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ABSTRACT

A field experiment was conducted during 2008 at El-Sheikh Zuwayid
Research station, North Sinai, Egypt. The main objective is to study the
effect of intercropping patterns, water quantities and their combined effect
on water use efficiency of kidney bean and corn crops. Statistically, this
work designed as strip plot design with two variables (five intercropping
patterns and three irrigation quantities) and three replicates. The obtained
results can be summed up as follows: Increases for kidney bean and corn
yields and their components, under intercropping system in the order of (1
bean: 1 corn) > (1 bean: 2 corn) > (2 bean: 1 corn) > (control (sole)). Likewise,
both crop yields and their components with the amount of irrigation water
intheorder of (Q,=ETc) > (Q,=ETcx 0.8)> (Q,=ETc x 1.2). The actual
evapotranspiration of kidney bean and corn decreased either with
intercropping systemin the order of (1 bean: 2 corn) < (2 bean: 1 corn) < (1
bean: 1 corn) < control (sole), or by decreasing irrigation water amounts.
Statistical analysis shows significant differences among all treatments.
Intercropping system (1 bean: 1 corn) with (Q,) and (1 bean: 2 corn) with
(Q,) gave the best values of WUE. The investment ratios IR for both
treatmentsgave 1.32 and 1.26 L E of kidney bean and corn, respectively. The
study concludesthe recommended treatmentsthat could be practiced under
North Sinai and similar conditions growing these crops together enable
them to thrive and provide high-yield, high-quality crops with a minimum
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environmental impact.

INTRODUCTION

Including legumesin croprotationisoneof thetra-
ditional ways to enrich soil with nitrogen through
rhyzobium nodulesonroots. Therefore, itisexpected
that intercroppingwith other kind of cropslikeceredls;
isbeneficid. Intercropping of cornwithlegumesisan
alternative to corn monocropping and has severa ad-
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vantages, lower inputs, lower costs of production and
better silage quality than themonocrop system(*,
Research on grainyiddsand yield components of
cornand kidney bean in spatiadly diverse patternssuch
asdiripintercropping can provideinsight on crop com-
petition and cropping pattern design. In generd, corn
and grain sorghumyieldsincreaseand soybean yields
arelower inborder rowsof strip-intercroppingpatterns
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in temperate regions®", In Indiana, West and
Griffith®! observed 26% increasein cornand 27%re-
duction in soybean border rowsin 8-row alternating
strips. Inlowa, Ghaffarzadeh et al .1*? found that strip
intercropping had 20 to 24% higher cornyieldsand 10
to 15% lower soybean yieldsin adjacent border rows.

Regarding yield component sudiesinintercropping,
Franciset a.[®found no significant differencesin ear
diameter, ear length, row number, 100-seed weight, and
harvest index of cornbetween monoculture and inter-
cropping with bush or climbingbean (Phaseolusvul-
garisL.). They mentioned that efficiency of land use
increased with additionof beanstothesystem, and high-
est net income was achieved. Willey and Osirui?8
showed cornto haveahigher competitiveability & higher
popul aionswhenintercropped with bean, whilefor bean
it gavelower pod number per plant, with no effect on
seed weight. Mohamed et d.*") found highest biomass
yiedsof intercropped mai ze and beansand concluded
that suchintercropping issuitablefor producing high-
quality silage. Gary and Charles® reported that water
useeffidency (WUE) wassometimesincreased dightly
when plantswere subjected to water deficits; the data
indicatethat limited irrigation of cornwould not befea:
sible. Eck® found that water deficitsduring vegetative
growth reduced cornkernd number, but hadlittleeffect
onweight per kernd. Irrigationwater useefficiency was
found to be between 1.0-2.43 and 0.22-1.25 kg/da—
mm, respectively for cornirrigated 6 and 7 timeg°22,

Kernd numberswerenot affected by water deficits
during grainfilling unlessseveredeficitswereimposed
early intheperiod. Harder et al.[*¥ reported that mois-
ture stressdecreases mass’kernd up to20% depending
onthetiming of stressin relationto silking date. Also,

kernel number isinfluenced by early stress, withlittle
influence onseed weight.

Doorenbos and Kassam reported good seed
yields of kidney bean (Phaseolus vulgaris) are be-
tween 1.5 and 3.5 torn/ha, thewater requirementsvary
from 300to 500 mm, and thewater utilization efficiency
isabout 0.8t0 1.6 Kg/ m?2.

Theamof thiswork isto study the effect of some
Intercropping patterns, water quantitiesand combined
effect on water use efficiency of kidney beanand corn
growninsandy soil at north Sinai, Egypt.

MATERIALSAND METHODS

An experiment was conducted in summer season
of 2008to evaluate theeffect of strip intercropping of
corn and kidney bean onyieldsand yield components
of thecropsin stripsand in monoculture and also to
study the combined effect of water quantitiesand inter-
cropping patterns on the water use efficiency of both
crops.

Meteorological data for 12 years (1996-2007)
were obtained fromthelocal station and used to com-
pute ETo rates using Penman-Monteith equation
(TABLE 1),Allenetal.™™. Ingeneral, thenortheastern
part of Sinai Peninsulais characterized by the Medi-
terranean dimate, having hot dry summer andre atively
coldwinter.

Statisticaly, thiswork isdesigned asstrip plot de-
sgnwithtwo variables; intercropping patterns: (1 bean:
1corn& 2bean: 1 corn & 1 bean: 2 corn) and three
irrigation quantities: (Q, =ETcx 0.8) & (Q,=ETc) &
(Q,=ETc x 1.2) beside the control of both crops and
threereplicates.

TABLE 1: Meteorological data of average 12 year s(1996-2007) for studied area

Elements Jan. Feb. Mar. Apr. May

Jun.  Jul. Aug. Sep. Oct. Nov. Dec

Max. Temp.°C  16.64 17.25 19.68 22.98 26.12
Min. Temp.°C 957 9.94 1154 1359 15.69

Relative
humidity (o BL49 8049 7984 7817 8221
Windspeed o9 16 236,06 222.44 201.54 179.16
(km/day)
Sunshine 698 7.69 825 935 1034
hours (n)

Rain (mm)* 4243 3246 2007 823 0.6
ETo(mm/day) 175 222 294 390 455

2937 3210 3295 31.80 2850 2359 19.00
1792 1985 2029 1944 1724 1402 11.04

8494 86.41 8534 8165 8317 77.28 80.74

148.00 162.48 137.80 154.20 167.56 191.24 186.32

11.80 11.88 11.30 1030 915 7.70 6.67

044 010 008 019 1397 1323 4273
524 559 536 468 347 258 181

*Total rain =174.39 mm/year

ETo = Potential evapotranspiration (mm/day)
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Thephyscd and chemica soil characterigticsof the  (1954), TABLES (2a & b). The soil was sandy and
studied site were determined according to Richards  salinewith EC of 4.04 dS/, pH of 7.7.

TABLE (2a) : Somephysical propertiesof the soilsselected for experimental work

377

Available

il Partlclesz(t;)d)lstrlbutlon oture Partide Bulk  Total Organic Mmstu(zz;:ontmt il Infllrt;taetlon
depth class densit3y densit3y porosity matter water/layer
(cm) Coarse Fine Clay (gem®) (gem®) (%) (%) Fied ~ Wilting (%) (mm) (cm/hr) Class

sand sand capacity point
050 821 8577 287 3.15 Sandy 2.52 1.43 43.25 0.23 10.23 275 7.48 5348
-100 8.18 85.89 279 3.14 Sandy 2.57 1.43 44.36 0.24 10.54 3.04 750 53.63 16.2 l};‘e)%
-150 791 86.13 291 3.05 Sandy 2.52 1.41 44.05 0.22 9.89 294 6.95 49.00

TABLE (2b) : Somechemical and physico-chemical propertiesof the soilsselected for experimental work
Soil PH  ECe  gyuble cations (mell Soluble anions (me/l CEC  Exchangeable cations
depth C;Z% sl (dsm (me/) MeD)  meoog  (me/100g soil)

1 — - :

(cm) paste ) ca™ Mg® Na® K' COs HCO; SO0, cIF ) ca* mg™ Na© K*
0-50 533 78 4.00 11.25 1042 915 92 00 1235 11.32 1635 3.02 1.37 041 0.72 0.52
-100 524 7.7 414 1211 1098 10.11 824 0.0 1241 11.75 1728 3.12 154 047 0.65 0.46
-150 545 76 398 11.85 11.24 885 7.88 0.0 1287 1054 1641 3.09 163 044 061 041

The chemical analysisof ground water (TABLE 3)
used for irrigation by drip system was carried out!?Y.

The analysisrevealed that, thiswater is saline (3002
ppm), mildly dkaine(pH 7.6) medium sodium, (C, S))
and SAR4.4.

TABLE 3: Chemical analysisof thewell irrigation water of North Sinai research station

Soluble cations (meq/I Soluble anions (meqg/l
P EC@WYm) SAR — — ( +eq ) " - - ( fq ) - Class
Ca Mg Na K CO; HCO; SO, Cl
7.6 4.69 4.40 13.26 12.78 15.89 4.98 0 14.35 15.12 17.44 CS

S.A.R = Sodium adsorption ratio

Soil mixingwith orgainc manure by about 20 m*/fed
and calcium superphosphate(15.5%P,0,) a therateof
31 unitsfedweregpplied duringtillagebeforecultivation
of two crops. Kidney bean and cornwereno-till planted
inanorth-southorientationindternating 6. 75mwidedrips
(9rows, 0.75 cmbetween rowsin soleand 1:1 and 50
cmbetweenrowsin 1.2 and 2:1 systems), 20minlength.
Theexperimenta units(15) weresinglestripsof 135y
theseweresub-sampledfor yid dsand yieldcomponents.
Seedsof kidney bean wereinocul ated with the specific
gtrainof Rhyzobium before planting and sown at arate of
20 kg/feddan sowninlines 15 cm apart between plants
onMay 16"2008. After 15 daysfrom sowing, seedlings
werethinned to oneplant per pit. Fertilization with am-
monium nitrate (33.5% NH,NO,) waspracticed at the
rateof 10 units, (about 25 kg/fed), inthree equal doses,
after 15 daysfrom sowing, at flowering stage after 45
daysfrom sowing and after 60 daysfrom sowing, potas-

meq.= ml equivalent per liter

sumsulphate(48 %K, O) a theratesof 12 units, (about
13kg/fed) intwo equa doses, after 15 daysfromsowing
and a flowering Sage after 45 daysfrom sowing.

Corn seedswereplanted at arate of 25 kg/feddan,
on June 2™ 2008 season, 30 cm apart space hillsand
thinned to oneplant per hill, after 25 daysfrom sowing.
Cornplants C.V. K8 werefertilized by N asammo-
nium sulphate(20.6 %N, ) at therateof 120 units/fed
in three equal doses after 25, 45, and 60 days from
planting, and K sulphate (48 %K, O) a therateof 48
units/fed intwo equal dosesafter 25 and 45 daysfrom
planting. The conventiona agricultura practiceswere
used for cultivating of two crops.

Irrigation water amountswere cal cul ated accord-
ing to Penman —Monteith equation. The irrigation wa-
ter requirement (TABLE 4) also includes additional
water to compensatefor non—uniformity of water ap-
plication and with no leaching requirements.

ey Snoivonmental Science
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D, =[((ETox Ke x D)+ (1-LR)) ~ E ] - Pe mm®

Where: D, =Appliedirrigationwater, (mm/m soil)
ETo = Referencesevapotranspiration, (mm/day).
Kc =Crop coefficient.
L.R = Leachingrequirements.
Ea =Irrigation systemefficiency, (85 %).
D =Root Depth, (mm).
Pe =Effectiverainfadl = Rainfal x 0.3 (mm).

TABLE 4: Computed irrigation water amounts(m?®/fed)

m®/fed/
Months May June July August September n
Bean 3543 291.39 659.4 459.90 72.11 1518.23
Corn  0.00 116.05 479.62 755.63 48539  1836.69

Q, = 0.8 of the computed amount
Q, = 1.0 of the computed amount
Q, = 1.2 of the computed amount

In 13" and 30" September 2008 a section of each
kidney bean and corn rowwashand-harvestedin each
stripto determineindividua rowgrainyieldandyield
components.

Todeterminetheactua water consumptionsoil mois-
turetension wasmeasured by atensiometer, and mois-
ture content was determined by we ghing method, hence
theactua evapotranspirationwasca culated by thefol -
lowing equation according to Doorenbosand Pruittt™:

ETa=(M.,%-M. % )xd,xD

Where: ETa =Actual evapotranspiration (mm).
M., =Moisture content after irrigation (%).
M., =Moisture content beforeirrigation (%).
d, =Bulkdensity of soil (g/cm?).
D =Activeroot depth (m).

At harvest on 13" and 30" September, 2008, after
120 daysfrom sowing of kidney bean and corn plants,
yiddandyield componentswererecorded and determined.

Thewater useefficiency wasca culated by dividing
the dry seed yield by the amount of seasonal actual
evapotranspiration™, The investment Ratio (IR) =
Output LE / Input LE = costswas al so cal cul ated®”,
Datawere subjected to the anaysis of variance of the
split split plot design (ANOVA and L.S.D. at 0.05and
0.01) according to the method described by Snedecor
and Cochran(?¥,

RESULTSAND DISCUSSION

Kidney bean yields
Theeffect of someintercropping patterns of bean
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and corn cropsand water gquantitieson pods, vegeta
tiveandtotd yieldsof kidney bean, isshownin TABLE
5. Thedatashow that the highest yields correspond to
strip-intercropping (1 bean: 1 corn) followed by (1 bean:
2 corn) and (2 bean: 1 corn), whilethelowest yields
are associated with the control (sole). Significant in-
creasesreached 20.2, 10.4 and 5.9 % for podsyield,
16.7,8.0and 5.8 % for vegetativeyieldand 18.7, 9.4
and 5.9%for biologica yield, respectively relativeto
thecontrol.

Concerning the effect of irrigation water anounts
on pods, vegetative and total yields of kidney bean,
TABLE 5revea sthat the highest yieldswere associ-
ated with gpplying irrigation water amount (Q, = ETc)
followed by (Q, = ETc x 0.8), while the lowest ones
wereassociated with (Q,=ETc x 1.2). Statistical analy-
ssshow highly sgnificant differencesamong trestments,
where the increases reached 8.2 and 4.0 % for pods
yield, 7.0and 4.2 % for vegetativeyieldand 7.7 and
4.1 %for biological yield, respectively relativeto the
control.

Regarding the combined effect of both intercrop-
ping patternsand water quantitieson pods, vegetative
andtotal yieldsof kidney bean, TABLE 5 showsthat
thehighest yiel ds correspond to strip-intercropping (1
bean: 1 corn) under irrigation with Q, followed by (1
bean: 1 corn) under irrigationwith Q,, whiletheyields
are associated with the control (sole) under irrigation
with Q,for pods, vegetative and total yields of kidney
bean. Thehighest increasesover control are 31.9, 27.9
and 30.2 % for pods, vegetative and total kidney bean
yields, respectivey. Saigticad andyssshowshighly Sg-
nificant differences mainly rendered to the combined
effect of intercropping patterns-water quantities.

Differenceskidney beanyield between row posi-
tionsarelessthan thosein corn—kidney bean intercrop-
pingstrips, probably dueto the dight height difference
betweenthe two adjacent crop speciesin this system.
Inthis connection Wahuaand Millert?4 kidney bean
yieldswerereduced 75% inthetall cornintercropping
system, but only 17% whenintercropped with asemi
dwarf corn cultivar; however, they did not distinguish
between competition for light and for other resources.
Inaddition significant border-rowyield reductionsare
observed. This suggests that water wasthe main re-
sourcefor which competition occurred between those

Snoivonmental Science (=
A Jndian W



ESAIJ, 4(6) December 2009

Evon K.Rizk

379

—=== Qurrent Research Papser

TABLES: Yidd and yield componentsof kidney bean and corn grown in North Sinai region

Treatments Bean yield (ton / fed) Cornyield (ton / fed)
Intercropping patterns  Water quantities Pods Vegetative Biological Seed Straw  Biological
Qu(ETc x 0.8) 1.673 1.255 2.928 1.883 2311 4,194
Control (sole) Q. (ETc) 1.748 1.284 3.032 1.973 2.425 4.398
Qx(ETc x 1.2) 1.575 1.168 2.743 1.806 2.225 4.031
Average 1.665c 1.236¢ 2901 c 1887c 2320c 4.208 c
Qu(ETc x 0.8) 2.000 1.456 3.456 2.021 2421 4.442
1 bean : 1 corn Q. (ETc) 2.078 1.494 3.572 2.090 2.489 4,579
Q;(ETc x 1.2) 1.929 1.377 3.306 1.939 2.354 4.293
Average 2.002a 1442 a 3444 a 2017a 2421a 4438 a
Q(ETc x 0.8) 1.769 1.287 3.056 1.915 2.341 4.256
2 bean: 1corn Q. (ETc) 1.820 1.344 3.164 2.029 2475 4,504
Q;(ETc x 1.2) 1.703 1.291 2.994 1.860 2271 4131
Average 1.764 bc 1.307b 3071b  1935b 2362b 4.297b
Qu(ETc x 0.8) 1.823 1.345 3.168 1.964 2.426 4.390
1 bean : 2 corn Q. (ETc) 1.913 1.365 3.278 2.059 2532 4,591
Qs(ETc x 1.2) 1.779 1.293 3.072 1.918 2.365 4.283
Average 1.838b 1.334b 3.172b 1980a 2441a 4.42la
Qu(ETc x 0.8) 1.816b 1.336b 3.152b 1946b 2375b  4.321b
Water quantities Q2 (ETc) 1.889 a 1.372a 3.26la 2038a 2480a 4518a
Qs(ETc x 1.2) 1746 c 1.282c 3.029¢ 188lc 2304c 4.184c
Intercropping patterns L.S.D.0.05* 0.066 0.040 0.105 0.026 0.026 0.050
L.S.D.0.01** 0.099 0.060 0.159 0.039 0.039 0.076
Water quantities L.S.D.0.05* 0.017 0.010 0.024 0.016 0.018 0.034
L.S.D.0.01** 0.020 0.014 0.033 0.022 0.025 0.047

a, b, ¢, d, letters indicated significant differences between treatments

two cropsof similar plant height. In general, the ob-
tained results coincide wdl | with Pavlish™ who found
kidney beanyiddincreasesinmog environmentsin corm-
kidney beanintercropping patterns compared with mo-
noculture. She concludedthat these benefits probably
occurred because of minimd interferenceinlight inter-
ception and acomplementary use of other growthre-
SOUrces.

Cornyields

Regarding the effect of intercropping patterns of
kidney bean and corn crops and water quantitieson
seeds, straw andtotal yieldsof corn, TABLE 5 shows
that the highest yields of seedsandtotal yields corre-
spond to strip-intercropping (1 bean: 1 corn) followed
by (1 bean: 2 corn) and (2 bean: 1 corn), while the
lowest yields are associated with the control (sole).
However, for straw yield it was (1 bean: 2 corn) fol-
lowed by (1 bean: 1 corn) and (2 bean: 1 corn). The

increasesreached 6.9, 4.9 and 2.5 % for seedsyield,
5.2,4.4and 1.8%for straw yieldand 5.5,5.1and 2.1
% for biological yield, respectively relaiveto the con-
trol. Statistica anaysisshow highly significant differ-
encesand significant increases.

Concerning the effect of irrigation water amounts
on seeds, straw and totd yieldsof corn, TABLE 5re-
ved sthat the highest yiel dswerecommonly associated
with applyingirrigation water amount (Q, = ETc) fol-
lowed by (Q, = ETc x 0.8), while the lowest yields
were associated with (Q, = ETc x 1.2). Increases
reached 8.4 and 3.5 % for seeds, 7.7 and 3.1 % for
straw and, 8.0 and 3.3 % for biological yield, respec-
tively relativeto the control . Statistical analysis show
highly significant differencesand s gnificant increases.

Concerning the combined effect of intercropping
patternsand water quantitieson seeds, straw and total
yieldsof corn, the statistical analysis placed thetwo
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treatmentsof (1: 1) and (1: 2) for bean: cornwithQ,

inuniqueclasswhereno significant differncesbetween

their data. Both have higher categoriesthan 2: 1 and
control treatments.

It seemsthat the possiblereasonsfor thistrend can
bedistinguished by thefollowing:

1- Thenitrogen fixation by the symbiotic, bacteria
Rhyzobium on kidney bean root isbeneficial to
feed corn rootsby nitrogen.

2- Thediscrepancy inroot growth character for the
two cropsdictatesthat water uptake of corn could
actively been fromthe upper layer, whilefromthe
lower layer for kidney bean dueto deegproot dis-
tribution compared to corn roots.

3- Intercropping maximized theshading effect of corn
to kidney bean which minimizesthewater |ossei-
ther by evaporation from top soil or transpiration
from kidney bean plants. Thisisreflected on, the
net result of minimizing evapotranspirationfor the
two cropsasdeclared lately.

Thehighest increases of seeds, straw and total corn
yieldsare about 15.7, 13.8 and 13.9 %, respectively
relativetothecontrol. Thishighgrainyieldisdueto
two rowshaving asuitable spacefor full light and nuitri-
ent absorption. Therefore, thistreatment was suitable
for high grain production, Asmat et a.12.

Thedecreasesintheyield withtheexcessirrigation
water amount could beattributed to the partia aeration
deficiency intheupper part of root zonewhichisvita
to crop growth. Al so, the excess wetting of thetop soil
may haveresultedinleaching out of somenutrientsfrom
theroot zone. Theseresultsagreewith previousstudies
of 82 who mentioned yield increasesin astrip-inter-
croppingsystemwereprimarily duetoincreasesinthe
border rows adjacent to kidney bean.

Theobtainedresultsarenct inharmony with Francis
et al.l¥ who compared an intensive corn-bean
(Phaseolus vulgaris L.) intercropping system with
monocultures, and found no significant differencesin
ear diameter, ear length, row number, 100-seed weight,
and harvest index of corn. On theother hand, Willey
and Osiru®! found higher cornyieldsper plantinan
intensive corn—bean mixture than in pure stands, the
greatest cornyiedincreaseswerefound at higher popu-
lations. Likewise, West and Griffith® found higher yields
for intercropped corn at higher populationsthanin sole-

Intercropping of kidney bean
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seeded rows.

Theresultsobtained in this paper appear could be
explained on basisof the degree of competition experi-
enced mainly for water and light. For instance, corn
intercropped had higher valuesof |eaf water potential,
stomatal conductance, transpiration and photosynthe-
sisthan sole crop!*¢?. Likewise, intercropped bean
had higher valuesof |eaf water potentia but |ower sto-
matal conductance, transpiration and photosynthesis
than solekidney bean™®,

Actual evapotranspiration

Theeffect of strip-intercropping bean and corncrops
and water quantities on the actual monthly and sea-
sonal evapotranspiration of both cropsisshownin
TABLEG®.

The datashow that thelowest val ues of the actual
seasonal evapotranspiration of kidney bean and corn
correspond to strip-intercropping (1 bean: 2 corn) fol-
lowed by (2 bean: 1 corn) and (1 bean: 1 corn), while
thehighest vd ueswereassociated with thecontrol (sole).

Decreasesreached 5.4, 3.9 and 1.9 % for the ac-
tua evapotranspiration of kidney beanand 7.7, 4.9 and
2.5 % for the actual evapotranspiration of corn, re-
pectively relativetothehighest values Statistical andly-
ssshow highly sgnificant differencesamong trestments.

Concerning the effect of irrigation water amounts
on the actual evapotranspiration of kidney bean and
corn, TABLE 6 reved sthat theactud evapotranspira
tion decreased by decreasing irrigation water amounts
inclassictrend. Decreasesreached 10.1 and 5.7 % for
the actual evapotranspiration of kidney beanand 4.3
and 1.8 % for the actual evapotranspiration of corn,
respectively relative to the highest val ues. Statistical
andydsshow highly significant differencesamong treet-
ments.

These criteriacan be declared by the effect of in-
tercropping on themode of water suctionfromsoil pro-
file. Thesandy soil maintainsadeeper cone of moisture
distribution after irrigation. So, thesoletreatmentsben-
efit fromonesoil moisturelayers; i.e. cornfromsurface
layer and kidney bean from thelower one. However,
theintercropping benefitsfrom thetwo layerssmulta-
neoudy in plant growth. Thismeansthat thewater uti-
lized portionin plant growth could beincreased under
intercropping morethan soletreatments. Therefore, the
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ETavauestreatments. Similar resultswere obtained
byAllenet al.l¥, Gencoglan and Yazar™ and Rizaet
a [,

TABLE 6: Actual evapotranspiration (m®/fed) of kidney bean and corn grownin North Sinai

Treatments Bean (ETam®/fed) Corn (ETam®/fed)

Intsgt:trgrpnpsmg ql\J’;’r‘;"tﬁ% May Jun. Jul. Aug. Sept. Season Jun. Jul. Aug. Sept. Season
Q: 57.77 300.41 472.97 272.14 41.48 1144.79c 175.63 420.22 558.25 296.04 1450.13c
Contral (sole) Q. 70.96 356.54 573.03 329.71 53.61 1383.84b 204.28 488.62 670.24 340.52 1703.66b
Qs 75.26 371.39 600.31 366.35 57.44 1470.75a 209.52 494.80 682.11 350.53 1736.96a
Average 68.00 342.78 548.77 322.74 50.84 1333.13a 196.48 467.88 636.86 329.03 1630.25a
Q: 55,91 296.12 463.51 267.61 39.82 1122.98 166.38 409.30 570.46 287.20 1433.34
1lbean:1corn Q2 68.81 351.58 562.11 324.48 49.78 1356.76 193.81 476.25 664.31 330.50 1664.87
Qz 73.11 366.44 589.40 355.88 55.53 1440.35 199.04 482.43 670.24 340.52 1692.24
Average 65.94 338.05 538.34 315.99 48.38 1306.70b 186.41 456.00 635.00 319.40 1596.81b
Q 54.04 291.83 454.05 258.54 38.17 1096.63 161.76 398.39 559.99 278.36 1398.50
2bean: 1corn Q2 66.66 346.63 556.65 314.01 47.87 1331.82 188.57 463.88 652.45 320.48 1625.38
Qs 70.96 361.49 578.48 350.65 51.70 1413.27 193.81 470.06 658.38 325.49 1647.74
Average 63.89 333.32 529.73 307.73 45.91 1280.58c 181.38 444.11 623.61 308.11 1557.21c
Q: 52.18 287.54 449.33 254.00 36.51 1079.55 152.52 382.02 544.29 265.11 1343.93
1bean: 2corn Q2 64.51 341.68 551.20 308.78 44.04 1310.20 178.09 451.51 634.66 310.47 1574.72
Qs 68.81 356.54 573.03 340.18 47.87 1386.42 183.33 463.88 646.52 320.48 1614.21
Average 61.83 328.58 524.52 300.99 42.80 1258.72c 171.31 432.47 608.49 298.69 1510.96d

Bean: L.SD. Intercropping 0.05=14.92* & 0.01 = 22.61** L.S.D. Water quantities 0.05 = 14.30* & 0.01 = 19.70**

Corn: L.S.D.Intercropping 0.05=24.94* & 0.01 = 37.79** L.S.D. Water quantities0.05= 7.18* & 0.01 = 9.89**

Water useefficiency (WUE)

Themaintarget of thiswork istoimprovethepro-
ductivity of water unit for the studied cropsunder the
applied treatments.

A- WUE of kidney bean

Regarding the effect of thetested strip intercrop-
ping patterns of kidney bean and corn cropsand water
guantities on water use efficiency of kidney bean,
TABLE 7 showsthat the highest values were corre-
spond to strip-intercropping (1 bean: 1 corn) followed
by (1 bean: 2 corn) and (2 bean: 1 corn), while the
lowest valuesare associated with thecontrol (sole). In
brief the obtained magnitudefollowstheorder: (1 bean:
1 corn) > (1 bean: 2 corn) > (2 bean: 1 corn) > (control
(sol€e)). Increases reached to 22.6, 16.7 and 10.2 %,
respectively relativetothe control. Statistical anaysis
showshighly sgnificant differences.

Concerning the effect of irrigation water amounts
on water use efficiency of kidney bean, (TABLE 7)
reveal sthat the highest values are commonly associ-

aedwith gpplyingirrigation water amount (Q, = ETc x
0.8) followed by (Q, = ETc) whilethelowest values
areassociated with (Q, = ETc x 1.2). Increases reached
t015.7 and 14.7 %, respectively relativeto thelowest
vaues. Statistical andysisshowshighly significant dif-
ferences.

Theseresultscould beexplaned by the dependance
of kidney bean on the deep layersthan surface ones.
Sincethelatter layer displayed moreevaporation more
thantheformer one.

Concerning the combined effect of someintercrop-
ping patterns of kidney bean and corn cropsand water
quantities on water use efficiency of kidney bean,
(TABLE 7) showsthat the highest val ues of WUE cor-
respond to stri p-intercropping (1 bean: 1 corn) irrigated
by Q, followed by (1 bean: 1 corn) irrigated by Q,,
whilethelowest val ues are associated with the control
(sole) irrigated by Q,. The highest valueincreases by
about 43.9 % compared to the lowest valuefor WUE
of kidney bean. Statistica andysisshow significant dif-
ferences.
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TABLE 7: Water useefficiency (kg/mq) of kidney bean and
corngrownin North Sinai

Treatments WUE kg/m3 Increase %

Intercropping Wa‘_ef Corn Bean Corn Bean
patterns quantities

Q1(Etc x 0.8) 1.16 1.28 8.5% 18.1%
Control (sole) Q2 (ETc) 1.19 128 11.3% 17.9%
Qs(ETc x 1.2) 1.07 1.09 0.0%  0.0%
Average 1.14d 121d 0.0% 0.0%
Qi (Etc x 0.8) 1.28 1.56 8.6% 15.1%
1 bean: 1corn Q2 (ETc) 1.30 1.55 9.5% 14.3%
Qs(ETc x 1.2) 1.18 1.36 0.0%  0.0%
Average 125ab 149a 9.6% 22.6%
Qi(Etc x 0.8) 1.25 1.42 7.1% 15.9%
2 bean: 1corn Q2 (ETc) 1.29 1.39 10.6% 13.4%
Qs(ETc x 1.2) 1.16 1.22 0.0%  0.0%
Average 123bc 134c 7.8% 10.2%
Qa(Etc x 0.8) 1.33 1.48 8.5%  14.0%
1 bean: 2 corn Q2 (ETc) 1.35 148 10.0% 13.7%
Qs(ETc x 1.2) 1.23 1.30 0.0%  0.0%
Average 130a 142b 13.7% 16.7%
Q1(Etc x 0.8) 1.26b 144a 82% 157%
Water quantities Q2 (Etc) 128a 142a 103% 14.7%
Qs(Etc x 1.2) 1.16c 1.24b 0.0% 0.0%

Bean : L.S.D. Intercropping 0.05 = 0.056* & 0.01 = 0.084**
L.S.D. Water quantities 0.05 = 0.022* & 0.01 = 0.030**
Corn : L.SD. Intercropping 0.05=0.032* & 0.01 = 0.048**
L.S.D. Water quantities 0.05 = 0.014* & 0.01 = 0.019**
The calculated WUE values of bean and corn for Doorenbosand
Kassami according their resultsare1.5—2.0 and 0.8 — 1.6 kg/m®
for fresh seeds yield, respectively.

B- WUE of corn

Regarding the effect of thetested strip intercrop-
ping patterns kidney bean and corn crops and water
quantitieson water use efficiency of corn, (TABLE7)
showsthat the highest values of WUE correspond to
strip-intercropping (1 bean : 2 corn) followed by (1
bean : 1 corn) and (2 bean : 1 corn), whilethelowest
vauesarethoseof thecontrol (sole). Inbrief the WUE
magnitudeisintheorder: (1 bean: 2 corn) > (1bean: 1
corn) > (2 bean: 1 corn) > (control (sole)). Increases
reached to 13.7, 9.6 and 7.8 %, respectively relative
to the controal. It seemsimportant to note that kidney
bean could begrown and efficiently usewater inyield-
ing high crop with onetrip of corn morethan two strips,
whilethereverseistruewith corn. Thiscould be ex-
plained asfollows:.

1- Incaseof (1 bean: 1 corn) kidney bean could

Intercropping of kidney bean
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ead |y benefit from the deep water as no competi-
tion on water source between the two root sys-
tems; i.e. shalow rooting system of corn and deep
rooting system of kidney bean.

2- Incaseof (1bean: 2 corn) it ssemsthat corn ben-
efitsfromthenitrogen fixation of kidney bean, with
nearly no competition on water source. So, the
situation is more favorableto corn than kidney
bean inwater useefficiency results(TABLE 5).

Statistical analysisshow highly significant differ-
ences.

Concerning the effect of irrigation water anounts
on water use efficiency of corn, (TABLE 7) reveals
that the highest valuesare commonly associated with
gpplying irrigationwater amount (Q, = ETc) followed
by (Q, = ETc x 0.8), while the lowest values are asso-
ciated with (Q,=ETcx 1.2). In brief, the magnitude of
increasing WUE isintheorder: Q,>Q, > Q,, where
theincreasesreached 10.3 and 8.2 %, respectively rda
tivetothelowest vaues. Statistical andysisshow highly
ggnificant differences.

This could be ascribed by the high needs of corn
crop to water especiadly inthe surfacelayerswhich are
more exposed to evaporation.

The combined effect of tested strip intercropping
patterns of kidney bean and corn crops and water
quantitieson water use efficiency of cornisshownin
(TABLE 7). The data show that the highest values
correspond to strip-intercropping (1 bean: 2 corn) ir-
rigated by Q, followed by (1 bean: 2 corn) irrigated
by Q,, whilethelowest va ues arethose of the control
(sole) irrigated by Q.. The highest increases by 25.6
% compared to the lowest value for WUE of corn.
Statistica andysisshow highly significant differences.
Thesefindingsarein harmony with Doorenbos and
Kassam!, Allen et a.[¥, Gencoglan and Yazar® and
Rizaet al.l?.

Economical Assessment

Practically, the economical evaluation of the ex-
perimental findingsisof agreat importanceespecialy
inregard to the net return of such treatmentswhich
could encouragethefarmer to use, or not. Inthisre-
spect, the investment ratio is computed as a guide
wherethe: Investment Ratio (IR) = Output LE / Input
LE, (TABLES).
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TABLE 8: Investment ratio (I R) of inter cropping cor n and kidney bean cropsgrown in North Sinai region

_ Crops Corn Bean
Ecqnom|cal . . lbean: 1corn lbean: 1corn
items Field practices
Qior Q, Qior Q,
Land preparation, LE/fed 100.0 100.0
Seeds, LE/fed 125.0 125.0
Cultivation, LE/fed 100.0 100.0
Irrigation, LE/fed 367.3 303.6
Irrigation System Costs, LE/fed 200.0 200.0
Mineral Fertilizer, LE/fed 150.0 150.0
_ Organic Fertilizer, LE/fed 300.0 300.0
Il_r:rSJtuf[)sf Fertilizer Labors Costs, LE/fed 100.0 100.0
L E/fed Pest Control, LE/fed 100.0 100.0
Weed Control, LE/fed 100.0 100.0
Machines, LE/fed 100.0 100.0
Fuel, LE/fed 100.0 100.0
Harvesting, LE/fed 100.0 100.0
Crop Transport, LE/fed 100.0 100.0
Rent (on season), LE/fed 300.0 300.0
Total Input, LE/fed 2342.3 2278.6
Seed yield, kg/fed 2021.3 1999.5
List of Price, LE/kg 1.50 1.50
Outputs Total Price, LE/fed 3032.0 2999.3
Net Income, LE/fed 689.6 720.6
Investment Ratio, LE/ILE 1.29 1.32

Thenational reported IR valueof 1.20LE

Control (sole) lbean: 1lcorn

2bean: 1corn 1bean: 2corn

Crop Qu(ETc Q. Qi(ETc QuETc Q. Qa(ETc QuETc Q. Qi(ETc Qi(ETc Q. QsETc
x0.8) (ETc¢) x12) x0.8) (ETc) x1.2) x0.8) (ETc) x1.2) x0.8) (ETc) x1.2)

Bean 111 1.13 0.98 1.32 1.32 1.19 1.15 1.15 1.04 1.19 121 1.09

Corn 122 1.23 1.08 1.29 1.29 1.15 121 1.24 1.09 1.24 1.26 1.13

Generadly, dl thetested treatmentsgivehigher IR
vauesif compared withthenationd IR rateor control,
except for Q,. Inthis context, TABLE 8 shows|IR for
the highest yield of both corn and kidney bean crops
(intercropping 1:1withQ, or Q,). Fromthetableitis
quiteclear that:

1- Thebest treatment of kidney beanyield which
correspond to the highest WUE givethe highest
IR value (1.32) relative to national and control
vaues.

2- Thebest treetment of corn cropswhich correspond
to the highest WUE givelower IR value (1.29)
than kidney bean but still over both national and
control values. This trend is in harmony with

Franciset a.® and Asmat et a .12,
CONCLUSION

Fromtheaforementioned discussion, itissuggested
to cultivate strip-intercropping (1 bean: 1 corn) under
irrigation by amounts of water lessthan that cal culated
with Penman-M onteith equation by 20% (Q,) and (1
bean: 2 corn) under irrigation with amountscal cul ated
by Penman-Monteith equation (Q,) whichlead tothe
best valuesof both WUE and IR 1.32 and 1.29 LE of
kidney bean and corn, respectively.

Accordingly, itishoped that the current study spots
light on thetwo cropswhich could be convenience of
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intercropping of legumes and ceredl sto magnify the net
return of each crop either from thewater use efficiency
or IRview points.
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