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Abstract. The antifungal properties of a hydrophobic neem (Azadirachta indica A. Juss.)
seed extract (clarified neem oil) were tested against three postharvest apple (Malus
domestica Borkh.) pathogens— Botrytis cinerea (pers.) ex Fr. (gray mold), Penicillium
expansum Thom. (blue mold rot), and Glomerella cingulata (Ston.) Spauld. & Schrenk.
(bitter rot). The antifungal activity of neem seed oil also was compared to that of CaCl 2. A
2% aqueous emulsion of the clarified neem seed oil was moderately fungicidal to B. cinerea
and G. cingulata in inoculated fruit, but bad little activity against P. expansum. Ethylene
production was reduced 80% in fruit dipped in 2% neem seed oil compared to wounded,
inoculated controls. Neem seed oil was as effective an antifungal agent as CaCl2, but the
effects of the two combined were not additive.
Recently, using fungicides to control post-
harvest decay of fruit and vegetables has been
restricted severely. Many compounds are be-
ing removed from use, rather than undergoing
the stringent tests required for re-registration.
The challenge to reduce postharvest losses by
means other than synthetic fungicides led us to
investigate the use of a natural material re-
ported to have antimicrobial activity (Kher
and Chaurasia, 1977; Locke, 1986, 1990).

Treating fruit with CaCl2 has extended
storage life and reduced postharvest decay
(Conway et al., 1992). However, it is difficult
to infiltrate enough Ca into fruit to eliminate
decay without severely damaging the fruit
(Conway and Sams, 1987). Using CaCl2 com-
bined with low concentrations of fungicides
(Moline, 1990), heat treatments (Klein, 1989),
biological control agents (McLaughlin et al.,
1990), or other natural compounds that may
enhance natural resistance to decay, while
controlling incipient infections that can re-
duce fruit quality (Arras, 1988; Kher and
Chaurasia, 1977; Mukherjee and Bisqau,
1984), may be a more practical approach.

Humans have known that neem seed and
leaf extracts are beneficial since the fourth
century (National Research Council, 1992).
The insecticidal properties of neem seeds’
triterpenoid-containing extracts are well docu-
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mented (Koul et al., 1990). Recent research
(Koul et al., 1990; Locke, 1986, 1990) has
shown that clarified neem seed oil, a residue of
the extraction of insecticidal compounds from
neem seeds, also has insecticidal and fungi-
cidal properties.

The objectives of this study were to evalu-
ate the effects of clarified neem seed oil (W.R.
Grace & CO., Columbia, Md.) combined with
CaCl2 on stored apples and to compare these
effects with other postharvest fungicide treat-
ments used to maintain fruit quality and re-
duce decay during storage.

‘Golden Delicious’ apples were harvested
at the preclimacteric stage (as indicated by
CO2 and ethylene production patterns) from
the research orchard at the Beltsville (Md.)
Agricultural Research Center. Fruit were ran-
domized and stored at 0C for 4 months.

To determine the effect of treatment on
decay, lots of 30 fruit per treatment were
wound-inoculated on four sides as described
by Conway and Sams (1987) with Penicillium
expansum, Botrytis cinerea, or Glomerella
cingulata. Three lots each were treated by
dipping them in 1% or 2% aqueous neem seed
oil, methyl{1-[(butylamino)carbonyl]-1 H-
benzimidazol-2-yl}carbamate (benomyl) at
1000 mg a.i./liter, 3a,4,7,7a-tetrahydro-2-
[(trichloromethyl)thiol]-1 H- isoindole-
1,3(2 H)- dione (captan) at 500 mg a.i./liter, or
1-[2-(2,4-dichlorophenyl)-2-(2-
propenyloxy)ethyl]-1 H- imidazole (imazalil) at
750 mg a.i./liter after inoculating them with
the pathogens. Lots receiving CaCl2 were
pressure-infiltrated with 2% CaCl2 and dried
for 2 h before being inoculated with the patho-
gens. The lots receiving CaCl2 plus neem seed
oil were pressure-infiltrated with CaCl2 as
indicated, inoculated, dried, and dipped in 1%
neem seed oil, dried again, and stored at 20C.
Three more 30-fruit lots were inoculated with
the fungi, dried, and stored (inoculated con-
trols). Three more 30-fruit lots were used as
nontreated controls to measure ethylene.
After 7 days at 20C, firmness was deter-
mined for 10 fruit from each treatment using a
penetrometer (Magnus-Taylor; D. Ballauf
Manufacturing Co., Laurel, Md.) with an 11.1-
mm tip, which penetrated 8.0 mm deep. Be-
cause this measurement was destructive, these
fruit were discarded after being measured. The
remaining fruit were rated for decay after 7,
10, and 14 days of storage at 20C by measuring
the diameter of decayed areas surrounding the
puncture wounds. The fruit inoculated with G.
cingulata were rated for decay after 7, 14, and
21 days at 20C because of the slower growth of
this pathogen.

Ethylene production and respiration rate of
10 fruit from each treatment were monitored
for 10 days at 20C using an automated system
(Watada and Massie, 1981).

Data were tested using analysis of variance
and Duncan’s multiple range test. Experi-
ments were repeated three times with similar
results; therefore, only the results of the first
experiment are shown.

There was considerable variability in the
growth rate of the three fungi on puncture-
inoculated apples, as measured by the increase
in lesion diameter. Botrytis cinerea and P.
expansum are faster-growing wound patho-
gens than is G. cingulata, but all three fungi
can cause serious postharvest losses in stored
fruit. Efficacy of treatments to control decay
reflected the aggressiveness of the three patho-
gens. Fourteen days after inoculating
nontreated fruit with B. cinerea and P.
expansum, average lesion diameter was 54
and 59 mm, respectively. Lesion diameter on
controls inoculated with G. cingulata was 42
mm after 21 days.

Neem seed oil applied as a dip to
puncture-inoculated fruit significantly reduced
decay caused by B. cinerea and G. cingulata
(Table 1). Mean lesion diameter on B.
cinerea -inoculated fruit dipped in 2% neem
seed oil was 32 mm after 14 days. Twenty-one
days after being inoculated with G. cingulata,
fruit treated with 2% neem seed oil had a mean
lesion diameter of 19 mm. Neem seed oil did
not significantly affect decay caused by P.
expansum (Table 1).

Calcium chloride infiltration also signifi-
cantly reduced decay caused by B. cinerea
(44%) and G. cingulata (81%). The combina-
tion of 1% neem oil and 2% CaCl2 did not
differ significantly from CaCl2 only (Table 1).

Neem seed oil also significantly affected
wound ethylene production. Fruit dipped in
neem seed oil after wound-inoculation pro-
duced 80% less ethylene than wound-inocu-
lated controls. Fruit dipped in 2% neem seed
oil produced no more ethylene than non-
wounded, noninoculated controls. Ethylene
production was steady over the 7-day storage
period at 20C, a result indicating that fruit
were in a postclimacteric status. Representa-
tive data from day 7 are shown (Table 2).

A check as to whether the reduced ethylene
could be caused by active metabolic inhibition
or simply by a gas exchange barrier in the fruit
revealed that neem seed oil acted as a passive
barrier to ethylene. Sliced apples treated with
neem seed oil produced only slightly less
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ethylene than slices dipped in sterile distilled
water as controls (Table 2). Neem seed oil
probably plugged the small puncture wounds
made in the fruit before inoculation, thus,
internal O2 was lowered and internal CO2 was
raised. This activity could have inhibited eth-
ylene production. Neem seed oil also may
have reduced botrytis decay by providing a
protective barrier on the fruit surface, as has
been suggested by its protective effect against
several foliar rust and powdery mildew dis-
eases (Locke, 1990). Ethylene has stimulated
the germination of some postharvest patho-
gens (El-Kazzas et al., 1983); however, its
effects on B. cinerea vary (El-Kazzas et al.,
1983; Kepczynski and Kepczynski, 1977).
We doubt that neem seed oil actively inhibited
ethylene production in damaged fruit.

Neem seed oil did not affect fruit firmness.
Calcium chloride enhanced fruit firmness as
described previously (Conway and Sams,
1987).

The reduced decay in wound-inoculated
fruit is a result of moderate antifungal action
by neem seed oil. Although this antifungal
action is not sufficient to protect completely
wound-inoculated fruit, it reduced decay as
much as 50%. Under storage conditions in
which natural infection causes decay, this re-
duction may be sufficient to protect fruit.
Using neem seed oil as a natural fruit coating
with moderate antifungal activity merits fur-
ther investigation. The antifungal action of
neem seed oil also has been demonstrated with
soilborne fungi (Locke, 1986; Singh et al.,
1980a). The fungitoxic action of neem seed oil
720
has been attributed to its sulfur content (Singh
et al., 1980b). Although applying higher con-
centrations of neem seed oil may further en-
hance its antifungal activity, concentrations
>2% leave a sticky residue on the fruit surface
(unpublished data) that may reduce consumer
acceptance.
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