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t 
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Division o/Nematology, Indian Agricultural Research Institute, New Delhi-11 0 012, India 

Summary. A rhizobacterium, Bacillus subtilis (isolate Bs
t
) was tested for its ability to induce systemic resistance against Rotylenchu

Ius rem/ormis in tomato. A split root system was used to keep the inducer (rhizobacterium) and the challenger (nematode) spatial
ly separate and observations on nematode penetration, its multiplication and growth characters were recorded. The results show 
that the nematode penetration was reduced by 44.5% in the split root in which one half received a bacterial cell suspension (1010 

cells/mIl as a soil drench and a week after the other half was inoculated with the nematode. All growth characters measured were 
increased to some extent by the bacterium, but only fresh shoot length and fresh shoot weight significantly differed from the con
trol. The nematode multiplication rate was reduced significantly when the bacterial soil drench was applied a week before nema
tode inoculation but not in those treatments that received simultaneous inoculations of the bacterium and the nematode. The re
sults indicate that BS

t 
could induce systemic resistance in tomato against R. reni/ormis. 

Although several specific mechanisms by which rhi
zobacteria inhibit fungal or bacterial pathogens have 
been demonstrated (Weller, 1988), few have been re
ported against nematodes. Production of toxic metabo
lites that apparently affect hatching, recognition, pene
tration and multiplication of nematodes (Oostendorp 
and Sikora, 1986; Keel et al., 1991; Westcot and 
Kluepfel, 1993; Neipp and Becker, 1999), modifying mi
croflora of rhizosphere of antagonistic plants (Kloepper 
et al., 1999) and induced systemic resistance (Hasky
Gunther et.al., 1998) are thought to be the possible 
mechanisms implemented by rhizobacteria against ne
matodes. Systemic induced resistance has been reported 
in several host-pathogen systems (Kuc, 1990) and is de
fined as the process of active resistance dependent on 
physical or chemical barriers of the host plant, activated 
by biotic or abiotic inducing agents (Kloepper et al., 
1992). Induced resistance to diseases in tomato has 
been reported by Hammerschmidth and Kuc (1995). It 
was also established that plants from tomato seeds treat
ed with a biogenic elicitor (e.g.lipoglycoprotein) had in
duced resistance to Meloidogyne incognita in Russia (Zi
novieva et al., 1989). 

Kiyohara (1986) reported that pre-immunisation with 
an avirulent sttain of the pine wilt nematode, Bursaphe
lenchus xylophilus, induced systemic resistance against 
the same nematode. Ogallo and McClure (1995) indi
cated that infection of tomato or pyrethrum plants with 
incompatible or mildly virulent Meloidogyne species in
duced resistance in the plants such that the reproduc
tion of challenge inoculum of normally compatible 
Meloidogyne hapla was highly suppressed. Hasky-Gun-
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ther et al. (1998) were the first to demonstrate induced 
systemic resistance mechanism of action by Agrobacteri
um radiobacter (G 12) and Bacillus sphaericus (B43) 
against Globodera pallida. The present study investigat
ed whether Bacillus subtilis (Bs

t
) can induce systemic re

sistance in tomato against the reniform nematode, Roty
lenchulus rent/ormis. 

MATERIALS AND METHODS 

Nematode culture. Rotylenchulus rem/ormis Linford 
et Oliveira inoculum obtained from naturally infected 
roots of castor (Ricinus communis L.) plants were multi
plied by inoculating single egg mass into the rhizos
phere of cowpea [Vigna unguiculata Walp.(L.)] plants 
(cv. Pusa Komal). 

Bacterial culture. Roots of tomato (Lycopersicon escu
lentum Mill.) collected from the Indian Agricultural Re
search Institute fields were first shaken gently to remove 
loose soil particles and then cut into small segments. 
One g of the root segments was agitated in 10 ml of 0.1 
M MgSO 4 for 15 min to separate bacteria from the 
roots. The suspension obtained was aseptically streaked 
on Tryptic Soy Agar contained in Petri plates. These 
were incubated at 28°C for 48 h. All morphologically 
distinct colonies from each Petri plate were selected and 
aseptically streaked onto a new medium. This process 
was repeated at least three times to obtain a pure cul
ture. Pure cultures were subsequently identified as 
Bacillus subtilis (Ehrenberg, 1835) Cohn, 1872 and des
ignated as BS

t 
isolate, stored at 4-5 °C and subcultured 

at monthly intervals. The colony forming units (cfu) per 
ml were determined using a dilution plating method. 

Split root experiment. Tomato seedlings were initially 
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grown in a steam-sterilized soil-sand mixture (3:1) in 15 
cm diam earthen pots for 21 days after sowing. They 
were then removed gently from the pots and the main 
root tips were carefully cut with a pair of sterilized scis
sors to stop growth and promote production of lateral 
roots. Then the root system was equally divided into 
two parts and each part planted in two adjacent plastic 
bags. Every care was taken to establish these split 
seedlings by enclosing the unsplit portion of each plant 
(crown) with an ice cream cup open at both ends. 

Bacterial inoculation. Twenty-five ml of bacterial sus
pension (1010 cells/ml) were poured around each plant 
at transplanting time (after splitting the roots) as a soil 
drench and then covered with the removed soil. A bac
terial suspension was prepared by scraping the bacterial 
colonies from the media and mixing thoroughly in sterile 
distilled water. The number of bacterial cells/ml was as
certained before inoculations were made. Plants receiv
ing 25 ml of sterile distilled water served as the control. 

Nematode inoculation. The hand-picked egg masses 
of the nematode, collected from the culture pots, were 
kept in 5 cm diam Petri plates containing sterile dis
tilled water and incubated at 25 ± 2 °C with the water 
changed every 24 hrs. The nematode suspension collect
ed after a week, was poured into a graduated cylinder 
and the number of immature females and males/ml was 
ascertained. The top layer of the soil around the plant 
base was carefully removed to expose the fine roots and 
the nematode inoculation was performed by pouring 
two immature females and males of R. rem/armis per g 
soil with a pipette. After inoculation, the removed soil 
was replaced. 

The glasshouse experiment consisted of 10 treatments 

indicated in (Table I) and was terminated 83 days after 
sowing. Length, fresh and dry weights of shoot and root 
were recorded. The soil and root balls were depotted in
to a pan containing water. Egg masses were separated 
from nematode infected plants by a strong jet of tap wa
ter and then collected on a 100 mesh sieve. The number 
of egg masses per root system was counted under a stere
omicroscope. The average number of eggs per egg mass 
was estimated after dissolving the gelatinous matrix in 
0.5% NaOCI for 10-15 min. The final nematode popula
tion was extracted from 250 cm} soil using Cobb's siev
ing and decanting technique followed by modified Baer
mann funnel (Flegg, 1967). Also, a multiplication factor 
(PflPi) was calculated by dividing the sum of egg masses 
per root system, eggs per egg mass and the nematode 
population in soil (Pf), by the initial inoculum density 
(Pi). The data were subjected to analysis of variance 
(ANOVA) using MSTAT-C software (Michigan State 
University Version 2.10) and differences among treat
ment means were determined with Duncan's multiple 
range test at a probability level of 5 %. 

RESULTS 

Fewer nematodes were counted in tomato roots ex
posed to nematode inoculum a week after bacterial in
oculum applied as a soil drench, in both unsplit and split 
roots compared to seedlings of both unsplit and split root 
inoculated with nematode alone (Table I). Nematode in
vasion of seedlings of both unsplit and split root systems 
exposed simultaneously to bacteria and nematodes was at 
par with other treatments. The number of nematodes that 

Table I. Effect of Bacillus subtilis on penetration of Ratylenchulus rem/armis into split/unsplit roots of tomato seedlings. 

Treatment 

Bacterium (soil drench) + nematode 
one week after bacterization - split root 

Bacterium (soil drench) + nematode 
one week after bacterization - unsplit root 

Simultaneous inoculation of bacterium and nematode - split root 

Simultaneous inoculation of bacterium and nematode - unsplit root 

Nematode alone - split root (Control) 

Nematode alone - unsplit root (Control) 

LSD (0.05) 

Penetration 

24.0 a'd< 
(4.87)" 

23.0 a 
(4.70) 

33.6 ab 
(5.77) 

33.0 ab 
(5.71) 

43.3 b 
(6.55) 

46.3 b 
(6.77) 

(1.39) 

Per cent reduction 
over control 

44.5 

51.0 

22.4 

29.0 

Figures in parentheses represent square-root transformed values; *" within a column, data followed by the same letter are not significantly differ
ent (Pz. 0.05) 



Table II. Effect of B. subtilz"s on growth characters of tomato split and unsplit root plants infested with R. rem/armis. 

Shoot Root 

Treatment 
Length Fresh weight Dry weight Length Fresh weight Dry weight 

(cm) (g) (g) (cm) (g) (g) 

Nematode alone - split root 51.2 e 27.2 c 2.95 18.1 3.3 bc 0.75 

Nematode alone - unsplit root 53.7 de 27.5 c 3.00 17.2 3.0 c 0.80 

Bacterium alone - split root 80.2 ab 40.2 ab 3.92 17.8 5.7 a 1.00 

Bacterium alone - unsplit root 88.7 a 43.0 a 4.47 19.3 5.8 a 1.00 

Bacterium + nematode (one week after 71.5 abcd 36.7 abc 3.75 16.7 5.4 ab 1.02 
bacterial inoculation) - split root 

Bacterium + nematode (one week after 74.2 abc 39.7 ab 4.15 17.3 5.4 ab 0.97 
bacterial inoculation) - unsplit root 

Bacterium + nematode (simultaneous) 64.0 bcde 32.2 abc 3.52 18.5 5.2 ab 0.92 
- split root 

Bacterium + nematode (simultaneous) 66.5 bcde 32.2 abc 3.47 19.2 5.2 ab 0.92 
- unsplit root 

No nematode + no bacterium - split 58.7 cde 30.5 bc 3.25 18.0 4.0 abc 0.90 
root (control) 

No nematode + no bacterium - unsplit 60.5 cde 30.7 bc 3.30 18.3 4.1 abc 0.95 
root (control) 

LSD (0.05) 16.76 10.21 N.S. N.S. 1.94 N.S. 

Within a column, data followed by the same letter are not significantly different (P;::: 0.05). 
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Table III. Influence of soil drench application of B. subtilis cell suspension (1010 cells/mll on the multiplication of R. rem/armis on 
split/unsplit roots of tomato plants. 

Nematode multiplication 

Treatment 
No. of egg No. of eggs/ Soil population/ Total Pf/Pi 

masses/root egg mass kg soil (Multiplication rate) 

Bacterium + nematode 52.0 a'·' 81.7 4176.0 8049.5 a 3.8 a 
(one week after 
bacterization) - split root 

Bacterium + nematode 49.7 a 83.2 4016.7 7360.5 a 3.6 a 
(one week after 
bacterization) - unsplit root 

Bacterium + nematode 70.0 ab 90.0 5280.5 10579.0 bc 5.2 bc 
(simultaneous) - split root 

Bacterium + nematode 68.7 ab 86.5 4952.0 12031.0 cd 6.0 c 
(simultaneous) - unsplit root 

Nematode alone - split root 73.5 b 101.0 5079.2 10802.0 bc 5.4 be 

Nematode alone - unsplit 78.2 b 92.2 4075.7 13574.2 d 6.7 e 
root 

LSD (0.05) 19.4 N.S. N.S. 2489.0 1.5 

;, Within a column, data followed by the same letter are not significantly different (P;:: 0.05). 

invaded unsplit roots receiving the nematode one week 
after the bacterium inoculation, and its corresponding 
treatment with split root, un split root seedlings receiving 
simultaneous inoculations of bacteria and nematodes, and 
split root seedlings receiving simultaneous inoculations of 
bacteria and nematodes decreased by 51, 44.5, 29 and 
2204 %, respectively, over the control (Table I). 

Of all the plant growth parameters recorded, signifi
cant increase was observed only in shoot length, fresh 
shoot weight and fresh root weight (Table II). The high
est increase in shoot length (88.7 cm), fresh shoot 
weight (43 g), and fresh root weight (5.8 g) was found in 
unsplit root plants receiving the bacterium alone. The 
minimum increase in shoot length (51.2 cm) and fresh 
shoot weight (27.2 g) was found in split root plants re
ceiving nematode alone (control), while the fresh root 
weight (3 g) was found in unsplit root plants receiving 
nematode alone. 

The data on nematode multiplication (Table III) re
vealed lesser production of egg masses/root, eggs/egg 
mass, nematode population in soil, total nematode pop
ulation and multiplication rate in all the treatments that 
received bacterium compared to unsplit or split roots of 
tomato seedlings infected with nematodes alone. Signifi
cantly, fewer egg masses were formed on both unsplit 
(49.7) and split (52.8) root of tomato seedlings inoculat
ed with the nematode, one week after bacterial inocula
tion, as compared to unsplit or split root of seedlings in-

oculated with the nematode alone. The highest reduc
tion in egg mass production recorded was 46.2 % in the 
treatment that received nematode one week after bacte
rial inoculation as soil drench, around the un split root 
system followed by 29.6% in the split root of its corre
sponding treatment. In the case of simultaneous inocu
lation of the bacterium and nematode, the reduction in 
egg mass production was lOA and 3.7%, respectively in 
both un split and split roots. The data recorded on num
ber of eggs in egg masses and the nematode population 
in soil were, however, found non-significant, although 
small reductions were observed in treatments that re
ceived bacterial inoculations. 

Regarding total nematode population and its multi
plication rate (PflPi), the reduction trend was similar to 
that of egg mass production except for the difference 
that the treatment that had received nematodes, after 
one week of the bacterium inoculation in both un split 
and split root; simultaneous inoculations of the bacteri
um and nematode in split root, and un split root inocu
lated with nematode alone were significantly different 
from each other. Further, the nematode multiplication 
rate was suppressed (46.2%) in the treatment that re
ceived seed bacterization followed by a soil drench with 
the bacterium and the nematode, one week after the 
bacterium inoculation on unsplit root, compared to the 
control. This was followed by 29.6, lOA, and 3.7% re
spectively, with treatments that received the nematode 



one week after bacterial inoculation on split root, simul
taneous inoculation of the bacterium and nematode on 
unsplit root, and its corresponding split root. 

DISCUSSION 

The results of the present study show that the rhi
zobacterium (Bst)-mediated induced-systemic-resistance 
significantly reduced nematode penetration by 44.5%. 
This phenomenon was recorded in split roots where one 
half received the nematode, while its corresponding half 
received bacterial cell suspension as a soil drench, one 
week before nematode inoculation. In its corresponding 
unsplit roots nematode penetration was reduced by 
51 %. However, simultaneous inoculations of the bac
terium and the nematode showed no significant reduc
tion in nematode penetration, although 22.4 and 29% 
reduction was observed in split and unsplit roots, re
spectively. Furthermore, splitting of roots did not ad
versely effect nematode penetration. 

All measured growth characters were improved to 
some extent, though some growth characters showed no 
significant increase compared to the control. Root 
length was an exception that showed no uniform trend. 

Nematode multiplication rate was significantly lower 
when soil drenching with the bacterium was done one 
week before nematode application. Simultaneous treat
ments (split and unsplit), however, did not show this ef
fect. Possibly it may be due to early colonization of the 
roots by the bacterium when applied one week prior to 
nematode inoculation, leading to induced systemic re
sistance in tomato plants by eliciting some chemicals 
that modify root exudates affecting penetration of the 
nematode. Our results corroborate the findings of Kerry 
(2000), who also found that induced resistance reduced 
invasion, but once inside roots the nematodes develop 
normally. 

Separation of the nematode and the bacterium spa
tially on split roots of individual plant fail to compete 
for specific sites or nutrients as well as lectin-carbohy
drate bindings. The recorded results can probably be 
explained by induced systemic resistance. Similar phe
nomena were reported by Hasky-Gunter et al. (1998). 

The present study suggests that B. subtilis (Bs
t
) is 

able to reduce the nematode penetration and multipli
cation through induced systemic resistance but it re
quires detailed studies on the biochemical and physio
logical basis of this phenomenon. 

LITERATURE CITED 

Flegg J.J.M., 1967. Extraction of Xiphinema and Longidorus 
species from soil by a modification of Cobb's decanting 
and sieving technique. Annals 0/ Applied Biology, 60: 429-
437. 

Hammerschmidt Rand Kuc J., 1995. Induced Resistance to 

Niknam and Dhawan 243 

Disease in Plants Dordrecht: Development in Plant Pathol
ogy. Vol. 4, Kluwer Academic Publisher. 

Hasky-Gunther K., Hoffmann-Hergarten S. and Sikora RA., 
1998. Resistance against the potato cyst nematode, Glo
bodera pallida systematically induced by the rhizobacteria, 
Agrobacterium radiobacter (c. 12) and Bacillus sphaericus 
(B.43). Fundamental and Applied Nematology, 21: 511-17. 

Keel c., Koller B. and Defago G., 1991. Plant Growth Pro
moting Rhizobacteria: Progress and Prospects. Pp 418. In: 
Proceedings of the Second International Workshop on 
Plant Growth Promoting Rhizobacteria. Interlaken, 
Switzerland. 

Kerry B.R, 2000. Rhizosphere interactions and the exploita
tion of microbial agents for the biological control of plant 
parasitic nematodes. Annual Review 0/ Phytopathology, 
38: 423-441. 

Kiyohara T., 1986. Pine wilt resistance induced by prior inoc
ulation with avirulent isolate of Bursaphelenchus 
xylophilus. Pp.178-186. In: Proceedings of the USA-Japan 
Seminar: The resistance mechanisms of pine against pine 
wilt disease, 7 -11 May, 1984, Honolulu, Hawaii, US.A. 

Kloepper J.W., Rodriguez-Kabana R., McInroy J.A. and 
Young RW. 1992. Rhizophere bacteria antagonistic to 
soybean cyst (Heterodera glycines) and root-knot 
(Meloidogyne incognita) nematodes: Identification by fatty 
acid analysis and frequency of biological control activity. 
Plant and 50i£139: 75-84. 

Kloepper J.W., Rodriguez-Kabana R, Zehuder G.W., Mur
phy J.P., Sikora E. and Fernandez c., 1999. Plant root bac
terial interactions in biological control of soilborne dis
eases and potential extension to systemic and foliar dis
ease. Australian Plant Pathology, 28: 21-26. 

Kuc J., 1990. Immunization for the control of plant disease. 
Pp. 355-373. In: Biological Control of Soil-borne Plant 
Pathogens (Hornby D., ed.). CAB International, London, 
UK. 

Neipp P.W. and Becker J.O., 1999. Evaluation of biocontrol 
activity of rhizobacteria from Beta vulgaris against Het
erodera schachtii. Journal o/Nematology, 31: 54-61. 

Ogallo J.L. and McClure M.A., 1995. Induced resistance to 
Meloidogyne hapla by other Meloidogyne species on tomato 
and Pyrethrum plants. Journal o/Nematology, 27: 441-447. 

Oostendorp M. and Sikora RA., 1986. Utilization of antago
nistic rhizobacteria as a seed treatment for the biological 
control of Heterodera schachtii on sugarbeet. Revue de Ne
matologie, 9: 504 (Abstract). 

Weller D.M., 1988. Biological control of soil borne plant 
pathogens in the rhizosphere with bacteria. Annual Re
view o/Phytopathology, 26: 379-407. 

Westcott S.W. and Kluepfel D.A., 1993. Inhibition of 
Criconemella xenoplax egg hatch by Pseudomonas aureo/a
ciens. Phytopathology, 83: 1245-1249. 

Zinovieva S.V., Vasyukova N.r. and Ozeretskouskaya O.L., 
1989. The role of sterols in the interaction between plants 
and parasitic nematodes. Doklady Akademz; Nauk 555R, 
309: 1273-1275. 

Accepted for publication on 23 September 2003. 


