Original Research Article

Maximizing land use efficiency of intercropping fala bean with wheat under slow — release
nitrogen fertilizer in newly reclaimed sandy soil

Abstract:

The rapid increase of the population in Egypt thgetwith a limited cultivated area results in amtacneed for
additional production of various crops. A two — iéald trial was conducted with intercropped fdiigan + wheat and sole
crops to decrease mineral nitrogen (N) inputs céattand increase farmer's benefit compared to vdwatcrop under sandy
soil conditions. Average yield of faba bean + wthiatdrcrops was greater by growing faba bean vedth fows of wheat in the
same ridge. Intercropping faba bean with four r@ivsvheat that received 238.0 kg N/ha in form ofaustow — release N
improved N uptake compared to the other treatmdrdad equivalent ratio (LER) and land equivaleneféioient (LEC)
values for intercrops were much greater than 110 @25, respectively, indicating less land requigats of intercropping
systems than sole wheat. The value of aggressifitsgba bean was negative for all combinationsdatiing that faba bean is
dominated component in the present study. Farrberisfit was achieved by intercropping faba beah ¥atir rows of wheat
that received 83.3% of the recommended mineralrilifer dose of wheat.

Keywords:Intercropping, Wheat plant density, Faba beanySloelease nitrogen, Nitrogen use efficiency, iearn.

Introduction

In Egypt, the present distribution of land userisgipally the result of long-term historical pr@ses, resulting from
the interaction between socio-economic, politicatl @nvironmental factors. So, the Egyptian govemtntes advocated
policies aimed at extending cultivated land and im&ing production of the existing agricultural 81 since the 1980s
(Shalaby and Tateishi, 2007jo match the high demand of food requirement whth fiapid increase of the population. Now,
food shortage is due to the rapid rise in the Hgyppeople, limited water resources and high minirdertilizer costs.
Currently, water is a primary limiting factor inehsector of Egyptian agriculture especially afteilding the Ethiopian
Renaissance Dam which could be affected negatNeéywater of the country and thus a significanfidency in the amount
of water allocated for irrigation and agricultut®ne possible approach to resolve this problem weétpard to the high
population growth would be to maximize the utilinat of limited agriculture land through multipleopping to increase
productivity per unit area of available lafghan et al, 2014) Therefore, it is important to address our effddsthis
fundamental issue by increasing crop production y@t area with reducing their water consumptiopeeglly on the
reclaimed sandy soils. This can be achieved thraugteffective use of modern cropping and irrigattenhniques with
reducing the use of mineral N fertilizer for maxiinig land equivalent ratio under low edaphic cdond# of sandy soil. Food
of the Egyptian people depends on some strategjescsuch as wheatfr(ticum aestivum L.) and faba beanV(cia faba L.),
especially the cultivated area of these crops i l@ds reached about 261 16 thousand ha featdnd faba bean,
respectively, in 2013Bulletin of Statistical Cost Production and Net Réurn, QS). Consequently, there is the need to
minimize the food shortage gap by optimizing somécaltural practices in thesesors.

It is known that beans, being legumes, are abfixtand use atmospheric N whilst wheat only usealfdady in the
soil. Certainly, the simultaneous growing of twonoore crop species on the same piece of land lkycirtpping(Ofori and
Stern, 1987)is an important practice for the development attgmable food production systems, advantagegtinstef yield
occur when component crop of intercropping systemmpete only partly for the same plant growth resesrand inter-
specific competition is less than intra-specifiongetition (Vandermeer, 1989) However, the planting pattern is an agro-
nomic practice which may affect the interactionviegtn the component crops of intercropping and $ectsf their use of
environmental resources and, as a result, the ssiggfeintercropping compared with sole croppingeays. The effects of
intercropping on the yield of the intercrop compuisecan be evaluated by observing how the yieldnaf crop at constant
seed rate alters in response to changes in se=dfrtite other. In this concerBulson et al (1997)conducted field trails to
clarify the effect of plant density on intercroppetieat and field bean and observed that there wagnificant decrease in
resource complementarily with increasing wheat #&edn density. Hence, the sandy soil should be medjuproper
management to offer optimum productivity of wheat daba bean, especially intercropping cereals \eigfumes improves
soil conservatior(Anil et al, 1998) although N is considered to be the most imporfaator in wheat production under
Egyptian agricultural condition§AO, 2005) Accordingly, the proper system of intercropping darean with wheat is a
fundamental tool particularly in cropping systeratthequires limited external inpufagegnehuet al, 2006)under sandy soil
conditions, especially there was a clear reduadiowheat yield up to 25 -30% compared to sole witeap (Gooding et al,
2007) Particularly, intercropping system had a mark#8dce on environmental resource utilization in terwf more light
interception, water and nutrient uptake comparesbte cropEskandari, 2011)

On the other hand, great efforts have been madeghptian scientists to improve wheat productivityibcreasing
the efficiency of mineral N fertilizer applicatidsy controlling the release or minimizing loss ofnitrient. It is known that
slow-release N fertilizers are excellent alterratio soluble fertilizer. Nutrients are releaseé alower rate throughout the
season and the plants are able to absorption rhtdst autrients without waste by leaching underdsesoil conditions. In this
concernEl-Kramany (2001) found that the use of slow-release N fertilizevegéhe highest grain yield/plant, grain yield/unit
area and grain protein content compared to ther dtheources in sandy soil. Accordingly, the ecormmptimum rate of
mineral fertilizer for each intercrop under sandit sonditions is a crucial factor to maximize lanse.Therefore, the main
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objective of the present research was to decn@@segal N inputs of wheat and increase farmertsefiecompared to
wheat sole crop under sandy soil conditions.

Materials and Methods

A two- year study was carried out at EI-BoustariaegSouth El-Tahrir Province, El-Behira Governergtat. 30°
30' 14" N, Long. 30° 19 11F, 21 m a.s.l.), Egypt during 2013/2014 and 2014/26d&sons. Maize was the preceding summer
crop in both seasons. The experimental soil hati%.@lay, 2.02 % silt, and 71.39 % course sand,8%%ine sand, and the
texture was sandy. Chemical analysis of the soHl 80 cm), pH value, available N, available P available K were analyzed
by Water and Soil Research Institute, ARC (Table Mgthods of mechanical and chemical analysis eyaglovere as
described by’hapman and Pratt (1961)

Table 1. Chemical properties of El — Boustan regiom 2013 and 2014 seasons before growing faba bean.

Chemical Growing season

properties 2013 2014
pH 7.75 7.85
Available N ppm 25.00 35.00
Available P ppm 10.50 15.00
Available K ppm 90.0 110.0

Sprinkler irrigation was the irrigation system hig study. Calcium super phosphate (15.5%0sPat rate of 476 kg
per ha and potassium sulfate (48.0%0K at rate of 119 kg per ha were applied during paparation in the two winter
seasons. Seeds of faba bean variety Giza 843 wecelatedwith Rhizobium leguminosarum and gum arabic was used as a
sticking agent. Mineral N fertilizer of faba beamasvadded at rate of 35.7 kg N/ha under intercrgppimd sole culture. Faba
bean seeds were sown or"zhd 28' October in 2012 and 2013 seasons, respectivelgnwigile wheat graingere sown on
17" and 2% November at 2012 and 2013 seasons, respectively.

The experiment included nine treatments which wieeecombination between three wheat plant dengifiies rows
(9.58 g/m), five rows (11.44 g/R) and six rows (14.30 gfnwere expressed as 67.0, 83.0 and 100.0 % of cdiere,
respectively) with application of recommended ménét fertilizer dosg285.6 kg N/ha as urea '46% N' without slow — retea
N form [UR]) and slow-release N fertilizer doses of whea3(23Xg N/ha as urea with slow — release N formjJl#rd 190.4
kg N/ha as urea with slow — release N form {Jykinder intercropping culture. The first mineralf@ttilizer dose (285.6 kg
N/ha) divided into three equal doses which apphaedvheat sowing, 15 and 30 days from wheat sow@igw-release N
fertilizer doses (238.0 and190.4 kg N/ha) were iappht wheat sowing. Slow-release N fertilizersqighien 40% N) were
obtained by General Organization for Agriculturadjuilization Fund, Agricultural Research Center, aGiEgypt. The
treatments were the combinations between faba aerdrwheat (Figure 1) that received slow — releadertilizer doses as
follows:

1. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance® 2m,
meanwhile four rows of wheat were grown in middighe ridge at 15 cm between rows that received®8§/ha
(UFp). This pattern was expressed as 67% wheat + 180%kean.

2. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@® 2m,
meanwhile four rows of wheat were grown in middiele ridge at 15 cm between rows that received ®&f/ha
(UFy). This pattern was expressed as 67% wheat + 180%kean.

3. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@® 2m,
meanwhile four rows of wheat were grown in middighe ridge at 15 cm between rows that received4.86/ha
(UFR,). This pattern was expressed as 67% wheat + 180%ean

4. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@ 2m,
meanwhile five rows of wheat were grown in middfethee ridge at 15 cm between rows that received®8&§/ha
(UFRy). This pattern was expressed as 83% wheat + 180%ean

5. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@® 2m,
meanwhile five rows of wheat were grown in middfettee ridge at 15 cm between rows that received ®&f/ha
(UF,). This pattern was expressed as 83% wheat + 180%ean

6. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@® 2m,
meanwhile five rows of wheat were grown in middfettee ridge at 15 cm between rows that received4.86/ha
(UFR,). This pattern was expressed as 83% wheat + 180%ean

7. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@® 2m,
meanwhile six rows of wheat were grown in middletloé ridge at 15 cm between rows that received@8§/ha
(UFp). This pattern was expressed as 100% wheat + fab&thean

8. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@® 2m,
meanwhile six rows of wheat were grown in middletloé ridge at 15 cm between rows that received®Bg/ha
(UFy). This pattern was expressed as 100% wheat + fab&thean
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Intercropping faba bean with five rows of wheat

Figure 1. intercropping faba bean with different rows of wheat and sole culture of both crops.
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Figure 1. Continued.
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9. Faba bean seeds were sown in both sides of rid2@ ¢in width) by growing two plants/hill distance@® 2m,
meanwhile six rows of wheat were grown in middlette$ ridge at 15 cm between rows that received41R§/ha
(UFy). This pattern was expressed as 100% wheat + fab&thean

In addition to sole crops:

1. Sole wheat: pure stand of wheat ridge (60 cmhyidy growing three rows distanced at 15 cm thaeived 285.6 kg

N/ha. This pattern was used only for competitivatienships.

2. Sole faba bean: pure stand of faba bean rid@ecii® width) by growing two rows in both sides oé thidge (two

plants/hill distanced at 20 cm). This pattern wsesduonly for competitive relationships.

A split plot design replicated thrice was us&teatments of wheat plant density randomly assigoettie main plots and
mineral N fertilizer doses were allocated in subtpl The area of plot was 10.8,nit consisted of six ridges, and each ridge
was 3.0 min length and 0.6 m in width
The Studied Traits
Yield and its attributes of faba bean

At harvest, the following traits were measured @m plants from each plot: Biological yield per banj, plant height
(cm), pod yield per plant (g), seed yield per pl@)t 100 — seed weight (g) and seed yield petdrg).(Seed yield per ha (ton)
was recorded on the basis of experimental plot layd#arvesting all plants of each plot.

Yield and its attributes of wheat

At harvest, the following traits were measured @m plants from each plot: Biological yield per tanj, straw yield
per ha (ton), plant height (cm), spike length, namtif spikelets per spike, number of grains pekespl000 — grain weight (g)
and grain yield per ha (ton). Grain yield per hanjtwas recorded on the basis of experimental glea by harvesting all
plants of each plot.

Chemical Composition of faba bean seeds and wheairs

Samples of 50 grams from each of faba bean seetsvheat grains were air dried, then ground andfittee powder

stored in brown glass bottles. All the chemicaledetinations were estimated in ground seeds drieddf till conpsas

weight. The total N of the seeds and grains weterdened using Micro-kjeldahl apparatus accordiog\tO.A.C. (2
Crude protein content was calculated by multiplybotal N by 6.25 for faba bean and 5.75 for whggadasivam and
Manickam, 1997) Crude protein yield of each crop was calculatggiotein content (%) x yield (ton per ha). Thesalgses
were done by Seed Technology Research Departmiefd, &rops Research Institute, ARC.

Nitrogen use efficiency (NUE)

The N use efficiency of mineral N fertilization wealculated by this equatig@raswell and Godwin, 1984)

NUE = (Grain yiel¢ - Grain yield) / Fertilizer N applied , where F-fertilizedop and C-unfertilized control.
Competitive relationships

1. Land equivalent ratio (LER)

LER defines as the ratio of area needed undercsofging to one of intercropping at the same mamege level to
produce an equivalent yie({flead and Willey, 1980) It is calculated as follows: LER = {¥/ Ya9 + (Yba/! Yun), Where Y,
= Pure stand yield of crop a (wheat),, ¥ Pure stand yield of crop b (faba bean), ¥ Intercrop yield of crop a (wheat) and
Ya = Intercrop yield of crop b (faba bean).

2. Land equivalent coefficient (LEC)

LEC is a measure of interaction concerned withsthength of relationshiAdetiloye et al, 1983) It is calculated as
follows: LEC = L x Ly, Where 1= LER of crop a (wheat) and, & LER of crop b (faba bean)
Farmer's benefit

Farmer's benefit (US$) was calculated as a diffardmetween total net returns from intercropping solé crops.
Wheat grains and faba bean seeds prices presentdllbtin of Agricultural Statistical (2015) were used. Net returns were
calculated by subtraction the sum of fixed costvbéat plus variable costs of both crops accordingtieat plant density and
Mineral N fertilizer doses.

Analysis of variance of the obtained results ofreseason was performed. The homogeneity test waducted of
error mean squares and accordingly, the combinatysia of the two experimental seasons was caoigd The measured
variables were analyzed by ANOVA using MSTATC sttial packaggFreed, 1991) Mean comparisons were performed
using the least significant differences (L.S.D} tegh a significance level of 5%0mez and Gomez, 1984)

Results and Discussion

I. Faba bean seed yield and its attributes

1. Wheat plant density

Plant height, pod and seed yields per plant, 186ed weight, seed yield per ha, harvest index, pesgdin content
and protein yield per hectare were affected sigaiftly by wheat plant density except biologicaldflea in the combined data
across 2013/2014 and 2014/2015 seasons (Table@.dhd seed yields per plant, 100 — seed weighteht index, seed and
protein yields per ha were increased significaniityh decreasing wheat plant density from 100 t&/66f sole wheat density
without insignificant differences between 100 ar@l08percent of sole wheat density. Conversely, tpleight and seed
protein content of faba bean were increased saamifly with increasing wheat plant density fromt67.00 % of sole wheat
density without insignificant differences betwee®0land 83.0 percent of sole wheat density. Thesa @y be due to
growing six rows of wheat which formed the highekeat plant density per unit area affected neggtive responses of faba
bean plant to intercept more solar radiation comgbao those grown with the other wheat plant desssifThese data may be
due to growing six rows of wheat which formed thghlest wheat plant density per unit area affecesghtively the responses
of faba bean plant to intercept more solar radmatiompared to those grown with the other wheattgansities.
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Table 2. Effect of wheat plant density, slow — relese N fertilizer and their interaction on faba beanseed yield and its
attributes, combined data across 2013/2014 and 202915 seasons.

Traits Biological yield/ha (ton) Plant height (cm) Pods wld/plant (g)

UFo UF. UF, |Average| UFq UF. UF., |Average| UF, UF1 UF. | Average
Intercropping faba bean with wheat
100% wheat + 50% faba bean 354 | 381 | 357 | 364 | 79.40| 79.73| 79.70 | 79.61 | 18.55| 18.78 | 18.23| 18.52
83% wheat + 50% faba bean 4.32 4.52 438| 4.40 | 75.14| 75.48| 76.0] 7554 | 19.66 | 20.19| 19.87 19.90
67% wheat + 50% faba bea 4.81 5.01 477| 4.86 | 72.66| 73.16| 72.03 72.61 | 21.82 | 21.34| 21.1§ 21.44
Average — 4.22 4.44 4.24 4.30 7543 76.12 75|91 .9Z72| 20.01| 20.10| 19.7¢ 19.95
L.S.D. 0.05 Wheat plant de Ta N.S. 6.16 2.75
L.S.D. 0.05 Slow — release | lizer N.S. N.S. N.S.
L.S.D. 0.05 Interaction N.S. N.S. N.S.
Sole faba bean 10.11 80.11 18.36

Table 2. Continued.

Traits Seed yield/plant (g) 100 - seed weight (g) Seedlgiba (ton)

UFq UF; UF, |Average| UF, UF; UF, |Average| UF, UF;, UF, Average
Intercropping faba bean with wheat
100% wheat + 50% faba bean 1555 | 15.78 | 15.23 | 15.52 | 63.44 | 62.81 | 62.92| 63.05 | 0.67 | 0.73 | 0.68 0.69
83% wheat + 50% faba bean 16.66 | 17.19| 16.87 16.90 | 65.68 | 64.94| 65.17 65.26 | 0.87 0.92 0.89 0.89
67% wheat +50% faba bear 18.82 | 18.34| 18.1§ 18.44 | 67.30 | 66.80| 66.93 67.01 | 1.03 1.11 1.06 1.07
Average 17.01| 17.1q 16.7¢ 16.95 65.47 64|85 ®5.065.10 0.85 0.92 0.87 0.88
L.S.D. 0.05 Wheat plant densities 2.62 3.68 0.32
L.S.D. 0.05 Slow — release N fertilizer N.S. N.S. N.S.
L.S.D. 0.05 Interaction N.S. N.S. N.S.
Sole faba bean 15.36 67.12 2.37

Table 2. Continued.

Traits Harvest index (%) Seed protein content (%) Proteiryield/ha (ton)

UFq UF, UF, |Average| UF, UF, UF, |Average| UFg UF; UF, Average
Intercropping faba bean with wheat
100% wheat + 50% faba bean 18.91 | 19.16 | 19.04 | 19.03 | 23.63 | 23.86 | 24.18 | 23.89 | 0.15 | 0.17 | 0.16 0.16
83% wheat + 50% faba bean 20.12 | 20.32| 20.30 20.24 | 22.44 | 22.02| 22.72 22.39 | 0.19 0.20 0.20 0.19
67% wheat + 50% faba bea 21.38 | 22.15| 2222 2191 | 21.76 | 2155 2191 21.74 | 0.22 0.23 0.23 0.22
Average . 20.13| 2054 2052 20.39 22.61 22/47 R2.922.67 0.18 0.20 0.19 0.19
L.S.D. 0.05 Wheat plaanities 2.67 1.89 0.04
L.S.D. 0.05 Slow — release fertilizer N.S. N.S. N.S.
L.S.D. 0.05 Interaction N.S. N.S. N.S.
Sole faba bean 23.43 23.94 0.56

It is important to mention that number of wheat savould be related to the proportion of solar réwlethat reaches
faba bean plants by the distance between the teciegpduring growth and development of faba beaowidg four rows of
wheat formed 37.5 cm between both species, whitedistance was decreased gradually by increasingoer of wheat rows
from 4 to 6 rows (Figure 1). Thus, intercroppingdebean with six rows of wheat led to acclimatiéthe legume component
to light intensity under intercropping conditiois effect may be due to genetic effect of thedusdtivar under the study
condition, which reflected on it response to loghtiintensity conditions. Such responses woulddestated into alteration of
plant height growth rate for helping the plantsdgach enough light. Accordingly, it is expectedt tieere was more shading
around faba bean plants that suffered from muthatlimg compared to those grown with the other wipdatt densities.
Mutual shading is known to increase the proportbinvisible radiation, which has a specific elotigg effect upon plants
(Chang, 1974) Obviously, plant height of intercropped faba be@th high plant density of wheat (100% of sole wahe
density) was increasd@ <0.05) by 9.64 % than those grown with low plant densitywheat (67% of sole wheat density).
However, plant height of faba bean was not affe{®d0.05) by decreasing plant density of wheat from 1003&&f sole
wheat density. Consequently, these results revedl shading effects of the highest wheat plant itleresuld be formed
unfavorable environmental conditions for faba bgeswth and development which increased plant hoeaaf faba bean.
So, the observed response in plant height of irdpped faba bean with high plant density of wheaild be primarily
attributed to an increase of internodes numberedortgation of faba bean plant as a result of irgnegpplant hormones.

On the other hand, pod and seed yields per pl@0t-1seed weight and harvest index were increagetktreasing
wheat plant density from 100 to 67 % of sole whastsity with insignificant differences between thgh and medium plant
density of wheat. These data may be attributedffioiency of faba bean plant to fix atmospheric Was enhanced by
decreasing plant density of wheat from six to faaws which reflected positively on pod and seeddgger plant, 100 — seed
weight and harvest index. It is likely that theatreent of 67 % of sole wheat plant density susthij@wth of new tillers
development during pod-setting and seed filling pared to the other treatments. In this concBadran (2011)concluded
that intercropping faba bean with wheat gave sulisfafaba bean productivity (about 85% of fabarbsale crop) under
sandy soil conditions. Accordingly, these tillerayrgenerate high competition for assimilate distiitn between organs of
faba bean plant, and then affected negatively peatin content. Consequently, the reduction irdg@etein content of faba
bean plant that intercropped with the highest wipdatt density could be increased protein accuradlat the seed during
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growth and development of faba bean. Conversedyjrtbrease in protein yield per ha could be intetemt by the increments
in seed yield per ha and with decreasing wheatt glansity from six to four rows. Obviously, the hést seed yield per ha
was achieved by increasing seed yield of faba Ipeamt that intercropped with four rows of wheat. figlover, seed yield of
bean declined as wheat seed rate incre@éaiiuza, 2012)

So, it may be possible that intercropping faba besth six rows of wheat increased intra and inteeefic
competition between the same and different spexspgectively, for basic growth resources compévetiose grown with the
other wheat plant densities. One of the factorsctifig faba bean yield and its quality in intergriogy system is the selection
of companion crop and the seeding rafidsrdas and Lithourgidis, 2011) Thus, it is expected that the highest proteifdyie
per ha had the same trend of seed yield per hawgthlower seed protein content. These resultsnaparallel with those
obtained byBulson et al. (1997) who showed that the %N of beans increased as rthygotion of wheat in the intercrop
increased.

2. Slow - release N fertilizer

Biological yield per hectare, plant height, podsl @eed yields per plant, 100 — seed weight, sesd peer hectare,
harvest index, seed protein content and proteild yper hectare were not affected by slow-releastertilizer dose in the
combined data across 2013/2014 and 2014/2015 se@Bable 2). From self-evident, there was no refedip between slow-
release N fertilizer of wheat and the studied sraftfaba bean. Similar results were obtainedEb$hamy et al. (2014)who
reported that mineral N fertilizer rates of theez@rcomponent had not any relationship with allghelied traits of the legume
component under intercropping conditions.

3. Response of wheat plant density to slow — releaderiizer

Biological yield per hectare, plant height, podsl aeed yield per plant, 100 — seed weight, sedd pier hectare,
harvest index, seed protein content and proteild yier hectare were not affected by slow-releageriilizer in the combined
data across 2013/2014 and 2014/2015 seasons (@rkdencerning competition for N fertilizer in wheatareintercropping,
the bean component is capable of fixing atmosphésiander favorable conditiofEskandri, 2011) From self-evident, there
was no relationship between the interaction of wipdent density with slow-release N fertilizer dafevheat and the studied
traits of faba bean. So, it seems important thathilological N fixation by the bean component sidog considered, but in
this experiment, there was no way to determineatheunt of N derived from fixation and absorptioanfrthe soil. These data
show that each of these factors act independemtialibthe studied traits of faba bean meaning thla¢at plant density
responded similarlyP> 0.05) to slow-release N fertilizer dose for faba bearldgizal yield per hectare, plant height, pods
and seed yield per plant, 100 — seed weight, sedd per hectare, harvest index, seed protein obrted protein yield per
hectare.

Il.  Wheat grain yield and its attributes
1. Wheat plant E

Plant height, s length, number of grains pékespl000 — grain weight, grain yield per ha, grpintein content
and protein yield per ha were affected significarily wheat plant density in the combined data acr2313/2014 and
2014/2015 seasons, meanwhile, biological and syields per ha were not affected (Table 3). Intgoping faba bean with
six rows of wheat had higher values gifint height, grain yield per ha, grain protein teot and protein yield per ha,
meanwhile, growing four rows of wheat with faba temve the highest values of grain spike, numberaihs per spike and
1000 — grain weight. Clearly, wheat plant densétyne of the major factors that determining abidifythe plant to capture
light energy where plant height, grain yield pey tpaain protein content and protein yield per haenacreasedP < 0.05) by
1.22, 8.20, 2.36 and 11.11 percent, respectivatp, wcreasing wheat plant density from four to ®ws (67 to 100 percent of
sole wheat plant density). These data could betalucreasing plant density of wheat from four bo r®ws increased intra-
specific competition between wheat plants for bagsawth resources especially solar radiation, anmiffgrent resources of
competition, light is one of theffEgan and Ransom, 1996)There results show that six rows of wheat cowddiriuced
potential of this cultivar in employing the enviraantal factors especially light to produce graieldiper ha.

On the other hand, grain spike, number of grainsspée and 1000 — grain weight of wheat had theosjte trend
with increasing wheat plant density. It seemed tha intercropping faba bean with four rows of wh@7% wheat + 50%
faba bean) could be increased number and abilifiprdts to set grain which caused higher numbegrains per spike, grains
weight per spike and 1000 — grain weight than thiogsrcropped with the other wheat plant densitespecially grains per
spike had positive direct effect on grain yi¢khan et al, 2010) Wheat plants sown at lower density (relativehteirt density
in a sole culture) in a mixed crop may have actessore nutrients per plant than they would in asdge sole cultur€ORC,
2013) Although wheat yield attributes of four rows weérgher than those of six rows, however, high sesd of wheat
plants per ridge that formed six rows (100% of seleat plant density) compensated the reductiamuimber of grains per
spike, grains weight per spi nd 1000 — grairghtedf wheat.

2. Slow —release N f{::‘er

Plant height, spike th, number of grains pékespl000 — grain weight, grain yield per ha, grpintein content
and protein yield per ha were affected significatty slow-release N fertilizer in the combined dataoss 2013/2014 and
2014/2015 seasons, meanwhile, biological and styehds per ha were not affected (Table 3). Wheaintgl with the
application of Uk or UR, had higher values of plant height, spike lengtimber of grains per spike, 1000 — grain weight,
grain yield per ha, grain protein content and proyéeld per ha than those with the applicatiorJé. It is expected that the
application of Ul for wheat plants furnished suitable growth resosireach as water and nutrients which were more
completely absorbed and converted to crop biomassgl growth and development stages than thosevestehe other
fertilizer doses. These data could be attributeti¢cadequate mineral N fertilizer dose (285.6 Kga)which might facilitated
the tillering ability of the plants, resulting imegater spike populatiofan and Khan, 2000)
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Table 3. Effect of faba bean plant density, slow release N fertilizer and their interaction on wheatgrain yield and its
attributes, combined data across 2013/2014 and 202815 seasons.

Traits Biological yield/ha (ton) Straw yield/ha (ton) Plan height (cm)

UFo UF. UF. |Average| UFo UF. UF. | Average| UF, UF. UF, |Average
Intercropping faba bear with wheat
100% wheat + 50% faba bean 16.23 | 15.99 | 15.82 | 16.01 | 10.46 | 10.40 | 10.54 | 10.46 | 96.13 | 95.71 | 94.94 | 95.59
83% wheat +50% faba bear 16.04 | 15.81| 15.61] 15.82 | 10.49 | 10.44| 10.52 10.48 | 95.54 | 95.15| 94.3q 95.01
67% wheat +50% faba bear 15.92 | 15.70f 15.49 15.70 | 10.56 | 10.51| 10.67 10.58 | 94.92 | 94.56| 93.81] 94.43
Average 16.06| 15.83 15.64 1584 10.50 10{45 72(0.510.50 | 95.53| 95.14 94.3f 95.01
L.S.D. 0.05 Wheat plant densities N.S. N.S. 0.76
L.S.D. 0.05 Slow — release N fertilizer N.S. N.S. 0.52
L.S.D. 0.05 Interaction N.S. N.S. 0.91
Sole wheat 16.52 10.55 95.98

Table 3. Continued.

Traits Spike length (cm) Grains/spike (no.) 1000 — grain@ight (g)

UFq UF; UF, |Average| UFq UF; UF, |Average| UFg UF; UF, |Average
Intercropping faba bear with wheat
100% wheat + 50% faba bean 11.21 | 1097 | 10.49 | 10.89 | 60.87 | 60.29 | 59.02 | 60.06 | 39.11 | 38.87 | 38.62 | 38.86
83% wheat + 50% faba bean 1144 | 11.18| 10.7Y4 11.11 | 61.49 | 60.88| 59.64 60.67 | 39.19 | 39.08| 38.77 39.01
67% wheat + 50% faba bea 11.78 | 11.54| 11.0Y] 11.44 | 62.06 | 61.41| 60.22 61.23 | 39.34| 39.11| 38.93 39.32
Average _ 11.47| 11.23 10.78 11.14 6147 60/86 259.660.65 39.21| 39.02 38.77 38.9p
L.S.D. 0.05 Wheat plant der’lﬁ@" 0.39 0.98 0.25
L.S.D. 0.05 Slow — release lizer 0.27 0.79 0.21
L.S.D. 0.05 Interaction 0.52 1.13 0.27
Sole wheat 11.72 62.02 39.30

Table 3. Continued.

Traits Grain yield/ha (ton) Grain protein content (%) Protein yield/ha (ton)

UFo UF1 UF, |Average| UFq UF. UF, |Average| UF, UF. UF, |Average
Intercropping faba bear with wheat
100% wheat + 50% faba bean 577 | 559 | 528 | 554 | 925 | 909 | 896 | 9.10 | 053 | 050 | 0.47 | 050
83% wheat + 50% faba bean 5.55 5.37 5.09| 5.33 9.19 9.05 8.83| 9.02 0.51 0.48 0.44| 0.47
67% wheat + 50% faba bea 5.36 5.19 482 | 5.12 9.09 8.92 8.68| 8.89 0.48 0.45 0.41| 0.45
Average 5.56 5.38 5.06 5.33 9.1y 9.02 8.82 9.000.50 0.48 0.44 0.47
L.S.D. 0.05 Wheat plant densities 0.23 0.18 0.05
L.S.D. 0.05 Slow — release N fertilizer 0.19 0.16 0.04
L.S.D. 0.05 Interaction 0.26 0.19 0.05
Sole wheat 5.97 9.21 0.54

However, there were insignificant differences betwehe application of WFand UFk. Beneficial effect of UF
appliedcould be attributed to coating material on wheanfd which regulated N release and reduced N-legdbisses that
provided a constant supply of N to roots of whelangs. In this concerril-Kramany (2001) found that slow-release N
fertilizer gave the highest 1000-grain weight angirgyield per unit area.

Naturally, the negative result of YRpplied for wheat plants could be due to N avditgbdid not satisfy wheat
requirement for growth and development, which affidcnegatively the plant to produce more numbegrains/spike. In
particular, several studies showed that increallingvels increased grain yie(&ingh and Uttam, 1992)and spike humbers
and grain weigh(Geleto et al, 1995) Thereby, there was a decregBe< 0.05) in most studied traits of wheat due to N
shortage, especially the onset of N shortage duwiitigal phases of the winter cereal cycle leadtotv and unstable yields
and to a severe reduction in grain quafifgsti and Guiducci, 2010)

3. Response of wheat plant density to slow-releasefllizer

Plant height, spike length, number of grains pékespl000 — grain weight, grain yield per ha, grpintein content
and protein yield per ha were affected significamty wheat plant density x slow-release N fertilibe the combined data
across 2013/2014 and 2014/2015 seasons, meanwiolegical and straw yields per ha were not affédc{@able 3).
Intercropping faba bean with five or six rows ofeslh interacted positively with the application ofdlbr UR to give the
highest values of plant height, grain yield per begin protein content and protein yield per ha parad to the other
treatments. On the other hand, the negative effiesik rows of wheat that received Wén the yield attributes could be due to
high intra-specific competition between wheat pdafdr basic growth resources especially solar textiaand soil N. N
comprises 7% of total dry matter of plants and é®mstituent of many fundamental cell componenthss nucleic acidand
photosynthetic pigment@ungard et al, 1999) These data reveal that there was effBe0.05) of wheat plant density x
slow-release N fertilizer orplant height, spike length, number of grains pgekes 1000 — grain weight, grain yield per ha,
grain protein content and protein yield per ha

Ill. Nitrogen use efficiency (NUE)
1. Wheat plant density
NUE values varied from 11.50 kg per kg by intergiog faba bean with five rows of wheat (83% of seleeat plant
density) with the highest range of 190.45 — 285 6\kha (Ul — UFR,) up to 18.50 kg/kg by intercropping faba bean idthr
rows of wheat (67% of sole wheat plant densityhwiite lowest range of 238.0 — 285.6 kg N/ha(URJF,). NUE was affected
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significantly by wheat plant density in the comlirdata across 2013/2014 and 2014/2015 seasonsg Rguntercropping faba

bean with four rows of wheat increased NUE by 18@B6ompared to those grown with the other plansities of wheat. These

results could be attributed to 67% wheat + 50% faden decreased intra and inter-specific compettiEtween the same and
two species, respectively, for basic growth resesirc

18.50
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7 12as A Y
C; 14 - ey | -11'50 m UFO - UF2
}‘r 12 + 7 UF1-UF2
L + ’
w 10 )
= 8 -
6 -
4 -
2 -
0 I 1 1
100% wheat + 100% faba bean £3% wheat + 100% faba bean 67% wheat + 100% faba bean
Treatments
L.5.D. 0.05 Wheat plant density 1.81
L.5.D. 0.05 Slow — release N fertilizer 1.44
L.5.D.0.05 Interaction 2.12

Figure 2. Nitrogen use efficiency (NUE) affected bwheat plant density, slow — release N fertilizerrad their interaction,
combined data across 2013/2014 and 2014/2015 season

2. Slow - release N fertilizer

NUE was affected significantly by slow-releaseféttilizer in the combined data across 2013/2014 20614/2015
seasons (Figure 2). Wheat plants with the apptioatf UR had higher NUE than those received,UFhese results may be due
to UR, regulated N release and reduced N-leaching losséptovided a constant supply of N to roots of ath@ants under
sandy soil conditions.

3. Response of wheat plant density to slow - releademilizer

NUE was affected significantly by wheat plant dénsi slow-release N fertilizer in the combined dateross
2013/2014 and 2014/2015 seasons (Figure 2). Tlessdts show that intercropping faba bean with fowvs of wheat plants
with the application of UFhad the highest NUE compared to the other treasn&hese results reveal that 67% wheat + 50%
faba bean furnished suitable growth resources fa@atvplants and this effect was increased wittafiication of Ul which
provided a constant supply of N to roots of whdah{s under sandy soil conditions. These data ghatveach of these two
factors act dependently on NUE meaning that whigait mlensity responded differenilly < 0.05) to slow-release N fertilizer
for NUE. These results are in accordance with thamstained byli et al. (2011) who found that intercropping system of
wheat/faba bean can be more effective in increasiog N use efficiency.

IV. Competitive relationships
A. Land equivalent ratio (LER)
1. Wheat plant ity

LER greate n one is indicator of more efficieitization of land in intercropping system. It éeie to more
efficient utilization of resources in intercroppiog by increased plant densityisher, 1977) LER was affected significantly
by wheat plant density in the combined data ac2883/2014 and 2014/2015 seasons (Figure 3). Inrgknetercropping
faba bean with wheat increas@®i< 0.05) LER compared to sole crops. It ranged from 1.45nbgrcropping faba bean with
six rows of wheat with the application of Yt 1.67 by intercropping faba bean with four rasfisvheat with the application
of UF, with an average of 1.57. It is clear that LER sadwbenefits of cereal —legume intercropping. Theagroductivity
was higher than expected when faba bean was iomyed with wheatAbdel-Gawad et al., 1988)

As a consequence of competitive effects observeabth species, intercrops were less efficient thare crops in
using resources for growth. Moreover, intercroppfaba bean with four rows of wheat had higher LERnt those that
intercropped with six rows of wheat. These resutisld be attributed to root growth pattern may iaved growth of wheat as
a result of decreased intra-specific competitiotwben wheat plants for basic growth resources. &hesults reveal that the
advantage of the highest LER by intercropping fladan with wheat over sole crops could be due tionyh plant density of
wheat and faba bean (67% wheat + 50% faba beae) gave space for wheat plants to grow well by desirgg wheat plant
density to one third of sole culture and formedathle above and under-ground conditions for wheawth and development.
These results are in harmony with those obtaineddsgnehuet al. (2008)who noticed that intercropping faba bean with
wheat increased both total yield and land-useiefiizy.
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Treatments
L.5.D. 0.05 Wheat plant density 0.05

L.5.D. 0.05 Slow — release N fertilizer p.03
L.5.D. 0.05 Interaction 0.06

Figure 3. Land equivalent ratio (LER) as affected/lwheat plant density, slow — release N fertilizerd their interaction,
combined data across 2013/2014 and 2014/2015 sesason

2. Slow — release N fertilizer
LER was affected significantly by slow — releasdeMilizer in the combined data across 2013/201d 2014/2015
seasons (Figure 3). Wheat plants with the apptinatf UR, or UFR, had higher LER than those with the applicatiorUés.
These results may be due to the application affé&ched the same significance level of Bécause Ufprovided a constant
supply of N to roots of wheat plants under sandlycamditions.
3. Response of wheat plant density to slow - releademilizer
LER was affected significantly by wheat plant densi slow — release N fertilizer in the combinedadacross
2013/2014 and 2014/2015 seasons (Figure 3). ThesioMER was obtained by intercropping faba beah siit rows of wheat
with the application of Uf meanwhile, the highest LER was obtained by imtgnping faba bean with four rows of wheat
with the application of U There were yield advantages have been recordedténcropping faba bean with wheat
(Ghanbari-Bonjar, 2000). These data show that each of these factors aeindently on LER meaning that wheat plant
density responded different()? < 0.05) to slow — release N fertilizer for LER.
B. Land equivalent coefficient (LEC)
1. Whent density
LEC w<'a measure of interaction concerned withsttength of relationship. LEC is used for a twiepcmixture the
minimum expected productivity coefficient (PC) i§ Percent, that is, a yield advantage was obtaihé®#C value was
exceeded 0.25. LEC was affected significantly byattplant density in the combined data across 2013/ and 2014/2015
seasons (Figure 4). Mean LEC of intercropping fladan with wheat was exceeded 0.25 and consequabtybean + wheat
intercropping had yield advantage. The advantagkeeohighest LEC could be due to optimum plant dgr$ wheat and faba
bean (67% wheat + 50% faba bean) gave more spaeehfat plants to grow well by decreasing wheantptiensity to one
third of sole culture and formed suitable above ander-ground conditions for wheat growth and dewelent. These results
are in harmony with those obtained Agegnehuet al. (2008)who noticed that intercropping faba bean with wheateased
land-use efficiency. AlsoBenincasaet al. (2012) demonstrated that the competition of wheat redgrewth of faba bean
whole plant and root, thus independent of wheattplamber.
2. Slow - release N fertilizer
LEC was affected significantly by slow — releasdeNilizer in the combined data across 2013/201d 2014/2015
seasons (Figure 4). Wheat plants with the apptinatf UR, or UFR, had higher LEC than those with the applicatiorUés.
These results may be due to the application affé&ched the same significance level of Bécause Ufprovided a constant
supply of N to roots of wheat plants under sandlycamditions.
3. Response of wheat plant density to slow - releademilizer
LEC was affected significantly by wheat plant dénsi slow — release N fertilizer in the combinedadacross
2013/2014 and 2014/2015 seasons (Figure 4). ThesiobEC was obtained by intercropping faba beah ik rows of wheat
with the application of Uf meanwhile, the highest LEC was obtained by imtgnping faba bean with four rows of wheat
with the application of U§ This indicates that intercropping faba bean witieat is a competitive intercropping system by
increasing wheat plant density from four to six sowhese results are in parallel with those obthiogBrandseseter and
Netland (1999)who indicated that legumes are weak competitonspewed with cereals, and legumes are usually tlesde
secondary crop. Therefore, the use of slow — selé fertilizer could be interacted with the loweah plant density under
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intercropping system to decrease external inputh@frecommended mineral N fertilizer dose for vihg@ants under sandy
soil conditions. These data show that each of tfeders act dependently on LEC meaning that whkatt density responded
differently (P < 0.05) to slow — release N fertilizer for LEC.
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L.5.D. 0.05 Slow — release N fertilizer 0.03
L.5.D. 0.05 Interaction 0.04

Figure 4. Land equivalent coefficient (LEC) as affeed by wheat plant density, slow — release N fedr and their
interaction, combined data across 2013/2014 and4£2@015 seasons.
V. Farmer's benefit

The financial returns of intercropped wheat witlhbdabean as compared to sole wheat are shown ire Téhl
Intercropping faba bean with wheat increased tatel net returns compared to sole wheat. Net retinoms intercropped
wheat varied between treatments from US$ 1094 §8/h& compared to sole wheat (542 US$/ha). ).drdeping faba bean
with wheat gave the highest financial value byretepping faba bean with four rows of wheat witle pplication of UE
These results indicate that growing faba bean fwitin rows of wheat (67% wheat + 50% faba bean) with application of
UF, is more profitable to farmers than sole wheat tha¢ived the recommended mineral N fertilizer d¢285.6 kg N/ha) for
Egyptian farmers. These results are in parallehliose obtained bilunir et al (2004)who concluded that highest net
income Rs. 10229 Hawith benefit cost ratio of 1.90 was observed ineathgrown in 100cm spaced 4 rows of wheat and
intercropping 3 rows of gram. Alségegnehuet al. (2006)found that mixed intercropping faba bean in nortraley culture
at a density not less than 37.5% of the sole fasnlpave better overall yield and income than solaure of each crop
species.

Table 4. Financial return as affected by wheat plandensity, slow — release N fertilizer and their iteraction, combined
data across 2013/2014 and 2014/2015 seasons.

Traits Wheat Faba bean

UFq UF; UF, Average Uk UF, UF, Average
Intercropping faba bear with wheat
100% wheat + 50% faba bean 2256 2185 2064 2168 456 497 463 472
83% wheat +50% faba bear 2170 2099 1990 2086 593 627 606 608
67% wheat + 50% faba bean 2095 2029 1884 2002 702 757 722 727
Average 2173 2104 1979 2085 583 627 597 602
Sole wheat 2334
Traits Total Net

UFo UF, UF, Average Uk UF1 UF. Average
Intercropping faba bear with wheat
100% wheat + 50% faba bean 2712 2682 2527 2640 1199 1210 1094 1167
83% wheat + 50% faba beai 2763 2726 2596 2695 1264 1277 1185 1242
67% wheat + 50% faba bean 2797 2786 2606 2729 1328 1358 1216 1300
Average 2757 2731 2576 2688 1263 1281 1165 1236
Sole wheat 2334 542

Prices of main products are that of 2013: $ 391dy fon of wheat; $ 682.0 for ton of faba bean; imgzopping faba bean with wheat increased variable
costs of intercropping culture from 870 — 932 US#/bver those of sole wheat.



Conclusion

Our results revealed that growing faba bean in kaths of ridge 120 cm width with growing four roafswheat in
the middle of the ridge could be economically andinmentally promising in the newly reclaimedIsdiy using 238.0 Kg
N/ha as urea form of slow — release N which deed$.6% of the recommended mineral N fertilizesedof wheat plants.
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