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The present examination was conducted at the Experimental Farm, Fac. Environ. Agric. Sci., Arish Univ., Egypt, during
the 2018/2019 and 2019/2020 seasons. The aim of this investigation to study the effect of five intercropping combinations
system treatments in reciprocal rows between broad bean and anise i.e., (1), (1:1), (1:2), (2:1), and (2:2), and three treat-
ments of irrigation intervals, i.e., irrigated every day, three, and five days. The results showed that the interaction between
the intercropping systems (One-row anise with two rows of broad bean (1:2)) with irrigation every day achieved the highest
values of vegetative growth characters and yield parameters during the two growing seasons. Besides, competitive indices
(LER, ATER, and LUE) showed that the interaction between the intercropping system of anise: broad bean (1: 2 and 2: 2
systems), and irrigated every three days were higher compared to the other interactions under study. The previous treatments
recorded the highest values of water utilization efficiency (WUE). Also, the results recorded a positive sign for anise in most
interaction treatments and a negative sign for broad beans in the same intercropping systems. For that, it can recommend by
the intercropping system of anise: broad bean (1: 2 or 2: 2 systems), and irrigation every day or three days to improve water
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utilization efficiency, and productivity under climate conditions in North Sinai region.
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INTRODUCTION

Broad bean (Vicia faba L.) family (Fabaceae) is one of
the most important legume crops, providing between 28
and 30% of the dietary protein for humans, 51-68% total
carbohydrates, and considered as a good source of natural
antioxidants (Chaieb et al., 2011). Broad bean is one of
the major crops that consumed worldwide for feeding farm
animals (Cazzato et al., 2012) and their seeds are high
content lysine and arginine. Also, Broad bean increases
humus of soil and use in crop rotation (Kumar et al., 2015).

Anise (Pimpinella anisum L.) is one of the most important
aromatic and medicinal plants from the Umbelliferae,
Family. The origin of anise is not exactly known but
it has been a commonly found in Egypt, Syria, Cyprus,
Greece, Crete Islands and Turkey. The seeds are utilized
in medicine, pharmaceutics, perfumery and cosmetic
industries (Nabizadeh et al, 2012 and El-Gamal and
Ahmed, 2017). The main active component of essential
oil is trans-anethole. They are used as carminative, treat
dyspeptic complaints and catarrh of the respiratory tract,
and as mild expectorants (Ceylan, 1997 and Khalid, 2014).

Increasing demand for food and crops as a result of
an increasing population more and more besides the
continuous low of agricultural land area in Egypt needs
a replacement for more productive cropping systems. So,
needs replacement methods as an intercropping system to
increase crop productivity. Also, Intercropping considered
a practice for agriculture sustainable development use in
many developed and developing countries (Maffei and
Mucciarelli, 2003). Intercropping leads an important role

in increasing productivity by resource exploitation and
environmental factors (Alizadeh et al., 2010). It is among
the environmental changes water considered one of the
most important limiting factors for plant productivity
(Laribi et al., 2009).

Egyptian water resources have limited particularly in the
requirements for the reclamation of new lands (horizontal
agriculture expansion) where these lands are located in
arid and semi-arid regions; therefore, the limiting factor
for maximizing the benefit of cultivation is water. Water
shortage change the status of plant metabolism and
severely affecting ecosystems and agriculture (Tezara
et al, 1999). The negative effect of water shortage
on essential oil content and yield, morphological and
physiological characteristic, and secondary metabolites of
different medicinal and aromatic plants has been reported
in several studies (Tucker and Maciarello, 19940n oregano
(Origanum vulgare L.); Hassani, 2006 on Dracocephalum
moldavica; Tabrizi, 2011onThymus transcapicus Klokov;
Yeganehpour et al., 2016 on coriander, and Sharafi et al.,
2019 on Thymus vulgaris L.)

On another side, several studies have shown the positive
effect of water deficit on alkaloids and essential oil in
medicinal and aromatic plants (Baeck et al., 2001 on
Ocimum americanum L.; Khalid, 2006 on Ocimum sp.;
Bettaleb et al., 2009 on Salvia officinalis and Gholizadeh
et al., 2010 on Dracocephalum moldavica L. ).

Therefore, this work aims to maximize the two crop
components (broad bean and anise) productivity by using
different intercropping systems under irrigation intervals.
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MATERIALS AND METHODS

The present search was conducted at the Experimental
Farm, Fac. Environ. Agric. Sci., Arish Univ., Egypt,
during the two consecutive seasons of 2018/2019 and
2019/2020 to study the influence of intercropping systems
with irrigation intervals on anise and broad bean plants.

The intercropping system treatments were as follows:

1- Sole cropping systems of either anise or broad bean.
Such treatment was used as control for both crops.

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

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

4- Intercropping system of 2:2; since planting two rows of
anise alternated with two rows of broad bean. Such system
provides the proportional area of 50: 50 to each of anise
and broad bean, respectively.

5- Intercropping system of 2:1; since planting two rows of
anise alternated with one row of broad bean. Such system
provides the proportional area of 66.73: 33.3 to each of
anise and broad bean, respectively.

There were three treatments of irrigation intervals i.e.,
irrigated every day, every three days, and every five days.
All treatments were irrigated with the same quantity of
water (based on water requirements for one day), which
gradually increased from the first day from the season till
the end of the season, and calculated by water gage meter.

Seeds of both broad bean and anise were obtained from
Agricultural Research Centre, Dokky, Giza, and seeds were
sown on 1* November during both seasons. Seeds were
sown and then immediately irrigated after three weeks
from sowing. Seedlings were thinned to be one plant/
hill for the two crops. The physical and chemical analysis
properties of the experiment soil site and irrigation water
were presented in Tables (1&2) According to Chapman
and Pratt (1978). All plants have received the agriculture
practices and fertilization according to recommendations
of the ministry of agriculture.

The experimental unit area was 30 m?. Every experimental
unit contained three dripper lines with 20 m length. The
distance between lines was50 cm and between plants
was 30 cm between plants (28000 plants per fed. for sole
cropping systems, 14000 plants per fed. broad bean for
the intercropping system of 1 broad bean: 1 anise., 18666
broad bean, and 9333 anise plant for the intercropping
system of2 broad bean: 1 anise., and 9333broad bean
plant, and 18666 anise plant for the intercropping system
of 2 anise: 1 broad bean).

Treatments were arranged in a split-plot design with
three replicates, where cropping systems treatments
were randomly distributed in the main plots, while water

intervals treatments were randomly arranged in the sub-
plots.

Data Recorded
Plant growth parameters

Broad bean: After 90 days from sowing the following
data were recorded:plant height (cm), total plant fresh
weight (g) and total plant dry weight (g).

Anise: After 90 days from sowing the following data
were recorded:plant height (cm), number of branches/
plant, herb dry weight (g) and number of umbels/ plant as
flowering indicator.

Yield parameters
At harvesting stage:

Broad bean: Number of seeds/ pod, dry seeds yield/fed.
(kg), and weight of 100 seed (g) were recorded from the
mean of 9 plants taken from each replicate.

Anise: The following data were recorded, seed yield/ fed.
(kg), oil percentage (%), and oil yield/ fed. The volatile
oil from air-dried fruits of the anise plant was isolated
by hydrodistillation for 3 hr to extract the essential oils
according to Guenther (1961) and the oil yield per plant
and per fed. was calculated.Plant chemical analysis:

Plant chemical analysis of broad bean and anise

Total nitrogen, phosphorus, and potassium were determined
in dry matter ( in seeds of broad bean, and anise leaves)
of each component; total nitrogen was determined by
using the method described by Bremner and Mulvancy
(1982); phosphorus content was determined using the
method described by Ryan et al. (1999) and potassium was
determined photometrical according to Hesse (1971).

Competitive indices
Land Equivalent Ratio (LER)

It was determined for anise and broad bean yield recorded
per fed. According to the following equation:

Y
Yaa

Y
Yb

La = ILb =

LER =La+ Lbe Yaaand Ybb are the yields per fed. of anise
and broad bean, respectively, as sole crops and Yab and
Yba are the yields of anise and broad bean, respectively,
as intercrops. This parameter gives an indication to the
relative land area required, as sole cropping, to produce
the same yields obtained by intercropping. When the LER
is greater than one, the intercropping favors the yield of
the species. In contrast, when LER is lower than one the
intercropping negatively affects the yield of the crops
grown in a mixture (Mead and Willey, 1980).

Area Time Equivalent Ratio (ATER)

It was calculated according to the following equation:
Yab/Yaaxta+Yba/YbbXtb
T

ATER =
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Tablel.The physical and chemical analysis properties of the experiment soil site during 2018/2019 and2019/2020 seasons.

Property First season (2018-2019) | Second season (2019-2020)
Particles size distribution (%)
Coarse sand (%) 58.0 59.5
Fine sand (%) 19.8 19.3
Silt (%) 12.9 13.0
Clay (%) 9.3 9.2
Soil texture Loamy sand Loamy sand
Bulk density(Mgm-1) 1662 1661
Chemical properties ( Soluble ions ( in 1:5 soil water extract)
Ca" (me-1) 3.90 3.90
Mg" (me-1) 3.62 3.43
Na* (me-1) 2.54 2.59
K" (me-1) 0.34 0.32
CO, (me-1) - -
HCO, (me-1) 4.30 4.40
CI (me-1) 4.70 4.35
SO, (me-1) 1.50 1.45
EC(dSm-1) in 1:5 water extract) 0.08 1.02
pH(inl:2.5 Soil water  suspension extract) 8.10 8.13
Organic matter (%) 0.153 0.171
CaCo, (%) 22.43 22.48
Table 2. The chemical analysis of the irrigation water during 2018/2019 and 2019/2020 seasons
Soluble ions (me 1-1)

pH dlgl(ljrl Cations Anions

caw | mMgr | Nat | K c | HCO; | co; | so;

First season (2018-2019)
7.55 | 593 | 2050 [ 1680 | 1850 | 024 | 4592 | 200 | - | 722
Second season (2019-2020)
7.60 | 600 | 2100 [ 1700 | 1880 | 025 | 4675 | 207 | - | 728
Table 3. Average of monthly meteorological data on El-Arish region during 2018-2019 and 2019-2020 seasons
Parameters | Maximum air Minimum air temperature Relative humidity Rainfall rate (cm/
temperature (°C) °O) (%) Mon.)
Months
First season 2018-2019

November 23.5 18.3 80.8 37.5
December 17.4 11.2 75.2 345
January 17.8 12.5 66.5 39.5
February 18.3 13.4 68.2 41.2
March 21.2 15.2 67.8 35.6
April 25.6 18.7 71.2 27.8
May 32.0 21.4 73.2 10.3
Second season 2019 -2020
November 26.6 17.0 81.2 35.6
December 21.6 12.5 77.6 38.2
January 14.8 9.3 68.3 41.5
February 15.4 9.8 71.2 44.6
March 19.1 12.6 70.2 40.2
April 24.9 15.4 70.5 33.5
May 31.5 17.2 72.5 9.6

*Data meteorological recorded during two growing seasons according to meteorological station in Agriculture Research Station, El-Arish.
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Table 10. Effect of interaction between intercropping system, water intervals and their interactions on the land equivalent ratio (LER), area time equivalent ratio (ATER) and land utiliza-

tion efficiency (LUE%)during2018-2019 and 2019 -2020 seasons

1249

* Means having the same letter (s) are not significantly differentaccording to Duncan’smultiple range testat 5% level of probability

that all intercropping systems
significantly increased the number
of seeds/pod, dry seed yield/fed.
(kg) and weight of 100 seeds
(g) compared to sole broad bean
crop during both seasons. The
maximum number of seeds/ pods,
dry seed yield/fed.(kg), and weight
of 100 seeds (g) were obtained
when culturing one row of anise
with two rows of broad bean
in both seasons(7.61 and 7.72,
1724.17 and 1745.73, 100.74 and
101. 59, respectively). Concerning
the effect of water intervals on
broad bean yield, the obtained
data clearly shows that water
intervals significantly increased
all yield parameters i.e., (number
of seeds/pod, dry seed yield/fed).
(kg) and weight of 100 seeds
(g), plants irrigated every day
recorded the highest values of the
previous parameters during both
seasons, (7.47and 7.55; 1747.05
and 1768.60; 101.72 and 102.77,
respectively).

As regards the effect of interaction
between the intercropping system
and irrigation intervals, data in
Table 5 clear that interaction
between the intercropping systems
and water intervals significantly
increased only dry seeds yield/fed.
The weight of 100 seeds (kg) and
weight of 100 seeds (g) but did not
affect the number of seeds/pods.
Similar results were found by Safaei
et al. (2014) on Nigella sativa they
stated that irrigation intervals had
significant effects on the number
of capsule per plant, number of
seeds per capsule, number of seeds
per plant, seed weight per plant,
seed yield, biological yield and
harvest index (HI), but there was
no significant effect on the weight
of 1000 seeds. The 8-day irrigation
interval produced more grain yield
compared to 16-day irrigation
intervals. Also, Abdelkader and
Hamad (2015) on intercropping of
safflower and fenugreek (reported
that most of the parameters of
both crops under evaluation were
increased ~ with  intercropping
system treatments compared to

H. M. S. Hassan; S.A.A. Abou El-kasem and M.S. A. El-kassas
~
S) ml<|a|o Zl<=]2 al<lalo
NN BVeN Il le'el el Ko\l (e
= Jlaolvl|S Sl ~|unrn|® NS
S =3 R=Y Rl ) Dl =3 Ksell B=ll IS
z.
< o (] S|l o|lo -?NO)
o Sl o= e8| ey i B A IS
' o8| X2 N E R B EI Y b=
o | X NSRS
> x| =[] S VIR [S|a| N2l e
5 Sl=<2S] = = Bl Bl 2 Slo|lalX|S
§£ — —_ N E=1 k= S|=|> —
=)
— %
=
E‘S 4 sl o e Dlolo
Q O ] (]
s | ol Sl =G| sl & =la]| Sl=l=8|Z
en| S n| 0|0 = N —=]a2lalT
S Al e AT R N ol |&]| -
| @ Slels|=]<e N Bl Ko A K= s len | S| =
5l s A SRS I Qs Slole|]2
> 2 — == s|s = SIS
= | =
=
—
(3]
>| & ol|o
< qi’m—?“"m F?—?P?'?m ?é'om
~|= 5 o @ ol =] =|0 ) ol A R
o~ o | © o= t|lo|lo|a
a% Nl |S|T M EeAN Kol Ksall B Dl |22
~| = Sl B=1 B d P K= n|io|lY|lunlxn 52 Bl Bl Bl K=
w| 2 Cl=(=2=|= SR B RS N ERIEIEI S
Em — —_] clo|lo|o =N A B B e
o
<
=
- p—
s~ o)
Sl= o|l<|alu 22«22 S IS
S| = ||| w |0 o0 n XN |RIF ]S
N = ||l HlIN|I 2| n 2|z S
A=Y =) R=) E=1 RS <|¥|a|% | Sleo|l =
= — === nd BRI = Bl = 2SI &
:2 ~ olo [« |
m = S~
m 5 >
— ~ S
= — g
% g 5 § Sl
< | o Q Q | | O
° mowégm§@%pom§nN—cog
wn «w%mo’;'5~v08% wlic|lvn|J|N
S| < Tlo|lx|vn =l I I RSN Il I
> 51S[=[x|a| AR RN Y N Rl D B DA R B
= =< =S| =[FH|22[D)sls sl X]S
v S| — _ NE=1E=1= S(S|—=|D> —
> .2 £ N|—
R12| & = =
E : E
=1 =]
“S“ON—QQT‘<<?D<¢‘T’<N--8@®<
Tl < | o | < « s Tlen
|z SENBIEIE NEIEIRIES SRRz =
8 KIAlSD =l N RN = = 1 B Bl Bl PSS
o R R R RS S22 —=|g|g|x|E
= @
I
1
=
) [SN ]
(5] O | ol ol o VI 7| 7| o
< slelalBle] |8] & &3 MRS
— o | X 0 <+ | O |||
> jnll B\ ol RN I3 m(\lmmo =l | = -
5 z|E2|z|E|2] [B5[E18(12] |2|£]|2]|%]e
2 === = s|212 2| N EIEIES S
s — — (=3 K=} =12
~
(=
N’
~
=
<
D
=2
=
s
=
1
=]
5
172}
- p—
=
<
-’
w
£
D
~N—
w
>
w
1 | £ z| £ z| £
= »n »n »n
‘a 2l 2| 2| © 2l 2| 2| © 2l =zl o] @
=
o olol | =~ olol | =~ olol | =~
5 ol el K2 el ol el B el 3 ol el B el 3
b bl Il N ) N A | |~ bl I [N I
o = =
5 AHEHEE 1HEHEE FAHEHEE
E JHEEEREHEEHEEREEEEE
= S E el = S E e = &2 el =



Influence of intercropping system, water intervals and their interaction on growth, yield, and some competitive indices of broad bean and anise plants

Anqiqeqoad Jo [9A9] 9,6 18159} 93uer o[dnnuws, ueoun( 03 SUrpIoIILIUAIIYIP APJUBIYIUSIS JOU Ik (S) 19139 owes oy} SUIARY SUBDIA

V<2090 V850 V6850 V0090 VI8S0 VL3S0 (M) uedN
qd¢1c0 261C0 980C°0 2¢IT0 qc1co0 98IC0 9290C°0 2CITO SMOI - SMOIT
V1960 € 9860 q9¢6°0 qe 0960 VLS6'0 €860 q0¢6°0 qe LS6°0 MOI T SMOI ¢
qd.L170 261C0 991C0 0¢CIT0 q91¢0 98IC0 OCIT0 dSYIT0 SMOIZ: MOIT
VI9L6'0 qe 860 qe v.6°0 qe 8960 VEL6'0 € 1860 qe 0,60 qe $96°0 MOI T. MOI]

(qID)uedq peoiq 10j oner dAnnddwo)

V190 VOor9'0 Vre90 V9o VEee90 VLEYO (M) uedy
q7eco 26TC0 O LECO O1ET0 qeeco 2670 26€£C°0 2TEC0 SMOI - SMOIT
Vero'l 9101 €901 qe 01 Voro'l 9101 BLOT qe 01 MOI 7. SMOLT

g8¢C0 29TT0 98CC0 26CC0 q67C0 29TT0 26CC0 20€C0 SMOI . MOI]
V9e0'l qe 10°'1 qe ¢o'1 qe €01 Ve6eo'l 9701 qe €01 qe €01 MOI T2 MOI]
(e1DH)astue 10§ onyer oAnnadwo))

d¢000 V€00 qgvye00 d010°0 VOor0'0 qgvLeoo (M) uedy
qgvor1o0o0 €000 - 91070 - 6200 - qdVvLI00 000 - L1070 - 0€0°0 - SMOI - SMOIT
qdvI1c00 L0070 - Ge00- 120°0 - qavvc00 800°0 - 6£0°0 - €00 + MOIT: smolg
Vor0'0 9200 + LLOO - 890°0 - VLy0'0 120°0 - ¢80°0 - GLOO - SMOI 7. MOIT
q¢£10°0 800°0 - €100 - LT0°0 - ds10°0 0100 - 9100 - 810°0 - MOI T2 moI]

(eqy) ostue 03 uedq prOIq ANAISSAITIY
d¢00°0 V€00 qgvye00 d010°0 VOoroo0 qdvLE00 (M) uedy
qvoroo €000 + 9100 + 6200 + qgvLI00 000 + L10°0 + 0€0°0 + SMOI - SMOIT
qgvI1c00 L00°0 + Ge00+ 120°0 + qavyc00 8000 + 6£0°0 + €200 - MOI . SMOIT
VOor0'0 920°0 - LLOO + 890°0 + VLv00 1200 + G800 + SLOO+ SMOI 7 MOIT
q¢10°0 800°0 + €100+ LTO0 + ds10°0 0100 + 9100 + 8100+ MOI . moI]

(qey) ueaq peoiq ojostue  AIAISSAISTY

0Z0T-610T UOSESS pu0ddg 610C-810T U0Seas JSalg
() uedAl sAep ¢ A1dAYq _ sAep ¢ A1dAq _ Aep A1AY (D uedn sAep G A1dAY | sAep ¢ AIdAq N N EING |

(AA) S[eAI)UI UONRSLLI]

() (ueaq peoagq :asmuy) swd)sAs surddordrduy

SUOSeas

0202 610T PUe 610Z-8107 SuLmp (1D) oner dannaduwos pue () sanjea AJAISSIISSE UO SUOT)OBIUI JIOY) PUL STRAIUI Idjem W)sAs Surddororaiur uoomiaq uonoeIdur Jo 30354 I1 dqeL,

1250



H. M. S. Hassan; S.A.A. Abou El-kasem and M.S. A. El-kassas

L9°0 0 80 £9°0 440 LT0 UBIN
S0 $9°0 €r0 LT0 o 19°0 840 970 SMOI [t SMOI7
050 IL°0 610 0€0 LY0 L9°0 90 8C0 MOIT: SMOI T
050 IL°0 810 0€0 L0 L9°0 90 620 SMOI Z: MOIT
S¥'0 99°0 13 40) LT0 €70 £€9°0 170 9T°0 MOI T2 MOIT
440 790 0t°0 IS4 010 650 8¢°0 Y0 ISIuy 90§
(¢w/3)Kouaronya asn 1ajepy
020T-610T u0Seas puoddg 6107-810T UOSEBIS S
() uedAl sAep ¢ A1dA7 | sAep ¢ A1doAYq _ Aep A1Aq (D uedn sAep ¢ A1dA | sAep ¢ 1A Kep £19A7
(AA) STeAI9)UI UOBSLLI] (1 (ueaq peoag :9s1uy) swaysds urddo.adryuy
SUuoseas )Z0Z- 6107 PUB 610Z-810Z Sutnp (gui/3y) AOUSIOLJS asn I9jem ISTUR UO SUOT}ORIIUI JIAY) PUL S[BAIUI J9jem ‘swo)sAs Surddororajur Jo 1094 p1 dlqeL
[1°88S 89°086 LY ¥E91 L1°08S 76996 LS TIOL UBIN
£8°¢S01 89°08¢ 08°L96 00°€191 817101 CL'SLS £5°656 176651 SMOI : SMOIT
12334U! Cl'9LS 61096 2e0091 81°0101 £9°96¢ CTL'LT6 0T 9PSI MOI T SMOI T
LO6S01 LS €8S 19°CL6 01291 719101 SY'9LS ¥L°096 Y1091 SMOI Tt MOIT
290801 ' S6S 1266 10¥S91 7€8901 89°88¢ €1'186 17691 MOI - MOIT
[T°00TT1 2909 00101 00'¥891 667601 9¢€°¢€09 09°6001 009L91 uesq peolg 93[0S
("pay/wr) uonendsuenodead [enoy
020T-610T uoseas puoda§ 6107-8T0T UOS®Bas )SII
(1) uedAl sAep ¢ A1dAq | sAep ¢ A1y _ Kep A1dAY (D ueon sAep ¢ A1dAY | sAep ¢ A19Aq Aep A1dAY
(AA) STeAId)uI O BSLLI] (D (ueaq peoag :9s1uy) swaysAs gurddordinuy
Suoseas ()Z0Z- 610T PUB 610Z-810Z SuLmp (-paj/cw) uoneirdsuenodead [enjoe asiue uo SUOIIILINUI 1Y) PUL S[BAIIUL 191eM ‘Swd)sAs Jurddoroojur Jo 1094 *€1 d[qel
11°88S 89°086 LY ¥e91 L1°08S 6996 LS TI91 UBIN
£8°¢S01 89°08¢ 08°'L96 00°€191 81101 CL'SLS £5°656 176651 SMOI T: SMoI7
12 344U! CI'9LS 61096 2e0091 810101 £9°96¢ CL'LT6 0T 9rSI MOIT: SMOI T
LO6S01 LS €8S 19°CL6 20 T291 719101 S¥'9LS ¥L'096 Y1091 SMOI T2 MOIT
790801 ' S6S 17266 107591 7€°8901 89°88¢ €I'186 1T°6¢91 MOI T2 MOIT
120011 2909 00101 00¥891 667601 9¢€°€09 09°5001 009L91 ueaq peolyg 90§
("pay/cw) uonendsuenodead [emoy
020T-610T u0seas puodadg 610C-8T0T UOSEas S
() uedAl sAep G A1dAY | sAep ¢ A19Aq _ Kep L£1dAq (D uedn sfep G A1dAY | sAep ¢ Aroaq Kep KA1A7

(AA) STeAId)ul O BSLLI]

(D (uedq peoag :9s1uy) swalsAs gurddo.rdiyuy

SUuoseas ()Z0Z- 610C PUB 6102-810Z Sutmp (‘pay/cwr) uorernidsuenodead [enyoe ueaq peoiq U0 SUONOBIOIUI JIAY) PUL S[BAIOIUL Jojem ‘swdsAs Surddoroiojur Jo 10914 7T dIqeL

1251



Influence of intercropping system, water intervals and their interaction on growth, yield, and some competitive indices of broad bean and anise plants

safflower or fenugreek sole crop.

Effect of intercropping systems, water intervals and
their interaction on chemical composition in broad
bean seeds

Data given in Table 6 reveal those intercropping systems
significantly increased nitrogen (%), phosphorus (%),
potassium (%), and crude protein (%) of broad bean in both
seasons. The maximum values for the previous parameters
were obtained under the intercropping system of one row
of anise with two rows of broad bean (1:2) during two
growing seasons (1.38 and 1.42; 0.210 and 0.240; 0.685
and 0.70; 16.93 and 17.81., respectively).

Furthermore, the effect of water intervals on broad bean
chemical composition the data obtained confirm that water
intervals significantly increased nitrogen (%), potassium
(%), phosphorus (%), and crude protein (%) of broad bean
in the first and second season.

Regarding the data presented in Table 6, data presented in
Table 6 reveal that interaction between the intercropping
system and water intervals were significantly affected
nitrogen (%) and potassium (%) of broad bean in the first
and second seasons but there are no significant differences
between water intervals for other parameters. The highest
nitrogen (%) and potassium (%) of broad bean values were
increased when plants of anise and broad bean cropped
one-row anise with two rows of broad bean (1:2) and
irrigated every day during both seasons (1.42 and 1.46 ;
0.700 and 0.720., respectively).

Results were in the same way as those reported by
Abdelkader and Mohsen (2016) they studied the effect
of intercropping systems of onion with fennel and
coriander. Data presented that the intercropping system
of lcoriander:2 onions recorded the maximum values of
onion NPK uptake and protein content per bulb.

Results illustrated in Table 7 clear that the interaction
between the intercropping system and water intervals
affected significantly plant height (cm), the number of
branches/ plant, herb dry weight (g), and umbels number/
plant for the first and second season. The maximum values
of mentioned parameters were recorded when plants of
anise and broad bean cropped one-row anise with two
rows of broad bean (1:2) and irrigated every day during
both seasons (79.66 and 80.99; 8.56 and 9.12; 14.99 and
15.44 ;30.33 and 31.58., respectively).

Results are in a harmony with those found by Saeidi et
al. (2019). They observed that intercropped plants in
two rows of safflower with one row of faba bean (2:1)
recorded the highest number of heads per plant and seeds
per head compared with the other system under the study.
In addition, Gerami et al. (2016) on oregano (Origanum
vulgare L.) results showed that increasing irrigation
intervals decrease values of all morphological traits except
the proportion of stems. Moreover, plant productivity and
photosynthesis may be affected by water stress due to a
series of morphological, physiological, biochemical, and
molecular changes (Tezara et al., 1999).

Effect of intercropping systems, water intervals and
their interaction on anise seeds and oil yield

The given data in Table 8 indicate that intercropping
systems significantly increased seed yield/ fed. Oil weight
(kg), oil percentage (%), and oil yield/ fed. (1) during the
first season or the second season. Culturing anise and
broad bean at 1:2 intercropping systems recorded the
highest seed yield/ fed. Oil weight (kg), oil percentage
(%), and oil yield/ fed. (1) during the first season or the
second season (415.33and 439.97; 2.93 and 2.98 ; 12.25
and 13.19, respectively). Moreover, water intervals
significantly increased all anise seeds and oil yield values
where, anise plants irrigated every day for the first and
second season (416.00 and 440.64; 3.02 and 3.06; 12.59
and 13.55., respectively).

The highest values of seed yield/fed were significantly
affected as for the effect of the interaction between
the intercropping system and water intervals. (kg), oil
percentage (%) and oil yield/fed. (I) in the first and
second season. The maximum values of above-mentioned
parameters were recorded when plants of anise and broad
bean were one row anise with two rows of broad bean
(1:2) and irrigated every day during both seasons (448.00
and 472.64; 3.26 and 3.30 14.63 ; 15.68., respectively).
Our results are in agreement with previously published
reports by Mohamed et al. (2014) on Curcuma aromatica
and Curcuma domestica plants. Results concluded that,
growth parameters and chemical composition, i.e., total
carbohydrate, volatile oil and curcumin significantly
reduced when the plants were irrigated every week
compared to irrigation treatments every two or three
weeks. Also, Abdelkader and Mohsen (2016) studied
the effect of intercropping systems of onion with fennel
and coriander. Data presented that intercropping system
treatments increased significantly volatile oil percentage
and oil yield per plant of fennel (except that of 1:1
intercropping systems treatment in the first season for
volatile oil percentage) compared to sole crop system in
the first and second seasons. Whereas, oil yield per fed was
significantly decreased by using intercropping.

Effect of intercropping systems, water intervals and
their interaction on anise chemical composition

Data listed in Table 9 point out that intercropping systems
significantly affected nitrogen (%), phosphorus (%) and
potassium (%) of anise in the first and second season. The
highest values of the above-mentioned parameters were
achieved when anise and broad bean were cultured in 1:2
intercropping system during both seasons (2.24 and 2.29;
0.294 and 0.304; 2.72 and 2.83, respectively).

As regards, the effect of water intervals on anise chemical
composition, the obtained data confirm that water intervals
significantly increased nitrogen (%), phosphorus (%), and
potassium (%) of anise in the first and second season

Concerning, the interaction between intercropping system
and water intervals data illustrated in Table 9 reveal that
the combination between intercropping system and water
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intervals affected significantly nitrogen (%), phosphorus
(%), and potassium (%) of anise in the first and second
season. The maximum values were obtained when plants
of anise and broad bean were cropped (1:2) and irrigated
every day during both seasons (2.35 and 2.40; 0.343 and
0.353; 2.91 and 3.02, respectively).

Results are on the same side as those found by Abdelkader
and Mohsen (2016) they studied the effect of intercropping
systems of onion with fennel and coriander. Data presented
that intercropping system of l1coriander:2 onions gave the
highest values of onion NPK uptake and protein content
per bulb. Also, Mohamed et al. (2014) found that the long
irrigation intervals significantly reduced growth parameters
and chemical composition. Chemical composition, i.e.,
total carbohydrate, volatile oil, and curcumin in dry
rhizomes increased when the plants were irrigated every
week compared to irrigation treatments every two or three
weeks.

Competitive indices
Effect of intercropping systems

Data of both seasons in Table 10 indicate that land
equivalent ratio (LER) values were greater for anise and
broad bean in a mixture of (1: 2 system), there was an
advantage of intercropping for exploiting the resources
of the environment. In addition, intercropping of anise
and broad bean at all intercropping systems under study
were more productive than growing them alone (solid
planting), as can be seen from the below-mentioned values
which were greater than 1.00, in most cases. Moreover,
the area time equivalent ratio (ATER) and land utilization
efficiency (LUE) recorded the highest values when anise
intercropped with broad bean at 1: 2-row ratio compared to
other ones understudy in both seasons. From studying the
aggressively values, anise component crop was dominant,
whereas broad bean was the dominant one, in most cases
(Table 11). Similarly, intercropped anise had higher
competitive ratios in all proportions with broad bean,
indicating that anise plant was more competitive (CR
anise> one) than broad bean (CR onion < one), especially
under 1: 1 and 2: 2 intercropping systems. In this regard,
Abdelkader et al. (2019) found that intercropping of
coriander with pea recorded maximum LER, ATER, and
LUE values under I row of coriander: 2 rows of pea system.
Also, they stated that coriander was dominant in 1:1 and
1:2 intercropping systems, while pea was dominated one.
In addition, Saeidi et al. (2019) observed that intercropped
plants in the ratio of 1:1 for both years had the total actual
yield loss (AYL) positive values and greater than zero in all
mixtures, indicating an advantage from intercropping over
sole crops. Intercropped safflower had a higher relative
crowding coefficient (RCC) than intercropped faba bean,
indicating that safflower was more competitive than faba
bean in intercropping systems.

Effect of irrigation intervals

Data listed in Tables 10 and 11 show that the maximum
increase in LER, ATER, and LUE was obtained from

irrigation treatment every three days (1.064 and 1.061),
(0.977 and 0.974) and (102.03 and 101.74 %) compared
with the other ones under study in the 1% and 2™ seasons,
respectively. [rrigation intervals had a significant effect on
all competitive indices (LER, ATER, LUE, and Cr) in both
seasons. Concerning aggressively values, it is clear that
anise component crop was dominant, whereas broad bean
was the dominant one under the effect of different irrigation
intervals. Similarly, Zohry et al. (2020) pointed out that
the water-saving for sole and intercropped sunflower was
21 and 20% and yield enhancement was 11 and 17%,
respectively when intercropped with pea or cowpea.

Effect of interaction between intercropping systems
and irrigation intervals

Data in Tables 10 and 11 shows that LER, ATER, and LUE
were increased with all interaction treatments between
intercropping systems and irrigation intervals compared
with interaction treatment of 1: 1 system and irrigation daily
in the first and second season. However, the interaction
treatment between the intercropping system of one or
two rows of anise + two rows of broad bean (1: 2 and 2:
2 systems) and irrigated every three days were superior
in this concern compared to the other interactions under
study. The competitive ability of the two components in
an intercropping system is determined by its aggressively
value between anise and broad bean. Regardless of the
intercropping systems, there was a positive sign for anise
in most interaction treatments and a negative sign for
broad bean in the same cropping systems, indicating that
anise was dominant while the broad bean was dominated.

Furthermore, El-Sherif and Ali (2015) demonstrated that
the maximum LER values (between soybean + maize)
were noticed with crops irrigated using (100% ET)
treatment (1.47 and 1.45), while the lowest LER values
were recorded when crops were irrigated with (70% ET)
treatment (1.29 and 1.28). Likewise, Salehi et al. (2018)
reported that the land equivalent ratio (LER) between
tomato and basil plants at all levels of moisture was greater
than 1, the highest LER value was achieved with a non-
stressed level.

Effect of intercropping systems, water intervals and
there interaction on broad bean and anise crops actual
evapotranspiration (ETa)

Water consumptions were computed from the data of
soil moisture depletion; i.e. the differences between soil
moisture contents before and after irrigation.

Data illustrated in Table 12 show that the ETa in m3/fed.,
for broad bean during the two investigated seasons, were
affected by intercropping systems, water intervals, and
their interaction. It obviously decreased with increasing
irrigation intervals. Its highest values were 1611.57 and
1634.47 m’/fed., obtained for irrigation intervals every
day treatment in the first and second growing seasons,
respectively. The lowest ones were 580.17 and 588.41
m’/fed., obtained for 5 days irrigation interval. It should
be mentioned that, the value of the wet surface area per
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fed. used for the calculation of total volumes of water was
4200 m?, since all experimental plots surface areas were
moistened during irrigation. Hence, as the total applied
irrigation water increases, the total consumed water also
increases. Apparently, there is a critical limit for the ratio
of the depth of consumed water to the depth of applied
water.

On the other hand data in Table 12clear that, the highest
values were at the treatment sole broad bean at the first
and second seasons, while the lowest values were obtained
at the treatment 2 rows anise: 2 rows broad bean. These
results may be due to the increasing of evapotranspiration
in the first treatment. However, data in Table 12 clear that
the highest values were obtained at treatment irrigation
every day with treatment sole broad bean, while the lowest
values were at treatment 2 rows: 2 rows with treatment
irrigation every 5 days.

Given data in Table 13 demonstrate that, the ETa in m%/
fed.for anise during the two investigated seasons were
affected by intercropping systems, water intervals and
their interaction. It obviously decreased with increasing
irrigation intervals. Its highest values were 1564.85
and 1583.25 m’/fed.,obtained by irrigation every day
interval treatment, in the first and second growth seasons,
respectively. While, the lowest values were 561.38 and
567.96 m’/fed. obtained by irrigation every 5 days,
respectively.

It should be mentioned that, the value of the wet surface
area per fed. used for the calculation of total volumes of
water, was 4200 m?, due to the fact that all experimental
plots surface areas, were moistened during irrigation.
Hence, as the total applied irrigation water increases, as
the total consumed water also increases. Apparently, there
is a critical limit for the ratio of the depth of consumed
water to the depth of applied water. On the other hand data
in the same tableshow that, the effect of the intercropping
systems between the anise and the broad bean on the
ETa. The maximum values were recordedwhen broad
bean cultured as sole at the first and second season, while
the lowest values were obtained at the treatment 2 rows:
2 rows. These results may be due to the increasing of
evapotranspiration on the first treatment. On the other side
presented data in the same tableconfirm that the highest
values were at treatment irrigation every day with treatment
sole anise, while the lowest values were at treatment 2
rows: 2 rows with treatment irrigation every 5 days.

Effect of intercropping systems, water intervals and
there interaction on broad bean and anise crops water
use efficiency (WUE)

Water use efficiency is defined as, the amount of dry
matter produced per unit volume of water consumed by
plant (Vites, 1965). Water use efficiency was calculated by
dividing the fresh marketable part of crop by the volume
of consumed water, m*/fed.

Data in Table 14 illustrate that when irrigation intervals
increased from one to 5 days, WUE values increased. The

average values for both seasons were 1.08, 1.74 and 2.57
kg/m?, as a result of irrigating every day, 3 and 5 days,
respectively. These results leads to conclude that, the
best irrigation intervals for broad bean crop, is applying
irrigation water every 5 days under prevailing conditions
similar to those of El-Arish area. Consequently, it will be
advised to irrigate broad bean every 5 days. If agriculture
strategity points towards high production, it will be
recommended to irrigate broad bean crop every days.

On the other hand data in the same table present the effect
of the intercropping systems between the broad bean and
the anise on the WUE. The highest values were obtained
under intercropping system 1 row: 2 rows at the first and
second season, while the lowest values were obtained
at the treatment sole broad bean. Moreover, data in the
same table show the effect of the interaction between
the intercropping systems and irrigation intervals. The
maximum values were recorded when plants irrigated
every day with intercropping system 1 row:2 row, while
the lowest values were at treatment sole broad bean with
irrigation every day.

For anise crop data in illustrated on Table 14clear that
irrigation intervals increased from one to 5 days enhanced
WUE values. The average values for both seasons were
0.28,0.43, and 0.65 kg/m?as a result of irrigating every day,
3 and 5 days, respectively. These results leads to conclude
that, the best irrigation intervals for anise crop, is applying
irrigation water every 5 days under prevailing conditions
similar to those of El-Arish area. Consequently, it will
be advised to irrigate anise every 5 days. If agriculture
strategist points towards high production, it will be
recommended to irrigate anise crop every days. On the
other hand data in in the same table show that, the effect
of the intercropping systems between the anise and broad
bean on the WUE. The highest values were recorded with
intercropping system (1 row: 2 rows) or (2 rows: 2 rows) at
the first and second seasons, while the lowest values were
obtained at the treatment sole anise. While, the obtained
data in the same previous table clear that the highest
values were increased by irrigation every 5 days with
intercropping system (1 row: 2 rows or (2 rows :2 rows) at
the first and second season, while the lowest values were
at treatment sole anise with treatment irrigation every day
at the first and second season.
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