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Evaluation of Different Application Methods of Chitin and Chitosan for Controlling
Tomato Root Rot Disease under Greenhouse and Field Conditions
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Abstract: Root rot disease caused by Rhizoctonia solani, Fusarium solani and Sclerotium rolfsii is the most
severdisease attacks tomato plants. Effect of different application methods of chitin and chitosan as single and
combined treatments on tomato root rot disease incidence under greenhouse and field conditions was studied.
Pots containing sandy loam soil artificially infested with tomato root rot fungi, i.e. R. solani, F. solani and
S. rolfsii were used. Three application methods of chitin and chitosan, i.e. soil amendment, seed bed and
transplant root dip treatments were evaluated. Results indicate that the most effective methods were seed bed
and soil amendments, while transplant root dip showed less effect. The highest reduction was obtained with
combined treatments between chitin plus chitosan at 6 g /kg soil for both which reduced the disease incidence
more than 89.1, 88.7 and 70.8% with soil amendments, seed bed treatments and transplants root dip,
respectivelyagainst all tested fungi. Combined treatment between chitin and chitosan, the promising treatments
inpot experiments, were applied under field conditions. Similar trend obtained in greenhouse experiments was
also observed under field trials. Results indicate that, all treatments reduced the root rot incidence during two
growing seasons. The highly reduction was obtained with combined treatment between chitin and chitosan at
6 g/kg soil, which reduced the disease incidence more than 91.0%. Individual treatments of chitin or chitosan
at6 g/ kg soil as well as Rhizolex-T reduced the percent of root rot incidence more than 80.7% as compared
withuntreated plants. Asfor tomato yield, combined treatment between chitin and chitosan (6g/kg soil for each)
increased yield more than 66.7%, while fungicidal treatment increased tomato yield more than32.0% at the two
successive cultivation season. It could be suggested that combined treatments between chitin and chitosan
consideredan easily applicable method and mightbe used commercially for controlling tomato root rot diseases
under field conditions.
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INTRODUCTION

Tomato plantsis the one of most important vegetable
crops overall the world. Root rot disease caused by
Rhizoctonia solani Kuhu, Fusarium solani (Mart) Sacc.
and Sclerotium rolfsii Sacc., are the most destructive
pathogens of tomato'?. Controlling of plant diseases
mainly depends on fungicidal treatments™™. Therefore,
alternatives to fungicidal treatments, i.e safety material™
or induced resistance in plantst are needed. Chitin is a
safe material was reported to induce resistance against
soil borne diseases®’. Addition of small quantities of
chitin to soil resulted in a marked reduction in root rot
diseases of some plants®™. Chitosan is a safe material has
antifungal activity against many plant pathogens® '\
Moreover, Chitosan also reported to induce resistance
against soilborne fungi''"'*). Field application of chitosan
for inducing resistance against late and early blight
diseases of potato and root rot disease of bean and lupin
plants was reported by Abd-El-Kareem et.al.,!"*'") and

Abd-El-Kareen?'¥. Abd-El-Kareem et.al ! reported that
combined treatments between chitin plus chitosan as soil
amendments has high effect on root rot disease incidence
of tomato plants through, reducing total counts of
pathogenic fungi in soil, increasing chitinolytic bacteria
and increasing the chitinase activity in treated plants.

The purpose of the present work is to evaluate
different application methods of chitin and chitosan
against tomato root rot disecase incidence under
greenhouse and field conditions.

MATERIALS AND METHODS

Pathogens and plantmaterials: One pathgenic isolate of
tomato root rot fungi, i.e. R. solani; F. solani and S. rolfsii
were obtained from Plant Pathology Dept., National
Research Centre, Giza, Eyppt. Meanwhile, tomato seeds
cv. Kastle rock were obtained from Department of
Vegetables Crops Research, Agricultural Research
Centre, Giza, Egypt.
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Soil infestation with tomato toot rot fungi: One
pathogenic isolate of each R. solani; F. solani and
S. rolfsii was grown on sandy-barley medium (1:1 w:w
and 40% water) for 20 days at 25°C+2. Plastic pots
(30-cm-diameter) containing sandy loam soil were
artificially infested individually with prepared fungal
inoculum at the rate 3% of soil weight. Infested soil
irrigated every other day and left for further study.

Greenhouse experiments:
Effect of different application methods of chitin and
chitosan for controlling tomatoroot rot disease under
greenhouse conditions: Tree methods of chitin and
chitosan application, i.e. soil amended, seed bed and
transplant root dip were evaluated against tomato root rot
disease incidence. Four concentrations of chitin or
chitosan, i.e. 0, 2, 4 and 6 g per 1000 units (soil or water).
Combined treatments between chitin plus chitosan was
carried out using the highest rate of both.

Pot experiment was carried out as the following
procedures:

Soil amendment: infested soil was mixed individually
with each tested concentration of chitin or chitosan, while
combined treatment was carried out by addition of
chitosanafter 20 daysof chitin treatment. Treated infested
soils were filled into plastic pots (30-cm-diameter).
Tomato transplant cv. Kastle rock were transplanted in
treated pots.

Seed bed treatment: Tomato seeds cv. Kastle rock were
sown in transplants production foam trays containing
peat-moss soil mixed individually with each tested
concentration of chitin or chitosan. Combined treatment
was carried out by addition of chitosan after 20 days of
chitin treatments.

Transplantroot dip treatment: Tomato transplants cv.
Kastle rock which grown in free soil treatments were
dipped individually for 5 minuets in water emulsion
containing different concentrations of chitin, chitosan or
combined treatments between chitin plus chitosan then
transplanting in infested soil

Effect of different addition intervals of chitosan after
chitin as seed bed treatment on tomato root rot
disease: Fourintervals betweenaddition of chitosan after
chitin treatment (at 6 g/kg soil of each) were tested.
Combined treatment was carried out by adding of
chitosan to mixed peat-moss with chitin after 0, 10, 20
and 30 days of chitin treatment. Foam trays containing
treated peat-moss soil were sown with tomato seeds cv.
Kastle rock. Tomato transplant were transferred to
infested pots.
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All greenhouse experiments repeated twice and each
treatment represented by 6 replicates, 4 transplants/pot
and 6 pots asreplicates were used.

Field experiments: Seed bed treatment, the most
promising treatments against tomato root rot disease in
pot experiments, was applied under field conditions.

Four concentrations of chitin or chitosan as seed bed
treatments, i.e. 0, 2, 4 and 6 g/ kg soil as single treatment
in addition to combined treatment between chitin plus
chitosan at 6 g/kg soil of each were applied to study their
effect on root rot disease incidence and produced yield of
tomato plants under field c onditions. Rhizolex-T
(50% WP) at 3 g/kg soil was used as comparison
treatment in this study.

Field experiment was carried out, in Experimental
Farm of National Research Centre at El-Noubareia,
Behera governorate. Tomato seeds cv. Kastle rock were
sown in the transplanting tray containing peat-moss soil
which mixed individually with each tested concentration
of chitin or chitosan as described earlier. Tomato
seedlings were transplanted in field after 30 days of
sowing. A field experiments consisted of plots (7x10 m)
each comprised of 12 rows and 50 transplants/row.
Treatments were conducted in randomly complete block
design with three replicates (plots) for each particular
treatment as well as control.

Disease assessment: The average percentage of tomato
root rot incidence was recorded until 90 days, of
transplanting date. Determination of accumulated tomato
yield per m* was calculated.

Statistical analysis: Tukey test for multiple comparisons
among means was utilized"'"),

RESULTS AND DISCUSSIONS

Greenhouse experiments
Effect of different application methods of chitin and
chitosan for controlling tomato rootrot disease under
greenhouse conditions: Tree application methods of
chitin and chitosan, i.e. soil amendment, seed bed and
transplantroot dip were evaluated. Four concentrations of
chitin or chitosan, i.e. 0, 2, 4 and 6 aswell as the highest
rate of both per 1000 units (soil or water) were tested.
Results in Table 1 indicate that the most effective
applied methods were seed bed treatments and soil
amendment, while transplant root dip treatment showed
moderate effect. All treatments significantly reduce the
disease incidence except thatchitin at 2 or 4 g/L soil when
applied as transplants root dip. The highest reduction was
obtained with combined treatments between chitin plus
chitosan at 6 g/kg soil each whichreduced the disease
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Table 1: Tomato toot rot incidence in response to different application methods of chitin and chitosan under greenhouse conditions

Tomato Root rot Incidence (%)

Application Methods
Treatment & Soil Amendement Seed Bed Transplant Root Dip
applied dose
(g/kgor g/L) R. solani F. solani __S. rolfsii R.. solani F. solani S. rolfsii R.. solani F.solani __S. rolfsii
Chitin 2 28.5b 26.5b 33.2b 20.0b 22.1b 24.0b 70.0a 65.0a 64.5a
Chitin 4 17.5¢ 17.2¢ 22.0c 14.0¢ 20.0¢c 23.0c 65.0a 65.0a 65.5a
Chitin 6 12.0d 8.5d 14.5d 11.0d 10.1d 15.0d 51.2b 50.0b 46.0b
Chitosan 2 25.0b 23.5b 30.5b 18.0b 20.0b 26.0b 55.4b 52.1b 43.5b
Chitosan 4 18.5b 15.5¢ 20.0c 12.5¢ 13.0c 21.0c 24.0c 26.0c 29.0c
Chitosan 6 11.5d 10.0d 12.5d 12.0¢c 10.0d 13.0d 16.5d 17.5d 22.0d
Chitin+Chitosan (6+6)  6.5¢ 4.0e 5.0e 6.0d 7.0d 7.0f 13.5d 15.0d 19.0d
Control 60.0 a 62.0a 65.0a 60.0 a 62.0a 65.0a 60.0a 62.0a 65.0a

- Figures with the same letter are not significantly different (P= 0.05)

-Soil amendment was carried out by treated infested soil with concentration of chitin and /or chitosan
- Seed bed treatment was carried out by treated soil free pathogen with concentration of chitin and /or chitosan
-Transplant root dip was carried out by dipping tomato roots in emulsion containing tested concentration of chitin and / or chitosan

incidence more than 89.1, 88.7 and 70.8% at soil
amendments, seed bed and transplants root dip,
respectively for all tested fungi. Moderate effect was
observed with individual treatments of chitin or chitosan
at 6 g/kgsoil. They reduced the percent of diseased plants
more than 77.7, 80.0 and 66.1% when applied as soil
amendment, seed bed treatments and transplants root dip,
respectivelyfor all tested fungi. Meanwhile, concentration
of 4 g/kg soil of both treatments reduced the disease
incidence more than 66.2, 64.6 and 55.4% in respective
order. No significant differences between chitin treatment
at 2 or 4 g/L and untreated plants when applied as
transplants root dip.

Effect of different addition intervals of chitosan after
chitin as seed bed treatment on tomato root rot
disease: Fourinterval periods between chitin and chitosan
treatments, Z.e. 0, 10,20 and 30 days were tested. Results
in Table 2 indicate that all treatments reduced the root rot
incidence. The most effective treatment that when the
chitosan was added 30 days after chitin treatment which
reduced the disease incidence by 95.7, 94.6 and 93.3% in
infested soil with R. solani, F. solani and S. rolfsii,
respectively. No significant difference between the other
tested addition interval periods were observed.

Field experiments: Seed bed treatment the most
promising and easily applicable treatments in pot
experiments was applied in Experimental Farms of
National Research Centre at El-Noubareia, Behera
governorate during two successive cultivation seasons.

192

Table 2: Root rot incidence (%) in tomato plants as affected by
different addition interval periods between chitin and
chitosan as seed bed treatment

Intervals between Root rot incidence (%)

Chitin and chitosan

application(days) R. solani F. solani S.rolfsii
0 10.0c 8.0c 11.0c
10 9.0c 8.5¢ 10.0c
20 9.0c 8.5¢ 10.0c
30 3.0d 3.5d 5.0d
Control Chitin (6g/kg) 16.2b 14.5b 17.5b
Chitosan (6g/kg)  14.0b 13.0b 16.0b
Untreated 70.5a 650.a 75.0a

Figures with the same letter are not significantly different (P= 0.05)
Chitin or chitosan at 6g / kg soil was used.

Effects on tomato root rot disease: Results in Table 3
indicate that, all treatments significantly reduce the root
rot incidence during the two successive growing seasons.
The high reduction wasobtained with combined treatment
between chitin plus chitosan (6 g/kg soil), which reduced
the disease incidence more than 91.0%. Individual
treatments of chitin or chitosan at 6 g/ kg soil as well as
Rhizolex-T (50% wp) reduced the percent of root rot
incidence more than 80.7% as compared with untreated
plants. The moderate effect was obtained with chitin or
chitosan at 4 g/ kg soil, which reduced the disease
incidence more than 70.1%. While, concentrations at
2 g/kg soil of both treatments was less effective.

Effect on tomato yield: Results in Table 4 indicate that
all treatments increased tomato yield during the two
growing seasons. The high effect was observed with
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Table 3: Tomato root rot incidence (%) in response to different concentrations of chitin and / or chitosan as seed bed treatment during two

cultivation seasons under field conditions

First growing season

Second growing season

Treatment (g/kg) Disease Reduction (%) Disease Reduction (%)
Chitin 2 25.5b 30.0 31.2b 57.0
Chitin 4 18.4c 70.1 23.5¢ 67.6
Chitin 6 9.0d 85.4 14.0d 80.7
Chitosan 2 20.0b 67.5 28.0b 61.4
Chitosan 4 14.5¢cd 76.4 21.0c 71.0
Chitosan 6 11.2d 81.8 12.5d 82.8

Chitin + Chitosan(6+6) 4.0e 93.5 6.5¢ 91.0
Rhizolex-T 3 11.2d 81.8 14.0d 80.7
Untreated 61.5a — 72.5a —

Figures with the same letter are not significantly different (P= 0.05)

combined treatment between chitin and chitosan, which
increase tomato yield more than 66.7%. The moderate
increase was obtained with individual treatments of chitin
or chitosan at 6 g/kg soil, that tomato yield records more
than 40.0% increase as compared with untreated plants.
Treatments of chitin or chitosan at 4 g/kg soil caused
increase in tomato yield estimated more than 20.0%.
Meanwhile, 32.0% increase in accumulated tomato yield
was recorded at Rizolex-T fungicidal treatment.

Root rot diseases caused by Rhizoctonia solani,
Fusarium solani and Sclerotium rolfsii are the most
destructive pathogens of tomato!"?. Chitin and chitosan
are the safe materials which reported to induce resistance
against soilborne diseases™”'. Addition of small
quantities of chitin to soil resulted in a marked reduction
in root rot diseases of some plants® '

Also, chitosan was reported to induce resistance
against soilborne fungi”''"'*!. In the present study, three
application methods of chitin and chitosan, i.e. soil
amendment, transplant root dip and seed bed treatments
against tomato root rot disease incidence were evaluated.
The obtained results indicate that the most effective
methods were seed bed treatments followed by soil
amendments, while transplant root dip showed less
effects. The high reduction was obtained with the
combined treatments between chitin plus chitosan at
6 g/kg soil for both which reduced the disease incidence
more than 89.1, 89.2 and 70.8%, respectively. On the
other hand, the mosteffective interval period waschitosan
application after 30 days of chitin treatment which
reduced the disease incidence by 95.7, 94.6 and 93.3% in
infested soil with R. solani, F. solani and S. rolfsii,
respectively. Also, under field conditions all treatments
reduced the root rot incidence during two successive
growing seasons. It was observed that the great results
obtained with combined treatment between chitin and

chitosan at 6 g/kg soil, which reduced the disease
incidence more than 91.0% and increased tomato yield
more than 66.7%. Individual treatments of chitin or
chitosan at 6 g/kg soil as well as Rhizolex-T) 50%
wp(reduced the percent of root rot incidence more than
80.7% and increased tomato yield more than 40.0% as
compared with untreated plants.

In this concern, similar results were recorded by
many investigators with variouscrops. Chitosan treatment
induced resistance againstlate and early blight diseases of
potato and root rot disease of bean and lupin plants under
field conditions!"*!”. Furthermore, chitosan has different
properties, i.e. its inhibitory effect against pathogenic
fung!'” and its ability to be potent elicitors of plant
defense reactions!*21.

In this respect Abd-El-Kareem et. al.,/ reported that
chitosanat 6 g/L completey inhibit thelinear growthof all
tomato root rot fungi and reduced the total count of
pathogenic fungi.

Two models have been proposed to explain the
antifungal activity of chitosan, the first, its activity is
related to the ability to interfere with the plasma
membrane function™™”. While the second, the interaction
of chitosan with fungal DNA and RNAPY. Chitosan
induced resistance, through increase the chitinaseactivity.
Abd-El-Kareem et.al. reported that chitosan at 6 g/kg
soil caused high increase in chitinase activity of tomato
plants. Treatment various plants with chitosan induced
resistance and increased enzymes activities”'>'72!],

On the other hand reduction of tomato root rot
disease with chitin treatments mayhave been due to direct
effect against tomato root rot fungi that chitin
decompositionreleases volatiles such as ammonia which
suppresssome soilborne fungi'®**?and increasing specific
chitinolytic microflora in soil when chitin is used as
amendments?***! In this regard, Abd-El-Kareem et al.,!”
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reported that the total count of root rot fungi was
decreased in soil amendment with chitin and this decline
was correlated with increasing of chitinolytic bacteria.
Increasing of specific chitinolytic microflora in soil with
chitin amendments was also reported by Godoy et al.,'”),
Mian et al.,**and Bell et al.,"®!

The observed reduction intomato root rot incidence
in present study might be attributed to indirect effect of
chitin treatments and its elicitor defense response in
plants®. In this respect Kuchitsu et al.,'® reported that
chitin fragments appear to elicit host responses through
rabid and transient membrane depolarization. Moreover,
chitin was reported to be used as soil fertilizer? !,

The present results indicate that chitin treatments
increased tomato yield under field conditions .Induced
resistance against root rot disease using chitin treatments
was reported by Kuchitsu et al ., and Bell et al .,'™. The
observed increase in tomato yield in the present study
might be due to the reduction in disease incidence and
promotion of plant growth as influenced by fertilizer
effect of chitin and chitosn.

It could be suggested that combined treatments
between chitin and chitosan might be used commercially
as easily, safely and applicable method for controlling
tomato root rot diseases under field conditions.

REFERENCES

1.  Benhamou, N.P.J. Lafontaine and M. Nicole, 1994.
Seed treatment with chitosan induces systemic
resistance to Fusarium crown and root rot in tomato
plants. Phytopathology, 84: 1432-1444.

2. El-Mougy Nehal, S. 1995. Studies on wilt and root
rot diseases of tomato in Egypt and their control by
modern methods. M.Sc. Thesis, Faculty of
Agriculture, Cairo University, Egypt.

3.  Rauf, B.A., 2000. Seed-borne disease problems of
legume crops in Pakistan. Pak. J. Sci. and Industrial
Res., 43: 249-254 .

4. El-Mougy Nehal, S., F. Abd-El-Karem, G. El-
Gamal, Nadia and Y.O. Fotouh, 2004. Application
of fungicides alternatives for controlling cowpea
root rot diseases under greenhouse and field
conditions. Egypt.J. Phytopathol. 32: 23-35. .

5.  Abd-El-Karem,F., S. EI-Mougy Nehal, G. EI-Gamal
Nadia and Y.O. Fatouh, 2004b. Induction of
Resistance in Squash Plants Against Powdery
Mildew and Alternaria Leaf Spot Diseases Using
Chemical Inducers As Protective or Therapeutic
Treatments. Egypt J. Phytopathol., 32: 65-76.

6. Kuchitsu, K., M. Kikuyama and N. Shibuya, 1993.
N-Acetylchito-oligosaccharides, biotic elicitor for
phytoalexin production, induce transient membrane
depolarization in suspension-cultured rice cells.
Protoplasma, 174: 79-81.

194

7.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Abd-El-Karem, F., S. El-Mougy Nehal, G. EI-Gamal
Nadia and Y.O. Fotouh, Use of chitin and chitosan
against tomato root rot disease under greenhouse
conditions (In press).

Bell, A.A., J.C. Hubbard, L. Liu, R.M. Davis and
K.V. Subbarao, 1998. Effects of chitin and chitosan
on the incidence and severity of fusarium yellows of
celery. Pl.dis . 82: 322-328.

Hirano, S., C. Itakura, H. Seino, Y. Akiyama, L.
Notata, N. Kanbara and N. Kawakami, 1990.
Chitosan as an ingredient for domestic animal feeds.
J. Agric. Food Chem., 38: 1214-1217.

El-Mougy, N.S., F. Abd-El-Karem and M.A.
Abd-Alla, 2002. Postharvest diseases control:
Preventive effect of chitosan and bioagents against
green and gray moulds of apple fruits. Egypt J.
Phytopathol., 30: 99-113.

Benhamou, N. and G. Theriault, 1992. Treatment
with chitosan enhances resistance of tomato plants
to the crown and root rot pathogens, Fusarium
oxysporum f.sp. radicis lycopersici. Physiol. Mol.
Pl. Pathol., 41: 33-52.

Benhamou, N., P.J. Lafontaine and M. Nicole, 1994.
Seed treatment with chitosan induces systemic
resistance to Fusarium crown and root rot in tomato
plants. Phytopathology, 84: 1432-1444.
Lafontaine, P.J. and N. Benhamou, 1996. Chitosan
treatment: An emerging strategy for enhancing
resistance to greenhouse tomato plants to infection
by Fusarium oxysporum f.sp. radices-lycopersici.
Biocontrol Sci. and Technol., 6: 111-124.
Abd-El-Kareem, F., 2002. Integrated treatments
between bioagents and chitosan on root rot diseases
of pea plants under field conditions. Egypt J. Appl.
Sci., 17: 257-279.

Abd-El-Kareem, F., M.A. Abdallah, G. El-Gamal
Nadia and S. El-Mougy Nehal, 2004a. Integrated
control of Lupin root rot disease in solarized soil
under greenhouse and field condition. Egypt J.
Phytopathol., 32: 49-63.

Abd-El-Kareem, F., M.A. Abd-Alla and R.S.R.
El-Mohamedy, 2001. Induced resistance in
potato plants for controlling late blight disease
under field conditions. Egypt J. Phytopathol.,
29:29-41.

Abd-El-Kareem, F., M.A. Abd-Alla and R.S.R.
El-Mohamedy, 2002. Induced resistance in potato
plants for controlling Early blight disease under field
condition. Egypt J. Appl. Sci., 17: 51-66.

Neler, J., W. Wassermann and M.H. Kutner, 1985.
Applied linear statistical models. Regression,
analysis of  variance  and experimental
design: 2nd Ed. Richard, D. Irwin Inc. Homewood
I1lionois.



19.

20.

21.

22.

23.

Res. J. Agric. & Biol. Sci., 2(5): 190-195, 2006

Leuba, J.L.and P. Stossel, 1986. Chitosan and other
polyamines: Antifungal activity and interaction
with biological membranes. In Muzzarelli, R.
and Goody, G.W.(eds.), Chitin in nature and
technology.  Plenum  Press, New  York,
pp: 215-222.

Hadwiger, L.A. and D.C. Loschke, 1981. Molecular
communication in host-parasite interactions:
Hexosamine polymers)chitosan (as regulator
compounds in race-specific and other interactions.
Phytopathology, 71: 756-762.

Matta, A., I. Abattista Gentile and L. Ferraris,
1988. Stimulation of B-1,3-glucanase and
chitinase by stresses that induce resistance to
fusarium wilt in tomato. Phytopath. medit.
27: 45-50.

Hora, T.S. and R. Baker, 1972. Soil fungistasis:
Microflora producing a volatile inhibitor. Trans Br.
Mycol. Soc., 59: 491-500.

Sneh, B. and Y. Henis, 1972. Production of
antifungal substances active against
Rhizoctonia solani in chitin- amended soil.
Phytopathology, 62: 595-600.

195

24,

25.

26.

27.

28.

Godoy, G.,K.R. Rodriguez and J.G. Morgan, 1983.
Chitinamendment for control Meloidogyne arenaria
in infested soil. 2: Effects of microbial population.
Nematropica, 13: 63-74.

Kobayashi, D.Y., M. Guglimoni and B. Clarke,
1995. Isolation of the chitinolytic bacteria
Xanthomonas maltophilia and Serratia marcescens
as biological control agents for summer patch
disease of turfgrass. Soil Biol. Biochem.,
27:1479-1487.

Mian, J.H., G. Godoy and R.A. Shelby, 1982. Chitin
amendments for control Meloidogyne arenaria in
infested soil. Nematropica, 12: 71-84.

Buxton, E.W., O.Khalifa and V. Ward, 1965. Effect
of soil amendment with chitin on pea wilt caused by
Fusarium oxysporum f. sp. Pisi . Ann Appl. Biol.,
55: 83-88.

Sarathchandra, S.U., R.N. Watson, N.R. Cox, M.A.
Di Menna, J A. Brown and F.J. Neville, 1996.
Effects of chitin amendment of soil on
microorganisms, nematodes and growth of white
clover (Trifolium repens L.(and perennial ryegrass)
Lolium perenne L. Biol. Fert. Soils, 22: 221-226.



