Maximizing nitrogen and land use efficiencies of itercropped maize with
cowpea after some preceded winter field crops

ABSTRACT

A field study was conducted in Mallawi Agriculturekperiments and Research Station, El-Minia
governorate, Egypt to decrease mineral nitrogenirfpl)ts of maize with increase farmers' benefit.
Local maize variety T.W.C. 310 was grown underricrigoping and sole cultures in one row/ridge
that received three mineral N fertilizer rates (787.5 and 100 % of the recommended N rate of
maize), while local variety of cowpea seeds creamete drilled in one row and two rows/ridge
under intercropping and sole cultures. A splittgpiot design with three replicates was used. Maize
grain yield and its attributes were increased dé#gume crops harvest compared to those grown
after wheat harvest. Mixed pattern increased gyadlis per plant and per ha by 4.00 and 1.94 %,
respectively, in comparison with sole culture imigidn to yielding 16.85 ton/ha of cowpea forage.
There were no significant differences between @nd 100% of mineral N fertilizer rates for all the
studied traits. Cowpea improved N use efficiencW @) for intercropped maize under mixed stand.
Land equivalent ratio (LER) and land equivalentftioent (LEC) values for intercrops were much
greater than 1.00 and 0.25, respectively, indigdtiss land requirements of intercropping systems
than sole maize. Farmer's benefit was achievechiegydropping cowpea with maize that received
87.5% of the recommended mineral N fertilizer dobmaize after berseem cutting.
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INTRODUCTION

Sustainable agriculture requires a compatible igelahip among the intercrops, the
atmosphere, and the soil especially in the prestreceargent need to maximize the efficient use of
nitrogen (N) without excessive use of mineral Nifieer. Reduction of applied N fertilizer rate to
an optimized level can reduce soil nitrate leacl{frower et al., 2000) Large amount of fertilizer
N loss to the environment could cause a seriousr@maental problem such as groundwater
contamination(Chen et al., 2004) However, maizeZdea mays L.) plant development is strongly
dependent on the availability of N in the soil ath@ efficiency of N utilization for biomass
production and yield(Sonnewald, 2012) It is a strategic crop and it is used for human
consumption, animal and poultry feeding and indailspurposes. Demand for the maize grains in
the Egyptian market is intensively increasing whagdze cultivated area reached about 814435 ha
in 2013 with an average yield of 7.64 ton perBalletin of Statistical Cost Production and Net
Return, 2014)



Certainly, maize provides high yield in terms oy dnatter, but there is a shortage in green
forage supply during the summer season. Additignaiie demand for mineral N fertilizers that
required for maize growth and development has ptechpo minimize the N- fertilizer rates,
especially some of the major causes of low maieé&dyare declining soil fertility and insufficient
use of fertilizers resulting in severe nutrient leépn of soils(Buresh et al., 1997) Accordingly,
intercropping a legume forage crop such as Cowpegng unguiculata L.) with maize is very
important tool for minimize the mineral N fertilizer rates and successful cattle feedingohtis
severely limited by marked seasonal feed deficitthe summer season; especially soil quality is
estimated by observing or measuring several diftegpeoperties or processes. Cowpea facilitates N
uptake of the intercropping maiZ8hu - Min and Fan, 2011)and consequently, N symbiotic
fixation has contributed to facilitate N uptake fotercropped maiz@_ atati et al., 2013) Cowpea
is promising double purpose forage and seed crojisfgreen canopy or using it in animal diets as
dry seeds, as well as, it is a primary source ahtpprotein for humans and animé@isamdAlla et
al., 2014)in the summer season.

Although, crop productivity per unit area can behamed by N fertilization and
diverse/complex cropping sequences, however, fhiestices may strongly interact and impact soll
properties differentlfRussellet al., 2006) These observations led to integration of cropusage
and intercropping must be related to sustainahlewture through soil nutrient availability. Crop

residue is a good source of nutrients in many-ageosystems for sustainable crop production and

environment(Blanco - Canqui and Lal, 2009) However, there was strategic food crops such as
wheat {riticum aestivum L.), berseemTrifolium alexandrinum L.) as a forage crop and faba bean
(Vicia faba) during the winter season. Thus, it is importaat address our efforts to this
fundamental issue by increasing crop productivigy pnit area in the summer season with the
proper choice of preceded winter field crop. Theref the main objective of the present research
was to decrease N inputs of maize crop by intemirgpcowpea with maize and increase farmers'
benefit.
MATERIAL AND METHODS

A research was carried out at Mallawi AgricultuEsdperiments and Research Station, El-
Minia governorate (31°06'42" N, 30°56'45" E, 17 msa l.), Egypt, during 2013/2014 and
2014/2015 seasons. Mechanical and chemical anatysks soil (0 — 20 cm) were done by General
Organization for Agricultural Equalization Fund, daultural Research Center, Giza, Egypt (Table
1). Methods of chemical analysis employed wereessiibed byChapman and Pratt (1961)



Table 1. Soil nitrogen content of the experimentasoil in 2014 and 2015 seasons after harvest the wén field
crops and before growing maize and cowpea.

The preceded crop Growing season
2014 2015
N (ppm) P (ppm) K (ppm) N (ppm) P (ppm) K (ppm)
Berseem 42.00 34.00 222.00 48.00 30.00 237.00
Faba bean 32.00 23.00 197.00 36.00 18.00 210.00
Wheat 12.00 10.00 158.00 15.00 11.50 172.00

This experiment included eighteen treatments whigdre the combinations of three
preceded winter field crops (berseem cv. Giza Baflaean cv. Misr 1 and wheat cv. Giza 168) ,
three mineral N fertilizer rates of maize (285.6 Mtha, 249.9 kg N/ha and 214.2 kg N/ha were
expressed as 100.0, 87.5 and 75.0% of the recomadaniheral N fertilizer rate of maize) and two
cropping systems (intercropping cowpea with maizé sole culture of maize) in addition to sole
culture of cowpea. Varieties of maize and cowpeeeWweW.C.310 and Karim 1, respectively, were
used.

In the two growing seasons, berseem, faba beancampea seeds were inoculated by
Rhizobium trifolii, Rhizobium leguminosarum and the specificRhizobium strain, respectively,
before seeding it and gum Arabic was used as kirsgiagent. In the two winter seasons, wheat
grains and berseem seeds were drilled at the faté66 and 59.5 kg per ha, respectively. Faba
bean seeds were grown in both sides of the riddenesme distributed to two plants/hill spaced at 20
cm. In the two summer seasons, maize was sowndrsile of ridge (70 cm width) with growing
one plant/hill spaced at 30 cm under intercroppind sole cultures, meanwhile, cowpea seeds were
drilled in the other side of maize ridge under liatepping culture and in both sides of the ridge
under sole culture with growing two plants/hill spd at 20 cm. In other words, the planting
densities of intercropped maize with cowpea wergaktp 100 and 50% of sole maize and cowpea
plant densities, respectively. Sole crops were tsatimate the competitive relationships. All the
tested crops were grown in accordance to locataljural practice. Water was supplied by furrow
irrigation.

Calcium super phosphate (15.5%96) at rate of 357 kg/ha and potassium sulfate
(48.0%K0) at rate of 119 kg/ha were applied during sodparation in the two winter seasons.
The previous rates were applied during soil pregaran the two summer seasons. Mineral N
fertilizer rate was applied during different grovgtages of all the tested crops as follows: 35.7 kg
N/ha for berseem, 35.7 kg N/ha for faba bean, 1K§.B8l/ha for wheat, 35.7 kg N/ha for cowpea.
Water was supplied by furrow irrigation. Faba bead berseem seeds were sown off &6d 16'
October in 2013 and 2014 seasons, respectivelynwieke, wheat grains were sown on™and
13" November in 2013 and 2014 seasons, respectivelyp€a seeds were sown ori"2nd 17

May in 2014 and 2015 seasons, respectively, medamwhaize grains were sown three week later.



A split-split-plot design with three replicationsas/ used. The preceded winter field crops
were randomly assigned to the main plots, croppiygiems were allotted in subplots and mineral
N fertilizer rates were allotted in sub subploteeTarea of sub-plot was 12.6,rit consisted of six
ridges, and each ridge was 3.0 m in length anarOii@ width. The following traits were measured
on ten guarded plants from each plot at harveantgieight (cm), stem diameter (cm), number of
ears/plant, ear length (cm), ear diameter (cm)wesght (g) and grain yield per plant (g). Grain
yield/ha (ton) was recorded on the basis of expemial plot area by harvesting all plants of each
plot.

Nitrogen use efficiency (NUE)

NUE for each treatment was determined using theregnic efficiency (AE) and partial
factor productivity (PFP) indice®obermann, 2007) AE = (Y - Yo)/ F and PFP = (¥/ F) + AE,
where F = amount of (fertilizer) nutrient appliekbtha); Y = Crop yield with applied nutrients
(kg/ha) and ¥ = crop yield (kg/ha) in a control treatment with N. A basic assumption was that N
uptake is the same in fertilized and unfertilizddtq@ This assumption was made with a caution
since soil N transformations and root developmeay miiffer between fertilized and unfertilized
plots (Weber and Day, 1996 and Bryet al., 2002)

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 equivalemnt (dad and Willey, 1980) It is calculated as
follows: LER = (Yap/ Yag + (Yoa/ Ybb), Where Y, = Pure stand yield of crop a (maize)y ¥ Pure
stand yield of crop b (cowpea)a= Intercrop yield of crop a (maize) and,¥ Intercrop yield of
crop b (cowpea).

2. Land equivalent coefficient (LEC)

LEC is a measure of interaction concerned withdtiength of relationshifAdetiloye et
al., 1983) It is calculated as follows: LEC =Ix Ly, where I, = LER of crop a (maize) and, l=
LER of crop b (cowpea)

Monetary Advantage Index (MAI)

The price of maize and cowpea were 309.1 and 134 pér ton (Bulletin of Statistical Cost
Production and Net Return, 2013). MAI suggests thateconomic assessment should be in terms
of the value of land saved; this could probablyraest assessed on the basis of the rentable value of
this land. MAI was calculated according to the falap suggested byvilley (1979). MAI= [Value
of combined intercrops x (LER)]J/LER

Statistical manipulation



Analysis of variance of the obtained results ofhesgason was performed. The homogeneity
test was conducted of error mean squares and aeglydthe combined analysis of the two
experimental seasons was carried out. The measargmbles were analyzed by ANOVA using
MSTATC statistical packagé-reed, 1991) Mean comparisons were done using least significan
differences (L.S.D) method at 5 % level of probiépito compare differences between the means
(Gomez and Gomez, 1984)

RESULTS AND DISCUSSION
The preceded winter field crops

Ear length, diameter and weight, grain yields pentpand per ha were affected significantly
by the preceded winter field crops in the combidath across 2013/2014 and 2014/2015 seasons,
meanwhile, plant height, stem diameter, numbeiad$ @er plant and forage yield of cowpea per ha
were not affected (Table 2). Ear length, diameteraeight, grain yields per plant and per ha were
increased significantly by the preceded legume dlmyseem or faba bean) compared to those
followed by wheat. There were no significant diéfieces between berseem and faba bean residues
on maize crop. As a result of crop sequence, gieid per plant was increaséd < 0.05) by 18.28
and 12.40 % by the preceded berseem and faba beps, cespectively. Also, grain yield per ha
was increased by 8.97 and 7.23 % by the precedexsbdra and faba bean crops, respectively.
These results could be due to soil N, P and K waree available to subsequent maize plant after
berseem cutting (Table 1). Consequently, there avagncrease in dry matter accumulation that
reflected on ear characteristics (length, diamater weight) during maize growth and development
(Table 2), especially grain yield per plant wasifasly and significantly correlated with ear lehgt
(Viola et al., 2003)

Therefore, it is recommended that cereal shouldgtwsvn after legumes, which would
enable using the accumulated biological N for timeitrition in more rational wayChalk, 1998)
These results reveal that the preceded cereal (eropat) decreased soil nutrient availability and
increased intra-specific competition between malets which decreased measurements of ear
characteristics (length, diameter and weight) caegbavith the preceded legume crops. Cobs may
be considered as temporary sink and the storecbgyrthates were translocated to grains during
their developmentTherefore, yield potential of maize plant could affected positively or
negatively by choice of the preceded winter fielop; especially grain yield per plant had positive
and highly significant correlation with fresh eagight, cob length and ear diamefEleweanyaet
al., 2005)



Table 2. Effect of the preceded winter field cropscropping systems, mineral N fertilizer rates and tieir interactions on maize yield and its attributes as well as, cowpea
yield, combined data across 2013/2014 and 2014/2GEasons.

Treatments Plant height (cm) Stem diameter (cm) Ears/plant (n9

100% | 87.5% | 75.0% Mean 100% | 87.5% | 75.0% Mean 100% | 87.5% | 75.0% Mean
Berseem Intercropping culture | 292.37 | 287.71] 268.58 282.88 2.26 2.12 2.01 2.13 1.07 1.04 0.99 1.03
Sole culture 294.04 | 287.02] 269.59 283.55 2.24 2.12 2.04 2.13 1.05 1.02 0.98 1.01

Mean 293.20| 287.36] 269.08 283.21 2.25 2.12 2.02 321 1.06 1.03 0.98 1.02
Faba bean Intercropping culture | 285.46 | 281.99] 264.31 277.25 2.21 2.07 2.00 2.09 1.05 1.02 0.98 1.01
Sole culture 287.68 | 283.25| 266.1¢ 279.02 2.19 2.05 1.98 2.07 1.03 1.00 0.96 0.99

Mean 286.57 | 282.62] 265.28 278.14 2.20 2.06 1.99 820 104 1.01 0.97 1.00
Wheat Intercropping culture | 274.14 | 269.41| 244.67 262.74 2.07 2.01 1.95 2.01 1.01 1.01 0.92 0.98
Sole culture 275.79 | 271.16] 245.5% 264.16 2.05 1.97 1.93 1.98 1.00 0.99 0.91 0.96

Mean 27496 | 270.28 245.11 263.4% 2.06 1.99 1.94 919 1.00 1.00 0.91 0.97

Average of Intercropping culture | 283.99 | 279.70| 259.18 274.29 AB 2.06 1.98 2.07 1.04 1.02 0.9¢ 1.0C
cropping systems Sole culture 285.83| 280.47 260.43 275.57 2.16 2.04 1.98 2.06 1.02 1.00 0.95 0.98
Average of mineral N fertilizers 284.91| 280.08 2580 274.93 2.17 2.05 1.98 2.06 1.08 1.01 0.95 0.99

L.S.D. 0.05 Preceded winter crops (P) N.S. N.S. N.S.
L.S.D. 0.05 Cropping systems (S) N.S. N.S. N.S.
L.S.D. 0.05 Mineral N fertilizer rates (N) 21.31 0.18 0.05
L.S.D.0.05P xS N.S. N.S. N.S.
L.S.D.0.05P xN 23.82 0.24 0.08
L.S.D.0.05S xN N.S. N.S. N.S.
L.S.D.0.05P xS N N.S. N.S. N.S.




Table 2. Continued.

Treatments Ear length (cm) Ear diameter (cm Ear weight (g)
100% | 87.5% | 75.0% Mean 100% | 87.5% | 75.0% Mean 100% | 87.5% | 75.0% Mean
Berseem Intercropping culture | 21.5¢ 21.3¢ 20.8¢ 21.26 5.4% 5.3C 4.81 5.18 222.47 | 209.4: | 186.6¢ | 206.19
Sole culture 21.42 21.1¢ 20.6¢ 21.08 5.3¢ 5.21 4.7z 5.10 215.1¢ | 200.97 | 177.2. | 197.78
Mean 21.48 21.26 20.77 21.17 5.4( 5.2b 4.76 5.14 8.81| 205.20{ 181.9§ 201.98
Faba bean Intercropping culture | 21.4¢ 21.3C 20.7¢ 21.19 5.4C 5.2C 4.7¢ 5.11 216.1¢« | 20238 | 179.8¢ | 199.46
Sole culture 21.3¢ 21.0¢ 20.62 21.02 5.34 5.1t 4.6/ 5.04 210.0f | 196.07 | 171.2F | 192.43
Mean 21.42 21.19 20.70 21.10 5.317 5.1 4.68 5.0 3.08| 199.19| 175.5§ 195.94
Wheat Intercropping culture | 21.31 21.1C 20.52 20.97 5.21 4.9¢ 4.61 4.93 206.5¢ | 191.8¢ | 160.1. | 186.19
Sole culture 21.2Z 20.97 20.41 20.86 5.1: 4.9C 4.4¢ 4.84 199.1: | 184.7¢ | 149.4f | 177.76
Mean 21.26 21.03 20.46 20.91 5.117 4.94 4.55 488 2.8D| 188.31| 154.7§ 181.97
Average of Intercropping culture | 21.44 21.26 20.72 21.14 5.34| 5.16 4.71 5.07 215.05 201.23 175.55 197.28
cropping systems Sole culture 21.33 21.07 20.57 20.98 5.28 5.08 4.61 4.99 208.11| 193.90 165.9¢ 189.3p
Average of mineral N fertilizers 21.38 21.16 20.64] 21.06 5.31 5.12 4.66 5.03 211.58 197h56 170.76 3093
L.S.D. 0.05 Preceded winter crops (P) 0.25 0.25 19.15
L.S.D. 0.05 Cropping systems (S) 0.23 0.21 15.33
L.S.D. 0.05 Mineral N fertilizer rates (N) 0.11 0.08 6.54
L.S.D.0.05P xS 0.26 0.27 20.93
L.S.D.0.05P x N 0.28 0.28 22.28
L.S.D.0.05S xN 0.24 0.22 17.09
L.S.D.0.05P xS N 0.32 0.31 23.75




Table 2. Continued.

Treatments Grain yield/plant (g) Grain yield/ha (ton Forage )ield of cowpea (ton/ha)
100% | 87.5% | 75.0% Mean 100% | 87.5% | 75.0% Mean 100% | 87.5% | 75.0% Mean
Berseem Intercropping culture | 232.71 | 218.23] 184.56 211.83 8.04 7.60 7.18 7.60 16.52 17.83 17.53| 17.29
Sole culture 223.93| 210.34| 174.13 202.80 7.89 7.44 7.05 7.46 35.42 35.89 35.11| 35.47
Mean 228.32| 214.28 179.34 207.31 7.96 7.52 7.11 375 25.97 26.86 26.32 26.38
Faba bean Intercropping culture | 221.10 | 204.76] 174.33 200.06 7.87 7.56 7.01 7.48 16.50 16.76 16.91] 16.72
Sole culture 215.12 | 200.71) 166.0% 193.96 7.73 7.41 6.90 7.34 35.61 35.12 35.08| 35.27
Mean 218.11| 202.73 170.19 197.01 7.80 7.48 6.95 174 26.05 25.94 25.99 25.99
Wheat Intercropping culture | 204.37 | 187.03] 145.84 179.08 741 6.99 6.56 6.98 15.71 16.89 16.42| 16.34
Sole culture 197.72 | 180.44| 136.24 171.46 7.27 6.83 6.41 6.83 35.29 35.11 35.02] 35.14
Mean 201.04| 183.73 141.04 175.27 7.34 6.91 6.48 16.9 25.50 26.00 25.72 25.74
Average of Intercropping culture | 219.39 | 203.34| 168.24 196.99 .77 7.38 6.91 7.35 16.24 17.16 16.95 16.7
cropping systems Sole culture 212.25| 197.16 158.8D 189.40 7.68 7.22 6.78 7.21 35.44 35.37 35.07 35.24
Average of mineral N fertilizers 215.82| 200.25 1& 193.19 7.70 7.30 6.84 7.28 25.84 26.26 2601 0326.
L.S.D. 0.05 Preceded winter crops (P) 28.42 0.60 N.S.
L.S.D. 0.05 Cropping systems (S) 17.07 0.42 14.79
L.S.D. 0.05 Mineral N fertilizer rates (N) 6.91 0.12 N.S.
L.S.D.0.05P xS 31.55 0.64 N.S.
L.S.D.0.05P xN 33.14 0.69 N.S.
L.S.D.0.05S x N 19.78 0.45 N.S.
L.S.D.0.05P xS N 36.23 0.76 N.S.




So, it may be possible th#tere was better soil environment for the and eatricycling
(Arya et al., 2007)as a result of a mix of living rhizobia and deaiideem or faba bean roots near
the experimental soil surface. Legumes, in contastreals, have a beneficial effect on graindyiel
of subsequent cereal crofi3lesenet al., 2007)

These results are in accordance with those fouriBldym and Barnard (2001)who found
that maize yields after rotation with legumes wgemerally higher than the control treatments.
They added that after the effect of N was accoufdedia the N — corrected yield, it was evident
that additional yield increases of 10% (averagedrédver,Ali et al. (2015)showed that legumes
as preceding crop had increased significantly gsagld (5104 ka/ha) compared to fallow as
preceding practice (3185 kg/ha). Finallyamlom et al. (2015) concluded that the preceded
berseem crop has positive chemical and biologitetts on solil fertility that improved growth and
development of maize in the following season corapdo those grown after wheat.

Cropping systems

Ear length, diameter and weight, grain yields pnfpand per ha and forage yield of
cowpea were affected significantly by cropping eyss in the combined data across 2013/2014 and
2014/2015 seasons, meanwhile, plant height, stameter and number of ears per plant were not
affected (Table 2). Ear length, diameter and weigt#in yields per plant and per ha were increased
significantly by intercropping cowpea with maize in the sameeidgmpared to those grown under
sole culture. As a result of intercropping, graielgs per plant and per ha were increa@ed 0.05)
by 4.00 and 1.94%, respectively. It is known tih&t population of plants per square meter (density)
and arrangement of individual plants within a sguaeter determine nutrient use and grain yield of
maize (Wade et al., 1988) Although plant density was identical between rdixattern and sole
culture, however, mixed pattern increased grairdgiger plant and per ha compared to sole
culture. Growing cowpea with maize in the sameeitigd higher grain yield per plant and per ha
than sole culture. In this concer@ao et al. (2010) found that the grain yield of maize as an
intercrop were significantly greater than thosenaiize as a sole crop.

These results could be attributed to maize planefied from biological N fixation process
(BNF) by cowpea during maize growth and developm€&hése results indicate that the fixed N of
cowpea could be used by intercropped maize duriogith and development of maize. There is
evidence that leguminous plants can benefit therénbp cereals in the same season through N
excretion (Eaglesham et al., 1981and nodule decompositiofBonetti, 1991) Clearly, mixed
pattern played an important role to improve edaphigironmental conditions in rhizosphere of
intercropped maize roof®Viehe and Hoflich, 1995)which reflected positively on grain yield and
its attributes (Table 2) through maximized carbssimilation and crop productivitfDreccer et

al., 2000)compared to sole culture.



With respect to cowpea yield, cowpea yield was elesed by 52.45% as compared to sole
cowpea (Table 2). These results could be attributedspatial arrangement of mixed pattern
increased inter-specific competition between thkerarops for basic growth resources where
efficiency of G crops for N and water use was higher thanc@ps(Ghannoum et al., 2011)
These results are in agreement with those obtdigédamdAlla et al. (2014)who concluded that
fresh and dry forage yields of cowpea were lowaniarcropping with maize than sole cowpea.
Mineral N fertilizer

Plant height, stem diameter, number of ears/pkeat,length, diameter and weight, grain
yields per plant and per ha were affected signitigaby mineral N fertilizer in the combined data
across 2013/2014 and 2014/2015 seasons, meanvdniégie yield of cowpea per ha was not
affected (Table 2). It is observed that plant heayid stem diameter of maize plant were increased
by increasing mineral N fertilizer rate from 75d100% of the recommended mineral N fertilizer
rate. Increasing mineral N fertilizer rate from@% 100% of the recommended mineral N fertilizer
rate increased plant height and stem diameter@fy &d 9.59 %, respectively. Naturally, there was
growth disadvantage of maize when maize plantsivede87.5 or 75.0 % of the recommended
mineral N fertilizer rate because growth resousigzh as water and soil N were little absorbed and
converted to the lowest growth regulators and datten accumulation during maize growth and
development stages than those received 100 % ofett@mnmended mineral N fertilizer rate.
Consequently, the increase in plant height and sliemeter might be due to the positive effect of
N element on plant growth that led to progressigrgase in internodes length and number during
maize growth and development. It is known that plaight has been described as a measure of
growth related to the efficiency in exploitation exivironmental resourc¢dlimohammadi et al.,
2011)

Also, yield attributes of maize was increased byreasing mineral N fertilizer rate from
75.0 to 100 % of the recommended mineral N fedilizate. Number of ears/plant, ear length,
diameter and weight, grain yields per plant andl@emwas increased by 8.42, 3.58, 13.94, 23.90,
31.98 and 12.57 %, respectively, by increasing mind fertilizer rate from 214.2 to 285.6 kg
N/ha. These results could be due to 100% of themerended mineral N fertilizer rate (285.6 kg
N/ha) could be increased the strength of physiokdgiource such as chlorophgiWareing et al.,
1968) effective age of leavegNooden and Leopold, 1978and ear leaf N contefEl-Shamy et
al., 2015)that contributed greatly in photosynthesis procksing maize growth and development.
These results show that the decreasing mineral riliZer rate from 100 to 75.0% of the
recommended mineral N fertilizer rate decreasetl Maavailability and increased intra-specific
competition between maize plants for basic growtsources especially soil N which restricted the

ear characteristics (length, diameter and wei@ujps may be considered as temporary sink and the



stored photosynthates were translocated to grainsigl their developmentThese results are in
agreement with those obtained Bpjovi¢ and Markovi¢ (2009) who found that N content
influenced from presence and ratio mineral eleméntshe soil and it was close link with
chlorophyll content. AlsoHokmalipour and Darbandi (2011) revealed that chlorophyll was
increased significantly by increasing N fertilizevels.

With respect to cowpea, from self-evident there wasrelationship between mineral N
fertilizer rates of wheat and yield of cowpea. $@miresults were obtained lEl-Shamy et al.
(2014)who reported that mineral N fertilizer rates of tereal component had not any relationship
with all the studied traits of the legume componemder intercropping conditions.

Response of the preceded winter field cropsto cropping systems

Ear length, diameter and weight, grain yields pentpand per ha were affected significantly
by the preceded winter field crops x cropping sysien the combined data across 2013/2014 and
2014/2015 seasons, meanwhile, plant height, steameter and number of ears per plant were not
affected (Table 2). It seems that there was a ipesdffect of the preceded berseem or faba bean
crop interacted with intercropped maize and augewemar length, diameter and weight, grain
yields per plant and per ha compared to the othatrhents. Accordingly, the preceded cereal crop
(wheat) decreased soil nutrient availability (Talle and increased intra-specific competition
between maize plants for above and under-groundittons which reduced potential yield of sole
maize. So, these results indicate that BNF prooéssowpea (the legume component) could be
integrated with the residual effect of the precededseem or faba bean and thereby contributed
mainly to fulfill the N requirement of maize (thereal component) by enhancing the rhizobia
growth in rhizosphere of maize roots during maizewgh and development. It is important to
mention that the residual effect of wheat on saitrient availability that interacted with
intercropped maize had higher ear length, diameter weight, grain yields per plant and per ha
than the interaction between the residual effeavloéat and sole maize. Naturally, the fixed N by
legume can be use by intercropped cereals dureig ginowing period and this N is an important
resource for the cereglShen and Chu, 2004)These data show that each of these two factérs ac
dependently on ear length, diameter and weighingyields per plant and per ha meaning that
cropping systemsesponded differentlyP < 0.05) to the preceded winter crops for ear length,
diameter and weight, grain yields per plant andhaer
Response of the preceded winter field cropsto mineral N fertilizer

Plant height, stem diameter, number of ears/plkeat,length, diameter and weight, grain
yields per plant and per ha were affected sigmfigaby the preceded winter field crops x mineral
N fertilizer in the combined data across 2013/2@idl 2014/2015 seasons (Table 2). Growing
maize with the application of 100% of the recommezhdnhineral N fertilizer rate (285.6 kg N/ha)



had the highest of the studied traits of maize cmexb to the other treatments. It is expected that
the residual effect of the preceded wheat cropanted with 75.0% of the recommended mineral N
fertilizer rate (214.2 kg N/ha) and resulted inreager competition of maize plants for availabli so
N which restricted maize growth and development gared to the other treatments. Accordingly,
the interaction between the preceded legume crap 1&90% of the recommended mineral N
fertilizer rate (285.6 kg N/ha) recorded the highedues of plant height, stem diameter, number of
ears/plant, ear length, diameter and weight, gyaalis per plant and per ha compared to the other
treatments. Certainly, N is the key element in éasing yield and mediates the utilization of
potassium, phosphorus and other elements in p{Bnésly, 1984) Also, the soil fertility status is
improved by activating the soil microbial biomd&glay et al., 2001) These data show that each
of these two factors act dependently on ear lerdjtmeter and weight, grain yields per plant and
per ha meaning that mineral N fertilizer ratesponded differentlyP < 0.05) to the preceded
winter crops for ear length, diameter and weigtdgjrgyields per plant and per ha.
Response of cropping systemsto mineral N fertilizer

Ear length, diameter and weight, grain yields penfpand per ha were affected significantly
by cropping systems x mineral N fertilizer in themtbined data across 2013/2014 and 2014/2015
seasons, meanwhile, plant height, stem diametemantber of ears per plant were not affected
(Table 2). Obviously, the interaction between sokze and 100% of the recommended mineral N
fertilizer rate (285.6 kg N/ha) gave the highest leagth, diameter and weight, grain yields per
plant and per ha compared to the other treatm€aisversely, 75.0% of the recommended mineral
N fertilizer rate of sole or intercropped maize 421 kg N/ha) interacted negatively with the
preceded wheat crop and led to increase in inteciBp competition between sole or intercropped
maize plants for basic growth resources especsaliyN. Accordingly, the rate of photosynthesis
which reflected on grain yield of sole or intergoep maize plant could not be maintained high
during grain filling in later periods of senesceiasea consequence of decrease in soil N availabilit
compared to the other treatments . These resutis ghat intercropping cowpea with maize
interacted positively with 100 or 87.5% of the nexnended mineral N fertilizer rate of maize to
decrease inter-specific competition between intgnoed maize plants for basic growth resources
especially soil N. It is important to mention thatize plants of mixed pattern which received
87.5% of the recommended mineral N fertilizer rg249.9 kg N/ha) had the same values of ear
length, diameter and weight, grain yields per plantd per ha when received 100% of the
recommended mineral N fertilizer rate (285.6 kg &)/Clearly, the application of 87.5% of the
recommended N rate to intercropped maize plantddcba enhanced nodulation of adjacent
cowpea root and promoted rhizobia growth in rhibesp of maize root. The greater competition of

maize for available soil N at high bean populatjowben legumes were nearer to maize rows,



might have stimulated root nodulation of intercregbeangAbaidoo and Kessel, 1989 hese
findings imply that there was adequate period ofizemavegetative growth for inter-specific
competition with cowpea on fixed N to benefit itaMe plants of mixed pattern that received 249.9
kg N/ha could be enhanced BNF process of cowpdi mbout 12.5% of maize N requirements
where nodulation and N fixation by legumes is adebr affected by higher rates of fertilizer N
(Dogra and Dudeja, 1993) Finally, El — Shamyet al. (2015)showed that maize plant of mixed
pattern that received the recommended N rate dicclueve the highest grain and total yields/ha.
Adding the recommended N rate to the plant affeaghtively rhizobia activity in rhizosphere of
maize roots and efficiency of biological N fixatiby adjacent legume plants. These data show that
each of these two factors act dependently on egthe diameter and weight, grain yields per plant
and per ha meaning that mineral N fertilizer ratesponded differentlyP < 0.05) to cropping
systems for ear length, diameter and weight, grigilds per plant and per ha.
Response of the preceded winter field cropsto cropping systems and mineral N fertilizer

Ear length, diameter and weight, grain yields pantoand per ha were affected significantly
by the preceded winter field crops x cropping systex mineral N fertilizer in the combined data
across 2013/2014 and 2014/2015 seasons, meanyplaife, height, stem diameter and number of
ears per plant and forage yield of cowpea per ha wet affected (Table 2). Intercropping cowpea
with maize that received 100 or 87.5% of the recemaed mineral N fertilizer rate after legume
crop harvest gave the highest ear length, dianstdrweight, grain yields per plant and per ha
compared to the other treatments. These resultkl dmi attributed to the interaction between
intercropped maize that received the medium mingrdrtilizer rate and the residual effect of the
preceded berseem or faba bean crop reached thesggmfeeance level of the interaction between
intercropped maize that received the highest minertertilizer rate and the preceded berseem or
faba bean crop. These results reveal that thereadrentage of intercropping cowpea with maize
that received 87.5% of the recommended mineralrtlizer rate after berseem cutting or faba bean
harvest because of nitrate could be inhibited gdrase activity in the legume plant nodules
(Streeter, 1988) It is known that legumes have two sources of Mithan — symbiotic N fixation
of atmospheric molecular N in symbiosis wWiRhi zobium or Bradyrhizobium sp. and assimilation of
soil N (mainly in the form of nitrates), using tle@zyme nitrate reductag@rrese—Igor et al.,
1990) Thus, the bacteria that actually fixed the N lmeedazy and N fixing decling®Braunwart
et al., 2001) Accordingly, the efficiency of BNF process wast mmhanced by the integration
between the preceded legume (berseem or faba loeap)and the recommended mineral N
fertilizer dose. These data show that there wasctfP <'0.05) of the preceded winter field crops x
cropping systems x mineral N fertilizer rates on leagth, diameter and weight, grain yields per

plant and per ha.



Nitrogen use efficiency (NUE)
The preceded winter field crops

Partial factor productivity (NUE—PFP) expressed cagp yield per unit of N applied
(Roberts, 2008)are indicative of the degree of economic and emwrental efficiency in use of
nutrient inputs. In this study, NUE ranges from Bllto 212.88 kg grain yield per kg nutrient
applied (Figure 1). NUE values of 40-80 kg/kg aseial with values > 60 kg/kg for NUE being
common in well-managed systems or at low levell afse, or at low soil N supplDoberman,
2007) The preceded berseem crop had the highefi.@) NUE compared to that of the other
preceded crops (Figure 1). These results couldubealthe increase in soil N content after berseem
cutting (Table 1) which increased absorption N ketitom soil by maize roots. Consequently, this
status led to more assimilation into amino aci@s ferve as N carriers throughout the plant and N
transport from source to sink tissues throughoanhtpbevelopment, especially during the grain
filling period (Table 2).
Cropping systems

NUE was affected significantly by cropping systeémshe combined data across 2013/2014
and 2014/2015 seasons (Figure 1). Growing cowpé#zeiother side of maize ridge increased NUE
by 2.06% compared with that of sole maize. Theselt® could be due to maize plant benefited
from BNF process of cowpea that reflected posiivah grain yield per plant (Table 2). Similar
results were obtained Ifyao et al. (2010)who showed that N uptake of maize as an intererag
significantly greater than those of maize as a sodp. Also,El-Shamy et al. (2015)showed that
legume crop improved N use efficiency (NUE) for meaplant of mixed pattern. Finallghang et
al. (2015)indicated that intercropping systems reduced usH &rtilizer per unit land area and
increased relative biomass of intercropped maime, w promoted photosynthetic efficiency of
border rows and N utilization during symbiotic eti
Mineral N fertilizer

NUE was affected significantly by mineral N fedr in the combined data across
2013/2014 and 2014/2015 seasons (Figure 1). Mdagspwith the application of 87.5% of the
recommended mineral N fertilizer rate increasedd(05) NUE by 89.70 % compared to that of
maize plants with the application of 100% of theormmended mineral N fertilizer rate.

These results reveal that NUE was influenced bylabla soil N in the experimental soll
and it was close link with mineral N fertilizer. it observed that NUE values emerging from this
study apply to low levels of N use, or at low 9¢isupply and contributed positively in increase of

photosynthesis process efficiency and consequengyain vyield/plant (Table 2).
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Figure 1. NUE as affected by the preceded winter field crops;ropping systems, mineral N fertilizer rates anc
their interactions, combinad data across2013/2014 and 2014/2015 seasons.

Similar results were obtained [EI-Shamy et al. (2015)who found that addg 83.33% of
the recommended mineral N fertilizer rate N to phent increasedP<0.05) NUE by 97.74 percel
compared to those that received 100% of the recordatemineral N fertilizer rat
Response of the preceded winter field crops and qoping system:

NUE was affected significantly by the preceded eiinfield crops in the combined de
across 2013/2014 and 2014/2015 seasons (FiguiNUE of intercropped maize was increa:
after berseem cuttingneanwhile growing maize alone after wheat hartes the lowest NUE
compared to the other treatments. These resultisl t@idue to the preceded cereal crop (wt
decreased soil nutrient availability (Table 1) whiocreased int-specific competition betwee
maize plants for above and undgound concions and reduced potential yield of sole maSo,
these results indicate that BNF process of cowfiealégume component) could be integrated v
the residual effect of the preceded berseem ancehlfrecontributed mainly to fulfill the |
requirementof maize (the cereal component) by enhancing tieolia growth in rhizosphere
maize roots during maize growth and developn
Response of the preceded winter field cropsto mineral N fertilizer

NUE was affected significantly by the preceded et field crops x mineral N fertilizer i
the combined data across 2013/2014 and 2014/2Cddpise (Figure 1). Growing maize with !
application of 100% of the recommended mineral Niliger rate (285.6 kg N/haafter berseem



cutting had the highest NUE, meanwhile, maize glahat received 75% of the recommended
mineral N fertilizer rate after wheat harvest hiad bbwest NUE compared to the other treatments.
It is expected that the preceded wheat crop intedawith 75.0% of the recommended mineral N
fertilizer rate (214.2 kg N/ha) and resulted in r@ajer competition between maize plants for
available soil N which affected negatively N uptakemaize plant. These data show that each of
these two factors act dependently on NUE meanirag thineral N fertilizer ratesesponded
differently (P <0.05) to the preceded winter crops for NUE.
Response of cropping systems to mineral N fertilize

NUE was affected significantly by cropping systexnsineral N fertilizer in the combined
data across 2013/2014 and 2014/2015 seasons (Riuirgercropping cowpea with maize plants
with the application of 87.5% of the recommendedieral N fertilizer rate had the highest NUE
compared to the other treatments. These data maddo adding 87.5 % of the recommended
mineral N fertilizer rate promoted rhizobia grovihrhizosphere of intercropped maize roots which
reflected positively on N uptake and IAA contenttissues of maize plant which contributed
strongly with in enhancing efficiency of photosyesis process and the grain yield/plant compared
to the other treatments. Intercropping cowpea wittize that received 100% of the recommended
mineral N fertilizer rate could be affected negalywrhizobia activity in rhizosphere of intercropgpe
cowpea roots which reflected negatively on NUEra€icropped maize plant. These results are in
parallel with those obtained bgl-Shamy et al. (2015) who found that adding 83.33% of the
recommended N rate to maize plants promoted rhazglowth in rhizosphere of maize roots and
increased N uptake and IAA content in tissues efglant which increased NUE of intercropped
maize compared to those received the full minerédilizer rate.
Response of the preceded winter field crops to cropping systems and mineral N fertilizer

NUE was affected significantly by the preceded wirfield crops x cropping systems x
mineral N fertilizer in the combined data acrosd30014 and 2014/2015 seasons (Figure 1).
Intercropping cowpea with maize that received 87@%e recommended mineral N fertilizer rate
after berseem cutting had the highest NUE, meamwlisible maize that received 75.0% of the
recommended mineral N fertilizer rate had the IdWdEE compared to the other treatments.
These results reveal that there was advantaget@fciopping cowpea with maize that received
87.5% of the recommended mineral N fertilize rateeraberseem cutting could be increased
efficiency of BNF process of cowpea that reflegpegitively on NUE of intercropped maize plant.
Intercropping cowpea with maize that relieved 100Pthe recommended mineral N fertilizer rate
after berseem cutting did not achieve the highedENbecause of nitrate could be inhibited
nitrogenase activity in the legume plant nodu@seeter, 1988) It is known that legumes have

two sources of N nutrition — symbiotic N fixatiofi atmospheric molecular N in symbiosis with



Rhizobium or Bradyrhizobium sp. and assimilation of soil N (mainly in the foohnitrates), usini
the enzyme nitrate reducta@rese—Igor et al., 1990) Thus, the bacteria that aclly fixed the N
become lazy and N fixing declin(Braunwart et al., 2001) Accordingly, the efficiency of BNI
processof cowpea was affected negativeby increasing soil N availability after berseem cugt
(Table 1) which decreased UNE of intercroppeaize that received00% of the recommendt
mineral N fertilizer rateThese data show that there was ef(P < 0.05) of the preceded winte
field crops x cropping systems x mineral N ferglizates on NUI

Competitive relationships

Land equivalent ratio (LER)

The values of LER were estimated by using dataeobmmended sole cultures of b
crops. Intercroppig cowpea with maize increased LER as comparedléocsdtures of both crog
in the combined data across 2013/2014 and 2014/204%ons (Figure 2). It was ranged from :
(by intercropping cowpea with maize that receivéd% of the recommended mineN fertilizer
rate after wheat harvest) to 1.50 (by intercropmog/pea with maize that received 100% of
recommended mineral N fertilizer rate after fabarbbarvest). The results showed that maize
superior in the intercrop system where the rve yield was increased of sole culture, meanw
cowpea was inferior companion crop where the nedayield was decreased of sole culture in
combined analysis.

O Ry cowpea
B Ry maize

Land equivalentratio (LER)

100.0% N B87.5%N 75.0%N Mean |100.0%N 87.5%MN 75.0%N Mean |100.0%N 87.5%N 75.0%N Mean

Berseem - ———Fababean— Wheat
Treatments
L.5.D.0.05 Preceded winter crops 0.02
L.5.D. 0.05 Mineral N fertilizer 0.01
L.5.D. 0.05 Interaction 0.04

Figure 2. LER as affected by the preceded winter field cropsgropping systems, minral N fertilizer rates and
their interactions, combinad data across2013/2014 and 2014/2015 seasons.



LER was affected significantly by the preceded weiinfield crops in the combined data
across 2013/2014 and 2014/2015 seasons (Figur@hk).advantage of the highest LER by
intercropping cowpea with maize after harvest legurop (berseem or faba bean) over the others
could be due to residual effect of legume cropeased soil nutrient availability (Table 1) for
intercropping cowpea (50 % of sole cowpea plantsignwith maize (100% of sole maize plant
density) which reflected positively on relative Igie of both crops. These results are in accordance
with those obtained biHamdAlla et al. (2014) who concluded that the actual productivity was
higher than expected productivity.

LER was affected significantly by mineral N fez#ir in the combined data across 2011 and
2012 seasons. These results show that the deqyeasieral N fertilizer rate from 100 to 75.0% of
the recommended mineral N fertilizer rate decreasgld\ availability and increased intra-specific
competition between maize plants for basic growsources especially soil N.

LER was affected significantly by the interactioetween the preceded winter field crops
and mineral N fertilizer in the combined data asr@913/2014 and 2014/2015 seasons. These
results may b due to the interaction between thecquted legume crop and 100% of the
recommended mineral N fertilizer rate (285.6 kg &/increased N content in tissues of maize
plants especially N is the key element in increggield and mediates the utilization of potassium,
phosphorus and other eleme(@sady, 1984)

2. Land equivalent coefficient (LEC)

LEC was a measure of interaction concerned withsthength of relationship. LEC is used
for a two- crop mixture the minimum expected pradity coefficient (PC) is 25 percent, that is, a
yield advantage was obtained if LEC value was edede.25. LEC was affected significantly by
the preceded winter field crops in the combinedadatross 2013/2014 and 2014/2015 seasons
(Figure 3). The disadvantage of the lowest LERmigrcropping cowpea with maize after harvest
wheat over the others could be due to the precedhedt crop decreased soil nutrient availability
(Table 1) for intercropping cowpea with maize whiefiected negatively on relative yields of both
crops.

LEC was affected significantly by mineral N fert#ir in the combined data across 2011 and
2012 seasons (Figure 3). These results show thatdtreasing mineral N fertilizer rate from 100 to
75% of the recommended mineral N fertilizer raterdased soil N availability and increased intra-
specific competition between maize plants for bgsiwth resources especially soil N.

LEC was affected significantly by the interactioetween the preceded winter field crops
and mineral N fertilizer in the combined data asr2813/2014 and 2014/2015 seasons (Figure 3).
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Figure 3. LEC as affected by the preceded winter field cropsgropping systems, mineral N fertilize rates and
their interactions, combined data across2013/2014 and 2014/2015 seasons.

These results may ke to the interaction between the preceded wheptand 7.0% of
the recommended mineral N fertilizer rate decre@edntent in tissues of nze plants especial
N is the key element in increasing yield and medidghe utilization of potassium, phosphorus
other element@Brady, 1984)

Intercropping Economic Advantage

The economic performance of the intercropping wesuated to determe if maize and
cowpea combined yields are high enough for the éasnto adopt this system. The average
monetary advantage index (MAI) values of interciogpcowpea with maize that received 10(
87.%% of the recommended mineral N fertilizer rafter berseem cuttingrere higher than th
other treatments (Figure.MDifferences between the highest and the lowalstes were274 US$ in
the combined data across 2013/2014 and 2014/2@Esi& On the other hand, there were gre
and consistent decress in MAI values with deceasing mineral N ferélizate fromr100 to 75.0%
of the recommended mineral N fertilizer r:of intercropped maize with cowpea. Intercropg
cowpea with maize that receiv8d@.t% of the recommended mineral N fertilizer rafter berseem
cutting resulted in high MAI and could be recommendThese results are in parallel with the
observed byHamdAlla et al. (2014 who concluded that values of MAI were 2097.28, 28B87anc
2360.80 in both seasons and the combined ane
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Figure 4. MAI as affected by the preceded winter field cropscropping systems, mineral N fertilizer rates anc
their interactions, combinad data across2013/2014 and 2014/2015 seasons.

CONCLUSION
It could be concluded that intercropping cowpeahwitaiz¢ that received 87.5% of tt
recommended mineral N fertilizer after berseem imgittcompensated 12.5% of maize

requirementsinder Egyptian conditiol.

REFERENCES

Abaidoo RC and Kessel CV.1988N uptake, N —fixation and rhizobial interstrain compeon in
soybean and bean, intercropped with maize. SoilBlathem., 21 (1): 15— 159.

Adetiloye PO, Ezedinma FOC and Okigbo BN. 1983arAdl equivalent coefficient concept for
evaluation of competitive and productive interagsioon simple complex ixtures.
Ecological Modelling,19: 27-39.

Ali W, Jan A, Hassan A, Abbas A, Hussain A, Ali Muhair SA and Hussain A. 2015. Resid
effect of preceding legumes and nitrogen levelsudrsequent maize. International Jou
of Agronomy and Agricultural Rearch, 7 (1): 78 — 85.

Alimohammadi I, Nassiri P, Behzad and Hosseini MR2005. Reliability analysis of traffic nois
estimates in highways of Tehran by Monte Carlo $thon method. Iran J. Enviro
Health Sci. & Eng., 2 (4): 22— 236.



Arrese—Igor C, Garsia—Plazaola J, Hernandez A.Agaticio—Tejo M. 1990. Effect of low nitrate
supply to nodulated lucerne on time course of @& of enzymes involved in inorganic
nitrogen metabolism. Physiologia Plantarum, 80:-18®.

Arya RL, Varshney JG and Kumar L. 2007. Effectmtegrated nutrient application in chickpea +
mustard intercropping system in the semiarid tr@pitNorth India. Commun. Soil Sci. Plant
Anal., 38: 229 — 240.

Belay AA, Classens S, Wehner FC and De Beer JM .20@llence of residual manure on selected
nutrient elements and microbial composition of seider long term crop rotation. South
African Journal of Plant and soil 18:1-6.

Blanco-Canqui H and Lal R. 2009. Crop residue remhawmpacts on soil productivity and
environmental quality. Critical Reviews in Planti.S28: 139 — 163.

Bloem AA and Barnard RO. 2001. Effect of annuali®gs on soil nitrogen and on the subsequent
yield of maize and grain sorghum. South Africanrdatiof Plant and Soil, 18 (2): 56 — 61.

Bojovi¢ B and Markow A. 2009. Correlation between nitrogen and chlogdiptontent in wheat
(Triticum eastivum L.). Kragujevac Journal of Science, 31: 69-74.

Bonetti R. 1991. Transferencia de nitrogenio dgateipara o milho consorciado: avaliacao pelo
metodo de diluicao isotopica do 15N e efeito da@asao micorrizica. 1991. 63 f. Tese
(Doutorado em Agronomia) - Escola Superior de Agtica Luiz de Queiroz, Piracicaba

Brady NC. 1984. The Nature and Properties of Stil.ed. Macmillan Publishing Co.: USA.

Braunwart K, Putnam D and Fohner G. 2001. Altexgatinnual forages — now and in the future.
Proceedings of 31 California Alfalfa and Forage Symposium, ModestA, UC
Cooperative Extension; 2001. University of CalifiesrDavis 95616.

Brye KR, Norman JM, Nordheim EV, Gower ST and Buhdy. 2002. Refinements to an in-Situ
soil core technique for measuring net nitrogen malEation in moist, fertilized
agricultural soil. Agronomy Journal, 94: 864- 869.

Bulletin of Statistical Cost Production and Net &at 2014. Summer and Nili Field Crops and
Vegetables and Fruit, Agriculture Statistics andrifamic Sector, Ministry of Egyptian
Agriculture and Land Reclamation, Part (2), Auge3t4

Buresh, RJ, Sanchez PA and Calhoun F. 1997. Repiegi soil fertility in Africa. SSSA Spec.
Publ. 51. SSSA and ASA, Madison, WI

Chalk PM. 1998. Dynamics of biologically fixed N legume-cereal rotations: a review. Australian
J. Agric. Res., 49: 303-316.

Chapman HD and Pratt PE. 1961. Methods of AnalgsiSoil, Plant and Water. Division Agric.
Sci., California Univ., U.S.A.



Chen X, Zhou J, Wang X, Blackmer AM and Zhang FO200ptimal rates of nitrogen fertilization
for a winter wheat — corn cropping system in Nomh€hina. Commun Soil Sci. Plant
Anal., 35: 583-597.

Dobermann A. 2007. Nutrient use efficiency — measunt and management. Proceedings of IFA
International Workshop on Fertilizer Best Managetimactices, Brussels, Belgium.

Dogra RC and Dudeja SS. 1993. Fertilizer N andogén fixation in legume — Rhizobium
symbiosis. Annals of Biology, 9 (2): 149 — 164.

Dreccer MF, Oijen VM, Schapendonk AHCM, Pot CS &abbinge R. 2000. Dynamics of vertical
leaf nitrogen distribution in a vegetative wheat@ay: Impact on canopy photosynthesis.
Annals of Botany, 86: 821-831.

Eaglesham ARJ, Ayanaba A, Rao VR and Eskew DL. 19&proving the nitrogen nutrition of
maize by intercropping with cowpea. Soil BiologydaBiochemistry, Oxford, 13, 169-171.

Eleweanya NP, Uguru MI, Eneobong EE and Okocha&@05. Correlation and path coefficient
analysis of grain yield related characters in mézaa mays L.) under umudike conditions
of South Eastern Nigeria. Journal of AgricultureoB, Environment and Extension.4(1):
24-28

El-Shamy Moshira A, Abdel-Wahab TI, Abdel-Wahab Simd Ragheb SB. 2014. Efficiency of
intercropping soybean with corn under two corn pldistributions and three mineral
nitrogen fertilizer rates. The 8th International nEoon Technology and Sustainable
Development in the Third Millennium, 22 — 24 Novesnt2014, El-Montaza Sheraton,
Alexandria, Egypt.

El-Shamy Moshira A, Abdel-Wahab TI, Abdel-Wahab @&nld Ragheb SB. 2015. Advantages of
intercropping soybean with maize under two maiznpHistributions and three mineral
nitrogen fertilizer rates. Advances in Bioscienod 8ioengineering, 3(4): 30 — 48

Freed RD. 1991. MSTATC Microcomputer Statisticabgtam. Michigan State Univ. East Lansing,
Michigan, USA.

Gao Y, Duan A, Qiu X, Liu Z, Sun J, Zhang J and W#&h 2010. Distribution of roots and root
length density in a maize/soybean strip intercrogpisystem. Agricultural Water
Management, 98: 199 — 212.

Ghannoum O, Evans JR and Caemmerer SV. 2011. Mitragd Water Use Efficiency of,@lants
In: Raghavendra, A.S. & Sage, R.F. (eds.), Bhotosynthesis and Related £O
Concentrating Mechanisms, pp. 129-146.

Gomez KA and Gomez AA. 1984. Statistical Procedfwe#\gricultural Research. John Eilley and

Sons, Inc. New York.



HamdAlla, W. A., E. M. Shalaby, R. A. Dawood, A. Zohry (2014). Effect of cowpea/igna
unguiculata L.) with maize Zea mays L.) intercropping on yield and its components.
International J. Biological, Food, Veterinary andris. Engineering, 8 (11): 1200 — 1206.

Hokmalipour S and Darbandi MH. 2011. Effects ofagen fertilizer on chlorophyll content and
other leaf Indicate in three cultivars of maiz&eg mays L.). World Applied Sciences
Journal, 15(12): 1780-1785.

Lamlom MM, Abdel-Wahab Shl, Abdel-Wahab Tl and GeitK. 2015. Residual effects of some
preceded winter field crops on productivity of m®pped soybean with three maize
cultivars. American J. BioSci., 3 (6): 226 — 242.

Latati M, Pansu M, Drevon JJ and Ounane SM. 20b¥aAtage of intercropping maiz&eg mays
L.) and common bearPliaseolus vulgaris L.) on yield and nitrogen uptake in Northeast
Algeria. International Journal of Research in ApgliSciences, 01: 1-7.

Mead R and Willey RW. 1980. The concept of a "l@divalent ratio" and advantages in yields
from intercropping. Exp Agric., 16: 217 — 28.

Nooden LD and Leopold AC. 1978. Phytohormones &edeindogenous regulation of senescence
and abscission. In phytohomones and related congispuncomprehensive Treatise. Vol.
2. Phytohormones and the Development of HighertB|dtisevier, Amsterdam, pp. 329-
370.

Oaks A. 1994. Efficiency of nitrogen utilization @ and G cereals. Plant Physiology, 106: 407—
414.

Olesen JE, Hansen EM, Askegaard M and Rasmusse@0@Z. The value of catch crops and
organic manures for spring barley in organic ardhtening. Field Crops Research, 100:
168 — 178.

Power JF, Wiese RA and Flowerday AD. 2000. Managitrggen for water quality—lessons from
the Management Systems Evaluation Area. J. Envipoial., 29:355-366.

Roberts TL. 2008. Improving Nutrient Use Efficiendyrkish Journal of Agriculture and Forestry,
32:177-182.

Russell AE, Laird DA and Mallarino AP. 2006. Nitexyfertilization and cropping system impacts
on soil quality in Midwestern Mollisols. Soil S&oc. Am. J., 70: 249 255.

Shen QR and Chu GX. 2004. Bi-directional nitrogemsfer in an intercropping system of peanut
with rice cultivated in aerobic soil. Biology anerflity of Soils, 40: 81- 87.

Shu-Min LI and Fan WU. 2011. Nitrogen uptake faatiobn in soybean/maize intercropping system
inoculated withrhizobium and arbuscular mycorrhizal fungi. Acta Metallurgica Sinica,
17(1): 110-116. DOI: 10.11674/zwyf.2011.0115.



Sonnewald U. 2012. Plant Physiology Preview. wwanpbrg, American Society of Plant
Biologists.

Streeter, J.G. 1988. Inhibition of legume nodulerfation and N fixation by nitrate. CRC Critical
Reviews in Plant Sci., 7: 1 — 23.

Viola GM, Ganesh S, Reddy S and Kumar CVS. 2003di€¢ on correlation and path coefficient
analysis of elite baby corZ¢a mays L.). Indian Prog. Agri. 3(1-2): 22-25.

Wade LJ, Norris CP and Walsh PA. 1988. Effectsutifoptimal plant density and non-uniformity
in plant spacing on grain yield of rain-grown somier. Australian Journal of
Experimental Agriculture, 28: 617 — 622.

Wareing PF, Khalifa MM and Treharne KJ. 1968. Rateting processes in photosynthesis at
saturating light intensities. Nature, 222: 453-457.

Weber EP and Day FP. 1996. Effect of nitrogen Ifeatiion on the phenology of roots in a barrier
island sand dune community. Plant and soil, 1892:143.

Wiehe W and Hoflich G. 1995. Survival of plant gtbwpromoting rhizosphere bacteria in the
rhizosphere of different crops and migration to 4mooculated plants under field
conditions in north-east Germany. Microbiologic&dearch, 150: 201-206.

Willey RW. 1979. Intercropping its importance arsearch needs. Part I: Competition and vyield
advantages. Field Crops Abst., 32: 1 — 10.

Zhang Y, Liu J, Zhang J, Liu H, Liu S, Zhai L, WaHg Lei Q, Ren T and Yin C. 2015. Row ratios
of intercropping maize and soybean can affect agroa efficiency of the system and
subsequent wheat. PLoS One, 10 (6): e0129245



