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ABSTRACT: The present work was conducted at the Experimental Farm, Faculty of
Agriculture (Ghazala Farm), Zagazig University during two seasons of 2012/2013 and
2013/2014. The effect of intercropping patterns of dill and fenugreek at ratios of 1:1, 1:2, 2:1
and 2:2 on alternative rows in comparison with sole cropped of each species and different
phosphorus fertilization rates (0.0, 30 and 45 P,Os5 kg/feddan) and their combination treatments
on growth, yield components, active ingredients as well as some competitive indices of both
tested crops were studied. Application of 45 P,O5 kg/feddan caused significant increase in all of
the measured parameters of dill and fenugreek over the other rates under study. Intercropping
pattern 1:2 (dill:fenugreek), in most cases, significantly (p<0.05) increased the recorded growth
parameters, yield components, trigonilline content of fenugreek and volatile oil percentage and
yield per plant of dill fruits as well as competition indices of the two components in the two
seasons, whereas all intercropping patterns significantly (p<0.05) decreased seed, fruit and oil
yield per feddan compared to sole stands (control). In addition, from studying competitive
indices, it was clear that, the highest land equivalent ratio, area time equivalent ratio, land
utilization efficiency and relative crowding coefficient values 1.138 and 1.203, 1.074 and 1.070,
110.58% and 116.90% as well as 1.968 and 2.880 were achieved by the combination treatment
between intercropping pattern of one row of dill alternating with two rows of fenugreek combined
with phosphorus at a rate of 30 P,0Os5 kg/feddan during the first and second seasons,
respectively. Generally, it could be gained from sowing one feddan, by using the intercropping
pattern of 1:2 combined with phosphorus fertilization at 30 kg P,Os / feddan, the same yield
which would required about 1.138 or 1.203 feddan of each crop singly cultivated.
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INTRODUCTION native to an area extending from lIran to
Dill (Anethum graveolens L. is an northern India, but is now widely cultivated
annual, aromatic herb plant belongs to in China, north and east Africa, Ukraine and
Umbelliferae family (Bailer et al., 2001). The Greece (Petropoulos 2002). Fenugreek
plant has a potential importance as a leaves and seeds have been used
medicinal herb that contains volatile oils extensively to prepare extracts and powders
such as B-Camphene' Q-pinene' anethole, for medicinal uses (Basch et aI., 2003).
lonone, umbelliferone and carvone (Sharma Fenugreek is reported to have anti- diabetic,
2004 and Dhalwal et al., 2008). anti-fertility, anticancer, anti-microbial, anti-
) ) . . parasitic and hypocholesterolaemic, effects
The other specie that.stud|ed in this (Al-Habori and Raman 2002).
research was fenugreek (Trigonella foenum-
graecum L.) which is an annual crop Growing demand for food as a result of
belonging to the legume family. This crop is an increasing population more and more
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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 et al.,
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
and Rotaru and Sinclair, 2009).

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

MATERIALS AND METHODS

The present study was conducted at the
Experimental Farm, Faculty of Agriculture
(Ghazala Farm, Fig.1), Zagazig University
during the two seasons of 2012/2013 and
2013/2014. Seeds of both dill and fenugreek
were obtained from Research Centre of
Medicinal and Aromatic Plants, Dokky, Giza
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and were sown on 15" October during both
seasons. Seeds were sown and then
immediately irrigated. After three weeks
from sowing, seedlings were thinned to be
two plants / hill for the two crops. 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 patterns and three phosphorus
fertilization rates which were; control
(without phosphorus fertilization), 30 and 45
kg P,Os kg / feddan (fed.) as calcium
superphosphate (155 % P,0s5). The
intercropping system treatments were as
follows:

1- Sole cropping patterns of either dill or
fenugreek. Such treatment was used as
control for both crops.

Intercropping pattern of 1:1; since
planting one row of dill alternated with
one row of fenugreek. Such pattern

provides the proportional area of 50: 50

2-

to each of dill and fenugreek,
respectively.
3- Intercropping pattern of 1:2; since

planting one row of dill alternated with
two rows of fenugreek. Such pattern
provides the proportional area of 33.3:
66.7 to each of dill and fenugreek,
respectively.

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

Intercropping pattern of 2:2; since
planting two rows of dill alternated with
two rows of fenugreek. Such pattern
provides the proportional area of 50: 50
to each of dill 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
ridge. The distances between hills were 20
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cm for dill and fenugreek crops. The and 50 kg/fed. of potassium sulphate (50%
treatments were arranged in a split-plot K,0), respectively. Phosphorus and
design with three replicates, where cropping potassium fertilizers were added during soil
patterns  treatments  were  randomly preparation as soil dressing application.
distributed in the main plots, while While, nitrogen fertilizer was divided into
phosphorus rates were randomly arranged three equal portions and added to the soil at
in the sub-plots. 30, 50 and 70 days after sowing. The two

tested crops received the normal agricultural

All plots were fertilized with nitrogen and practices whenever they needed.

potassium fertilizers at the rate of 150
kg/fed. of ammonium sulphate (20.5 % N)

Table 1. Physical and chemical properties of the experimental farm soil site

Mechanical analysis

Clay (%) Silt (%) Fine sand (%) Coarse sand (%) Soil texture

46.50 26.10 10.52 16.88 Clay

Chemical analysis

Solubl ions( I Soluble anions Available
EC. ; oluble cations(meq.
y Organic q (meq. /1) (ppm)
PH | (m.mohs/ | mater
cm) (%)
Mg*tt|catt| KT | Nat|ClI"|HCO37|SO4 | N | P | K
7.87 1.2 1.76 28 |15 |13 |38 (45 | 15 3.4 |520 |50 |590
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Fig. 1: Study site location in Zagazig County, Sharkia province, Egypt.
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Data Recorded:
Plant growth parameters:

Plant height (cm), number of branches
plant and total plant dry weight (gm) 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 vyield

(kg/ fad.) was calculated for dill and
fenugreek plants, respectivally.
Plant chemical and  active

ingredients analysis:

After harvesting, a sample of dry fruits or
seeds for dill and fenugreek, respectavilly
was randomly taken from each treatment for
chemical analysis. The volatile oil from air-
dried fruits of dill plant was isolated by hydro
distillation for 3 hr in order to extract the
essential oils according to Guenther (1961)
and the oil yield per plant and per feddan
was calculated. Seed fixed oil of fenugreek
seeds was extracted using petroleum ether
in a soxcelt system HT apparatus according
to the methods of A.O.A.C. (1984). Then, oil
percentage and oil yield per plant and per
feddan were calculated. Total chlorophyll
content a+b (mg / gm) was determined in dill
and fenugreek fresh leaves according to the
method outlined by Cherry (1973). The
trigonilline content (mg / gm) in seeds of
fenugreek was determined according to the
equation; trigonilline alkaloid= absorbance of
test at 268 nm / absorbance of standard
(Gorham, 1986).

Competitive indices:
Land Equivalent Ratio (LER):

This gives an indication to the relative
land area required, as sole cropping, to
produce the same vyields 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
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is lower than one the intercropping
negatively affects the growth and yield of the
plants grown in mixture. It was determined
for dill and fenugreek vyield recorded per
feddan according to the following equation;
LER = Ld + Lf

Ld — Ydf

Ydd

Yfd
Ytf

Lf

where Ydd and Yff are the yields per fed. of
dill and fenugreek, respectively, as sole
crops and Ydf and Yfd are the yields of dill
and fenugreek, respectively, as intercrops
(Mead and Willey, 1980).

Area Time Equivalent Ratio
(ATER):
It was calculated according to the

following equation:

Ydf [ Ydd X td + Yd/ Y X tf

T

Where: Ydf = Intercrop yield of dill, Ydd =
Sole vyield of dill, Yfd = Intercrop yield of
fenugreek, Yff = Sole yield of fenugreek, td =
The duration of dill in days,tf = The duration
period of fenugreek in days and T = The
total duration of intercropping system in
days (Hiebsch and McCollum,1987).

ATER

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

LER + ATER

LUE % = x100

2

Aggressivity (A):

Aggressivity value was calculated
according to Mc Gilchrist (1965) equation as
follows:

1. For combination of 50:50 and 100:100,
they were calculated according to the
following equations:

Adf
Afd

Ld -
Lf -

Lf
Ld
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2. For the other combination ratios, the
equations used were:

Ydf Yfd
Adf = —
Ydd x Zdf Yffx Zfd
Yfd Ydf
Afd = —
Yif x Zfd Ydd x Zdf

Where: Ydf = Intercrop yield of dill, Yfd =
Intercrop yield of fenugreek, Ydd = Sole
yield of dill, Yff = Sole yield of fenugreek, Zdf
= Sowing proportion of dill and Zfd = Sowing
proportion of fenugreek.

Relative 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 = (K dill x K fenugreek),
Ydf Zfd

Crowding

Kdill =
(Ydd-Ydf)Zdf

Yfd Zdf

Kfenugreek =
(Yff - Yfd)Zfd

Where Zdf is the sown proportion of dill in
mixture with fenugreek and Zfd is the sown
proportion of fenugreek in mixture. When the
product of the two coefficients (Kdill
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:

All collected data were analyzed with
analysis of variance (ANOVA) procedure
using MSTAT- C Statistical Software
Package (Michigan State University, 1983).
Differences between means were compared
by using Duncan multiple range test at 0.05
(Duncan, 1955).
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RESULTS AND DISCUSSION:

1. Effect of intercropping patterns,
phosphorus fertilization rate and
their combination treatments on
growth parameters of dill and
fenugreek plants:

It is quite clear from the data in Tables 2
and 3 that using of 1:2 cropping pattern
resulted in significant increase in dill as well
as fenugreek plant height, branches number
per plant and total dry weight per plant
compared with sole dill planting pattern and
other intercropping treatments, except plant
height of dill in the second season.
Furthermore, increasing the number of rows
of fenugreek increased the abovementioned
parameters under cropping system with one
row of dill.

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
similar with those stated by Abdel-Kader et
al. (2012) on roselle when intercropped with
guar, Zhang et al. (2015) on Angelica
sinensis when intercropped with garlic.

Plant height, number of branches / plant
and total plant dry weight of both dill and
fenugreek were significantly increased by all
phosphorus fertilization 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 fertilization at (45
kg P,Os per feddan) compared with the
other ones under study (Tables 2 and 3).
The superior effects of P fertilizer application
on growth parameters of dill 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 division as well as for meristim
tissues (Marshner, 1995). These results are
in a good line with those reported by Jalili
and Majidi (2015) on Satureja hortensis L.
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The comparison of the combination effect
between intercropping  patterns  and
phosphorus rates indicated that the most

accompanied with 45 kg P,Os / feddan
consumption of calcium superphosphate.
These results agreed with those obtained by

values of growth parameters of both
components were related to alternating one
row of dill with two rows of fenugreek

Abusuwar and Omer (2011) on Clitoria
ternatea intercropped with Lablab purpureus
and addition phosphorus fertilization.

Table (2): Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on some growth parameters of dill plant during
seasons of 2013-2014

Intercropping
patterns (dill :

Phosphorus rate (Kg P,Os/fed.) (P)

fenugreek) (1) 0.0 30 45 Mean(l) 0.0 30 45 Mean(l)
First season Second season
Plant height (cm)
Sole dill 82.00e  85.83bc 88.47a |[85.43B |84.60gh 87.57b-d 90.60a |87.59AB
lrow :1 row 83.80de 86.27a-c 88.67a |[85.91B |85.63d-g 87.37b-e 88.33ab [87.33AB
1row :2 rows 86.57a-c 87.73ab 88.33ab [87.77A |86.73c-f 88.17bc 89.33ab |88.08A
2 rows :1 row 81.53e 82.63de 86.60a-c [83.59C |82.97h 86.33bc 88.83ab [86.49B
2rows :2 rows |52.83de 85.17cd 87.13a-c |85.04BC |84.97f-d 85.53bc 88.20bc |86.23C
Mean (P) 83.15C 85.55B  87.84A 84.98C 87.26B 89.19A
Number of branches / plant
Sole dill 6.13f 6.67cd 7.23a |6.68a  |5.80hi  6.63de 6.97ab |6.47ab
lrow :1 row 6.23f 6.60d 6.93b 6.59d 6.00gh 6.53de  7.03ab |6.52ab
1lrow :2 rows 6.30ef 6.50de  7.30a 6.70a 5.97g-i 6.70cd  7.20a 6.62a
2 rows :1 row 5.60g 6.23f 6.70cd |6.18c 5.73i 6.43ef 6.93bc |6.37b
2 rows :2 rows 6.17f 6.53d 6.83bc |6.51d 6.20fg 6.57de  7.03ab |6.60a
Mean (P) 6.09c 6.51d 7.00a 5.94c 6.57b 7.03a
Total dry weight / plant (g)

Sole dill 11.60f  12.33c-e 14.07a |12.67ab [11.10i  12.50e-g 13.83a-c |12.48ab
lrow :1 row 11.83ef 12.47c  13.90ab [12.73a |11.50hi 12.40e-g 13.17c-e |12.36b
1lrow :2 rows 11.90d-f 12.33c-e 14.20a |12.81la |11.73g-i 13.00de 14.33a [13.02a
2rows :1row [11.60f 12.00cf 13.50b |12.37b |11.53hi 12.13f-h 13.47b-d |12.38b
2 rows :2 rows [10.80g 12.40cd 13.83ab |12.34b |11.27i  12.60ef 14.00ab |12.62ab
Mean (P) 11.55c 12.31b  13.90a 11.43c 12.53b 13.76a

* Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability
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Table (3): Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on some growth parameters of fenugreek plant

during seasons of 2013-2014

Intercropping

Phosphorus rate (Kg P,Os/fed.) (P)

patterns (dill :

fenugreek) (1) 0.0 30 45 Mean(l) 0.0 30 45 Mean(l)
First season Second season
Plant height (cm)
Sole fenugreek 35.67ef 37.00de 39.00bc [37.22C |36.00h 37.67ef 39.78cd |37.78D
lrow :1 row 36.33ef 38.67bc 40.00ab [38.33AB |36.67f-h 37.33fg 41.00b |38.33C
lrow :2 rows 37.00df 39.67ab 40.33a |[39.00A |36.33gh 40.00bc 40.33bc |38.89B
2 rows :1 row 36.67d-f 38.00cd 40.33a |[38.33AB |36.67f-h 38.78de 41.00b |38.78BC
2 rows :2 rows 35.67f 38.33c 40.67a |[38.22B |36.67f-h 40.00bc 42.67a |39.78A
Mean (P) 36.27C 38.33B 40.07A 36.47C 38.73B 40.93A
Number of branches / plant
Sole fenugreek 7.00gh 8.33cd 9.00b 8.11BC |7.00gh 8.00de 9.33b |8.11B
1lrow :1 row 7.00gh 8.00de 8.33cd |7.78C |6.67h 8.33cd 8.67c 7.89B
1lrow :2 rows 7.67ef 8.67bc 9.67a 8.67A |7.33fg 9.33b 10.67a |9.11A
2 rows :1 row 6.67h  833cd 9.67a 822ABC |7.33fg 7.67ef  8.67c 7.89B
2 rows :2 rows 7.33fg 8.67bc 9.00b 8.33AB |6.67h 8.33cd 8.67c 7.89B
Mean (P) 7.13C 840B 9.13A 7.00A 833B 9.20C
Total dry weight / plant (g)

Sole fenugreek 10.45g 12.82d 14.20bc (12.49b [10.77i  12.48fg 13.97cd |12.41C
lrow :1 row 10.78fg 12.83d 14.25bc |12.62b |10.97i 12.73f  14.43bc |12.71B
1row :2 rows 11.47ef 13.53cd 15.13a |13.38a [11.53h 13.77d 15.07a |[13.46A
2 rows :1 row 10.80fg 12.87d 14.10bc (12.59b [10.90i 13.27e 13.97cd |12.71B
2 rows :2 rows 10.43g 11.87e 14.43ab (12.24b [10.53i 12.23g 14.60ab |12.46BC
Mean (P) 10.79c 12.47b 14.42a 10.94A 1290B 14.41C

* Means having the same letter (s) within the same column are not significantly different according to

Duncan's multiple range test at 5% level of probability.

2. Effect of intercropping patterns,
phosphorus fertilization rate and
their combination treatments on
yield components of dill and
fenugreek plants:

Results under discussion in Tables 4 and

5 indicate that, increasing rows number of

fenugreek increased fruits and seed yield

per plant of dill and fenugreek, respectively,

under cropping system with one or two rows
of dill. Furthermore, alternating one row of
dill with two rows of fenugreek treatment
(1:2) significantly increased fruit or seed
yield per plant compared with the other ones
under study during both seasons. 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
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compared competition within specie. These
results are in harmony with those reported
by Megawer, et al. (2010) on barley
intercropped with lupin.

However, fruit yield of dill per feddan as
well as seed yield and fixed oil yield per
feddan of fenugreek 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 feddan of dill and
fenugreek as well as oil yield per feddan of
fenugreek were observed with phosphorus
application at rate of 45 kg P,Os per feddan
compared to the other phosphorus rates
under study during the two tested seasons.
In the mean time, there was gradual
increase in the abovementioned 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 stack 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
superiority in dill and fenugreek fruit and
seed vyield by phosphorus fertilizer
application is directly owing to the enhancing
effect on growth parameters of dill 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 dill and
fenugreek, respectively.

Table (4): Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on some yield components of dill plant during

seasons of 2013-2014

Intercropping Phosphorus rate (Kg P,Os/fed.) (P)

patterns (dill : 0.0 30 45

Mean(l) 0.0 30 45 Mean(l)

fenugreek) (1)
First season

Second season

Fruit yield / plant (g)

Sole dill 1283h 14.87df 16.40bc | 14.70C | 11.83j 14.47ef  16.60b 1430C
lrow :1 row 13.60g 16.17c 16.87b 1554B | 13.83gh 16.43bc  16.83b 15.70B
1lrow :2 rows 14.20 f 16.57bc 17.43a 16.07A | 14.13fg  16.77b 17.93a 16.28 A
2 rows :1 row 13.10gh 14.57ef  15.13d 14.27D | 12.63i 14.80e 15.53d 1432C
2 rows :2 rows 13.31gh 15.13d 16.40bc | 14.95C | 13.45h 15.97cd 16.93b 1545B
Mean (P) 13.41C 1546B 1645A 13.18C 15.69B 16.77A
Fruit yield / feddan (Kg)

Sole dill 898.3c 1040.7b  1148.0a | 1029.0A | 828.3c 1012.7b  1162.0a | 1001.0A
1lrow :1 row 476.0h 566.0f 590.7ef | 544.2C | 484.2h 575.2fg 589.6f 549.5C

1row :2 rows 33L1.3j 386.5i 406.7i 374.9E | 329.7j 391.2i 418.4i 379.8D

2 rows :1 row 611.5e 679.8d 706.2d 665.8B 589.6f 690.7e 724.9d 668.4B

2 rows :2 rows 465.7h 529.79 574.0f 523.1D | 470.9h 558.89 592.7f 540.8C

Mean (P) 556.57C 640.53B 685.13A 540.53C 645.70B 697.43A

* Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.
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Table (5): Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on some yield components and fixed oil yield per
feddan of fenugreek plant during seasons of 2013-2014

Intercropping

Phosphorus rate (Kg P,Os/fed.) (P)

patterns (dill :

fenugreek) (1) 0.0 30 45 Mean(l) 0.0 30 45 Mean(l)
First season Second season
Seed yield / plant (g)
Sole fenugreek 9.70f 11.50d 12.37c 11.19B 9.60h 10.90f 12.00d 10.83C
lrow :1 row 10.07ef  11.30d 12.83b 11.40B 9.87gh 11.50e 13.20bc | 11.52B
lrow :2 rows 10.13e 13.20ab 13.83a 12.39A 10.30g 13.33bc  13.93a 12.52A
2 rows :1 row 9.90ef 11.30d 12.83b 11.34B 10.03gh 11.43e 13.07c 11.51B
2 rows :2 rows 10.07ef  11.30d 12.83b 11.40B 10.13g 11.70de 13.60ab | 11.81B
Mean (P) 9.97C 11.72B 12.94A 9.99C 11.77B 13.16A
Seed yield / fed. (Kg)
Sole fenugreek 679.00c 805.00b 865.67a |783.22A |672.00c  763.00b 840.00a |758.33A
lrow :1 row 352.67i 395.67h 449.33g [399.22C |345.33g 402.50f 462.00e |403.28C
1lrow :2 rows 472.90e 616.00e 645.57d |578.16B |480.67e 622.23d 650.23c |584.37B
2 rows :1 row 231.001 263.63k 299.40] |264.68D |234.09] 266.75i 304.86h |268.57D
2 rows :2 rows 352.33i 395.67h 449.17g [399.00C |354.67g 409.50f 476.00e |413.39C
Mean (P) 41758C 495.16B 541.83A 417.35C 492.80B 546.62A
Oil yield / fed. (KQg)

Sole fenugreek 67.23d 81.47b  91.47a | 80.06A | 67.89d 78.09b  8847a | 78.15A
lrow :1 row 35.47h  41.20g 49.09e 41.92C | 34429 41.59f 51.44e 42.48C
lrow :2 rows 48.55ef  65.29d 72.08c 61.98B 49.83e 69.08d 73.25c 64.05B
2 rows :1 row 22.40k 26.89 31.72i 27.01E 23.41i 27.74h 32.829 27.99D
2 rows :2 rows 33.36hi  41.66g 46.57f 40.53D | 34.64g 43.81f 50.62e 43.02C
Mean (P) 4140C 51.30B 58.19A 42.04C  52.06B 59.32A

* Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.

Similarly, the data given in Tables 4 and
5 suggest that, the best combination
treatment for increasing fruit or seed yield
and oil yield per feddan of fenugreek,
respectively, was that of the treatment of
sole crop system combined with phosphorus
fertilizer at 45 kg P,Os per feddan compared
to the other combination treatments, in most
cases. On the contrary, fruit or seed vyield /
plant was significantly increased with all
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combination treatments between
intercropping patterns and phosphorus
fertilization rates compared with control [sole
crop pattern 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 fertilization rates. These results
coincided with those found by Carpici and
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Tunali (2012) on vetch intercropped with
barley and fertilized with phosphorus.

3. Effect of intercropping patterns,
phosphorus fertilization rate and
their combination treatments on
total chlorophyll content (a+b) and
some active ingredients of dill and
fenugreek plants:

Tables 6, 7 and Fig. 2 pointed out that,
the highest values of total chlorophyll
content a + b of fenugreek leaves was
achieved by alternating one row of dill with
two rows of fenugreek (1:2 pattern) in the
first season and by (1:1pattern) in the
second one compared with the other ones
under study. In contrast, the highest values
of total chlorophyll content a + b of dill
leaves was achieved by alternating one row
of dill with one row of fenugreek (1:1 pattern)
in the first season and by (1:2 pattern) in the
second one compared with the other ones
under study. However, trigonilline content of
fenugreek seeds recorded the highest
values with intercropping patterns 1: 2 and
followed by sole crop in the first season and
2:2 followed by 1:2 in the second one, with
no significant differences between them.

Furthermore, alternating one row of dill
with two rows of fenugreek (1:2 pattern)
recorded higher increase in volatile oil
percentage of dill and oil yield per plant
compared with the other ones under study.
However, sole crop system treatment
increased volatile oil vyield per feddan
compared with the other intercropping
planting pattern in  both  seasons.
Furthermore, intercropping system
treatments significantly decreased oil yield
per feddan of dill compared to sole crop
pattern in the first and second seasons.
These results are in accordance with those
found by Nawar and Abdel-Galil (2008)
when intercropped sunflower with soybean,
Megawer, et al. (2010) on barley
intercropped with lupine or chickpea and
Nurbakhsh, et al. (2013) on sesame
intercropped with bean.

150

The maximum increase in total
chlorophyll content of both crops, trigonilline
content of fenugreek seeds, volatile oil
percentage and vyield per plant and per
feddan of dill were produced from the
treatment of phosphorus at 45 kg P,Os
/feddan compared with the other ones and
control (without phosphorus fertilization
addition) under study. Such increase was
significant in both seasons. Furthermore, the
above  mentioned parameters  were
increased with increasing phosphorus rates
up to the highest added rate. The same
results were found in previous studies on
coriander by (Moslemi et al.,, 2012) and
(Hassan et al., 2012) and also on
dragonhead (Siad-Al Ahl and Abdou, 2009).

In addition, P application to fenugreek
plays a key role in formation of energy rich
bonds, phospholipids and it stimulate the
development of root system (Jat et al,
2012).

The combination treatment between
intercropping pattern of one row of dill + one
row of fenugreek (1:1 pattern) and the
highest dose of phosphorus was superior in
total chlorophyll a+b content of dill, while,
1:2 pattern was superior in total chlorophyll
a+b content of fenugreek compared to the
other ones under study in the first and
second seasons (Tables 6 and 7). Also, the
maximum increase in trigonilline content of
fenugreek seeds was obtained from
combination treatment of 1:2 and 2:2
patterns and phosphorus fertilization at 45
kg P,Os /feddan in the first and second
seasons, respectively. Concerning volatile
oil percentage and yield per plant, it was
found that the highest values were achieved
by 1:2 pattern when combined with high rate
of phosphorus fertilization. On the other
side, volatile oil per feddan was the highest
value with combination between sole crop
and full dose of phosphorus addition.
Likewise, under each treatment of
intercropping patterns above mentioned
parameters mostly increased with increasing
phosphorus fertilization rates.
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Table (6): Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on volatile oil yield components of dill plant during
seasons of 2013-2014

Intercropping Phosphorus rate (Kg P,Os/fed.) (P)

patterns (dill :

fenugreek) (1) 0.0 30 45 Mean(l) 0.0 30 45 Mean(l)
First season Second season

Volatile oil %

Sole dill 2189 247de 2.95b | 2.53C 2.20f 253cd 2.90b | 2.45B
1lrow :1 row 2.24fg  253cd 3.13a | 2.63AB 2.27ef  250cd 3.05b 2.60B
1lrow :2 rows 2.28fg  2.63c 3.20a | 2.70A 2.28ef  2.67c 3.40a 2.78A
2 rows :1 row 2.17g 2.37ef 3.13a | 255BC | 2.17f 242de 2.23a 2.60B

2 rows :2 rows 223fg 257cd 2.80b | 2.53C 2.17f 2.63c 2.92b 2.57B

Mean (P) 221C 251B 3.04A 222C 255B  3.10A

Volatile oil yield / plant (g)

Sole dil 028 037gh 04sc |23 o026 037 o04sc |o037C
lrow :1 row 0.30kk 0.41ef 0.53b 041B | 0.31gh 0.4le 051b |041B
1lrow :2 rows 0.32ij 0.44de 0.56a 044 A | 0.32g 0.45d 0.6la | 0.46A

2 rows :1 row 0.28k  0.34hi  0.47c 0.37D | 0.28ij 0.36f 0.50bc | 0.38C

2 rows :2 rows 0.30jk 0.39fg 0.46cd | 0.38C | 0.2%9hi 0.42de 0.49bc | 040B

Mean (P) 030C 039B 050A 029C 040B 052A

Volatile oil yield / feddan (Kg)

Sole dill 19.56d 25.67b 33.85a [26.36 A |18.26d 25.66b 33.69a | 25.87 A
lrow :1 row 10.65g 14.34f 1850d |14.49C (10.98h 14.38f 17.97de | 14.44C
1lrow :2 rows 7.56h  10.18g 13.02f |10.25E |7.53i 10.43h  14.23f 10.73D

2 rows :1 row 13.24f 16.09e 22.13c |17.15B |[12.77g 16.69e 23.42c | 17.63B

2 rows :2 rows 10.40g 13.59f 16.08e [13.36 D [10.20h 14.72f 17.26de | 14.06 C

Mean (P) 1228C 1597B 20.71A 1195C 16.38B 21.32A

* Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.
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Table (7): Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on total chlorophyll a+b (mg/g fresh weight) and
trigonilline content of fenugreek plant during seasons of 2013-2014

Intercropping Phosphorus rate (Kg P,Os/fed.) (P)
patterns (dill :
fenugreek) (1)

0.0 30 45  Mean(l) 0.0 30 45  Mean(l)

First season Second season

Total chlorophyll a+b in fresh leaves (mg/ gm)

Sole fenugreek 1.077b-e 1.040e 1.107b-d|1.074B |1.060e 1.070de 1.097b-e|1.076BC

lrow :1 row 1.060c-e 1.073b-e 1.117bc |1.083B |1.077c-e 1.117a-c 1.143a |1.112A

lrow :2 rows 1.063c-e 1.130ab 1.187a |1.127A |1.060e 1.090b-e 1.127ab |1.092B

2 rows :1 row 1.033e  1.053de 1.107b-d|1.064B |[1.013f 1.067de 1.120ab |1.067C

2 rows :2 rows 1.043e  1.090b-e 1.123b |1.086B |[1.010f 1.080c-e 1.103b-d|1.064C

Mean (P) 1.055C 1.077B 1.128A 1.044C 1.085B 1.118A

Trigonilline content (mg/ g) in seed

Sole fenugreek 0.330fg 0.347de 0.373b |0.350AB |0.323fg 0.347de 0.363bc |0.344BC

lrow :1 row 0.313h 0.327g 0.357cd |0.332D |0.320g 0.337ef 0.363bc |0.340C

lrow :2 rows 0.328g 0.347de 0.390a |0.354A |0.337ef 0.350c-e 0.373ab |0.353AB

2 rows :1 row 0.313h 0.340ef 0.367bc |0.340C |0.323fg 0.350c-e 0.373ab |0.349BC

2 rows :2 rows 0.333fg 0.340ef 0.367bc |0.347B |0.340e 0.357cd 0.383a |0.360A

Mean (P) 0.323C 0.340B 0.371A 0.329C 0.348B 0.371A

* Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.
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combination treatments on total chlorophyll content a+b of dill during 2013 and

2014 seasons

153



AbdelKader and Hassan

Consulting the available literature, there
was no information concerning the effect of
combination treatments between
intercropping patterns and phosphorus
fertilization rates on chlorophyll content and
trigonilline of fenugreek and volatile oil of dill
plants.

4. Effect of intercropping patterns,
phosphorus fertilization rate and
their combination treatments on
competitive indices of dill and
fenugreek plants:

The obtained data in Tables 8 and 9 and
Fig. 3 demonstrate that, the land equivalent
ratio (LER), area time equivalent ratio
(ATER) and land utilization efficiency (LUE)
values were greater for dill and fenugreek in
mixture of (1:2 pattern), there was an
advantage of intercropping for exploiting the
resources of the environment. A similar

Table (8): Effect of intercropping pattern, phosphorus fertilization

trend to that of LER and ATER and LUE was
also observed for relative crowding
coefficient (RCC). Indeed, intercropping of
dill and fenugreek at 1:1, 1:2 and 2:2 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 pattern in
both seasons. 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).

rate and their

combination treatments on area time equivalent ratio (ATER) and land
utilization efficiency (LUE%) during seasons of 2013-2014

Intercropping

Phosphorus rate (Kg P,Os/fed.) (P)

patterns (dill :

fenugreek) (1) 0.0 30 45 Mean(l) 0.0 30 45 Mean(l)
First season Second season

Area Time Equivalent Ratio (ATER)
lrow :1row |1.006C 0.995cd 0.990cd |0.997C [1.056bc 1.052bc 1.012d 1.039B
lrow :2 rows |1.008c 1.074a  1.038b |1.040A [1.054bc 1.135a 1.070b [1.087A
2rows:1row|0.994cd 0.954fg 0.932g |0.960D |1.031cd 1.003d 0.957e |[0.997C
2rows:2rows (0.995cd 0.960ef 0.976de |0.977B [1.053bc 1.045bc 1.030cd |1.042B
Mean (P) 1.001A 0.996A  0.984A 1.049A 1.059A 1.017B

Land Utilization Efficiency (LUE%)
lrow:1row |102.77cd 101.51de 101.15de|101.81B |107.74b-d 107.39b-e 103.46fg |106.20B
lrow :2 rows [103.70c 110.58a 106.90b |107.06A [108.44bc 116.90a 110.26b |111.86A
2rows :1row |100.78de 96.77gh 94.67h [97.40D |104.60e-g 101.81g 97.23h 101.21C
2rows :2rows |101.70c-e 98.06fg 99.72ef [99.82C |107.39b-e 105.32c-e 105.32d-f |106.52B
Mean (P) 102.24A 101.73A 100.61A 107.07A 108.20A 104.07B

* Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.

154



Effect of intercropping pattern and phosphorus fertilizer rate on .................

;I'able (9): Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on aggrissivity values (A) and relative crowding
coefficient (RCC) during seasons of 2013-2014

Intercropping Phosphorus rate (Kg P,Os/fed.) (P)

patterns (dill :

fenugreek) (1) 0.0 30 45  Mean(l) 0.0 30 45  Mean(l)
First season Second season

Aggrissivity values of dill (Adf)

lrow :1 row +0.530 +0.543 +0.514 |+0.529 |+0.070 +0.040 -0.043 |+0.022

1lrow :2 rows +0.065 -0.033 -0.054 |-0.007 |[+0.123 -0.062 -0.080 |-0.006

2rows :1row |+0.000 -0.005 -0.116 |(-0.041 |+0.021 -0.027 -0.155 |-0.054

2 rows :2 rows +0.011 +0.051 -0.005 ([+0.019 |+.041 +0.015 -0.056 |+0.000

Mean (P) +0.151 +0.139 +0.085 +0.064 -0.008 -0.083

Aggrissivity values of fenugreek (Afd)

lrow :1 row -0.530 -0.543 -0514 |-0529 |-0.070 -0.040 +0.043 |-0.022

lrow :2 rows -0.065 +0.033 +0.054 |+0.007 |-0.123 +0.062 +0.080 |+0.006

2rows:1row |-0.000 +0.005 +0.116 |+0.041 (-0.021 +0.027 +0.155 |+0.054

2 rows :2 rows -0.011 -0.051 +0.005 |-0.019 (-.041 -0.015 +0.056 |(-0.000

Mean (P) -0.151 -0.139  -0.085 -0.064 +0.008 +0.083

Relative Crowding Coefficient (RCC)

lrow :1 row 1.220cd 1.156de 1.146de [1.174B |1.492cd 1.472cd 1.268de |1.410BC
lrow :2 rows 1.347¢ 1968a 1.617b |1.644A |[1.682bc 2.880a 1.971b |2.178A
2rows:l1row |1.117de 0.920fg 0.848g |0.962C |1.326d 1.169de 0.960e |[1.152C

2 rows :2 rows 1.175c-e 1.006e-g 1.080d-f {1.087B |1.484cd 1.454cd 1.366cd |1.435B

Mean (P) 1215AB 1.262A 1.173B 1496B 1.744B 1.391A

* Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability..
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Fig 3: Effect of intercropping patterns, phosphorus fertilization rate and their
combination treatments on land equivalent ratio (LER) of intercropping dill and
fenugreek during 2013 and 2014 seasons

It is known that an aggressivity value of equally competitive. For any other situation,
zero indicates that the component crops are two crops will have the same numerical
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value by positive for the dominant crop and
negative for the dominated one. The greater
the numerical value, the larger the difference
in competitive abilities.

In the mean time, dill component
intercropped with fenugreek (Adf) was the
aggressor crop in 1:2 and 2:1 cropping
patterns. The highest values of aggressivity
for dill on fenugreek were 0.529 and 0.022
with intercropping system 1:1 in the first and
second seasons, respectively, the
corresponding figures were - 0.529 and -
0.022 for fenugreek plants. Meanwhile,
fenugreek component intercropped with dill
(Afd) was the aggressor crop in 1:1 and 2:2
cropping patterns. These results are in
accordance with those found, regarding the
effect of intercropping treatments on
aggressivity (A) values, by EI-Shamy et al.
(2008) found that sunflower component crop
was the dominant, whereas guar was the
dominated one.

The maximum increase in LER, ATER,
LUE and RCC were obtained from the
treatment of 30 kg P,Os /feddan, in most
cases, (1.039 and 1.105), (0.996 and 1.059),
(101.73 and 108.2 %) and (1.262 and 1.744)
compared with the other ones under study in
the first and second season, respectively.
Phosphorus rates had no significant effect
on LER, ATER and LUE in the first season.
Concerning aggressivity values, it is clear
that dill component crop was the dominant,
whereas fenugreek was the dominated one.

Furthermore, the advantage of growing
species (dill 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 LER, ATER, LUE and RCC
(1.138 and 1.208, 1.074 and 1.059 and
110.58% and 116.90% and 1.968 and
2.880) were achieved by the combination
treatment between intercropping pattern one
row of dill alternating with two rows of
fenugreek with 30 kg P,Os /feddan during
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both seasons, respectively. This result
suggest that it could be obtained from one
feddan by using this intercropping system
and 30 kg P,Os /feddan the same yield
which would required about 1.14 or 1.20
feddan if each crop cultivated alone. Such
aggressivity reached to its maximum values
(0.543 and 0.155) by using combination
treatment of 1:1 intercropping pattern
treatment, 30 kg of phosphorus per feddan
and combination treatment of intercropping
pattern of (2:1) with 45 kg of phosphorus per
feddan in the first and second seasons,
respectively.

Consulting the available literature, there
was no information concerning the effect of
combination treatments between
intercropping patterns and phosphorus
fertilization rates on competitive indices of
dill and fenugreek plants.

Conclusion:

This study suggests that dill/fenugreek
association should be used by farmers
instead of dill sole crop, especially at 1:2
cropping pattern, under Sharkia
Governorate  condition. The use of
phosphorus rate at 30 P,Os kg/feddan for
both the crops, in the intercropping pattern
of 1:2, resulted in increases in dill and
fenugreek growth, yield, active components
and maximized land equivalent ratio as well
as land utilization efficiency.

REFERENCES

Abadi, B. H. M., H. R. Ganjali and H. R.
Mobasser (2015). Effect of mycorrhiza
and phosphorus fertilizer on some
characteristics of black cumin. Biological

Forum An International Journal 7(1):
1115-1120.
Abdel-Kader, M.A., H.A. EI-Shamy, A.A.

Meawad and G.A. Bishr (2012). Yield
components and active ingredients of

roselle and guar as influenced by
different  intercropping system and
nitrogen fertilization rate. Zagazig J.

Agric. Res. 39 (2): 157-166.



AbdelKader and Hassan

Abusuwar, A.O. and E.A. Omer (2011).
Effect of intercropping, phosphorus
fertilization and rhizobium inoculation on
the growth and nodulation of some
leguminous and cereal forages.Agric.
Biol. J. N. Am. 2(1): 109-124.

Agegnehu, G., A. Ghizaw and W. Sinebo
(2008). Yield potential and land-use
efficiency of wheat and faba bean mixed
intercropping. Agron. Sustain. Dev. 28
(4): 257-263.

Al-Habori, M. and A. Raman (2002).
Pharmacological Properties in Fenugreek
- The genus Trigonella (1% edition) by
G.A. Petropoulos (ed.), Taylor and
Francis, London and New York 10: 163-
182.

Alizadeh, Y., A. Koocheki and M. Nassiri
Mabhallati (2010). Yield, yield components
and potential weed control  of
intercropping bean (Phaseolus vulgaris
L.) with sweet basil (Ocimum basilicum

L.). Iranian Journal of Field Crops
Research 7(2): 541-553.
A.O.A.C. (1984). Official Methods of

Analysis “12th Ed Association of Official
Analysis Chemists, Washington D.C.,
U.S.A.

Bailer, J., T. Aichinger, G. Hackl, K. D.
Hueber and M. Dachler (2001). Essential
oil content and composition in
commercially available dill cultivars in
comparison to caraway. Industrial Crop
and Products, 14: 229-239.

Bantie, Y. B.,, F. A. Abera and T. D.
Woldegiorgis (2014). Competition indices
of intercropped lupine (Local) and small
cereals in additive series in west Gojam,
North Western Ethiopia. American
Journal of Plant Sciences, 5: 1296-1305.

Basch, E., C. Ulbricht, G. Kuo, P. Szapary
and M. Smith (2003). Therapeutic
applications of fenugreek. Alt. Med. Rev.
8: 20-27.

Carpici, E.B. and M.M. Tunali (2012). Effects
of the nitrogen and phosphorus
fertilization on the yield and quality of the

158

hairy vetch (Vicia villosa Roth.) and
barley (Hordeum wvulgare L.) mixture.
African Journal of Biotechnology Vol.
11(28), pp. 7208-7211,

Chapman, D.H. and R.F. Pratt (1978).
Methods Analysis for Soil, Plant and
Water. Univ. of California Div. Agric. Sci.,
16: 38.

Cherry, J.H. (1973). Molecular Biology of
Plants (A text manual) Columbia Univ.
Press, New York.

De Wit, C.T. (1960). On competition.
Verslag Landbouw-Kundige Onderzoek
66, 1-28.

Dhalwal, K., V.M. Shinde and K.R. Mahadik
(2008). Efficient and sensitive method for
guantitative determination and validation
of umbelliferone, carvone and myristicin
in (Anethum graveolens L.) and (Carum
carvi L.) seed. India J Chromatograaphia
67(1-2): 163-167.

Duncan, B. D. (1955). Multiple ranges and
multiple F test. Biometrics. 11:1- 42

El-Shamy, H.A., A.A. Meawad, G.A. Bishr
and M.A. Abd-El kader (2008). Effect of
intercropping systems of sunflower and
guar on: Il. Land equivalent ratio and
aggressivity. Egypt. J. of Appl. Sci.
23(4A): 275-285.

Gentili, F., L.G. Wall and K. Huss-Danell
(2006). Effects of phosphorus and
nitrogen on nodulation are seen already
at the stage of early cortical cell divisions
in Alnus incana. Annals of Botany
98:309-315.

Gorham, G. (1986). Univ. Col. North Weles
Dep. Of Biochemical and Soil Sci.
Chromatograph 18 Jul. 1986, 362 (2):
243-253.

Graham, P.H. and C.P. Vance (2000).
Nitrogen fixation in perspective: an
overview of research and extension
needs. Field crops Res., 65: 93-106.

Guenther, E. (1961). “The Essential Oils”
Vol (1): D. Von Nostrand Comp., New
York, pp. 236.



Effect of intercropping pattern and phosphorus fertilizer rate on

Harrison, M.J., G.R. Dewbre and J. Liu
(2002). A phosphate transporter from
Medicago truncatula involved in the
acquisition of phosphate released by
arbuscular mycorrhizal fungi. Plant Cell
14 :2413-2429.

Hassan, F.A.S., E.F. Ali and S.A. Mahfouz
(2012). Comparison between different
fertilization sources, irrigation frequency
and their combinations on the growth and
yield of coriander plant. Australian J.
Basic. Appl. Sci. 6(3): 600-615.

Hiebsch, C.K. and R. E. McCollum (1987).
Areaxtime equivalency ratio: a method
for evaluating the productivity of
intercrops. Agron. J. 79: 15-22.

Jalili, F. and F. Majidi (2015). The effect of
N, P and Micronutrients on Yield and
Essential Oil of Satureja hortensis L.
Advances in Environmental Biology 9(3):
892-897.

Jat, R.L., L.N. Dashora, S.L. Golada and R.
Choudhary (2012). Effect of phosphorus
and sulphur levels on growth and yield of
fenugreek. Ann. PIl. Soil Res. 14(2): 116-
119.

Maffei, M. and M. Mucciarelli (2003).
Essential oil yield in peppermint/soybean
strip intercropping. Field Crops Res., 84:
229-240.

Marschner, H. (1995). "Mineral of Higher
Plants". 2nd ed., New York, Academic
Press.

Mason, S.C., D.E. Leihner and J.J. Vorst
(1986). Cassava-cowpea and cassava-
peanut intercropping.l. Yield and land
use efficiency. Agron. Journal, 78: 43-46.

Mc Gilchrist, C.A. (1965). Analysis of
competition experiments. Biometrics 21:
975- 985.

Mead, R. and R.W. Willey (1980). The
concept of a ‘land equivalent ratio’ and
advantages in yields from intercropping.
Exp. Agric. 16: 217-228.

Megawer, Ekram A., A.N. Sharaan and A.M.
EL-Sherif (2010). Effect of intercropping
patterns on yield and its components of

159

barley, lupin or chickpea grown in newly
reclaimed soil. Egypt. J. of Appl. Sci.
25(9): 437-452.

Michigan State University (1983). MSTAT-C
Micro Computer Statistical Program,
Version 2. Michigan State University,
East Lansing.

Moslemi, M., A. Aboutalebi, H. Hasanzadeh
and M.H. Farahi (2012). Evaluation the
effects of different levels of phosphorous
on yield and yield components of
coriander (Coriandrum sativum L.). World
Applied Sci. J. 19: 1621-1624.

Nawar, F.R.R. and A.M. Abdel-Galil (2008).
Effect of tillage systems and nitrogen
fertilization on vyield and vyield
components of intercropped soybean to
sunflower in calcareous soils. Annals of
Agricultural Science (Cairo) 53 (1): 145-
156.

Natarajan, M. and R.W. Willey (1980).
Sorghum- pigeonpea intercropping and
the effects of plant population density. I-
Growth and vyield. J. Agric. Sci. Camb.
95: 51-58.

Nurbakhsh, F., A. Koocheki and M.N.
Mahallati (2013). Evaluation of yield,
yield components and different

intercropping indices in mixed and row
intercropping of sesame (Sesamum
indicum L.) and bean (Phaseolus vulgaris
L.). International Journal of Agriculture
and Crop Sciences 17 (5):1958-1965.

Odhiambo, G.D. and E.S. Ariga (2001).
Effect of intercropping maize and beans
on striga incidence and grain yield. 7"
Eastern and Southern Africa Regional
Maize Conference, 183-186.

Petropoulos, G.A. (2002). Fenugreek - The
genus Trigonella, Taylor and Francis,
London and New York.

Rotaru, V. and T.R. Sinclair (2009).
Interactive influence of phosphorus and
iron on nitrogen fixation by soybean.
Environmental and Experimental Botany
66: 94-99.

Said-Al Ahl, HAH. and M.A.A. Abdou
(2009). Impact of water stress and
phosphorus fertilizer on fresh herb and



AbdelKader and Hassan

essential oil content of dragonhead. Int. Zhang, X.H., D.Y. Lang, E.H. Zhang and
Agrophysics, 23: 403-407. Y.J. Zhang (2015). Effect of intercropping
Sharma, R. (2004). Agro-techiques of of Angelica sinensis with garlic on its
Medicinal ~ Plants. ~Daya Publishing growth and rhizosphere microflora. Int. J.

House. NewDelhi, pp: 3-10. Agric. Biol. 17: 554-560.

oAy Aladl) Agally Jpanally saill Ao gl slacd Janag Jpanil) allas il
Adally cuddl el dudlinl) i)

@) s ol 2aza o ¢ D e aalyl 2aaf tasa
e = 35 Aol — el S — sl o (1)
e — ) 58 ol — pally Aisd) A3 ) LS — Sl Y1 e (2)

w2l padlal)

2013/2012 ansse P GHEN drals (A6 dey i) del)3l 40 dail) deyjally Jaall 128 (gyal
Lgha e 2:25 1:25 2:1 5 1o cony Alally canll o Jaesll ol il 03 .2014/2013
(09 5128 aaS 45 5 30 « ha) il dpanill (go Adlida NV aray san e g5 IS ey A3lae dlaliie
Gl L ope sl S Al G sy Aladl dgaly Jseanall cliSay sall e lagiy Jaluill i labaas
i gAY Y arally Al Adally ol Cliia pues 8 Dygine 30l ) ol [ 5] 5 aaS 45 4 Alladl
salll lia d (0.05 Lsine (ssiue die) dygine 3345 I eolal) Qlel 82 01 Jaeadll ol gaf Ld)al)
Dl G by Jsandly (gylanll il il dpills Galli s il o Adall s5ines Al sanall lisSally (gunsl)
Wlae Gladll cully Hlally Hsdll Jpane paiddl iy (Gramsall P Gl seand) S dpdlaill GBIl cudl)
S Al a8 el o ey (Hpulil) B Ay A e dlld ) ALY (Sl ol de 3l
1.074 1.203 5 1.138 sl 23all Jalaay () alasind 3065 Gaill Jalal o1 81K Gansiy am )
ba delyy daentl) alas oy Jeldill dlelas (0 leile Jhani 2.8805 1.968 5 7 116.90 5 7110.58 ¢1.070 5
(s I pmusall P G138 [ 5T 55 paS 30 oy (Slineill anll 2lin) e Bdal) o (el e i) (0
28 30 Joney ilinsgil) apaniilly 201 Jaenl) olUas 2asinly Jase 33y (13 (g Jsemnl) (Say clagae izl e
Nt Gl sanal) S ey 13 ol 1.203 5 1,138 Jiss delyy (e Jpmnall (pui )8 [ 515 58

160



	Table (2): Effect of intercropping patterns, phosphorus fertilization rate and their combination treatments on some growth parameters of dill plant during seasons of 2013-2014

