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HIS WORK was carried out in the experimental farm of

Medicinal and Aromatic Plants Research Department in
El Kanater El Khairia, in tow successive seasons 2010/2011 and
2011/2012. The aim of this study was to investigate the effect of
soaking cumin seeds before planting and spraying the plants with
garlic aqueous extract (100g/L, 200 g/L and 400g/L) alone or in
combinations on growth, fruit yield and oil production.

Cumin plants were responded to soaking and spraying with garlic
aqueous extract individually or in combinations. All treatments increased
the vegetative growth expressed as (plant height, fresh and dry
weights) and produced higher fruit yield compared with the control.
This increment showed positive trend with increasing the garlic
aqueous extract concentrations. Also, essential oil yield with the
highest p-mentha-1-en-7-al (major component) content increased
compared with the control plants.

Medicinal and aromatic plants are an important source of national income and
foreign currency. They are among the most important agricultural export
commodities that are in demand in USA, European and other international
markets which have a major role in agriculture and industry sectors. They are the
main source for safety drugs and row substances used in pharmaceuticals
manufacturing.

Cumin (Cuminum cyminum L.), belongs to family Apiaceae ( Umbellifera).
Its one of the drug and condiment crops cumin used as popular flavoring agent in
culinary, preparation bread, pastry confectionery Evans (1989) stated that cumin
and volatile oil are used as an aromatic and carminative.

Fresh garlic contains 0.10-0.36% of a volatile oil composed of sulfur-
containing compounds: allicin, diallyl disulfide, diallyl trisulfide and others. The
garlic volatile oil is obtained by steam distillation of crushed fresh bulbs. Some
chemical components of garlic were determined by Duke (1992) in Table a.
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TABLE a. Some components in Allium sativum (Garlic) bulbs as Duke mentioned (1992).

Components
e Terpens and their derivatives
Citral-  Geraniol Linalol
e  Growth regulators
Gibberellin-Az; and 7
e Amino acids
Arginine 6,340-15,216ppm Glutamic-acid 8,050-19,320ppm
Aspartic acid 4,890-11,736 ppm.
Methionine 760-1, 824 ppm.
Phenylalanine 1830-4,392ppm.
Proline 1,000-2,400 ppm.
Thireonine 1,570-3,768 trm.
Nicotinic-acid 4.8 ppm
Thiamin 2-8 ppm.
e Minerals
Potassium 3,730-13,669 ppm.
Magnesium 240-1,210 ppm.
Calcium 180-4, 947 ppm.
IRon 15-129 ppm.
Zinc 15.3 ppm
Manganese 5.4-15.3 ppm
Boron 3-6 ppm
Chromium 2.5-15 ppm.
Silicon
lodine
e Prostaglandins
Prostaglandin-A-1,2 and B-1.

e Sugars
Glucose Fructose
e Vitamin

Ascorbic-acid 100-788 ppm.

Allelopathy refers to the beneficial or harmful effects of one plant on another
plant, biochemical interactions among plant as a result of one or more chemical
compounds being produced by a plant plays a major role in the growth and
development of some plant communities (Rice, 1984). The nature and extent to
which these chemicals regulate plant growth varies according to species, the
feasibility of using allelochemicals to regulate growth of certain agricultural
system showed serious attention in recent years (Rice, 1984).

The fresh extracts of Allium sativum can be used to improve the vegetative
growth of squash Abou-Hussein et al. (1975) and El-Desouky et al. (1998). In
the same way, El-Shayeb (2009) found that, growth characters and flowering
parameters of Oenthera biennis were stimulated by spraying the plants with
garlic aqueous extract at 75%.

The present experiment has been conducted aiming to study the physiological

effects of garlic aqueous extract on the growth, fruits yield, essential oil
production of cumin.
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Materials and Methods

A pot experiment was conducted at the experimental farm of Medicinal and
Aromatic Plants Research Department in El Kanater El Khairia, Egypt in two
successive seasons 2010/2011 and 2011/2012.

This work was designed to investigate the physiological effects of garlic aqueous
extract on the vegetative growth, fruit yield and essential oil production of cumin
(Cuminum cyminum L.). Fruits (seeds) were sown in plastic pots (30 cm-diameter) on
November 15" in the two seasons. Chemical fertilizers (NPK) were added at the
recommended level in three additions, the first was for all phosphorous amount which
was added during soil preparation, the rest (NK) was applied in two equal doses, the 1%
one was added 30 days after sowing and the 2™ was one month later. Garlic aqueous
extract (GAE) was prepared by blending fresh mature garlic cloves in water at
concentrations 100g/L, 200 g/L and 400g/L.Cumin seeds were equally divided to
ten parts according to the treatments, 1part sown without soaking or spraying with
garlic aqueous extract (control), 3 parts of seeds were sown without soaking in garlic
aqueous extract, while the rest were soaked before sowing in garlic agueous extract at
concentrations of 100, 200 and 400 g/L for 15minutes. Plants with combination
treatments (3 parts of seeds) were sprayed twice with garlic aqueous extract at
concentrations of 100, 200 and 400 g/L. The first spray was conducted 45 days after
sowing and the second was done three weeks thereafter. So, the following treatments
were used:

o Control (without soaking or spraying).
e 100 g/L (GAE) soaking.
200 g/L (GAE) soaking.
400 g/L (GAE) soaking.
100 g/L (GAE) spraying.
200 g/L (GAE) spraying.
400 g/L (GAE) spraying.
100 g/L (GAE) soaking + spraying.
200 g/L (GAE) soaking + spraying.
400 g/L (GAE) soaking + spraying.

Each treatment was replicated three times and each replicate consisted of 9 pots.

Data were recorded on growth characters at harvest date i.e. plant height,
plant fresh and dry weights (g), fruit yield, essential oil percent, essential oil
yield/plant (ml) and essential oil composition.

Fruit yield/fed = fruit yield/plant x 120000 (plant/fed)

The essential oil of cumin fruit was determined according to British
pharmacopeia (1963).

The chemical composition of cumin essential oil of the 2" season were

determined by gas liquid chromatography (GLC) analysis, as recommended by
Hoftman (1967) and Bunzen et al. (1969).
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The experiment was designed in complete randomized blocks and the
recorded data were statistically analyzed according to Snedecor and Cochran
(1968), using L.S.D. at 5%.

Results and Discussion

Effect of garlic aqueous extract on

Vegetative growth of Cumin:

Data on vegetative growth revealed that, most treatments of garlic aqueous
extract significantly stimulated the vegetative growth of cumin plant in the two
seasons (Table 1).

Plant height (cm)

Effect of Soaking

Generally, it was obvious that, the plants which their seeds soaked in garlic aqueous
extract at all doses showed a significant increase in the plant height compared to the
control in both seasons. The plant height increased gradually with increasing the dose
of garlic aqueous extract. Statistically the tallest plants were obtained from those plants
were soaked in garlic aqueous extract at 400 g/L.

Effect of Spraying

It was found that spraying cumin plants with garlic aqueous extract gave a positive
effect on plant height in both seasons. Increasing garlic agqueous extract concentration
resulted non significant increase in plant height at 100 and 200g/L. Spraying plants
with 400 g/L produced significant effect in this respect.

Effect of the combinations

Data in Table 1 clearly emphasized that, interaction treatments gave mostly
the tallest plant compared with the rest of the treatments as well as control, it was
also noticed that, the interaction between soaking and spraying at 400 g/L was
found to be the most effective treatment in this respect in the two seasons.

Plant fresh weight (gm)
Data in Table 1 indicated, in general that, cumin growth showed stimulation
in response to garlic aqueous extract expressed as an increment of fresh weight

(g/plant).

Effect of Soaking

Regarding the effect of soaking cumin seeds in garlic aqueous extract, data in
Table 1 indicated that, in the first season, increasing the concentration of garlic
aqueous extract from 0 to 400 g/L resulted insignificant increase in plant fresh
weight (giving 2.96, 6.87, 8.44 and 9.41g respectively. The same trend was
observed in the second season, the values were (3.27, 7.67, 9.07 and 10.029g),
respectively.
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TABLE 1. Effect of garlic aqueous extract (GAE) on vegetative growth of cumin at
2010/2011 and 2011/2012 seasons.

Vegetative growth
2010/2011 2011/2012
Treatments Plant |Plantweight (g)| Plant | Plantweight (g)

h(i'r?gt Fresh | Dry h(i'r%gt Fresh| Dry

Control Og/L (GAE) 14.00 296 | 180 | 1411 | 3.27 2.05

Soaking at 100g/L (GAE) 19.10 6.87 3.87 | 19.67 | 7.67 4.22

Soaking at 200g/L (GAE) 19.39 844 | 495 | 2122 | 9.07 5.53

Soaking at 400g/L (GAE) 20.22 941 | 572 | 2189 |10.02| 587

Spraying at 100g/L (GAE) 14.22 350 | 207 | 1639 | 441 2.68

Spraying at 200g/L (GAE) 18.72 458 | 281 | 1888 | 4.92 2.95

Spraying at 400g/L (GAE) 19.05 506 | 309 | 1911 | 58 347

Soaking + Spraying at 100g/L (GAE) | 20.28 | 10.01 | 6.15 | 2255 |10.63| 6.53
Soaking + Spraying at 200g/L (GAE) | 23.17 | 13.17 | 827 | 2356 |14.09| 8.73
Soaking + Spraying at 400g/L (GAE) | 29.11 | 1541 | 946 | 29.89 |16.45| 9.79
L.S.D. at 5% 4.095 | 2415 |1.742| 5004 |2585| 1654

Effect of spraying

Spraying treatments with high concentration (400g/L) significantly increased
fresh weight of cumin plants. These increments were found to be concentration
dependent i.e. increasing to high concentration of garlic aqueous extract resulted
in increasing the fresh weight of cumin plants (5.062, 5.80g/plant) in the two
seasons respectively.

Effect of combinations

Actually, data in Table 1 clearly emphasized a promotion of cumin growth
due to the combination treatments values were significantly higher than those of
the control in the two seasons. The combination treatment of soaking and
spraying garlic aqueous extract at the highest dose (400 g/L) gave the highest
values 15.41 and 16.45 g/plant and the same effect was recorded in case of the
interaction between spraying and soaking garlic aqueous extract at (200 g/L)
(13.17 and 14.09 g/plant) in comparison with controls (2.96 and 3.27 g/plant) in
both seasons respectively.

Plant dry weight (gm)

Effect of soaking

Data presented in Table 1 showed that, cumin seeds soaked in garlic aqueous
extract at the highest dose (400g/L) gave the higher values of dry weight per
plant (5.72 and 5.87 g/plant), followed by soaking the seeds in garlic aqueous
extract at 200g/L which gave (4.95 and 5.53 g/plant), respectively in the two
seasons. The differences between these two treatments were not significant in the
two seasons.

Effect of spraying
The dry weight increased gradually with increasing the concentration of
garlic aqueous extract in the two seasons. The heavier dry weights 3.09, 3.47,
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2.81 and 2.95¢ are observed as a result of spraying the plants with garlic aqueous
extract at 400 g/L and 200g/L respectively. It was of interest to indicate that
these two treatments gave mostly the same effect in this respect.

Effect of the combinations

Data in Table 1 recorded that, the interaction treatments showed significant
effect on plant dry weight in the two seasons. The combination of spraying and
soaking garlic aqueous extract at the highest dose (400g/L) resulted in the
heaviest dry weights (9.46 and 9.79 g/plant) in both seasons respectively.
Moreover, data also emphasized that the combination treatments of the medium
concentration (200g/L) produced the same effect previously showed in case of
the highest concentration (400gm/L) of the combination treatments.

In general these results are in agreement with that obtained by El-Desouky
et al. (1998) they reported that soaked squash (Cucurbita pepo) seeds on garlic
extract at concentrations of 50, 250 or 500 ml/L significantly increased stem
length and dry weight of stem and leaves. Nour EI-Din (2005) found that the
spraying Majorana hortensis with garlic aqueous extract at 25, 50 or 100%
concentrations increased plant height, number of branch per plant, fresh weight
of herb per plant (g) and dry weight per plant (g). Also, EI-Shayeb, (2009) on
Oenothera biennis, stated that spraying aqueous extract at 75% was more
effective in stimulating growth and produced the maximum response in this
respect.

Fruit yield of Cumin

It is evident that most treatments have positive effect on fruit yield in both
seasons. The difference between the high concentration and the control are
highly significant Table 2.

Effect of soaking

Soaking cumin seeds in garlic extract at the different concentrations
significantly increased fruit yield/plant and fruit yield/fed compared with control
in both seasons.

The higher fruit yield/plant and fruit yield/fed were detected in seeds soaked
in garlic aqueous extract at 400 g/L. The values were 4.49 g/plant and 538.80
kg/fed, respectively in the first season and 4.60 g/plant and 552.40 kg/fed,
respectively in the second one. The same results were also showed in case of
200g/L treatment.

Effect of spraying

In Table 2, it can be notice that spraying garlic extract increased fruit yield
plant and fruit yield/fed over control in both seasons. Increasing the concentration
of garlic extract gradually increased the fruit yield in the two seasons. It was also
noticed that, the medium rate of 200g/L garlic extract gave the same effect of the
highest rate (400 g/L). The values were 2.10 g/plant and 252.00 kg/fed and 2.22
g/plant and 266.40 kg/fed in the first and second season respectively.
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Effect of combinations

The combination treatments of soaking and spraying also significantly increased
fruit yield/plant and fruit yield/fed in the two seasons. Increasing garlic extract up to
400 g/L increased the values in this concern comparing to the other treatments of garlic
extract in both seasons.

TABLE 2. Effect of garlic aqueous extract (GAE) on fruit yield of cumin 2010/201
and 2011/2012 seasons.

Fruit yield
Treatments 2010/2011 2011/2012

Plant (g) | Fed (kg) | Plant(g) | Fed (kg)
Control 0 (GAE) 1.35 162.40 1.57 188.00
Soaking at 100g/L (GAE) 2.89 344.40 3.07 368.00
Soaking at 200g/L (GAE) 3.80 454.00 4.35 522.40
Soaking at 400g/L (GAE) 4.49 538.80 4.60 552.40
Spraying at 100g/L (GAE) 1.50 180.40 1.95 234.40
Spraying at 200g/L (GAE) 2.10 252.00 2.22 266.40
Spraying at 400g/L (GAE) 2.30 276.40 2.51 301.20
Soaking + Spraying at 100g/L (GAE) 4.87 584.00 5.17 620.40
Soaking + Spraying at 200g/L (GAE) 6.63 796.00 6.95 833.60
Soaking + Spraying at 400g/L (GAE) 7.47 896.80 7.57 908.80
L.S.D. at 5% 1.613 180.45 1.629 198.20

However, it is of important to report that the garlic extract of 400 and 200
g/L produce the same effect in cumin growth and fruit yield so, the differences
between the values of fruit yield per plant and per feddan were found to be
insignificant in the two seasons.

Similar results were observed by Meena et al. (2011) on Brassica juncea.
They stated that spraying the plants with garlic aqueous extract significantly
increased seed yield compared to control.

Essential oil Production

Data presented in Table 3 showed that garlic aqueous extract slightly
increased volatile oil percentage in both two seasons. These increment was
insignificant in the first season. However in the second season garlic aqueous
extract had a significant effect on oil percentage compared to untreated plant.

Oil yield/plant and oil yield/fed of cumin plants were positively affected by
soaking and spraying garlic aqueous extract alone or in combinations.

Effect of soaking

Garlic aqueous extract application had no significant effect on volatile oil
percentage, in the first season, however, the plants treated with garlic aqueous
extract at 400 g/L gave the highest essential oil percentage (3.57%) followed by
plants treated with garlic aqueous extract at 200 g/L. In the second season, garlic
aqueous extract at 100, 200, 400 g/L significantly increased essential oil
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percentage in comparison with control. Soaking cumin seeds in garlic agqueous
extract at 400 g/L gave the highest volatile oil percentage 4.17% followed by
200 g/L. compared to control.

Soaking cumin seeds in garlic extract significantly increased, volatile oil yield/plant
and volatile oil yield/fed compared to the control in the two seasons. The maximum
value was found with the highest concentration of garlic (400 g/L). The values were
0.160 ml/plant and 19.20 L/fed respectively in the first season and 0.190 ml/plant and
22.84 L/fed, respectively in the second one. The results also indicated that, the medium
concentration of garlic agueous extract 200 g/L gave the same effect of the highest
concentration.

Effect of spraying

Spraying garlic aqueous extract slightly increased volatile oil percentage of
cumin. Spraying garlic aqueous extract at 400 g/L gave the highest oil percentage
followed by 200 g/L. in the two seasons. These increment was insignificant in the
first season compared with control.

Spraying aqueous garlic extract from 100 g/L to 400 g/L significantly
increased essential oil yield/plant and oil yield/fed compared to control in both
seasons. The higher records in this concern were 0.078, ml/plant and 9.32 L/fed,
respectively in the first season, and 0.088 ml/plant and 10.60 L/fed, respectively
in the second one were obtained from spraying garlic extract at 400 g/L. It was
also noticed that the medium concentration of 200 g/L gave mostly the same
effect of the highest one. These results were similar to that obtained by Nour El-
Din (2005) on Majorana hortensis.

TABLE 3. Effect of garlic aqueous extract (GAE) on essential oil production of
cumin plant at 2010/2011 and 2011/2012 seasons.

Essential oil production
Treatrments 2010/2011 2011/2012
Percentage Ol yield Percentage Ol yield

ml/plant | L/fed mi/plant | L/fed

Control 0 (GAE) 2,50 0033 | 408 2.60 0.042 | 5.00

Soaking at 100g/L (GAE) 343 0101 | 1208 | 383 0.124 | 14.88

Soaking at 200g/L (GAE) 347 0131 | 1568 | 3.90 0.172 | 20.68

Soaking at 400g/L (GAE) 357 0160 | 1920 | 417 0190 | 22.84

Spraying at 100g/L (GAE) 2.97 0.045 | 536 3.07 0.060 | 7.16

Spraying at 200g/L. (GAE) 3.10 0065 | 776 | 333 0070 | 840

Spraying at 400g/L (GAE) 3.40 0078 | 9.32 3.50 0.088 | 10.60

Soaking + Spraying at 100g/L (GAE)| 360 0174 | 2088 | 430 0.224 | 26.84
Soaking + Spraying at 200g/L (GAE)| 373 0254 | 3048 | 433 0301 | 36.12
Soaking + Spraying at 400g/L (GAE)| 397 0298 | 3576 | 443 0333 | 39.92
LS.D.at5% NS 0076 | 894 | 0873 | 0076 | 9.07
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Effect of the combinations

Regarding the interaction effect between soaking and spraying, there was no
significant effect on essential oil percentage in the first season. However the
interaction between soaking and spraying was more effective in increasing,
volatile oil yield/plant and oil yield/fed than each of them alone. The highest, oil
yield 0.298 ml/plant and oil yield/fed 35.76 L/fed, respectively in the first season
and 0.333 ml/plant and 39.92 L/fed, respectively in the second one were obtained
from the highest concentration of garlic extract 400 g/L. It was also observed
that values of oil yield per plant and per fed. of medium concentration (200g/L)
were not different than that of the highest one in the two seasons.

Chemical composition of essential oil

Table 4 and Fig. (1-10) showed that, GLC analysis of cumin volatile oil
revealed that p-mentha-1-en-7-al was the main component. These results agreed
those of Nicola S. lacobellis et al. (2005) reported that the main component of
cumin oil is p-mentha-1-en-7-al. In this regard Karim et al. (1976) found that,
ecological conditions of 2 regions affected the oil composition of pakistan
Cumin seed and indicated by the variations in hydrocarbon fraction, B-pinene
and y-terpinene were the major terpenes in both oils 33.3 and 41.1%, P-cymene
was present to the extent of 6% in one and only 2.740 in the other. The content
of oxygenated terpenes cumin aldehyde and cumin alcohol was quite high (22.4
and 20%) and (7.2 and 3.7%) respectively.

Effect of soaking

Generally, soaking cumin plants in garlic aqueous extract at different
concentrations (100, 200 and 400 g/L) increased p-mentha-1-en-7-al percentages
in the first and second seasons compared to untreated plants.

Effect of spraying

From Table 4, it could be noticed that spraying cumin plants with garlic
aqueous extract at 100, 200 and 400 g/L increased p-mentha-1-en-7-al
percentage compared to the control.

Effect of the combinations

Combined treatments of soaking and spraying were more effective in
increasing p-mentha-1-en-7-al in cumin volatile oil than each of them alone.
Increasing the concentration of garlic extract from 100 to 400 g/L increased
p-mentha-1-en-7-al in cumin oil, the maximum value (45.54%) was obtained
from the highest concentration of garlic extract (400g/L) followed by the rest
concentration of 100 and 200g¢/L of the combination treatments .

It could be concluded that interaction between spraying and soaking garlic
extract was more effective in stimulating cumin growth, fruit yield, oil
production and the main component of cumin oil. This may be a result of
containing garlic extract of various active components like allicin and its
derivatives S-allyl cysteine, diallyldisulfide according to Ghalehkandi et al.
(2012). Allicin and other thiosulphinates found in garlic have a Wide spectrum
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of antimicrobial activity and this is probably due to the thiosulphinate reacting
with thiol groups of various bacterial enzymes ( Ankri and Mirelman 1999).This
components may be affect physiological
(Duke,1992). These results agreed with those of Croteau and Loomis (1974) they
came to the conclusion that, physiological factors may significantly affected the
composition of terpenes produced in any given environment.

metabolism

in cumin plants

TABLE 4. Effect of garlic aqueous extract (GAE) on essential oil component
contents in the second season (2011/2012) in cumin seeds.

. - Cumin | P-mentha-
Treatments aThujene | B- Pinene |a -phyllendrene aldehyde | 1-en-7-al
Control 0 (GAE) 5.74 8.75 16.68 27.83 41.01
Soaking at 100g/L (GAE) 5.74 5.13 21.04 24.34 4375
Soaking at 200g/L (GAE) 6.57 5.42 15.63 28.61 43.77
Soaking at 400g/L (GAE) 5.97 6.57 18.07 25.55 43.84
Spraying at 100g/L (GAE) 9.20 3.67 17.82 26.87 42.45
Spraying at 200g/L (GAE) 9.18 4.25 17.65 26.07 42.85
Spraying at 400g/L (GAE) 5.05 7.83 18.27 25.67 43.19
Soaking+ Spraying at 100g/L (GAE) 7.44 4.56 20.55 23.13 44.32
Soaking + Spraying at 200g/L (GAE) 7.44 4.56 20.55 23.13 44.32
Soaking + Spraying at 400g/L (GAE) 6.25 8.05 20.23 19.92 45.54
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Fig. 9. Chromatogram of cumin essential oil ~ Fig. 10. Chromatogram of cumin essential

(Soaking and Spraying at 200g/L) . oil (Soaking and Spraying at
400g/L) .
Recommendation

It could be recommended cumin farmers to use garlic aqueous extract at
200g/L (soaking the cumin seeds before sowing and spraying twice during the
growing season), to obtain the highest growth, fruit yield and essential oil yield
as well as the highest essential oil quality of cumin. This approach may led to
strengthen and expanding the using of natural extracts of medicinal and aromatic
plants in other purposes (in addition to therapeutics uses) due to its richness of
different physiologically active compounds (allelochemicals) that have
allelopathic effects and may affect in a good manner plant growth.
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