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Neem cake is a product of the cold pressing from the neem kernels to obtain neem oil. Bio-active
substances from neem cake extracted solutions were evaluated for their potential to control the
root knot nematodes and other pests of plants. In this study different concentrations of the solution
extracted from neem cake was tested against the second stage juveniles of the plant parasitic
nematode Meloidogyne spp. and four phytopathogenic fungi: Rhizoctonia solani, Sclerotium
rolfsii, Collectotrichum spp. and Phytopthora capsici. Toxicity of neem cake extractions is
represented by the ECs, value for the second-stage juvenile (J2) of Meloidogyne spp. and the four
phytopathogenic fungi via Probit analysis. A 5% dilution of the solvent extracting from neem cake
already caused 100% larval mortality after 24 hours exposure. Undiluted neem cake extraction ef-
fectively inhibited the growth of the four phytopathogenic fungi. The ECs, value of neem cake on
J2-larvae of Meloidogyne nematode and on the fungi Rhizoctonia solani, Sclerotium rolfsii, Col-
lectotrichum spp. and Phytophthora capsici was 0.51, 0.74, 0.30, 0.51 and 4.33%, respectively.

Bdnh ddu neem la sin phém cua qud trinh ép nhan hat neem aé ld,y dau. Cdc hoat chdt sinh hoc tir
dich chiét banh dau neem da dwoc danh gia c6 tzém nang lon trong phong trur tuyén trung not
sung va cdc loai dich hai khdc cua nhiéu logi cdy trong. Trong nghién ciu ‘nay cac nong do dich
chiét khdc nhau cua banh dau neem da dwoc thir nghiém kha nang diét tuyén tring (du tring tuéi
2 thugc giong Meloidogyne spp.) va ikc ché 4 lodai ndm bénh nhw: Rhizoctonia solani, Sclerotium
rolfsii, Collectotrichum spp. va Phytopthora capsici. Dgc tinh cua dich chiét banh dau neem dwoc
bzeu dién boi gid tri ECsy doi véi du tring tuéi 2 ciia tuyen trung Meloidogyne spp. va cdc loai
ndm bénh théng qua phén tich Probit. Dich chiét banh dau neem ¢ nong dé 5% da lam chét 100%
cd thé 1J2 ciia Meloidogyne spp sau 24 gio phoi nhiém. Dich nguyén chat banh dau neem trc ché
ca 4 loai ndm bénh. Gid tri ECs, ciia banh dau neem 1én du tring tuéi 2 ciia Meloidogyne spp va
cdc lodi nam bénh Rhizoctonia solani, Sclerotium rolfsii, Collectotrichum spp. and Phytophthora
capsici twong ung la 0.51, 0.74, 0.30, 0.51 va 4.33%.

Keywords: neem cake, biocontrol, root knot nematode, anti-fungal activity, plant extracts,
phytopathogenic fungi, Meloidogyne spp.

1. Introduction nematode', especially the genus Meloidogyne are most
harmfull in the tropics to many plants, such as black pep-
per trees. In the past only chemicals were usedas nemati-

Plant parasitic nematodes cause great economic losses to . . o
cides. However, the abuse of chemical pesticides has

agricultural crops worldwide. Among them root-knot
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negative impact on the beneficial insects as well as on
human health (Vu Dang Khanh, 2003). Therefore, to
conserve and establish an agricultural system with ecolog-
ical sustainability, it is necessary to develop biological
methods to not only control the nematode populations, but
also to ensure productivity, quality of plants and to reduce
environmental pollution.

Neem cake is the residual part of the process to compress
the neem seeds to obtain oil and it is considered as a
source of useful organic fertilizer. This kind of fertilizer
not only provides nutrition for plants but also controls the
root-knot nematodes. Moreover, neem cake can be used
as inhibitors to control many species of pathogenic fungi
(Singh et al., 1984; Sartaj et al., 1995; Vu Trieu Man and
Le Luong Te, 1998; Farooq et al., 2008).

Currently neem cake and many other derivates are used
for controlling plant parasitic nematode (Musabyimana
T., and R.C. Saxena, 1999; Nazir et al., 2007). Many
publications showed that the biological activity of neem
cake has the ability to reduce the populations of root-knot
nematodes, such as Meloidogyne incognita in the soya
plant and Meloidogyne javanica in both tomato and and
soya trees. The powder of neem seeds are also used to
control Meloidogyne arenaria and Pratylenchus pene-
trans in tomato plants. Some authors also experimented
on neem cake mixed with other materials such as wheat
straw, sawdust and NPK fertilizer to control root-not
nematode effectively (Ramarao P., Usharaja, 1983;
Randhawa N.S, B.S. Parmar, 1996).

Hence this study aims to evaluate the effect of neem cake
for controlling root-not nematode in Vietnam and its
antagonistic potential against phytopathogenic fungi.

2. Materials and methods

2.1 Materials

2.1.1 Preparation of neem cake extracted solutions

Fresh seeds were collected from ripe fruits harvested from
4 years old neem (Azadirachta indica A. Juss) trees grow-
ing in Ninh Thuan province, Vietnam then cleaned and
dried in the shade to 10-15% moisture content. The dried
neem seeds were transferred to the Experimental Labora-
tory of the Institute Tropical Biological, where the seeds
were separated from the pellets. Neem cake and neem oil
were obtained simultaneously by using cold-pressing
vegetable oil machine (KOMET Model D 85 — 1G, Ger-
many) from compressing neem seed kernel. A part of the
neem oil was used to produce bio-pesticides, and the rest
part was used as material for this study.

100 grams of neem cake was grinded and soaked into 200
ml alcohol 96 for 4 hours and then extracted by filtering
the solution 4 times through the sterilized millipore
0.45um filter, the rest was discarded. All filtrations were
mixed up together and vacuum extracted by rotation of
the obtaining solution 100 ml was taken as neem enrich-
ment extract (NEE) for testing. This extracted solution
was used undiluted and diluted with pure sterilized water
to the following concentrations: 2.5, 5, 10 and 20% (Vu
Van Do, 2007).

Figure 1. a) Neem tree planted in Ninh Thuan, Vietnam; b) neem fruits; c) cold-pressing machine; d) neem cake

obtained by cold-pressing via Komet (Germany)

2.1.2 Extraction of juveniles

The second stage juveniles of Meloidogyne spp. were
extracted from the roots of black pepper plants in Thuan
Hanh village (Dak Song district, Dak Nong province) by
modified Baermann tray extraction method using sieves
with 0,5mm mesh size put into petri dish (diameter
90mm, 15mm high) with soft papers on it. Clean roots of
black pepper were put on the sieve and water was added
to the level of submerging the roots. The petri dish was
covered and put into the incubator room during 48 hours
at 28°C. The living nematodes penetrated through the
sieve and settled down at the bottom of the petri dish
(Nguyen Ngoc Chau, 2003; Coyne et al, 2007).

2.1.3 Pathogenic fungi

Four species of phytopathogenic fungi: as Rhizoctonia
solani, Sclerotium rolfsii, Collectotrichum spp. and Phy-
topthora capsici were received from Department of Plant
Protection (Ho Chi Minh Agricultural and Forest Univer-
sity) and was maintained in PGA until needed.

2.2 Methods

2.2.1 Root knot nematode bioassay
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Ten millilitre of the undiluted and the following
concentrations: 2.5, 5, 10 and 20% of neem cake extract
were separately poured into petri dishes and 1 ml of
suspensions containing about 20 J2 individuals were
added to each petri dish. All treatments were replicated
three times. The petri dishes were incubated at room
temperature. Percent mortality was calculated after 6, 24
and 48 hours. All the data collected were analyzed using
analysis of variance and means separated with the Least
Significant Difference Test in a MSTATC software.

2.2.2 Fungi bioassay

PGA (Potato Glucose Agar) medium was used for main-
taining the cultures on sterile petri dishes. The undiluted
and each dilution of neem cake extracted solutions were
passed through a membrane filter (0.45 um dimension) to
avoid any bacterial and fungal contamination, then 1ml of
the test extraction solution is transferred to the sterilized
dish and 20 ml of the molten PGA medium (45°C) is
added, and this mixture combining solution in the PGA
medium is kept at cool temperature. PGA medium with-
out neem cake extraction solution is used as the control. A
uniform fungal mycelium is obtained by introducing a 5-
mm-diameter stainless-steel cork borer into the center of
the petri dish. Each treatment is replicated three times.
The plates were incubated at room temperature for 4 days.
After the incubation period, two perpendicular diameters
of the fungi were linearly measured in mm and the mean
diameter was calculated. The percentage of growth inhibi-
tion was calculated as:

_ Dc-Dt

C

The percentage of growing inhibition x100

In which:

D.: the average colony diameter of fungi in the control
experiment.
Dy: the average colony diameter of fungi in the treatment
experiment.

2.2.3 Data process

The mortality rate of Meloidogyne spp. second stage ju-
veniles was determined after every hour as well as the
percentage of growing inhibition of the fungi. The ECs,
for nematodes and the ICs, for fungi was calculated by the
method of Probit analysis, the data were processed via the
Microsoft Excel (Nguyen Ngoc Kieng, 1992).

3. Results and discussion

3.1 The effect of neem cake on the
Meloidogyne spp. second stage juveniles

Table 1 shows that most of the Meloidogyne spp. second
stage juveniles already died after 6 hours when using 5%
or more of the neem cake extracted sollutions and was
100% at 10% or more of the extracted sollution. The
mortality of Meloidogyne spp. second stage juveniles is
87% and 100% after 6 hours and 24 hours exposed in 5%
concentration, respectively. At 2.5% concentration, the
mortality of Meloidogyne spp. second stage juveniles was
nearly 80% after 48 hours. These results indicate that
neem cake extracted solution is very effective to control
the root-not nematodes. In fact, neem cake containing the
biological substance (azadirachtin, salannin, nimbin) and
its derivative compound belonging to the group of
triterpenoid, limonoid, etc. have been proven to contain
strong toxicity for plant parasitic nematode (Keshav et al.,
1996; Nazir Javed, 2008; Adegbite A.A., and
S.0.Adesiyan, 2005) but do not harm the beneficial mi-
croorganism in the soil (Muhammad Abid, 1996).

Table 1. Percentage of J2 mortality in testing with neem cake extracted solution

Concentration of neem cake

The second stage juveniles mortality (%) after

extracted solution (%) 6 hours 24 hours 48 hours

0 (control) 0,00 = 0,00d 0,00 + 0,00c 0,00 + 0,00c
2,5 24,17+ 0,76¢ 63,0 £0,87b 77,83 +£2,57b
5 87,5+ 1,26b 100 + 0,00a 100 + 0,00a
10 100 + 0,00a 100 + 0,00a 100 + 0,00a
20 100 + 0,00a 100 + 0,00a 100 + 0,00a
100 100 + 0,00a 100 + 0,00a 100 + 0,00a
CV (%) 0,83 0,31 0,00

LSD 1,227 0,523 -

The percentage was transformed to arcsin (x)'” before using for statistical process. Other characters after data column

show the significant difference with p < 0.01 by ranking LSD.

Compared to Adegbite et al. (2005), our results are much
better: larval mortality already occurs at 5% concentration
after 6 hours, whereas in the experiment of Adegbite et al
(2005) larval mortality only is observed at 100% concen-
tration or undiluted neem cake extractions. The other
level of concentration like 20%, 10% and 5% leads to
reduction of the larval mortality percentage from 90% to
1.7%. In the meantime, neem cake extracts from Ninh
Thuan, Vietnam kill almost of second-stage juveniles at

the level of concentration 10% -100%, even at 5%, in the
time of 24 hours or 48 hours. At the level lower than 5%
(2.5%), it also controls 2nd Juvenile effectively with the
percentage of mortality from 24,17-77,83% in 6, 24 and
48 hours.

This means that neem cake extracted solution from neem
(Azadirachta indica A. Juss) tree originating from Ninh
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Thuan, Vietnam can be very useful as bio-control method ‘Data in table 2 show that the phytopathogenic fungus

against Meloidogyne spp. second stage juveniles. Rhizoctonia solani was already inhibited by 17% dilution
of NEE: Water (1:30), and original undiluted extracted
3.2 The anti-fungal activity of neem cake solution inhibits completely R. solani (100%).

extracted solutions on pathogenic fungi

Table 2. The radial growth diameter (mm) and inhibition percentage of fungi (%): R. solani, S. rolfsii, Collecto-
trichum spp. and Phytophthora capsici by neem cake extracted solutions

The percentage of neem cake extracted solution (%)
Control NEE NEE:water NEE:water NEE:water

(1:10) (1:20) (1:30)

Rhizoctonia solani Radial growth diameter (mm) 90 0 55 70 75

Inhibition percentage (%) 0 100 39 22 17
Sclerotium Radial growth diameter (mm) 90 0 28 30 58
rolfsii Inhibition percentage (%) 0 100 69 67 36
Collectotrichum  Radial growth diameter (mm) 40 2 15 22 27
spp Inhibition percentage (%) 0 95 62.5 45 32.5
Phytophthora Radial growth diameter (mm) 55 18 40 60 60
capsici Inhibition percentage (%) 0 67 27 0 0

Notes: NEE — neem enrichment extract; NEE:water — dilution of neem cake extracted solution with ratio 1:10, 1:20 and 1:30.

For Sclerotium rolfsii, has a characteristic growth by  slowly compared to other types of disease fungi. Howev-
white fibers spreading out as rays around and it covers er, the inhibiting effect of undiluted neem cake is only
almost the petri dish surface only after 4 days (Figure 2).  67% and the inhibiting effect diminishes at lower concen-
The inhibiting effect of dilution extracted solution trations becoming 27% at the dilution of NEE: water
NEE:water at 1:30 and 1:10 concentrations was respec- being 1:10 and further dilutions have not any inhibiting
tively 36% and 69%. The ability of 100% inhibition of the  effect. This result corresponds to the findings of Jeyarajan
NEE solutions was also found. According to Ramarao et al. (1987), besides Phytopthora capsici, they also eval-
(1983) besides neem cake, extracted solution from castor-  uate the difference of additional compost, sawdust and
oil plant and groundnut cake are also good to use for neem cake on land against Fusarium solani causing root
controlling the fungus S. rolfsii on the wheat plants. rotten disease in the green bean plants. Singh and Vyas
(1984) also studied the influence of some kinds of pres-
With regard to the phytopathogenic fungus, Collecto- sure cakes as mustard plant, castor-oil plant, neem and
trichum spp. grows by forming suckers in the host and the =~ mahua to Phytophthora parasitica and P. piperina. The
speed of development is rather low (Figure 2). The corre-  results showed that almost all of the pressure cake inhibits
sponding inhibiting effects are 32%, 45% and 62% with a  growth of those phytopathogenic fungi.
dilution rate of NEE:water being 1:30, 1:20 and 1:10
respectively. Original extracted solution (NEE) can in-  Study results show that neem cake inhibits the growth of
hibit this type of fungus up to 95%. Sclerotium rolfsii most effectively, followed by Rhi-
zoctonia solani and Collectotrichum spp. The growth rate
Figure 2 shows that Phytopthora capsici grows and cre-  of phytopathogenic fungus Phytopthora capsici is only
ates patches of cobweb or star colonies, growing quite  slightly inhibited by neem cake.

Rhizoctonia solani

NEE:water (1:10)

NEE:water (1: 20)

Scierotum roifssi

NEE:water (1:10) NEE:water (1: 20) NEE:water (1: 30)
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Figure 2. The effect of different concentrations of neem cake extracted solution on the growth of Rhizoctonia
solani, Sclerotium rolfsii, Collectotrichum spp. and Phytophthora capsici

3.3 The value ECsy (50% Effect
Concentration) of neem cake

The ECs value is an important parameter to evaluate the
toxicity level of neem cake extracted solution on second
stage juveniles of the root-knot nematode Meloidogyne

and the phytopathogenic fungi Rhizoctonia solani, Scle-
rotium rolfsii, Collectotrichum spp. and Phytophthora
capsici.

ECs values are presented in Table 3.

Table 3. Value ECs) of neem cake extracted solution on second stage juveniles and pathogen fungi

Statistic function Correlation Value ECs
(Y=a+bX) coefficient (R) (gram/100 ml)
Meloidogyne spp.  After 6 hours Y =-6.92338 + 6.253031 X 0,99 0,81
second stage After 24 hours Y =-11.2162 + 9.207056 X 1,0 0,58
Jjuveniles After 48 hours Y =-8.73705 + 8.024782 X 1,0 0,51
Phytopathogenic ~ R. solani Y =0.943564 +2.171388 X 0,90 0,74
Sfungi S. rolfsii Y =2.333924 + 1.797774 X 0,86 0,30
Collectotrichum spp Y =2.953501 + 1.19974 X 0,89 051
P. capsici Y =-1.50745 + 2.468208 X 0,95 4,33
The results in Table 3 show that the ECs, value for
Meloidogyne spp. juveniles decreases with increasing g, Acknowledgement

exposure time value prooving that the effectivity of neem
cake increases with time.

The ICsy value shows that neem cake extracted solution
inhibits the 4 fungi Rhizoctonia solani, Sclerotium rolfsii,
Collectotrichum spp. and Phytophthora capsici. The
neem cake extracted solution inhibits most strongly the
growth of Sclerotium rolfsii (0,30%) and is less effective
towards the growth of Phytophthora capsici (4,33%).

4. Conclusion

This research demonstrated that Ninh Thuan neem cake
extracted solution has high ability to control the Meloido-
gyne spp. second stage juveniles and can inhibit the
growth of 4 phytopathogenic fungi in black pepper (Piper
nigrum L.). The results also show that these neem cakes
contain bioactive substrates. Those substrates are consid-
ered as main factors to control nematodes and fungi in the
black pepper plants.

The authors thank to the Ho Chi Minh Department of
Science and Technology for financial support to complete
this research. We also thank to Dr. Vu Van Do, Depart-
ment of Bioactivity Substrates for providing neem cake
material and Dr. Le Dinh Don, Department of Plant Pro-
tection-University of Agriculture and Forestry for his
kindness to give us four kinds of fungi parasite in the

pepper plant.
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