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To learn the antifungal effects of neem seed kernel extract (NE) on the post harvest diseases, pathogens
of Monilinia fructicola, Penicillium expansum, Trichothecium roseum and Alternaria alternate isolated
from the infected fruit were treated with NE in vitro. Results showed that growth of the four pathogens
could be significantly (P < 0.05) reduced by NE. The diseases in fruit of plum (Prunus salicina) or Yali
pear (Pyrus bertschneideri) inoculated with the pathogens could be prevented remarkably by treated

fruit with NE.
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INTRODUCTION

Considerable post harvest losses of fruit are brought
about by decay caused by fungal plant pathogens and
hence inhibiting the growth of fungi has great significance
in post harvest fruit, but in recent years, the use of
synthetic fungicides has increased consumer concern
and their use is becoming more restrictive due to
carcinogenic effects, residual toxicity problems, environ-
mental pollution, occurrence of microbial resistance and
high inputs (Dianez et al., 2002; Marin et al., 2003; Rial-
Otero et al., 2005).

Recently, some higher plant products have attracted
the attention of microbiologists to search for some
phytochemicals for their exploitation as anti-microbials,
Such plant products would be biodegradable and safe to
human health (Kumar et al., 2008).

Yali pear (Pyrus bertschneideri) and plum (Prunus
salicina) are typical kernel fruit and stone fruit planting in
China, post harvest decay of them often caused by
Penicillium expansum, Trichothecium roseum, Alternaria
alternate or Monilinia fructicola. There are many ways to
controlling decay of pear and plum, but using fungicides
still is one of most important way. Application of post
harvest fungicides to protect pear or plum against fungi
attack has been studying for many years (Sugar et al.,
2008; Svirceva et al., 2007), especially phytochemicals
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are attracting many researchers’ efforts.

Neem ( Azadirachta indica Juss), a large tree of India,
has been used for centuries in Asia as insecticides, fungi-
cides, anticonceptionals in popular medicine almost every
part of this tree seeds, leaves, roots, bark, trunk and
branches has multiple uses (Chaturvedi et al., 2003) and
has been recommended to plant in African and Asia by
many international organizations.

Some extracts from neem plant have been shown to be
toxic to fungal pathogens, such as Poria monticolad
infecting wood (Dhyani et al., 2004), Aspergillus flavus
from soybean seeds (Krishnamurthy et al., 2008),
Pyricularia oryzae infecting rice plant in field and the
harvested rice (Amadioha, 2000). Therefore, it could be
expected that the chemicals in need might also be
effective against fungal pathogens in harvested fruits. So
far, little information is available whether neem extract
can be used in controlling fruit decay caused by plant
pathogens during storage.

The purpose of this paper is to test the possibility of
using extract from neem seed kernel to inhibit post har-
vest disease of fruit. Our results showed that the neem
extract could effectively inhibit growth of fungal
pathogens in post harvested fruit.

MATERIALS AND METHODS
Plant materials

Neem seed kernel was purchased from Guangming Neem Industry



Table 1. Growth inhibition determined by agar diffusion method.

Colony diameter (mm)

Index of growth

Pathogen o
Control 100 (mg NE/ml) inhibition (%)

M. fructicola 28.3+0.6a 9.7+ 0.6b 65.7

P. expansum 8.8+0.3c 5.8+0.3d 34.1

T. roseum 27.8x1.1a 9.2+1.0b 66.9

A. alternata 27.0+ 1.0a 18.7 £ 0.6e 30.7

NE is the abbreviation of neem seed kernel extracts. All the fungi in petri dishes were incubated in dark at 27
+ 2°C for 72 h. The data was analyzed by one-way analysis of variance (ANOVA), and expressed as mean
value of 3 replicatest S.E. Means in the same line followed by different letters are significantly different (P <

0.05).

Development Co., LTD, China.

Plum (Prunus salicina) was purched from a local market in
Beijing and Yali pear (Pyrus bertschneiden) was harvested from a
local orchard in Hebei Province, China.

Neem extract

200 g neem seed kernel was ground into fine powder (less than 20
mesh) using a stainless-steel grinder, then extracted with 400 ml
100% ethanol for 20 min in the ultrasound bath. The filtered extract
was concentrated by a rotary evaporator and finally 52 g sample of
the extract (NE) was left for subsequent experiments.

Pathogens

The pathogens, including M. fructicola, P. expansum, T. roseum, A.
alternata were isolated from infected fruit, then preserved in our lab
and activated on potato dextrose agar (PDA) before using them.

In vitro assessment the antifungal activity of the neem extract

The assessment of antifungal activity of NE in vitro was conducted
according to Rios et al. (1988). The NE was dissolved in sterilized
PDA at 45°C (final concentration was 100 mg NE per ml PDA), then
poured it into 9 cm diameter glass Petri dishes (20 ml per dish).
One 6 mm disc of the fungal species was cut from 1-week-old
cultures on the PDA plates and then was placed on the centre of
the dish (one disc per dish). For analysis of P. expansum, 6 mm
disc was excavated from the PDA in center of the dish (one hole
per dish) and a 50 | conidial suspension of the P. expansum (106
conidia per ml) was filled into the hole and then incubated in dark at
27 = 2°C for 72 h. The relative growth inhibition of treatment
compared to negative control was calculated as percentage mycelia
growth inhibition according to Pandey et al. (1982). Index of growth
inhibition (IGI) of the treatment on pathogen = (dc-dt)/dc x 100,
where dc = average growth diameter of the control colony, dt =
average growth diameter of the treated colony. Three Petri dishes
per treatment, three replicates.

Inoculation and disease evaluation

The antifungal activity of NE in vivo in the fruit was assessed
according to method of Liu et al. (2005), Cao et al. (2006) and Zhu
et al. (2008) with slight modifications. Conidial suspension of the
pathogen was prepared by flooding the 7-day-old culture dishes
incubated at 27°C with sterile-distilled water containing 0.01%

Tween-80 and adjusted to 10° conidia per ml. Both the NE treated
and control fruit (10 mature fruits per treatment, three replicates)
were surface-sterilized with 70% ethanol and wounded with a
sterilized nail at 2 points (2 mm deep 5 mm wide) on the equator of
each fruit. 20 I 50 mg/ml, 100 mg/ml and 200 mg /ml NE or sterile
distilled water (control) was pipetted into each wound site and then
15 | of the conidial suspension was injected into each of the
wounded sites. Thereafter, the fruit were kept in plastic containers
and incubated at 25°C, 95 - 100% RH. Lesion diameter on the fruit
was recorded at the indicated times.

Data analysis

Statistical analysis of data was conducted with SPSS 12.0 program
(SPSS Inc., Chicago, IL, USA) for Windows. The data of colony
diameter in dish or lesion diameter on the fruit were analyzed by
one-way analysis of variance (ANOVA). Mean separations were
performed using the least significant difference method (LSD test).
P values of < 0.05 were considered as statistically significant.

RESULTS
In vitro assessment of NE effect

Growth of the pathogens was significantly (P < 0.05)
inhibited by the NE. As shown in Table 1, the index of
growth inhibition respectively was 65.7% for the M.
fructicola, 34.1% for the P. expansum, 66.9% for the T.
roseum and 30.7% for the A. alternate, respectively, after
incubated at 27°C for 72 h (Table 1).

Effect of NE on plum fruit inoculated with M.
Fructicola

The infected lesions in plum fruit were clearly observed at
48 h after the inoculation. As shown in Figure 1, the
lesion diameters (ID) in the plum fruit were significantly
reduced by treated fruit with 50 mg/ml NE or higher
concentrations of NE. The ID in the fruit treated with 50
mg/ml NE, 100 mg/ml NE or 200 mg/ml NE was 11.1,
209 and 30.6% lower than that in control fruit,
respectively, at 48 h after the inoculation (Figure 1).
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Figure 1. Effect of the NE on M. fructicola in plum fruit. The plums were wounded
and treated with water control 50, 100 and 200 mg/ml NE and M. fructicola, then
incubated at 25°C, 95 — 100% RH. The lesion diameters on each fruit were

recorded in 48 h after the inoculation.
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Figure 2. Effect of the NE on A. alternata in Yali pear fruit. The pears
were wounded and treated with water control 50, 100 and 200 mg/ml NE
and A. alternata, then incubated at 25°C, 95 — 100% RH. The lesion
diameters on each pear were recorded after 48, 72 and 96 h.

Effect of NE on inoculated Yali pear fruit

Growth of the pathogenic fungi in the inoculated fruit of
Yali pear was inhibited to a certain extent by the NE
treatments. As shown in Figure 2, the lesion diameter (ID)
on the fruit treated with 100 mg/ml NE or 200 mg/ml NE
were only 83.7 or 58.5% of that on the control fruit after
the inoculation with A. alternata for 96 h at 25°C (Figure
2).

Similar effects of the NE treatment were also observed
on the fruit inoculated with T. roseum or P. expansum.
The ID on the fruits treated with 100 mg/ml NE or 200
mg/ml NE and inoculated with T. roseum was only 83.6 or
79.7% of that on the control fruit after the inoculation for

96 h (Figure 3).

The ID on the fruits treated with 50, 100 or 200 mg/ml
NE and P. expansum was 74.2, 67.2 or 63.1%,
respectively, less than that on the control fruits after the
inoculation for 96 h (Figure 4). Whatever pathogens were
inoculated, the ID on the fruits treated with 200 mg/ml NE
was significantly (P < 0.05) less than that on the control
fruit in our experiment (Figures 3 and 4).

DISCUSSION

Our results indicated that neem seed kernel extracts NE
can effectively inhibit some post harvest fruit pathogens
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Figure 3. Effect of NE on T. roseum in Yali pear fruit. The pears were
wounded and treated with water (control), 50, 100 and 200 mg/ml NE and T.
roseum, then incubated at 25°C, 95 — 100% RH. The lesion diameters on each

pear were recorded after 48, 72 and 96 h.
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Figure 4. Effect of NE on P. expansum in Yali pear fruit. The pears were
wounded and treated with water (control), 50, 100 and 200 mg/ml NE and P.
expansum, then incubated at 25°C, 95 — 100% RH. The lesion diameters on
each pear were recorded after 48, 72 and 96 h.

in vitro and in vivo, but it should be noted that this study
has examined only crude NE with simple extracting
method. Sairam et al. (2000) has reported that some
components for their antimicrobial activity, NIM-76, a
spermicidal fraction from neem oil, was investigated for
its antimicrobial action against certain bacteria, fungi and
polio virus, as compared to whole neem oil, The NIM-76
preparation showed stronger antimicrobial activity than
the whole neem oil. As the crude NE what we used may
contain many kinds of components, there may exists the
possibility to further isolating the crude NE to decrease
the using volume against pathogens.
Paul and Sharma (2002) reported that germination of

spores of Drechslera graminea effectively could not be
inhibited by neem extract. Our results showed that,
although the treatments with neem extract did not
remarkably inhibit germination of the pathogenic spores,
they could postpone formation of the spores. No spore of
A. alternata was observed when the fungi being incu-
bated with PDB containing 20 mg/ml decreased NE (200
g neem kernel was ground and decreased with petroleum
before extraction, then 13.6 g decreased NE was got) for
7days, though the fungal spores could be observed in the
control in 2 or 3 days after the incubation.

There are many kinds of nature products have been
studied on plant protection, some of them are considered



have the ability of inducing plant defence reactions
(Ghaouth et al., 1997; Sticher et al., 1997; Meir et al.,
1998; Wang et al., 2009).

The lesion development of Yali pear and plum may be
mainly affected by directly inhibiting the growth of fungi,
Paul and Sharma (2002) think that neem extract maybe
can induce plant defense reactions and be useful in
management of leaf stripe disease of barley and Cao et
al. (2006) proved that disease resistance in harvested
Yali fruit can be affected by salicylic acid treatment on the
trees in field during fruit growth and development, the NE
has the ability of inhibiting the growth of fungi through
inducing plant defense reactions and postponing forma-
tion of the spores in fruit of Yali pear and plum, we think it
should be more significant to do it in the field.

Extracts of neem are being extensively used to control
pests (Akhtar et al., 1997; Michereff et al., 2008). Several
pesticides whose main components extracted from neem
are using on protecting garden plants in China now.
When these pesticides are used in field, can it reduce the
post harvest losses of Yali pear and plum caused by
fungal pathogens? If it can do so, what is the mecha-
nism? Further studies are necessary to learn more on the
functions of neem components.
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