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ABSTRACT

This study was conducted in 2005 and 2006 seasons at the Economic
Entomology Deépartment, Faculty of Agriculture, Kafr El-Sheikh University to find
materials that effectively protects stored produce that are readily available, affordable,
relatively less poisonous and less detrimentai to the environment.

Seeds of the four mungbean Vigna radiata Wilczek varieties (seeds), UTT,
Giza-1, Kawmy-1, KPS2 were tested as hosts of bruchid beetle, Callosobruchus
maculatus (F) in the laboratory under controlling conditions of 28 + 2 C and 65 + 5%
R.H. The obtained results revealed that mungbean seeds Giza-1 variety were more
sensitive to be attacked by C. maculatus than Kawmy-1, UTT and KPS2 varieties, the
tested mungbean varieties had a significant effect on the developmental period and
total individuals production per female, it was 28.7, 30.61, 35.11 and 37.26 days for
developmental period and total individuals production per female 48.0, 42.3, 37.4 and
30.0 individuals for Giza-1, UTT, KPS2 and Kawmy-1, respectively.

Bioresidual activity of the five oils (cotton, castor, soybean, com and apricot
kermnel) was evaluated against C. maculatus the major stored produce insects in
relation to seeds viability under faboratory conditions at 28°C + 2 and 65% + 5 R.H.

When infested seeds were treated with oils, it was found that oils were
effectively only in case of seeds having the earlier stages of eggs.

Significantly lower numbers of progeny were observed in all treatments when
compared with control. There was h:gh significant reduction in weight loss caused by
C. maculatus in mungbean seeds in control when compared with oils at all levels in
all treatments.

Generally, it could be stated that oils used gave moderately protection to the
mungbean seeds at 6 months after-treatment.

Seed weight losses and seed infestations were positively correlated with the
number of progeny at all times of study.

Germination of mungbean seed was significantly decreased by all tested oils
in the initial and at the end of storage period, oils with various concentrations had
significant effect on germination speed and mean germination time indices.
Generally, increasing oil concentration delayed seed germination and increased the
time required for complete seed germination.

Radical and shoot length and seedling dry weight of tested seeds was
significantly varied among protectants on the different applied concentrations of
. tested oils.

So, it could be stated that the applied rates of the used protectants, plant oils
could be recommended especially if these seeds would be used also for human.
However, it is suggested to resume more tests on the safe recommended dose of the
used matenials to get healthy seeds and apricot (Prunus armeniaca L.) kemels could
be used as a source of oils as protectants against C. maculatus.
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INTRODUCTION

The mungbean is an important pull crop in Egypt. In storage, the seeds are
liable to attack by several insect pests, the most important of which is the
Cowpea beetle, Callosobrichus maculatus (F.). These seeds are rich in-
protein content and are considered source of protein for human and animal
nutrition (Ahmad, 1999, Abbass, 2000 and Ujalir and Chaudhary, 2000).

Genus Callosobruchus involves the largest number of pest species
which cause the greatest damage to many economically important legume
seeds. C. maculatus is considered cosmopolitan pest which attacks pulses in
stores and cause serious damage (Yang et aI 1995; Weigen, 1999 and
Youssef and Kassab, 2002). :

In recent years, attention has been given to the control of storage
pests by the use of different oils as protectants, including vegetable oils,
(Mookherjee, 1971; Su et al,, 1972; Hill, 1978; Schoonhoven, 1978; Singh et
al., 1978 and Golob and Welbley, 1980).

The present study aimed to evaluate the ability of the bruchid beetles
to infest and develop on the seeds of some mungbean varieties in order to
find out the most favorable host seeds and study the initial efficiency of oils as
seed protectants as well as their residual effects after different storage
periods as well as their effects on germination ratio, seedling vigour and the
possible utilization of apricot kernels as a source of oils as seed protectants
against C. maculatus.

MATERIAL AND METHODS

This study was carried out in the Economic Entomology Department,
Faculty of Agriculture, Kafr El-Sheikh university, during 2005 and 2006
seasons..

The seeds of mungbean, were obtained from Agriculture Research
Center at Giza. Seeds were frozen at -20°C for 48 hrs to kill previous
infestations then kept under laboratory conditions for 3 weeks in order to
reduce their moisture content to the normal rate. C. maculatus was reared in
the laboratory for several generations on mungbean seeds (Kawmy-1, KPS2,
UTT and Giza-1 varieties) under laboratory, conditions of 28 + 2°C and 65 +
5% relative humidity.
1. Effect of tested seeds on the development of the beetle:

Evaluation of infestation with C. maculatus was conducted by putting
30 gr. seeds/petri-dish (replication) of each variety of mungbean seed (four
times) and five pairs of newly emerged adults were released in each dish,
then kept under experimental conditions. After 7 days when the majority of
eggs were laid, seeds were examined and the number of eggs laid was
counted. Hatched eggs. penetrated larvae, duration of development from egg
oviposition to adult emergence, number of emerged adults, weight of adults
and sex ratio were estimated. The percentage of aduit emergence and
percentage of adult survival were calculated using the following equations
(Giga et al., 1993).
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Number of emerged adults X
Total number of eggs laid
Number of emerged adults

Total number of hatched eggs

2. Effect of the oll treatments on the immature stages of the insect:

" The tested insects of C. maculatus were taken from laboratory
cultures reared on mungbean seed, variety Giza-1 at 28+2°C and 65 * 5%
R.H. ‘

Qils used were cotton, castor, soybean, comn (all obtained from local
cooking oil refineries) and apricot kernel oil (was obtained from ARC, Giza).
Dosages used were 5.0, 10.0 and 15.0 ml/kg seeds. All experiments were
conducted under constant conditions of 28 + 2°C and 65 + 5% R.H.

Samples of 50 gr. of sound mungbean seeds in small glass jars were
infested each with 10 pairs of newly emerged adults. Twenty four hours later
the insects were removed and the seeds with eggs on them were left for the
required time to obtain 3-days-old eggs and 1-week old larvae. The infested
seeds having the mentioned immature stages were treated with the oils and
incubated till the emergence of the new adults, which were recorded. Each
test and the control was replicated 4 times.

3. Effect of the oil treatments on the emergence of adult, infestation
and seed loss:

Samples each of 50 gm from seeds treated by the previous method
were placed into glass jar for periods of storage reached 0, 2, 4 and 6 months
post-treatment. Each treatment was replicated 4 times.

Ten adults from C. maculatus were transferred to each jar. The
infested jars were then covered with musiin. Adults were allowed to oviposite
for 7 days and then removed, the seeds were kept for development of insects.
The emergence adults were counted and removed, seeds which showed exit
holes of insects were separated from the samples and counted to estimate
the percentage of infestation according to the following equation:

infested seeds
% infestation = Number of infested sce x 100

Number of total seeds (sound and infested)

For determination of loss, samplies were sieved and then weighted.
Loss in weight in each sample was assessed according to the following
equation:
%weight loss = Dry weight of sound seeds - dry weight of infestd seeds , 14g
Dry weight of sound seeds

"% Adult emergence = 100

% Adult survival = x100

3. Viability tests:
Effect of oil treatments on seed germination was examined
mungbean seeds, treated with oils, were kept under laboratory conditions.
However, two sets of germination tests were done, the first was after
24 hours of treatment and the second after 6 months-of the treatment date.
Samples of twenty seeds were taken randomly from every treatment and
were placed each into sand in a glass container, soaked with water. Each
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treatment was replicated 4 times. The following measurements were
recorded: ‘ ’ )

1. Number of germinated seeds were counted daily till the completion

of germination and expressed as germination percentage. Germination
speed (Maguire, 1962) and mean germination time indices were computed

as the following formula: )

Germination speed index = 2.(n/t)

Mean germination time index = 2.(nt)/ X n

Where:

n = Number of seeds newly germinating at time,

t = Days from sowing.

2. Shoot and root lengths (cm) of seedlings were measured after
complation of germination.

3. After shoot and root lengths measurement, the seedlings were oven
dried to constant weight for 24 hours at 70°C to determine dry weight
(mg/seedling).

Duncan’s multiple range test was used to compare the treatment means
(Duncan, 1955).

RESULTS AND DISCUSSION

1. Effect of tested seeds on the development of the beetle:

As shown in Table (1), the cowpea beetle C. maculatus laid relatively
more eggs on Giza-1 (65.6) and fewer number of eggs on Kawmy (59.2),
while moderate number on both UTT {63.4) and KPS2 (60.8).

Table (1):Some biological aspects of C. maculatus on four mungbean
varieties under laboratory conditions.

Varieties
Parameters Gizal | _UTT_| KPS2 |Kawmy-

Mean No. of eggs 65.60c | 63.40b | 60.80a | 59.20 a
Hatched eggs 60.00c | 55.00b | 53.20b | 50.10a
% rate of hatchability 9146¢ | 86.75b | 87.50b | 8462a
No. of penetrated larvae 51.30¢ 51.00c | 48.30b | 40.90a
% rate of penetration 85.50b | 92.72d | 90.78c | 8163 a
External mortality 8.70b 4.00a 490 a 9.20¢
Emerged adults 48.00d ' 423c¢ 374b 30.30 a
% adult emergence 73.17d 66.71¢c | 61.51b | 51.18a
Survival rate 80.00d | 76.90c | 70.30b | 60.47a
Internal mortality 3.30a 8.70b 1090¢ 10.60 ¢
Developmental period (in days) 28.70 a 3061b | 35.11¢c 37.26 d
Mean weight of one Male 3.56 2 3.33a 3.40a 3.20a
emerged adult (mg) Female 455b 4.22b 3.96 a 3.78 a
Sex ratio le 11.50 d 8.00b 9.50¢ 7.10a

emale 14.20 d 11.20c | 10.30b 8.30 a

Means followed by same letter in the same rows are not significantly different, at 5% level
according to Duncanjs muiltiple range test.
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Egg hatchability was 84.62% on Kawmy-1, 87.5% on KPS2 but it was 86.75%
on UTT and 91.46% on Giza-1, C. maculatus larvae showed a high rate of
penetration on UTT and KPS2 seeds with external mortality of 4.0 and 4.9,
respectively, While reached 8.7 on Giza-1 and 9.2 on Kawmy-1. This may be
due to the legument characters or to the size, the structure and chemical
composition (Youssef and Kassab, 2002).

The insect rate of reproduction measured a mean number of adults
emerged per female was significantly affected by mungbean variety. Total
beetle production per female 48.0, 42.3, 37.4 and 30.3 individuals per female
for Giza-1, UTT, KPS2 and Kawmy-1, respectively. The percentage of
emerged adults was 73.17, 66.71, 61 51 and 51.18 on Giza-1, UTT, KPS2
and Kawmy-1, respectively. Survival rate was 76.9%, 80.0% and 60.47% on
UTT, Giza-1 and Kawmy-1, respectively, and 70.3% on KPS2 with internal
mortality of 3.30, 8.70, 10.90 and 10.60 on Giza-1, UTT, KPS2 and Kawmy-1,
respectively. Developmental period was 28.7, 30.61 days on Giza-1 and UTT
and increased on KPS2 to 35.11 days and on Kawmy-1 to 37.26 days.

The adults emerged from the different seed varieties was significantly
affected in weight. The female adults produced from Giza-1 variety showed
the highest weight (4.55 mg) followed by those produced from UTT, KPS2
and Kawmy-1, respectively.

Sex ratio differed significantly from one variety to another, the highest
number of females was produced from Giza-1 and UTT variety whereas the
lowest number of females was produced from Kawmy-1.

In general, C. maculatus was able to develop on all tested mungbean
seed varieties according to the evaluation parameters for the tested
rungbean variety, Giza-1 seeds were more favourable for infestation
followed by Kawmy-1, UTT and KPS2, respectively. The same results indicate
that seeds of Giza-1 was more sensitive to be attacked by C. maculatus
beetles than those of Kawmy-1, it provides shorter development periods
which in turn indicate greater suitability for insect development. Several
investigations have been reported to clarify the relation between seed
susceptibility to attack and the insect reproductive aspects. For example Giga
et al. (1993), Youssef and Kassab (2002) reported that generally short periods
of insect development were found on susceptible varieties of seeds than
bruchid-resistant ones. Rashed et al. (1996) found that seeds of mungbean
variety Giza-1 are more sensitive to be attacked by C. chinensis than those of
Kawmy-1, it provides shorter developmental period. Youssef (2007) reported
that Kawmy-1 and KPS2 were less susceptible mungbean varieties for
Liriomiza trifolii (Burgess) infestation.

In general, these results are in agreement with the findings of (Roy,
1994 and El-Talbanty, 2003) they found that the mungbean was preferred for
‘the larval and pupal development of C. maculatus.

2. Effect of the oil treatments on the immature stages:

When oil treatments were applied 1, 3 and 10 days after oviposition
(Table 2), a significant differences of reduction in adult emergence were
noted as follows:
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Table (2): Effect of the oil treatments on the immature stages of C

maculatus.
% of emerged adult
Qil treatment :‘?’ze Eggs Tg - _Larvae
9 [ One-day old 3-daysold | One week old

Cotton 5 89h 386 L 68.7n

10 49 e 26.2 j 629 m

15 0.0 a 10.0 f 354 h
Castor 5 76 ¢g 289k 580 L

10 34 d 186 h 48.8 k

15 0.0 a 9.5 e 28.6 f
'Soybean 5 49 e 6.2 d 35.6 h

10 13 ¢ 18 b 268 d

15 0.0 a 0.0 a : 189 b
Corn 5 59 f 21.0 i 413 j

10 46e 123g 38.2 i

15 0.0 a 0.0 a 276 e
iApricot 5 04 b 43 ¢ 303 g
kernel 10 0.0 a 0.0 a 252 ¢

15 00 a 0.0 a 10.6 a
Control 0 753 i 73.2 m 743 o

Means followed by same letter in the same column are not significantly different, at 5%
level according to Duncan’s muitipie range test.

Treatment of seeds having one day old eggs at the rate of 15 ml/kg of
all tested oils, showed complete protection. Meanwhile, treatment of seeds
having 3 days old eggs showed the same level of protection in case of corn,
soybean and apricot kernel oils.

Treatment of seeds having the larval stage showed that all tested oils,
even at the highest dose (15 mi/kg), failed to prevent aduit emergence.

From the resuilts presented in this paper and those of other workers
(Shoonhoven, 1978 and Sing et al., 1978 and Ramzan et al., 1990), it is clear
that many vegetable oils exhibit ovicidal activity, these oils interfere with
normal respiration of eggs, resulting in hilling embryos by suffocation and the
insecticidal effectiveness of vegetable oils was determined by the triglyceride
component, while of the fatty acids tested, oleic acid was effective. Apricot
kernel oil contained mainly oleic and linoleic acids (93.15% of the total fatty
acids) (Own and Kassab, 2001).

Yearly, large quantities of apricot kernels are discarded after
processing of apricot fruits. This is not wastes a potentially valuable resource,
but also aggravates an already serious disposal problem. These seeds could
be used as a source of oils (Ismael and Badawy, 1990).

3. Effect of the oil treatments on emergence:

The average number of adults that had emerged at all times after

treatment ranged from 0 to 59.7 in different treatments. (Table 3).
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Tabie (3): Effect of the oil treatments on the emergence of adult
C. maculates.

Number of progeny
0il Dose
treatment mifkg 5 Storazle period (mcimhs) -
. 5 86 h 203k 276L 487 m
iCotton 10 23 d 76 f 153 h 19.2 i
B 15 0.0 a 23 ¢ 2.6 ¢ 43 b
5 53 g 17.3] 19.4 k 358 L
Castor 10 24 d 81h 176 j 19.3 i
15 © 0.0 a 22 ¢ 25 ¢ 6.3 d
. 5 29 f 10.2 h 153 h 236 )
ISoybean .. 10 00 a 53 e 114 f 16.2 h
15 0.0 a 12 b 26 ¢ 51 ¢
5 26 e 1141 168 i 289 Kk
Corn 10 13 b 73f 19 g 19.3 i
15 0.0 a 5.2 e 9.8 e 1.2 g
. 5 17 ¢ 23 ¢ 53 d 10.5f
*k\gr’r"‘;‘?‘ 10 00 a 00 a 0.0 3 13 a
15 0.0 a 0.0 a 0.0 a 13 a
Control 47.31 48.5L 49.8 m 55.7 n

Means followed by same letter in the same column are not significantly different, at 5%
level according to Duncan’s multiple range test.

It was found that treated seeds with, soybean and apricot kernel oils
at levels of 10 and 15 mi/kg, cotton, castor and corn oils at level of 15 mifkg
seeds completely prevented any emergence of aduits at 0 time post-treatment
cotton oil and castor oil at level of 5 mi/kg seeds were found to give the lowest
effect at all times post-treatment, where the average number of adults ranged
in between 5.3 to 35.8 and 8.6 to 48.7 for castor and cotton oils, respectively.
generally, cotton oil at level of 5 mifkg was found to be the least effective at all
times post-treatment. Data also showed that as the levels of tested oils
increased, the emergence of progeny adults decreased. Youssef and Kassab
(2002) found that increasing the time of storage decrease the developmental
period of C. maculatus, this means increase of insect population and degree
of infestation. The data, also cleared that while the time after treatment was
increasing the effects of tested materials clearly decreased. These results are
in agreement with the findings of Golob and Webley (1980) and Begum and
Quinione (1991).

4. Effect on infestation and seed loss:

At all times in post-treatment there was a sigriificant difference
_between the average percent damage of treatments and control. At 6 months
after treatment there were significant variations at different levels of oiis and
the average percentage loss in seed weight ranged from 0 to 1.2% in the
different treatments at (0 time) after treatment (Table 4).
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Table (4):Effect of the oll treatments on the infestation rate and seeds
loss of C. maculatus.

Dose Storage period jmonthg)
Oil treatment|  milk 0 1 2 1 4 6
' Seed Infestation (%)
5 38 f 8.7j 9.9 k 22.1m
iCotton 10 05 d 27 f 41 f 79 h
15 00 a 05 b 0.8 b 25 e
5 0.7 e 76 i 8.2 ] 150 L
Castor 10 03 c 28 f 63 h 6.6 g
15 0.0 a 0.7 ¢ 16 ¢ 20d
5 05 d 36 g 53 ¢ 104 j
Soybean 10 0.0 a 20 e 40 f 74 h
15 0.0 a 05 b 09 b 15 ¢
5 03 c 48 h 6.9 i 126 k
Com 10 0.1 ab 20 e 4.0 f 8.0 i
15 00 a 10 d 3.0 e 40 f
. 5 02b 09 d 22 d 40 f
Qg;‘fe‘," 10 0.0 a 0.0 a 0.0 a 06 b
15 0.0 a 00 a 0.0 a 03 a
Control 22.0 23.4 k 241 L 253 n
Seed loss (%)

5 1.2 d 3.0k 38h 127 j
Cotton 10 0.1 a 08 f 13 e 21 e
15 0.0 a 01 b 03 b 06 b
5 05¢ 26 j 38 h 10.2 i
Castor 10 01 a 1.9 i 20 f 29 f
15 0.0 a 0.5d 08 ¢ 14 d
5 03b 12 h 24 f 36 g
Soybean 10 - 00 a 08 f 13 e 23 e
15 0.0 a 0.1b 0.3 b 0.8 ¢
5 0.05a 09 g 28 g 45 h
Corn 10 0.09a 06 e 13 e 28 f
15 0.0 a 04 c 09 d 1.2 cd
, 5 0.01a 04 c 1.3 e 21 e
poricat 10 0.0 a 00 a 0.0 a 0.3 b
15 0.0 a 0.0 a 0.0 a 0.1 a
Control 10.5 o 11.8L 123 i 13.6 k

Means foliowed by same letter in the same column are not significantly different, at 5%
level according to Duncan’s muiltiple range test.

It was found out that the seeds treated with cotton oil and castor oil at
level of 5 mi/kg gave the least protection to the seeds in all times after
treatment where, the average percentage loss in seed weight ranged from 1.2
to 12.7% and 0.5% to 10.2% for cotton and castor oil, respectively. Generally,
it could be stated that soybean, corn and apricot kernel gave the highest
protection to mungbean if compared with oils of cotton and castor. The lowest
effect treatments were recorded appeared at 6 months post-treatment.
However, there was always a significant difference between treatments and
control at 6 months post-treatment.
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Data indicated that the weight losses in seeds were proportional the
level of infestation damage, seeds weight loss and seeds infestation were
positively correlated with the number of emerged adult at all times of study
where, r = 0.94, 0.99, 0.95 and 0.96 for seed weight losses. These resuits are
in agreement with the findings of Ramzan et al. (1990), Kumari et al. (1990),
Youssef and Kassab (2002).

5. Viability and vigour of seeds:

*  Results obtained in the course of the present investigations indicates
that the effect of applied oils affected the germination percentage, speed and
mean germination time indices and seedling vigour (radical, shoot length and
dry weight) as shown in Table (5).

In general, data indicates that, the germination percentage of
mungbean seeds was significantly decreased by oils that were tested after 24
hours or 6 months of treatment start and that result was more clear especially
with high rates. Accordingly the germination percentage decreased on the
checks from 95.7% (untreated seeds) to (94.2 — 86.2 %) on the average after
24 hours of treatment. Moreover, the percentage of germination after the
indicated period (6 months) was found to decrease from $0.60% (untreated
seeds) to (88.6 — 82.1%) in the case of seeds treated with different
protectants and become with recommended level of germination percentage
{(85%) which was recommended by Ministry of Agriculturai for legume seeds.

The results indicated a clear reduction in the germination percentage
at the initial and at the end of storage period as the result of using different
oiis if compared with untreated seeds (Singh et al. 1978 and Schoonhoven,
1978). Oils significantly decreased germination speed index of all
concentrations. The greatest germination speed index resulted from
application of 5 m/k, while the lowest one resulted from application of the 15
m/kg concentration. Increasing oils concentration significantly increased the
mean germination time index compared with the control.

Seedling vigour results indicated that radical, shoot length and dry
weight of the tested seeds significantly varied among the applied protectants
at different concentrations of used oils.

The various rates of decrease in the development of seedling after 24
hours of treatment and at the end of storage period agrees with the occurred
decrease on the germination percentage. However, the various stimulating
influences occurred on treated seeds could be attributed to chemical
influences of the effect of storage time used protectants on the biochemical
constituents of the seeds which might show up more clearly on seed which
posses relatively lower vnablllty

These results are in agreement with the Youssef and Kassab (2002), they

_found that storage time caused decreasing in moisture and carbohydrate content
of stored peanut seeds while fat and ash contents were increased with increasing
the time of storage and decreasing quality of legume seeds. This means
decreasing germination and seedling vigour seeds.

.
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Table (5):  Effect of the oll treatments on viability and seedling vigour
‘of mungbean seeds. i

Seedling vigour
Moan Seediin
o Dose | .(Germinatilgerminati| Shoot | Radical [ >3 9
treatment | mi‘kg °°n o [°" speed| ontime | length | length welr:ht
index index (cm) (cm) _(mg)
After 24 hours of treatment
5 936h |15 e 8.7bc 11.7h 95 ¢ 436 f
Cotton 10 896 d |14 d 8.9 ¢ 105d| 85bc | 385D
15 862 a [12Db 9.14d 106 e | 7.7 ab 375a
5 942§ (16 f 8.2 a 103 c)| 81b 436 f
Castor 10 89.1 ¢ |15 e 87 bc |10.6 de| 8.6 bc | 405 d
_ 15 874 b |12 b 9.2 e 8.6 a 73 a 384 b
5 9219 {179 85D 131 | 107 d 47.7 j
Soybean 10 90.0de (15 e 89 ¢ 126 i 93 ¢ 46.8 i
15 893 c (12 b 93 f 11.1 f 8.1b 445 g
5 914 f (14 d 83ab ) 132 )| 106 d | 463 hi
Corn 10 901 e |13 ¢ 86 bc | 126 i 81b 458 h
15 894 c |11 a 92 e 118h| 73 a 43.6 f
Apricot 5 910f |16 f 82a |11.7 gh| 94 ¢ 418 e
kernel 10 | 90.0de (16 f 87bc [116g| 820D 396 ¢
15 { 89.5¢cd (15 e 8.9 ¢ 102 b | 77 ab | 382 b
ontrol 95.7 j |18 h 8.3 ab 131 j | 11.7 e | 493 k
After 6 months of treatment
5 841e | 1.2d 9.5 f 103 e 8.8h 428 |
Cotton 10 826b |11¢c 96 g (113 gh| 80 e 424
15 | 823ab |10 b 8.7 a 114 h| 7.7¢c 39.0
5 886 h |1.1 ¢ 9.0 ¢ 105 f 95 j 45.8 h
Castor 10 88.0 g |09 ab 92 de [102e| 86 g 450 L
15 829c¢ (09 ab 9.5 f 85 b 8.2 f 39.1 g
5 826bc |12 d 91d 106 f 9.2 § 441 k
Soybean 10 82.3ab |0.9ab 89 b 102 e 79 d 403 h
15 821 a |08 a 9.9 j 9.6 d 6.1 a 382 f
5 880 g (1.2 d 96 g 112 g 9.8 | 332d
Comn 10 832d (10 b 98 i 103e| 89 h 30.7 ¢
15 | 82.3ab {09 ab 10.1 L 8.3 a 79 d 293 b
pricot 5 874 f (11 ¢ 93 e 110f 9.8 1 380 e
kernel 10 832 d |09 ab 97 h 95 d 93 i 30.7 ¢
15 821 a |08 a 10.0 k 9.1 ¢ 6.6 b 29.0 a
[Control 9061 (13 e 9.6 g 124 i | 103k | 463 n

Means followed by same letter in the same column are not significantly different, at 5%
level according to Duncan’s muitipie range test.

Results in the present investigation indicates a clear effect of
decrease of C. maculates when using oils. On the other hand, germination of
seeds was found to be safely affected. So, it could be stated that the applied
rates of the used protection (oils) could be recommended especially if these
seeds would be used also for human. However, more tests to get healthy
seeds is suggested. However, it is essential to find out the residual effects of
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the final products of these oils during storage that should be taken into
consideration. C
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