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Abstract

Guava is an important edible and economic fruit crop distributed
worldwide. It is widely infested with root knot nematode, Meloidogyne
enterolobiiwhich plays a vital role in causing economic losses. Several
management strategies were performed to enhance the health status
of guava and also to reduce root knot nematode infestation. Among
the different aspects, application of plant growth regulators on
guava plants under nursery conditions against root knot nematode,
M. enterolobii was performed. The guava plants were treated with
Salicylic acid (100 ppm), Jasmonic acid (100 ppm), and Indole
3-Butyric Acid (1000 ppm) alone and in combination of two and three.
The result of this study revealed that IBA at 1,000 ppm alone (T3) and
combined application of plant growth regulators viz., (T,) — Salicylic
acid (100 ppm) + Jasmonic acid (100 ppm) + Indole 3-Butyric Acid
(1,000 ppm) showed reduction in the nematode population and
establishment of new roots (compensatory) and tertiary roots. The
combined application of PGRs also increased the Plant height, root
length, chlorophyll index, photosynthetic rate, transpiration rate,
stomatal conductance, and chlorophyll fluorescence. The activity
of various enzymes like total phenols, peroxidase, polyphenol
oxidase, acid phosphatase, and phenylalanine ammonia lyase were
influenced and developed resistance against root knot nematode,
M. enterolobii. Under field conditions, application of Pochonia
chlamydosporia and Purpureocilium lilacinum reduced the nematode
infestation besides increasing the yield attributes of guava plants.
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Guava (Psidium guajava L. is an economically im-
portant fruit crop of the Myrtaceae family. It is one of
the commercial and important fruits of India widely
grown in tropical and sub-tropical regions of the
world and hence it is referred to as the ‘poor man’s
apple’ and ‘the apple of tropics’ due to the low cost
of production and high nutritional value (Radha and

Mathew, 2007; Singh, 2005). In Tamil Nadu, Indian
farmers have been facing a unique problem in guava
trees that showed sudden vyellowing followed by
bronzing and marginal necrosis of leaves, delayed and
poor flowering, shedding of leaves, reduction in fruit
size, and decline of guava trees leading to complete
destruction of the orchards within a short span of
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time of one to two years (Ashokkumar and Poornima,
2019). Root-knot nematode infestation at Ayakudi
and surrounding villages of Dindigul district which
are the major Guava growing area in Tamil Nadu was
reported by Poornima et al. (2016) for the first time
and the nematode was confirmed to be Meloidogyne
enterolobii through morphological and molecular
means. Studies showed that all the guava cultivars
(Psidium guajava L.) are susceptible to M. enterolobii
and also the root exudates of guava -cultivars
increased the egg hatching ability and decrease
the infective juvenile J2 mortality rate and were
directly proportional to the time and concentration
(Ashokkumar et al., 2019). M. enterolobii is regarded
as the most aggressive species in comparison to other
tropical species of root-knot nematode (Brito et al,,
2004) in view of its high reproduction rate, induction
of large galls and a very wide host range, and their
combinations has become a threat to guava produc-
tion worldwide leading to the decimation of several
guava orchards. Considering the risk of introduction
and dissemination of the M. enterolobii, it was re-
cently added in European and Mediterranean Plant
Protection Organization (EPPO) A2 list (Hallmann and
Meressa, 2018). The optimal temperature for growth
and development of M. enterolobii was 28°C which
coincides with the temperature of most of the regions
of Tropical Countries especially India and leading to
high infestation (Ashokkumar et al., 2019). Various
approaches such as physical, cultural, chemical, and
biological practices have been used to manage the
incidence of root-knot nematode. Cultural practices
such as soil solarisation and crop rotation showed
limited value in managing nematode infestation due to
its broad host range (Ntalli et al., 2010). Hence, there
has been an urgency to tackle the destruction caused
in guava by this nematode, the aim of the present
work was to identify suitable management practices
to control the root-knot nematode, M. enterolobii.

Materials and methods

Nematode isolation and pure culture
maintenance

The population of M. enterolobii was maintained in
Guava (Psidium guajava) seedlings under glasshouse
conditions. Matured egg masses were collected and
kept in distilled water at room temperature (25°C)
for two to three days. The total number of hatched
second-stage juveniles was counted in four aliquots.
The nematode suspension was diluted approximately
to about 100 infective juveniles/100g of soil and
stored at 4°C for further experiments.
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Preparation of plant growth regulators
Salicylic acid (100 ppm)

In total, 100 ppm of 1 litre salicylic acid solution was
prepared by adding 0.1g of salicylic acid with 500ml
of water and few pellets of sodium bicarbonate (to
dissolve salicylic acid with water). Final volume of one
litre was prepared by adding water to the dissolved
solution.

Jasmonic acid (100 ppm)

Methyl jasmonate solution was prepared by diluting
0.1g of methyl jasmonate in 20ml of ethanol. In total,
980ml of water was added after complete dilution of
methyl jasmonate in ethanol and make up to 1 litre of
the total solution.

Indole 3 Butyric acid (1,000 ppm)

In total, 1,000 ppm of 1 litre Indole 3 Butyric acid
solution was prepared by weighing 1g of crystalline
Indole 3 Butyric acid and dissolved in 20 milliliters of
alcohol. The prepared mixture was then added with
980 milliliters of water to make 1,000 ppm of 1 litre
Indole 3 Butyric acid solution.

Mepiquat chloride (500 ppm)

In total, 0.5g of solid Mepiquat chloride was weighed
and dissolved in 1,000ml of water to prepare 1 litre of
500 ppm Mepiquat chloride solution.

Chloromequat chloride (500 ppm)

One litre of 500 ppm Chloromequat chloride solution
was prepared by dissolving 0.5g of solid Chloromequat
chloride in 1 litre of water.

Effect of plant growth regulators on
Meloidogyne enterolobii infected guava
plants by pot experiment

The effect of plant growth regulators on the growth of
guava seedlings inoculated with root knot nematode,
M. enterolobii was investigated under greenhouse
conditions with three replications for each treatment.
Different plant growth regulators viz., Indole 3-Butyric
Acid (IBA), Salicylic acid, Jasmonic acid, Mepiquat
chloride, Chlormequat chloride were applied alone
and in combinations to detect their effect against the
root-knot nematode, Meloidogyne enterolobii infested



guava plants. One month old seedlings were dipped
in growth regulators for 3 sec. The treatment details
includes T, — Salicylic acid (100 ppm), T, — Jasmonic
acid (100 ppm), T, - Indole3-Butyric Acid (1,000
ppm), T, — Salicylic acid + Jasmonic acid + Indole
3-Butyric Acid (100 ppm + 100 ppm + 1,000 ppm),
T, — Salicylic acid + Jasmonic acid (100 ppm + 100
ppm), T, — Jasmonic acid + Indole 3-Butyric Acid
(100 ppm + 1,000 ppm), T, — Salicylic acid + Indole
3-Butyric Acid (100 ppm + 1,000 ppm), T, — Mepiquat
chloride (500 ppm), T, — Chlormequat chloride (500
ppm), and T,; — Untreated control. One week after
treatment with Plant Growth Regulators, the treated
plants were inoculated with infective juveniles at the
rate of 1 J,/g of soil. The morphological characters
Plant height, Root length, Fresh root biomass and
Dry root biomass) physiological aspects (Chlorophyll
index, Photosynthetic rate, Transpiration rate, Sto-
matal conductance, and Chlorophyll fluorescence
(F/F . ratio), biochemical parameters such as Total
phenols, Peroxidase, Polyphenol oxidase, Acid phos-
phatase, and Phenylalanine ammonia lyase and
nematode population in soil and root were recorded
at 45, 75, and 105 days after planting (DAP). The
effect of such plant growth regulators was evaluated

Plant height — The plant height of guava
plants was measured from the
ground level to the tip of the
most stretched leaf in each
replication. The mean values

were expressed in cm

Root length — The plant was uprooted along
with its roots causing lower
damage and its length was
measured and expressed in

cm

Fresh root -
biomass

The roots of guava plants

at 45, 75, 105 DAP were
uprooted, washed and cleaned
to remove the adhering water
and soil particles and fresh
root weight and was measured
and expressed as g plant™

The roots of guava plants

at 45, 75, 105 DAP were
uprooted, cleaned and air
dried initially followed by
oven drying at 65 + 5°C

till a constant weight was
attained and root weight was
measured and expressed as
g/plant

SPAD meter

Dry root biomass

Chlorophyll index

Photosynthetic Portable photosynthesis
rate system (LI-6400XT, Licor Inc,
Nebraska, USA)

Portable photosynthesis
system (LI-6400XT, Licor Inc,
Nebraska, USA)

Transpiration rate —

Stomatal — Portable photosynthesis

conductance system (LI-6400XT, Licor Inc,
Nebraska, USA)

Chlorophyll — Chlorophyll fluorescence meter

fluorescence (Opti-sciences OS5p)

Total phenols — Malick and Singh (1980)

Peroxidase Rad et al. (2007)
Polyphenol Mayer et al. (1966)
oxidase

Acid Dickerson et al. (1984)
phosphatase

Phenylalanine
ammonia lyase

Dickerson et al. (1984)

under greenhouse conditions against M. enterolobii
using guava cultivar ‘Lucknow-49’.

Methods adopted to determine all
physiological parameters and enzyme
activities

Effect of different biocontrol agents
against root knot nematode, Meloidogyne
enterolobii under field conditions

The nematode Meloidogyne enterolobii infested
fields in two different locations: Location-I was
laid out at a farmer’s field in Thondamuthur village
of Coimbatore district, which was geographically
situated in the western Agro-climatic Zone of Tamil
Nadu at 11.0250481 N, 76.8839245 E at an altitude
of 450m above MSL. Location-Il was laid out in a
farmer’s field at Avoor village of Thiruvannamalai
district, which was geographically situated in the
north eastern Agro-climatic Zone of Tamil Nadu
at 121468353 N, 79.2209262 E at an altitude
of 171 m above MSL were selected to test the
effect of different biocontrol agents. The treatment
parameters included T1 — Pseudomonas fluorescens
(Pf1) (2.5 kg/ha), T2 — Bacillus subtilis (Bs1) (2.5 kg/
ha), T3 — Trichoderma viride (Tv1) (2.5 kg/ha), T4 —
Pochonia chlamydosporia (TNAUPcOO1) (2.5 kg/
ha), T5 — Purpureocillium lilacinum (TNAUPIOO1) (2.5
kg/ha), T6 — Glomus mosseae (100 g/m?), and T7 —
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Untreated control. The observations were recorded
at 30, 60, 90, 120, 150, 180, and 210 days after the
application of bio agents. The effect of bio-control
agents on root-knot nematode infested guava plants
was determined based on different variables viz.,
Nematode population in soil and root, Morphological
characters (Tree height (m), Girth of stem (cm) and
Leaf area (cm?), Nutrient status (Nitrogen content (%),
Phosphorous content (%), and Potassium content
(%)), Yield characters (Number of fruits per tree,
Fruit length (cm), Shoots diameter (cm), Average fruit
weight (g), Fruit yield (kg tree-1), and Estimated fruit
yield (t/ha)).

Experimental design

Variety Luknow-49
Design Randomized block design
Treatments Seven
Replications : Ten
Spacing 3.0mx3.0m

Field trial-I Field trial-Il
Date of planting 20.12.2017 12.08.2017
Date of treatment 03.01.2018 03.04.2018
imposed
Date of harvest 04.02.2019 09.01.2019
Soil type Red loamy Sandy loam

Statistical analysis

The data generated from various experiments of the
present study were analyzed following Gomez and
Gomez (1984) method. The package used for analysis
was IRRISTAT version 91-1 developed by International
Rice Research Institute, Biometrics unit, Philippines.

Results
Glasshouse experiment

Effect of plant growth regulators on
various plant growth parameters in
root-knot nematode M. enterolobii
infested Guava (Lucknow 49)

The Lucknow 49 Guava seedlings were treated with
plant growth regulators viz., Salicylic acid, Jasmonic
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acid, Indole 3-Butyric Acid, Mepiquat chloride, Ch-
lormequat chloride alone and in combination by
quick dipping method. Morphological, physiological,
biochemical, and nematode population measurement
parameters of the Guava plants were analyzed at 45,
75, and 105 days after planting. The data presented
in Figure 1A-N show that the plant growth regulators
significantly influenced the growth (morphological,
physiological, and biochemical parameters and
showed a reduction in nematode population, egg
masses, and female population (p<0.05) (Table 1).

Morphological characters

The results showed that plant height measured at 45,
75, and 105 days after planting showed a significant
increase in all the treatments and the maximum plant
height was recorded at 105 days. The plant height
measured for plants treated with two plant growth
regulators was higher than the single plant growth
regulator treatment. Comparatively, the combination
of three plant growth regulators (T4) showed a
statistically higher value compared to all treatments
and untreated control (T10) (Fig. 1A) (Plate 1). The
root length in all the treatments from T1 to T9 was
significantly higher than the untreated control.
Root length of all the treated and untreated plants
increased from 45 to 105 days. The results were
statistically significant compared to the untreated
control (Fig. 1B). Fresh and dry root biomass of all
treatments weighed in 45, 75, and 105 days after
planting were statistically and significantly lower than
the plants in the untreated control (T10). The fresh
root biomass of T10 plants increased from 11.17 g in
45 days to 17.67 in 105 days. Similarly, the dry root
biomass of T10 plants increased from 2.69 to 3.81
grams (Fig. 1C, D).

Physiological parameters

All plant growth regulators used in this study sig-
nificantly influenced the physiological parameters
such as chlorophyll index, photosynthetic rate, trans-
piration rate, stomatal conductance, and Chlorophyll
fluorescence in all treatment and untreated control.
The chlorophyllindex measured at 105 days was high
in T3 compared to T1 and T2. The chlorophyll index
was high in T7 compared to T5 and T6 (p<0.05).
T4 plants showed higher values when compared
to the single and combined plant growth regula-
tor application and the untreated control (Fig. 1E).
Plant growth regulators in single and combined
applications enhanced the photosynthetic rate of
all the treated plants were statistically significant



Selection of nematode infested guava orchard

compared to the untreated control. The highest
photosynthetic rate was recorded in T4 followed
by T7, T6, T3, T5, T1, T2, T8, and T9 (Fig. 1F). The
transpiration rate of T4 plants applied with the
combination of three plant growth regulators was
found to be maximum (4.96, ymol H,O m-2 s-1)
when compared to other treatments and untreated
control (Fig. 1G). Similar results were obtained for
stomatal conductance and chlorophyll fluorescence
and the highest value was obtained for T4 statistically
significant when compared to other treatments and
untreated control T10 (Fig. 1H, ).

Biochemical parameters

The induction of peroxidases, polyphenol oxidase,
phenylalanine ammonia-lyase, acid phosphatase, and
total phenols linking to the defence mechanism of the
nematode infected plants treated with plant growth
regulators were analyzed (Fig. 1J-N). Treatments from
T1 to T7 significantly produced a high percentage of
peroxidase compared to T8, T9 and untreated control
T10 (Fig. 1J). The analysis of polyphenol oxidase
(PPO) activity of plant growth regulator treated plants
indicated that the result of T3 plant was higher than
T5, similar to T6 and lower than T4 and T7. All the
single and combined plant growth regulator treated
plants showed higher PPO activity than T8, T9 and
untreated control (p<0.05) (Fig. 1K). Among the
plants treated with a single plant growth regulator,
T3 plants treated with IBA at a concentration of
1,000 ppm showed higher PAL. T3 result was lower
than the plants treated with combined plant growth
regulators and higher than T8, T9 and untreated
control T10 (Fig. 1L). The total phenol of T3 plants was
higher than T1, T2 and T5 and lower than T4, T6, and
T7. Plants treated with single as well as combined
treatments showed higher values for total phenol
production (Fig. 1N).

Enrichment of bioagents with FYM

Application of bioagents

All the biochemical parameters tested were on the
raising side when the treated plants were analyzed
45, 75, and 105 days after application of plant
growth regulators. The highest value was recorded
by T4 followed by T7 and significantly influenced the
growth, physiological, and biochemical parameters
compared to other treatments and untreated control.

Nematode population in soil

Treatment with plant growth regulator viz., salicylic
acid and Jasmonic acid effectively reduced the
nematode population in the soil. A combination
of three followed by two plant growth regulators
showed high percentages of reduction in nematode
population compared to single plant growth promotor
application. Reduction of nematode population noted
in T3 treated with Indole Butyric Acid at 1,000 ppm
concentration was high compared to T1, T2, and
untreated control T10. Application of Salicylic acid
and Indole butyric acid in combination (T7) effectively
reduced the nematode population in soil compared
to other plant growth regulator combinations (TS5 and
T6). The result of the three plant growth regulators
(Salicylic acid+Jasmonic Acid+Indole Butyric Acid)
combined at a particular concentration specified
in this study reduced the nematode population at a
high percentage compared to single and combination
of two plant growth regulators as well as untreated
control. Among T8 and T9, Chlormequat chloride at
500 ppm concentration showed a high percentage
of increase in nematode population in the soil in 105
days (Table 1).

Nematode population in root

Nematode population parameters such as number
of females, number of eggs, and egg masses are
calculated for 5 gram of root sample collected from
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Figure 1: Influence of different plant growth regulators in guava infected by M. enterolobii at 45,
75, and 105 days after planting. A. Plant height, B. Root length, C. Fresh root biomass, D. Dry
root biomass, E. Chlorophyll index, F. Photosynthetic rate, G. Transpiration rate, H. Stomatal
conductance, |. Chlorophyll fluorescence, J. Peroxidase, K. Polyphenol oxidase, L. Phenylalanine
ammonia lyase, M. Total phenols, N. Acid phosphatase.



Guava plants treated with plant growth regulators
in single and in combinations of two and three. A
reduction in the number of egg masses was noted
from 45th day to 105th day. The highest reduction in
egg masses was observed in T3 plants treated with
IBA at a concentration of 1,000 ppm. When the plant
growth regulators were used in combination (T5, T6,
T7), SA+IBA showed a high percentage of reduction
in egg mass.

The highest reduction in egg mass was noted in
T4 (SA + JA + IBA) combination. The results of T8,
T9, and T10 indicated an increase in egg masses.
The highest increase was noted in T8 compared to
T9 and T10 (Table 1).

Reduction in the female nematode population
was noted in T3 in single plant growth regulator
treatments and T7 in combined plant growth regulator
treatments. Subsequently, an increase in the female
population was noted in T8, T9, and T10. The analysis
of eggs per egg masses showed that Salicylic acid
reduced the number of egg per egg masses, while
T2 and T3 resulted in an increased number of eggs/
egg mass. The treatments T5, T6, T7, T8, and T9
showed an increase in the number of eggs per egg
mass (Table 1).

Field experiment

Effect of biocontrol agents in guava
(Lucknow-49) infested with root knot
nematode, M. enterolobii under natural
field conditions

All biocontrol agents significantly reduced the nema-
tode population both in soil and plant roots compared
to the untreated control. In total, 10 guava plants
infested with the root-knot nematode, M. enterolobii
in each treatment were treated with the Commercial
biocontrol agents at regular intervals under natural
field conditions in the Experiment. Soil and root
samples were collected at 0, 30, 90, 150, and 210
days after the application of biocontrol agents.

Nematode population in Soil

A high percentage of reduction in nematode popu-
lation was noted in the plants treated Pochonia
chlamydosporia (T4) (TNAUPc0O01) applied at the
rate of 2.5kg/ha, in Experiments 1 and 2. Follo-
wed by Purpureocillium lilacinum (TNAUPIOO1),

Plate 1. T4 — Salicylic acid (100 ppm) + Jasmonic acid (100 ppm) + Indole 3-Butyric Acid (1,000 ppm) vs

T,, — Untreated control.

T4-Salicylic acid(100ppm) +Jasmonic acid(100ppm) +
Indole 3-Butyric Acid (1000ppm) vs T10-Untreated control

['4-Salicylic acid(100ppm) +Jasmonic acid(100ppm) +
Indole 3-Butyric Acid (1000ppm) vs T10-Untreated control



1891 4S1

pa108104d S,48ysi4 01 Buipioooe (GO'0 < d) Apueouiubis Jalip 10U Op Jelie| sules eyl AQ pemo|jol sues|A ‘Juswiies.) Jad siuejd 8aiy) JO UesW ale e1e( :Se1o0N

(ree)  (ro-) BLe)
pSE'THZ  o99'6kC 99812 LTS
(e60-) (160 (29'97)
996k 99LLZ 2996l  »00°2E
(66'c-)  (8e€) (86'9-)
®CE'80C «££°00C 0q£E° 202  99°0E
(toz) (L9 (¥8°6)
0099'60C qES'V0Z £EGLZ €S8l
(te'o-) (90 (ec'y)
£E6L2 998l 996k 49922
(G62-)  (99'1-) (e
0099'60¢ 99'€0C E€E'00C oqEEVC

(¥9°0) (6'2) (9z'sh)
£99'902 00802 -£SVLZ 999}
ez (e-) (e2'v)
pEELLC ®EECLC 099'60C q99°CC
(to'z-)  (gg82) (892
99'8L2  @€EY0Z  «99'86} €S VT

(209 (Gyer) (892
2£8'902 ¢99'6+2  «EETLZ  «00'VT

GolL Gl 15174 GolL
(sAep) sessew
6b6a/sb6s Jo oN

(19:6-)
SE 1

(927
00'0E

(og2)
»99'82

(28721
26€°0¢

(00°6)
99'EC

(e5°2)
00a99'¥¢

(v90L)
299'61

GroH
0099°€C
(6221
:00'52

(e5°2)
09972

7

(shep)

0/9'6¢

5£€'1E

pEE'6C

=£€°6C

100'9¢

q/9'9¢

«00'¢c

2qE£€'9¢

7/,9'8¢

q/9'9¢

14

s9[ewsay Jo ON

(65 7-)
££°08
(9g2-)
00'6¢
(28'7)
299'82

(Govh)
a€E€9}

(AN
299'81

Q12
p99°12C

(6691)
299V}

(e2'6)
29961

29°9)
pS8°22

(02:9)
»0022

G0l

(e8v-)
20062
(G9°¢-)
«££'82
(82¢-)
€812

(v6'o1)
006}

(0,9
200 L2

ey q)
pEE°62

0271
2991

(Lv2)
po99' ¢
(80'%)
»99'€Z

¢y 9)
pEE°E2

<74

(sAep)

0l9'/C

pEE'LC

p€€'9¢

6E'1C

100°€¢

AR/

200'0¢

2qEE'EC

0/9'VC

0/9'VC

1°17

sassew B66s jo oN

1001 Jo Bg ul uoneindod apojewsapN

Grer)
«00°06 -
8Lz)
«99'/8 1
6L1-)
«CS'68
022
£8°E9k

(902
20085}

(22°0)
aSE'CLL

(S9°2)
200" HLE

@s1)
oeSE'CLL

(22°0)
q00'CL L

(18°0)
9979k

0] 8

(6E2-) (e82-)
0098}  99'18L
(R (29'2-)

®99'68L  owEE 6L
£8'1-) (r02-)
00981 9928}

(96°1) (@6}
p00'29F  poa€E 0L}
(es'1) B61)
oS 191 pESYIL
(S6°0) (¥6°0)
poe99 CLL  poeEES G
65°2) (212
ow99'GLL  E€E08t
671 (v 1)
0e00'9LF 09981
(92:0) 920

pqE€'CLL  pogeQ9' VLI

(66°0) 66°0)
p00'99F  £99°L9F

Gl °14

(sAep) jios Jo 99002

02999/ |

099 VLI

00'6L}

oqe6t L9

oEC I8

0qe00"LLE

£E 1781

e£C" 181

0qe00'9Z |

q6€' 69}

ui uonyeindod apojewaN

j0.nuoo pereanun -

wdd 00g @pHolyo
renbawlolyD - °|.

wdd 00g
apuojyo 1enbidey — 8|

wddoool vl
+wddoolys - ‘1L

wddooo Ll

+ wddoolvr - °L

wddoo | vr+wddogt vs - °1
wddooo vl + wddoo
v+ wddootys - 'L
wddoool val - °L

wddoot wr-°L

wddoot vS -1

sjuaweal ]

"]00J pUE |I0S

Ul /IgojoJa1ud " “epOolewau Jouy 1001 YUM palsaul (gi-mouxon) eaenb ui sioyejnBal yimodb jueld jo 10043 | 9|qel



(#9'6) ,22'80¢
(L2'2h) GLELL

(29°12) «S8'6.

(71'92) 8219
(L2'2h) oSl ELL
(16'Sh) 029°0S L

(62°09) o¥8" L1 L

(P¥'v 1) SY'622
(¥8°02) 6265

(66°29) 48116

(16'79) 2/8°98
(96°08) o77222 )
(S0°€8) v2S LEL

(LSv€) 018°€2 )

sfep 0lg

(29'8) 656'50E
(89'7€) 09°96

(€8'69) a79'Ch 1

(85°29) «60°'86
(89'7€) «09°96 |
(P¥°0¥) 028°G9L

(8Y'¥1) 78S 1
(€8'9)sL20kT
(¢2'81) s95°€91
(Ch'6Y) 0L8°62L

(90°69) 7€ LOL
(95°22) 2029 /€L
(25°82) oct Or |

(19°0€) G2 LEL

shep 081

(0¥°20) 92 LOE
(G0'22) -5S'612

(L6'6%) LV OV L

(18'09G) 81 2E L
(G0'22) -5S'612
(78°e2) €T 781

(096¢) 0LE7CLL

(¥'g) 85202
(2£'91) s82'891

(38°'6%) 9’ €S L

(Fe'9p) e282zelL
(90°81) 0/9°S7 L
(€9°12) 9L ¥S1

(88°'52) ace 'OV L

shep 0G|

(55°9) p2S'862
(00'12) +82°2€2

(e8'0%) «26'S91L

(8G" L) 9€ /G
(00'12) +82°2€2
(82°12) 4€1' 102

(02°02) 81661

(88°¢) pS2' 702
(9cel) VeV L

(22°€€) b1 '691

(£6°2€) «G9'ES L
(89'71) £89' IS
(G891 obE'€9L

(€6'61) «8S LS

shep 021

(G8°G) s L£'962
(EL'¥1) oS'8S2

(6S°0€) a9 61

(GLe€) 9008+
(EL'¥1) oSP'852
(9z'61) -¥8'¥Z2

(19'22) »£8°'022

(92°1) £8°661
(95°01) 186°6.LF

(71'92) otG'881

(98'62) «8' VL)
(GY'Z1) ©G9°SS
(GL2hH 465°2CLL

(16°€1) 28291

shkep 06

(96°€) «817°062
(Lz'0l) o¥2'0.2

(¥2'e2) 92'Sle

(85°G2) St 002
(lgz'oh) o202
(05°01) «GT 612

(06'2l) ovS'8t2

(L1 :S9'861
(L£9) oqlt'88 1}

(L1°52) €206k

(06°€2) <6881
(02°6) €509+
(129) a92'C8}

(G5'6) e LLL

shAep 09

|10S JO 9900¢g ul uonendod apolewaN

1881 (0S] pe108104d s J8ysiH 01 Bulpioooe (GO0 < d)
Ajueolubis Jayip 10U Op Jens| swes syl Ag peamo||0) SUes|y “Siuswiiadxs 610z PUB gL0g WOl paurelqo ‘quswiess) Jjad siueld Q| JO uesw aJe ele(] :Se10N

(62'2) 25582
(€6°2) p£1'682

(e¥7'2) 485'652

(L2'¥1) 26’082
(£6°¢) 021682
(CIAR ZeWierd

(88°'2) 4/8'292

(82°0)-/8261
(L9°€) ob8'E61

(2021 SY'vee

(G871 p82°0LC
(28'¥) L2691
(F2'e) 0460°061

(89'%) 497081

shep o¢

/6'8.¢
p/6°00€

C'08¢

eGE'69¢
2/6'00€
8¥'8.¢

19€'38¢

2008 96 F
o€¢ 10C

pGC'99¢C

WAL
e8L°LLL
0G'96+

aCcE 68}

uone|ndod
[emu]

|0.U0D ParealuN
2passoW ')

(LOOIdNVYNL)
wnurogjl ‘d

(LOOOdNWYNL

BLodsopAweyo ‘o

(LAL) epuin |
(1sg)simqns g

(Hd)
susosa.ony ‘o

Z-1uswiiadxy

|0.U0D ParealIuN
oBaSSoW )

FOOIdNWYNL)
wnujogfll ‘o

(L00OdNYNL)

eLodsopAweyo ‘o

(AL epuin L
(Lsg)siansg

()
susosalonj) 'd

| -usWLIedXg

sjuswieal]

"[10S Ul /IQO0j0J81ud "I\ “OP0JewWau Jo0Uy }004 YUM palsajul (6-mouxonT) eAenb ul syuabe [043u0201q JO 10843 "g 9|gel



Pseudomonas fluorescens (Pf1), Bacillus subtilis
(Bs1), Trichoderma viride (Tv1), and Glomus mosseae
effectively reduced the nematode population in
soil compared to the untreated control. However,
the lowest nematode population was observed in
plants treated with Pochonia chlamydosporia. The
percentage of reduction in nematode population
was 64.91 in 210 days in Experiment | and 76.14 in
Experiment Il (Table 2).

Nematode population in roots

The analysis of the plant roots in O, 30, 90, 150, and
210 days after the application of biocontrol agents
showed that Pochonia chlamydosporia recorded
the lowest egg mass of 2.85 per 5 gram of the root,
analyzed in 210 days in both Experiments | and II. The
results did not differ significantly within T4 and T5 and
between T2, T3, and T4 in Experiment I. The results
obtained in Experiment Il revealed that the plants of
T4 and T5 treated with Pochonia chlamydosporia and
Purpureocillium lilacinum differed significantly.

The untreated control plants showed a increase
trend for the same parameters tested, i.e. the number
of egg masses increased from 16.94 to 23.48 egg
masses/bg of the root, similarly increase in female
population from 29.26 to 36.42 females was observed.
The number of eggs per egg mass increased from
158.23 to 175.53 in Experiments | and Il (Table 3).

Effect of biocontrol agents on various
plant growth parameters and induction
of resistance in root-knot nematode

M. enterolobii infested guava plants
under natural field conditions

All'the plants treated with commercial biocontrol agents
at regular intervals during the year 2018 significantly

enhanced the plant growth and yield of guava plants
under natural field conditions. Application of Pochonia
chlamydosporia (T4) (Plate 2) and Purpureocilium
lilacinum (T5) enhanced the tree height girth of the
stem and leaf area in both vegetative and fruiting
stages of nematode infested guava plants chosen
in Experiments | and Il. Pseudomonas fluorescens
(Pf1) Bacillus subtilis (Bs1) showed statistically similar
results. Comparatively all the biocontrol agents used in
this study have improved both vegetative and fruiting
stage parameters of guava plants. Glomus mosseae
was found to be least effective in both Experiments |
and Il (Table 4).

Further, this study showed that treating the
M. enterolobii infested guava plants with biocontrol
agent Pochonia chlamydosporia reduced the nema-
tode population and showed greater improvement on
plant growth and yield parameters. Next to Pochonia
chlamydosporia, P. lillacinum also showed a greater
impact in reducing the nematode population by in-
creasing the plant growth and yield parameters.

Discussion

Current study results showed that the application
of plant growth regulators in combination increased
plant growth parameters of Lucknow-49, Guava
plants and resulted in producing enormous new root
proliferation and reduced the nematode infection.
Among different treatments, the use of combined
plant growth regulators such as Salicylic acid (100
ppm) + Jasmonic acid (100 ppm) + Indole 3-Butyric
Acid (1,000 ppm) showed a positive influence on
plant height, root length, root number, and promoted
the formation of the tertiary roots. Previous studies
on these plant growth regulators such as Salicylic
acid and Jasmonic acid-enhanced plant resistance
against plant parasitic-nematodes (Charehgani et al.,

Plate 2: Field observations on application of different biocontrol agents.

Untreated guava root infested with
M.enterolobii showing profuse galling

10

T, -P.chlamydosporia treated guava root
revealing reduction in galling

Emergence of new shoots after application of
P. chlamydosporia
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2014; Oka et al., 1999). Salicylic acid played its role in
enhancing the physiological plant defence responses
against plant pathogens through systemic acquired
resistance (Molinari and Baser, 2010).

Results from glasshouse showed that the appli-
cation of salicylic acid, Jasmonic acid and Indole
3-Butyric Acid at specific combination increased
the activity of total phenols, peroxidase, polyphe-
nol oxidase, acid phosphatase, and phenylalanine
ammonia-lyase at different intervals. Such an increa-
se in biochemical compounds enhanced the deve-
lopment of resistance against root-knot nematodes.
The rise in biochemical compounds may be due
to the rapid breakdown of bound phenols leading
to the formation of lignin that offers resistance to
nematodes. The enzyme peroxidase plays a signi-
ficant role in the defence mechanism, catalyzes the
process of condensation phenols into lignin leading to
a hypersensitive reaction and an activated resistance
against the invading pathogen (Dignum et al., 2001).
In general, an increase in peroxidase activity at the
later stages of the infection process activates the
free radicals that inhibit the activities of the pathogen
(Hammerschmidt et al., 1982).

Acid phosphatase is an enzyme closely linked
with the Mi gene, confers resistance against root-knot
nematodes (Wiliamson and Colwell, 1991). It catalyzes
the process of hydrolysis of inorganic phosphates from
phosphomonoesters at reduced pH level and offers
resistance to plants against nematodes. Increased
Phenylalanine ammonia-lyase enzyme induces the
activation of defence compound, trans-cinnamic acid
and initiates the lignin biosynthetic pathway involved in
the resistance against nematodes (Brueske, 1980).

Soil is home to still unknown organisms with
antagonistic potential (Sikora et al., 2003). Many of these
organisms are responsible for the reduced nematode
infestation (Sikora et al., 2003). Based on this concept,
several biocontrol agents were developed and used as
root-knot nematode controlling agents. For example,
the egg-parasitic fungi Pochonia chlamydosporia and
Purpureocillium lilacinum were the most common
and effective biological agents targeting the root-
knot nematodes (Anastasiades et al., 2008; Atkins
et al,, 2003; Carneiro et al., 2011; Hidalgo-Diaz et al,
2000; Khan et al., 2006; Moosavi et al., 2010). Till now,
P. lilacinus was found to be one of the most promising
biological fungi to control plant-parasitic nematode
populations beneath numerous conditions (Kiewnick
and Sikora, 2006). In general, P. lilacinum strains
were found to be less active than P. chlamydosporia
strains in reducing the hatching ability of the nematode
eggs (Chen and Chen, 2003). The present study also
confirmed that Pochonia chlamydosporia offers effe-

ctive nematode control over various growth stages of
guava under field conditions. Similarly, several other
studies reported P. chlamydosporia as one of the most
promising effective bio-control agents against root-
knot nematodes under field conditions (Viaene and
Abawi, 2000).

Conclusion

In India, Lucknow 49 Guava is a popular and widely
cultivated variety grown as a commercial crop. It
is highly susceptible to nematode infestation and
causing an economic loss at nurseries and in the
established orchards of Tamil Nadu. Management
practices are insignificant to control the nematodes.
The nematode M. enterolobii infestation in Guava
seedlings at the nursery stage can be managed
through the application of plant growth regulators
at a specific combination used in this study. The
active ingredients of three plant growth regulators
Salicylic acid, Jasmonic acid, and Indole 3-Butyric
Acid might have worked synergically and enhanced
the morphological, physiological, and biochemical
parameters of the nematode infested guava plant
Lucknow 49. Induction of defence-related proteins
might have offered protection against the nematode
infestation in addition to the plant growth regulators
used in a combination of three. The combined effect
of the plant growth regulators reduced the female
nematode population and egg masses in both sail
and in roots of the infested guava plants of this
study.

For the standing Guava crop, the application
of Pochonia chlamydosporia and Purpureocilium
lilacinum enhanced the tree height girth of the stem
and leaf area in both vegetative and fruiting stages of
nematode infested guava plants chosen for this study.
The lowest nematode population was observed in
plants treated with Pochonia chlamydosporia. The
guava plant treated with Pochonia chlamydosporia
recorded the lowest female nematode population and
egg mass in plant root compared to all the biocontrol
agents used in this study. Comparatively all the
biocontrol agents used in this study have improved
both vegetative and fruiting stage parameters of
guava plants. Glomus mosseae was found to be least
effective in both Experiments | and Il

Further, this study suggests that treating the
guava seedlings with plant growth regulators before
transplantation reduced the M. enterolobii infestation
by improving the emergence of secondary and tertiary
roots (compensatory roots) to withstand the nematode
infestation at nursery stage. Such treatments also
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enhance the activity of defence enzymes present
within the plants against the nematodes and resistance
induction. In standing crop, the application of bio-
control agents regularly at monthly intervals prevent
the nematode infestation and reduce the nematode
populations already present within the plant roots and
in the soil. This study suggests quick dipping of guava
seedlings with IBA + SA + JA (Enhance compensa-
tory roots and defence enzymes) and transplanting
in the main field by initial application of Pochonia
chlamydosporia or Purpureocillium lilacinum will be
an effective management practice to control root knot
nematode, M. enterolobii.
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