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ABSTRACT: 1 india, the coffee root-lesion nematode (Pratylenchus coffeae) is one of the
most destructive pests in many coffee growing areas. The present study was attempted to
understand the effects of native microbial consortium (i.e. combination of Azospirillum,
Azotobacter, Phosphobacteria, Gluconacetobacter and Pseudomonas) along with arbuscular
mycorrhizal (AM) fungi on the contrel of coffee root-lesion nematode under nursery
conditions. The results indicated that application of microbial consortium (5.0 g seedling™)
plus AM fungi (5.0 g seedling') on arabica coffee seedlings found to be superior in increasing
all the growth parameters viz., leat area, shoot length, shoot girth, root length, dry weight,
leaf chlorophyll, total phenol of leaf and roots with significant reduction in the nematode
populations after three months (18.0 number 100 ml* of sterile seil and 18.6 number 100 mi
! of non-sterile soil) and after six months (14.8 number 100 ml' of sterile soil and 17.1
number 100 ml’' non sterile soil) compared to control. Similar to soil nematode population,
the microbial consortium plus AM applied treatments recorded significantly lower nematode

population in roots after six months of inoculation compared to other treatments.
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INTRODUCTION

In coffee, nematode is one of the major pests,
occurring in patches on coffee plantations in most
of the coffee producing countries including India.
In coffee, yield loss ranging from 15-25 per centin
Brazil (Lordello, 1986) and to 50 per cent in Asia
(Campos et al., 1990) has been attributed to
nematode damage. The migratory endoparasitic

nematode, Pratylenchus sp. are the most commonly
observed and destructive nematodes on coffee
(Campos et al., 1990). In areas infested with
nematodes, the establishment of young arabica
coffee plants may be impossible due to high
mortality and poor development of root system of
the transplanted seedlings (Campos ef al., 1990).
Studies in other crops have demonstrated that AM
fungi and fluorescent pseudomonads played key
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role by increcasing plant growth even in the presence
of scdentary endoparasitic nematodes. However,
in India, no studies have been undertaken so far on
the intcraction of AM fungi and fluorescent
pscudomonads against nematodes in coffee. Soil
has cnormous untapped potential antagonistic
microbes, which are helpful in reducing pathogen
through different modes of action such as
competition for nutrients and space, antibiosis,
mycoparasitisim, production of siderophores and
lytic enzymies (Rangaswami, 1975). At present, a
similar type of approach is very much essential to
control nematode in coffee. Hence, the present
study was undertaken to understand the effect of
native biological agents on nematode control in
the host system.

MATERIALSAND METHODS

A nursery experiment was conducted during
2005 - 2006 at Regional Coffee Research Station,
Thandikudi, Tamil Nadu, India. In this experiment,
the following efficient isolates isolated from
different coffec growing regions in India viz.,
Azospirillum — ASW 13, Azotobacter — AZK 9,
Gluconacetobacter — GDT 13, Phosphobacteria —
PBY 23, Pscudomonas fluorescens — PKK 9 and
arbuscular mycorrhizal fungi like Glomus mosseae,
G. fasciculatum and Glomus spp (species
unidentified) were used for the study. The authentic
strain P. fluorescens — Pf 1 obtained from the
Department of Plant Pathology, Tamil Nadu
Agricultural University, Coimbatore, India was used
as standard check for experiment. In arbuscular
miycorrhizal fungi, the mixed cultures were multiplied
using sterile vermiculite as substrate and maize as
host plant. These root parts and soil containing
chlamydospores were used as inocula (40 — 50
spores g of inoculum) for this experiment. The
selected bacterial isolates were multiplied in
respective broth and with cell load of 10f cfu ml!
were used for inoculam preparation. Lignite was
used as the carrier material. The microbial
consortium was prepared by mixing equal volumes
of broth (above mentioned five bacterial isolates
from coffee plantations) with carrier material. Similar
manner, I fluorescens — PFK 9 and P, fluorescens —

426

Pf 1 were prepared separately and used in this
experiment.

For preparation of nursery, top fertile soil
from virgin forest lands were collected and dried
thoroughly. Latter the dried soil was sieved, A
nursery mixture (6 :2 : 1) comprising of six parts of
sieved jungle soil, two parts of well decomposed
and sieved compost and one part of fine river sand
was prepared for filling up the nursery bags. Poly
bags of 22.5 x 15 em size and 1 50 gauge thickness
with adequate number of 3 mm holes (10-12 per
bag) at the bottom were used. The prepared nursery
mixture was moistened with water and firmly filled
in nursery bags. In this experiment both sterilized
and non-sterilized soils were used. The sterilized
and non-sterilized nursery mixture was filled inone
kg capacity nursery bags separately. The forty five
day old coffee seedlings i.e. at topee stage (S.795)
were transplanted at the rate of onec seedling per
bag. The details of treatment are as follows T, -
Sterile soil + Pseudomonas — PFK 9, T,- Sterile soil
+ P fluorescens- Pf1, T.- Sterile soil + microbial
consortium, T, -Sterile soil +AM fungi, T,- Sterile
soil, T, — Non-sterile soil + Pseudomaonas — PFK 9,
T,- Non -sterile soil + P, fluorescens - Pf1, T - Non-
sterile soil + Microbial consortium, T, —Non sterile
soil + AM fungi, T - Non-sterile soil. Five
replications of each treatment were arranged in
completely randomized block design. In each
treatment fifty seedlings were taken. At the time of
planting, soil inoculation of Pscudomnonas and
microbial consortium was given @ 5 g/ bag and
AM fungi @ 10 g/ bag. In microbial consortium
treatment, AM fungi were also inoculated @ 5 g
per poly bag. Followed by addition of microbial
inoculants, the second stage juvenile of P. coffeae
were inoculated @ 500 nematode / nursery bag
(Kumar, 1982) by making holes in the soil around
the plant stem except control and the same were
covered with sterilized soil.

The plants were pulled out 6 months after
transplanting and the plant growth parameters such
as shoot length, root length and dry weight
physiological parameters like leaf area, total
chlorophyll content of leaves (Hiscox and
Isrealstam, 1979), biochemical changes like phenol
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content in leaves as well as in roots (Zieslin and
Ben - Zaken, 1993) and plant uptake of N
(Humphries, 1956). P. K, Zn, Cu, Fe and Mn (Jackson,
1973) were recorded by adopting standard methods.
Population of nematodes (Kumar, 1982) and
Pseudomonas and AM colonization (Gerdemann
and Nicolson, 1963) were recorded after three and
six months of nematode inoculation by using
standard methods.

RESULTS AND DISCUSSION

The growth performances of nematode
infested coffee seedlings were assessed after ‘six
months and the results are presented in Table 1
and 2. In both sterile and non-sterile soil, the
microbial consortium treatments were found to be
superior in increasing all the growth parameters viz.,
leafarca (286.4 and 281 .6 cm? plant'), shoot length
(25.3and 24.9 cm), at collar region girth (3.9 and 3.6
mm),root length (20.1 and 19.8 cm), root dry weight
ofplant (1.28 and 1.21 g plant')y and dry weightof
plant (4.8 and 4.7 g plant'), chlorophyll content
(1.93 and 1.89 mg g' of fresh leaf), total phenol
(17932mgg'and 174.63 mg g' of leaf; 190.12 mg
g'and 187.21 mg g’ of root) in sterile and non
sterile soil respectively compared to individual
inoculant treatment .

Data presented in Table 3 revealed that
the coffee seedlings inoculated with microbial
consortiumn had recorded significantly higher uptake
ofall the nutrients i.e. 51.5 to 52.6mg of N plant,
21.0t0 21.6 mg of P plant, 20.6 to 21.3 mgof K
plant', 15.2 tol 5.6mg of Zn plant!, 3.1 to 3.4 mgof
Cuplant!, 27.2 to 28.6 mg of Fe and 50.2t0 56.8 mg
of Mn in both sterile and non sterile soil as
compared to all other treatments.

In the present study, the microbial
consortium treatment contains known nitrogen
fixing and growth promoting organisms like
Azospirillum, Azotobacter; Gluconacetobacter, P
Tuorescens, phosphorus solubilizing bacteria and
%M fungi and the combined effect of all might have
Increased growth parameters of coffee seedlings.
In the present study, the total chlorophyll and
phenol content had si gnificantly increasedin coffee
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seedlings inoculated with microbial consortium
compared to that in seedlings inoculated with
individual inoculant. This is in agreement with the
carlier findings of Jothi (1999) and Kumutha (2001).
The rhizosphere populations of Pseudomaonas, AM
fungi and nematode in the nursery soil infested
with coffee root lesion nematode (P coffeae) were
assessed after 3 months and 6 months of
inoculation and the results are presented in Table
4. Coffee seedlings inoculated with microbial
consortium recorded significantly lower population
of nematode after three months (18.0 number 100
ml"' of sterile soil and 18.6 number 100 ml* of non-
sterile soil) and six months (14.8 number 100 mi' of
sterile soil and 17.1 number 100 ml! non sterile soil)
followed by AM fungi inoculation and similar trend
was also observed in root population of nematode
after six months of inoculation (Table 4). In
treatments (T, and T, ) inoculated with nematode
alone recorded significantly higher nematode

“population of 32.4 to 34.2 number 100 ml' and 34.6

to 35.2 number 100 ml' of soil after three months
and six months respectively compared to other
treatments. With regard to rhizosphere population
of Pseudomonas and AM fungi, the microbial
consortium treatment had significantly higher
population of P fluorescens and AM fungal
infection compared to other treatments (Table 4).

In the present investigation, the
application of microbial consortium was found to
be superior in reducing the root-lesion nematode
population in coffee as seen from the results. It
may be dueto the synergistic effect of rhizobacteria
with AM fungi which resulted in reduction of the
nematode population. The results of the present
study agree with the carlier findings by several
investigators in other crops (Kloeppereral., 1980;
Gamilel and Katan, 1991; Shanthi and Sivakumar,
1995). In the present study, the increase in phenol
content due to microbial consortium in coffee plants
might have reduced the nematode population. This
is in accordance with the earlier findings of Pitcher
et al. (1960), Farkas and Kiraby, (1962) and Jothi
(1999). Some phenols are known to form complex
amino acids and chlorogenic acid complexes (Clarke
etal., 1959) which are highly toxic to the parasites.
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Table 1. Effect of microbial consortium on plant growth parameters of coffee seedlings infested with root lesion nematode after six months of

planting
Treatments Leafarea Shoot length Shoél girth Root length Root dry Dry weight of
) (cm? plant™) (cm) {(mm) " (cm) weight (g plant’) | plant (g plant*)
T - Pseudomonas PFK 9* 2548 21.4 32 16.4 0.98 39
T.- Pfluorescens Pf1* 246.6 20.8 33 16.0 0.92 38
T .- Microbial consortium* 286.4 253 39 20.1 1.28 4.8
T,- AM fungi* 260.2 224 35 18.3 1.16 43
T,-Control* 108.6 16.2 29 6.8 0.42 22
T,- Psendomonas PFK 9 ** 248.5 20.6 3.0 15.8 0.92 3.6
T.- Pfluorescens Pf1** 242.8 20.1 3.0 15.0 0.90 3.5
T,- Microbial consortium™** 281.6 249 3.6 19.8 1.21 4.7
T,- AM fungi** 256.5 22.0 3.2 18.0 1.08 4.2
T -Control** 1012 152 24 6.0 0.38 19
SEd- 11.48 0.99 0.15 0.77 0.05 0.18
CD (P=0.05) 2327 201 0.30 1.57 0.10 037

* Sterilized soil

®* Non-sterilized
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Table2. Effect of microbial consortium on total chlorophyll and tetal phenol content of coffee seedling infested with root lesion nematode after

six months of planting
Treatments Total chlorophyll Total phenol (ig g")
(mg g of fresh leaf) Leaves Roots
T,- Pseudomonas PFK 9* 159 153.21 16721
T,- P fluorescens Pf1* 1.53 15042 163.23
T,- Microbial consortium* 1.93 179.32 190.12
T,- AM fungi* ' 168 162.00 17284
T.-Control* ' ‘ 1.26 118.53 130.26
T,- Pseudomonas PFK 9 ** : 1.57 151.22 170.18
T - P. fluorescens PfI** 153 14841 16146
T,- Microbial consortium™** 189. 174,63 187.21
‘ Tg- AM fungi** 1.61 157.07 170.62
T,,-Control** 124 11460 129.64
SEd 0.10 112 775
CD(P=0.05) 021 1444 1571

* Sterilized soil ** Non-sterilized

01203 UCLSI|-1004 22jj0O3 10} LWNILIOSUOD [EIQOINN



%4

Table3. Effect of microbial consortium on total nutrient uptake of coffee seedling infested with coffee root lesion nematode after six months

of planting
Treatments mg plant” (g plant!
N P K Zn Cu Fe Mn

T,- Pseudomonas PFK 9* 38.6 16.4 15.8 9.8 22 20.6 41.0
T,- P. fluorescens Pf1* 36.2 14.3 15.0 8.4 20 20.2 39.6
T,- Microbial consortium* 52.6 206 | 213 15.6 34 286 | 568
T,- AM fungi* 42.2 18.2 19.2 13.8 2.8 244 482
T,-Control* 13.8 2.58 5.8 1.2 0.80 24 3.1

T~ Pseudomonas PFK 9 ** 352 16.0 14.6 9.0 2.1 19.6 39.0
T.- P. fluorescens Pf1** 344 15.2 14.0 7.8 1.9 18.2 38.2
T,- Microbial consortium** 515 21.0 20.6 15.2 3.1 272 50.2
T,- AM fungi** 38.8 17.8 18.8 13.6 24 24.0 41.6
T ,-Control** 11.2 2.18 5.1 1.0 0.76 1.8 2.0
SEd 1.95 0.79 0.81 0.53 0.11 1.03 1.98
CD (P=0.05) 3.94 1.60 1.64 1.08 0.23 2.08 4.01

* Sterilized soil

** Non-sterilized
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Table 4. Population of B fluorescens, AM fungi and nematode in coffee nursery soil infested with root lesion nematode

Treatments Nematode population in soil and root Alfter three months After six months
After three After six After six Pfluorescens AM Pfluorescens AM
months( No. Per | months( No. Per | months (No. Per (cfu x 109) fungi (cfux 109 fungi
100 ml so1l ) 100 ml soil ) 10 g roots) (%) (%)
T,- Pseudomonas PFK 9% 242 20.0 34,0 232 43 [3.2 2.8
T,- Pfluorescens Pf1* 24.8 204 35.1 22.6 38 13.8 3.0
T,- Microbial consortium* 18.0 14.8 20.2 258 53.2 16.2 54.2
T,- AM fungi* 214 18.0 28.0 0.02 43.6 0.0 45.6
T5~C0mrol* 324 34.6 434 0.06 32 0.04 3.0
T,- Pseudomonas PFK 9 ** 26.0 218 36.6 21.6 8.2 8.6 6.5
T,- Pfluorescens Pf1** 26.2 224 35.2 21.2 8.6 8.3 6.1
"T¢- Microbial consortium** 18.6 17.1 246 238 51.0 12.8 52.8
T,- AM fungi** 220 19.8 29.2 0.06 38.0 0.02 36.0
TlO-COI'ltrol** 34.2 352 50.2 0.08 6.0 0.03 4.0
SEd 1.12 0.99 1.43 0.84 1.56 0.43 1.25
CD (P=0.05) 227 2.01 2.91 1.69 3.27 0.87 2.62

* Sterilized soil

**¥ Non-sterilized
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The phenols in mycorrhizal roots are associated in
the reduced reproduction of nematode (Singh er
al.. 1990). Thus the present findings had clearly
proved that applications of microbial consortium
(5.0 g seedling’} along with AM fungi (5.0 g
secdling') on coffee scedlings found to be superior
in reducing the root-lesion nematode population in
coffce with significant increase in plant growth
compared individual treatment or control plants.
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