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ABSTRACT

The rapid increase of the population in Egypt tbgetwith a limited cultivated area results in an
acute need for additional production of variouspstoA two — year field trial was conducted in EI-
Boustan region, South El-Tahrir Province, El-BelBavernorate, Egypt with intercropped faba bean +
wheat and sole crops to Therefore, the main objedaif the present research was to decrease mineral
nitrogen (N) inputs of wheat and increase yield gndlity of the intercrops for achieve farmer's dfén
compared to sole wheat under sandy soil conditi@nsplit-plot design with three replicates was used
Quality of wheat grains and faba bean seeds wéedt@s the laboratories of Seed Technology Research
Department, Field Crops Research Institute, Agrical Research Center. Average yield of faba bean +
wheat intercrops was greater by intercropping fadxn with four rows of wheat (50% faba bean + 67%
wheat) in the same ridge. Changing wheat plant idensider intercropping culture did not affect
negatively yield quality of the intercrops, but rieasing N fertilizer doses improved quality of whea
grains only. Intercropping faba bean with four ravisvheat that received 238.0 kg N/ha in form adaur
slow — release N improved N uptake of wheat compawethe other treatments. Land equivalent ratio
(LER) and land equivalent coefficient (LEC) valdesintercrops were much greater than 1.00 and,0.25
respectively, indicating less land requirementsitdrcropping systems than sole wheat. Farmer'sfiien
was achieved by intercropping faba bean with faws of wheat (50% faba bean+67% wheat) that
received 83.3% of the recommended mineral N feetildose of wheat under sandy soil conditions.
Keywords: Intercropping, Wheat plant density, Faba beanwsSlo release nitrogen, Yield quality,

Nitrogen use efficiency.
INTRODUCTION

In Egypt, the present distribution of land use isgipally the result of long-term historical
processes, resulting from the interaction betweeroseconomic, political and environmental fact@s,
the Egyptian government has advocated policies diiateextending cultivated land and maximizing
production of the existing agricultural lands sithe 1980gShalaby and Tateishi, 2007jo match the
high demand of food requirement with the rapid @ase of the population. Now, food shortage is due t
the rapid rise in the Egyptian people, limited watesources and high mineral N fertilizer costs.
Currently, water is a primary limiting factor ingfsector of Egyptian agriculture especially aftaitding
the Ethiopian Renaissance Dam which could be &teoegatively Nile water of the country and thus a
significant deficiency in the amount of water adted for irrigation and agriculture. One possible
approach to resolve this problem with regard tohlgh population growth would be to maximize the
utilization of limited agriculture land through ntiple cropping to increase productivity per uniearof
available landKhan et al, 2014) Therefore, it is important to address our effaotghis fundamental
issue by increasing crop production per unit argh weducing their water consumption especiallytios
reclaimed sandy soils. This can be achieved thraurgkffective use of modern cropping and irrigation
techniques with reducing the use of mineral N liggr for maximizing land equivalent ratio undemlo

edaphic conditions of sandy soil. Food of the Egyppeople depends on some strategic crops such as



wheat {riticum aestivum L.) and faba bearV(cia faba L.), especially the cultivated area of these crops
in new lands reached about 261 and 16 thousandhateat and faba bean, respectively, in 2013
(Bulletin of Statistical Cost Production and Net Réurn, 2015). Consequently, there is the need to
minimize the food shortage gap by optimizing sompecaltural practices in these soils.

It is known that beans, being legumes, are abkxtand use atmospheric N whilst wheat only
uses N already in the soil. Certainly, the simwdtars growing of two or more crop species on theesam
piece of land by intercroppin@fori and Stern, 1987)is an important practice for the development of
sustainable food production systems, advantageterins of yield occur when component crop of
intercropping system compete only partly for thensaplant growth resources and inter-specific
competition is less than intra-specific competitfglandermeer, 1989) However, the planting pattern is
an agronomic practice which may affect the intéomcbetween the component crops of intercropping
and so affects their use of environmental resouands as a result, the success of intercroppingraoed
with sole cropping systems. The effects of intgoping on the yield of the intercrop components loan
evaluated by observing how the yield of one cropatstant seed rate alters in response to changes i
seed rate of the other. In this conceBnlson et al. (1997)conducted field trails to clarify the effect of
plant density on intercropped wheat and field baat observed that there was a significant decri@ase
resource complementarily with increasing wheat aedn density. Hence, the sandy soil should be
required proper management to offer optimum pradigt of wheat and faba bean, especially
intercropping cereals with legumes improves soihsaovation (Anil et al, 1998) although N is
considered to be the most important factor in whratiuction under Egyptian agricultural conditions
(FAO, 2005) Accordingly, the proper system of intercroppingdatean with wheat is a fundamental
tool particularly in cropping system that requitesited external inputgAgegnehuet al, 2006)under
sandy soil conditions, especially there was a deduction of wheat yield up to 25 -30% compared to
sole wheat crofGooding et al, 2007) Particularly, intercropping system had a marké&ece on
environmental resource utilization in terms of mdight interception, water and nutrient uptake
compared to sole crdjiskandari, 2011)

On the other hand, great efforts have been madddyptian scientists to improve wheat
productivity and quality by increasing the effiosgnof mineral N fertilizer application with contiiwig
the release or minimizing loss of N nutrient. Mixiepecies in cropping systems may lead to a rahge o
benefits that are expressed on various space i@edstales, from a short-term increase in crop yaeld
quality, to longer-term agroecosystem sustaingbilip to societal and ecological bene{italezieux et
al., 2009)The concentration of crude protein is one of tlwstnimportant criteria for wheat grain quality
evaluation(Sarunaite et al, 2010)

It is known that slow-release N fertilizers are ellent alternative to soluble fertilizer. Nutrients
are released at a slower rate throughout the seasdrthe plants are able to absorption most of the

nutrients without waste by leaching under sandy smnditions. In this concerrkl-Kramany (2001)



found that the use of slow-release N fertilizeregélve highest grain yield per plant, grain yield psit
area and grain protein content compared to ther &trsources in sandy soil. Accordingly, the ecoromi
optimum rate of mineral fertilizer for each intesprunder sandy soil conditions is a crucial fadtor
maximize land use. Therefore, the main objectivahef present research was to decrease mineral N
inputs of wheat and increase yield and qualityhef intercrops for achieve farmer's benefit compaoed
sole wheat under sandy soil conditions.
MATERIALS AND METHODS

A two- year study was carried out at El-BoustaniaegSouth El-Tahrir Province, El-Behira
Governorate (Lat. 30° 30" 14" N, Long. 30° 19 1H'21 m a.s.l.), Egypt during 2013/2014 and
2014/2015 seasons. The experimental soil had 6cla9p2.02 % silt, and 71.39 % course sand, 19.98 %
fine sand, and the texture was sandy. Chemicalysisabf the soil (0 — 30 cm), pH value, available N
available P and available K were analyzed by Waier Soil Research Institute, ARC (Table 1). Methods

of mechanical and chemical analysis employed wedescribed byChapman and Pratt (1961)

Table 1. Chemical properties of the soil EIl — Bouan region in 2013 and 2014 seasons before growiraph bean.

Chemical properties of the soil (0 — 30 cm) 2013 season 2014 season
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

Sunflower was the preceding summer crop in bots@ea Sprinkler irrigation was the irrigation
system in this study. Calcium super phosphate $45%0s) at rate of 476 kg per ha and potassium
sulfate (48.0% KO) at rate of 119 kg per ha were applied during paparation in the two winter
seasons. Seeds of faba bean cultivar Giza 843 imecelatedwith Rhizobium leguminosarum and gum
arabic was used as a sticking agent. Faba beas sesd sown on October Band 28" in 2013 and
2014 seasons, respectively, meanwhile grains oftvbaltivar Sakha 94 were sown on Novembéf 17
and 2%'in 2013 and 2014 seasons, respectively. Minerérhlizer of faba bean was added at rate of
35.7 kg N/ha as urea '46% N" after 30 days fronafladan sowing under intercropping and sole culture.
Mineral N fertilizer of sole wheat was added atrat 285.6 kg N/ha as urea '46% N' divided int@¢hr
equal doses which applied at wheat sowing, 15 @days from wheat sowing. Normal recommended
cultural practices for growing wheat and faba bex@ps were used.

The experiment included nine treatments which wieeecombination between three wheat plant
densities (four rows (9.51 gfin five rows (11.89 g/ff) and six rows (14.28 gfhwere expressed as 67,
83 and 100 % of sole culture, respectively) witlplagation of recommended mineral N fertilizer dose
(285.6 kg N/ha as urea '46% N' without slow — redell form [Uk]) and slow-release N fertilizer doses
of wheat (238.0 kg N/ha as urea with slow — relédgerm [UF] and 190.4 kg N/ha as urea with slow —
release N form [UF) under intercropping culture. The first mineralfélttilizer dose (285.6 kg N/ha)

divided into three equal doses which applied atatvisewing, 15 and 30 days from wheat sowing. Slow-



release N fertilizer doses (238.0 and190.4 kg Nimweje applied at wheat sowing. Slow-release N
fertilizers (Enciabien 40% N) were obtained by Gah@®rganization for Agricultural Equalization Fynd
Agricultural Research Center, Giza, Egypt. Thettremts were the combinations between faba bean and
wheat (Figure 1) that received slow — release hlifr doses as follows:

1. Faba bean seeds were sown in both sides of ridgfe ¢fn width) by growing two plants/hill
distanced at 20 cm, meanwhile four rows of wheatwgown in middle of the ridge at 15 cm
between rows that received 285.6 kg/ha JUFhis pattern was expressed as 50% faba bean +
67% wheat.

2. Faba bean seeds were sown in both sides of ridgf@ ¢fn width) by growing two plants/hill
distanced at 20 cm, meanwhile four rows of wheatwgown in middle of the ridge at 15 cm
between rows that received 238.0 kg/ha jUFhis pattern was expressed as 50% faba bean +
67% wheat.

3. Faba bean seeds were sown in both sides of ridgf@ ¢in width) by growing two plants/hill
distanced at 20 cm, meanwhile four rows of wheatewgown in middle of the ridge at 15 cm
between rows that received 190.4 kg/ha JUFhis pattern was expressed as 50% faba bean +
67% wheat.

4. Faba bean seeds were sown in both sides of rid2f@ ¢fn width) by growing two plants/hill
distanced at 20 cm, meanwhile five rows of wheatewgrown in middle of the ridge at 15 cm
between rows that received 285.6 kg/ha UFhis pattern was expressed as 50% faba bean +
83% wheat.

5. Faba bean seeds were sown in both sides of ridgf@ ¢in width) by growing two plants/hill
distanced at 20 cm, meanwhile five rows of wheatewgrown in middle of the ridge at 15 cm
between rows that received 238.0 kg/ha jUFhis pattern was expressed as 50% faba bean +
83% wheat.

6. Faba bean seeds were sown in both sides of ridgf@ ¢fn width) by growing two plants/hill
distanced at 20 cm, meanwhile five rows of wheatewgrown in middle of the ridge at 15 cm
between rows that received 190.4 kg/ha JUFhis pattern was expressed as 50% faba bean +
83% wheat.

7. Faba bean seeds were sown in both sides of ridgf@ ¢in width) by growing two plants/hill
distanced at 20 cm, meanwhile six rows of wheatewgown in middle of the ridge at 15 cm
between rows that received 285.6 kg/haUFhis pattern was expressed as 50% faba bean +
100% wheat.

8. Faba bean seeds were sown in both sides of ridgf@ ¢in width) by growing two plants/hill
distanced at 20 cm, meanwhile six rows of wheatewgrown in middle of the ridge at 15 cm
between rows that received 238.0 kg/hajUFFhis pattern was expressed as 50% faba bean +
100% wheat.
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Figure 1. intercropping faba bean with different rows of wheat and sole culture of both crops.
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Figure 1. Continued.



9. Faba bean seeds were sown in both sides of ridgf@ ¢in width) by growing two plants/hill
distanced at 20 cm, meanwhile six rows of wheatewgown in middle of the ridge at 15 cm
between rows that received 190.4 kg/ha JUFhis pattern was expressed as 50% faba bean +
100% wheat.

In addition to sole crops:

1. Sole wheat: pure stand of wheat ridge (60 cnthyidly growing three rows distanced at 15 cm
that received 285.6 kg N/ha as urea. This pattasiwged only for competitive relationships.

2. Sole faba bean: pure stand of faba bean ridyert6width) by growing two rows in both sides of
the ridge (two plants/hill distanced at 20 cm). sThuattern was used only for competitive
relationships.

A split plot design replicated thrice was us@deatments of wheat plant density randomly
assigned to the main plots and mineral N fertilideses were allocated in sub-plots. The area ofwrs
10.8 nf, it consisted of six ridges, and each ridge was18in 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
ha (ton), plant height (cm), pod yield per plan @eed yield per plant (g), 100 — seed weightafug
seed yield per ha (ton). Seed yield per ha (torg veaorded on the basis of experimental plot agea b
harvesting all plants of each plot. Crude prote&idyof faba bean was calculated by protein conf&)t
x yield (ton per ha).

Yield and its attributes of wheat

At harvest, the following traits were measured @m plants from each plot: Biological yield per
ha (ton), straw yield per ha (ton), plant heighh)cspike length, number of spikelets per spikenier
of grains per spike, 1000 — grain weight (g) andirgryield per ha (ton). Grain yield per ha (ton)swa
recorded on the basis of experimental plot arehasyesting all plants of each plot. Crude proteaidy
of wheat was calculated by protein content (%)etd/{ton per ha).

Quality of faba bean seeds and wheat grains

Samples of 50 grams from each of faba bean seebiwla@at grains were air dried, then ground and
the fine powder stored in brown glass bottles.tAd chemical determinations were estimated in gtoun
seeds dried at 70 till constant weight. The total N of the seedd grains were determined using Micro-
kjeldahl apparatus according £00.A.C. (2000) Crude protein content was calculated by multidyi
total N by 6.25 for faba bean and 5.75 for whddasivam and Manickam, 1997)Carbohydrate
contents in the grains and seeds were analyzeddiegdo Duis et al. (1956) These analyses were done

by Seed Technology Research Department, Field QRegsarch Institute, ARC.



Nitrogen use efficiency (NUE)

The N use efficiency of mineral N fertilization waalculated by this equatioiCraswell and
Godwin, 1984) NUE = (Grain yielgd - Grain yield) / Fertilizer N applied kg/kg, where F-fertilized
wheat (wheat with the application of pJBr UR) and C-unfertilized control (wheat with applicatiof
UF,).

Competitive relationships
1. Land equivalent ratio (LER)

LER defines as the ratio of area needed undercsolgping to one of intercropping at the same
management level to produce an equivalent yi#ldad and Willey, 1980) It is calculated as follows:
LER = (Yan/ Yag + (Yoa/ Yob), Where Ya= Pure stand yield of crop a (wheatjy, ¥ Pure stand yield of
crop b (faba bean), 2 = Intercrop yield of crop a (wheat) ang,¥ Intercrop yield of crop b (faba bean).

2. Land equivalent coefficient (LEC)

LEC is a measure of interaction concerned with strength of relationshiAdetiloye et al,
1983) It is calculated as follows: LEC =Ix L, Where |, = LER of crop a (wheat) and,l= LER of
crop b (faba bean)

Farmer's benefit

Farmer's benefit (US$) was calculated as a differdretween total net returns from intercropping
and sole crops. Wheat grains and faba bean seieds presented ulletin of Agricultural Statistical
(2015)were used. Net returns were calculated by subtrattie sum of fixed cost of wheat plus variable
costs of both crops according to wheat plant demsiti Mineral N fertilizer doses.

Analysis of variance of the obtained results ofreseason was performed. The homogeneity test
was conducted of error mean squares and accorditiggdycombined analysis of the two experimental
seasons was carried out. The measured variables amatyzed by ANOVA using MSTATC statistical
packaggFreed, 1991) Mean comparisons were performed using the legsifisant differences (L.S.D)
test with a significance level of 5¢@omez and Gomez, 1984)

RESULTS AND DISCUSSION
I. Yield and its attributes of faba bean
1. Effect of wheat plant density

Plant height, pod and seed yields per plant, 186ed weight, seed yield per ha, harvest index and
protein yield per hectare were affected signifigaby wheat plant density except biological yieler pha
in the combined data across 2013/2014 and 2014/2€4%ons (Table 2). Pods and seed yields per plant,
100 — seed weight, seed yield per ha, harvest iadexprotein yield per ha were increased signiflgan
by decreasing wheat plant density from 100 to 670Ptsole wheat density without insignificant
differences between 100 and 83 % of sole wheatityerSonversely, plant height was increased
significantly with increasing wheat plant densityprh 67 to 100 % of sole wheat density without

insignificant differences between 100 and 83 %oté svheat density.



Table 2. Effect of wheat plant density, slow — retese N fertilizer and their interaction on faba beanseed yield and its
attributes, combined data across 2013/2014 and 202815 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 bear with wheat
50% faba bean + 100% wheat 354 | 381 | 357 | 364 | 79.40| 79.73| 79.70 | 79.61 | 18.55| 18.78 | 18.23| 18.52
50% faba bean + 83% whee 4.32 4.52 438| 4.40 | 75.14| 75.48| 76.0) 7554 | 19.66 | 20.19| 19.89 19.90
50% faba bean + 67% whee 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 7513 76.12 75|91 .9Z72| 20.01| 20.10| 19.7¢ 19.95
L.S.D. 0.05 Wheat plant density N.S. 6.16 2.75
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 10.11 80.11 18.36

Table 2. Continued.

Traits Seed yield/plant (g) 100 — seed weight (g) Seeddlbka (ton)

UFq UF, UF, |Average| UF, UF, UF, |Average| UF, UF, UF, Average
Intercropping faba bear with wheat
50% faba bean + 100% wheat 1555 | 15.78 | 15.23 | 15.52 | 63.44 | 62.81 | 62.92| 63.05 | 0.67 | 0.73 | 0.68 0.69
50% faba bean + 83% wheat 16.66 | 17.19| 16.87 16.90 | 65.68 | 64.94| 65.17 65.26 | 0.87 0.92 0.89 0.89
50% faba bean + 67%wheal 18.82 | 18.34| 18.18§ 18.44 | 67.30 | 66.80| 66.93 67.01 | 1.03 1.11 1.06 1.07
Average 17.01| 17.19 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 density 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 (%) Protein yield/ha (ton)

UFo UF. UF. Average Uk UF. UF, Average
Intercropping faba bear with wheat
50% faba bean + 100% wheat 18.91 19.16 19.04 19.03 0.15 0.17 0.16 0.16
50% faba bean + 83% wheat 20.12 20.32 20.30 20.24 0.19 0.20 0.20 0.19
50% faba bean + 67% whee 21.38 22.15 22.22 21.91 0.22 0.23 0.23 0.22
Average 20.13 20.54 20.52 20.39 0.18 0.20 0.19 0.19
L.S.D. 0.05 Wheat plant density 2.67 0.04
L.S.D. 0.05 Slow — release N fertilizer N.S. N.S.
L.S.D. 0.05 Interaction N.S. N.S.
Sole faba bean 23.43 0.54

These data may be due to intercropping faba betinthe highest wheat plant density per unit
area (six rows of wheat in the ridge) affected tiggly the responses of faba bean plant to intéroepe
solar radiation compared to those grown with theotvheat plant densities under sandy soil conuitio
It is important to mention that number of wheat sovould be related to the proportion of solar raoie
that reaches faba bean plants by the distance éetthe two species during growth and development of
faba bean. Intercropping faba bean with four roivwlzeat formed 37.5 cm between both species, while
this distance was decreased gradually by increasingper of wheat rows from 4 to 6 rows (Figure 1).
Thus, intercropping faba bean with six rows of wh@8% faba bean + 100% wheat) led to acclimation
of the legume component to low light intensity unoigercropping conditions. This effect may be doe
genetic effect of the used cultivar under the stodgdition, which reflected on it response to loght
intensity conditions. Such responses would be la$ed into alteration of plant height growth rate f
helping the plants to reach enough light. Accorljing is expected that there was more shadingradou
faba bean plants that suffered from mutual shadorgpared to those grown with the other wheat plant
densities. Mutual shading is known to increasepifogortion of invisible radiation, which has a sfiec

elongating effect upon plan€hang, 1974) Obviously, plant height of intercropped faba beath the



highest plant density of wheat was increa@e&-0.05) by 9.64 % than those grown with the lowest plant
density of wheat (four rows). However, plant heigit faba bean was not affectd@> 0.05) by
decreasing plant density of wheat from 100 to 83%ate wheat density. Consequently, these results
reveal that shading effects of the highest wheatpliensity could be formed unfavorable environmlent
conditions for faba bean growth and developmentlvimcreased plant hormones of faba bean. So, the
observed response in plant height of intercroppdd foean with high plant density of wheat (50% faba
bean + 100% wheat) could be primarily attributecmoincrease of internodes number and elongation of
faba bean plant as a result of increasing plamhboes under sandy soil conditions.

On the other hand, decreasing wheat plant densiy f100 to 67 % of sole wheat density
increased pod and seed yields per plant, 100 —wegght, seed yield per ha, harvest index and prote
yield per hectare. These data may be attributedfimency of faba bean plant to fix atmosphericwas
enhanced by decreasing plant density of wheat 8bnto four rows which reflected positively on pod
and seed yields per plant and harvest index.liltedy that the treatment of 50% faba bean + 67 Peat
sustained growth of new tillers development dunmogl-setting and seed filling compared to the other
treatments. In this concerBadran (2011) concluded that intercropping faba bean with wigsate
substantial faba bean productivity (about 85% ofe staba bean) under sandy soil conditions.
Accordingly, increasing number of wheat rows framaifto six in the ridge (120 cm width) may generate
high competition for assimilate distribution betweergans of faba bean plant, and then affected
negatively seed yield per plant. Als¥ahuza (2012)concluded that seed yield of bean declined as wheat
seed rate increased.

2. Effect of slow — release N fertilizer

Biological yield per hectare, plant height, pods ared yields per plant, 100 — seed weight, seed
yield per hectare, harvest index and protein yigdst hectare were not affected by slow-release N
fertilizer of wheat in the combined data across32P@14 and 2014/2015 seasons (Table 2). From self-
evident, there was no relationship between slowasg N fertilizer of wheat and the studied traitiaba
bean. Similar results were obtainedEyShamy et al. (2014)who reported that mineral N fertilizer rates
of the cereal component had not any relationshi &il the studied traits of the legume component
under intercropping conditions.

3. Response of wheat plant density to slow — releaderhlizer

Biological yield per hectare, plant height, podsl aeed yield per plant, 100 — seed weight, seed
yield per hectare, harvest index and protein yigdst hectare were not affected by slow-release N
fertilizer in the combined data across 2013/20141 &914/2015 seasons (Table ZJoncerning
competition for N fertilizer in wheat-bean interpping, the bean component is capable of fixing
atmospheric Blunder favorable conditiofEskandri, 2011) From self-evident, there was no relationship
between the interaction of wheat plant density \sitw-release N fertilizer dose of wheat and thelistd

traits of faba bean. So, it seems important thabiblogical N fixation by the bean component stdag



considered, but in this experiment, there was nyp twadetermine the amount of N derived from fixatio
and absorption from the soil. These data show ¢hat of these factors act independently on all the
studied traits of faba bean meaning that wheat plansity responded similar{{?> 0.05) to slow-release
N fertilizer for faba bean biological yield per &, plant height, pods and seed yield per plO@, —
seed weight, seed yield per hectare, harvest iadexprotein yield per hectare.
Il. Quality of faba bean seeds
1. Effect of wheat plant density
Quality of faba bean seeds (N, protein and carb@igdcontents) was not affected significantly
by wheat plant density in the combined data ac&iss3/2014 and 2014/2015 seasons (Table 3). It is
important to mention that changing intercropped athagant density with faba bean had not negative
effects on quality of faba bean seeds (N, proteid earbohydrate). Consequently, intercropping faba
bean with four rows of wheat (50% faba bean + 678€at) achieved the highest seed yield without any
negative effects on seed quality.
2. Effect of slow — release N fertilizer
Quality of faba bean seeds (N, protein and carb@igdcontents) was not affected significantly
by slow — release N fertilizer in the combined dataioss 2013/2014 and 2014/2015 seasons (Table
3).From self-evident, there was no relationshipveen slow-release N fertilizer of wheat and quadity
faba bean seeds.
3. Response of wheat plant density to slow — releaderhlizer
Quality of faba bean seeds (N, protein and carb@igdcontents) was not affected significantly
by wheat plant density x slow — release N fertilizethe combined data across 2013/2014 and 2018/20
seasons (Table 3). From self-evident, there waselationship between the interaction of wheat plant
density with slow-release N fertilizer dose of whaad quality of faba bean seeds.

Table 3. Effect of wheat plant density, slow — rekse N fertilizer and their interaction on quality o faba bean seeds,
combined data across 2013/2014 and 2014/2015 season

Traits Seed N content (%) Seed protein content (%) Seed carbohydrate content (%)
UFo UF; UF, |Average| UFg UF; UF, |Average| UF, UF; UF, Average

Intercropping faba bean with wheai

50% faba bean + 100% wheat 3.78 | 3.81 | 3.86 | 3.81 | 23.63| 23.86| 24.18| 23.89 | 41.66 | 41.30 | 41.86 | 41.60
50% faba bean + 83% wheat 3.59 3.52 3.63 3.58 2244 | 22.02 | 22.72 | 22.39 | 4254 | 42.26 | 42.88 42.56
50% faba bean + 67% whee 3.48 3.44 3.50 3.47 21.76 | 21.55| 21.91 | 21.74 | 43.45| 43.72 | 44.03 43.73
Average 3.61 3.59 3.66 3.62 22.61 | 22.47 | 22.93 | 22.67 | 4255 | 4242 | 42.92 42.63
L.S.D. 0.05 Wheat plant density N.S. N.S. N.S.
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 3.67 22.94 43.76

[l. Yield and its attributes of wheat
1. Effect of wheat plant density
Plant height, spike length, number of grains pétesd 000 — grain weight, grain yield per ha and
protein yield per ha were affected significantly Weat plant density in the combined data across
2013/2014 and 2014/2015 seasons, while, biologiedlstraw yields per ha were not affected (Tahle 4)



Table 4. Effect of wheat plant density, slow — retese N fertilizer and their interaction on wheat gran 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
50% faba bean + 100% wheat 16.23 | 15.99 | 15.82 | 16.01 | 10.46 | 10.40 | 10.54 | 10.46 | 96.13 | 95.71 | 94.94 | 95.59
50% faba bean + 83% whee 16.04 | 15.81| 15.61] 15.82 | 10.49 | 10.44| 10.52 10.48 | 95.54 | 95.15| 94.3q 95.01
50% faba bean + 67% whee 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 density 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 4. 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
50% faba bean + 100% wheat 11.21 | 10.97 | 10.49 | 10.89 | 60.87 | 60.29 | 59.02 | 60.06 | 39.11 | 38.87 | 38.62 | 38.86
50% faba bean + 83% wheat 1144 | 11.18| 10.7Y4 11.11 | 61.49 | 60.88| 59.64 60.67 | 39.19 | 39.08| 38.77 39.01
50% faba bean + 67% whee 11.78 | 11.54| 11.0] 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 59.660.65 | 39.21f 39.02 38.7f 38.9¢9
L.S.D. 0.05 Wheat plant density 0.39 0.98 0.25
L.S.D. 0.05 Slow — release N fertilizer 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 4. Continued.

Traits Grain yield/ha (ton) Protein yield/ha (ton)

UFo UF, UF. Average Uk UF1 UF. Average
Intercropping faba bear with wheat
50% faba bean + 100% wheat 5.77 5.59 5.28 5.54 0.53 0.50 0.47 0.50
50% faba bean + 83% wheat 5.55 5.37 5.09 5.33 0.51 0.48 0.44 0.47
50% faba bean + 67% whee 5.36 5.19 4.82 5.12 0.48 0.45 0.41 0.45
Average 5.56 5.38 5.06 5.33 0.50 0.48 0.44 0.47
L.S.D. 0.05 Wheat plant density 0.23 0.05
L.S.D. 0.05 Slow — release N fertilizer 0.19 0.04
L.S.D. 0.05 Interaction 0.26 0.05
Sole wheat 5.97 0.54

Intercropping faba bean with six rows of wheat (5fféa bean + 100% wheat) had the highest
values ofplant height, grain yield per ha and protein yipkt ha, meanwhile, growing faba bean with
four rows of wheat (50% faba bean + 67% wheat) gheehighest grain spike, number of grains per
spike and 1000 — grain weight. Clearly, wheat ptensity per unit area is one of the major factbeas
determining ability of the plant to capture ligimeegy where plant height, grain and protein yiglds ha
were increased@P < 0.05) by 1.22, 8.20 and 11.11 %, respectively, as atresuncreasing wheat plant
density from four to six rows in the ridge (120 wrnath) under sandy soil conditions. These resuwitda
be due to increasing plant density of wheat pet arga increased intra-specific competition between
wheat plants for basic growth resources especisdilar radiation, among different resources of
competition, light is one of theifEgan and Ransom, 1996)Clearly, intercropping faba bean with six
rows of wheat could be induced potential of thidticar in employing the environmental factors
especially light to produce grain yield per ha unskndy soil conditions. On the other hand, graikes
number of grains per spike and 1000 — grain weajhivheat had the opposite trend with increasing
wheat plant density per unit area. It seemed tthatintercropping faba bean with four rows of wheat

(50% faba bean + 67% wheat) could be increased euard ability of florets to set grain which caused



higher number of grains per spike, grains weight ggike and 1000 — grain weight than those
intercropped with the other wheat plant densisgpecially grains per spike had positive direatefbn
grain yield (Khan et al, 2010) Wheat plants sown at lower density (relativeheirt density in a sole
culture) in a mixed crop may have access to motgemiis per plant than they would in a denser sole
culture (ORC, 2013) Although wheat yield attributes of four rows wedrgher than those of six rows,
however, high seed rate of wheat plants per ridgeformed six rows (100% of sole wheat plant dghsi
compensated the reduction in number of grains pi&esgrains weight per spike and 1000 — grain Weig
of wheat.

2. Effect of slow — release N fertilizer

Plant height, spike length, number of grains péesa 000 — grain weight, grain yield per ha and
protein yield per ha were affected significantlyddgw-release N fertilizer of wheat in the combirtzda
across 2013/2014 and 2014/2015 seasons, meanwiolegical and straw yields per ha were not
affected (Table 4). Wheat plants with the applmatof URy or UFR had higher values of plant height,
spike length, number of grains per spike, 1000aigweight, grain yield per ha and protein yield pa
than those with the application of WUFThese increases of the traits may be due to mheuat of
metabolites synthesized by wheat plants as a resuitreasing N doses up to 285.6 kg N/ha. Thig ma
be attributed to the favorable effect of the recanded mineral N fertilizer dose (285.6 kg N/ha)tios
metabolic processes and physiological activatemeifistimatic tissues, which are responsible foi cel
division and elongation in addition to formationmént organs. This leads to more vigorous growith a
consequently accumulation of more photosynthessraates which facilitated the tillering abilityf the
plants, resulting in greater spike populat{dan and Khan, 2000) However, there were no significant
differences between the application ofgl#hd UR. Beneficial effect of the application of WEould be
attributed to coating material on wheat plants l&tgal N release and reduced N-leaching losses that
provided a constant supply of N to roots of whdanhs. In other words, sandy solil is very low water
holding capacity and high nutrient leaching losseseat plants with the application of urea as slow
release N fertilizer maintained the N losses asti@ation or leaching. In this concerk]-Kramany
(2001) found that slow-release N fertilizer gave the igth1000-grain weight and grain yield per unit
area.

Several studies showed that increasing N leveleased grain yieldSingh and Uttam, 1992)
and spike numbers and grain weigBeleto et al, 1995) Consequently, increasing fertilizer level up to
285.6 kg N/ha increased significantly growth, yiaftl yield componen{®ohammed, 2014)

Conversely, the negative result of {pplied for wheat plants could be due to N avditgldid
not satisfy wheat requirement for growth and depelent, which affected negatively the plant to pialu
more number of grains/spike, especially the onsBt shortage during critical phases of the wintereal

cycle leads to low and unstable yie{d®sti and Guiducci, 2010)



3. Response of wheat plant density to slow-releaseilizer

Plant height, spike length, number of grains pétesd 000 — grain weight, grain yield per ha and
protein yield per ha were affected significantlyvelgeat plant density x slow-release N fertilizemdfeat
in the combined data across 2013/2014 and 2014/28645ons, meanwhile, biological and straw yields
per ha and grain protein content were not affe€tatble 4).Intercropping faba bean with five or six rows
of wheat (50% faba bean + 83 or 100% wheat) intedapositively with the application of Ylr UFR to
give the highest values of plant height, grain pratein yields per ha compared to the other treatsne
under sandy soil conditions. On the other hanel,ndgative effect of high wheat plant density pat u
area that received YFon the yield attributes could be due to high k#pacific competition between
wheat plants for basic growth resources espeaallyr radiation and soil N. N comprises 7% of tolisd
matter of plants and is a constituent of many famelatal cell components such as nucleic acids and
photosynthetic pigment@Bungard et al, 1999) These data reveal that there was ef{€t0.05) of
wheat plant density x slow-release N fertilizermant height, spike length, number of grains pékesp
1000 — grain weight, grain and protein yields per h

IV. Quality of wheat grains
1. Effect of wheat plant density

Quality of wheat grains (N, protein and carbohyerebntents) was not affected significantly by
wheat plant density in the combined data across3/2014 and 2014/2015 seasons (Table 5). It is
important to mention that changing intercropped athglant density with faba bean had not negative
effects on quality of wheat grains (N, protein ardbohydrate). Consequently, intercropping fabaabea
with four rows of wheat (50% faba bean + 67% wheat)ieved the highest grain yield without any
negative effects on grain quality. These resuksimmccordance with those obtained@iyen and Neill
(2006)who found that protein content of wheat grain wasaffected by row spacing or plant density of
wheat per unit area.

2. Effect of slow — release N fertilizer

Quality of wheat grains (N, protein and carbohyem@antents) was not affected significantly were
affected significantly by slow-release N fertilizef wheat in the combined data across 2013/2014 and
2014/2015 seasons (Table 5). Wheat plants witlapipdication of U or UF, had higher values of grain
N and protein contents but it decreased grain ¢exdrate content as compared to those with the
application of UR. These increases of grain N and protein conterdg be due to the amount of
metabolites synthesized by wheat plants as a re$uticreasing N doses up to 285.6 kg N/ha. It is
expected that there was an improve in albumin auotery concentrations in grain protein content,
especially the albumin and gluten gradually redueét the increase in the amount of(Wang et al,
2003) The accumulation of wheat protein fractions ismptex, which is relative to the genetic

characteristics of species and environmental clamdi{Yan et al, 2008)



Table 5. Effect of wheat plant density, slow — relese N fertilizer and their interaction on quality o wheat grains,
combined data across 2013/2014 and 2014/2015 season

Traits Grain N content (%) Grain protein content (%) Grain carbohydrate content (%)
UF, UFy UF, Average UFo UF, UF, Average UF, UF, UF, Average

Intercropping faba bean with wheat

50% faba bean + 100% wheat 160 | 158 | 155 | 157 | 925 | 9.09 | 896 | 9.10 | 61.76 | 62.08 | 62.15 | 61.99
50% faba bean + 83% whee 159 | 157 | 153 1.56 9.19 | 9.05 | 8.83 9.02 | 61.55| 62.13 | 62.64 | 62.10
50% faba bean + 67% whee 158 | 155 | 1.50 1.54 9.09 | 892 | 8.68 8.89 | 61.39 | 62.34 | 62.53 | 62.08
Average 159 | 156 | 1.52 1.55 9.17 | 9.02 | 8.82 9.00 | 61.56 | 62.18 | 62.44 | 62.06
L.S.D. 0.05 Wheat plant density N.S. N.S. N.S.
L.S.D. 0.05 Slow — release N fertilizer 0.04 0.32 0.79
L.S.D. 0.05 Interaction N.S. N.S. N.S.
Sole wheat 1.60 9.21 62.23

These results are in accordance with those obtdigédu and Shi (2013)who showed that the
increase in the amount of N was conducive to theelse in grain protein content.

Conversely, there was a decreaBe<(0.05) in grain N and protein contents of wheat duéto
shortage (UE), especially the onset of N shortage during @ltghases of the winter cereal cycle leads to
a severe reduction in grain qual(fiyosti and Guiducci, 2010)

3. Response of wheat plant density to slow-releasellizer

Quality of wheat grains (N, protein and carbohyerebntents) was not affected significantly by
wheat plant density x slow-release N fertilizerwdfieat in the combined data across 2013/2014 and
2014/2015 seasons (Table 5). These data showdbhta# these factors act independently on all guali
traits of wheat grains meaning that wheat plansidgmesponded similarlyP> 0.05) to slow-release N
fertilizer for grain N, protein and carbohydratentants.

V. Nitrogen use efficiency (NUE)
1. Effect of wheat plant density

NUE is a significant importance in crop producti®ystem due to its impact on farmer economic
outcomes and environmental impact. NUE values ddrim 11.50 kg per kg by intercropping faba bean
with five rows of wheat (83% of sole wheat plannsigy) with the highest range of 285.6 — 190.4 KgaN
(UFy — UR,) up to 18.50 kg/kg by intercropping faba bean Vdthr rows of wheat (50% faba bean + 67%
wheat) with the lowest range of 238.0 — 190.4 kba\{UR — UF,). NUE was affected significantly by
wheat plant density in the combined data across3/2014 and 2014/2015 seasons (Figure 2).
Intercropping faba bean with four rows of wheat4bfaba bean + 67% wheat) increased NUE by 15.35 %
compared to those grown with the other plant dessiif wheat. These results could be attributethéo
intercropping system (50% faba bean + 67% wheat)edsed intra and inter-specific competition betwee
the same and two species, respectively, for basieth resources.

2. Effect of slow - release N fertilizer

NUE was affected significantly by slow-releasdeMilizer in the combined data across 2013/2014
and 2014/2015 seasons (Figure 2). Wheat plantsthatapplication of UFhad higher NUE than those
received Ub. These results may be due to the use of slowselNancreased dry matter and grain yield of

wheat plant and produced excellent results wherpeoad to urea. The increased N uptake may be due to
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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

the better use efficiency of applied N fertilizensform of slow — release which retarded nitrifioat
process enabling the slow availability of appliedSinilar results were observed bpu and Alva (1998)
demonstrated that the total N uptake by seedliragsgreater for the controlled release fertilizermpared

to traditional urea.

3. Response of wheat plant density to slow - reéehl fertilizer

NUE was affected significantly by wheat plant dgnsk slow-release N fertilizer in the
combined data across 2013/2014 and 2014/2015 séSigure 2). These results show that intercropping
faba bean with four rows of wheat plants (50% faban + 67% wheat) with the application of;Wf&ad the
highest NUE compared to the other treatments. Thesdts reveal that intercropping system (50% faba
bean + 67% wheat) furnished suitable growth ressufor wheat plants and this effect was increased
with the application of UFwhich provided a constant supply of N to rootswbieat plants under sandy
soil conditions. These data show that each of thwsefactors act dependently on NUE meaning that
wheat plant density responded differen®< 0.05) to slow-release N fertilizer for NUE. These result
are in accordance with those obtained lbyet al. (2011) who found that intercropping system of
wheat/faba bean can be more effective in increasiog N use efficiency.

VI. Competitive relationships
A. Land equivalent ratio (LER)
1. Effect of wheat plant density
LER greater than one is indicator of more efficietilization of land in intercropping system. Itdsie to
more efficient utilization of resources in interpping or by increased plant dengiBisher, 1977) LER
was affected significantly by wheat plant densitythe combined data across 2013/2014 and 2014/2015



seasons (Figure 3). In general, intercropping taden with wheat increas¢d < 0.05) LER compared to
sole crops. It ranged from 1.45 by intercroppingafdean with six rows of wheat (50% faba bean +
100% wheat) with the application of Wko 1.67 by intercropping faba bean with four rogsiswheat
(50% faba bean + 67% wheat) with the applicatiotJB§ with an average of 1.57. It is clear that LER
showed benefits of cereal —legume intercropping attual productivity was higher than expected when
faba bean was intercropped with whgibdel-Gawad et al, 1988)

[0 Ry faba bean
B Ry wheat

Land equivalent ratio (LER)

UFO UF1 UF2 mean UFo UF1 UF2 mean UFo UF1 UF2 mean
50% faba bean + 100% wheat 50% faba bean + 83% wheat 50% faba nean + 67% wheat
Treatments
L.5.D. 0.05 Wheat plant density 0.05
L.5.D. 0.05 Slow — release N fertilizer 0.03
L.5.D. 0.05 Interaction 0.06

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

As a consequence of competitive effects observdabih species, intercrops were more efficient
than pure crops in using resources for growth. eee, intercropping faba bean with four rows of ahe
(50% faba bean + 67% wheat) had higher LER thasethioat intercropped with six rows of wheat (50%
faba bean + 100% wheat). These results could bhbua#d to root growth pattern may improved growth
of wheat as a result of decreased intra-specifinpadition between wheat plants for basic growth
resources. These results reveal that the advawofatiee highest LER by intercropping faba bean with
wheat over sole crops could be due to optimum plensity of wheat and faba bean (50% faba bean +
67% wheat) gave more space for wheat plants to grelvby decreasing wheat plant density to onelthir
of sole culture and formed suitable above and ugdmund conditions for wheat growth and
development. These results are in harmony withettudgained byAgegnehuet al. (2008)who noticed
that intercropping faba bean with wheat increasst total yield and land-use efficiency.

2. Effect of slow — release N fertilizer

LER was affected significantly by slow — releasefétilizer in the combined data across
2013/2014 and 2014/2015 seasons (Figure 3). Whesatispwith the application of Wer UR had higher
LER than those with the application of JHhese results may be due to the application qf rd&ched

the same significance level of WJBecause Ufprovided a constant supply of N to roots of whaants



under sandy soil conditions. These results arggiraeanent with those observed lyphammed (2014)
who found that LER was increased with increasinigilizer levels.

3. Response of wheat plant density to slow - releademilizer

LER was affected significantly by wheat plant dgnst slow — release N fertilizer in the

combined data across 2013/2014 and 2014/2015 seésmure 3). The lowest LER was obtained by
intercropping faba bean with six rows of wheat (5fia bean + 100% wheat) with the application of
UF,, meanwhile, the highest LER was obtained by imtgnging faba bean with four rows of wheat (50%
faba bean + 67% wheat) with the application of.UFhere were yield advantages have been recorded in
intercropping faba bean with whg&hanbari-Bonjar, 2000). These data show that each of these factors
act dependently on LER meaning that wheat plansitlemesponded differentlyP < 0.05) to slow —
release N fertilizer for LER.

B. Land equivalent coefficient (LEC)

1. Effect of wheat plant density

LEC was a measure of interaction concerned withstrength of relationship. LEC is used for a

two- crop mixture the minimum expected productivityefficient (PC) is 25 percent, that is, a yield
advantage was obtained if LEC value was exceed#s DEC was affected significantly by wheat plant
density in the combined data across 2013/2014 &1d/2015 seasons (Figure 4). Mean LEC of
intercropping faba bean with wheat was exceedes &@ consequently faba bean + wheat intercropping
had yield advantage. The advantage of the highE&t tould be due to optimum plant density of faba
bean and wheat (50% faba bean + 67% wheat) gave space for wheat plants to grow well by
decreasing wheat plant density to one third of soleure and formed suitable above and under-ground
conditions for wheat growth and development. Thesailts are in harmony with those obtained by
Agegnehu et al. (2008) who noticed that intercropping faba bean with wheatreased land-use
efficiency. Also,Benincasaet al. (2012)demonstrated that the competition of wheat redggedith of

faba bean whole plant and root, thus independewheft plant number.
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Figure 4. Land equivalent coefficient (LEC) as affeed by wheat plant density, slow — release N fedr and their
interaction, combined data across 2013/2014 and£2@015 seasons.



2. Effect of slow — release N fertilizer

LEC was affected significantly by slow — releasefétilizer in the combined data across
2013/2014 and 2014/2015 seasons (Figure 4). Wheatspvith the application of Wer UFR had higher
LEC than those with the application of &JJHhese results may be due to the application af rd&ched
the same significance level of WBecause Ufprovided a constant supply of N to roots of whaants
under sandy soil conditions. These results areggieeanent with those observed lphammed (2014)
who found that LEC was increased with increasinigmilizer levels.

3. Response of wheat plant density to slow - releademlizer

LEC was affected significantly by wheat plant denst slow — release N fertilizer in the
combined data across 2013/2014 and 2014/2015 seésSmure 4). The lowest LEC was obtained by
intercropping faba bean with six rows of wheat (5faa bean + 100% wheat) with the application of
UF,, meanwhile, the highest LEC was obtained by imtgnging faba bean with four rows of wheat (50%
faba bean + 67% wheat) with the application of.UFhis indicates that intercropping faba bean with
wheat is a competitive intercropping system by easing wheat plant density from four to six rows.
These results are in parallel with those obtaine@8itandsaeter and Netland (1999who indicated that
legumes are weak competitors compared with ceraals$,legumes are usually treated as a secondary
crop. Therefore, the use of slow — release Nli&gti could be interacted with the low wheat plant
density under intercropping system to decreaseredtinputs of the recommended mineral N fertilizer
dose for wheat plants under sandy soil conditioftseese data show that each of these factors act
dependently on LEC meaning that wheat plant demsgponded differentl{P < 0.05) to slow — release
N fertilizer for LEC.
VIl. Farmer's benefit

The financial returns of intercropped wheat withdaean as compared to sole wheat are shown
in Table (6). Intercropping faba bean with whear@ased total and net returns compared to soletwhea
Net returns from intercropped wheat varied betweeatments from US$ 1094 to 1358/ha compared to
sole wheat (542 US$/ha). Intercropping faba beath wiheat gave the highest financial value by
intercropping faba bean with four rows of wheat%btaba bean + 67% wheat) with the application of
UF;. These results indicate that growing faba beah feitir rows of wheat (50% faba bean + 67% wheat)
with the application of UFis more profitable to farmers than sole wheat teaeived the recommended
mineral N fertilizer dose (285.6 kg N/ha) for Eggp farmers. These results are in parallel wittséh
obtained byMunir et al (2004)who concluded that highest net income Rs. 10229with benefit cost
ratio of 1.90 was observed in wheat grown in 10@paced 4 rows of wheat and intercropping 3 rows of
gram. Also,Agegnehuet al. (2006)found that mixed intercropping faba bean in norbaaley culture at
a density not less than 37.5% of the sole faba basa better overall yield and income than sol¢ucell
of each crop species. MoreoviBtphammed (2014)showed that intercropping faba bean with wheat tha

received 285.6 kg N/ha gave higher net income coetpt sole wheat.



Table 6. 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

UFo UF1 UF. Average Uk UF. UF, Average
Intercropping faba bear with wheat
50% faba bean + 100% wheat 2256 2185 2064 2168 456 497 463 472
50% faba bean + 83% whee 2170 2099 1990 2086 593 627 606 608
50% faba bean + 67% whee 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
50% faba bean + 100% wheat 2712 2682 2527 2640 1199 1210 1094 1167
50% faba bean + 83% whee 2763 2726 2596 2695 1264 1277 1185 1242
50% faba bean + 67% whee 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: US$ 391 ton of wheat; US$ 682.0 for ton of faba beamtercropping faba bean with wheat increased
variable costs of intercropping culture from US$ 87 932 per ha over those of sole wheat.

CONCLUSION

Our results revealed that growing faba bean in bmtes of ridge 120 cm width with growing four
rows of wheat in the middle of the ridge (50% fdian + 67% wheat) could be economically and
environmentally promising in the newly reclaimedlsdy using 238.0 Kg N/ha as urea form of slow —
release N. This treatment decreased 16.6% of twemmended mineral N fertilizer dose of wheat plants
and improved quality of wheat grains without angaiéve effects on quality of intercropped faba bean
seeds.
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