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Introduction

Tobacco is an important industrial crop and 
gives income worth billions of dollars annually 
to the world tobacco farmers. One of the major 
constraints in the production of this crop is regu-
lar occurrence of diseases. Root-knot nematodes, 
Meloidogyne spp., are a major problem in tobacco 
throughout the world and may result in up to 
60% yield loss (Shepherd and Barker, 1990). To-
bacco is highly susceptible to M. incognita and M. 
javanica (Charles et al., 2005), which are widely 
distributed and possess high reproduction ca-
pacity and damage potential (Barker and Lucas, 
1984; Johnson, 1998). 

Plants have a variety of active and passive 
defense mechanisms against pathogen attack 
(Garcia et al., 2001). The defense mechanisms, 
generally, include both chemical and physical 
barriers such as reinforced cell walls or synthe-
sis of antimicrobial molecules (Hammond-Kosack 
and Jones, 1996). Phenolic compounds and sali-
cylic acid (SA) are among the most infl uential 
and widely distributed secondary defense prod-
ucts in plants, and lay a completely different 
action in the host defense (Nicholson and Ham-
merschmidt, 1992; Takahama and Oniki, 1992). 
In incompatible interactions, the accumulation 
of these compounds is restricted to a few cells in 
close vicinity to the invading pathogen, accom-
panied by hypersensitive reaction/response (HR) 
which results in necrosis both of plant cells and 
pathogen, thus preventing further proliferation 
of the pathogens (Staskawicz, et al., 1992). After 
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infection, the systemic acquired resistance (SAR) 
pathway is activated leading to a drastic increase 
in SA and phenol concentrations in the infected 
cells and/or tissue (Neuenschwander et al., 1996). 
Concentrations of these compounds also increas-
es considerably in the rest of the plant, which 
results in the development of broad spectrum 
systemic resistance (Hunt and Ryals, 1996). Pre-
vious research has revealed that SA and phenol 
concentrations increase in plant tissues remote 
to site of infection (Vernooij et al., 1994; Sharma 
and Sain, 2005).

In view of the enormity of the yield losses 
caused by root-knot nematodes to tobacco, it is 
necessary to minimize crop damage by adopt-
ing appropriate management methods available. 
Application of chemical nematicides does not al-
ways prove effective and economic (Pakeerathan 
et al., 2009). In addition, poor target specifi city of 
chemicals pose environmental and human toxic-
ity hazards (Barker and Koenning, 1998). There-
fore, environmentally friendly alternatives are 
required for nematode control.

Biological control is one possible safe alterna-
tive to pesticides for disease management, and is 
likely to be free from toxic residual effects. There 
are numerous microbial antagonists of root-knot 
nematodes and their application results in sig-
nifi cant decrease in the nematode populations 
(Khan, 2007). Pseudomonas fl uorescens and Tri-
choderma spp. are among the most commonly 
used biocontrol agents (BCAs) against plant 
nematodes (Sikora, 1992; Khan et al., 2009). In 
addition to the suppressive action against target 
pathogens, the application of these BCAs triggers 
or activates latent defense mechanisms in plants 
(Ryals et al., 1996).

The present study aimed to investigate the 
effect of P. fl uorescens and T. harzianum on the 
control of M. incognita on three tobacco cultivars. 
Effectiveness of these BCAs was compared with 
two nematicides, Phorate and Furadan. These 
chemicals are widely used by the Indian farm-
ers because they are highly effective and easily 
available. However, these nematicides have been 
banned for indiscriminate use in other countries, 
but not ian India. Number of galls, egg mass in-
dices, plant growth, as well as biochemical char-
acters such as total phenol (TP), SA, and leaf 
pigments of tobacco cultivars were assayed to un-

derstand the response of tobacco cultivars to the 
treatments of nematode inoculation, BCAs and 
nematicides.

Materials and methods
Germplasm of tobacco

Three cultivars of tobacco (Nicotiana tabacum 
L.), RK-12 P3, RK-18 P8 and RK-26 P3, were ob-
tained from the Central Tobacco Research Insti-
tute, Rajamundri, Andhra Pradesh, India. 

Nematode inoculum

Infected root samples of eggplant were collect-
ed from pure cultures of M. incognita. Roots were 
rinsed with distilled water, thereafter females 
and egg masses from the galled tissue were ex-
cised. The identifi cation of the species was con-
fi rmed by the morphology of the perineal pat-
terns of ten females (Hartman and Sasser, 1985). 
Egg masses were incubated on a coarse sieve 
lined with two layers of tissue paper placed in a 
Baermann funnel fi lled with water, at 25+2°C for 
a week. The hatched second-stage juveniles (J2) 
were collected every 24 h. Nematodes in the sus-
pension were counted and standardized to 2000 
J2/10 mL suspension.

Plant cultures 

Clay pots (15 cm diam.) fi lled with 1 kg soil 
and compost (3:1) were autoclaved at 15 kg/cm2 
for 15–20 min. Tobacco plants of each cultivar 
were grown in clay pots (25 cm diam.) fi lled with 
autoclaved soil. Before transplanting of tobacco 
seedlings, 10 mL nematode suspension contain-
ing 2000 J2 was added to the top soil of each pot. 
One day later, 4-week-oldseedlings (three to four 
leaves) of the tobacco cultivars were planted in the 
pots (one seedling/pot). Ten replicates were main-
tained for each treatment. Plants from fi ve pots 
were harvested 15 days after inoculation for bio-
chemical analysis, and then at 4 months, plants 
were harvested for measurement of plant growth 
parameters. Two control sets, uninoculated or 
inoculated with nematodes, were included. The 
uninoculated control did not receive nematodes 
or nematicide or BCA and the inoculated control 
received only nematodes. Pots were arranged in a 
completely randomized design and irrigated with 
tap water. Plants were regularly observed for any 
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visible symptom attributable to the nematode. At 
harvest, pots were fl ooded with water to recover 
the roots, and galling, egg mass production, and 
soil populations of root-knot nematodes, as well 
as length, fresh and dry weight of plants, were de-
termined.

Gall and egg mass indices and estimation of nemato-
de population densities in soil

Roots were gently rinsed under a slow stream 
of water and gall (GI) and egg mass (EMI) indi-
ces were measured on 0–5 scales: 0,  no galls/egg 
masses; 1,  one–two; 2,  three–ten; 3,  11–30; 4,  
31–100; and 5,  >100 galls or egg masses per root 
system (Taylor and Sasser, 1978). 

Meloigogyne incognita fi nal soil population 
was determined at harvest using Cobb’s decant-
ing and sieving method (modifi ed) followed by 
Baermann’s funnel technique (Khan, 2008). The 
nematode suspensions were examined in a count-
ing dish with a stereomicroscope to quantify the 
numbers of J2 and the population was determined 
per kg soil.

Biochemical parameters

Total phenol  and salicylic acid content
Contents of TP and SA in a 1 g leaf sample 

from each of the fi ve tobacco plants in trial pots 
were assayed 15 days after nematode inoculation. 
The samples for TP assay were homogenized in 
10 mL of 80% methanol and agitated for 15 min. 
at 70°C (Zieslin and Ben Zaken, 1993). The leaf 
samples from the fi ve plants of a treatment were 
processed separately in three replicates. One mil-
liliter of methanol extract was added to 5 mL of 
distilled water and 250 μL of Folin-Ciocalteau 
reagent (1N), and the solution kept at room tem-
perature. Absorbance was measured at 725 nm in 
a spectrophotometer (UV 2450, Shimadzu Japan). 
Catechol was used as the standard. The amounts 
of TP were expressed as μg catechol g-1 fresh leaf 
(Sharma and Sain, 2005).

For SA assay, each 1 g leaf sample was cut into 
small pieces of 0.5–1.0 cm and was soaked in wa-
ter overnight. The water-leaf solution was fi ltered 
through Whatman fi lter paper no. 1 and extracted 
in ethyl acetate. The ethyl acetate fraction was 
taken and sodium sulphate was added to remove 
water. The fi ltrate was evaporated to dryness in 
a water bath. Methanol (10 mL) was added to the 
dried sample and the absorbance of the solution 

was read in a spectrophotometer (UV 2450, Shi-
madzu Japan), at 306 nm (Shane and Kowblan-
sky, 1968). A standard curve of SA was prepared 
by making SA solutions of different concentrations 
in methanol (0, 10, 20, 30, 40, 50, 100 ppm). Ab-
sorbance data were plotted and the best fi t line 
passing through the origin was drawn. From the 
standard curve, the concentration of SA in the 
sample was calculated according to the formula y 
= mx ± c (Lowry et al., 1951).

Leaf pigments
To estimate chlorophyll a, chlorophyll b and to-

tal chlorophyll and carotenoids in plant leaves, 1 
g of fresh leaf tissue from interveinal areas was 
collected from the leaves of tobacco plants 15 days 
after nematode inoculation. The leaf tissue from 
each of three plants was ground separately in 40 
mL of 80% acetone using a mortar and pestle. The 
suspension was decanted in a Buchner funnel and 
passed through two Whatman No. 1 fi lter papers, 
using a suction pump. Residues were ground twice 
by adding acetone and the suspension was decant-
ed and fi ltered twice. The fi ltrate was transferred 
to a 100 mL volumetric fl ask and the volume was 
made up to the capacity by adding acetone. Opti-
cal density (OD) of the fi ltrate was read in a spec-
trophotometer (UV 2450, Shimadzu Japan) at 470 
nm for carotenoid and 645 for chlorophyll a and 
663 nm for chlorophyll b. Chlorophyll a, chloro-
phyll b, total chlorophyll and carotenoid contents 
were calculated (Arnon, 1949; Maclachlan and Za-
lik, 1963). 

Biocontrol agents

Pseudomonas fl uorescens and T. harzianum 
were obtained from the Institute of Microbial 
Technology, Chandigarh, India. The bacterium 
was inoculated by streaking on solidifi ed nutri-
ent agar medium in Petri plates. Plates were 
incubated at 37.8±2°C for 24 h. Mass culture of 
P. fl uorescens was prepared in conical fl asks con-
taining King’s B medium. The fl asks were each 
inoculated with a similar colony of the bacteria 
from Petri plate whose gram-negative response 
had been tested. Bacteria were applied to soil 
at 2 mL pure culture/pot (1 × 1012 cfu mL-1). For 
soil inoculation, T. harzianum was mass cultured 
on sorghum grains (Khan et al., 2010). A known 
weight of fungus colonized sorghum grains were 
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ground with distilled water in an electric grinder 
and standardized to 2 g seeds/10 mL (1 × 106 cfu 
g-1).

Nematicides

Furadan (Tata Holset, India) (10 G) and Phor-
ate (Ambuja Agrochem, India) (10G) were applied 
to soil at 1.6 mg a.i. pot-1 before the transplanting 
of seedlings but after nematode inoculation. The 
dose of nematicides was determined on the basis of 
commercial nematicide doses (8 kg a.i. ha-1).

Statistical analysis

The experiment was conducted during two 
consecutive years. Data obtained during the two 
years were not statistically different; hence re-
sults are based on the experiment conducted dur-
ing the second year. All data were subjected to 
analysis of variance (ANOVA) using SPSS 11.0 for 
Windows-XP. Least Signifi cant Differences (LSD) 
and F-values were calculated at three probability 
levels, P≤0.05, 0.01 and 0.001. Numbers of galls 
and egg masses were regressed against data ob-
tained for SA, TP, dry weight of shoots and total 
chlorophyll to determine any correlations between 
these variables.

Results 
Nematode control

Tobacco cultivars inoculated with 2000 J2 of 
M. incognita exhibited stunted growth with mild 
chlorosis of the foliage. The GI and EMI were 3.0 
and 2.66 (RK-18 P8), 2.33 and 1.66 (RK-26 P3) 2.0 
and 1.33 and 1.0 (RK-12 P3), respectively (Table 
1). Soil application with BCA or nematicides sig-
nifi cantly (P≤0.001) reduced galling and egg mass 
production compared to the inoculated control. 
Maximum decreases in GI and EMI were recorded 
with the treatment of P. fl uorescens or Furadan 
in comparison to the inoculated control. Applica-
tion of T. harzianum was also found to be effective 
against the nematode but less so than P. fl uore-
scens or Furadan. F-values of treatment effects 
on GI were signifi cant at P≤0.001 and for EMI at 
P≤0.01 (Table 1).

Final population density in soil

The numbers of M. incognita J2 in soil increased 
in comparison to the initial population (2000 J2), 

in inoculated control samples. Greatest numbers 
of J2/kg soil were recorded in control pots of tobac-
co cv. RK-18 P8, followed by cvs. RK-26 P3 and 
RK-12 P3. Treatments with BCA or nematicides 
suppressed the soil population of J2 over the ini-
tial population (P≤0.001, Table 1). In tobacco cul-
tivar RK-18 P8, greatest decrease in the nematode 
population was recorded with Furadan (350%), 
followed by P. fl uorescens (103%), T. harzianum 
(99.4%) and Phorate (40.4%) in comparison to the 
initial population. The F-value of treatment ef-
fects on soil population was highly signifi cant at 
(P≤0.001, Table 1).

Plant growth and biomass

Inoculation with the root-knot nematode M. in-
cognita caused signifi cant reductions (P≤0.001) in 
plant length (24–30%), dry weight of shoots (28%) 
and roots (24%) of tobacco cv. RK-18 P8 (P≤0.001) 
in comparison to the uninoculated control (Table 
1). The nematode infection caused 10-36% reduc-
tion in shoot dry weight of cvs. RK-18 P8 and RK-
26 P3. The cv. RK-12 P3 did not exhibit signifi cant 
decreases in any of the plant parameters (length, 
fresh or dry weights of shoots or roots at P≤0.05). 
Soil treatments with Furadan or P. fl uorescens 
gave the greatest recovery of the plant growth pa-
rameters from 15–33% on cv. RK-18 P8 compared 
with the inoculated controls (Table 1). Applica-
tion of T. harzianum signifi cantly increased plant 
length, fresh and dry weights of inoculated plants, 
but to a lesser extent than the P. fl uorescens or 
Furadan treatments. On cultivar RK-12 P3, no 
effect of BCA or pesticides was recorded as the 
cultivar was found to be tolerant to the nematode 
(Table 1). The ANOVA revealed signifi cant F-val-
ues of treatment effects on root length at P≤0.05 
(Table 1).

Total phenol and salicylic acid contents of leaf

Content of TP and SA of leaves of M. incognita 
inoculated control plants increased by 17 and 9.6% 
(cv. RK-18 P8, P≤0.01), 17 and 15% (cv. RK-26 P3, 
P≤0.01), and 20 and 31% (cv. RK-12 P3, P≤0.001), 
in comparison to the uninoculated control (Table 2). 
Treatments with BCA and pesticides induced much 
greater increases in the TP contents in the tobacco 
cultivars RK-18 P8, 20–34%, RK-26 P3, 48–71% 
and 6–12% and RK-12 P3, 57–78% in comparison 
to the inoculated control (Table 2). Treatments with 
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T. harzianum, P. fl uorescens, Furadan and Phorate 
resulted to 4.4, 4.9, 9.2 and 9% increases in SA con-
tents of tobacco cv. RK-18 P8; 10.7, 11.6, 10 and 6% 
in cv. RK-26 P3, and 20, 20.3, 11 and 10% in cv. 
RK-12 P3 over control, respectively. F-values for 
treatment effects on SA content were signifi cant 

at P≤0.001. A similar trend was observed for TP 
content (Table 2). A negative correlation was found 
between galls or egg masses and TP or SA contents 
(Figure 1), indicating that increases in TP and SA 
was low in the cultivars that developed greater 
numbers of galls and egg masses.

Table 1. Effects of biocontrol agents (Trichoderma harzianum and Pseudomonas fl ourescens) and nematicides (Fu-
radan and Phorate) on gall (GI) and egg mass (EMI) indices , fi nal soil population and plant growth parameters of 
three tobacco cultivars inoculated with Meloidogyne incognita (2000 J2 kg-1 soil). Each value is the mean of three 
replicates.

Tobacco
cultivar Treatment GI (0–5) EMI (0–5)

Soil
population

(J2  kg-1)  Shoot     Root  Shoot     Root Shoot    Root

RK-18
P8

Uninoculated
 control

0 0 0 60.83 20.02 57.53 16.61 11.11 3.42

Inoculated
control

3 2.66 5814 45.7*** 14.3 *** 36.5  *** 12.8  ***   8.02*** 2.61***

T. harzianum 2 1.66 1003 53.9   a 18.59 c 42.79 a 15.95 c 10.12 b 3.01 b

P. fl uorescens 1.33 1 0985 54.12 a 18.92 c 43.23 a 16.17 c 10.23 b 3.03 b

Furadan 1 1 445 55.55 b 19.8 c 46.09 b 15.73 c 10.56 b 2.97 b

Phorate 2.33 2 1425 52.58 a 17.82 c 41.36 a 15.52 c   9.57 a 2.94 b

RK-26
P3

Uninoculated
 control

0 0 0 32.1 18.1 30.41 15.3   5.50 2.2 

Inoculated
control

2.33 1.66 4354 26.6  * 15.62*** 25.8  * 13.2  ***   4.31* 1.91*

T. harzianum 1.66 1.33 927 33.42 17.41c 29.41 14.72 b   5.22 2.1 

P. fl uorescens 1.33 1 875 34.38 a 17.8   b 29.89 14.9   a   5.80 2.01

Furadan 1 0.66 346 31.32 17.29 b 29.1 15.1   b   5.33 2.02

Phorate 2 1.66 716 30.25 16.9   b 28.21 14.61 a   5.10 1.95

RK-12
P3

Uninoculated
 control

0 0 0 48.3 16.4 49.8 13.2 10.3 2.8 

Inoculated
control

1.33 1 2213 45.3 15.9 48 12.8 10 2.6 

T. harzianum 1 0.33 562 48.62 17 50 12.95 10.08 2.7 

P. fl uorescens 0.66 0 540 48.66 17.1 50.26 13 10.09 2.72

Furadan 0.66 0 207 47.52 16.35 49.3 12.88 10.1 2.68

Phorate 1 0.66 479  45.58 16.30 48.4 13.11 10.05 2.48

LSD P≤0.05 0.258 0.292 320.8   5.49   0.638 24.58   0.658  1.15 0.21

P≤0.01 0.405 0.458 501.8   8.61   1 27.18   1.03  1.80 0.33

P≤0.001 0.689 0.78 854.2 14.65   1.71 12.23   1.76  3.06 0.56
F-value Treatment 18.058 z 9.785 y 43.362 z  2NS   5.641x  2NS 2NS   2NS 2NS

* Values followed by the superscripts * (P≤0.05), ** (P≤0.01) and *** (P≤0.001) are signifi cantly different from the control.
a Signifi cantly different from the respective inoculated control (P≤0.05), b (P≤0.01) and c (P≤0.001). 
x  F-values followed by x are signifi cant for (P≤0.05), y (P≤0.01) and z (P≤0.001), otherwise not signifi cant (NS) at P≤0.05.

Plant length (cm)a Fresh weight (g) a Dry weight (g) a
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Table 2. Effects of biocontrol agents and nematicides on leaf total phenol (TP), salicylic acid (SA), chlorophyll and 
carotenoids contents of tobacco cultivars inoculated with Meloidogyne incognita (2000 J2/kg soil). Each value is the 
mean of three replicates. 

Tobacco
cultivar Treatment

TP
(μg catechol

g-1 FW)

SA
(ppm g-1 FW)

Chlorophyll a 
(mg g-1 FW)

Chlorophyll b 
(mg g-1 FW)

Total
chlorophyll 
(mg g-1  FW)

Carotenoids
 (mg g-1  FW)

RK-18
P8

Uninoculated
 control

  86.5 13.55 1.028 0.999 2.027 0.134

Inoculated
control

101.5** 14.86* 0.897** 0.894 1.791** 0.125

T. harzianum 121.5c 15.52 0.978a 0.958 1.936a 0.131

P. fl uorescens 136.5c 15.58 0.998a 0.899 1.897 0.132

Furadan 131.5c 16.24a 0.972 0.953 1.925 0.129

Phorate 126.5c 16.00a 0.957 0.941 1.898 0.128

RK-26
P3

Uninoculated
 control

  91.5 14.20 1.002 0.889 1.891 0.128

Inoculated
control

106.5** 16.33** 0.894** 0.810 1.704* 0.118

T. harzianum 131.5c 18.08b 0.957 0.871 1.828 0.123

P. fl uorescens 146.5c 18.24b 0.986a 0.874 1.860 a 0.125

Furadan 156.5c 17.93a 0.954 0.858 1.812 0.121

Phorate 151.5c 17.31a 0.943 0.845 1.788 0.119

RK-12
P3

Uninoculated
 control

  96.5 14.04 0.888 0.822 1.710 0.123

Inoculated
control

126.5*** 16.84*** 0.851 0.802 1.653 0.119

T. harzianum 166.5c 20.21c 0.904 0.845 1.749a 0.122

P. fl uorescens 171.5c 20.27c 0.889 0.856 1.745a 0.123

Furadan 161.5c 18.84c 0.879 0.812 1.691 0.121

Phorate 156.5c 18.51c 0.876 0.808 1.684 0.120

LSD P≤0.05     9.535   1.09 0.079 0.144 0.141 0.0153

P≤0.01   13.071   1.66 0.109 0.198 0.193 0.0210

P≤0.001   17.791   2.30 0.148 0.270 0.263 0.0286

F-value Treatment   39.95z 36.81z 5.80x NS 7.99y NS

*Values followed by the superscripts * (P≤0.05), ** (P≤0.01) and *** (P≤0.001) are signifi cantly different from the control.
a Signifi cantly different from the respective inoculated control (P≤0.05), b (P≤0.01) and c (P≤0.001). 
x  F-values followed by x are signifi cant for (P≤0.05), y (P≤0.01) and z (P≤0.001), otherwise not signifi cant (NS) at P≤0.05.

Chlorophyll and carotenoid contents of leaves

Total chlorophyll content of leaves decreased 
in tobacco cvs. RK-18 P8 by 11.6% (P≤0.01), RK-
26 P3 by 10% (P≤0.05) and in cv. RK-12 P3 by 
3% (Table 2). Reduction in chlorophylls a and 
b in tobacco cultivars varied from 2.4–12.4%. 
Decreases in the carotenoid contents were sig-

nificant (P≤0.05) for cv. RK-26 P3 (7.8%) over 
uninoculated controls (Table 2). Application of 
BCA and nematicides suppressed the negative 
effect of the nematode on leaf pigments result-
ing in increased pigment contents. Among the 
two BCA, greater increases in the chlorophyll 
(6–9%) and caroteniods (4–5%, P≤0.05) were 
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recorded in cvs. RK-18 P8 and RK-26 P3 com-
pared with the controls. An increase of 4–12% 
(Furadan, P≤0.01) and 4–10% (Phorate, P≤0.05) 
in the leaf pigments was recorded with nemati-
cide treatments. Overall effects of the various 
treatments were significant for total chlorophyll 
(P≤0.01) and chlorophyll a (P≤0.05), but not for 
chlorophyll b or carotenoids (Table 2).

Discussion and conclusions

Root-knot nematodes are important pests of 
solanaceous crops, reducing plant growth and 
yield, as observed in the present study and previ-
ously (Sasser, 1989). Shepherd and Barker (1990) 
have reported 50–60% decrease in the leaf yield of 
tobacco due to root-knot nematode infestation.

Gall formation and egg mass production had 

a direct impact on plant growth of tobacco (Figure 
1). Cultivars which developed greater galls and 
egg masses exhibited greater reduction in the dry 
weight of shoots. Development of numerous dis-
crete galls on cvs. RK-18 P8 and RK-26 P3 confi rm 
previous reports (Charles et al., 2005). However, 
few galls developed on the cv. RK-12 P3. Varied 
reactions (highly resistant, resistant, moderately 
susceptible and susceptible) of tobacco germplasm 
to root-knot nematodes has been evaluated previ-
ously (Nian et al., 2000).

The results of the present study showed that 
application of BCA or nematicides significantly 
controlled the root-knot nematode M. incognita. 
Application of P. fluorescens decreased GI from 
3.0 to 1.33 and improved plant growth of two 
susceptible tobacco cultivars by up to 32%. Tri-
choderma harzianum suppressed GI from 3 to 
2. Similar effects of P. fluorescens and Tricho-

Figure 1. Correlations between gall (GI) and egg mass (EMI) indices with phenol, salicylic acid, total chlorophyll 
contents and dry weights of shoots of tobacco cultivars inoculated with Meloidogyne incognita (2000 J2 pot-1).
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derma spp. on different crops against Meloidogyne 
spp. have been reported (Hamid et al., 2003; Khan 
et al., 2005; Khan, 2007; Khan et al., 2007). The 
bacterium is a phosphate solubilizer (Khan et al., 
2009) but may also suppress pathogens through 
antibiosis (Nielson et al., 1998), siedorphore pro-
duction (Glick, 1995), induced systemic resistance 
(Kloepper et al., 1992), production of phytohor-
mones (Garcia de Salamone et al., 2001) or oth-
er compounds (Marek-kazaczuk and Skorupska, 
2001). Application T. harzianum, T. hamatum or 
T. virens has also demonstrated potential to sup-
press root-knot nematodes (Siddiqui and Shaukat, 
2004). Our study suggests that there is consid-
erable potential for exploiting P. fl uorescens and 
T. harzianum for the management of root- knot 
nematodes in tobacco. However, the greatest sup-
pression of galling and nematode soil population 
was recorded with the application of Furadan, and 
yield enhancement was greater with P. fl uorescens 
than Furadan. This nematicide is reported to be 
highly effective against endoparasitic nematodes 
as the chemical is systemic in action (Hague and 
Gowen, 1987). However, use of carbofuran has 
been banned in many countries, because it pos-
sesses very high residual toxic effects to humans 
and other vertebrate, especially birds (Wobeser et 
al., 2004) 

Chlorophylls are basic requirements for plant 
photosynthesis as these pigments absorb light 
for CO2 fi xation (Wallace, 1987). In the present 
study mild yellowing of leaves was observed on 
susceptible cultivars and this became gradually 
pronounced. At 3–4 month age, entire foliage of 
susceptible cultivars, especially RK18-P8, became 
discernibly yellow, whereas the foliage of the tol-
erant cultivar, RK-12 P3, remained normal. Our 
results revealed that the chlorophyll pigments are 
highly sensitive to alternation in host physiology 
induced by M. incognita. Infected plants develop 
water stress due to damage to roots and devel-
opment of galls (Willcox-Lee and Lorea, 1987). 
Chlorophyll and carotenoid molecules are highly 
sensitive and become denatured in water stress 
conditions (Khan and Khan, 1987). Consequent-
ly contents of pigments are reduced, and subse-
quently photosynthetic activity of tobacco plants 
decreased, which was refl ected in lower biomass 
production.

The content of TP in leaves in nematode inocu-

lated plants of all three cultivars increased due to 
inoculation, but varied greatly. The least increase 
in TP was recorded in cv. RK-18 P8 which was 
found highly susceptible to the nematode, whereas 
TP contents werehigher in cv. RK-12 P3, which ex-
pressed tolerance against M. incognita. This indi-
cates that the phenolic compounds contributed to 
the chemical defense of plants against nematode 
attack (Nicholson and Hammerschmidt, 1992; 
Hammond-Kosack and Jones, 1996). Salicylic acid 
has also been implicated as one of the key com-
ponents in the signal transduction pathway lead-
ing to plant resistance to various pathogens (Ry-
als et al., 1996; Wobbe and Klessig, 1996; Moret 
and Munaz, 2007). In the present study, greatest 
concentration of SA was recorded in the cv. RK-12 
P3 which did not show galling and plant growth 
reduction, whereas the smallest SA increase oc-
curred in cvs. RK-18 P8 and RK-26 P3 which 
showed susceptibility to M. incognita. Ganguly 
et al. (1998) and Nandi et al. (2000) have demon-
strated the activation of the SAR by SA and its 
negative correlation with galling caused by the 
M. incognita. Moreover, higher concentration of 
SA and phenol in BCA treated tobacco plants ir-
respective of nematode inoculation indicates that 
the BCA induced or enhanced systemic resistance 
in the plants through greater synthesis of SA and/
or TP. It has been reported elsewhere that appli-
cation of P. fl uorescens (Zhou and Paulitz, 1994; 
Zehnder et al., 2001; Pieterse et al., 2002) and T. 
harzianum (Sharma and Sain, 2005) triggered and 
activated latent defense mechanisms in plants in 
response to infection by pathogens. However, a 
limited number of investigations have been con-
ducted on the activation of TP and SA in nematode 
infected plants due to BCA.

Our study has demonstrated that the galls 
caused by M. incognita in tobacco can be effec-
tively controlled by the application of P. fl uores-
cens or Furadan. The bacterium also acted as a 
plant growth promoter and induced resistance by 
increasing plant phenol and SA contents. The cv. 
RK-12 P3 which showed highest increase of phe-
nol and SA and considerable degree of tolerance to 
M. incognita. Our study suggests that this cultivar 
has considerable potential to combat nematode 
problems. Furthermore, the use of P. fl uorescens 
has considerable potential for biocontrol of M. in-
cognita in tobacco.



265Vol. 50, No. 2 August, 2011

Biological control agents to reduce root-knot nematode on tobacco.

Literature cited

Arnon D., 1949. Copper enzymes in isolated chloroplasts 
polyphenoloxidase in Beta vulgaris. Plant Physiology 
24, 1–15.

Barker K.R. and G.B. Lucas, 1984. Nematode parasites of 
tobacco. In: Plant and Insect Nematodes (W.R. Nickle, 
ed.). Marcel Bekker Inc., NY, USA, 213–242. 

Barker K.R. and S.R. Koenning, 1998. Developing sustain-
able systems for nematode management. Annual Re-
view of Phytopathology 36,165–205

Charles S.J., W. Jennifer and K.R. Barker, 2005. Plant par-
asitic nematodes of tobacco. In: Plant-parasitic Nema-
todes in Tropical and Subtropical Agriculture (M. Luc, 
R.A. Sikora, J. Bridge, ed.). CAB International, Wall-
ingford, UK, 675–708.

Ganguly A.K., S. Anil, Pankaj and V. Singh, 1998. Salicylic 
acid induced resistance in tomato against Meloido-
gyne incognita Race-1. Indian Journal of Nematology 
29,182–184.

Garcia P.C., R.M. Rivero, L.R. Lopez Lefebre, Sanchez E., 
J.M. Ruiz and L. Romero, 2001. Direct action of the bi-
ocide carbendazim on phenolic metabolism in tobacco 
plants. Journal of Agricultural Food Chemistry 49, 
131–137.

Garcia de Salamone I.E., R.K.I. Hynes and L.M. Nelson, 
2001. Cytokinin production by plant growth promoting 
rhizobacteria and selected mutants. Canadian Journal 
of Botany 47, 401–411.

Glick B.R., 1995. The enhancement of plant growth by free-
living bacteria. Canadian Journal of Microbiology 41, 
109–117.

Hague N.G.M. and S.R. Gowen, 1987. Chemical control 
of nematodes. In: Principles and Practice of Nematode 
Control in Crops (R.H. Brown, B.R. Kerry, ed.). Aca-
demic Press, New York, NY, USA, 131–178.

Hamid M., I.A. Siddiqui and S.S. Shaukat, 2003. Improve-
ment of Pseudomonas fl uorescens CHA0 biocontrol ac-
tivity against root-knot nematode by the addition of 
ammonium molybdate. Letters in Applied Microbiology 
36, 239–244.

Hammond Kosack K.E. and J.G. Jones, 1996. Resistance 
gene-dependent plant defense responses. Plant Cell 8, 
1773–1791.

Hartman K.M. and J.N. Sasser, 1985. Identifi cation of Me-
loidogyne species on the basis of differential host test 
and perineal pattern morphology. In: An Advanced 
Treatise on Meloidogyne. Vol II, methodology (K.R. 
Barker, C.C. Carter, J.N. Sasser, ed.). North Carolina 
State University Graphics, Raleigh, NC, USA, 69–77.

Hunt M. and J. Ryals, 1996. Systemic acquired resistance 
signal transduction. Critical Review of Plant Science 15, 
583–606.

Johnson C.S., 1998. Tobacco. In: Agronomy Monograph on 
Plant–Nematode Interactions (K.R. Barker, G.A. Peder-
son, G.L. Windham, ed.). Americans Society of Agrono-
my, Madison, WI, USA 36–45.

Khan M.R., 2007. Prospects of microbial control of root-
knot nematodes infecting vegetable crops, In: Biotech-

nology, Plant Heatlh Management (N. Sharma, H.B. 
Singh, ed.). International Book Distributing Co., Luc-
know, India, 643–665.

Khan M.R., 2008. Plant Nematodes–Methodology, Morphol-
ogy, Systematics, Biology and Ecology. Science Publish-
ers, Enfi eld, NH, USA.

Khan M.R. and M.W. Khan 1987. Histo-physiological alter-
nations induced by Meloidogyne incognita in tomato. In-
ternational Nematological Network Newsletter 4, 10–12.

Khan M.R., Ashraf S., Shahid S. and M.A. Anwer, 2010. 
Response of some chickpea cultivars to foliar, seed and 
soil inoculations with Botrytis cinerea. Phytopathoogia 
Mediterrenea 49, 275–285

Khan M.R., F.A. Mohiddin and S.M. Khan, 2005. Effect of 
seed treatment with certain biopesticides on root-knot 
of chickpea. Nematologia Mediterranea 33, 107–112.

Khan M.R., S. Altaf, F.A. Mohiddin, U. Khan and A. Anwer, 
2009. Biological control of plant nematodes with phos-
phate solubilizing microorganisms. In: Phosphate Solu-
bilizing Microbes for Crop Improvement (M.S. Khan, A. 
Zaidi, ed.). Nova Science Publishers, Inc., New York, 
USA, 395–426.

Khan M.R, S.M. Khan, F.A. Mohiddin and T.H. Askary, 
2007. Effect of certain phosphate-solublizing bacteria 
on root-knot nematode disease of mungbean. In: First 
International Meeting on Microbial Phosphate Solubliz-
ers (E. Velazuaz, B. Rodriguez, ed.). Springer-Verlag , 
Vienna, 341–346.

Kloepper J.W.M., S. Tsuzum and J. Kuc, 1992. Proposed 
defi nition related to induced disease resistance. Biocon-
trol Science and Technology 2, 347–349. 

Lowry O.H., N.J. Roseenbrough, A.L. Farra and R.H. Ran-
dall, 1951. Protein measurement with the Folin phenol 
reagent. Journal of Biological Chemistry 193, 265–275.

Maclachlan S. and S. Zalik, 1963. Plastid structure, chlo-
rophyll concentration and free amino acid composition 
of chlorophyll mutant of barley. Canadian Journal of 
Botany 41, 1053–1062.

Marek-Kozaczuk M. and A. Skorupska, 2001. Production 
of B-group vitamins by plant growth promoting Pseu-
domonas fl uorescens strain 267 and importance of vi-
tamins in the colonization and nodulation of red clover. 
Biology and Fertility Soils 33, 146–151.

Moret A. and Z. Munoz, 2007. Control of Diplodia pinea 
and D. scrobiculata in Pinus halepensis by 5-chloro-sal-
icylic acid. Phytopathologia Mediterranea 46, 150–156

Nandi B.N.C., Sukul and S.P.S Babu, 2000. Exogenous ap-
plication of salicylic acid reduces Meloidogyne incognita 
infestations of tomato. Allelopathy Journal 7, 285–288.

Neuenschwander U., K. Lawton and J. Ryals, 1996. Sys-
temic acquired resistance. In: Plant-Microbe  Interac-
tions, Vol. 1. (G. Stacey, N.T. Keen, ed.). Chapman and 
Hall, New York, NY, 81v106.

Nian W., S.J. Kai, K.F. Yu, W.C. Li, G.Y. Feng and Z.X. 
Chao, 2000. Evaluation of resistance of tobacco germ-
plasm to root-knot nematodes. Acta Phytopathologica 
Sinica 30, 82–86.

Nicholson R.L. and R. Hammerschmidt, 1992. Phenolic 
compounds and their role in disease resistance. Annual 



Phytopathologia Mediterranea

M.R. Khan and Z. Haque

266

Review of Phytopathology 30, 369–389.
Nielson M.N., J. Soreson, J. Fels and H.C. Pederson, 

1998. Secondary metabolite on endochitinase depend-
ent antagonism toward plant pathogenic macro fungi 
of Pseudomonas fl uorescens isolates from sugar beet 
rhizosphere. Applied Environmental Microbiology 64, 
3563v3569.

Pakeerathan K., G. Mountain and N. Thrashing, 2009. 
Eco-friendly management of root-knot nematode Me-
loidogyne incognita (Kofoid and White) Chitwood us-
ing different green leaf manures on tomato under fi eld 
conditions. American Eurasian Journal of Agricultural 
and Environmental Science 6, 494–497.

Pieterse C.M.J., S.C.M. Van Wees, J. Ton, J.A. Van Pelt 
and L.C. Van Loon, 2002. Signaling in rhizobacteria-
induced systemic resistance in Arabidopsis thaliana. 
Plant Biology 4, 534v544.

Ryals J.K., U.H. Neuenschwander, M.G. Willits, A. Molina, 
H. Steiner and M.D. Hunt, 1996. Systemic acquired re-
sistance. Plant Cell 8, 1809v1819.

Sasser J.N., 1989. Plant Parasitic Nematodes, the Farm-
er’s Hidden Enemy. North Carolina State University 
Graphics, Releigh, NC, USA. 

Shane N. and M. Kowblansky, 1968. Determination of 
acetyl salicylic acid, salicyclamide, acetominophone and 
caffeine in tablet or powder by independent methods. 
Journal of Pharmaceutical Science 57(7), 1218–1223.

Sharma P. and S.K. Sain, 2005. Use of biotic compounds 
against damping off of caulifl ower by Pythium aphani-
dermatum. Indiann Phytopathology 58(4), 395–401.

Shepherd J. A. and K.R. Barker, 1990. Plant parasitic 
nematodes of tobacco In: Plant-parasitic Nematodes 
in Tropical and Subtropical Agriculture (M. Luc, R.A. 
Sikora, J. Bridge, ed.). CAB International, Wallingford, 
UK, 493v517.

Siddiqui I.A. and S.S. Shaukat, 2004. Trichoderma harzi-
anum enhances the production of biocontrol of Meloido-
gyne javanica by Pseudomonas fl uorescens in tomato. 
Letters in Applied Microbiology 38, 169v175.

Sikora R.A., 1992. Management of the antagonistic poten-
tial in agricultural ecosystems for the biological control 
of plant-parasitic nematodes. Annual Review of Phyto-
pathology 30, 245–270.

Staskawicz P.E., W. Su and S.H. Howell, 1992. Methyl jas-
monate inhibition of root growth and induction of a leaf 

protein in an Arabidopsis thaliana mutant.  Proceedings 
of National Academy of Sciences USA 89, 6837–6840.

Takahama U. and T. Oniki, 1992. Regulation of peroxi-
dase dependent oxidation of phenols in the apoplast of 
spinach leaves by ascorbate. Plant Cell Physiology 33, 
379–387.

Taylor A.L. and J.N. Sasser, 1978. Biology, identifi cation 
and control of root-knot nematode (Meloidogyne spp.). 
North Carolina State University graphics, Raleigh, NC, 
USA.

Vernooij B., L. Friedrich, A. Morse, R. Reist, R. Kolditz-
Jawhar, E. Ward, S. Uknes, H. Kessmann and J. Ry-
als, 1994. Salicylic acid is not the translocated signal 
responsible for inducing systemic acquired resistance 
but is required in signal transduction. Plant Cell 6, 
959–965.

Wallace H.R., 1987. Effect of nematode parasites on photo-
synthesis. In: Vistas on Nematotogy (J.A. Veech, W. D. 
Dickson ed.). Society of Nematologists, Hyattsville, MD, 
USA, 253–259.

Willcox-Lee D., Lorea R. 1987. Effect of nematode parasit-
ism on plant water relation. In: Vistas on Nematotogy 
(J.A. Veech, W. D. Dickson, ed.). Society of Nematolo-
gists, Hyattsville, MD, USA, 260–266.

Wobbe K.K. and D.F. Klessig, 1996. Salicylic acid: an im-
portant signal in plants. In: Plant Gene Research Se-
ries, Signal Transduction in Plant Growth and Devel-
opment. (D.P.S. Verma, ed.). Springer-Verlag, Vienna, 
Austria, 167v196.

Wobeser G., T. Bollinger, F. A. Leighton, B. Blakley and P. 
Mineau, 2004. Secondary poisoning of eagles following 
intentional poisoning of coyotes with anticholinesterase 
pesticides in Western Canada. Journal of Wildlife Dis-
eases 40(2), 163v172.

Zehnder G.W., J.F. Murphy, E.J. Sikora and J.W. Kloepper, 
2001. Application of rhizobacteria for induced resist-
ance. European Journal of Plant Pathology 107, 39–50.

Zhou T. and J.C. Paulitz, 1994. Induced resistance in 
the biocontrol of Pythium aphanidermatum by Pseu-
domonas spp. on cucumber. Journal of Phytopathology 
142, 51–63.

Zieslin N. and R. Ben Zaken, 1993. Peroxidase activity 
and presence of phenolic substances in peduncles of 
rose fl owers. Plant Physiology and Biochemistry 31, 
333–339.

Accepted for publication: April 26,  2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ITA (JOB GIUNTI \(14_04_2011\))
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


