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ABSTRACT

Thiswork is an attempt to clarify the effect of organic-inorganic fertilizers
and water management of sandy soils on improving water use efficiency of
some aromatic and medicinal plants (Camomile and Origanum) under daily
drip irrigation, with emitters adjusted to 4 I/hour under desert conditions at
the El-Sheikh Zuwayid region, North Sinai, Egypt. The study was con-
ducted in split-plot design with three replicates. The treatments include
three daily irrigation times (% hour = 1 liter/plant; 2 hour = 2 liter/plant; %
hour = 3liter/plant) and the use of three types of fertilizers (organic, chemi-
cal and mixed organic and chemical). Theresultswere analyzed statistically
revealing an increase in camomile and origanum plants yield of the irri-
gated daily 2 hour, fertilized by mixed fertilizer. The rate of 1 liter/day (¥4 hr/
day) seemsto cause the accumulation of saltsin the root zone, while the 3
liter/day (% hr/day) treatment induced the leaching of the fertilizers from the
rhizosphere, both reducing crop growth. Also, an increase in water use
efficiency and water economy of camomile and origanum plants by de-
creasing irrigation time and use of mixed fertilizers. Moreover, asignificant
decrease in water consumptive use of camomile and origanum plants, was
achieved by decreasing theirrigation time and chemical fertilizer. Depend-
ing on the detection of the water consumption for all treatments and eco-
nomical assessment, the rate of 1 liter/day (¥4 hr/day) and organic manures
yielded the highest profitable return of camomile and origanum plants.
Theempirical averages of the seasona K ¢ obtained from the experiment, for
the plants, were 0.63 and 0.36 for the camomile and origanum, respectively.
© 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Theglobal problem of water resourcesshortageis
acritica issue demanding the devel opment of sustain-
ablewater management programsfor thearid and semi-
arid regionslike Egypt. In such regions, where water
availabilityisamgor limitationin crop production, us-

ing aternative water resources, and modernirrigation
systems, together with proper soil nutritionareamust.
Improper timing and scheduling of irrigation water may
cause, leaching or accumulation of chemicasintheirri-
gated zone with hazardous effects on plant roots and
yieds. Furthermore, low organic matter contentsof soils
necessitates the addition of organic manures and


mailto:s.sedhom@yahoo.com

386

Curremnt Research Paper =

composted organic sourceto improve soil properties
and water useefficiency thusincreasing yield®29,

Medicind and aromatic plantschosenfor study are
chamomile and oregano. Chamomile (Matricaria
chamomillaL.) hasbeen widely used for centuriesas
amedicind plant. It may be considered asan economic
substitutefor field crop sinceit hasadoptability towide
rangesof climateand soil(®9. Itsphytotherapeutical &f-
fect isascribed to coumarin-rel ated compounds having
antimicrobia and anti-inflammatory actions®9 aswell
asgastrointestina complaints. Also, oregano herbage
(Origanum vulgare L.) has an aromatic, warm and
dightly good tasteduetoits contentsof essentia oil™¢.

Previous studiesby Seidhom and Evon K. Rizk{*4
on aromatic and medicinal plantshave shown that the
highest productivity of the Egyptian Henbane, Echium
and Achilleawas obtained by the use of chicken ma-
nuretogether with 2 liter/day (V2 hr/day).

Kirda and Shaxson and Barber!™® stated that,
reductionsinyieldsfrom disease and pests, lossesdur-
ing harvest and storage, andinsufficient fertilizersare
much greater than reductionsinyiel dsexpected from
deficitirrigation. Moutonnet!*Y stated that, the upper
limit for yieldisset by soil fertility, climatic conditions
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and management practicesasisin the case of evapo-
trangpiration.

Severd other investigatorshavea so recently con-
cluded that water use efficiency and water economy
increased with the decreasing amount of irrigation wa
ter, decreasingirrigation interva sand by adding organic
matter to sandy soil 254,

Thiswork isan attempt to clarify theeffect of fertil-
izersand water management under the prevailing cli-
matic condition of sandy soilsto improve water use
parametersof somearomatic and medicinal plants.

MATERIALSAND METHODS

The current work was carried out in the Agricul -
tural Experimenta Station of the Desert Research Center
at EL—Sheikh Zuwayid City, about 35 km east of El-
Arishcity, North Sinai Governorateduring 2007/2008
season.

Meteorological data of average 12 years (1996-
2007) were used to compute potentia evapotranspira
tion (ETo) ratesusing the Penman— Monteith equation
(TABLE 1) asrecommended by CROPWAT, software
version 5.717 to cal cul ate crop coefficient (Kc).

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 1664 17.25 1968 2298 2612 2937 3210 3295 3180 2850 2359 19.00
Min. Temp. °C 957 994 1154 1359 1569 17.92 1985 2029 1944 1724 1402 1104
(Ff)/eol)a“"e humidity g1 40 8049 7084 7817 8221 8494 8641 8534 8165 8317 77.28 80.74
Wind speed 209
(km/dey) 46 236.06 222.44 20154 179.16 14800 162.48 137.80 15420 167.56 191.24 186.32
(Sr]‘;”Sh' nehours  sos 760 825 035 1034 11.80 1188 1130 1030 915 7.70  6.67
Rain (mm ) * 4243 3246 2007 823 046 044 010 008 019 1397 1323 4273
ETo (mm/day) 175 222 294 390 455 524 559 536 468 347 258 181

ETo = potential evapotranspiration

Thereevant physical and chemical characteristics
of the soilsof the studied sitewere determined accord-
ingtoRichardd®™, TABLES (2a& b). Thesoilsissandy-
textured, non-salinenon-akai and, availablemoisture
(7.75 % wiw).

Theexperimental designwas split-plot with three
replicatesfor eechtreatment. Threedifferentirrigation
times (Y hour = 1 liter/plant), (%2 hour = 2 liter/plant)
and (% hour = 3 liter/plant) were used and three types

*Total rain =174.39 mm/year

of fertilizer (organic, chemical and mixed organicand
chemical), wereapplied to the soils.

Seedsof two aromatic and medicind plants(camo-
mile and origanum) were sown at a rate of 150 and
250 g/feddan on September, 15", 2007, and Novem-
ber, 15,2007, respectively. Seedlingsweretrand ocated
from nursery house, and planted in rows on October
162007, and February 16" 2008, respectively. Drip
irrigation system having 4 liter / hour GR dripper was
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used. Thedigancebetweenthelaerd lineswasonemeter
and drippers were located at /2 meter apart. Conse-
guently, the number of plants per feddan was 8000.
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Brackish groundwater (salinity 2892 ppm) was used for
irrigation, TABLE 3. Thechemical propertiesof theor-
ganicmanuresgppliedtothesoil areshownin TABLE 4.

TABLE (2a) : Somesoil physical properties

. . T . Available . .
il Partlcleszoedlstrlbutlon Partice Bulk Total Organic M0|sturoecontent il Infiltration
d (%) Texture . . - (%) rate
epth dlass denstay denstay porosity matter water/layer
- . - —
(cm) Coarse Fine Sit Clay (g/em?) (glem®) (%) (%) F|el<_j Wll_tlng (%) (mm) (cm/hr) Class
sand sand capacity  point
0-50 811 84.17 325 447 Sandy 2.50 143 42.80 0.23 10.86 311 7.75 5541 16.0 ;;S%
TABLE (2b) : Some soil chemical and physico-chemical properties
Soil PH  ECe  gyuple cations (mell Soluble anions (me/l CEC  Exchangeable cations
depth 022?3 il (dsm (mef) (Me)  meiioog  (me/100g soil)
1 — — .

(cm) paste ) ca™ Mg" Na® K* COs HCO; SO, cI S ca* mg™ Na* K*
0-50 6.11 76 312 1132 542 865 58 00 875 911 1338 254 1.13 038 0.7 0.33
TABLE 3: Chemical analysisof theirrigation water of thenorth Sinai resear ch station

Soluble cations (mg/I Soluble anions (mg/I
PP EC(@dYm) SAR - cations (ma/l) __ _ nionsMal) _ (jas
Ca Mg Na K CO; HCO; SO, Cl
7.2 4.52 441 1168 1213 1523 6.15 0 13.84 1474 16.61 G S

S.A.R = Sodium adsorption ratio

TABLE 4: Somechemical propertiesof theor ganic manures
applied tothe soil

pH EC.dSm OM% C% N% P% K% C/N
7.8 19 539 315 22 09 13 141
OM = Organic matter C =Carbon
N = Nitrogen C/N = ratio

The conventional agricultura practiceswereused
for cultivating camomileand origanumplantsreceived
therecommended dosesof mineral fertilization NPK:
Calcium superphosphate (15.5 % P,0,) at therate of
300 kg/fed plus 100 kg/fed sul phate chal etswas ap-
plied duringtillage before cultivation. Orgainc manure
was added before planting by about 20 m¥/fed. Camo-
mile plantsreceived the recommended doses of min-
erd fertilization NPK: Nitrogen asammonium sulphate
(20.5% N,) about 25 kg/fed plus about 6 kg/fed Po-
tassium sulphate (48 % K,O) was applied and
replicatee every 10 daysto flowering stage and two
replicates after every harvest collection. Thefertiliza-
tion process conducted through irrigation water, i.e.
fertigation.

Origanum plantsreceived therecommended doses
of minerd fertilization NPK : Nitrogenasammoniumsul-
phate about 300 kg/fed in two equal doses after 30
and 60 daysfrom planting and 150 kg/fed ammonium

ma/l = mill equivalent per liter

sulphate after every harvest collection. Potassium as
Potassium sul phate about 50 kg/fed were applied after
60 daysfrom planting and replicate every harvest col-
lection by fertigation. All plantsweresevera harvests
and were done, 10-15 days apart, depending on the
weather conditions, harvested to April 302008 and
September 30 2008 for camomile and origanum
plants, respectively. Their growing periodsinthenurs-
ery were 30 and 90 days, whereas in the field they
were 197 and 230 days, but their irrigation period was
167 and 185 days and total period were 227 and 320
daysfor camomile and origanum plants, respectively.
Theamountsof appliedirrigation water with no
leaching requirementsareshownin TABLE 54l over
the season. The amounts of applied nursery irrigation
arecalculated as; = ((8 liter/m?) x (nursery area/8000
plant about 80 m?) x (reduction factor 0.25) x (nursery
irrigation period)) / 1000 = m¥feddan. All plantswere
irrigated in nursery by 4.80 and 14.40 m*/feddan for
camomile and origanum plants, respectively.
Preventirrigation 3and 15 daysevery harvest col-
lectionfor camomileand origanumplants, respictevely.
To determinethe actua water consumption, soil mois-
turetensionwas measured by tensometer, whilemois-
ture content was determined by gravimetric method and
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TABLES: Irrigation water applied (m*/fed/season) for camomileand origanum plantsgrown at El-Sheikh Zuwayid region

Plants Camomile Origanum
. Nursery Irrigation . Total Nursery  Irrigation . Total
ir rligaélt?/on period period Ef:‘:ﬁ:ve season (227  period period Ef::;[ﬁ: V€ season (320
9 (30days) (167 days) days) (90 days) (185 days) days)
1(/1}I1i(:2rr/pI ant) 4.80 1336.00 218.11 1558.91 14.40 1480.00 78.17 1572.57
I(/E?i?;r/m ay 480 267200 21811  2894.91 14.40 2960.00 78.17 3052.57
z/é}llig/pl ay 480 400800 21811 423091 14.40 4440.00 78.17 453257

hencethe actud evapotranspiration was cal cul ated by
thefollowing equation:

ETa=(M.,% -M., % ) xd, x D x 100014

Where: ETa =Actual evapotranspiration, mm.

M., =Moisture content after irrigation, %.

M., =Moisture content beforeirrigation, %.

d, =Bulkdensity of soil, g/cm®

D =Activeroot depth, cm.

At theend of the experiment, 10 and 3 harvest collec-
tions. Fresh and dry weight of harvested flowersand
leavesfor each plant weremeasured efter drying a room
temperature (20-25 °C). After the flowering period,
dry weights of stemsand rootswere harvested and re-
corded for al plantsin each plot for camomile and
origanumplants, respectively.

Thewater useefficiency wascaculated by dividing
thedry economicd yidd/theamount of seasond evgpo-
transpiration!”. Thewater economy wasca culated by
dividing thecropyield/ theamount of water added as
kg/m*9, Thecrop coefficient wasca culated by divid-
ingtheactua evapotranspiration (ETa) / potentid evapo-
transpiration (ETo)"?. Dataweresubjected totheandy-
sisof variance according to Snedecor and Cochran(®,
Theinvestment ratio was cal culated as (IR) = Output
LE/ Input LE, (total costs), Ranaet al.[*Z.

RESULTSAND DISCUSSION

Yield of camomileand origanum plants

Datapresented in TABLE 6 show crop dry yield
for the 2 cultivated plantsand their economica compo-
nents. Thedataindicate an increase of thedry yield of
camomileand origanumplantsirrigated ¥4 hour daily
and fertilizered by mixed organic and chemicd fertiliz-
ers. Irrigation with 1 liter/day (Y4 hr/day) led to salts

accumulationintheroot zone, whilethe 3liter/day (%4
hr/day) trestment induced theleaching of thefertilizers
from therhizosphere, both reducing crop growth. With
regard toirrigation, cropsdry yield wasinthe order of
"2 hour, 2 liter/plant/day > ¥4 hour, 3 liter/plant/day > 74
hour, 1 liter/plant/day, with no significance among
tratments. Theseresultsagreewith™ who showed that
any significant decreasein soil water storage hasan
impact onwater availability for acrop and, subsequently,
onactua yield. Asfor theapplied fertilizers, theorder
ismixed organic and chemical > organic > chemical
with apparent significanceamong tratments.

Thesefindingsreflectirrigation deficit and insuffi-
cient useof fertilizerswhich necessitatetheadoption of
flexible planting dates. Also, the upper limit for yieldis
set by improving soil fertility and management practices
to copewith prevailed arid climatic conditions.

Theseresultsarein agreement with thefindings of
Kirdd?, Shaxsonand Barber™, Seidhom and Evon
K. Rizkl*, Gonz’alez et al.[¥, Kambiz et a ¥ and Ali
etal.ly.

Water consumptiveuse

Datain TABLES (7a & b) show significant de-
creaseinwater consumptive usefor each of theinves-
tigated plantsasaresult of decreasingirrigation times
and chemical fertilization. Obvioudy, theresponseto
daily irrigationtimeswerein theorder of % hour, 3 liter/
plant/day > Y4 hour, 2 liter/plant/day > ¥4 hour, 1 liter/
plant/day. Also, fertilization efficiency followstheor-
der, mixed organic and chemical > organic > chemical.
Statigtica analysisshowshighly significant differences
among both irrigationtimesand typesof fertilizers.

Thesefindingsmay be dueto decreasing evapora
tion by short irrigation timewhich maintainsthe soil dry
much longer thus decreasi ng evapotranspiration by de-
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TABLE 6: Yield componentsof camomileand origanum plants

Treatments Camomile Origanum
Fresh Dry Dr Dry Fresh Dry Dr Dry
Daily o plant plant y weights Total dry  plant plant y weights Total dry
LT Fertilizers flowers . leaves :
irrigation VDes flower  flower weidht stems & yield leaves  leaves weight stems & yield
times yp weight  weight g,? o) o0t (kofed) weight  weight g/? o) roots  (kfed)
@ (V) (kg/fed) @ (@ (kgffed)
, Organic 76.6 684  547b 620.1 11761 2725 2271 18165ab 20532  3870.2
(115I?I1(I9?/L[;[I2\nt) Chemical 727 655  524b 5021 11161 2457 2100 16800b 18816 35616
Mixed 82.1 726 581a 6856 12666 2930 2363 1890.0a 21546 40446
Average 77.1 688 550.67a 6356 11863 2704 2244 17955a 2029.8 38255
. Organic 89.1 789 631D 7383 136903 3021 2496 1997.1ab 22966  4293.6
(320 I?t’é’r‘/ﬁzm) Chemicd 864 771  617b 7034 13204 2914 2449 19503b 22333 41923
Mixed 92.6 813 650 a 7735 14235 3239 2501 20727a 24254 44984
Average 89.4 791 63267a 7384 13711 3058 2512 2009.7a 23184 43281
. Organic 85.5 75.0 600 b 7260 13260 2969 2394 19152ab 22507 41747
?:?I?:é?/ﬁ(;nt) Chemical 829 734  587b 6985 12855 277.9 2297 1837.5b 21321  3970.1
Mixed 91.0 79.1 633a 7786 14116 3207 2525 20202a 24240 44440
Average 86.5 758 606.67a 7344 13410 2985 2405 19243a 22719 41963

L.S.D: 0.05for Irrigation times = 230.1, 747.14 & Fertilizers = 28.21*, 94.16* for camomile and origanum, respectively.
a, b, letters indicated significant differences between treatments.

TABLE (7a) : Monthly and seasonally water consumptive use (liter/plant/day) of camomile plants

Treatments Camomile
Da”ytlirnrnlgauon F?yt.'c:;er Oct Nov Dec Jan Feb Mar Apr (Liter//;;/a?ﬁt/day) (f%?oeg)
, Organic 0.424 0.604 0.710 0.787 1.008 1017 1.023 0.796 1298.7 a0
%flfg‘/‘gzm) Chemicl 0398 0588 0649 0768 1.003 1.010 1.016 0.776 12675b
Mixed 0.448 0642 0.745 0.832 1.015 1.022 1.025 0.819 133402
Average 0.339 0562 0.645 0.732 0927 0935 0.939 0.797 1300.1 b
, Organic 0485 0794 0933 1.035 1.326 1.337 1.346 1,037 1699.0 ab
fgl';?g‘/‘glznt) Chemicl 0455 0773 0854 1010 1.319 1.329 1.336 1011 16585 b
Mixed 0513 0.844 0980 1.094 1.334 1.344 1348 1.065 17449 a
Average 0.424 0703 0.806 0915 1.159 1.168 1.174 1,038 1700.8 ab
_ Organic 0587 0961 1.129 1.253 1.604 1618 1.628 1.254 2055.8 ab
?glﬂ'e?/‘;tlzm) Chemica 0551 0935 1.033 1.223 1596 1.608 1.616 1.223 2006.8b
Mixed 0620 1.022 1185 1.324 1614 1626 1.632 1.289 211144
Average 0485 0.804 0.922 1.047 1.326 1.337 1.343 1.255 2058.0 a

L.S.D.: 0.05 for Irrigation times =

681.51* & Fertilizers = 81.21*

a, b, letters indicated significant differences between treatments.

creasing theamount of available soil moisture. Also
adding organic manure maintai nsthe soil moisturefor
longer periods, though increasing evaporation, yet in-
creasing theavail able soil moisture, which makesthe
rhizosphere agood reservoir for water utilization by
plants.

Undoubtedly water consumptiveuseincreased with
plant growth enhanced by increasing amountsof irriga:
tionwater. TABLES (7a& b) reved that the consump-

tiveusevaduesweregenerdly low a thebeginning of the
growing season and gradua ly increasad until theripening
stagethen decreased at the harvest stage. The highest
increasein consumptiveusewasassod aedwith theflow-
ering and maturity stages of plants. Thisisdueto the
auffident water availableto plantsin contrast tothe higher
evaporaionfromthewet rather than dry soil surfaceand
thehigher trangpirationfrom plantsaswell astheamount
of water needed for plant growth devel opment and build-
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ing plant tissues. In brief, ETadecreased withincreasng
soil moisturedeficit. Thismay be attributed to thefact
that soil waskept wet by moreirrigation amounts. Nev-
ertheess, higher seasona consumptiveuseismainly ren-
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deredtoincreasing evaporation ratesfrom the soil ma-

trix. These results are in harmony with those of

Moutonnet™, Saidhom and Evon K. Rizk™, Gonz’alez
eta.lf Kambizeta.® andAli etd ..

TABLE (7b) : Monthly and seasonally water consumptiveuse (liter/plant/day) of origanum plants

Treatments Origanum

Daily .
irrtiigr;::l;on Feir;;al;er Feb Mar Apr May Jun Jul Aug Sep (Liter;?\a}/ag]ﬁt/day) (ﬁi}?eg)
_ Organic 0.373 0.504 0.725 0.953 1.003 1.012 1.018 0.678 0.783 1509.38 ab
(115 IE?Q/[;}IZnt) Chemical 0.350 0.491 0.664 0.930 0.998 1.005 1.011 0.620 0.759 1462.98 b
Mixed 0.394 0.536 0.762 1.007 1.010 1.017 1.021 0.705 0.806 1552.53 a
Average 0.372 0.510 0.717 0.963 1.004 1.012 1.017 0.668 0.783 1508.30 b
. Organic 0.548 0.672 0.967 1.270 1.374 1.386 1.395 0.929 1.152 2052.66 ab
f’zol'i‘;"e?/‘;zm) Chemicd 0515 0.654 0.885 1.240 1.367 1.377 1.385 0.849 1115 1989.68 b
Mixed 0.579 0.714 1.016 1.342 1.383 1.394 1.398 0.966 1.185 2110.93 a
Average 0.547 0.680 0.956 1.284 1.375 1.386 1.393 0.915 1.151 2051.09 ab
_ Organic 0.645 0.791 1.138 1.495 1.618 1.631 1.642 1.093 1.355 241572 ab
?35 lee?/lyjaﬁ?;\nt) Chemical 0.606 0.770 1.042 1.459 1.609 1.621 1.630 0.999 1312 2341.60 b
Mixed 0.682 0.841 1.195 1579 1.628 1.640 1.645 1.137 1.395 2484.29 a
Average 0.644 0.800 1.125 1.511 1.618 1.631 1.639 1.076 1.354 2413.87 a

L.S.D.: 0.05 for Irrigation times = 831.89* & Fertilizers = 97.62*

a, b, letters indicated significant differences between treatments.

Water useefficiency of plants(W.U.E.)

Datain TABLE 8 show an increasein water use

TABLE 8: Water useefficiency and water economy (kg/md)
of camomileand origanum plants

Treatments Camomile Origanum
i”'?a;'t{on Fertilizr'’ WUE WEco. WUE WEco.
t?me types  (kg/m® (kg/m® (kg/m® (kg/m3)
Organic 042a 035a 120a 1l16ab
15 minute .
(1 liter/plant) Chemical 04l1a 0.34b 1.15a 1.07b
Mixed 044a 037a 122a 120a
Average 042a 035a 119a 1lil4da
_ Organic 0.37a 0.22ab 097a 0.65ab
sominute - cpemical 0.37a 021b  098a 0.64b
(2 liter/plant)
Mixed 0.37a 022a 098a 0.68a
Average 0.37a 022b 098ab 0.66b
_ Organic 0.29a 0.14ab 079a 042ab
asminute - cpenica 029a  014b  0.78a  0.4Lb
(3 liter/plant)
Mixed 0.30a 0.15a 08la 045a
Average 0.29a 0.14b 080b 0.42b

L.S.D: WUE for Irrigation times = 0.14, 0.37* & Fertilizers =
0.02, 0.48 for camomile and origanum, respectively.

L.S.D: WEco for Irrigation times = 0.09, 0.28 & Fertilizers =
0.012*, 0.038* for camomile and origanum, respectively.

a, b, lettersindicated significant differ encesbetween treatments.

efficiency of camomile and origanum plants by de-
creasingirrigationtimeand use of mixed organic-min-
erd fertilizers. Theefficiency of daily irrigation times
werein the order, % hour > % hour > % hour while
beingintheorder of mixed organic and chemica > or-
ganic > chemical for fertilization-manuring scheme.

These results may be dueto the high yieldsand
low water consumption obtai ned under these condi-
tions suggest an activation of both water and nutrient
consumptions by plants, which isreflected on crop
yield. Also, irrigation deficit and theinsufficient use of
fertilizersnecessitate the adoption of flexible planting
dates.

Theupper limit for yield is set by improving soil
fertility and proper management practices under the
prevailed climatic conditionswhich asisinthe case of
evapotrangpiration. Any significant decreasein soil wa
ter storage has an impact on water availability for a
crop and, subsequently, on actual yield and actual
evapotranspiration!*, Similar resultswere obtained
by Allen et al.[2, El-Dosouky et al !, Seidhom and
Evon K. Rizk*, Hsiao et a.l", Kambiz et al . and
Alietal.lt,
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Water economy of plants(W. Eco.)

Resultsin TABLE 8 show that water economy va-
uesof camomileand origanumfollow thesametrend
of water use efficiency of plants. To suffices, water
economy va uesincreased by decreasingirrigationtimes
and useof mixed organic-inorganicfertilizers. Themag-
nitudeof daily irrigation timeswasintheorder: % hour,
1 liter/plant > %5 hour, 2 liter/plant > % hour, 3 liter/
plant and for fertilizers efficiency theorder is: mixed
organic and chemical > organic>chemicd. Therefore,
all tested parameters have shown the best combination
betweenirrigationtimesand typesof fertilization pointed
to thehighest yield of both plants. Thesefindings may
be dueto the saving of the stored soil moistureand also
to theactivation of both water and nutrient consump-
tions by plants, which gave high yields, thereby high
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water economy values. Nevertheless, thequdity of yield
isnot assured. Similar resultswereobtained by Allen et
al.l?, El-Dosouky et al.¥l, Seidhom and Evon K.
Rizkl*, Kambiz et a.® andAli et a .1

Crop coefficient (Kc)

Thecrop coefficient isuseful inmeeting theirrige:
tion needs of cropsand intheefficient utilization of the
scarcely availableand costly water inarid areas. Itis
asousedin caculating irrigation programs. Resultsin
TABLE 9 show theempirical averagesof themonthly
and seasonaly K c obtained from the best treatment of
WUE vauesof thetwo experiments, for thecamomile
and origanumplants.

Harmony resultswere obtained by Doorenbosand
Pruitt, Allenetal .3, Kambiz et . and Ali et al ™Y,

TABLE 9: Crop coefficient (K ) of thebest WUE valuesof camomileand origanum plants

[tems Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Year
ETo mm/day 347 258 181 175 222 294 390 455 524 559 536 468 367
Camomile 025 047 078 091 087 066 050 0.63
Origanum 034 03 038 042 038 03 036 030 0.36

TABLE (10a) : Invesment ratio (IR) of camomileplantsgrown at El-Sheikh Zuwayid region
Plant type Camomile
Items . Quarter hour Half hour Half & quarter hour
Soil management - - -
Org. Chem. Mix. Org. Chem. Mix. Org. Chem. Mix.
Nurse preparation, LE/fed 60 60 60 60 60 60 60 60 60
land preparation, LE/fed 60 60 60 60 60 60 60 60 60
Seeds, LE/fed 200 200 200 200 200 200 200 200 200
Cultivation, LE/fed 60 60 60 60 60 60 60 60 60
Irrigation, LE/fed 335 335 335 669 669 669 1003 1003 1003
Organic Fertilization, LE/fed 750 0 750 750 0 750 750 0 750
Mineral Fertilization, LE/fed 0 250 250 0 250 250 0 250 250
. Weed Control, LE/fed 60 60 60 60 60 60 60 60 60
List of Inputs
Pest Control, LE/fed 60 60 60 60 60 60 60 60 60
Labors Costs, LE/fed 60 60 60 60 60 60 60 60 60
Machines, LE/fed 60 60 60 60 60 60 60 60 60
Fuel, LE/fed 60 60 60 60 60 60 60 60 60
Harvesting, LE/fed 60 60 60 60 60 60 60 60 60
Crop Transportation, LE/fed 40 40 40 40 40 40 40 40 40
Rent (on season), L E/fed 250 250 250 250 250 250 250 250 250
Total Inputs, LE/fed 2115 1615 2365 2449 1949 2699 2783 2283 3033
Yields, kg/fed 547 524 581 631 617 650 600 587 633
. Prices, LE/kg 6.0 3.0 45 6.0 3.0 45 6.0 3.0 45
List of Outputs .
Total Prices, LE/fed 3282 1572 2615 3786 1851 2925 3600 1761 2849
Net Income, LE/fed 1167  -43 249 1337 -98 226 817 -522  -185
Investment Ratio (IR) 155 097 111 155 095 108 129 0.77 0.94
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Economical assessment interest. Alignwith thisapproach theva ues of invest-

Theeconomica evauationisof agra |mp0rta1ce ment ratio (l R) illustrated in TABLES (103& b) isa
It dependsonthenet return fromany agricultural prac-  9uidethat could encouragefarmersinterested in aro-
ticesleading toincreasing productivity at economical  Maticandmedicinal plants.

TABLE (10b) : Investment ratio (IR) of origanum plantsgrown at El-Sheikh Zuwayid region

Water requirements of some aromatic and medicinal plants ESAIJ, 4(6) December 2009

Plant type Origanum
Items _ Quarter hour Half hour Half & quarter hour
Soil management - - -
Org. Chem. Mix. Org. Chem. Mix. Org. Chem. Mix.
Nurse preparation, LE/fed 60 60 60 60 60 60 60 60 60
land preparation, LE/fed 60 60 60 60 60 60 60 60 60
Seeds, LE/fed 200 200 200 200 200 200 200 200 200
Cultivation, LE/fed 60 60 60 60 60 60 60 60 60
Irrigation, LE/fed 374 374 374 T4 744 744 1114 1114 1114
Organic Fertilization, LE/fed 750 0 750 750 0 750 750 0 750
Mineral Fertilization, LE/fed 0 250 250 0 250 250 0 250 250
. Weed Control, LE/fed 60 60 60 60 60 60 60 60 60
List of Inputs
Pest Control, LE/fed 60 60 60 60 60 60 60 60 60
Labors Costs, LE/fed 60 60 60 60 60 60 60 60 60
Machines, LE/fed 60 60 60 60 60 60 60 60 60
Fuel, LE/fed 60 60 60 60 60 60 60 60 60
Harvesting, LE/fed 60 60 60 60 60 60 60 60 60

Crop Transportation, LE/fed 40 40 40 40 40 40 40 40 40

Rent (on season), LE/fed 250 250 250 250 250 250 250 250 250
Total Inputs, LE/fed 2154 1654 2404 2524 2024 2774 2894 2394 3144
Yields, kg/fed 1817 1680 1890 1997 1959 2073 1915 1838 2020
. Prices, LE/kg 30 20 25 30 20 25 30 20 25
List of Outputs .
Total Prices, LE/fed 5450 3360 4725 5991 3919 5182 5746 3675 5051
Net Income, LE/fed 3206 1706 2321 3468 1895 2408 2852 1281 1907
Investment Ratio (IR) 253 203 197 237 194 187 199 154 161
Notably, thehighresultsof IR valueswereobtained
for goplyingorganicfertilizer for anyirrigationtimetresat- CONCLUSION

ments. Inaddition, referringto the national IR value,

which isaround 1.20 and 1.50 LE of camomile and Thefollowing can be concluded from the afore-

origanum, respectively for thegiven tresetments, could
be overcomewith all options experimented for orig-
anuminthisstudy.

Depending on the detection of thewater consump-
tionfor al trestmentsand economical assessment, the
rate of 1 liter/day (¥4 hr/day) and organic fertilizer
yielded the highest profitabl e gains of camomileand
origanumplants.

The obtained results stand in harmony with those
previoudy reported by Seidhom and Evon K. Rizk™,
Kambiz et al.® andAli et al ™M,

mentioned discusson:

Water useefficiency and water economy of camomile
and origanum plantsincreased by decreasing irriga-
tiontimeand use of mixed organic-inorganicfertilizers,
but organicfertilizer returnshighinvestment under any
water regimeaongwiththe 1 liter/plant/day (V4 hr/day)
treatment. Theempirical averagesfor seasond Kcval-
uesfrom thetwo experimentsfor thestudied plantsare
0.63 and 0.36 for the best WUE values of camomile
and origanum plantsgrown at El-Sheilkh Zuwayid re-

gion, respectively.
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