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Abstract: Secondary microbial invasion of tomato plants inoculated with 6,000 Meloidogyne incognita 
larvae caused 75 and 48% weight reduction of foliage and roots, respectively. Under aseptic conditions 
the same number of larvae caused only 37% reduction of foliage and increased root weight by 50%. 
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Root-knot  nematode infected plants fre- 
quently undergo premature senescence as a 
result of root necrosis and destruction of 
feeder roots. Alone, this nematode is a well 
adapted parasite causing little, if any, necro- 
sis in a compatible host (3) .  Therefore, it 
is assumed that secondary invaders are in- 
volved in the root deterioration phase of the 
disease syndrome. The purpose of the pres- 
ent study was to measure the pathogenic 
effect of normally non- or low-grade patho- 
genic rhizosphere microorganisms which be- 
come secondary invaders of roots attacked 
by Meloidogyne incognita (Kofoid & White) 
Chitwood. Consideration of the well-known 
synergism of this nematode and recognized 
plant pathogens such as Fusarium spp., Phy- 
tophthora spp. or Pseudomonas solanace- 
arum E. F. Sm. was purposely avoided. 

MATERIALS AND METHODS 

Glass cylinders (90 × 300 mm)  (Fig. 1) 
filled with a fine river sand were sterilized by 
autoclaving (2 hr at 15 psi) twice at 24 
hr intervals. Sterile tomato seedlings were 
placed in the planting tube (Fig. ld )  which 
contained vermiculite, and sterile cotton was 
packed around the stem and sealed with a 
cooled paraffin-petrolatum mixture. Each 
unit was separately connected to a source of 
sterile water and Hoagland's  nutrient solu- 
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tion. Sixteen units that passed sterility checks 
were placed in a controlled environment 
chamber at 22.5 C with a 16 hr photoperiod. 
Light intensity was 2,500 ft-c at bench level. 
Two weeks after the seedling roots had 
emerged from the planting tube and pene- 
trated into the soil column, the units were 

FIG. 1. Gnotobiotic root culture cylinder show- 
ing: a. water inlet; b. fertilizer inlet; e. air outlet 
and inoculation tube; d. planting tube; e. root 
chamber; f. sterility check tube. 
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FIG. 2. Twelve-week-old tomato roots showing: A. plants grown under  aseptic conditions with 
Meloidogyne incognita; B. plants grown under septic conditions with M. incognita; C. and D. plants 
grown under aseptic and septic conditions, respectively, but without M. incognita. 

divided into lots of four and received one of 
the following treatments: (i)  6,000 sterile 
M. incognita larvae, (ii) 250 ml of soil sus- 
pension made by mixing 1 kg of soil with 5 
liters of water. The soil came from around 
greenhouse tomato plants free of root disease 
symptoms, (iii) 6,000 nematode larvae plus 
250 ml of soil suspension, and (iv) no treat- 
ment (control).  At weekly intervals excess 
drainage that collected in the sterility check 
tubes (Fig. lf) of the aseptic units was plated 
to nutrient agar (NA)  and acidified potato 
dextrose agar (APDA)  to check for contam- 
ination. The entire experiment was termi- 
nated as soon as any of these units showed 
contamination. Sterility was successfully ob- 
tained in two experiments, one for 7 weeks 
and the other for 12 weeks. At termination 
the plants were cut off at ground level, oven 

dried, and weighed. The roots were washed 
and each one divided into two equal parts; 
one part was oven dried and weighed and the 
other used to determine root surface area, 
number of females/g of root, and for assay 
of microorganisms from surface sterilized 
segments. Relative root surface area was 
determined by the titration method of An- 
derson (1) .  Females were counted by plac- 
ing 1 g root sample in Jeffrey solution (10% 
nitric acid and 10% chromic acid w/w)  1-2 
hr until root tissue cleared and the females 
turned black. Root  galls or segments were 
surface sterilized 20 min in 1 : 10 commercial 
Clorox, rinsed in sterile water, transferred 
in two groups to 2 ml of sterile water in 
petri dishes, crushed, and one covered with 
cooled, melted NA and the other with 
APDA. 
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TABLE 1. G r o w t h  d i f f e r e n c e s  d u e  to  r o o t - k n o t  n e m a t o d e  i n f e c t i o n s  in the  a b s e n c e  o r  p r e s e n c e  o f  o t h e r  
m i c r o o r g a n i s m s .  

Dry foliage wt (g) e, a Dry root wt (g) ~, a 
Nemas e Root surface e. r 

Treatments 7 week 12 week 7 week 12 week g of root area 

N e m a s  a l o n e  a 9 .97  8.43 7 .47  6 .62*  4 7 9  20 .2  
N e m a s  & m i c r o f l o r a  b 4 .50*  2 . 5 7 * *  6 .50  2 . 3 7 * *  361 5 .3**  
M i c r o f l o r a  a l o n e  7 .83  10.25 5 .30  4.53 18.2 
A s e p t i c  c o n t r o l  9 .89  12.57 4 .94  4 .60  18.0 

a Nematode inoculum in 7 and 12 week experiment was 5,000 and 6,000, respectively. 
b Microflora inoculum consisted of 250 ml of a suspension of soil from a bed of healthy tomatoes. 

Average of 4 replications. 
a Data of 2 separate experiments of 7 and 12 week duration. 
e Determined in 12 week experiment only. 
f Relative indications of root surface area. 

* Significant at .05 level. 
** Significant at .01 level. 

R E S U L T S  

Foliage dry wt reduction by nematodes 
and soil microflora combined was significant 
(41%) in the 7-week experiment and highly 
significant (75%) in the 12-week experi- 
ment. Nematodes alone did not cause a sig- 
nificant reduction in either experiment. Dry 
root wt was not significantly affected in the 
7-week experiment. In the 12-week experi- 
ment, highly significant reduction (48%) 
was caused by nematode and soil microflora 
combined, but nematodes alone caused a sig- 
nificant increase (50%) due to heavy galling 
with no root deterioration. The difference 
between the wt of plants receiving only 
microflora and those grown aseptically was 
comparatively small (18%), indicating the 
microflora added in the soil suspension did 
not contain pathogens capable of indepen- 
dently causing a statistically significant 
growth reduction. The root surface area was 
greatly reduced by the combined action of 
microflora and nematodes, but by no other 
treatment. There were 25% more females/g 
of root in the aseptic vs. septic plants; prob- 
ably because of the better physical condition 
of the host. Bacteria were most frequently 
isolated from surface sterilized galls whereas 
fungi were quite few in number ranging from 
3-10/gall vs. 131--455 bacteria/gall. The 
fungi were identified as Trichoderma sp., 

Fusarium sp., and Rhizoctonia solani KiJhn. 
Microscopic examination of cross sections of 
necrotic galls showed them to be often free 
of fungal hyphae. 

D I S C U S S I O N  

Although root-knot nematode alone may 
cause severe injury or death if a young seed- 
ling is exposed to a very high larval inoculum 
(2),  in our experiments using a moderate 
inoculum and older seedlings, secondary mi- 
crobial invaders of the galled roots were the 
major cause of plant growth reduction. The 
most likely prerequisite for secondary inva- 
sion is the modification of root cell structure 
and physiology by the nematode which prob- 
ably increases susceptibility of the host to 
rhizosphere microorganism. This concept 
was supported by the failure of secondary 
invaders to spread to adjacent healthy tissue 
even though they had already penetrated the 
epidermal defense of the host. Powell and 
Batten (4) also showed prior infection by 
root-knot nematode was essential for suc- 
cessful root invasion by secondary fungal 
parasites such as R. soIani. Since their ex- 
periments did not exclude bacteria and ours 
did not exclude fungi, the relative impor- 
tance of fungi vs. bacteria as secondary in- 
vaders of galled roots will require further 
investigation. 
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The results of our  experiments closely 

parallel  those obta ined  in  studies of club root 

disease in which the disease syndrome resem- 

bles that of root-knot  infection. I f  secondary 

invasion of club root  galls is prevented,  the 

galls remain  firm and  significant growth re- 

duct ion does not  occur ( 5 ) .  
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