookneck  
Cucurbita pepo L. cv. B u rpee  Hybr id  
CitruUus lunatus (T hunb . )  Mansf .  cv. C r i m s o n  Sweet 

Solanum melongena L. cv. Black Beau ty  
Lycopersicon esculentum Mill. cv. Pea r son  I m p r o v e d  
Capsicum annuum L. cv. Cal i fornia  W o n d e r  

Beta vulgaris L. cv. U S H  10 
Spinacia oleracea L. cv. B loomingsda le  La r ge  S tand ing  

Mentha spicata L. cv. B u rpee  

Allium cepa L. cv. W h i t e  Sweet  Spanish  

Brassica oleracea L. cv. De Cicco 
Brassica oleracea L. cv. B u r p e e a n a  
Brassica oleracea L. cv. Yellows Res is tan t  
Raphanus sativus L. cv. Scarlet  Globe 

487 + 4 , 3 2 7  B 
300 + 2 , 6 2 7  G 
270 + 2 , 3 5 5  G 
234 + 2 , 0 2 7  G 
196 + 1 , 6 8 2  G 

53 + 3 8 2  FP 

254 + 2 , 2 0 9  G 
154 + 1 , 3 0 0  G 

254 + 2 , 2 0 9  G 
38 + 2 4 5  FP 

649 + 5 , 8 0 0  B 
577 + 5 , 1 4 6  B 

88 + 7 0 0  FP 
63 + 4 7 3  FP 

85 + 6 7 3  FP 
62 + 4 6 4  FP 
48 + 3 3 6  FP 

282 + 2 , 4 6 4  G 
130 + 1 , 0 8 2  FP 

90 + 7 1 8  FP 
62 + 4 6 4  FP 
55 + 4 0 0  FP 

348 + 3 , 0 6 4  G 
193 + 1 , 6 5 5  G 
109 + 8 9 1  FP 

453 + 4 , 0 1 8  B 
92 + 7 3 6  FP 

52 + 3 7 3  FP 

39 + 255 FP 

30 + 1 7 3  FP 
6 - 8 0  N H  
2 - 9 3  N H  

21 +91  FP 

* Mean of four replicates. 
t Expressed as percentage change in fallow soil population. 
~: Host rating scale: B = best host. G = good host. FP = fair-poor host. NH = nonhost. 
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(1) decanting-sieving technique (850-120- 
~m-pore sieves) and Baermann funnels with 
98-#m-pore polyester sieves. 

Life cycle: Three  different experiments 
were conducted on the life cycle of  L. af- 
ricanus. 

In experiment 1, sixty 15-cm-d plastic 
pots were each filled with steamed sandy 
loam soil (69% sand, 13% silt, 18% clay). 
Ten adult and twenty assorted juvenile 
stages ofL. africanus were hand picked and 
placed on 2-week-old Tropic tomato seed- 
lings. Infested plants were watered and 
placed in a growth chamber at 28 C. Plants 
were watered as needed and fertilized 
weekly with full-strength Hoagland's so- 
lution. Nematodes were extracted from five 
pots of plants each week starting 4 weeks 
after nematode infestation. Nematodes 
were washed from the sieve and observed 
directly. The  life cycle from adult to adult 
was considered complete when 31 adults 
were recovered (15). 

In experiment 2, the time required for 
L. africanus to develop from egg to adult 
was determined. Eggs of  L. africanus were 
collected from soil of greenhouse stock cul- 
tures using a modified Flegg-McNamara 
method (5). Following centrifugation at 200 
g of  a 1 part soil:2 parts 50% aqueous 
sugar suspension for 6 minutes, the super- 
natant was poured into a liter of tap water. 
This suspension containing eggs was rinsed 
onto a 45-~m-pore sieve, and the residue 
was back-washed into a beaker. Ten eggs 
were removed from the suspension with a 
Pasteur pipette and placed on the roots of  
a 2-week-old Tropic tomato seedling grow- 
ing in sandy loam soil in a growth chamber 
at 25 C. Five pots of plants were examined 
for nematodes weekly for 5 weeks. The  
experiment was performed twice. 

In experiment 3, three-week-old lettuce 
seedlings growing in steamed sandy loam 
soil in 15-cm-d plastic pots were infested 
with five adult female L. africanus per pot. 
Infested plants were maintained in a green- 
house at a soil temperature of  27 _ 5 C. 
Developmental  observat ions s tar ted 4 
weeks after infestation; five pots of plants 
were examined each week for nematode 

TABLE 2. A survey of fields in the Imperial Valley 
of southern California for Longidorus africanus. Soil 
samples consisted of  four cores per  sample with one 
sample per  field. 

Fields Fields infested 
Plant sampled L. africanus* 

Cotton 6 2 (16) 
Cantaloupe 7 1 (11) 
Honeydew melon 1 0 
Squash 2 0 
Alfalfa 6 3 (5) 
Sudan grass 4 1 (171) 
Sorghum 4 1 (7) 
Soybean 2 0 
Asparagus 1 0 
Bermudagrass 5 3 (36) 
Portulaca 1 1 (8) 

Total  39 12 
Percent 100 31 

* ( ) = number of L. africanus/644 cc of field soil. 

life stages. The  life cycle was considered 
complete when six females were recovered 
from a pot. 

RESULTS 

Host range: Numbers ofL. africanus were 
higher on 31 of the 33 plant cultivars tested 
than in the moist fallow control (Table 1). 
Cauliflower and cabbage failed to support 
nematode reproduction. On the basis of  
nematode population increase, the best 
hosts were snap bean, lima bean, sorghum, 
and sugar beet. There  were no significant 
differences in above-ground growth among 
plants tested in infested vs. noninfested soil. 
Evidence of L. africanus root damage was 
observed as small root-tip galls on the fine 
lateral roots of most plants, especially on 
carrots, lima bean, lettuce, cucumber, okra, 
eggplant, pepper, and wheat. 

Field survey: Of the 39 fields sampled, 12 
were infested with L. africanus; the nema- 
tode was most frequently found associated 
with bermudagrass (Table 2). The  soil pop- 
ulation densities of L. africanus on most 
crops sampled was low, 16 or fewer per 
644 cm s soil. The  greatest populations of  
L. africanus occurred on sudan and ber- 
mudagrasses, with 171 and 101 per 644 
cm ~ soil, respectively. The  nematode was 
recovered from all soil types encountered. 
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Life cycle: Longidorus africanus completed 
its life cycle from adult to adult in exper- 
iment 1 on tomato in 7 weeks in a growth 
chamber at 28 C. This conclusion was based 
on one of  five replicates from which 33 
adult females and 587 juveniles were re- 
covered. At 8 and 9 weeks, 48-62 adult 
females were recovered from other repli- 
cates. In experiment 2 on tomato, the life 
cycle from egg to adult occurred in 4 weeks 
in a growth chamber at 25 C. Of  the total 
eggs inoculated, 11% were later recovered 
as vermiform nematodes. 

On lettuce in the greenhouse in exper- 
iment 3, L. africanus completed develop- 
ment from adult to adult in 9 weeks. Six 
or more adult females were recovered from 
three of the five replicate pots, and fourth- 
stage juveniles were recovered as early as 
6 weeks after soil infestation. 

DISCUSSION 

Our survey showed L. africanus is widely 
distributed in the Imperial Valley. The 
nematode has apparently gone unrecog- 
nized for years as a pest of some crops in 
the area. Its original detection as causing 
a seedling disease of lettuce (14) came about 
after commercial growers adopted preci- 
sion planting to achieve uniform plant 
spacing. Precision planting consists of plac- 
ing 2-3 seeds per hill with 25-cm plant 
spacing in the row, whereas broadcast row 
seeding, practiced earlier, placed seed 2-  
3 cm apart in the row. When field laborers 
hand thinned the broadcast seeded lettuce, 
they undoubtedly removed the stunted, 
nematode-damaged seedlings and left the 
more uniform vigorous plants without ever 
recognizing the cause of the stunting. 

We considered a host any cultivar which 
supported development and reproduction 
ofL. africanus (15). Relative host status was 
based on nematode population build-up af- 
ter 2-3 months. L. africanus reproduced 
on all plants tested, except cabbage and 
cauliflower. In a similar host range study 
with L. macrosoma Hooper, Brassica spp. 
were also found to be the least favorable 
hosts (7). McElroy (13) reported that pop- 
ulations of Xiphinema bakeri Williams were 

reduced below those surviving in fallow soil 
when exposed to crucifers and cucurbits. 
According to our findings, certain mem- 
bers of  the Cruciferae appear to be the best 
choices as rotational crops for managing 
L. africanus and perhaps other longidorid 
species in the field. Our results differed 
markedly from the host-range studies on 
these same crops by Lamberti (10). Sensi- 
tivity of L. africanus to extraction from soil 
and cultural growing conditions has been 
reported (4,6) and may have been the cause 
of  the large discrepancy between the two 
studies. 

The revised host range supports the as- 
sociation of L. africanus with six field crops 
previously reported to be nonhosts (Ra- 
dewald, unpubl.). The wide distribution 
and plant associations ofL. africanus in the 
Imperial Valley is consistent with the re- 
sults of our greenhouse studies. Several 
weeds, especially bermudagrass, appear to 
be excellent hosts of  this nematode, favor- 
ing its persistence and maintenance of pop- 
ulation densities in the absence of  com- 
mercial crop hosts. Purslane is a prevalent 
annual weed in California row crops (8). 
Its suitability as a host for L. africanus from 
many field samplings not reported herein 
demonstrates the importance of  weed con- 
trol during cropping as well as fallow pe- 
riods. L. africanus can survive in moist fal- 
low soil for at least 3 months at 25 C and 
probably longer. With the short cropping 
cycles practiced in the Imperial Valley, an 
alternate host would not be necessary for 
economically damaging population densi- 
ties of this nematode to carry over from 
one crop to the next. 

In greenhouse studies at 20 C, the life 
cycle of Longidorus elongatus De Man from 
adult to adult was 4-5 months on straw- 
berry (17). On the same host at 30 C, L. 
elongatus completed its development from 
egg to adult in 9 weeks (16). We observed 
a similar increase in the development rate 
of L. africanus with increasing tempera- 
ture. Cohn (3) found the life cycle was com- 
pleted in 3-4 months at 20-30 C, whereas 
we showed that L. africanus completed a 
life cycle in 9 weeks on tomato at 28 C. 
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V a r i a b l e  g r e e n h o u s e  t e m p e r a t u r e  p r o b a -  
b ly  was r e s p o n s i b l e  f o r  t h e  l o n g e r  l i fe  cyc le  
in o u r  s tud i e s  u s i n g  l e t t u c e .  I n  t h e  h o s t  
r a n g e  s tud ies ,  h o w e v e r ,  t h e  n e m a t o d e  p o p -  
u l a t i o n  b u i l t  u p  m o r e  r a p i d l y  o n  l e t t u c e  
t h a n  o n  t o m a t o ,  s u g g e s t i n g  a s h o r t e r  l i fe  
cyc le  o n  l e t t u c e  t h a n  t o m a t o  a n d  i n d i c a t i n g  
a n e e d  f o r  a d d i t i o n a l  r e s e a r c h .  

Soil  t e m p e r a t u r e s  d u r i n g  s u m m e r  in t h e  
I m p e r i a l  V a l l e y  o f t e n  e x c e e d  28 C a t  3 0 -  
60 c m  d e e p .  W e  h a v e  f o u n d  p o p u l a t i o n  
d e n s i t i e s  o f  1 ,150 L. africanus p e r  500  c m  3 
soil  a t  t h e s e  d e p t h s  o n  d a m a g e d  l e t t u c e  
s e e d l i n g s  in  t h e  fal l  f o l l o w i n g  a s u m m e r  
c r o p  o f  s u g a r  bee t s .  S u c h  l a r g e  p o p u l a t i o n  
d e n s i t i e s  i n d i c a t e  a s h o r t  l i fe  cyc le  u n d e r  
f i e ld  c o n d i t i o n s  a n d  m u l t i p l e  g e n e r a t i o n s  
o f  th is  n e m a t o d e  d u r i n g  a g r o w i n g  season .  

T h e  p o p u l a t i o n  d y n a m i c s  o f  L. africanus 
in t h e  f ie ld  s h o u l d  b e  t h o r o u g h l y  inves t i -  
g a t e d .  W e  h a v e  f o u n d  t h a t  d a m a g e  to  le t -  
t u c e  s e e d l i n g s  is m i n i m a l  in  l a t e  fal l  p l a n t -  
ings  w h e n  soil  t e m p e r a t u r e  d r o p s  b e l o w  
22 C. 
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