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ABSTRACT: The present study was conducted at the Experimental Farm, Faculty of Agriculture
(Ghazala Farm), Zagazig University, Egypt during the two seasons of 2012/2013 and 2013/2014. The
effect of intercropping systems of fennel and fenugreek at ratios of 1:1, 1:2, 1:3 and 2:1 on alternative
rows in comparison with sole cropped of each species and different phosphorus fertilization rates (0.0,
32 and 48 P,0; kg/faddan) and their combination treatments on growth, yield components, oil
production as well as some competitive indices of both tested crops. Application of phosphorus at 48
kg P,Os/faddan caused significant increase in all parameters of fennel and fenugreek over the other
rates under study. Intercropping system 1:3 (fennel: fenugreek), in most cases, significantly increased
the recorded growth parameters, yield components, fixed oil content of fenugreek and volatile oil yield
per fennel plant as well as competitive indices of the two components in the two seasons, whereas all
intercropping systems significantly decreased seed, fruit and oil yield per faddan compared to sole
crop (control). In addition, from studying competitive indices, it was clear that, the high land
equivalent ratio (1.137 and 1.156), area time equivalent ratio (1.013 and 1.023), land utilization
efficiency (107.53% and 108.72%) and relative crowding coefficient (2.143 and 2.917) values were
achieved by the combination treatment between intercropping system of one row of fennel alternating
with three rows of fenugreek combined with phosphorus at a rate of 32 P,Os kg/faddan during the
first and second seasons, respectively. Generally, it could be gained from sowing one faddan, by using
the intercropping pattern of 1:3 combined with phosphorus fertilization at 32 kg P,Os/faddan , the
same yield which would required about 1.137 or 1.156 faddan of each crop cultivated alone. Also this
treatment is economic by using small area.
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INTRODUCTION

The species of family Apiaceae are well
known source of many important herbal
products (Ekiert, 2000). Foeniculum vulgare
Mill (fennel), which belongs to family
Umbelliferac (Apiaceae), is an annual plant.
Vegetative parts of the plant are used as a green
salad while fruits have a pleasant, spicy odour
and burning sweet taste, and have
pharmaceutical, perfumery and food flavouring
used. Fennel fruits contain 1-3% volatile oils,
which have disinfectant and anti-inflammatory
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action, primarily on the respiratory and digestive
organs and have an antispasmodic effect on
smooth muscle (Stary and Jirasek, 1975).
Antioxidant and antimicrobial activity of fennel
has also been reported (Ruberto ef al., 2000).

The other specie that studied in this research
was fenugreek (7rigonella foenum-graecum L.)
which is an annual crop belonging to the legume
family. This crop is native to an area extending
from Iran to northern India, but is now widely
cultivated in China, north and east Africa,
Ukraine and Greece (Petropoulos, 2002).
Fenugreek leaves and seeds have been used
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extensively to prepare extracts and powders for
medicinal uses (Basch et al., 2003). Fenugreek
is reported to have anti- diabetic, anti-fertility,
anticancer, anti-microbial, anti-parasitic and
hypocholesterolaemic, effects (Al-Habori and
Raman, 2002).

Growing demand for food as a result of an
increasing population more and more beside the
continuous reduction in agricultural land in
Egypt requests a shift to more productive
cropping systems. Intercropping is a sustainable
practice used in many developed and developing

countries and an essential element of
agricultural ~ sustainability =~ (Maffei  and
Mucciarelli, 2003). Intercropping has an

important role in increasing the productivity and
stability of yield in order to improve resource
utilization and environmental factors (Alizadeh
etal.,2010).

Phosphorus (P) is one of the essential
macronutrients  for plant growth and
development (Harrison et al., 2002). Phosphorus
is an important constituent of bio-molecules like
nucleic acids, phospholipids and ATP. Usually
the soils are phosphorus deficient because of
fixation problems, which makes it less available
to the plants especially in clays soils. To
overcome the P deficiency, different kinds of
phosphate fertilizers are applied to the soil
mainly in the case of legumes, which carry
inbuilt potential of phosphorus utilization
compared to other crops (Gentili et al., 2006;
Rotaru and Sinclair, 2009).

The most important aim of this study is
maximizing the crop productivity by using
different intercropping systems combined with
phosphorus fertilization treatments with fennel
and fenugreek plants. Besides, studying the
effects of using different intercropping systems
between fennel and fenugreek, phosphorus
fertilization rates and their combination
treatments on growth, yield components, oil
production as well as some competitive indices
of both crops under Sharkia Governorate
conditions, Egypt.

MATERIALS AND METHODS

The present study was conducted at the
Experimental Farm, Faculty of Agriculture

(Ghazala Farm), Zagazig University, Egypt
during the two winter seasons of 2012/2013 and
2013/ 2014. Seeds of both fennel and fenugreek
were obtained from Research Centre of
Medicinal and Aromatic Plants, Dokky, Giza
and were sown on 10" October during both
seasons. Seeds were sown and then immediately
irrigated. The mechanical and chemical
properties of the experimental farm soil site are
shown in Table 1 according to (Chapman and
Pratt, 1978).

This experiment included 15 treatments,
which were the combinations between five
intercropping systems and three phosphorus
fertilization rates which were; control (without
phosphorus fertilization), 32 and 48 kg P,Os kg /
faddan (fad.) as calcium superphosphate (15.5%
P,0s). The intercropping system treatments were
as follows:

1. Sole cropping system of either fennel or
fenugreek. Such treatment was used as
control for both crops.

2. Intercropping system of 1:1; since planting
one row of fennel alternated with one row of
fenugreek. Such system provides the
proportional area of 50: 50 to each of fennel
and fenugreek, respectively.

3. Intercropping system of 1:2; since planting
one row of fennel alternated with two rows of
fenugreek. Such pattern provides the
proportional area of 33.3: 66.7 to each of
fennel and fenugreek, respectively.

4. Intercropping system of 1:3; since planting
one row of fennel alternated with three rows
of fenugreek. Such system provides the
proportional area of 25: 75 to each of fennel
and fenugreek, respectively.

5. Intercropping system of 2:1; since planting
two rows of fennel alternated with one row of
fenugreek. Such system provides the
proportional area of 66.7: 33.3 to each of
fennel and fenugreek, respectively.

The plot area was 14.4 m® (2.00 x 7.20 m)
included twelve rows; each row was 60 cm apart
and two meters in length. The seeds were sown
in hills on one side of row for fennel and the two
sides for fenugreek. The distances between hills
were 50 cm for fennel and 20 cm for fenugreek
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Table 1. Physical and chemical properties of experimental farm soil (average of two seasons)

Mechanical analysis Soil texture
Clay (%) Silt (%) Fine sand (%) Coarse sand (%) Sandy clay
43.49 9.10 13.52 33.89
Chemical analysis
pH EC Organic Soluble cations Soluble anions Available
m.mohs/cm matter (%) (meq. /1) (meq. /1) (ppm)
Mgt ca™ K* Na* " HCO3 sogsT NP K
7.87 0.95 0.52 2.8 15 13 38 45 1.5 34 170 830 71.0
crop. After three weeks from sowing, seedlings Qil yield per plant

were thinned to be two plants / hill for the two
crops. The treatments were arranged in a split-
plot design with three replicates, where cropping
system treatments were randomly distributed in
the main plots, while phosphorus fertilizer rates
were randomly arranged in the sub-plots.

All plots were fertilized with nitrogen and
potassium fertilizers at the rate of 150 kg/fad., of
ammonium sulphate (20.5% N) and 50 kg/fad.,
of potassium sulphate (50% K,0), respectively.
Phosphorus and potassium fertilizers were added
during soil preparation as soil dressing
application. While, nitrogen fertilizer was
divided into three equal portions and were added
to the soil at 30, 50 and 70 days after sowing.
The two tested crops received the normal
agricultural practices whenever they needed.

Data Recorded

Plant growth parameters

Plant height (cm), number of branches/plant
and total plant dry weight (g) were estimated (at
85 days after sowing for each crop) by taking 3
random guarded plants from each experimental
unit.

Yield and its components

At harvesting stage, fruit and seed yield/
plant from 9 plants of each replicates were
determined, then total fruit and seed yield (kg/
fad.) was calculated for fennel and fenugreek
plants, respectivally.

The volatile oil from air-dried fruits of fennel
plant was estimated by hydro distillation for 3 hr
in order to extract the essential oils according to
(Guenther, 1961) and the oil yield per plant was
calculated. Seed fixed oil of fenugreek was
extracted using petroleum ether in a soxcelt
system HT apparatus according to the methods
of (AOAC, 1984). Then, oil yield per plant was
calculated.

Competitive Indices

Land equivalent ratio (LER)

This gives an indication to the relative land
area required, as sole cropping, to produce the
same yields achieved by intercropping. The
value of unity is the critical value. When the
LER is greater than one, the intercropping
favors the growth and yield of the species. In
contrast, when LER 1is lower than one, the
intercropping negatively affects the growth and
yield of the plants grown in mixture. It was
determined for fennel and fenugreek yields
recorded per faddan according to the following
equation:

LER =L+ L,
LYo Y
Yff Ytl

Where: Yy and Y, are the yields per fad., of
fennel and fenugreek, respectively, as sole crops
and Yg and Y are the yields of fennel and
fenugreek, respectively, as intercrops (Mead and
Willey, 1980).
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Area time equivalent ratio (ATER)

It was calculated according to the following
equation:

Yt/ YfExtf +Yft/ Yitxtt

T

Where: Yy = Intercrop yield of fennel, Y= sole
yield of fennel, Yy = intercrop yield of
fenugreek, Y, = sole yield of fenugreek, tf = the
duration of fennel in days, tt = the duration
period of fenugreek in days and T = the total
duration of intercropping system in days
(Hiebsch and McCollum, 1987).

Land utilization efficiency (LUE %):

By using LER and ATER values, the land
utilization efficiency (LUE %) was calculated
according to Mason et al. (1986) as follows:

ATER =

LER + ATER
LUE (%) = —————— X100
2

Relative crowding coefficient (RCC)

Another coefficient that is used is the relative
crowding coefficient (RCC or K) which is a
measure of the relative dominance of one
species over the other in a mixture (De Wit,
1960). The K was calculated as:

K= (Kfennel x Kfenugreek)a

Kf = thth
(Y — Y)zg
YLy

K enugreek — ~r  ~r N7
fenmeck (Ytt - th )th

Where: Zft is the sown proportion of fennel in
mixture with fenugreek and Ztf is the sown
proportion of fenugreek in mixture. When the
product of the two coefficients (Kfennel X
Kfenugreek) is greater than one, there is a yield
advantage, when K is equal to one there is no
yield advantage, and when it is less than one
there is a disadvantage.

Statistical Analysis

Data of the present work were statically
analyzed and the differences between the means
of the treatments were considered significant
when they were more than the least significant

or highly significant differences (LSD) at the
5% or 1% levels, respectively by using
computer program of Statistix version 9
(Analytical Software, 2008).

RESULTS AND DISCUSSION
of Fennel and

Growth Parameters
Fenugreek Plants

Results presented in (Tables 2 and 3) show
that using of 1:3 cropping system resulted in
significant increase in fennel plant height,
number of branches per plant and total dry
weight per plant compared with sole fennel
planting system and other intercropping
treatments. However, the same parameters of
fenugreek were increased by using 1 : 2
intercropping system compared to the other ones
under study during both seasons. Also,
increasing the number of rows planted with
fenugreek increased the abovementioned
parameters under cropping system with one row
of fennel.

This result was in consistent with the
common assumption that in legume/non-legume
intercropping systems, plants benefit from the
direct transfer of fixed N, (Graham and Vance,
2000). These results are in harmony with those
stated by (Abdelkader, 2012) on roselle when
intercropped with guar, (Zhang et al., 2015) on
Angelica sinensis when intercropped with garlic
and (Abdelkader and Hassan, 2016) on dill
when intercropped with fenugreek.

Plant height, number of branches/plant and
total plant dry weight of both fennel and
fenugreek were significantly increased by all
phosphorus fertilizer rates compared with
control during the two tested seasons. Generally,
those parameters were gradually increased with
increasing phosphorus rates up to the highest
rate. Likewise, the highest values in this concern
were obtained by application of phosphorus
fertilizer at (48 kg P,Os per faddan) compared
with the other ones under study (Tables 2 and
3). The superior effects of P fertilizer
application on growth parameters of fennel and
fenugreek plants are due to that, P is a part of
molecular structure of vitally important
compounds, DNA and RNA. In addition, it
plays an essential role in photosynthesis and cell
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Table 2. Effect of intercropping system, phosphorus fertilizer rate and their combination
treatments on growth parameters of fennel at 85 days from seed sowing during 2012/
2013 and 2013/2014 seasons

Intercropping Phosphorus fertilizer rate (kg P,Os/faddan ) (P)
system (I)
(fennel : fenugreek) 0.0 32 48 Mean (I) 0.0 32 48 Mean (I)
First season Second season
Plant height (cm)
Sole fennel 71.67 88.00 9433  84.67 82.00 94.00 99.33 91.78
1 row: 1 row 99.33  106.00 11433 106.56 104.67 11533 118.67 112.89
1 row: 2 rows 100.67 113.67 12033 111.56 106.00 123.67 12933 119.67
1 row: 3 rows 107.00 121.00 12933 119.11 118.00 130.33 139.00 129.11
2 rows: 1 row 85.67 94.00 98.00 92.56 85.67 99.00 107.33  97.33
Mean (P) 92.87 10453 111.27 99.27 11247  118.73
LSD at 5% (D=4.54 (P)=2.89 (D x(P)=696 (D=2.05 (P)=142 () x(P)=3.31
LSD at 1% (D=6.61 (P)=3.95 O x([P)=9.75 ([1)=2.99 (P)=1.94 (I)x(P)=4.62
Number of branches/plant
Sole fennel 6.00 7.67 8.67 7.44 6.33 7.33 7.66 7.11
1 row: 1 row 7.67 9.33 11.33 9.44 8.33 10.66 11.66 10.22
1 row: 2 rows 8.67 1033 11.67 10.22 9.00 10.66 12.33 10.66
1 row: 3 rows 9.67 11.67 1333 11.56 10.33 12.66 13.66 12.22
2 rows: 1 row 6.67 7.67 8.67 7.67 7.33 8.33 9.33 8.33
Mean (P) 7.73 9.33 10.73 8.26 9.93 10.93
LSD at5 % (D=0.41 (P)=0.33 (DM x(P)=0.73 (D=0.63 (P)=0.41 (I)*x (P)=0.99
LSD at1 % (D=0.60 (P)=0.45 (@) x((P)=1.02 (1)=0.92 (P)=0.56 (I)*x (P)=1.38
Total dry weight/plant (g)
Sole fennel 25.85 3193 37.07 31.62 23.53 3491 36.20 31.55
1 row: 1 row 32.00 41.00 4586  39.62 37.26 42.70 4493 41.63
1 row: 2 rows 36.90 4596 5356 4547 45.85 50.86 61.30 52.67
1 row: 3 rows 40.92 65.13  73.86 59.97 61.03 74.68 87.06 74.26
2 rows: 1 row 31.00 3547 3778  34.76 33.63 36.25 38.78 36.22
Mean (P) 3334 4390  49.63 40.26 47.88 53.65
LSD at 5% (D=3.16 (P)=1.78 DM x((P)=4.53 (DH=1.73 (P)=1.85 () x(P)=3.79

LSD at 1% (M=4.60 (P)=2.43 () x(P)=637 (=2.51 (P)=2.52 (I)x (P)=5.24
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Table 3. Effect of intercropping system, phosphorus fertilizer rate and their combination
treatments on growth parameters of fenugreek at 85 days from seed sowing during 2012/
2013 and 2013/2014 seasons

Intercropping Phosphorus fertilizer rate (kg P,Os/faddan ) (P)
system (1) 0.0 32 48 Mean(I) 0.0 32 48 Mean (1)

(fennel: fenugreek)

First season Second season

Plant height (cm)
Sole fenugreek 37.33 37.66  40.00 38.33 38.33 40.33  40.66 39.77
1 row: 1 row 41.33 4233  41.66 41.77 42.33 4433  45.00 43.88
1 row: 2 rows 42.00 4400 4433 4344 42.66 43.66 44.66 43.66
1 row: 3 rows 41.66 42,66 4433  42.88 42.33 4333  44.66 43.44
2 rows: 1 row 41.66 44.00 43.00 42.88 42.33 4433  44.66 43.77
Mean (P) 40.80 42.13  42.66 41.60 4320 4393
LSD at 5% (D=0.88 (P)=0.58 () x(P)=138 (D=0.63 (P)=0.30 (I)x(P)=0.83
LSD at 1% (D=1.28 (P)=0.79 @ x((P)=193 (1D)=0.92 (P)=0.40 (I)x(P)=1.18
Number of branches / plant
Sole fenugreek 6.66 8.33 10.66 8.55 7.00 8.66 10.33  8.66
1 row: 1 row 7.00 8.66 11.33 9.00 7.66 9.66 10.66  9.33
1 row: 2 rows 10.33 12.33 15.00  12.55 11.00 12.66 14.66 12.77
1 row: 3 rows 7.66 9.33 11.66 9.55 9.33 12.33 13.66 11.77
2 rows: 1 row 6.33 7.33 8.66 7.44 6.66 7.66 8.33 7.55
Mean (P) 7.60 9.20 11.46 8.33 10.20 11.53
LSD at5 % (D=0.38 (P)=0.30 () x(P)=0.66 (D=0.73 (P)=0.24 (D x(P)=0.85
LSD at1 % (D=0.55 (P)=0.40 (I)x(P)=092 (D=1.07 (P)=0.32 (D) x(P)=1.22
Total dry weight / plant (g)

Sole fenugreek 15.52 16.89 1772 16.71 14.57 15.27 16.68 15.51
1 row: 1 row 16.38 17.15 18.15 17.23 15.56 17.07 17.76  16.79
1 row: 2 rows 18.98 22.80  25.06  22.28 17.37 22.08 2397 21.13
1 row: 3 rows 17.09 18.21 19.21 18.17 15.94 17.69 19.77  17.80
2 rows: 1 row 14.84 16.72 16.96 16.17 12.86 13.62 15.71 14.06
Mean (P) 16.56 18.35 19.42 15.25 17.14 18.78
LSD at 5% (D=0.38 (P)=0.38 () x(P)=0.80 (D=0.44 (P)=0.26 (D x(P)=0.65

LSD at 1% (D=0.56 (P)=0.52 (I)x(P)=1.10 (D=0.65 (P)=0.36 (I) x (P)=0.92
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division as well as for meristim tissues
(Marschner, 1995). These results are in a good
line with those reported by (Jalili and Majidi,
2015) on Satureja hortensis L.

The comparison of the combination effect
between intercropping systems and phosphorus
rates indicated that the most values of growth
parameters of both components were related to
alternating one row of fennel with three or two
rows of fenugreek accompanied with 48 kg P,Os
/faddan consumption of calcium superphosphate
for fennel or fenugreek, respectively. These
results agreed with those obtained by Abusuwar
and Omer (2011) on Clitoria ternatea
intercropped with Lablab purpureus and addition
phosphorus  fertilization and Abdelkader and
Hassan (2016) on dill when intercropped with
fenugreek with 45 kg P,Os/faddan application.

Yield Components of Fennel and

Fenugreek Plants

Results under discussion in (Tables 4 and 5)
indicate that, increasing rows number of
fenugreek from one to two increased fruits and
volatile oil yield per fennel plant as well as seed
and fixed oil yield per fenugreek plant,
respectively, under cropping system with one
row of fennel. Furthermore, alternating one row
of fennel with three or two rows of fenugreek
treatment (1 : 3 or 1 : 2 systems) significantly
increased fruit or seed yield per plant of fennel
and fenugreek, respectively, compared with
other ones under study during both seasons. In
this regard, (Odhiambo and Ariga, 2001) found
that, when maize intercropped with beans in
different ratios, the production increased due to
reducing competition between the two species
compared to the competition within specie.
However, these results are in harmony with
those reported by (Megawer et al, 2010) on
barley intercropped with lupin and (Jalilian ef al.,
2017) on safflower intercropped with bitter
vetch. However, fruit yield of fennel/fad., as
well as seed yield and fixed oil yield per faddan
of fenugreek were significantly decreased with
intercropping system treatments compared to
sole crop system in the first and second seasons.
These results agreed with those found by
(Agegnehu et al., 2008) on wheat when
intercropped with faba bean.

The maximum increase in fruit and seed
yield per plant and per faddan of fennel and

fenugreek as well as volatile and fixed oil yield
per plant of fennel and fenugreek were observed
with phosphorus application at rate of 48 kg
P,Os per faddan compared to other phosphorus
rates under study during the two tested seasons.
In the mean time, there was gradual increase in
the above mentioned parameters with increasing
phosphorus rates (Tables 4 and 5). Furthermore,
phosphorus is essential for the general health
and vigorous all in plant some specific factor
that have been associated to phosphorus are root
development, increasing stalk and more stem
strength, improve flower formation and seed
production more uniform and earlier crop
maturity, increase nitrogen fixing capacity of
legumes and improve in crop quality and
resistant to plant disease (Abadi et al., 2015).
From the abovementioned results it could be
suggested that, the supriorty in fennel and
fenugreek fruit and seed yield by phosphorus
fertilizer application is directly owing to the
enhancing effect on growth parameters of fennel
and fenugreek plants (Tables 2 and 3), which
resulted in increments in metabolites synthized
to fruits and seeds and this in turn increase total
fruit and seed yield of fennel and fenugreek,
respectively.

Similarly, the results given in (Tables 4 and 5)
suggest that, the best combination treatment for
increasing fruit or seed yield per faddan of
fennel or fenugreek, respectively, was that of the
treatment of sole crop system combined with
phosphorus fertilizer at 48 kg P,Os per faddan
compared to the other combination treatments,
in most cases. On the contrary, fruit or seed
yield/plant was significantly increased with all
combination treatments between intercropping
systems and phosphorus fertilizer rates (except
that of 2: 1 system combined with any
phosphorus rate) compared with control [sole
crop system and without phosphorus
application], in most cases, in both seasons.
Moreover, under each treatment of intercropping
patterns yield components of both crops were
increased with increasing phosphorus fertilizer
rates. These results coincided with those found
by (Carpici and Tunali, 2012) on vetch
intercropped with barley and fertilized with
phosphorus and (Abdelkader and Hassan, 2016)
on dill when intercropped with fenugreek with
adding 30 kg P,Os/faddan.
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Table 4. Effect of intercropping system, phosphorus fertilizer rate and their combination
treatments on yield components and volatile oil of fennel during 2012/2013 and 2013/2014
seasons

Intercropping Phosphorus fertilizer rate (kg P,Os/faddan) (P)
system (I)
(fennel : fenugreek) 0.0 32 48 Mean 0.0 32 48 Mean (I)
@
First season Second season
Fruit yield / plant (g)
Sole fennel 14.83 16.90 18.36 16.70 16.43 18.03 19.06 17.84
1 row: 1 row 14.95 17.05 20.03 17.34 16.95 18.73  20.20 18.62
1 row: 2 rows 16.96 19.03 20.75 18.91 17.13 18.83  20.08 18.68
1 row: 3 rows 20.98 22.03 23.80  22.27 18.55 20.30 21.98 20.27
2 rows: 1 row 14.85 17.18 18.86 16.96 17.05 18.60 19.13 18.26
Mean (P) 16.51 18.44 20.36 17.22 18.90  20.09
LSD at 5% (D=0.55 (P)=0.34 (D) x(P)=0.84 (D=0.60 (P)=0.37 (I)x (P)=0.90
LSD at 1% (D=0.81 (P)=0.47 (DO xP)=1.17 (D=0.88 (P)=0.50 (I)*x (P)=1.27
Fruit yield/faddan (kg)
Sole fennel 41533 47320 51427 467.60 460.13 504.93 533.80 499.64
1 row: 1 row 209.30  238.70 280.47 24282 23730 262.27 282.80 260.79
1 row: 2 rows 158.35  177.64 193.66 176.55 159.90 175.77 187.44 174.37
1 row: 3 rows 146.88 15423 166.62 15591 129.85 142.10 153.88 141.94
2 rows: 1 row 323,52 367.08 391.03 360.54 318.24 347.17 357.12 340.84
Mean (P) 250.68  282.17 309.21 261.09 286.45 303.02
LSD at 5% (D=11.5 (P)=6.0 (1) *x(P)=15.9 D=9.7 (P)=9.7 (O x(P)=16.1
LSD at 1% (D=16.7 (P)=8.2 (D x(P)=224 (D=142 (P)=14.2 (1) x (P)=22.5
Volatile oil yield/plant (ml)

Sole fennel 0.50 0.58 0.64 0.57 0.56 0.66 0.67 0.63
1 row: 1 row 0.51 0.60 0.72 0.61 0.59 0.69 0.74 0.67
1 row: 2 rows 0.59 0.67 0.75 0.67 0.60 0.70 0.75 0.68
1 row: 3 rows 0.73 0.80 0.89 0.81 0.68 0.76 0.84 0.76
2 rows: 1 row 0.51 0.60 0.66 0.59 0.59 0.68 0.68 0.65
Mean (P) 0.57 0.65 0.73 0.60 0.70 0.74
LSD at 5% (D=0.01 (P)=0.01 () *x(P)=0.03 (D=0.02 (P)=0.01 (I)* (P)=0.03

LSD at 1% (D=0.02 (P)=0.02 (I)x (P)=0.04 (I)=0.03 (P)=0.02 (I)x (P)=0.04
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Table 5. Effect of intercropping system, phosphorus fertilizer rate and their combination
treatments on yield components and fixed oil of fenugreek during 2012/2013 and

2013/2014 seasons
Intercropping Phosphorus fertilizer rate (kg P,Os/faddan) (P)
system (I)
(fennel: fenugreek) 0.0 32 48 Mean (I) 0.0 32 48 Mean (I)
First season Second season
Seed yield / plant (g)
Sole fenugreek 4.54 4.94 5.10 4.86 4.41 4.57 4.95 4.64
1 row: 1 row 5.03 5.24 5.37 5.21 4.57 4.61 5.34 4.84
1 row: 2 rows 4.86 5.36 5.68 5.30 4.55 5.05 5.45 5.01
1 row: 3 rows 4.62 5.34 5.44 5.15 4.81 5.32 5.32 5.15
2 rows: 1 row 4.20 4.66 4.97 4.61 4.09 4.30 4.42 4.27
Mean (P) 4.65 5.11 5.31 4.48 4.77 5.09
LSD at 5% (D=0.11 (P)=0.07 (D) x(P)=0.17 (1)=0.15 (P)=0.11 (I) % (P)=0.25
LSD at 1% (D=0.16 (P)=0.10 (D) x(P)=0.24 (1)=0.22 (P)=0.15 (I)x (P)=0.35
Seed yield / faddan (kg)
Sole fenugreek 317.80 346.03 357.00 340.28 308.93 320.13 346.97 325.34
1 row: 1 row 176.05 183.40 187.95 18247 160.18 161.35 187.13 169.56
1 row: 2 rows 226.57  249.88 265.00 247.19 212.12 23543 254.23 233.93
1 row: 3 rows 242.55 280.53 285.78 269.62 252.88 279.13 279.30 270.44
2 rows: 1 row 97.98 108.62 115.85 107.48 9534 100.23 103.03 99.53
Mean (P) 212.19  233.69 242.34 216.05 22347 236.96
LSD at 5% D=92 (P)=41 {DOxP)=119 (D=8.6 (P)=44 (D x(P)=11.7
LSD at 1% (D=134 (P)=5.6 D x(P)=16.8 (D=12.5 (P)=6.0 (I)*x(P)=16.5
Fixed oil yield / plant (ml)

Sole fenugreek 0.37 0.45 0.47 0.43 0.41 0.43 0.49 0.44
1 row: 1 row 0.44 0.48 0.54 0.49 0.42 0.45 0.55 0.48
1 row: 2 rows 0.43 0.53 0.67 0.54 0.45 0.59 0.70 0.58
1 row: 3 rows 0.40 0.53 0.59 0.51 0.45 0.52 0.55 0.51
2 rows: 1 row 0.34 0.41 0.44 0.40 0.37 0.27 0.44 0.36
Mean (P) 0.40 0.48 0.54 0.42 0.45 0.54
LSD at 5% (D=0.01 (P)=0.01 (D) x(P)=0.03 (1)=0.06 (P)=0.04 (I)* (P)=0.10

LSD at 1% M=0.02 (P)=0.02 (I)x (P)=0.04 (I)=0.09 (P)=0.06 (I) x (P)=0.15
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Competitive Indices of Fennel and

Fenugreek Plants

The obtained results in (Tables 6 and 7)
demonstrate that, the land equivalent ratio
(LER) and land utilization efficiency (LUE)
values were greater for fennel and fenugreek in
intercropping system of (1:3 pattern), there was
an advantage of intercropping for exploiting the
resources of the environment. A similar trend to
that of LER and ATER and LUE was also
observed for relative crowding coefficient
(RCC). In contrast, by using area time
equivalent ratio (ATER) indices there were
advantage only by using 1: 3 and 2: 1 systems in
the first season. Indeed, intercropping of dill and
fenugreek at 1:1, 1:2 and 1:3 were more
productive than growing them separately, as can
be seen from the above mentioned values which
were greater than 1.00. Results were true for all
cases determinations except that of 2:1 system in
both seasons, in most cases. In this concern,
(Natarajan and Willey, 1980) reported that, the
most commonly suggested reason for utilize
growth resources rather differently, so that when
grown together they "complement" each other
and make better overall use of resources than
when grown separately. Moreover, (Bantie et
al., 2014) found that the intercropping of lupine
with wheat, barley and finger millet recorded
maximum LER and ATER (1.489 and 1.378).

The maximum increase in LER, LUE and
RCC were obtained from the treatment of 32 or
48 kg P,Os /faddan , in most cases, compared
with the control in the first and second season,
respectively. Phosphorus rates had no significant
effect on LER, ATER and LUE in the first
season.

Furthermore, the advantage of growing species
(fennel and fenugreek) in association depends
primarily on the degree of inter-crop versus
intra-crop competition. Lower inter-crop comparison
with intra-crop competition occurs when
companion crops differ in their use of growth
resources (for example phosphorus element).

The highest value for each of LER, ATER,
LUE and RCC (1.137 and 1.156, 1.013 and
1.023 and 107.53% and 108.72% and 20143 and
2.917) was achieved by the combination
treatment between intercropping system one row
of fennel alternating with two rows of fenugreek
with 32 kg P,0Os/faddan during both seasons,
respectively. This result suggest that it could be
obtained from one faddan by using this
intercropping system and 30 kg P,Os/faddan the
same yield which would required about 1.14 or
1.16 faddan if each crop cultivated alone. These
results are in line with those found by
(Abdelkader and Hassan, 2016) on dill when
intercropped with fenugreek and combined with
30 kg P,Os / faddan application.

Table 6. Effect of intercropping system, phosphorus fertilizer rate and their combination
treatments on land equivalent ratio (LER) during 2012/2013 and 2013/2014 seasons

Intercropping Phosphorus fertilizer rate (kg P,Os/faddan) (P)
system (I)
(fennel: fenugreek) 0.0 32 48 Mean (I) 0.0 32 48 Mean (I)
First season Second season
1 row: 1 row 1.060 1.037 1.070 1.056 1.033 1.027  1.067 1.042
1 row: 2 rows 1.097 1.100  1.120 1.106 1.033 1.083  1.083 1.067
1 row: 3 rows 1.120 1.137  1.127 1.128 1.103 1.156  1.097 1.119
2 rows: 1 row 1.087 1.090 1.087 1.088 1.000 1.000 0.968 0.989
Mean (P) 1.091 1.091 1.101 1.042 1.067 1.054

LSD at 5%
LSD at 1%

(1=0.019 (P)=0.015 (I) x (P)=0.031 (I)=0.023 (P)=0.027 (I) x (P)= 0.050
(1)=0.029 (P)=0.021 (I) x (P)=0.044 (I)=0.035 (P)=0.037 (I) x (P)= 0.070
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Table 7. Effect of intercropping system, phosphorus fertilizer rate and their combination

treatments on ATER, LUE% and RCC during 2012/2013 and 2013/2014 seasons

Intercropping Phosphorus fertilizer rate (kg P,Os/faddan ) (P)
system (I)
(fennel: fenugreek) 0.0 32 48 Mean (I) 0.0 32 48 Mean (I)
First season Second season
Area time equivalent ratio (ATER)
1 row: 1 row 0.973 0.957 0993 0974 0.957 0.943  0.987 0.962
1 row: 2 rows 0.983 0.990 1.003  0.992 0.927 0.970 0973 0.957
1 row: 3 rows 1.000 1.013  1.000 1.004 0.973 1.023  0.970 0.989
2 rows: 1 row 1.040 1.040 1.033  1.038 0.953 0.953  0.920 0.942
Mean (P) 0.999 1.000  1.007 0.952 0.972  0.962
LSD at 5% (D=0.014 (P)=0.015 (I) x (P)=0.031 (I)=0.023 (P)=0.027 (I) % (P)=10.050
LSD at 1% (D=0.021 (P)=0.021 (I) x (P)=0.044 (I)=0.035 (P)=0.037 (I) *x (P)=0.070

1 row: 1 row
1 row: 2 rows
1 row: 3 rows
2 rows: 1 row
Mean (P)
LSD at 5%
LSD at 1%

1 row: 1 row
1 row: 2 rows
1 row: 3 rows
2 rows: 1 row
Mean (P)
LSD at 5%
LSD at 1%

101.63
103.99
105.89
106.36
104.47

Land utilization efficiency percentage (LUE %)

99.43

104.26
107.53
106.62
104.46

103.17
106.22
106.33
106.02
105.44

101.41
104.82
106.58
106.33

99.46
98.15

103.77

97.71
99.77

98.59

102.76
108.72

97.69

101.94

102.81

102.80
103.20

94.37

100.80

100.29
101.24
105.23
96.59

(D=1.657 (P)=1.454 (I) x (P)=2.890 (I)=2.104 (P)=2.552 (I) x (P)=4.662
(D=2.512 (P)=2.004 (I) x (P)=4.100 (I)=3.189 (P)=3.516 (I) * (P)=6.539
Relative crowding coefficient (RRC)

1.280
1.547
1.797
1.580
1.551

1.153
1.570
2.143
1.593
1.615

1.343
1.750
1.940
1.537
1.642

1.259
1.622
1.960
1.570

1.153
1.177
1.773
1.017
1.280

1.120
1.497
2.917
1.013
1.637

1.323
1.507
1.717
0.867
1.353

1.199
1.393
2.136
0.966

()=0.213 (P)=0.135 (I) x (P)=0.306 (1)=0.378 (P)=0.302 (I) x (P)=0.620
(1)=0.323 (P)=0.186 (I) x (P)=0.440 ()=0.573 (P)=0.416 (I) x (P)= 0.883
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Conclusion

This study suggests that fennel/fenugreck
association should be used by farmers instead of
fennel sole crop, especially at 1:3 cropping
system, under Sharkia Governorate condition.
The use of phosphorus rates of 32 P,0s
kg/faddan for both crops, in the intercropping
pattern of 1:3, resulted in increases in fennel and
fenugreek growth, yield components and oil
yield besides maximized land equivalent ratio as
well as land utilization efficiency. Also, it is
economic treatment.
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