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Optimal Levels of Meloidogyne incognita Inoculum for 
Infection of Tomato and Peach in Vitro 1 
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Abstract: Penetration of  second-stage juveniles (,]2) of Meloidogyne incognita into tomato root ex- 
plants and in vitro propagated peach plantlet roots were compared. Five inoculum levels were used: 
25, 50, 75, 100, and 200J2 for tomato; and 50, 100, 200, 500, and 1,000J2 for peach. The greatest 
root penetration into tomato was 30% at the 75 J2 level, but the maximum penetration into peach 
roots was only 8% at the 200 J2 level. The difference (P = 0.05) in penetration of M. incognita at all 
inoculum levels into these two hosts indicates that penetration versus inoculum density for in vitro 
studies need to be determined for different plant species. 
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Tissue culture technologies have been 
used to propagate peach (Prunus persica 
(L.) Batsch) scion cultivars (4,5), and to re- 
generate resistant plants by selecting at the 
cellular and screening at the whole plant 
levels for resistance to Xanthomonas campes- 
tris pv. pruni (causal agent of  bacterial spot) 
(7-9) and to Pseudomonas syringae pv. syrin- 
gae (causal agent of  bacterial canker) (9). 
Although peach cuhivars have been evalu- 
ated in vitro for resistance to Meloidogyne 
incognita (Kofoid & White) Chitwood (13), 
optimum inoculum levels have not been 
determined. In addition, peach regener- 
ants have yet to be evaluated for resistance 
to this nematode. 

The initial inoculum level of a pathogen 
affects the rate and (or) degree of infection 
in a host plant. This is important to con- 
sider when developing genetically modi- 
fied plants with tolerance or resistance to 
M. incognita under  in vitro conditions. De- 
termining an optimum nematode inocu- 
lum level would facilitate efficient and ac- 
curate assessment of  the levels of  infection 
dur ing disease evaluation. Quantitative 
data on optimum inoculum levels of  M. in- 
cognita second-stage juveniles (J2) for dif- 
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ferent crop plants under  in vitro culture 
conditions are sparse. Much of  the re- 
search on the penetration and develop- 
ment of  Meloidogyne species has concerned 
the comparison of  resistant and susceptible 
cultivars of  the same crop under green- 
house conditions (10,11,19,21). However, 
an in vitro screening procedure was re- 
cently developed to test tissue culture- 
propagated peach cultivars for their resis- 
tance to plant-parasitic nematodes (13). In 
vitro studies of  M. incognita penetration 
and development in cucumber  root ex- 
plants (15), and tolerance in soybean to 
Heterodera glycines Ichinohe (14) and in 
grapes to Pratylenchus vulnus Allen & 
Jensen (17) have also been conducted. 

The main objectives of  this study were i) 
to compare penetration of M. incognita J2 
into tomato root explants and roots of  
peach regenerants and ii) to investigate op- 
t imum J2 inoculum levels for in vitro- 
propagated peach regenerants. 

MATERIALS AND METHODS 

Tomato culture: Seeds of  tomato, Lycoper- 
sicon esculentum Mill cv. Rutgers, were im- 
mersed in 95% ethyl alcohol for 3 minutes, 
transferred into 0.5% sodium hypochlorite 
for 10 minutes, and germinated on 1.0% 
water agar at 28 C (12). After germination, 
three 2-3-cm-long root tips were excised 
and transferred to each 15 x 100-mm-d 
petri dish containing Gamborg's B5 me- 
dium (2) supplemented with 1.5% Noble 
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agar arid incubated for 72 hours in a 
growth chamber at 28 C. 

Peach culture: Peach regenerant 156-12, 
der ived from callus of cv. 'Sunhigh' em- 
bryo # 156 (8), was propagated and rooted 
in vitro as described previously (6). After 
rooting, single plantlets, each with 3-4 
roots, were transferred to quarter strength 
Murashige and  Skoog salts medium (16) 
without growth regulators and supple- 
mented with 2% sucrose and 0.6% Phyta- 
gar (Gibco, Grand Island, NY). 

Nem~,itode inoculation: .Meloidogyne incog- 
nita race 1 was obtained from stock cul- 
tures maintained on sterile root explants 
of tomato cv. Rutgers. Egg masses were 30 
hand picked and the eggs hatched at 28 C 
in 12-well tissue culture plates containing 2 ~ 
ml of sterile distilled water pe r well. Sec- 
ond-stage juvenile  s (J2) were collected ~ 20 

aseptically and counted after 48 hours. 
Five petri dishes of tomato root explants , 
were inoculated arour/d the root tips with 

I. 

0.1 ml of sterile aqueous suspension con- ~. 
raining 25, 50; 75, 100, or 200 J2. Petri ~ 10 
dishes were sealed withParaf i lm and in- E= 

z 
cubated in a controlled environmental  
growth chamber in the dark at 28 C. Five 
peach plantlets with roots about 2 cm long 
were inoculated around plant bases, on the 
agar surface in the same manner with 50, 
100, 200, 500, or 1,000 J2. Plants were in- 
cubated at 25 C under  a 16-h0ur photope- 3o| 
riod of about 100 ~E • s-  1 • m - 2  • irradi- 
ance provided by cool white fluorescent 
lamps. The experiments were set up ac- "~ 
cording to a randomized block design. ~ z0 
Each experiment was conducted three times. 

After 2 weeks of incubation, tomato and 
peach roots were removed and stained 

10- with 0.05% cotton blue in a solution of dis- 
tilled water, lactic acid, and glycerol ( 1 : 1:1) 
(v:v:v). Roots were gently crushed and the 

z numbers of  developing nematodes were 
0" 

recorded. The number of J2 that  pene- 
trated the roots out of the total J2 inocu- 
lated was used to calculate percentage pen- 
etration. 

Data analysis: Data on nematode counts 
from all three experiments were combined 
and analyzed by factorial ANOVA. Treat- 

ment means were separated by least signif- 
icant difference (LSD). Only significant (P 
= 0.05) data will be discussed unless stated 
otherwise. 

RESULTS 

Nematode penetration into tomato root ex- 
plants: Total number ofM. incognita infect- 
ing tomato roots were generally lowest (P 
= 0.05) at the initial inoculum level of  25 

J2, and reached a maximum number at 75 
J2, although tomato rootswere invaded at 
all inoculum levels (Fig. 1). The  numbers 
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FIG. 1. N u m b e r s  and  percen tages  o f  Meloidogyne 
incognita J2 p e n e t r a t i n g  tomato  exp lan t  roots  and  
peach  r e g e n e r a n t  roots at five n e m a t o d e  i n o c u l u m  
levels af ter  14 days. Bars  labeled with the  same letter 
do not  d i f fer  significantly (P = 0.05). 
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of nematodes penetrating tomato roots us- 
ing inoculum levels of  75, 100, and 200 J2 
were not significantly different. There was 
a linear relationship between inoculum 
level and percentage J2 penetration in to- 
mato roots up to the 75 J2 level (Fig. 1). 

Nematode penetration into peach regenerate 
roots: The maximum number  and percent- 
age of  M. incognita J2 penetrated at an in- 
oculum level of  200 J2, although invasion 
occurred at all inoculum levels (Fig. 1). 

DISCUSSION 

Maximum numbers ofM.  incognitajuve- 
niles penetrated tomato explant roots at an 
inoculum level of  75 J2, whereas 200 J2 
provided the greatest invasion of  peach re- 
generant roots. When studying penetra- 
tion of  M. incognita J2 into excised cucum- 
ber roots using four different inoculum 
levels, McClure and Viglierchio (15) also 
observed that the numbers of  nematodes 
present in a gall increased with increasing 
levels of  inoculum; however, they did not 
establish maximum inoculum levels. We 
found  that  nema tode  inoculum levels 
greater than 75 J2 with tomato root ex- 
plants or greater than 200 J2 with peach 
regenerants resulted in decreased penetra- 
tion rates, which suggests that under  in 
vitro conditions plant roots provide only a 
limited number  of  nematode feeding sites, 
as proposed by Sayre (20). In cucumber, 
the number  of  available root tips failed to 
alter significantly the number  of  J2 infect- 
ing roots (15). Additional observations by 
Blake (1) suggested that up to a certain 
point there was a linear relationship be- 
tween the inoculum level and the number  
of  Ditylenchus dipsaci penetrating oat seed- 
lings. 

The numbers of  M. incognita J2 pene- 
trating peach roots was different from the 
numbers  penetrating tomato roots. The  
maximum penetration of  8 % of  inoculated 
n e m a t o d e s  was ach i eved  f o r  peach ,  
whereas maximum tomato penetra t ion 
was 30%. An important factor to consider 
in this regard is the possible role of  root 
attractants in J2 penetration. However, in 

this work, no attempt was made to identify 
this factor. It has been shown that Meloido- 
gyne J2 are attracted to plants in response 
to stimuli re leased f rom roots  (3,18). 
Weiser (22) studied the attractiveness of  
M. hapla to several host plants and found 
excised roots of  bean somewhat repellent, 
and those of  eggplant and soybean varied 
in their attractiveness to J2. In summary, 
the  significant differences in penetration 
rates among host plants and inoculum lev- 
els leads us to suggest that plants propa- 
gated under  in vitro culture conditions for 
quantitative nematode studies should first 
be screened to determine the opt imum 
numbers of nematodes needed as inocu- 
l u m .  
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