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Abstract

In the present study an attempt was made to evaluate the effect of sunnhemp (Crotalaria juncea) as green
manure and amendment along with the quantity of biomass incorporated upon root knot nematode in
successive crop brinjal (2013-14 and 2014-15). Application of sunnhemp as green manure or as
amendment decreased nematode infestation in soil as well as in successive crop brinjal after the
evaluation of results of the experiment. Sunnhemp as green manure was found to be more effective than
its use as amendment for reducing infestation in soil and roots. When sunnhemp was green
manured/amended in soil shoot height and shoot weight were also increased. For reduction of nematode
infestation in soil and roots of successive crop brinjal incorporation of biomass @ 75gm/kg was found to
be effective.
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Introduction

Recent years have shown a shift to pest control strategies from chemical to ecologically safe
methods due to increase in public awareness on environmental pollution and hazards caused
by pesticide residues. Addition of organic cover crops, green manure, amendments not only
increases the nutrient content of soil but also play role in change of micro flora and micro
fauna community structure in the soil. Certain amendments also play role in disease
suppression of some important soil borne pathogens. Of the different soil borne pathogens
associated with crops, root knot nematode is becoming an important limiting factor especially
in vegetable crops in open as well as protected cultivation. Growing of susceptible plants,
builds up the nematode population to a maximum as crop reaches maturity (Shurtleff et al.,
2000) 281 and in some cases the plants die even before reaching maturity (Singh and Khurma,
2007) 2°1. Management of Meloidogyne spp. and other plant-parasitic nematodes has been
challenging worldwide, particularly due to reduced availability or complete ban of effective
chemical nematicides such as methyl bromide. Major limitations to wide use of synthetic
nematicides include their hazards to environment, toxicity to important non-target organisms
including humans, high cost, and limited availability in developing countries. This has
prompted the search for environmentally safe alternative control methods. Scientists
looking for alternative strategies are exploring the use of natural products with nematicidal
activity such as organic amendments, root exudates, plant volatile compounds, entophytic
bacteria, crop rotation, plant extracts and use of cover or antagonistic crops and resistant
varieties.

Green manures has the potential to increase soil organic matter (Allison, 1973) P, increase
microbial activity (Harris et al., 1994) [ and suppress plant diseases (Viaene and Abawi,
1998) B, reduce erosion (Creamer et al., 1997) 1, improve the physical characteristics of the
soil (Reid and Goss, 1981) 2 and reduce plant diseases (Sumner and Boosalis, 1981) [,
Phytochemicals could offer sustainable management option due to the presence of nematicidal
properties in many higher plants (Chitwood, 2002) Bl Antihelminthic compounds are
produced by antagonistic plants with different modes of action (Pandey et al., 2003) 19,
Antagonist crops such as marigold, sorghum, sudangrass, brassica and sunnhemp being non-
hosts of root-knot nematode are also recently being considered for management of nematodes.
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Marigolds, Tagetes species which exude polythienyls have
been proven to be nematicidal in nature and are being widely
studied. Sunnhemp (Crotalaria juncea L.) is a fast-growing
legume that is used as a cover crop in many tropical and
subtropical areas and has been recommended by PAU (Punjab
Agricultural University, Ludhiana). It has been reported to
possess nematicidal properties (Ritzinger and McSorley,
1998) 1?81, In addition to its antagonistic nature to nematodes
when incorporated into the soil, sunnhemp adds organic
manure thus increasing its twofold utility in sustaining
productions in organic systems (Wang et al., 2004) 3. The
present study intends to explore the allelopathic properties
of Crotalaria juncea for management of root knot nematode
in infested soils.

Materials and Methods
Studies were conducted in pot house of Department of Plant
Pathology, Punjab Agricultural University (PAU) Ludhiana
for two years in 2013-14 and 2014-15 to evaluate the efficacy
of two application methods viz. a viz, Sunnhemp (Crotalaria
juncea) as green manure and as amendment along with the
effect of quantity of biomass incorporated to manage root
knot nematode in successive brinjal crop. The experiment was
conducted in two parts as follows-

1. Evaluation of Sunnhemp as green manure and its biomass
content on root knot nematode in succeeding crop brinjal.

2. Evaluation of Sunnhemp as amendment and its biomass
content on growth parameters and root knot nematode in
succeeding crop brinjal

1. Evaluation of Sunnhemp as green manure and its biomass
content to manage root knot nematode in succeeding crop
brinjal. The trial was conducted for two consecutive years
2014 and 2015. In first year; pots were filled with
infested soil with initial population of 264.6 juveniles/
250cc soil. Fifteen seeds of sunnhemp were sown in each
8 inch pot. After germination, thinning was done to
maintain 10 plants/pot. Irrigation frequency and duration
was adjusted according to plant growth stages. Fifty day
old sunnhemp was uprooted and weighed. Plant parts
were cut into 2 cm long pieces and calculated amount of
biomass of green manure i.e 0g/kg (no green manuring),
25g/kg, 50g/kg, 100g/kg and 200g/kg green manure was
incorporated into the soil of the same pot used. Wetting
period of 10 days was given and watering at alternate day
was done so that it was fully decomposed in soil. Soil
nematode population/250cc was assessed after green
manuring. After that successive susceptible brinjal was
transplanted to each pot. Each treatment was replicated
thrice in both years. Observations on nematode
population in soil were recorded two times, i) fifteen days
after green manuring ii) after sixty days of transplanting
of brinjal crop. RGI (Root Galling Index) was taken on 0-
5 scale at the end of the crop brinjal. The data was
subjected to analysis of variance (ANOVA) and CRD for
significant differences using CPCS1.

2. Evaluation of Sunnhemp as amendment and its biomass
content on growth parameters and root knot nematode in
succeeding crop brinjal

Experiment was conducted in pots to study the effect of use of

sunnhemp as a amendment. For amendment; sunnhemp was

grown in the field and after 50 days it was uprooted and
weighed. Chopped sunnhemp shoot parts with the above said
weight were added to soil and pots were watered and soil was
upturned thrice in a week for proper mixing and
decomposition of sunnhemp before sowing of susceptible

brinjal crop. Observations were taken on soil nematode
populations after 50 days of transplanting of successive crop
brinjal. RGI (Root Galling Index) was also taken on 0-5 scale
at the end of the crop brinjal.

Results

Results in trials conducted in 2013-14 revealed that soil
nematode population taken after fifteen days of green
manuring and amendment with sunnhemp decreased
significantly (< 60% reduction) as compared to initial
population of soil (Table 1 and 2). In trials on green manuring
with sunnhemp, brinjal was taken as successive susceptible
crop after fifteen days of green manuring. Observations on
nematode population in brinjal crop taken after 60 days
revealed that the buildup of root-knot nematode population
was higher in control where sunnhemp was not incorporated
(Reproduction factor (Rf) = 2.16) as compared to treated pots.
Maximum decrease in nematode population was observed in
pots green manured with sunnhemp@200g/kg of soil (62%
reduction) followed by 100g/kg soil. Buildup of root knot
nematode in these dosages was observed to be less than the
initial population (Rf<l) and both these dosages were
significantly at par with each other. Biomass content of 25¢g
and 50g of sunnhemp when used as green manure reduced
soil nematode population/250 cc soil; however it was
significantly less as compared to higher application rates of
100 and 200g/kg soil. Buildup of root knot nematode
population in successive crop brinjal was more at these
dosages (Rf>1) respectively in brinjal (Table 1). Root galling
index in brinjal was observed to be significantly less in
sunnhemp green manured pots (2.1-2.3 at 100 and 200g/kg
soil) as compared to control (4.8).

Experiments on effect of sunnhemp as amendment revealed
that the reduction in nematode population was comparatively
less than the pots where sunnhemp was grown and green
manured. Reduction in nematode population in soil at sixty
day old brinjal crop was observed to be 37-55% in pots
amended with sunnhemp@2100 and 200g/kg soil as compared
to 62-63% in pots green manured with sunnhemp. RGI was
maximum in brinjal plants grown in non-green manured / non
amended pots. (4.7). It was observed to be significantly less in
pots when sunnhemp was added as as amendment(2.3-2.5) at
application rates of 100 and 200g/kg soil.

Application of sunnhemp as green manure or as amendment
increased growth parameters of following crop brinjal.( Fig.1-
2) Maximum increase in shoot length was observed in 200
g/kg of incorporation of green manure followed by 100g/kg
(16.3 cm), 50 (15.8 cm) and 25g(10.1 cm) of incorporation.
Increase in shoot weight was also observed to be maximum at
200g (20.99) and minimum at 25g (13.7g). Root length
increased significantly by more than 70% at application of
biomass content of 100g (6.7 cm) and 200g (7.0 cm). Root
weight also increased by more than 35 % in greater than 100g
incorporation as compared to control. Addition of sunnhemp
as amendment significantly increased growth parameters
though it was found to be comparatively less as compared to
incorporation of sunnhemp as green manure.(Figl and 2)

The experiment was repeated in 2015. Since the application
rates of 100 and 200g/kg were observed to be at par in 2014;
the repeated experiment was with treatments of 0,25,50,75
and 100g/kg soil. Root-knot nematode population soil and
roots decreased significantly on application of sunnhemp as
green manure or as amendment. Decrease in soil population
and RGI was higher in pots green manured with 75g/kg and
100g/kg of sunnhemp and these two applications were
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statistically at par with each other. Incorporation @ 25 and
50g/kg soil of sunnhemp was observed to be significantly less
as compared to higher dosage of 75 and 100g/kg soil. Growth
parameters were also observed to be higher at these dosages.

Discussion

The present findings revealed that incorporation of sunnhemp
reduced root-knot nematode infestation in soil as observed
fifteen days after green manuring. On growing of successive
susceptible crop brinjal buildup of nematode population was
less in 100g and 200g/kg incorporation (Rf<1) as compared to
25¢g and 50g/kg soil (Rf>1) indicative of the persistent effect
of sunnhemp application at these dosages even after growing
of susceptible crop and inferring that the amount of biomass
content incorporated into soil had significant effect on the
buildup of nematode population. The two year studies
revealed that use of sunnhemp as green manure was
comparatively more effective in reducing M. incognita
infestation as compared to its use as amendment. Growth
parameters were also observed to be higher in application of
sunnhemp as green manure as compared to amendment.
Green manure crops have been reported to possess significant
potential in the suppression of RKN (Meloidogyne spp.) under
both greenhouse and field conditions as observed by Morris
and Walker (2002), Wang et al. (2003) #2 and Kimenju et al.
(2008). By direct or indirect ways, organic matter has been
reported to play an important role in management of
nematodes. Directly by releasing toxic products (after
decomposition) that kill or inactivate nematodes or indirectly
by increasing soil fertility (Boehm et al., 1993) along with
altering soil physical and chemical properties affecting soil
micro flora (Huang and Huang, 1993). As organic matter
decomposes, the initial microbial population eventually
decreases as the metabolism of simple sugars, pectins and
amino acids is completed (Ferris and Matute, 2003).
Incorporation of sundangrass increased populations of total

bacteria, fungi, and nematodes as reported by Widmer and
Abawi (2000) [ 31 Many of these organisms or their
metabolites are beneficial for plant growth or antagonistic
toward plant pathogens, including nematodes (Viaene and
Abawi, 2000) [,

Conclusion

Results from this study indicate that green manuring with
sunnhemp reduced root-knot nematode population in soil as
well as in successive susceptible crop brinjal. Sunnhemp
which is a legume has property of rapid production of
biomass and has been documented to increase nematode
antagonistic fungi and suppress many plant-parasitic and
bacteriovorous nematodes involved in sol nutrient cycling
(Wang et al., 2002) besides improving soil nutrient levels
(Reeves et al., 1996) 2. The reduction in nematode
population may be due to production of pyrroloizidine
alkaloids and monocrotaline by sunnhemp which possess high
vertebrate toxicity and are toxic to nematodes (Rich and Rahi,
1995) 4, Nematode body began to jerk upon exposure of
nematode juveniles to monocrotalline solution (Fassuliotis
and Skucas 1969) ). Marban-Mendoza et al. (1992) 4 had
also observed that in large scale cropping system; it may be
more practical to grow the legumes and incorporate them as
green manures. Incorporating cover crop biomass helps to add
nutrients into the soil and can positively impact soil quality by
increasing organic matter and improving soil structure
(Magdoff and van Es, 2000) [*3],

Conclusively, green manuring with sunnhemp have the ability
to decrease root knot nematode populations in soil and in
successive crops grown when used with optimum biomass
contents. Therefore, there is need to explore use of sunnhemp
as a green manure crop not only to improve soil fertility but
also for management of root knot nematodes in an Eco
compatible way for sustaining productions in organic
ecosystems.

Table 1: Evaluation of Sunnhemp as green manure and its biomass content on root knot nematode in succeeding crop brinjal (2014-15)

Treatments Soil nematode popn Per cent !'e_d_uction Soil nematode popr}/2_500c ) RGI (Root Per ce_nt
(g/kg) (after 15 days over |_n|t|al_ (at 60 day old brinjal Rf=Pf/Pi* Galling Index) reduction
9’xg of GM **) population(Pi)* crop) g over control
25 256 (16.0)*** 19.1 486 (22.0)*** 15 3.8 20.8
50 202 (14.2)*** 36.1 400 (20.0)*** 1.2 3.5 27.0
100 106 (11.6)*** 66.5 256.6 (16.0)*** 0.8 2.3 52.0
200 99 (9.9)*** 68.7 253.3 (15.9)*** 0.8 2.1 56.2
Control 226 (15.6)*** 28.6 686.6 (26.2)*** 2.1 4.8
CD 1.11 1.6 0.5

*Initial Population (Pi) - 316.6 nem/250cc soil,
**GM= Green Manuring,
***(Root mean square transformed values)

Table 2: Evaluation of Sunnhemp as amendment and its biomass content on root knot nematode in succeeding crop brinjal (2014-15)

Treatments Soil nematode popn. Per cent _re_dyction Soil nematode ) RGI (Root Per_ cent
(g/kg) (after 15 days of over |_n|t|al_ popn./25(_)c¢_: (at 60 day | Rf=Pf/Pi* Galling reduction over
9’xg GM**) population(Pi)* old brinjal crop) Index) control
25 252 (15.8)*** 4,76 423 (20.5)*** 15 3.8 19.1
50 216 (14.7) 18.3 336.6 (18.3) 1.4 36 23.4
100 142 (12.7) 46.3 286.6 (16.9) 1.0 2.5 46.8
200 138 (11.7) 47.8 216.6 (14.7) 0.8 2.3 51.0
control 203 (14.5) 23.2 483.3 (21.9) 1.8 4.7
CD 1.1 15 0.5

*Initial Population (Pi) - 264.6nem/250cc soil
**GM= Green Manuring
***(Root mean square transformed values)
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Table 3: Evaluation of Sunnhemp as green manure and its biomass content on root-knot nematode in succeeding crop brinjal (2014-15)

Treatments Soil nematode popn. | Per cent _re_d_uction Soil nematode _ RGI (_Root Per cent
(g/kq) (after 15 days of over |_n|t|al_ popn./25(_)c9 (at 60 day old | Rf=Pf/Pi* Galling reduction over
GM**) population(Pi)* brinjal crop) Index) control
25 225 (15.0)*** 39.7 385.5 (19.6)*** 1.0 3.5 27
50 215 (14.6) 424 371.0 (19.2) 0.9 34 29.1
75 145 (12.0) 61.1 220.0 (14.8) 0.4 2.3 52
100 138 (11.7) 63.0 206.6 (14.3) 0.4 2.3 52
control 213 (14.6) 429 499.1 (22.3) 13 4.8
CD 1.14 1.5 0.55

*Initial Population (Pi)- 373.3nem/250cc soil
**GM= Green Manuring
***(Root mean square transformed values)

Table 4: Evaluation of Sunnhemp as amendment and its biomass content on root knot nematode in succeding crop brinjal (2014-15)

Treatments Soil nematode popn. | Per cent _re_d_uction Soil nematode _ RGI (_Root Per_ cent
(g/kg) (after 15 days of over |_n|t|al_ popn./25(_)cc_: (at 60 day old | Rf=Pf/Pi* Galling reduction over
9/kg GM)** population(Pi)* brinjal crop) Index) control
25 262 (16.2)*** 22.1 390 (19.7)*** 1.1 3.7 22.9
50 247 (15.7) 26.6 360 (18.9) 1.1 3.5 27.0
75 183 (13.5) 45.6 257 (16.0) 0.8 2.8 41.6
100 163 (12.7) 51.5 244.0 (15.6) 0.7 2.6 45.8
Control 236 (15.3) 29.8 391 (19.7) 1.1 4.8
CD 1.2 14 0.57
*Initial Population (Pi) - 336.6nem/250cc soil
**GM= Green Manuring
***(Root mean square transformed values)
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