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ABSTRACT

A field experiment was established to evaluate the effect of intercropping
Chinese garlic with fennel, coriander or caraway plants on the growth, yield, oil
content and economic return of these species. The experiment was conducted at the
Experimental Farm of the Desert Development Center, American University in Cairo
(DDC, AUC) in South Tahrir during the two successive seasons of 1999/2000 and
2000/2001. The obtained results showed that, the growth characters (No. of branches
& leaves/plant, fresh & dry weights/plant, No. of cloves/bulb & umbels/plant, clove
weight and weight of 100 fruits) of intercropped plants were significantly decreased by
intercropping, while the plant height of fennel, coriander or caraway was slightly
increased. Intercropping significantly decreased the yield of each crop as compared to
the pure stand treatments of each one. On contrary, the intercropping treatments
increased the productivity/feddan (net profit) than pure stand treatments, except
intercropping Chinese garlic with fennel, which produced less monetary return than
pure stand of Chinese garlic. Essential oil percentage of Chinese garlic tended to
decrease due to intercropping, while it was not affected in fennel, coriander or
caraway. The main components of essential oil of studied plants were not
substantially affected by intercropping treatments. However, land equivalent ratio was
greater than one. Intercropping Chinese garlic with coriander is recommended to
obtain the highest value of land equivalent ratio and land usage, followed by caraway
and fennel, respectively.

Keywords : Intercropping, interplanting, garlic, fennel, coriander, caraway, Liliaceae,
Apiaceae

INTRODUCTION

Garlic (Allium sativum L., Fam.Liliaceae) is one of the major vegetables
for local consumption and exportation. Also, garlic considered as a main crop
for its critical s anitation role in the p ublic h ealth. G arlic has been used for
many medicinal purposes including use as hypoglycemic agent (Brahmachari
and Augusti, 1962), a hypocholesterolemic agent (Augusti, 1977), an anti-
spasmolytic agent (Lio and Agnoli, 1927) and anti-hypertensive agent
(Velasquez et al., 1958).

Fennel) Foeniculum vulgare), Coriander (Corianderum sativum) and
Caraway (Carum carvi) plants, Fam. Apiaceae. They considered as the most
important spice plants. These plants are cultivated in winter as annual plants
and their fruits appear in summer season.

Dried ripe fruits of fennel and its volatile oil are used as a flavouring
agent, carminative, stimulant and condiment.

Fruits and oil of coriander piant are employed widely in gin essences
and for flavouring of all kinds of food products, sauces, soups, baked goods
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and confectionery. Oil is used also in pharmaceutical and other preparations
for covering disagreeable odor and taste.

Caraway fruits are used for flavouring bread, cakes «confectionery,
cheese, sausages, canned goods, soaps, meat and all kinds of food
products. Oil of caraway is used in oral preparations, to overcome the
unpleasant odor or taste. Qil is considered aiso as a mild stomachic and
carminative.

Intercropping may considered as one of the most effective methods
followed in Egypt to maximise the output of the limited cultivated lands.
Results of many researchers found that, maximum net profit could be
obtained from the same area if two crops were interplanted together without
aggressive compitition between them. Haq et al (1997) reported that
intercropping garlic with tomato increased the benefit / cost ratio than that of
gerlic or tomato monocropping. The land equivalent ratio (L.E.R) of the
intercropping system was greater than one. Nikam et a/ (1988) demonstrated
that intercropping coriander with safflower in a 2/1 ratio gave the maximum
monetary return. Singh et al (1999) reported that intercropping sugarcane
with garlic or fennel gave the highest net return and benefit/cost ratio than
those of sole crops.

Also, intercropping is used as a control of insects. Naganathan et al
(1988) stated that, the p opulations o f R adopholus s imilis and Pratylenchus
coffeae on banana roots were significantly reduced by growing antagonistic
crops such as tagetes or coriander. Varun et al (1990), found that when
sugarcane was intercropped with spice crops, namily coriander, caraway,
onion, garlic, fenugreek, fennel and black cumin, the incidence of the pyralid
was significantly reduced. In addition, the intercropping system is used as a
weed control (living cover) and use also to minimize the irrigation water.

El-Gamal et al (1984) concluded that, onion and garlic were suitable
combinations as intercropps with geranium. Haridy et af (1990) indicated that
the yield of coriander fruits and the oil yield per plant were signifcantly
decreased by intercropping with cabbage, lettuce or radish. Al-Masry et al
(1990) concluded that intercropping slightly reduced herbage and oil of both
dill and peppermint compared with pure stand crops. Seed oil yield of dill was
slightly reduced. G.L.C. analysis proved that the oil composition of the
studied crops was not affected by intercropping. Ram and Kumar (1998)
stated that the quality of geranium essential oil in terms of its major
constituent, citronellol, was not affected by intercropping with g arlic, o nion,
coriander, mustard or wild marigoid. El-Gamal et al (1988) reported that piant
height, number of fruits/plant, yield of fresh and dry sepales and organic acids
percentage in roselle piant were slightly decreased, while Anthocyanine
content was significantly decreased by intercropping with s esame. Eid and
El-Gizy (1995) found that plant growth of sufflower significanily decreased by
intercropping with broad bean. Plant height of broad bean was significantly
increased by intercropping. while the yield was decreased. Land equivalent
ratio (L.E.R.) was greater than ane by intercropping treatments. The yieid
advantage was produced and land usage was increased by intercropping
safflower with broad bean.
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This work was designed to study the effect of intercropping Chinese
garlic with fennel, coriander or caraway plants on the growth, yield, oil
content, land equivalent ratio and net profit/feddan.

MATERIALS AND METHODS

The experiment was conducted at the Experimental Farm of the Desert
Development Center, American University in Cairo (DDC, AUC) in South
Tahrir during the two successive seasons of 1999/2000 and 2000/2001 to
study the effect of intercropping Chinese garlic with fennel, coriander or
caraway plants on the growth, yield, oil content, land equivalent ratio and net
profit/feddan.

The experiment included seven treatments as follows:
1- Pure stand (monocropping or sole crop) of Chinese garlic plants (main
crop).
2- Pure stand (monocropping or sole crop) of fennel plants.
3- Pure stand (monocropping or sole crop) of coriander plants.
4- Pure stand (monocropping or sole crop) of caraway plants.
5- Intercropping Fennel with Chinese garlic on the other side of the ridge.
6- Intercropping Cariander with Chinese garlic on the other side of the
ridge.
7- Intercropping caraway with Chinese garlic on the other side of the ridge.

Spacings were 10 cm for Chinese gzarlic and 30 cm for fennel «coriander
and caraway. The plot area was 8.75 m* (2.5 x 3.5 m) containing four ridges
each of 60 ¢m in width and 3 m in length. Each plot contained 120 plants
(30/ridge) for Chinese garlic and 40 plants (10/ridge) for fennel, coriander or
caraway. Complete randomized block design with three replicates was used.
On 30" Sept., Chinese garlic cloves were planted, while seeds of fennel,
coriander and caraway were sown on 20" Oct., and the plantation was done
en one side of the ridge. Plants of each crop received the recommended
a%ricultural Eractices_ Chinese garlic and coriander plants were harvested on
5° and 20" April respectively, while plants of fennel, and caraway were
harvested on 15" May. The following data were recorded: plant height, No.of
branches & leaves/plant, fresh and dry weights/plant, No.of cloves/bulb &
umbels/plant as well as clove weight and weight of 100 fruits. Also yield of
bulbs & fruits, percentage and yield of oil, percentage of yield reduction, land
equivalent ratio (L.E.R.) and the net profit were calculated. The volatile oil
percentage was estimated according to Guentber (1961). Essential oil
components were d etermined according to Hoftman (1967) in the C enteral
Lab., of Agric. Fac., Cairo Univ. Land equivalent ratio (L.E.R.) was calculated
according to Willy and Osiru (1972) as follows :

Intercropped yield of Chinese garlic (with fennel)

Ry = ‘
Pure stand yield of Chinese garlic

Intercropped yield of Fennel

Pure stand yield of Fennel
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Intercropped yield of Chinese garlic (with

coriander)

i ) Pure stand yield of Chinese garlic
Intercropped yield of Coriander

. ) Pure stand yield of Coriander

Intercropped yield of Chinese garlic (with caraway)
o ) Pure stand yield of Chinese garlic
. Intercropped yield of Caraway
" -

Pure stand yield of Caraway

LER (for intercropping Chinese garlic with fennel) =R1 +R2
LER (for intercropping Chinese garlic with coriander) = R3 +R4
LER) for intercropping Chinese garlic with caraway) = R5 + R6

Net profit per feddan for different intercropping treatments was done
based on the local price of Chinese garlic, fennel, coriander and caraway
during the same plantation season to obtain the total income (total financial)
per feddan .

Net profit/feddan = Total income/feddan — cost/feddan

All data were statistically analyzed according to Snedecor and Cochran
(1980).

RESULTS AND DISCUSSION

A- Chinese garlic

Results in Table (1) indicated that the plant height was significantly
decreased by intercropping, so the pure stand treatment produced the tallest
plants. The other growth parameters such as No.of both leaves/piant &
cloves/bulb, fresh & dry weights/piant as well as clove weight, were also
significantly decreased with intercropping treatments as compared to pure
stand treatment. In addition, data cleared that growth of Chinese garlic was
depressed by intercropping with fennel more than with coriander or caraway,
therefore the least values of Chinese garlic growth parameters were found by
intercropping with fennel. Regarding the yield of bulbs per plant or per
feddan, they were significantly decreased due to the intercropping systems
when compared to monocropping treatment (Table 1). When Chinese garlic
intercropped with fennel, the greatest reduction in Chinese garlic yield was
obtained when compared to other intercropping treatments. The percentages
of reduction in Chinese garlic yield were 32.80, 14.65 and 23.76% for
intercropping with fennel, coriander and caraway, respectively in the first
season, while they were 36.98, 20.89 and 19.64% in the second season as
shown in Table (1). Concerning the oil percentage of Chinese garlic, it is clear
that different intercropping systems decreased the percentage of Chinese
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garlic volatile oil as compared to sole crop treatment. Oil yield per plant was
substantially decreased by intercropping. The highest oil content was found
with pure stand of Chinese garlic followed by intercropping Chinese garlic
with caraway, coriander and fennel respectively. The main components of the
volatile oil of Chinese garlic that separated by G.L.C. and their percentage
are shown in Table(1) & Fig(1). The obtained results showed that, the major
components of the volatile oil of Chinese garlic were Methyl allyl disulfide and
Dimethyl trisulfide. Data cleared that the main components were not
substantially affected by different intercropping systems. Similar findings were
obtained by Ram and Kumar (1998), they stated that the quality of geranium
essential oil in terms of its major constituent, citronellol, was not affected by
intercropping with garlic, onion, coriander, mustard or wild marigold. Eid and
El-Gizy (1995) found that, plant growth of sufflower significantly decreased by
intercropping with broad bean. Also yield of both sufflower and broad bean
were significantly decreased due to intercropping.

B- Fennel

Plant height of fennel was significantly increased when intercropped
with Chinese garlic, while No.of branches/plant, fresh & dry weights of plant
as well as No.of umbels/plant and weight of 100 fruits were significantly
reduced by intercropping (Table 2). As for the fruit yield, it can be concluded
that it was decreased with intercropping treatment as compared to pure stand
one. However the reduction percentages were 13.40 and 12.09% for the first
and second seasons, respectively as shown in Table (2). Although the oil
percentage was not affected by intercropping, the oil yield/plant was
significantly decreased due to the intercropping and the highest oil content
was found with sole crop. Results in Table (2) & Fig (1) represented the
percentage of volatile oil constituents of fennel fruits. It is clear that the major
components of fennel oil were Anethole, Limonene and Methyl chavicole. The
percentages of both Anethole, and Limonene were not considerably
changed, while the percentage of Methyl chavicol was slightly increased due
to intercropping. These results are in accordance with those obtained by El-
Gamal et al (1984), they concluded that onion and garlic were suitable
combination as intercropps with geranium. Also, Al-Masry et al (1990) stated
that intercropping slightly reduced herbage and oil of both dill and peppermint
compared with pure stand crops. Seed oil yield of dill was slightly reduced
and the oil composition of the studied crops was unaffected by intercropping.

C- Coriander

It is clear from Table (3) that intercropped Chinese garlic with
coriander has a positive effect on the plant height of coriander, so the
treatment of sole crop produced shorter plants than those with intercropping
treatment. The opposite trend was observed for the other growth parameters
which include No.of umbels / plant, fresh & dry weights of plant as well as
No.of umbels/plant and weight of 100 fruits. Fruit yieid produced per plant or
feddan was signifcantly decreased by intercropping and the reduction
percentages were 12.81 and 10.55% for the first and second seasons
respectively as shown in Table (3).
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Recorded Response

Recorded Response
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Methyl allyl disulfide

Dimethyl trisulfide
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Fig. 1 : Separation of the essential oil components of
Chinese garlic and fennel (G.L.C. analysis).
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The percentage of coriander volatile oil was unaffected by intercropping.
Oil yield of coriander was insignificantly decreased when coriander
intercropped with Chinese garlic. However the highest yield of both fruits and
oil were obtained with monocropping treatment. G.L.C. for oil analysis is
shown in Table (3) & Fig (2). Data cleared that, Linalool represented the main
component of coriander oil which was not substantially affected by
intercropping system. Many workers came to the same conclusion. Haridy et
al (1990) indicated that the yield of coriander fruits and the oil yield per plant
were significantly decreased by intercropping with cabbage, lettuce or radish.
El-Gamal et al (1988) reported that number of fruits/plant, yield of fresh and
dry sepales and organic acids percentage in roselle plant were slightly
decreased by intercropping with sesame. Anthocyanine content was
significantly decreased due to intercropping.
D- Caraway
; Data found in Table (4) revealed that intercropped Chinese garlic with
caraway increased the plant height of caraway, while No.of branches &
umbels/plant, weight of plant and weight of 100 fruits were significantly
decreased as compared to pure stand treatment. Also, the fruit vield was
significantly decreased by intercropping and the reduction percentages were
11.75 and 12.05% for the first and second seasons, respectively (Table 4).
Although the oil percentage was not affected by intercropping, the oil content
of caraway plant tended to decrease when intercropped with Chinese garlic.
The percentage of coriander volatile oil was unaffected by intercropping. Oil
yield of coriander was insignificantly decreased when coriander intercropped
with Chinese garlic. However the highest yield of both fruits and oil were
obtained with monocropping treatment. G.L.C. for oil analysis is shown in
Table (3) & Fig (2). Data cleared that, Linalool represented the main
component of coriander oil which was not substantially affected by
intercropping system. Many workers came to the same conclusion. Haridy et
al (1990) indicated that the yield of coriander fruits and the oil yield per plant
were significantly decreased by intercropping with cabbage, lettuce or radish.
El-Gamal et af (1988) reported that number of fruits/plant, yield of fresh and
dry sepales and organic acids percentage in roselle plant were slightly
decreased by intercropping with sesame. Anthocyanine content was
significantly decreased due to intercropping.
Land equivalent ratio
Data in Table(5) show that the effect of intercropping on land equivalent
ratio (LER) of Chinese garlic with fennel, coriander or caraway was greater
than one, while it was less than one for monocropping of each crop. This
showed that the actual productivity of the intercropping piants in the unit area
of iand was greater than the expected productivity of the monocropping
plants in the same area of land. The obtained results indicated that
intercropping Chinese garlic with coriander produced the best yield
advantage and the highest land usage, followed by intercropping Chinese
garlic with caraway or fennel respectively. Eid & El- Gizy ( 1995) found that
L.E.R. of safflower and broad bean was greater than one, while it was less
than one for monocropping of each plant. Also Shahien (1991) intercropped
tomato with broad bean and came to the conclusion.
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Linalool

R¢ {min.)
Pure stand of coriander

Carvone

Limonene

et e

R, (min.)

Pure stand of caraway

Fig. 2 : Separation of the essential oii components of coriander and
caraway (G.L.C. analysis)
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Table (5): Effect of intercropping Chinese garlic with fennel, coriander or
caraway on the land equivalent ratio (L.E.R) during the two
successive seasons of 1999/2000 and 2000/2001.

Treatments
First season Second season

Parameters | intercropping | intercropping Intercropping | Intercropping | Intercropping '“‘;’:"’"P‘"“
(Chinese garliciChinese gariic|Chinese garliciChinese garfic|Chinese garfic e

: d o garlic
with fennel |with cor with caraway | with fennel |with coriander With caraway

Chinese garlic| 0.672 0.854 0.762 0.630 0.791 0.804

Fennel 0.871 - - 0.879 - -
Coriander - 0.872 - - 0.895 -
Caraway - - 0.882 - - 0.879
L.E.R 1.543 1.726 1.644 1.509 1.686 1.683

Economic return !

Data in Table (6) showed the production, total income and net profit per
feddan for different intercropping treatments. it is e vident from these d ata
that the intercropping treatments gave the higher net profit than
monocropping, except in case of intercropping Chinese garlic with fennel
which gave less net profit than sole crop of Chinese garlic, although it was
more than the net profit of pure stand of fennel .

It could be concluded that, although intercropping Chinese garlic with
either fennel, coriander or caraway plants, led to slight reduction in the growth
and yield parameters of the species under investigation, the net return of the
unit cultivated area was higher in case of intercropping in comparison with
monocropping. Intercropping Chinese garlic with coriander is recommened to
abtained the highest value of land equivelant and land usage . The
intercropping didn’t affect the oil quality of these species.
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