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a  b  s  t  r  a  c  t

Because  of  being  costly  and  pernicious  to the  environment  and  human  health,  the  use  of nematicides  has
become  prohibitive  in  many  countries  and  the  management  of  plant  parasitic  nematodes  using  antag-
onistic  plants  can  be a very  attractive  alternative.  In  the  present  studies  the  effectiveness  of  aqueous
extracts  of  Cannabis  sativa  and  Zanthoxylum  alatum  was  assessed  on  hatching,  mortality  and  infectivity
of  Meloidogyne  incognita  at different  concentrations  viz.  S, S:1,  S:5,  S:10,  S:25,  S:50  and  S:100.  Both  the
plants  had  significant  effects  on  juvenile  mortality  and  hatching  inhibition  in a dose-dependent  manner.
Mortality  and  hatching  inhibition  caused  by  C.  sativa  were  significantly  higher  than  that  of  Z. alatum.  Time
duration  also  affected  mortality  and  hatching  inhibition  significantly.  Significant  inhibition  in invasion
of  M.  incognita  juveniles  on cucumber  cv. Royal  Sluis  was  observed  by  different  treatments  with  extracts.
M.  incognita  juveniles  exposed  to  ‘S’ extracts  of C.  sativa  and  Z.  alatum  for  24  and  48  h  caused  no  infection.
nfectivity Exposure  for  12  and  6 h  caused  more  than  95  and 90%  reductions  in infectivity  of  M.  incognita  juveniles
respectively.  Similarly,  soil  drench  and  root  dip  treatments  also  caused  significant  reductions  in  infection.
Reduction  in  infectivity  was  found  to be significantly  higher  with  extracts  of  C. sativa  as  compared  to  Z.
alatum  and  decreased  in a dose-responsive  manner.  The  results  of  the  studies  showed  that  the extracts
of test  plants,  commonly  found  locally,  possess  high  potentials  for  the  control  of  root-knot  nematodes
and  could  be  the  possible  replacement  for  synthetic  nematicides.
. Introduction

Root-knot nematodes (Meloidogyne spp.) are considered among
he top five major plant pathogens and the first among 10 most
mportant genera of plant parasitic nematodes in the world. The
isease caused by this nematode is often the only, or one of the
ew, nematode diseases of crops known to farmers owing to its
pectacular symptoms. They are worldwide in distribution, attack-
ng a wide range of agricultural crops (Sasser and Freckman, 1987).
n addition, these parasites interact with other disease causing
rganisms to produce disease complexes, break down resistance
gainst other pathogens and reduce plant tolerance to environmen-
al stress (Taylor, 1979).

Nematicides are man  made chemicals which are released into
he environment for the control of nematodes. Pesticides’ residues,

owever, have been linked to cancer, liver diseases and hyper-
ension and are a potential health hazard for farmers who handle
hem as well as for consumers of pesticide-treated plant products.

∗ Corresponding author. Tel.: +92 51 9290239; fax: +92 51 9290771.
E-mail address: drtmukhtar@uaar.edu.pk (T. Mukhtar).

926-6690/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.indcrop.2012.06.027
© 2012 Elsevier B.V. All rights reserved.

The World Health Organization estimates that there are nearly
375,000 cases of poisoning each year in developing countries. The
estimated number of fatalities from agrochemical exposure is at
least 20,000 every year, the majority being in developing countries
(WHO, 1990; Rosenstock et al., 1991; Pimental et al., 1992; Kishi
et al., 1995). The nematicides are also reported to cause environ-
mental pollution. Methyl bromide causes ozone depletion and
has been banned. Chemicals are not only harmful to livestock and
plants but also to beneficial fauna and flora of the soil. Thus, due to
threats caused by the chemicals and removal of key nematicides
from the market, alternatives involving the use of nematicidal and
nematostatic plants are now increasingly being advocated for the
control of plant parasitic nematodes. According to Quarles (1992)
botanicals present some advantages over synthetic pesticides,
such as: they can provide novel compounds that pests are not yet
able to inactivate; they are less concentrated and thus potentially
less toxic than pure compounds; they biodegrade rapidly, and may
possess multiple modes of action making possible a wide spectrum

of use while retaining a selective action within each pest class,
and they are derived from renewable resources. Other advantages
include cheapness and ready availability over the conventional
nematicides. Their environmental safety in an environmentally

dx.doi.org/10.1016/j.indcrop.2012.06.027
http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
mailto:drtmukhtar@uaar.edu.pk
dx.doi.org/10.1016/j.indcrop.2012.06.027
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onscious world also holds promise for their acceptability and use
y resource-poor farmers.

Extracts of various plants have been found effective for the con-
rol of root-knot nematodes (Ahmad et al., 2004; Abo-Elyousr et al.,
010; Hussain et al., 2011a).  Anthelmintic properties of Cannabis
ativa L. and Zanthoxylum alatum Roxb. have also been reported. C.
ativa, belonging to the family Cannabaceae, is a self-grown plant
idely found in the Pothowar region of the country. Cannabis, also

nown as marijuana, has been applied in different ways and for-
ulations to repel pests and as a pesticide. Its use as a companion

rop averted many plant pathogens, weeds and insect pests. Use
f dried flowers and leaves of cannabis has been very effective in
illing or repelling plant pathogenic nematodes, mites, insect pests,
eeds, etc. (Kayani et al., 2012). There are reports that extracts

f cannabis significantly reduced populations of phytopathogenic
ematodes, bacteria, fungi, protozoans, insects, mites and weeds.
imilarly, pure cannabinoids, contained in cannabis have also killed
r prevented insects, fungal and bacterial pathogens (McPartland,
997).

Toothache tree (Zanthoxylum alatum Roxb.), a member of the
amily Rutaceae, grows widely in the hilly tracks of Pothowar. It
s widely used in the native medical system for the relief of flat-
lence and works as a vermifuge and stomachic. The stick of the
lant is effective in toothache. The seeds and fruits of the plant are
ffectual in fever, indigestion and roundworm expulsion (Mehta
t al., 1981; Kalia et al., 1999). The objectives of the present studies
ere to assess the activities of aqueous extracts of C. sativa and Z.

latum on hatching, mortality and infectivity of M. incognita with
 goal of identifying novel leads for nematicides or for use as soil
mendments.

. Materials and methods

.1. Collection of plant material

The leaves of hemp (C. sativa)  were collected from Pir Mehr
li Shah Arid Agriculture University, Rawalpindi and those of

oothache tree (Zanthoxylum alatum) from Kotli Sattian, District
awalpindi. The leaves were washed under tap water to remove
ust particles.

.2. Preparation of extracts

Twenty-five grams each of C. sativa and Z. alatum leaves was
round with 75 mL  of distilled water in a warring blender, left for
2 h and filtered twice through Whatman filter paper No. 1. The
xtracts were then filtered through 0.2 �m Millipore filter. The
xtracts thus obtained were arbitrarily designated as standard ‘S’
nd used as stock solutions. The subsequent concentrations viz. S:1,
:5, S:10, S:25, S:50 and S:100 were prepared by adding requisite
mount of distilled water.

.3. Multiplication of M.  incognita

The nematode, M.  incognita, used in the studies was obtained
rom a single egg mass and multiplied on a highly susceptible
omato cultivar (Money maker). Three-week-old tomato seedlings
ere transferred in earthen pots containing 4 kg of formalin ster-

lized sandy clay loam soil (sand, 63%; silt, 17%; clay, 19%; pH,
.5; organic matter, 1.13%) and inoculated with about 5000 freshly

atched second stage juveniles (J2s) of M.  incognita maintained
n tomato cv. Money maker one week after transplantation. The
noculated plants were kept on the bench of the glass house of the
epartment at 25 ± 2 ◦C and watered as needed.
d Products 42 (2013) 447– 453

2.4. Collection of juveniles

For collection of juveniles, eggs were extracted using sodium
hypochlorite (Hussey and Barker, 1973). The eggs were then pro-
cessed on extraction trays for emergence of second stage juveniles
(Whitehead and Hemming, 1965). The freshly hatched juveniles
were collected in a beaker, standardized and concentrated.

2.5. Collection of egg masses

M. incognita infected tomato plants were uprooted and gen-
tly washed under running tap water. Uniform-sized egg masses
were collected using forceps. The eggs per egg mass were counted
(Mukhtar and Pervaz, 2003).

2.6. Mortality bioassay

To see the effects of leaf extracts on the mortality of M.  incog-
nita J2s, 1 mL  of extract from each concentration of both the plants
was poured individually into 3.5-cm-dia. plastic plates and 50 �L of
juvenile suspension containing about 80 freshly hatched juveniles
of M. incognita was  added. The plates containing distilled water
served as control. There were five replications for each treatment.
The plates were incubated at 25 ± 1 ◦C and mortality was  recorded
after 6, 12, 24, 48 and 72 h. Nematodes were considered alive if they
moved or appeared as a winding shape (El-Rokiek and El-Nagdi,
2011) and were considered dead if they did not move when probed
with a fine needle (Abbasi et al., 2008).

2.7. Hatching bioassay

For hatchability bioassay, 1 mL  of leaf extract from each con-
centration was poured individually into 3.5-cm-dia. plastic plates.
A single uniform-sized egg mass containing about 250 eggs was
placed in each plate. The plates containing distilled water served as
control. There were five replications for each treatment. The plates
were incubated at 25 ± 1 ◦C. Hatching was  recorded after 2, 4 and
6 days. After each count the egg masses were washed with 1 mL  of
sterilized distilled water in their respective plates and transferred
to fresh extracts of the same concentration.

2.8. Infectivity bioassay

2.8.1. Experiment 1: infectivity bioassay using extract treated
juveniles

In this experiment the infectivity bioassay was done using
extract treated juveniles and there was no contact of the plants with
the extracts. Freshly hatched second stage juveniles were treated
with different concentrations of the extracts of both the plants for
6, 12, 24 and 48 h and washed with distilled water three times.
Cucumber seeds (cv. Royal Sluis) were sown in 200 mL  plastic cups
filled with autoclaved soil (sand, 63%; silt, 17%; clay, 19%; pH, 7.5;
organic matter, 1.13%). Seven days after emergence, the cucumber
seedlings were inoculated with 300 juveniles treated with differ-
ent concentrations of both the antagonistic plants by making holes
around the stems of plants. Each treatment was  replicated five
times. The cucumber seedlings were placed in a growth chamber
at 25 ◦C in a completely randomized design with 16 h photoperiod
for one week. The seedlings were watered daily. After one week,

the plants were carefully uprooted; their roots were washed free
of soil and stained with acid fuchsin (Byrd et al., 1983). The nema-
todes were counted in the whole root system of each plant using a
stereomicroscope.
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.8.2. Experiment 2: infectivity bioassay with extract treated soil
In this experiment the infectivity was assessed by applying

xtracts into the soil as soil drench treatment. Plastic cups (200 mL)
ere filled with autoclaved soil (200 g) and inoculated with 300

reshly hatched J2s. The cups were then treated with 20 mL  of
xtracts from different concentrations of C. sativa and Z. alatum.
he cups treated with tap water served as controls. The cups were
overed with polyethylene sheets and sealed with rubber bands to
revent evaporation and incubated at 25 ◦C in a growth chamber for
8 h. After incubation, the wraps were removed; 7-day-old cucum-
er seedlings raised in sterilized soil were transplanted singly in
ach cup and proceeded as mentioned above.

.8.3. Experiment 3: infectivity bioassay with extract treated
oots

In this experiment the infectivity bioassay was  conducted by
reating roots with extracts. Roots of 7-day-old seedlings of cucum-
er were dipped in different concentrations of the extracts of
oth the antagonistic plants for 1 h. The roots dipped in tap water
erved as controls. The root-treated seedlings were transplanted in
utoclaved-soil filled plastic cups and inoculated with 300 freshly
atched J2s of M.  incognita and proceeded as mentioned previously.

.9. Data collection

The percent mortality and hatching inhibition in each treatment
as calculated and corrected by Abbott’s formula (Abbott, 1925) as

ollows

ortality or hatching inhibition (%) = t  − c

100 − c
× 100

here t, percent mortality or hatching inhibition in the extract; c,

ercent mortality or hatching inhibition in the control.

The percent infectivity was calculated as followed

 Infection = The number of nematodes penetrated the roots
Total number of nematodes inoculated

× 100

able 1
ffects of plant extracts of C. sativa and Z. alatum on % mortality of M. incognita juveniles.

Concentration Plant % juvenile mortality aftera

6 h 12 h 24 h 

S C. sativa 34.35 ± 3.36 ij 59.39 ± 3.43 de 100.00 ±
Z.  alatum 26.75 ± 2.46 klm 53.32 ± 3.19 f 71.95 ±

S:1 C.  sativa 21.48 ± 3.44 mnop 41.88 ± 3.41 gh 71.39 ±
Z.  alatum 11.62 ± 0.75 rstu 32.77 ± 3.31 ij 56.4 ±

S:5 C.  sativa 8.84 ± 1.55 tuvwxyz 25.63 ± 3.26 klmn 31.32 ±
Z.  alatum 5.3 ± 1.00 vwxyzA 9.9 ± 1.29 stuvw 17.1 ±

S:10 C.  sativa 6.82 ± 1.91 uvwxyzA 10.91 ± 1.63 stuv 20.62 ±
Z.  alatum 3.53 ± 1.07 xyzA 6.1 ± 1.30 uvwxyzA 9.44 ±

S:25 C.  sativa 2.78 ± 0.47 yzA 6.35 ± 1.27 uvwxyzA 14.23 ±
Z.  alatum 2.27 ± 0.83 A 3.3 ± 0.65 xyzA 5.6 ±

S:50 C.  sativa 1.51 ± 0.47 A 2.03 ± 0.31 A 3.82 ±
Z.  alatum 1.01 ± 0.62 A 1.52 ± 0.47 A 1.53 ±

S:100 C.  sativa 0.5 ± 0.50 A 0.76 ± 0.31 A 1.78 ±
Z.  alatum 0.5 ± 0.31 A 0.25 ± 0.25 A 0.25 ±

Meanc C. sativa 10.90 ± 2.55 b 20.99 ± 3.05 d 34.74 ±
Z. alatum 7.28 ± 1.60 a 15.31 ± 2.86 c 23.18 ±

alues (±SE) are means of five replicates.
a Individual mean mortality at different concentrations and exposure time.
b Overall mean mortality at different concentrations of both the plants.
c Overall mean mortality at different time durations.
d Overall mean mortality by C. sativa and Z. alatum (bold values). Values sharing co

oncentrations, time duration and plants do not differ significantly at P < 0.05 according t
d Products 42 (2013) 447– 453 449

The percent reduction in infectivity over control was  calculated
as described below

% Reduction =
(

Infection in control
Infection in treated

− 1
)

× 100

2.10. Statistical analysis

All the experiments were repeated twice. The data were sub-
jected to analysis of variance using GenStat package 2009 (12th
edition) version 12.1.0.3278 (www.vsni.co.uk) and the means were
compared by Duncan’s Multiple Range Test (DMRT). Significant
effects were supposed when P < 0.05. Standard errors of means,
regression equations and R2 values were calculated in Microsoft
Excel 2003 (Hussain et al., 2011b).

3. Results

3.1. Effects of C. sativa and Z. alatum on juvenile mortality of M.
incognita

Both the plants showed highly significant effects on juvenile
mortality (F = 360.69; df = 1, 349; P < 0.001). Mortality caused by
C. sativa was significantly higher than that by Z. alatum (Table 1,
bold values). Similarly, concentrations also had significant effects
on juvenile mortality (F = 2114.84; df = 6, 349; P < 0.001). Maximum
mortality was caused at ‘S’ and minimum at ‘S:100’ concentrations.
It is evident from Table 1 that as the concentration of extracts
decreased the mortality of M. incognita juveniles also decreased
and was found directly proportional to the concentrations of the
extract. The relationships between mortality and concentrations of
extracts of C. sativa and Z. alatum are shown by regression equations

given below

yC.sativa = −13.15x + 86.02 (R2 = 0.95)
yZ.alatum = −11.14x + 69.46 (R2 = 0.90)

Meanb

48 h 72 h

 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 78.75 ± 5.59 j
 2.16 c 88.46 ± 3.17 b 100.00 ± 0.00 a 68.10 ± 4.74 i

 2.95 c 89.47 ± 3.09 b 100 ± 0.00 a 64.84 ± 8.57 h
 3.48 ef 64.1 ± 3.46 d 87.07 ± 2.98 b 50.39 ± 8.61 g

 3.70 jk 56.48 ± 3.56 ef 74.9 ± 2.96 c 39.43 ± 12.68 f
 3.37 pqr 37.18 ± 3.01 hi 57.26 ± 3.47 ef 25.35 ± 7.47 e

 2.58 nop 29.36 ± 3.58 jkl 62.75 ± 3.67 d 26.09 ± 18.78 e
 1.38 tuvwx 19.23 ± 3.46 opq 45.71 ± 3.89 g 16.80 ± 6.04 d

 3.67 qrst 15.81 ± 3.67 pqrs 33.3 ± 3.29 ij 14.49 ± 7.68 d
 1.10 uvwxyzA 10.26 ± 1.57 stuv 26.42 ± 3.16 klmn 9.57 ± 4.34 c

 1.20 wxyzA 8.95 ± 1.35 tuvwxy 24.78 ± 2.85 lmno 8.22 ± 8.35 c
 0.25 A 3.85 ± 0.91 wxyzA 9.59 ± 1.89 tuvwx 3.50 ± 2.44 b

 0.65 A 2.54 ± 0.89 zA 4.65 ± 0.66 vwxyzA 2.05 ± 1.25 ab
 0.25 A 0.51 ± 0.31 A 1.8 ± 0.66 A 0.66 ± 0.88 a

 3.41 g 43.23 ± 3.40 h 57.20 ± 2.61 j 33.41 ± 6.74 Bd

 3.36 e 31.94 ± 3.53 f 46.83 ± 3.55 i 24.91 ± 6.19 Ad

mmon letters regarding individual mortality, overall mean mortality at various
o Duncan’s Multiple Range Test.

http://www.vsni.co.uk/
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Table  2
Effects of plant extracts of C. sativa and Z. alatum on % hatching inhibition of M. incognita.

Concentration Plant % hatching inhibition aftera Meanb

2 days 4 days 6 days

S C. sativa 100.00 ± 0.00 p 100.00 ± 0.00 p 100.00 ± 0.00 p 100.00 ± 0.00 j
Z.  alatum 100.00 ± 0.00 p 100.00 ± 0.00 p 100.00 ± 0.00 p 100.00 ± 0.00 j

S:1 C.  sativa 95.19 ± 1.00 op 100.00 ± 0.00 p 100.00 ± 0.00 p 98.40 ± 0.27 j
Z.  alatum 93.02 ± 0.67 o 98.82 ± 0.23 p 100.00 ± 0.00 p 97.28 ± 0.34 j

S:5 C.  sativa 76.07 ± 1.15 n 96.38 ± 0.65 op 100.00 ± 0.00 p 90.82 ± 1.24 i
Z.  alatum 68.20 ± 2.30 m 91.87 ± 0.46 o 94.71 ± 0.51 op 84.93 ± 1.44 h

S:10 C.  sativa 25.78 ± 1.89 g 51.77 ± 3.17 l 64.30 ± 2.79 m 47.28 ± 3.60 g
Z.  alatum 18.07 ± 3.46 de 44.15 ± 2.07 j 50.68 ± 2.18 kl 37.63 ± 3.55 f

S:25 C.  sativa 19.76 ± 2.86 def 37.80 ± 3.46 i 45.93 ± 4.98 jk 34.50 ± 2.77 e
Z.  alatum 11.82 ± 3.72 bc 24.18 ± 2.65 fg 32.06 ± 2.87 h 22.69 ± 2.24 d

S:50 C.  sativa 8.40 ± 1.17 ab 15.27 ± 0.94 cd 22.28 ± 1.94 efg 15.32 ± 1.86 c
Z.  alatum 7.42 ± 2.52 ab 11.72 ± 3.30 bc 14.38 ± 1.53 cd 11.17 ± 2.40 b

S:100 C.  sativa 4.21 ± 2.07 a 7.32 ± 3.15 ab 11.37 ± 3.70 bc 7.63 ± 2.10 a
Z.  alatum 3.77 ± 1.37 a 4.55 ± 1.70 a 7.09 ± 2.45 ab 5.14 ± 1.51 a

Meanc C. sativa 47.06 ± 3.94 b 58.36 ± 3.83 d 63.41 ± 3.62 e 56.28 ± 3.83 Bd

Z. alatum 43.19 ± 4.01 a 53.61 ± 4.00 c 56.99 ± 3.87 d 51.26 ± 3.97 Ad

Values (±SE) are means of five replicates.
a Individual mean % hatching inhibition at different concentrations and exposure time.
b Overall mean % hatching inhibition at different concentrations of both the plants.
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c Overall mean % hatching inhibition at different time durations.
d Overall mean % hatching inhibition by C. sativa and Z. alatum (bold values). Va
atching  inhibition at various concentrations, time durations and plants do not diff

Time duration also affected mortality significantly (F = 1115.60;
f = 4, 349; P < 0.001). It was observed that with an increase in the
uration of exposure, there was a corresponding increase in the
ortality (Table 1) showing a direct relationship. These relation-

hips are shown by regression equations given below

yC.sativa = 11.48x  − 1.04 (R2 = 0.99)
yZ.alatum = 9.57x − 3.81 (R2 = 0.98)

The individual mortality at each concentration of both the plants
fter different exposure durations is given in Table 1.

.2. Effects of C. sativa and Z. alatum extracts on hatching
nhibition of M.  incognita

Highly significant effects of both the plants were observed on
atchability of M.  incognita (F = 77.61; df = 1, 209; P < 0.001). The
er cent hatching inhibition caused by C. sativa was  significantly
igher than that of Z. alatum (Table 2, bold values). Hatching inhi-
ition was affected significantly by concentrations too (F = 2906.45;
f = 6, 209; P < 0.001). A 100% inhibition was recorded in case of ‘S’
oncentrations of both the plants and was found to be the mini-
um with ‘S:100’ concentrations. A decline in hatching inhibition
as noticed as the concentration of the extracts decreased and
as found to be directly proportional to the latter. The regression

quations given below show the relationships between hatching
nhibition and concentrations of the extracts of both the plants

yC.sativa = −17.84x + 127.65 (R2 = 0.94)
yZ.alatum = −18.54x + 125.41 (R2 = 0.93)

Similarly, time duration also influenced hatching inhibition sig-
ificantly (F = 248.92; df = 2, 209; P < 0.001) and reached to the
aximum after 6 days. A progressive increase in hatching inhi-

ition was observed with an increase in time duration and the

elationships are shown by regression equations as follow

yC.sativa = 8.18x − 39.93 (R2 = 0.95)
yZ.alatum = 6.9x − 37.46 (R2 = 0.92)
haring common letters regarding individual % hatching inhibition, overall mean %
ificantly at P < 0.05 according to Duncan’s Multiple Range Test.

The individual hatching inhibition at each concentration of both
the plants at each exposure time is given in Table 2.

3.3. Effects of C. sativa and Z. alatum extracts on infectivity of M.
incognita

The results showed highly significant effects of plants (F = 16.82;
df = 1, 279; P < 0.001), their concentrations (F = 761.19; df = 6, 279;
P < 0.001) and exposure time (F = 50.66; df = 3, 279; P < 0.001) on
the infectivity of M. incognita juveniles on cucumber cv. Royal
Sluis. Inhibition in invasion was  observed by the juveniles treated
with various concentrations of extracts of both the plants in a
dose-dependent manner. However, an increase in infectivity was
recorded by the juveniles treated with ‘S:100’ concentration of the
extracts of C. sativa and Z. alatum exposed for 6 and 12 h. Maxi-
mum  inhibition in infection (100%) was observed with the juveniles
treated with ‘S’ concentration of the extracts of both the plants
exposed for 24 and 48 h. Exposure for 12 and 6 h caused more than
95 and 90% reductions in infectivity of M. incognita juveniles respec-
tively. Exposure of juveniles to ‘S:100’ concentration of both the
plants for 24 and 48 h caused the least inhibition. The inhibition
in invasion increased with an increase in exposure time of juve-
niles to extract concentrations. The inhibitions caused with C. sativa
extracts were comparatively better than those with Z. alatum.  The
individual inhibition in infectivity by juveniles treated with various
concentrations of both the plants exposed for various durations is
given in Table 3.

When applied as soil drench treatment, highly significant effects
of C. sativa and Z. alatum extracts (F = 13.52; df = 1, 69; P < 0.001) and
their concentrations (F = 131.32; df = 6, 69; P < 0.001) were obtained
on the infectivity of M. incognita juveniles on cucumber plants cv.
Royal Sluis. Standard ‘S’ extracts of both the plants caused the max-
imum inhibition in infectivity while ‘S:25’ concentrations gave the

least inhibition in invasion. On the other hand, ‘S:50’ and ‘S:100’
dosages resulted into an increase in invasion by the juveniles. There
were no significant differences in infectivity between the corre-
sponding concentrations of both the plants except ‘S’, ‘S:1’ and
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Table  3
Reduction in infectivity of M.  incognita on cucumber cv. Royal Sluis inoculated after treatment with extracts of C. sativa and Z. alatum.

Concentration Plant % reduction in infectivity with extract treated nematodes aftera Meanb

6 h 12 h 24 h 48 h

S C. sativa 93.15 ± 0.59 abc 96.92 ± 0.49 a 100.00 ± 0.00 a 100.00 ± 0.00 a 97.52 ± 0.31 a
Z.  alatum 91.04 ± 0.99 abc 95.91 ± 0.71 ab 100.00 ± 0.00 a 100.00 ± 0.00 a 96.74 ± 0.42 a

S:1 C.  sativa 82.43 ± 1.03 abcde 88.74 ± 1.31 abcd 93.24 ± 0.57 abc 96.83 ± 0.64 a 90.31 ± 0.64 ab
Z.  alatum 79.35 ± 2.43 abcdef 85.44 ± 2.26 abcde 92.41 ± 0.30 abc 96.88 ± 0.31 a 88.52 ± 0.87 ab

S:5 C.  sativa 77.19 ± 2.22 abcdef 81.25 ± 2.45 abcdef 89.33 ± 1.30 abcd 92.61 ± 1.04 abc 85.10 ± 0.84 bc
Z.  alatum 72.22 ± 2.40 cdef 78.35 ± 2.22 abcdef 86.72 ± 1.01 abcde 89.47 ± 1.20 abcd 81.69 ± 0.93 bc

S:10 C.  sativa 71.57 ± 0.73 dcef 73.73 ± 1.19 bcdef 79.79 ± 1.35 abcdef 82.25 ± 1.41 abcde 76.83 ± 0.60 cd
Z.  alatum 65.55 ± 2.29 efg 66.45 ± 2.37 defg 73.76 ± 2.72 bcdef 77.04 ± 1.99 abcdef 70.70 ± 0.87 d

S:25 C.  sativa 34.34 ± 1.91 ijkl 40.00 ± 2.84 hij 73.76 ± 2.72 bcdef 77.04 ± 1.99 abcdef 56.28 ± 3.46 e
Z.  alatum 33.38 ± 1.52 ijkl 36.49 ± 1.15 hijk 47.87 ± 3.25 ghi 58.78 ± 4.28 fgh 44.13 ± 1.98 f

S:50 C.  sativa 13.86 ± 3.31 klmnopq 15.88 ± 1.63 klmnop 24.50 ± 5.55 jklmn 26.94 ± 4.09 ijklm 20.29 ± 2.36 g
Z.  alatum 9.07 ± 6.09 tuv 11.75 ± 6.80 lmnop 21.02 ± 7.64 jklmno 24.01 ± 7.35 jklmn 16.46 ± 4.17 g

S:100 C.  sativa +1.49 ± 8.66 opq +3.24 ± 9.56 pq 2.45 ± 7.69 nopq 4.44 ± 6.32 mnopq 0.54 ± 6.96 h
Z.  alatum +5.33 ± 10.25 pq +7.27 ± 13.27 q 4.44 ± 9.00 mnopq 4.82 ± 8.42 mnopq +0.8 ± 13.31 h

Meanc C. sativa 53.01 ± 3.30 de 56.18 ± 3.28 cd 66.15 ± 3.34 ab 68.59 ± 3.35 a 60.98 ± 3.41 Ad

Z. alatum 49.33 ± 3.31 e 52.45 ± 3.09 de 60.89 ± 3.37 bc 64.43 ± 3.32 ab 56.77 ± 3.38 Bd

Values (±SE) are means of five replicates.
a Individual mean % reduction in infectivity at different concentrations and exposure time.
b Overall mean % reduction in infectivity at different concentrations of both the plants.
c Overall mean % reduction in infectivity at different time durations.

alues with (+) sign show increase in infectivity. Values sharing common letters regarding
i s concentrations, time durations and plants do not differ significantly at P < 0.05 according
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Table 5
Effect of plant extracts of C. sativa and Z. alatum on %reduction in infectivity of M.
incognita on cucumber cv. Royal Sluis when used as root dip treatment.

Concentration % reduction in infectivity in

C. sativa Z. alatum

S 81.68 ± 1.51 a 65.74 ± 3.27 b
S:1  66.97 ± 0.42 b 48.92 ± 1.41 c
S:5 50.03 ±  3.19 c 39.82 ± 3.85 d
S:10 45.59 ± 1.81 cd 23.58 ± 0.83 e
S:25 26.52 ± 6.14 e 10.49 ± 5.21 fg
S:50 13.71 ± 4.20 f 4.78 ± 4.25 fg
S:100 5.76 ± 4.13 fg 1.88 ± 3.81 g

Meana 41.46 ± 4.70 A 27.89 ± 4.57 B

Values (±SE) are means of five replicates.
a Overall mean % reduction in infectivity by C. sativa and Z. alatum. Values sharing
d Overall mean % reduction in infectivity by C. sativa and Z. alatum (bold values). V
ndividual % reduction in infectivity, overall mean % reduction in infectivity at variou
o  Duncan’s Multiple Range Test.

S:10’ dilutions. The individual per cent inhibitions in infectivity
t various dosages of C. sativa and Z. alatum are given in Table 4.

Similarly, highly significant effects of plants (F = 72.84; df = 1, 69;
 < 0.001) and their concentrations (F = 151.74; df = 6, 69; P < 0.001)
n per cent reduction in infectivity of M.  incognita juveniles were
bserved when extracts were used as root dip treatment. Extracts of
oth the plants caused significant reductions in infectivity in a dose-
esponsive manner. Significant differences in per cent reduction in
nfectivity were observed between the corresponding dosages of
oth the plants with few exceptions. The individual reductions in

nfectivity at various concentrations of both the plants are given in
able 5.

A comparison between reductions in infectivity with soil drench
nd root dip treatments showed highly significant effect of methods
f application of extracts (F = 72.84; df = 1, 69; P < 0.001). Reduction

n infectivity with root dip treatment (38.53%) was significantly
igher as compared to that with soil drench treatment (26.19%)
nd resulted into 32% increase.

able 4
ffect of plant extracts of C. sativa and Z. alatum on % reduction in infectivity of M.

ncognita on cucumber cv. Royal Sluis when used as soil drench treatment.

Concentration % reduction in infectivity in

C. sativa Z. alatum

S 84.72 ± 1.95 a 70.59 ± 1.38 b
S:1  65.40 ± 2.27 b 51.88 ± 3.75 c
S:5  48.79 ± 4.86 c 43.83 ± 2.60 cd
S:10 35.67 ± 4.13 d 23.65 ± 2.75 e
S:25 21.87 ± 6.72 e 16.22 ± 4.77 e
S:50 +2.73 ± 8.21 f +3.97 ± 6.23 f
S:100 +4.50 ± 6.20 f +5.77 ± 8.31 f

Meana 35.6 ± 5.89 A 28.1 ± 5.65 B

alues (±SE) are means of five replicates.
a Overall mean % reduction in infectivity by C. sativa and Z. alatum. Values with

+)  sign show increase in infectivity. Values sharing common letters do not differ
ignificantly at P < 0.05 according to Duncan’s Multiple Range Test.
common letters do not differ significantly at P < 0.05 according to Duncan’s Multiple
Range Test.

4. Discussion

Many plants and phytochemicals are known to possess nemati-
cidal activity against a wide range of plant-parasitic nematodes
(Chitwood, 2002) including root-knot nematodes (Jourand et al.,
2004; Hussain et al., 2011a).  In the present studies, the aque-
ous extracts of C. sativa and Z. alatum showed good nematicidal
activity against M.  incognita; C. sativa being more toxic. There are
reports that aqueous extracts of C. sativa repelled or killed insects
and mites (Bajpai and Sharma, 1992; Jalees et al., 1993; Fenili
and Pegazzano, 1974). Many investigators also reported fungi-
cidal and bactericidal activities of C. sativa (Kaushal and Paul,
1989; Upandhyaya and Gupta, 1990; Vijai et al., 1993). Aque-
ous extracts of C. sativa killed second stage juveniles of pigeon
pea cyst nematode (Heterodera cajani)  (Mojumder et al., 1989)

and many other phytopathogenic nematodes (Tylenchorhynchus
brassicae, Hoplolaimus indicus,  Rotylenchulus reniformis)  (Haseeb
et al., 1978). Antifungal and insect repellent activities of Z. ala-
tum have also been reported (Dube et al., 1990; Tiwary et al.,
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007). However, little is known about the nematicidal activi-
ies of these two plants against root-knot nematodes despite
xcellent pharmacological actions. Myriad of different types of
hemical compounds such as aldehydes, phenolics, fatty acid
erivatives, alcohols and terpenoids have been identified from
he extracts and essential oils of antagonistic plants. These com-
ounds, independently or jointly, contribute to many biological
rocesses. They have also affected activities like attraction and
epulsion of nematodes, stimulation or inhibition of egg hatch-
ng and found to possess nematicidal properties (Chitwood, 2002).
aturally occurring nematicidal compounds toward Meloidogyne

ncognita include pyrrolizidine alkaloids (Kinghorn and Smolenski,
981), trans-anethole (Oka et al., 2000), p-anisaldehyde, trans-
innamaldehyde, 2-furaldehyde and benzaldehyde (Oka, 2001).
n the present studies, the nematicidal properties of C. sativa

ight be due to cannabinoids present in the leaf extracts. These
annabinoids are especially synthesized by cannabis, which are
1-carbon-containing terpenophenolic compounds (Turner et al.,
980). Over 60 cannabinoids such as cannabidiol, cannabinol,
elta 9-tetrahydrocannbinol, tetrahydrocannbivarin, tetrahydro-
annbinolic acid, etc. have been identified (McPartland, 1997).
elta 9-tetrahydrocannbinol and other cannabinoids have proven
ctivity against bacteria and fungi (Klingeren and Ham, 1976;
cPartland, 1984), their activity against nematodes is not yet

stablished. Cannabis also contains volatile compounds, such as
erpenes, ketones, methyl ketones, esters, limonene and several
inenes (Ross and ElSohly, 1996) and are powerful insect repel-

ents (Kashyap et al., 1991). The main components of Z. alatum have
een described as linalool, limonene, ˇ-phellandrene and methyl
is-cinnamate (Jain et al., 2001) which showed nematicidal activ-
ty against pine wood nematode, Bursaphelenchus xylophilus (Kim
t al., 2011). Z. alatum also contains many alkaloids viz. b-fagarine
-skimmianine), candicine, chelerythrine, g-fagarine, laurifoline,

agnoflorine, nitidine and tambetarine.
The nematicidal mechanism of plant extracts or their compo-

ents is not clear. Several plant extracts have been shown to inhibit
cetylcholinesterase activity in insects (Ryan and Byrne, 1988).
ince acetylcholine also serves as a neurotransmitter in nema-
odes, essential oil components may  adversely affect their nervous
ystem. Another possibility is that plant extracts or essential oils
ause disruption of the cell membrane of nematodes and adversely
ffect its permeability. This mechanism has also been suggested
o explain the fungicidal activity of essential oils and extracts of
ntagonistic plants.

There are few reports on the assessment of the effects of plant
xtracts on the infectivity of host plants by nematodes. In the
resent studies the infectivity was assessed by applying extract
reated J2s in the soil and treating the soil and roots with extracts.
.  incognita juveniles exposed to ‘S’ extracts of C. sativa and Z. ala-

um for 24 and 48 h caused no infection on cucumber cv. Royal Sluis.
xposure for 12 and 6 h caused more than 95 and 90% reductions
n infectivity of M.  incognita juveniles respectively. Similarly soil
rench and root dip treatments also caused significant reductions

n infection. Reduction in infectivity was found to be significantly
igher with extracts of C. sativa as compared to Z. alatum. However,
he inhibition in infectivity decreased in a dose-dependent manner.
he differences in the toxicity of C. sativa and Z. alatum extracts
nd their concentrations is due to the differences in the chemical
omposition of the two plants and concentration of toxic com-
onents indicating more nematicidal potential of the extracts at
igher concentrations than lower ones. The decrease in infectivity

s due to immobilization, incapacitation, mortality, poor penetra-

ion and later retardation in different activities of J2s (Bunt, 1975).
he application of extracts either enabled the plants to resist the
ematode invasion or activated directly the defense mechanisms of
lants. There are reports of induction of resistance and/or defense
d Products 42 (2013) 447– 453

reactions in host plants against plant pathogens by compounds pro-
duced by biocontrol agents and chemicals contained in extracts of
antagonistic plants (Picard et al., 2000; Yedida et al., 1999). The
reduction in infectivity by extracts is also due to reduced attraction
of larvae to roots and failure of root exudates to attract nematodes
necessary for proper orientation of nematode larvae resulting in
lesser infection. Reduction in infectivity in root dip treatment is
due to absorption of some of the chemicals by the roots or there
might have been some chain reaction which has triggered due to
some factor (elicitor/activator) present in the antagonistic plants
(Bell, 1981; Giebel, 1982). On the other hand, an increase in infec-
tivity was observed with S:100 treated J2s exposed for 6 and 12 h. In
drench treatment ‘S:50’ and ‘S:100’ dilutions also increased infec-
tivity. The increase in infectivity in ‘S:50’ and ‘S:100’ dilutions is
due to increased mobility of nematodes. There are reports that low
concentrations of nematicides have increased movement of juve-
niles in soil (Brown and Nordmeyer, 1985) and therefore, resulted
in their increased infectivity.

Relative to currently used soil fumigants or nematicides, the tox-
icity of C. sativa and Z. alatum containing cannabinoids and many
other compounds is low. Cannabinoids are very safe to mammals.
The oral LD 50 of delta 9-tetrahydrocannbinol in mice is greater
than 21,600 mg/kg (Loewe, 1946), safer than neem oil.

5. Conclusions

From the present studies, it is concluded that the aqueous
extracts of leaves of C. sativa and Z. alatum possess excellent nemati-
cidal properties and could be the possible replacement for synthetic
nematicides. Since these plants are commonly available in the
Pothowar region of the country and can therefore, be effectively uti-
lized particularly by small-scale farmers for the control of root-knot
nematodes in the vegetable growing areas. The other advantages
of the strategy include; ready availability, cost effectiveness, envi-
ronmental acceptability and availability of the organic materials.
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