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ABSTRACT

This investigation is an attempt to compare between two cultivation sys-
tems and the effect of irrigation mode (times and duration) on improving
water use efficiency of strawberry. The two systems are; soil-less and soil
culturesgrownin El-Sheikh Zuwayid Research station, North Sinai, Egypt.
Two experiments were conducted in randomized complete blocks design
with three replicates. The treatments include two cultivation systems as
main plots: A)-soil culture system and irrigation mode as sub-main plots;
threedaily irrigationtimesby dripirrigation systemtherewere, i.e., (T,) 1/4
hour, (T,) /3 hour and (T ) 1/2 hour with dripper discharge 4L/hour and, B)
For soil-less culture system a deep-flow technique (DFT) with intermittent
circulation (DFT/IC) asmain plot, and sub-main plotsasthree daily irriga-
tiontimesdurationi.e.; (D,) 1/4 hour (4 times), (D,) 1/3 hour (3 times) and
(D,) 1/2 hour (twice) as hydroponics system DFT is a closed system. The
results were analyzed statistically. From the experiments, the following re-
sults were obtained: Significant differences among all treatments in soil
culture, but non significant differencesin soil-less culture for fruit yield of
strawberry. The magnitudeisintheorder: T,>T, >T_and D,>D, > D, for
the two trials. Strawberry produced higher fruit yield in soil-less culture
than the conventional system. Significant decrease in water consumptive
use of strawberry by decreasing irrigationtimesintheorder of T <T,<T,
in soil culture system. But in soil-less culture system the water consump-
tive use value significantly decreased by increasing irrigation duration and
decreasing the number of irrigation cycles, in the order of D,< D, <D..
Significant increase in water use efficiency of strawberry by decreasing
irrigationtimesintheorder of T >T,> T, in soil culture system. Butin soil-
less culture system the WUE value significantly increased by increasing
irrigation duration and decreasing the number of irrigation cycles, in the
order of D,> D, > D,. It is suggested to cultivate strawberry plants and
irrigate daily with oneliter per plant in soil culture and twice at times of half
an hour under the conditions of hydroponics system DFT in closed system
at open field in El-Sheikh Zuwayid to obtain the highest water use effi-
ciency. From the economic point of view, applying daily irrigation water
amount of 1.33 liter per plant in soil culture and at times of 1/3 hour 3 times
in soil-less culture leads to the highest investment ratio (IR).
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INTRODUCTION

Theglobal crisisof fresh water obligesthe crop
producersto reach to the highest water use efficiency
level. Smultaneoudly thefinancial crisisobligesthem
also to select the most economic technique. Actualy,
thiswork discusses both thoughtsin unique applica-
tion.

Strawberry isoneof themost delicious, nutritious,
and refreshing fruits. Basicdly, itisafruit plant of tem-
perateregions, but it grows profitably well intropical
and sub-tropical climates®.

Strawberries have been produced in vertical sys-
temsto usethe vertical space high density system(®l.
Blaineet d.™ reported that using dripirrigation on row
cropsand applying small amounts of water dowly and
frequently through emitters spaced along pol yethylene
tape or tubing - isnow the main method used in Cali-
forniatoirrigate strawberries.

Theuseof hydroponic systemsto optimize water
and fertilizer use efficiency isnowadayswidey used
system. Hydroponicsisaway of growing plantswith-
out soil and adjustswateringtimesand interva sto maxi-
mize growth and minimizewater use. Inthisregard,
solution cultureor liquid hydroponics-circul ating meth-
ods (closed system), Nutrient Film Technique (NFT)
and Deep Flow Technique (DFT) are adopted.

Montri and Wattanapreechanon*® reported that
soil-lesscultureispopular especidly for vegetables, es-
peciadly inareasof poor soil and unreliablewater re-
sources. Kirnak et al.™ stated that shallow root zones
and sandy soil typeswill requirefrequent watering of a
shorter duration, adjusted watering timesand intervals
which maximize growth and minimizewater use. El-
Behairy et d.[7 found that usngNFT gaveearlier yidd
with higher quality of strawberry.

Kalleand Tapio*? reported that water consump-
tion of plantsvaried cong derably depending ongrowth
stage, yield potentia and environmenta factors. The
averagewater consumption isbetween (1932—2730
mé/fed/year) depending on regionsand soils. Thevol-
umeof irrigation water ranged from 50 to 220 I/plant
per growing season. Evenhuisand Alblas® showed that
crop productivity increased at lower tensiometer val-
uesthan assumed. Growing strawberriesat field ca-
pacity (100 hPa) ledto anincreaseinyield of 1.0t/ha
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compared to strawberriesgrown inafieldirrigated at
(200hPa). Lydiaet d.™ found that themaximum straw-
berry yield wasattained at (-0.01 M Pa) soil water po-
tentid.

To usewater efficiently and to avoid lossthrough
percolation, frequent irrigation using small amounts of
water isnecessary. According to Chaveset al .2 most
plantstend to show anincreasein water-useefficiency
whenwater deficitismild.

Thisinvestigationisan attempt to clarify theeffect
of cultivation systems, irrigation mode (timesand dura
tion) toimprovewater use efficiency of strawberry in
two experimentson soil-lessand soil culturelocated at
El-Sheikh Zuwayid Research station, North Sinai,

Egypt.
MATERIALSAND METHODS

Thisinvestigationisan attempt to clarify theeffect
of cultivation systems, irrigation mode (timesand dura
tion) toimprovewater use efficiency of strawberry in
two experimentsconducted on soil-lesssystem and con-
ventional soil with dripirrigation system. The experi-
mentswerecarried out during thewinter season of 2008/
2009 in El-Sheikh Zuwayid Research station, North
Sinal, Egypt. Theexperimentd field hasan atitude of
about 15 meter above sealeve andlocated at 31°.08°N
and 34°.01°E. Figure 1 Shows the average of meteo-
rological dataof North Sinai during 12 years (1996 -
2007). Ingenerd, the northeastern part of Sinal Penin-
sulaischaracterized by theMediterranean climate, hav-
ing dry hot summer and rdl atively cold winter.
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Figurel: Meteorological dataof North Sinai, average of 12
year s (1996-2007)

The study was conducted in arandomized com-
pleteblocksdes gn with threereplicates. Thetreatments
includetwo cultivation systemsasmain plots: A)-soil
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culture system and irrigation mode as sub-main plots;
threedaily irrigationtimesby dripirrigation sysemthere
were, i.e., (T,) 1/4 hour, (T,) 1/3 hour and (T,) 1/2
hour with dripper discharge4L/hour and, B) For soil-
less culture system adeep-flow technique (DFT) with
intermittent circulation (DFT/IC) asmain plot, and sub-
main plotsasthreedaily irrigation timesdurationi.e,;
(D,) /4 hour (4 times), (D,) 1/3 hour (3 times) and
(D,) 12 hour (twice). Nursery was planted on 18"
September 2008 for soil-lessand soil cultures. In 16"
October 2008 strawberry plantsweretransplanted in
both soil-lessand soil culture systems, after anursery
period of 28 days.

Soil-lesstrial
Deep flow technique (DFT) — Pipe system
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fertigation, (2kg), NPK as(nitrate, phosphoric acid
P,O,, potassium) every oneweek. Themicronutrients;
zinc, copper, (200 g) iron and (100 g) manganese che-
lates beside (200 g) potassium, wereapplied foliarlly
every two weeks. The solution volumewas measured
twice aweek and adjusted to a constant volume by
adding tap water (TABLE 2), Rainwater and
Thatcher*8, Irrigation water amounts are shown in
TABLE3.

Cumulativewater consumptive usewas recorded
using water budget method as described by Coopert®.
TABLE 1: Chemicalsneeded to prepare1000 liter sof nutri-
ent solution

(Albert’smixture, locally availablein the market)

Nutrient chemicals Weight in grams

Most commercia hydroponicsystemsdirectacon-  MUlti-K (Potassium nitrate) 38.0
tinuousflow of nutrient solution over theplant rootsas ~ Refined grade calciumnitrate 952.0
described by Takedd? and Olympiog™. Thesystem ~ Magnesium sulphate 308.0
content of 75 pattern/fed, each pattern content of 4~ EPTAITON 8.0
units(4x13m), eechsingleunit 5PVC pipeswith12m ~ £n¢ lphate 0.15
long, each pipe content of 46 plants (69000 thinned). ~ Beric id 0.20
System cost is about 60000 LE for 5 yearsduration  M@nganese sulphate 115
that couldinclude~ 10- 15 growth seasons, TABLE 1~ Copper silphate 0.10
showsthenutrient sol ution contents. Mono potassium phosphate 269.0
Al trestmentsreceived therecommended dosesof min-  Potassium sulphate 423.0
erd fertilizationNPK throughirrigation freshwater,i.e, _Ammonium molybdate 0.03

TABLE 2: Chemical analysisof tap water used for hydroponicsirrigation
Soluble cations Soluble anions
P! d%,fn SAR me/| me/l Class
ca® Mg* Na° K' CO; HCO; SO,° CI
70 094 1.74 342 18 28 132 000 4.25 117 396 GCS

pH = sail reaction E.C. = électrical conductivityd

S/m = deci Siemens per metre

S.A.R = Sodium adsorption ratio

TABLE 3: Computed irrigation water amountsadded to cultivation soil-lesssystem (DFT) (mé/fed)

Daily irrigation timesduration  September (Nursery) Oct. Nov. Dec. Jan. Feb. Mar. Season
(D1) 1/4 hour (4 times) 4.67 2581 5196 8522 14308 12655 66.72 504.01
(D) 1/3 hour (3 times) 4.67 20.65 49.88 81.81 137.36 121.49 63.90 479.76
(D3) /2 hour (twice) 4.67 1721 4157 6817 11447 10124 52.63 399.96

Fieldtrial

Thesoil physicd and chemicd characterigticsof the
studied sitewere determined according to Richardg*®
TABLES (4a& b). The soil issandy and saline, EC
1.72dS/mand pH 7.4.

Thechemica anadysisof irrigation water was car-

ried out using the standard methods of Rainwater and
Thatcher!®, Saline ground water was used for irriga-
tionvizadrip sysem. TABLE 5revededthat, thiswater
attainshigh sdinity (4.0 dSm), medium sodium, i.e.,
C, S,water; having pH 7.2 (neutral). Dripirrigation
system having 4 liter/hour GR dripper was used.
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Strawberry seedlingswere planted in 16" Octo-
ber 2008 in 15-m long rows, 18 rows spaced 1-m
apart. Plantsare aparted 1 m between the plant rows,
and 30 cm between plantsin therow, 14,000 plants
were grown per feddan. A single emitter was placed
at the base of each plant. Organic manurewas added
to soil by about 20 m?¥/fed before planting. All treat-
ments received the recommended doses of mineral
fertilization NPK™, which include about 100 kg/fed
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superphosphate (15.5 % P,0,) added before plant-
ing, 100 kg/fed ammonium nitrate (33.5 % N) and
about 96 kg/fed potassium sulphate (48 % K,0).
Theseminerd fertilizerswere added with specific quan-
titiesaccording to the growth stages of plants. Fertili-
zation was conducted through irrigation water, i.e.
fertigation. Micronutrients, i.e., zinc, copper, iron and
manganese chelateswereapplied asfoliar application
every two weeks.

TABLE (4a) : Somephysical propertiesof the soilsselected for experimental work

_ Particlesizedistribution ) ~ Moisturecontent Available  Infiltration
Soil (%) Particle Bulk Total Organic (%) il rate
depth Coare Fine Tgr;ge densitay densitay porosity matter Field Wilting watjr%ayer
(cm) <nd  sand Silt Clay (g/em?) (glem®) (%) (%) capacity point W(cm/hr) Class
0-50 7.25 8781269 225 Sandy 255 145 4314 0.24 1012 287 725 5256 164 :;3%

TABLE (4b) : Somechemical and physico-chemical propertiesof the soilsselected for experimental work
. Soluble cations Soluble anions Exchangeable

Sail Caco pH ECe (mell) (mell) CEC cations

depth 3 soil 1 (me/100g (me/100g soil)

(cm) %) paste (dSm™) CO; HCO; SO soil)

Ca™ Mg™ Na" K* “23 '3 o4 or Ca™ Mg™ Na" K*

0-50 5.33 7.4 172 831 139164585 _ 486 6.096.24 271 1.48 0.36 0.67 0.20

TABLE5: Chemical analysisof thewell irrigation water of North Sinai research station

Soluble cations
E.C

Soluble anions

pH dom SAR me/l me/| Water class
ca™ Mg” Na* K* CO; HCO;y SO4 Cr
72 400 480 1051 1075 1564 310 0.00 1142 1214 16.44 C.S

Plantswere covered with white plastic sheetsand
used as mulch from mid December up to late February
for winter protection. After that athin layer of theplas-
tic sheet still used asmulch in the row during spring
(late February), where after thisperiod the climate con-
dition becamewarm.

Strawberry plantsweremanaged using the recom-
mendations outlined in the Srawberry Production

Guidd™. Theamountsof gpplied nursery irrigation are
calculated as; = ((8 liter/m?/day) x (nursery areafor
84000 plant about 100 m?) x (reduction factor 0.25) x
(nursery irrigation period 28 days)) /1000 = 5.60 m?¥
feddan. So, for nursery period al plantsget 4.67 m?/
feddan in soil-lessand 0.93 m¥feddan in soil culture.
Theamountsof appliedirrigationwater indripirriga-
tionsystemareshownin TABLEG6.

TABLE 6: Computed irrigation water amountsadded (m®fed).

Daily irrigation September

. October November Detember January February March Season

times (Nursery)
(T1) 1/4 hour/plant 0.93 210.00 420.00 434.00 434.00 406.00 2400 212893
(T,) 1/3 hour/plant 0.93 279.30 558.60 57712 5771.22 53998 20792 2831.17
(T3) 1/2 hour/plant 0.93 420.00 840.00 868.00 868.00 81200 44800 4256.93

To determinethe actual water consumption, soil

moi sturetens on wasmeasured by tensiometer, while

moi sture content was determined by weighing method
and hencetheactua evapotranspirationwasca culated

according to Doorenbos and Pruitt!®.

Five collectionsin each culture systemwereget to
determinefruit strawberry yield from mid February up
to 16" March 2009 season, after 180 days from sow-
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ing seeds, S0, strawberry fruit yield wasdetermined and
recorded. Thewater use efficiency was cal culated by
dividingthefruit yield by theamount of seasond actua
evgpotranspiration®. Theinvestment Ratio (IR) = Out-
put LE/ Input LE = costd*".. Datawere subjected to
the analysis of variance of the split split plot design

Improving water use efficiency of strawberry
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RESULTSAND DISCUSSION

Srawberryyied

Datain TABLE 7 present thefruit yield under the
experimental conditions. From thetableit can becon-
cludethefollowing:

(ANOVA and L.S.D.) according to the method de-
scribed by Snedecor and Cochran'®.

1- Thetotal fruityield asg/plant for the5 collection
isgenerally higher in soil culturethan in soil-less

TABLE 7: Fruit yield of strawberry grown in North Sinai region

___ Treatments _ Harved fruityidd (@plant) 1o fryit yield Total fruit yield
Cultivation Daily irrigation times L 2 3 4 S (g/plant) (ton/fed)
systems harvest harvest harvest harvest harvest
(T,) 14 hour 75 8 92 94 90 436 6.104 b
Sail (T,) 1/3 hour 87 96 113 120 117 533 7.462 a
(T3) /2 hour 70 82 85 90 80 407 5.698 b
Average 77 88 97 101 96 459 6.421
) (D1) Y/4 hour, 4 times 59 62 63 64 63 311 21.364 a
(58;1_'})% (D) U3hour, 3times 61 64 65 63 65 318 218444
(D3) 1/2 hour, 2 times 53 58 60 59 61 291 19.990 a
Average 58 61 63 62 63 307 21.066

a, b, c letters indicated significant differences among treatments. L.S.D. 0.05 = 0.79* & 2.15™ for soil and soil-less cultures,

respectively.

condition by 50 %. This could be render to the
competition among plantsin soil-lessexperiments
whichishigher thanthat in soil culture. Obvioudly,
the areafor root extensionsismore confinedin
theformer thanin thelatter; al so the soil material
adjustsitself to provide suitable conditionsfor
plant growth.

2- TheobvioushighFigureof yield aston/fedisren-
der to the number of plantsunder each experiment
asit reach to about 5 folds in soil-less than soil
cultureexperiment.

3- Regardiessof gppliedtrestments, the harvested fruit
yield tendsto increase progressively to reachits
maximum inthe4" harvest of plantsgrownin soil
culture. Ontheother hand, fruit yied of plantsgrown
insoil-lessculturedisplayed adightincreasein 2
Harvest relativeto the 1% onea most constant from
the 3“to the 5" collection.

4- Congderingtheeffect of irrigation mode, thedata
indicatethat the highest fruit yield correspondsto
T, (Y, hour) followed by T, (74 h/plant) while T,
(“2h/plant) led to the least fruit yield in plants grown
insoil culture. Likewise, dightly higher fruit yield

correspondsto D, (*/, h, 3times) followed by D,

(Vah, 4 times) and the least fruit yield at D, (2 h, 2

times) inplantsgrownin soil-lessculture. Datad so

revedl that the highest yieldswascommonly asso-
ciated with gpplyingirrigation water amount about

(1.33) liter/plant/day in soil cultureand duration 20

minute 3timesper day in soil-lessculture.

Statistical analysis shows significant differences
among d| trestmentsfor soil culture, but nonsgnificant
differencesinsoil-lesscultureamong al trestmentsfor
fruityield of strawberry.

Harmony resultswere obtained by Lydiaet al.[*?;
Evenhuisand Alblas®; El-Behairy et a.[7; Kirnak et
al.™; Montri and Wattanapreechanon*? and Kalleand
Tapio™d,

Water consumption

Oneof theadvantages of soil-lesscultivationisthat
it minimizesthe evaporated water from soil, so mostly
thewater consumptionisrelaiveto thetranspired por-
tion of water.

TABLE 8 showswater consumption vauesfor the
wholeexperiment.

From thetableit can benotethefollowing:

Snoivonmental Science
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a- Water consumption of strawberry plantsin soil
culturewas greatly higher than in soil-less cul-
ture.

b- Thetablea sorevealsthat thelowest valueswere

Evon K.Rizk and S.H.Seidhom
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commonly associated with gpplying irrigation wa:
ter amount of about (1.0) liter/plant/day in soil cul-
tureand duration 30 minute twice per day in soil-
lessculture.

TABLE 8: Water consumptiveuse (m®/fed) of srawberry grownin North Sinai.

Treatments Water consumptive use (m>ffed)

CL;I/t;tve;natl:n Dallyt: :Tzlegsatlon (Nusregry) Oct. Nov. Dec. Jan. Feb. Mar. Seaon
(T1) Y4hour 0.93 13768 304.83 31815 314.11 331.88 16158 1569.16¢
Sail (T, Y3hour 0.93 17209 39836 40905 39264 4148 201.04 19839%b
(T3) Y2hour 0.93 24093 581.9% 59994 57825 606.05 296.87 2904.93a

Average 0.93 18357 42838 44238 42833 450.93 219.83 21%4.35

. (D1) Y4 hour, 4times 4.67 2581 5196 852 143.08 12655 6672 504.0la
?glzl_ll)e:ss (D,) 13 hour, 3times 4.67 2065 4988 81.81 137.36 12149 6390 479.76a
(D3) 12 hour, 2times 4.67 1721 4157 68.17 11447 101.24 5263 39996b

Average 4.67 2122 4780 7840 13164 11643 6108 461.24

a, b, c letters indicated significant differences among treatments. L.S.D. 0.05 = 27.01* & 45.08* for soil and soil-less cultures,

respectively.

c- Theamount of consumed water significantly corre-
lated withirrigation amount of water in soil culture.
Decreasesinwater consumptive useof strawberry
by decreasingirrigationtimes, intheorder: T, <T,
<T,.

In sgi |-lessexperiment it decreased significantly in
thedirection of D,< D, <D, which could explain
by increasing the times of root exposureto water
goplication.

Themodeof water consumption a ong thegrowth
period isalmaost similar inboth cultivation systems
beingincreased gradud |y a ong the growth period
then declined with harvest.

With referenceto water saving, certain soil-lesssys-
tems, for instancethe close recircul ated ones, undoulbt-
edly economize water because drainage and evapora-
tion from the surfaceiseliminated by the design and
operationa schemeof thesystems(DFT, “closed” sys-
tems, sub-irrigated soil-lessculture). Inaddition, with
s0il-less culturesmore accurate control over thesupply
of water ispracticed. Regarding soil culture, itisno-
ti ced that minimum water amount was sufficient to kept
soil wet, so, higher consumptive usein higher irrigation
treatmentsare mainly rendered to increasing evapora-
tionratesfromthesoil matrix. Regarding soil culture, it
isnoticed that minimumwater amount wassufficient to
kept soil wet, o, higher consumptiveusein higher irri-

gation treatments are mainly rendered to increasing
evaporationratesfromthe soil matrix. Theresultscoin-
cidewell with those obtained by El-Behairy et al.[";
Kirnak et al.*Y; and Kalleand Tapio™?.

Water useefficiency

Thisexpression dealswith two meanings. & How
much water needsfor producing one unit of any crop
yield (especially the economic parts) and b- How
much crop yield could be produced from the unit of
water. Both meanings aretackled, in fact, with the
two global crises of water and finance. Obviously,
we must continuously search for the best waysto
improvethe WUE. TABLE 9 showsthat water use
efficiency of strawberry plantsin soil culture was
greatly lower thanin soil-lessculture. Thisresult may
be attributed to the low water consumption by recy-
cling water in closed system. Data al so reveal the
highest val ues were commonly associated with ap-
plying irrigation water amount about (1.0) liter/plant/
day in soil culture and duration of 30 minute twice
per day in soil-less culture. Statistical analysis show
significant differencesamong all treatmentsfor soil
and soil-lessculturefor water use efficiency of straw-
berry. Significant increase in water use efficiency of
strawberry by decreasing irrigation times, inthe or-
der: T,>T,> T, in soil culture, but increased by
increasingirrigationtimesduration, intheorder: D,>

e Snoivonmental Science
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D,>D, insoil-lessculture.

TABLE 9 show the WUE valuescaculated for the
two meanings. Fromthedatait can benotethefollowing:
1- Using onem? unit of water we can produce gener-

aly 15timesfrom soil-lesssystem referring to soil

culture.
2- Themaximum WUE vauewasobtained with least

Improving water use efficiency of strawberry
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irrigation water in both soil and soil-lessculturesys-
tems.

3- Toproduceoneunit cropyield (aston) it seems
more benefit to useleast irrigation water under the
twoirrigation systems. However, under thiscondi-
tion still soil-less system use about 1/13 times of
water referringto soil culture.

TABLE 9: Water useefficiency (kg/m?®) of strawberry grown in North Sinai

Treatments Strawberry

_Cultivation Daily irrigation time Fruit yield E3Ta WUE3 Modified V\éUE
systems (Kgffed) (m“/fed) (Kg/m®) WUE (g/liter) (m*/ton)
(T1) /4 hour 6104 1569 3.89a 3.89 257.22

Soil (T2) /3 hour 7462 1989 3.75a 3.75 266.63
(T3) /2 hour 5698 2905 196 b 1.96 510.09

Average 6421 2154 3.20 3.20 344.65

(D1) /4 hour, 4 times 21364 504 42.39b 8.59 23.73

Soil-less (DFT) (D) 1/3 hour, 3 times 21844 480 45,53 ab 9.22 22.10
(D3) 1/2 hour, 2 times 19990 400 49.98 a 10.12 20.13

Average 21066 461 45.97 9.31 21.99

a, b, c letters indicated significant differences among treatments. L.S.D. 0.05 = 0.65* & 5.06* for soil and soil-less cultures,

respectively.

Actualy, theresultsareimportant from severd points

of view:

a- Fortheareaswhich suffer from severe shortage of
water to producethe urgent food needs.

b- For maximizingthe productivity of both natural re-
sourcesof soil andwater aswell.

c- Inplanningtheformsunder the same conditionsto
theleast requirement of input to produce the maxi-
mumcropyields.

d- When modifying the dataon the same plant popu-
|ation baseof soil culture system (14000 plant/fed)
thedataof soil-less system overcomethe soil cul-
ture by about 3 times.

When applying proper treatmentsand good man-
aging of soil regimes, it isexpected that these practices
activate both water and nutrient consumptionsby roots
of plantswhich, increased crop yield, thusincreased
W.U.E. Thisincreasein W.U.E. isdueto; shallow root
zones of strawberry grown in sandy soil requirefre-
guent watering of ashorter duration, the decrease of
actual evapotranspiration (T,&D,) at low amount of
irrigationwater, (T,) thusadjustingwateringtimesand
interva sto maximize growth, minimizewater useand
correspondent highyield. So, itissuggested that these

practices activate both water and nutrient consump-
tions by plant rootswhichincreased crop yield, thus
increased W.U.E. Thesefindingsarein harmony with
Evenhuisand Alblas®; El-Behairy et a [ and Chaves
etal.l?.

Economical assessment

Practically, theeconomicd eva uation of theexperi-
mental findingsisof maor concern sincethenet return
of such treatments could encourage thefarmer to use
thetechniqueor not. Inthisrespect, theinvestment ra-
tioiscomputed asaguidewheretheinvestment ratio
(IR) = Output LE / Input LE. The obtained val ues of
invesment retio (IR) areillustrated inTABLE 10. From
thetable, itisclear that:

1- Itisobviousthat dl dataovercomethenational re-
ported IR by different ratesbeing higher in soil cul-
turethan soil-less system due to high expenses of
latter than theformer.

2- Thehighest IR valuesfor both systemsare corre-
sponded to the mediumwater amount; i.e. T, and
D..

3- Trzue results provide many optionsfor the produc-
ersdepending onther financid Stuation and water
sourcesatisfaction.
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Furthermore, water cultureand sub-irrigated substrate
systems save much labor in thetime consuming task of
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checking and cleaningirrigation nozzles.
This trend is in harmony with U.S.D.A?? and
Chaveset a.[.

TABLE 10: Investment ratio (IR) of strawberry grown in North Sinai region

Agriculture systems Soil Soil-less (DFT)
Economical Daily irrigation times Daily irrigation timesduration
i ; i D D D
ems Field practices (Iyua (13 (7s) 12 1/A(f.h13ur ue(,_hzczur 1/2(.h33ur
(4times) (3times) (2times)
Land preparation, LE/fed 100 100 100 100 100 100
Seeds, LE/fed 200 200 200 1000 1000 1000
Cultivation, LE/fed 100 100 100 250 250 250
Irrigation, LE/fed 533 709 1065 126 120 100
Irrig. systems costs, LE/fed 300 300 300 6000 6000 6000
Mineral fertilizer, LE/fed 150 150 150 150 150 150
Organic fertilizer & Nutrient 4, 300 300 7350 7350 7350
List of solutions, LE/fed
inputs, Fert. labors costs, LE/fed 100 100 100 100 100 100
LE/fed Pest control, LE/fed 100 100 100 100 100 100
Weed control, LE/fed 100 100 100 100 100 100
Machines, LE/fed 100 100 100 100 100 100
Fuel, LE/fed 100 100 100 250 250 250
Harvesting, LE/fed 100 100 100 500 500 500
Crop transport, LE/fed 100 100 100 100 100 100
Rent (on season), LE/fed 300 300 300 300 300 300
Total inputs, LE/fed 2683 2859 3215 16526 16520 16500
Strawberry yield, kg/fed 6104 7462 5698 21364 21844 19990
List of Price, LE/kg 150 1.50 1.50 150 1.50 150
outputs Total prices, LE/fed 9156 11193 8547 32045 32767 29984
Net income, LE/fed 6473 8334 5332 15519 16247 13485
Investment ratio, LE 341 3.92 2.66 194 1.98 1.82

The national reported IR value of 1.25 LE

CONCLUSIONS

From the aforementioned resultsit isclear that the
study provide many promised option for producing
strawberry under similar conditionsto the site of ex-
periments. However, the sel ected application from the
resulted datawill depend on theland and water re-
sourcesin thelocation and thefinancial situation of
the producer aswell. Consequently, when the water
sourceisvery limited it isurgent to select the soil-less
systemwith any of water gpplicationrateasall of them
get beneficia return. On the other hand, when thefi-
nancia resourceislimiteditisbeneficia to usethe soil

culture system with minimum water application to get
highest WUE or medium rate to get the highest IR
vaue.
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