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SUMMARY '. t. "Y '/'' .._ !' I ~ ; 

;_ . 

· The northwestern-.:coastal t:z"drre~ :o:f· ~Egypb :.extends-·fi-rom 'Alexandr±~i- to .. ~the 

Lyb:lan border over a length c.rf·'-abdut·.:SQO. km :and, a width- ·of :15 to 30 km. 'The 

ma:fri agricultural activities at present are animal hus-bandry on natural; 

rangeland, rainfed barley cultivation and ,;fru±ttl!'e~· cu~ltiv·at±on.,. ~ma:inly :for the 

production of figs and olives. In the most eastern part irrigation is possible. 

ThfS. report deals with barley culti,V.a:C.ion· .only... .., ., ,. _::./.: 

~ Z: Simulation runs were carried out to calculate barley ':pio.duction for· different 

loc~tions in the nor .. thweste"rn ,-~~oasta]:- :zane·;~ ·using the CWFS ·s-imulat1lon ~model for 

annual crops. That model cal:cwla1tefS' ~in a· ~.h±erar:ehicaJ.: s:equence':~potential 

pr6duction, water-limited production and nutrient-limite:d ::producti-On, ~.· 

con§:idering especially nitrogen and phosphorus,, ~f1:'om hdsiic dat-a .on, crops, 

weather and soils. 

! ,. The phenological development of ari. Egyptian 'barley ~cu1~tivar ._be:f'o.re):·and after 

anthesis .was calculated from available data. The other cnap-:,par.amecers are 

default values as used in the original barley data set.::'Most. _o·f:<ithe pa~ameters 

areJ.1-rather crop than cultivar-specific. ~>- --g~:{ .· . ..-~--..-~ . •,I 

The,:climatic data were derived from climatic normals for .met~Qrological stations 

along the coast. The mean annual rainfall is 1so·mm • 

.i;~: The soil data file of the simulation mo.d€rl :.·c.otrt:ain$. 15~.:~" st-a.ndard": tSoi~ types 

ace~rding to Rijtema (1969). For two soil typ,es . .:±tL·the te.gion, ..... Il\e~sur~d<·~soil 

moisture characteristics were ava];l:able .A3r.om,~l:iter.atur~ i1 twQ.ich t~W:~:t)~ U$~d, to 

replace the standard ones. For each soil type natural::::s~il·,,fer>tili~y ~IJ.<il 

agricultural potentiality were derived from own measurements.~a~d~·:literature. 

Simulation runs were carried out for each soil type in each part of the 

region to which a climatic data set applies. The water regimes used:a~~3'J!a.infed 

with complete and homogeneous infiltration, assuming avtiilaaility -~Pfc~th~aa,lllount 

of water needed for maximum production without fertilizer applicatioiJ.i .45Q·,;mm 

infiltration annually and optimum water availability. The rainfed sit~~_t1,.pJ,1 

includes surface run-off and wadi flow, if any. 

The simulation results show that rainfed barley cultivation.~·ts:.~on.ly~<-~,:_; 

possible at locations where considerable amounts of surface run-off and wadi 

flow are concentrated, the depressions. The total area that is suitable for 

ba!'ie~y ctilEivation, · on the ~o-a:sts ~of··· so±J:~cha.~ra.e.:ter±st-ie.s, ... is ca. 160 ~00.0 .ha.~ 

The average cultivable area at present is determined by water availability and 

is limited to the depressions, comprising ca. 40 000 ha or 25%. Barley 

production is estimated at 32 000 ton grain and 144 000 ton straw when all 

cultivable land is in use. If water is concentrated on part of the depression 

surface to a maximum water availability without the need for fertilizer 



- 6 -

application, the cultivable area is reduced to 29 000 ha or 18% ·0( the- suitable 

area, producing 36 000 ton grain and 131 000 ton straw. Under a water 

< ··availability of 450· mm anrJ_ual].y tl;le cultivaqle area ~~~ref.~es to.16 000 ha or 

10% and the production,becbmes·66 090 t()P.::grain and 7?. OQO. ton,straw.: ~R- .. t]Je 

latter situation 1100 ton: N 9-n9. 600; t()p P; ferotilizer, harv;e. to·:)e ~PP};i,e4·~~'~· 

In~ the~ Burg el .Arab r.egi~p. ca .• : .. 45 .. .00,0 ~a ~.a!!·. :be ir_~.~g~t~,4-.• If. i!r·~~~~f:i,<?n 

water is appl·ied· to _a; level that the maximum_ yi~ld.· w1--~!J.o~.tJ::. ;~r~i;Liz~!i.i_::·;]·:r::7:£ 
~·:·'·.application .. can be achiev~d;. the . totaJ:· barl~y~ prf>d~c~t~op.,~. j.~, 1 . .2p pOO; ,.tc;:>~".~:t"-?J~P. 

...... ,-an.& 33:: 000 ton_ s·traw, tequi;r:t,p.g_ 17~ 1:n,:iJ_l~i9n· m3 y7ater •. ~. At.·· ap.. ir,r~:gatio,p._.]:c=;y~+; 

comparable to the 450 mm water regime under rainfed cond_itio_n"s.,~ ~.e _gr:?~n~.yield· 

becomes·· 77 000 .. ton and- stra:w yie1d 90 000 ,t9n, regu.i.ring .. : 1: 1.:~·.0 .to~ N,,,and 690 

· ton· P. · fertilize-r and 31 mi-llion m3 wate.r. How;ever, when 1 .su_f.f::i.cient ir:rigB:_t,.~on 

··~-:. .: wa-ter: is .avai-l-able. o·ther crops will :9ec ;more p,:ro_f-iJa:b~.e :.t~::B;n ... b:ar.ley. . ~ . -' :-.· 

!.~ ... :I"t~~ 'Bhould· he· not·e-d th-at· yield redu,c-ing, fa-c.tor:s ,~ :S-~~h_-_ .~~ pests B:nd , ~.· ~ ~,,, 

di:s·ea:s-es:, w:aeds and harvest lo.sses, haye. p.ot:· been ·:.t::a_k,_t=n. i:P:hq- acco~nt ,so far. .• 

Grai~ y..1:eld-, reductio.n due ·t.o ·t:!h.e ·pres~Jl~.~i oft .~.~~ds.: J:.s _esJ~m?t.ed ·_at }SJo _:f!:,n~ :post 

?Jlarvas.t~ lo'sses· at- 10-%. For s.traw the .t.o_tal ~o·sses_ aFe:, :!=S:t_imB:t.~d. _B:t 2Q%,. Data on· 

actuafuy:wcrter· .avaj.::labili-ty and~ natu..ra1 s_p:i1~. Je;r-t_i~.~-}(-y:· ,ar,~ ::_s,c;ar-~e:_ ia~d~ ~n:.c.~mH~.ete, 

c':~"~·SO ':a' :corrs.ider:able· part: of .the ·analy.s:L~: drS bB:.Sed- qn ;e_st~:TI19c~:~~;·~· >·· ·;;·, :.: ~~-~ 
- ._~TcY ,:construct inpu.t:Jout.put .rt·ables_,.: ,th~_t., c_~n J~;e, tt,s~d,fq!<C-~ul~~p~e C{O:a}:: 

;;J:·iine~.tt Rr.og.ramming (MGLP)p, not :.only ~the yield lev~_-l.S: I_pay:~ ~~: )~e =·~P~~if.;i.~~d~·!cbut 

,b':a:lso:.Xhe ·inputs rrequir.ed t_o~ -achiev~ , them..· ~There~:<?._r~~' ~V:-9--'F·.i,q;us, J?YStem~ }::~-~r:.}?~rley 

F~uittiv:ation ·ha-:-~·e· b-een ·def-i_ned.~: cin -~his. ~St7..J4Y ,~el}j·:R:g;t;-;icu):~~~~ :P:Pe.ratt~(?f?:;S ~?Se 

,dfstitfguished, ·'some ,co;f wilich '"acre;· c:cb~ligg-g~y, ~_+{k~' ;,~o~~~g sAAd ):~C!!"Yt~~~ ~:::!:~ '_)~l;l,q 

others are optional, like harrowing and weeding. Those operation~ r:~an. );!E( 7 ( .1 

carried out in hand labour, by using animal traction or by using mechanical 

equipment. Not all three modes of tl~P~];\a:t;~o~. ar,e .. :a;PJ?;l~qa'Q~f.:/~,r,~~~-:a~l, ~::O,P~~at:ir<?I]-S in 

the Egyptian situation and only the relevant combinations are considered. For 

.~L::each · comb.:f.:ri.at:ion allr_ i~n.p-uts, mainly ·-lab~ur ~, .. _qr.~ qu~ntJ~-i~d,." ·~ 1;4e; ten_ qperations, 

J thfi •"'three'. levels' .. of mechanization :.,,;tnd · :th~ r,thJ;ee · p,roduc tion .. ,levels -are -,C01;n]:)ined 
' - • • • • • ' •' .1... \.,... • -·' • .... • ~· " ~ --:· •••• 

;,; :·:itit·O ~-seven teen. barley cul tivatipn_~ ays tellJ.~· ;· Which., C{ln~l:>.e ,--.appl~~d ; in th~ ~:·:tYf~r~u t 

','<,. 2 c;Th!i!s. set .·'Of cultivation:-' system$ iEt. U$ed, i~·- ~n 1,1GL? ID()pul~ 't;o., ass~~~;:}}Ygich 

cu1t:1vatli.on systetiis c,are selec-ted under· vat"icrus _ so~i9-~~o~2m1-R::: co-qdi.~io9~ -~ .~::' 

·-'. ~- ..i (_· 

. ' \::.f .. ..,.' -,: ~· ' 
i" -, ( 
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·· -1·. 'INTRODUCTION-~ . :1. 
·:_• 

This.: report :~7 oif barley:':produc tibn :·_in the northwestern· coastal _I Z6rter,6f ~-Egypt 

i~.: p~rt of~ thet:·Miirfht-project';. a'' joiht aetiv:ity '0f .·the University of '. !·: 

Alexknd.ria·'; CAB() aiid;:·.·t:he· Departth~nt of" Theoretical,. Production Ecolbgy {j)f the 
·~(' ·~ ,,_ •• c ~ • ~ ;,_ '. '"" i \I • ..1', 1-. •• 1 .••• ~ . '• • · • •'' . .-, } • 

· A:grJ.:cultural Un1.ve·rs1.ty a~ming at a·s·sess~ng· the :potentials· of· different 

agricultural· gy'Stemsr for Land~ use 'planning·. The· Egyptian government is :: ~'·, ~ · 

r:Lb.teres·t:edi 'in ·a:kv="e1opi-hg: 'the: northwe:ste·rn· coas-tal· zone to alleviate 1 pop.ul·a.tion 

p-~·~··~stire-1 ·on·:' the· -0l(f·· land· 'ahdi'·'fo~ eoifltr-J.b.iite to~ 'the· -foo·d sec'Uriti)T' bf :the· 'counifry 

·· ' '' -~,-~·Pro·]~ct =pr"bposia'J:i~: ~1ig'81) • r --:. '- 1 •. :. : ~ ·l r ::.:: ~:r:/ ·. 

·, · The."·n'6rthwester!{·-~·o-as~t-al z'bne e'xtertds fr-Om Alexandria ca. s-oo·km=w.est-c-,. to 

.: ths-- :'Lyblan· bord:ei:\l ove:r' a w-idt-lr·'of 1:5~:3D- kni' (Figur-e 1). The main a:g.rd:cultur.al 
. ' . 

activities 'a'i' pres'en't <are·· ani'ma~l hu:sbandry on nat'ural rangelilirtd,;:: rainfed· :barley 

culiva:tlott' ·and· f"rbiltree- -=-c·uTt-ivat:fon·,. mainly· .for the p~rod.uct:ion> ·of·· 'figs and 

oii:ve~f. Iri· .th~ most: ea~ste·rn "part irrigation is possible and other crnp:-s-. are. 

-- ~ :groWn t'oo • .'This:-·fFe·i>-:'ort cdea1s-;:With b'arley production in t'he regi'orr .only •.. : :~ 

·"::. ;:_ :·;' ·FAO· dirr'i:ea~,·:o~e~a.no ·extens·±-v-e proj-ec-t :in this -region in the:·· s·ixties.~· 'irhey 

·, ~ .. :. =-aefihetf. s:·:-pitcit-~~a--t-ea'%F.Eal·ong: -tne= coas:t:, where elaborate' obs'ervattorrs:o·wer:e;. '· 

performed and rese~¥ch· ':on ·a small: sO:al& :Was~-C'.:ar:ried out and t'hes:e .r-e·sul ts were 

ext:rapolate·d -~a1:"orig ·.th~~-~ho1e :~·cfast (FAO-l'·,C~t970) .. ·:.·J.A. soil map was:.prepared based 

- )'{ni ;1)lio~:o~a:hary1s:fs"' aita= 'dit·a'.~(:rf a>.:sdil -niap by· the· 'UAR High Danf··S·o.il,rSurv:e¥·: •. ~ The 

·,~-::_: :a~afy~e~r·'t:YY ~FA'O,?·!elribodled'':Y.f.n £~':r~~po·rts· . .:and- ... s·everaJ: maps-:, r a:re ,intensively· ~u·sed 

~'f'or ~'bas':f'c' :.fhfbtnfatfon; ··rleede& ~i'n. "'rlhEf :l>re-~nt'~-~prO-j-ec~'t- .'.:-Other important. SOU'r"Q..es of 

:fii'formaiioif:a~e :tlte fSAWENE·):a-11d ·REMDEN·E .. P~ogress; ·.&el?orts ."'( S·.:P. R.-·. and,~:R-•. P .;:R. , 

197S-.;;i198'2.).;..! '' :;~:-·."':_=:t ( ";_;:·).~'~ _;,[7_: ·;:,,~, ,'::.-:;c ;, . ..-:;·:,'~i~" , ,_ :.·":.: .. ~-·:"·~:,f{j,-

' -
·: .. ~i ·.1 E~ ~~:j:r-': .~-- :· ::.r~j :; .. ~· ~: ··~. J -~ · .. ·~ .l_ s ·~~ -~)~~· :· r·.-·) ~- ·-·: ~~-~ . ::.: ._: .l.. :. 

iCd : . .2.\~\iarious ~'~traf~gf~s 'for bal?ley!:c'liltiv.atio-n: a:r.e. practiced· by.r:!farmers ;itn~'-the 

ri!.'-':-r~·g:i.<:>n; ··soriu:~ :.~g~douiri. sow :oarley'.:befote ;.e:he: first .:rains·""in ·autumn (beginning of 

"':..:ectbberY. ·:ttL·:ts~ tHen c ieft tc) .:germirt11ttF and grow~· If. shortly· aft-er .-.ge-rmination a 

drought period occurs for more than about 5 days, the young plants will .be ·· 

·· ~ iU3.m£~edt: or they· 'tniiy e~eh die .. ·As··,·rainfall:· is :very. erJtatic; fuost9Bedoui:n sow 

barley·' ~!ter: thel:lf!rst"" 2Lor' 3 ··!'heavy"·~·rain showers. Usually· tl}e availabli•J" 

amount of water Is tneri sufficient~ for gennina-tien, -bu-t~-fgJ; actual.plant grQW'f;J:J·~-~ 

continued rain is required (Abou El Enein, 1983). In that case germination 

usually takes place in December (Bedouin, pers.comm.). Seeding after January 8, 

the end of one of the rainfall periods distinguished by the Bedouin is 

extremely rare. The seeds are broadcast by hand and then the soil is ploughed. 

The crop is h~rvested in April. After that, the grain and the straw are stored 
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or used. Harvesting is usually done~b~:·hired .l~b6ur~ As the ~~ricultural labour 

force drastically declined during the last 15 years due to emigration and the 

availability of more rewarding jobs, the barley :·is: sometimes ~·left to be' grazed. 

The barley stubble is grazed after the spring pasture is exhausted. 

Subsequently, the stored straw ~nd .. grain are fed during rt·he summer as 

... ':~~-u,pplements (Wilder, 1984). · ·, ~~· .. 

. . ::__. 

1.2 Method of analysis . . -- -.. _ ·s :~ - r.-. . . I 

' ~-' . ::_. :J -. _,· ~, ( 

A. simulation model calculating. the. __ growth: ·of· annu·al· c~ro:ps ~i-'s :used ~t:o 

estimate the potentials for barley prodt~ct-:ion in· the Ma-riut-' reg-ion;: ;Thi-s 

,simulation model, developed by the Centr~· . .for Wor,ld~ Food- S:tudies~ '(CWFS}-~ i 

ca~culates. in_ a h_i_erarchical se.quep.ce pot.ent.ial produc·ti'on,- W"a·ter-limit:e:d 

prodpction and nutrient-limi-ted production, from basic data: on-: cro:p·, ··-weather 

and soils_. For the soil and- crop characteris'l!ics ·a standard data file:., is· 

ava~lab~e, th8:t ca:p. be used in cas~ l0cal data are, lacking: Weather data.' or 

_ cl.imc;q:ic data are needed frqm -·the reg :ion i -t·self ;;f · · 
·~ ~~ . ' ' • . ! . - ' - ' . 

......... :.· 

•)t'l 

4- .detailed descript~on of -the simulation model is·· giv-en"- in''.'Van f(eui~n and 

Wolf .(1986) . and _Rappoldt (1986) and it :i,.s -not. discus·sed. B:ere any· fufth~r~ 

_. Comq_ining the _simulated barley yields with agricultural :operations;:,_­

various barley cultivation systems. are defined in ''terms. df inputs 'an'd. ·1o1Ttputs .. 

Those systems are used in a Multiple Goal linear programme, to assess the best 

suitable barley cultivatio:q. systems under various socio-economi·c.::--dondit-:i:6ns, 

but that part of the analysis described elsewhere (Mariut team, 1987). 

-. :::~·· 
~i 'l . ' . ' -~ .. :. (~ Cf f.-: 

,.!, :: 

') . " 

(_' •i-' 

•\ ; I '· 

'- ,..- ' 
' \ ,-:_ ' j 
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2. INPU'+_ Dl\.TA ~FOR THE SIMULATION; MODEL ' .. • • ~ 1 

' .. 
' \ . ~ I ·;· \ 

\. 

A <Plp.m,.t data· se-t containing ·parameters for barley was available at the 

CWFS. In the Mariut region a local desert cultivar is grown, so· ,.th'e. ~alrie of 

some parameters, especially with respect to phenological development, differs 

from the originally defined value. 

The values of the maximum development rates before and after anthesis, 

USf:!d .~n ;:~;h~ -~:i:'{llulati-on model~ Ito ~cal'c~ulate:· ··the actual deve'Iopm·et11:· ra~te' had to 

q~ ,adap-ted~. J·.<:>r:i ·t:he. Egyptian }barley. ·cultivar • The model assumes a 1iriear · 

r,el:-attonship;· J;>J~·:tW'ee!i ave.ra.ge. temp·er·a:ture and· development rate· up· )tb 35 °C. At 

9S:.. tc_;_!:h~. d;eveJ_,Q:pm.ent~ rate :r.eaches a maximum. The optimum length· of the· 

; pre..-anthe~i.s.··. g+9:wing1 pe·riod·· forr·'de·sert cultivars uri.der 'tlie prevaiiing 

co~diti9ns. is 75.- days·~ The:. length of the grain· filling period is· about 35 days, 

._. -~,wp.~~!t ?-44£il,,qp t.o.~a. growing season of. 110 days. From these data afidr the 

temperature sum during the growing 'period, the maxirritim development .. rates at 

1~2:~C. yJ~re~c;alculated. This restilted·in a value of 0.034 d-1 for the 

p~~ .... ~l)t~es:h$ ~elf\:i!od ·and·of:0.058 d-l for~i-the post-anthesis ··period. The 

develqp~e11t- .stza..ge ·.is · .. defined .in .such ~'a way·;· that it has the value· ·a at 

-~~lJ!erg~JJ.c~, _.l,,;Q at an thesis and :·2 ;.G at ·maturity • 

. . ) .. :. . ,. '' ·. :· ·'· '; 

To obtain an average crop production for a region two methods can be 

applied. One is to use actual weather data, calculate crop production for each 

year over the period that weather data are available, and then calculate the 

average production for that period. As rainfall is very erratic, daily rainfall 

data are the minimum required to calculate crop production for each year 

accurately. 

Another method is to calculate crop production using climatic data, i.e. long 

term averages for the various weather variables. As for the Mariut region no 

daily rainfall data are available over a longer period, the latter method had 

to be used. 

The climatic data· n·eed.ed.l.n· tne s~mul:Ht±on model= we-r-e~a±eul-ated~accor.d.ing . 

to Frere et al. (1975) from Climatic Normals for five stations along the coast: 

Dekheila, Dabaa, Mersa Matruh, Sidi Barrani and Salloum Meteorological 

Authority (1975). The main difference between the stations is the average 

annual rainfall. 
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Rai~fall decreases -rapidly with increasing I dfsta'uce fro·~. the. sea. No 'accurate 

data on rainfall patterns are available; as -·'there are no meteorological 

stations in the inland area. To estimate.rainfali further i~land, a·map with 

lines of equal rainfall is used (Euroconsuit,; 19l6). Rainfall: distribution• over 

the year was calculated as the average distribution of the five coastal 

stations, i.e. the average monthly rainfall and the average humb~t of rainy' 

days per month. For the inland area three rainfall zones were·distinguished 

with annual averages of 75-100 mm; 100-125 mm; 125-150 mm; r~sp~cLively. For 

these zones, artificial climatic data sets were calculated for an· annual 

rainfall of 87, 112 and 137 mm, respectivelyo 

In the simulation model rain is distributed over each month according to a 

mathematical algorithm (Rappoldt, 1986), which c~l~ulates th~ ·size of 

· individual showers in dependence of the number ·of rainy days'· and the total 
.. ·,.,\ I ~. '_ ·~ : 

monthly rainfall. The showers are distributed ·, a.'t ra~dom v over·- the days of a 
·~·· ~1 

month. The 'random' distribution of rain and the barley production are 

c~,i~ulated twenty times. The mean of the 20 simuia.tio~ rtins· fs-= 'consid.ered t'he 
. . 

average barley production for a specific climate and s'oil type. 

The other climatic data needed for simulati~n, i.e~. ~ver~ge air ,_ · 

temperature, radiation, air humidity and wind speed, ·were calculat~d 'a~ the 

mean o.f the data for ·the five coastal stations.'~ 

The Mariut region is subdivided into 5 reg.ioris, with a me·teoroJ:ogichl'· 
~ .J • 

station in the centre of each reg'ion (Figure 2) l; -The .cli~a:tic data sets fdr 

each of the five stations and one example of ·a n~ean cli1llaten~, .. -as ·,use·d in ·the 

simulation runs, are presented in Table 1. 
tl ~· ~~· _:_i i: ,I: r • ": ~ : .{ • 

2.3 Soils 

a. Physical classification 

1: 
Soil data from the FAO reports on the ~~rthwestern toastal regiori of 'Egypt 

were used for simulation· of barley production. FAO prepared ho'th a soil map and 

a potentiality. map for agriculture •. 

Four main soil groups are distinguished: 
· .. :) ... l, ,--, ;•J I 

- windblown soils 

~--~~=sorr~-~-()f~en:e~~tOrm~r"seacli pTains a.ita~auiie CiepressJ.o~~~ 

soils of the alluvial fans and outwash plains 

- rock land 

These soil groups are subdivided into soil types according to depth of the 

profile and soil texture. For each soil type a representative set of soil 

physical and soil chemical characteristics is tabulated in the FAO reports. For 
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the,present purpo$e, h9wever, it is more realistic to classify the soils 
' , _-< ,_- :. , • ) • •

1 
\ ,· • ;.. ~ :,, .f 7 ' : ·.! ·.·; .. • : ·.> -~. ' : .: ,_ ..... . ",...', 'I ,. , :,·j 

according to soJ~ o,moi9ture <;hC:rf1ct~ri~t;cs a~d/ or hydraulic conciuctivity. The 
-- •· - ~• • ~ - ~- t. .1 - . .- .,- . • ... • • ·- • ~- -~, 

F,A.O_,r~ports ~o np1; I?'~oyi~e enough ~atq for that purpqse. 
' ,j • ~ -· \ . • .• - ' ' \ - ; " . ' -~ • • • .. • ·- --~ ~ •• 

_ijargq_~t.cal. {~973) determined soil moisture characteristics for the 
• ' • ~ J. ,:,' • • ' • - , •' '~-: ' '• I ;:• ~ ~:,J; ••·· .... 

following_ f;i.vT _ .. g~oTI1Qrphologi~al ~nits, dist~nguished in tl:).e northwestern 

desert: ~ oolitic sand dunes 
• . -~- .;~ r.:_,_;l ; __ < r -· ~-- ... ';"' ·~ ~- ·._( 

(" 

-.coastal plain 
- - . :: .•. ~ !;.· .. - -;._.~ ' '~- ' ; f • • 

... 7"', l-~~~~n- area :- _ 
--·.-.. ... ·-· -·- .... ). . .. " ..... I:',,:.~·:---''' 

___ _ ~. fJfpnt.~l Pta~n 
.,.J_,,'"-; • .1 -:*' ,I _ 1 ~ • 

- Mariut tableland 

F.or that. !'u_rpos~ a trans~~t_,was _sampled in the Burg el Arab area~_ The soil 

moisture. content.~t different soil moisture suction values is repor~ed as a 
;_ ''..,: ;_\; 

fra,ction by WE;tight .•. : In, th:e simulation model a volume fraction is needed. Harga 
• • J ..1 :r ;: _ _. • - 1 ; : 1' ~:t J . ' 

_et al. (op .e_it . .-} did ~ot_ ~easure bulk density, needed for the transformation 
- -·· 

from weight :tP V<;'lti;me fraction. Tl1erefore, bulk densities measured by Gomaa et 
\ • ; .- • + '. ~ I',; I 

. al. (19.78) were. used • .Jhey __ sampled in the Burg el Arab and Omayed areas and 
. - _ ... -- , .:- - - : ; \ ~ .. -· c._. -:-; , __ --, . ~ . - - -- . -- - - - - - _. :.j '-~ . _.: r .. - : _.-_ . 

determined both_ bulk_ ,density _and particle size distribution. Harga et al. 
l ~'I" -' •• --.' ' 0 

• ' •• I 

(1973) a).s9 ~~rt-~,!J!~ined par~.i~_le si~e distribution. 
' -'•• '•' - ' • ~ ,.. • ;.. ' • - ,_ - .._ • t I • 

.. 
. ..1 

I;n t.h~ .• ~9.i;lr .~a~C!: file of. the. simulation model, data for 14 different 
' .' .. · . . .:... : ,. ( . -' . . ;~ ... ~ 

"standard" soil types, characterized by_ particle size distribution are 
~· . ~ ,::· . . .. .; ..,., ·-.s· ... · 

ta;bul~ted, _ __fql_;lowing .the classification by Rij tema ( 1969). In literature on 
l •.• ' • • .:. ~ -. "::1 ;t r. ._ . .., . · ·•. · · ~ • .~ · . ~. _ • ; . ~· :~ • .., , . •· ':· 

Egypt ___ m:a~-y;_ s_qi],_s_ .. C!:Fe. _cle3:ssified e!;S sandy loam. This texture class was not 
J ""~. ~' ~ •• ' ., • l - - ' - • ' '• • , , . I ' , , • -;'• ... • : • • • • ' •"1 1 ~ • -. 

.:-- ipc~u~e_d_ iD: t~e: ~,:s~~ndard _soil data set -~nd w~s ~~dded to ,t_he soi_l ,~ata fife)~: 

(Rij tema, 1969). 
j - ••• -~ !) . ~.:11"'. t :· 

The measured soil moisture characteristics, given in Table 2, were added 

to the soil data file _as separate soil types except those for the :ooliti~ sand 
_; 

dunes and the lagoon area, because these areas are not suitable for field 

crops. The additional parameters needed for simula~i,..C?n~.-(e.g. __ h·~-d~all:l~c 
, ..;, ~::,. - . _.. .;._\ • I ,~ ("' 

conductivity) were taken from a similar soil texture class, according ·to 

:-:r _-:~article sizE:: :~~~.~~_ibut:Lor; ,~n~. soi,l moisture_ charaGteristic. 
-··· 

A short d~_sc~iption of the soil types,, as d~stinguished by F.AO (1970), is 
0 ; - _) 7; - ., 

': j ~ : 

given in Appendix I. 

,,r L{ · ;-:•,•."; \;~~.. ~~ .t "' t· ~ T:· :.'~!~-< 

The potentiality map for agriculture was used to determine which soil types 
. _-. ") E' .--:, -_; d ll - _r 

·whl:cli ar easar·e· ·srttab~h:r~or--b-a~ley~ e--u-1--t-i.--v~-t-!-en,...-Onl.y ~.e.s .. e.ar eas --~~-~ ._ .. 
~ : ~- ( : . - . . -' ' ":" : ~. . : ' ,,_ .:. f ;' :· .. . . . .: 1- - ..: ~· .. 

considered in the simulation s~~dy. 
~-· 
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b. Chemical classification 

Most of the soils in the area are calcareous and the'· average caco
3 

ctint-~nt 

:o gf. soils suitable for barley cultivation is 30%, but ranges between 10 and 6'0%. 

The most appropriate way of taking this into consideration in the simulation 

model is through its effect on the soil moisture characteristics •. Unfortunately 

only very few measured ones are available. 

Another problem in the region is soil salinity. For all :soil ty-pes, part of 

the area is reported to be saline and therefore unsuitable for a"griculture;.::;~-:F-A.o 

___ (~~port 2, 1970) estimated the fraction of saline soils within· each 

potentiality class. These fractions are presented when calculating the· 

cultivable area for the various regions. If enough water is available with 

adequate drainage facilities, the salts can be leached beyond the rooted zone 

into deeper layers until they finally reach the groundwater. 

The uptake of nitrogen and phosphorus by barley is estimated from chemical 

analysis of samples from 8 barley fields, sampled in spring 1985 in Egypt. Six 

of the barley fields were situated on a sandy loam soil, one on a loam and one 

on a loamy sand soil. One of the six barley fields on a sandy loam was an 

exceptional field, so it was discarded. The averages of available N and P for 

plant growth on sandy loam soils are 32 kg ha-1 'and 2.8 kg ha-1, respectively 

CP/N-ratio = 0.09)* For loamy sand the values are 28 and 3.9 kg ha-l (P/N-ratio 
1:: 

-~~1 0,14) and for loam 15 and 1.1 kg ha-l (P/N-ratio = 0.07)'. :Bakr Salem (1985) 

measured values of 33 and 3.6 kg ha-l on a fine s·andy soil (P/N...:ratio = 0.11). 

These values are all for unfertilized situatio-ns in the g-rowing season 

J984-1985. From the P/N-ratios it may be concluded that P uptake is not ;·f!in:fted 

, by __ a minimum supply of N or visa versa, although on loamy soils P is in · 

1~elatively short supply and on loamy sand soils N. 
"· El Hadidy et al. (1971) measured an N-uptake -by barley of 72.5 kg. ha-l ~in 

,. ; . -1- ., .. 
a phosphorus fertilized situation (application of 55.3 ·kg P ha ) on a sandy 

loam .soil in Ras el Hekma. This value seem~- rather high, ~s· no nitrogen. : r 

fertilizer had been applied on that plot, but no satisfactory explanation could 

be found., From the same fertilizer experiment the N-recovery was calculated' 

. .- -~- s::, \~ ~;rom_ plots y;here nitrogen fertilizer was applied. It was 0. 44 for nitrate 
. . 

fefti~izers and.0.3. for ammonium fertilizers~ From experifuertts by Wassif et al. 

(l-:9-l~)~~Feeevei:'....y ·e~-fa;.-t.--i-±-:i~e-rs~e-f~G.4 ·· is~-es1:i--ma-ted~. -
,,... .:: , . ~' r . . 

,:?_;;ib~t et al. ( 1968). carried out a fertilizer experiment usitl"g various. niti·ogen 

;fertilizers. All treatments received 250 kg P ha-l, includlrigl the cont:rbl·>fi. e. 
- ' -1 

no N application) • In the control 10.4 :t<g N ha was t~ken 'tip from' the· ·sofil by 
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the barley crop. TheN-recovery was 0.65 for calcium.nitrate and ure~, 0.56 for 

.. anunonium sulphate p.nd 0. 74 for ammonium nitrate. It should be noted that this 
.... . ·~ . . .... f-:_ .• ..... . ! :· : ' 

""-as ,a., lysimeter, t~ip.;l and the plants had only grown for 56 days. 
.. • ~ • - • '. J .: ' l ·• 

These are .th~ only available soil chemical data at the moment. On ·the basis 

PI: ):hes~, .. data. :f~e.1 f_pllowing natura~ soil fertility data are estimated: 

loam : 10 kg N and 1 kg P per hectare 

sa~4Y -~~,am.:_. 3:~~- ·:~g ..:R .and 3 kg P p:er hectare 

.~loa.m:_y, .~.an,d :_ . 2.~. k __ g. N 9-nd __ 4. kg P per hectare 

fine sand :. 3.3 ~g }1 a~d 4 kg P per hectare 
.... - j 

The N-re . .cove.rY: is !3_et at __ 0. 4 and the P-recovery at 0.1, the latter estimat·E{d as 

an average-; for .$,\fP~_rphosphate. 

2.4 Water supply 

Two sources o~ water exist in addition to rainfall. 

a. Surface run~off . . ' . "t .• •. 

, .:· :·) .. Measured qu~p.titative .. ~~ta about run-on/r~n-off in the area are very 

. _scarce. In the_FAO project some estimates were made for the pilot areas • . . '• . . 

S~;face run-off. foefficients (=_ f~a~tion of the rainfall that flows to other 

areas over tpe so;i.l. surface) are estimated and for some areas also the ratio 

catchmen~ .a.rea. ,_tp,):>eneficiary area. The average run-off coefficient over 

:1 ~ -~~·~;ances pf }_q.<:t..g_, 100 m is 0. 20 to 0. f~. and over longer distance~ 0. 05 to 

0.10 •. Run;;off .is Aep~n4ing on rainf,all intensity and infiltration capacity and 

is a func~ion -~-; -~~il type. and ~pi;l,Jsu~fa~~ conditions and t~pography (slop"e). 

::-.: :Jf "rainfall is ::J-ow;t th~ ratio ca_tchment are~ to beneficiary area has to be high 

for,.a successful barl.ey crop,_ as a total water supply of 200 nnn is-considered 

the minimum for. b~rley cultivation (FAO, REMDENE). · . ·- r.' 
:··, 

b,~ ,~Wadi flqw 
.·\1. 

.. : ; •. ' :"•. 'j•';' 

In part of t~e Mariut region additional water is supplied by wadi fiow~ East 
-· . 

of Fuka no wadis exist and the barley c~op depe~ds on.iainfali and-surface~-
·················· _, ................. . 

rup-off .o.nly. ~::e;s_.t:-;.o:f:Fu_ka ···wadf.flow .. :rs······a.n: Imp:ort·crnt··-p:art:·of:·the .. to-t:a-1--w.at~r----

~·. SUpP,ly.. to tJ:le. c~op. FAO has estimated the w~di. flow ani the b~nefici~ry are'a 

for some w:adis in J:he _region( •. These <fata have been extrapolated to other wadis 

too, as these are the only data available. 
·· ~- i t: r 
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,.2. 5 Water regimes 

Simulation runs have been carried out for various water regimes, i.e.: 

-·· water regime with an even distribu.t.Lon and complete and homogeneous 

infiltration; 

·- 250 mm infiltration annually; 

300 mm infiltration annually; 

- 450 rn.m infiltration annually; 

- potential situation with an optimal water supply. 

The natural water regime comprises rainfall, surface run-off and, if 

present, wadi flow. In the first simulation runs the water regime with an even 

·distribution resulted in very low yields and in some areas in no yield at all, 

which seemed unrealistic compared to the reported average yield levels of 500 

t·o 700 kg grain ha-l. From additional simulation runs it was concluded that the 

" · ; water regime, required to achieve the actual·. barley yields was about 250 mm. 

, ':Therefore, simulation runs for a water regime of 250 mm were carried out for 

each soil type. 

The 250 mm water regime can only be realized by collection of run-off and 

wadi flow in addition to rain. The area has an undulating relief and barley is 

grown mainly in the depressions. In this study it is assumed that on average 

250 mm of water is available in the depressions and that the cultivable area 

consists of depressions only. For each soil type the cultivable area can now be 

rl:Jr: ::calculated from the total amount of water available on that soil type (rainfall 

and wadi flow) and the run-off coefficient over short distances. 

~- -:: ·· The 300 mm infiltration represents the amount of water needed for lriaxc~ftnum 

I' 

use of the natural soil fertility. At higher water availability nutrient s1ipply 
' .. 

is limiting for crop production and fertilizers should be· applied. 

An infiltration ·of 450 mm annually is used to calculate the barley 

production in a fertilized situation. The amount of 450 mm is enough to realize 

·a,reasonable yield (3000-5000 kg grain ha- 1) and a higher water availability 

g.ives only a marginal increase, due to the :erratic distribution of rafnfa.ff. 

The required amount's ·of N and P fertilizers are calculated- in the· model.::: 

2.6 Standard input data 

For execution of the simulation runs some data have to be introduced at the 

start. These were assumed identical for all simulation runs. 

a~ WAV: The amount of water available in the soil at emergence in excess of the 

amount of water at wilting point. This value is· set to zero~ The actual value 

is very difficult to assess and depends on unknown factors, such as the 



- 15 -

intensity and distribution of rain before emergence.· In any case· the amount 

available is very low. In the SAMDENE and REMDENE Progress Reports the soil 

moisture.co~t~nt for various ·soil .. types in different years· in 

December/January is reported to be.around wilting point, so the assumption 

WAV = 0 seems reasonable. 

b. SSMAX: the maximum surface storage capacity for water. This is set· to··zero 

too. Very little is known about the surface storage capacity and in~this case 

it is of minor importance, as infiltration is always· complete, and .no 

standing water occurs •. -

c. 

. ~ ~ •,; \ 

.1:--- .. ·-·I' 

In.,~he · calcul~tions no i~fluence. of a groundwater table is assumed. In 

most locq.~ion~ the depth of. th~ groundwater is such, that it does. not . 

contribute--at. all to the water availability for plant growth. Only in. a 

narrow ~e:I::~';_a~ong: the coast groundwater may influence :moisture· 

availabi~ity to the crop;· but as no quantitative data are available about 

areas .an<f. depth of the groundwater table it is difficult to estimate .··that 

inf.luer;c~;• ~,~qr.eover, if _,the groundwater is quantitatively of i-mportanc·e, 

fruit trees are grown . 

. 2,. 7 .Simulation: runs 

Simulation~of barley production.is carried out for four of the five 

.~~gions distingui9ft.ed. For the Salloum region no data on soils and water 

::.~.:<)management were a:x_~_ilable,_ so barley ·production could not be estimated. In .. each 

region the soil t,ypes were described ·by FAO. Only ·the soil types suitable for 

I:.Pf>a::r_ley cult,ivat_io.g, ,a~.e _consid~red. For each soil type the simulation ·runs were 

· r-.-carried. out. fo.r. the four water regimes described •.. Mos-t .soil types have. two . 
... '-: '~·l '. - - . . •. ~·· ..... .: . . -

different nat~ra): .. ~ater_ regimes because they occU:r in two rainfall zones ... 

As starting __ 4ate for simulation and thus as date_ of emergence December 20 

.was taken • . . ........ ..... ~ > 

The re.su~t.~- of_., .. the. simulation runs are presented· in units of 100c.,kg dry 

~a-tter per hec.t.et.·;t;~~- .becaus~,·" .~onsidering the reliapility ·of the input data,.: the 

calculations p.r~ not. ,more· accurate. The ·fertilizers required ,t_o .~c.hieve the· 
-1 

calculated dry matter production are presented in units of 5 kg ha • 

... ·, .. \ 
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3. BARLEY PRODUCTION IN THE BURG EL ARAB REGION 

The results presented in this chapter refer to the Burg el Arab region'§ 

defined as the regiun between Dekheila and El ,Alamein. 

3.1 Introduction 

For simulating barley production in the Burg El Arab region the clima.t:ic 

·data set from Dekheila meteorological station is used (Table 1). The area -is 

served ~y two irrigation canals: the Nasr Canal and the Mariut (Extension), ~ 

Canal. From these canals part of the area between Alexandria and El Hammam can 

,. be irrigated. 

For the simulation of barley production, the amount of irrigation water 

available for plant growth is added to the rainfall. The number of rainy days is 

reduced to 3 per month and the dates for irrigation are set at 5, 15 and 25 for 

each month. A farmer usually does not irrigate more than once a month, but. rain 

may fall between two irrigation events. In this case rain is distributed 

together with the irrigation water, which means that between irrigations no 

·::'water is added to the soil. To compensate partly for this effect, the monthly 

number of irrigations is set to 3 instead of 1. 

"Irrigation" in this context refers to both run-on and irrigation from the 

':canals, i.e. the total amount of water added to the soil surface in addition to 

rainfall. The efficiency of irrigation is not taken into account. 

"Infiltration" comprises both "irrigation" and rainfall added to the soil ._, 

surface during the growth period of barley. 

The simulated results for the potential, the nitrogen-limited and the,~ 

phosphorus-limited production situations are specific for each climate and~:are 

'discussed first. Subsequently, the results for each soil type are present@d 

separately for the irrigated and the rainfed situation, in dependence of··w?ter 

and nutrient availability. No wadis are present in the Burg el Arab region. 

3.2 The potential and the nutrient-limited situation 

-1 -1 
The potential yield amounts to 6 300 kg grain ha and 4 900 kg straw-ha 

(Taole ··3)'.· Dependirq~f on·tne -··nafurc:rrsoil···fettiTit:y-~·'w1iich·i~feitner'32-1tg~N ·and · 

3 kg P ha-l or 28 kg N and 4 kg P ha -~, the required fertilizer amounts to:· 
-1 

attain that yield are either 125 kg N and 65 kg P ha or· 135 kg N and 55 kg P 

ha-1 .. The nitrogen-limited yield, when 32 kg N is available is 2 400 kg grain 
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ha-l and for 3 kg available phosphorus '.the. ma:z!irnum yield is 2 000 kg grain 

ha-1• For a natural soil fertility level of 28 kg Nand 4 kg P ha-1, the 

maximum yields are 2 100 and 2 700 kg grain ha-1, respectively. 

In the potential situation the value of the harvest index is about 0.55, 

depending on the exact lenght of the growth period. The harvest index is a 

result of the dry matter distribution, which is introduced in the model as a 

forcing function. As no data on the potential of Egyptian barley cultivars were 

<~vailable, it·. i·s: unknown what the harvest index should be. Therefore, it is 

·l~ft··- unchanged:. In the water-limited situation the simulated harvest index and 

the~·actual harvest·-index, as reported-by Abo Elenein and Sultan (pers.comm.) 

-~ 1 vary 'within the same range (0 .10-0. 25). In the nutrient-limited situation an 

optimal water supply is assumed. The only constraint on crop production is the 

~absolute amount of nitrogen or phosphorus available. The situation, where both 

. nu-trients and wat·er may be limiting at times' is not considered here. 

-· '3.3· Barley yields for the various soil types under irrigation 

The .re~~ults ·of the simulation runs for the various soil types are 

:pr·esented in Tabl-e -4. The 250 mm water regime, as described in Section 2. 5, is 

not considered for the irrigated area, because levelling of the surface has 

beeri: carried out. Two irrigation levels are distinguished. Irrigation level one 

-ls equivalent to- the 300 mm water regime in rainfed areas and represents the 

situation in which maximum production without fertilizer application can b_e 

achieved. Irrigation level two is equivalent to the 450 mm water regime in 

rainfed areas, as can be seen by comparing the annual infiltration during the 

growing . season- (I)· in Table 4 and 5. Of course, higher irrigation rates can be 

..:·~.::.::.>applied~ but the-n also other crops will be grown. Even at the second irrigB:tion 

ievel farmers may:prefer other crops, but this is not considered in this study. 

·tonly the potentials for barley cultivation are explored. 

b. Soil type Bl 

- Soil type: deep sandy loam to loam or clay loam. 

N~tural s6il·f~rtility: 32 kg N ha-1 ; 3 kg P ha-l 

·' · ~- -Ag·r.Ic 1.1Ttur al p o terftiatity : su±tabl-e· fo-r al± ere-ps-.~·-· - . --~~ -····· 

This soil type is: situated on the Frontal Plain and the Mariut Tableland. For 

both geomorphoiogical units soil moisture characteristics are measured (Harga et 

r'"\·~al., 1973, Table 2.), so two separate simulation runs were carried out. 
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- Frontal Plain 

Irrigation water is available from the Mariut (Extension) Canal. 

The soil type is situated in two rainfall zones. From the simulation results it 

illay be concluded that growing barley under rainfed conditions assuming an even 

distribution and homogeneous infiltration of water, without any additional­

water is not feasible. Grain yield is only 300 kg ha-l in the highest rainfall 
-1 

zone (184 mm), while straw yield is 3 300 kg ha . If crop performance is poor 

and expected grain yields are low like this, the barley is usually grazed. 

Without any nitrogen and/or phosphorus fertilizer application, i.e. 

irrigation level one, the maximum yield is about 1 550 kg grain and 4 4.00 kg 

straw ha-
1

. If more irrigation water is available and fertilizers are applied 

higher yields are possible. The magnitude of the increment depends on the ~ 

degree to which the constraints are removed by additional water and nutrients. 

If irrigation level two is reached, both the grain and the straw yield increase 
-1 -1 

to 4 600 kg ha • Fertilizer requirements are 80 kg N and 45 kg P ha • 

- Mariut Tableland 

Irrigation water is available from the Nasr Canal for part of the 

Tableland region with soil type Bl. This soil type is situated in two rainfall 
-1 zones. Under rainfed conditions grain yield is 50 kg ha and straw yield '1 400 

-1 
kg ha • For the rainfall zone with an average precipitation of 112 mm no 

simulation runs have been carried out. 
-1 

At irrigation level one a yield of 1 300 kg grain and 4 050 kg straw ha 

can be achieved, without fertilizer application. At irrigation level two the 
-1 yield is 3 500 kg grain and 4 500 kg straw ha • Fertilizer requirements are 50 

-1 
kg N and 30 kg P ha • 

b. Soil type C2 

In part of the area another variation of soil type Bl is found, i.e. ·as a 

complex with rock (C2). The soil present is suitable for all crops, but it does 

not cover the whole area, as in part rock surfaces. No data are available-on 

the part of the surface covered by soil, so a ratio of 1:1 for soil area to 

rock area is assumed. C2 occurs both in the Frontal Plain and on the Mariut 

yields presented in Table 4 have to be divided by two to obtain the averag·e 

yields for the C2 soil type, in both areas, since only half of the area can be 

cultivated. 
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3.4 Barley yields for the various soil types in the rainfed situation 

In part of the Burg el Arab region only rainfed barley cultivation is 

:, possible. The simulation results for the various soil types are presented in 

Table 5. 

a. :.Soil type BL 

The physicql. ,and chemical characteristics of this soil type are similar to 

·c .those described in the previous section and so are the simulation results for 

- the rainfed situation with an even distribution of water over the surface of 

Bl. As described in Section 2.5, the prevailing average water regime is 250 mm 

, ·:~-_(in the depressions). 

- Frontal Plain · 

The yield for the rainfed situation with barley cultivation in the 

depressions only, is 600 kg grain and 3 350 kg straw ha-1
• Under the 300 mm 

-1 water regime the yield increases to 1 050 kg grain and 4 350 kg straw ha and 
-1 

.'' L :~·.under 450 mm to 4 550 and 4 850 kg ha , respectively, the latter situation 
-1 

requiring 80 kg N and 45 kg P ha • 

- Mariut Tableland 

,·,. Under 250 mm infiltration annually, the grain yield is 400 kg ha - 1 and the 
1 -1 s:straw yield is 2 700 kg ha- • This increases to 900 and 4 000 kg ha , 

·· ~--:"respectively, under 300 mm and to 3 200 and 4 550 kg ha - 1 under 450 mm. In the 
-1 

latter situation 45 kg N and 25 kg P ha have to be applied. 

b. Soil type B4d 

' ~-- Soil type: deep loamy sand to slightly loamy sand, with locally a loamy 

:· :~: subsoil, slopip.g and gullied. 

~~ Soil moisture characteristic: Coastal Plain. 
-1 -1 

- Natural soil f~rtility: 28 kg N ha ; 4 kg P ha • 

Agricultural potentiality: suitable for all crops. 

-Under.rainfecf·· cori.aitiotis···rn· the TZ5=l5'0 mtrrrc~tnf·a:ll· zorre grai-n -yi~l:cl: -:i:s---5-G---kg­

··ha - 1 and straw yield 1 200 kg ha - 1• Receiving 184 mm rain annually, the yield 

is 500 kg grain and 3 350 kg straw ha-
1

• Cultivating barley in the depressions, 
-1 yields 1 100 kg grain and 4 050 kg straw ha • Concentrating the water on part 

of the depression surface to an availability of 300 mm, increases the 
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-1 
production to 1 800 kg grain and 4 800 kg straw ha Under a water regime of 

450 mm the yields are 4 500 kg grain and 4 900 kg straw ha- 1• The amounts of 
-1 fertilizer required to obtain these latter yields are 90 kg N and 35 kg P ha • 

c. Soil type C2 

Soil type C2 is also present in the area, depending on rainfall only. The 

characteristics of this soil type and the remarks as presented in the previous 

section, apply to this section too. 

3.5 Discussion on the simulation results 

Under the regimes with a limited water availability the harvest indices 

are very unfavourable due to the rainfall distribution. Most of the rain falls 

during the pre-anthesis phase of the crop and only 10% of the annual 

precipitation is available during grain filling. Water stress is thus much more 

severe after anthesis than before. Reported harvest indices vary from 0.1· in 

dry years to 0.25 in wet years. For the simulation runs climatic averages.are 

used. For the 250 mm water regime the harvest index is about 0.15 and for the 

· 300 mm water regime it is 0.20 to 0.25. Thus the simulated harvest indices 

correspond with the reported values. 

From the simulated results it may be concluded, that growing barley under 

rainfed conditions, assuming an even distribution of rainfall over the surface 

and a homogeneous infiltration, is not a feasible nor a realistic activity. 

Cultivating the depressions only, which is assumed to be equivalent to a water 

availability of 250 mm, gives the yields that are achieved at present. 

In part of the Burg el Arab region irrigation is possible from the 

existing canals. Irrigation with 110 mm water, evenly distributed over the 

growing season and using additional fertilizers, gives reasonable to good 

yields. That also applies to barley cultivation under an annual water 

availability of 450 mm in rainfed areas, which can be achieved by concentrating 

water on part of the depressions. Considering an equal water availability the 

harvest index under irrigation is more favourable than under water harvesting, 

due to the more regular distribution of available water. 

Simulation runs for rainfall zones below 125-150 mm have not been carried 

out, because the yields would be too low, compared to reported yields. 
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3. 6 Cultivable ~area 

The area per soil type is estimated using the soil map and data from FAO 

reports 2 and 5 (1970) and REMDENE Progress Report 2 III (1981). All land 

suitable for field crops is situated east of el Hammam. The whole area to which 

the climatic data set of Dekheila is applied, roughly situated between Burg el 

Arab and el Alamein, covers an area of 171 670 ha of which 35% is suitable for 

:;, ;~-.. barley cultivation. The area per soil type and the distribution over the 

rainfed and irrigated area are given in Table 6. 

Part of these areas cannot be cultivated, because the soil is too saline. 

The area suitable for barley cultivation, i.e. the total area minus the saline 

area, is distributed over four rainfall zones (Table 7), by combining a soil 

map with an isohyet map. 

Under irrigation all land can be cultivated, because additional water is 

supplied by canals. It is assumed; that 20% of the surface is occupied by 

roads, dykes, canals etc. (FA0-1 and -5, 1970). This estimate applies to 

,!floodirrigation systems, which is the main irrigation method in the 

··.i .: northwestern coastal zone. Under rainfed conditions, however, the depressions, 

·:c:. i·. e. the actually cultivable area, comprise only part of the suitable area. The 

cultivable area, as given in Table 2, differs for the various water regimes, 

depending on the degree of concentration of the available water. The total 

amount of water available on a soil type is equal for all three calculated 

-~ water regimes; only the degree of concentration varies. Soil type B4d is 

. described as being sloping and gullied. Therefore, a reduction of 25% is 

'T:c:·•. imposed on the. cult:Lvable area of B4d. To avoid this 25% reduction, erosion 

controll measures are necessary. As for the complex soil type C2, half of the 

area is assumed to be covered by rock and half by soil. The run-off coefficient 

of rocks is estimated at twice that of soil, i.e. 0.50, so half of the area of 

C2 receives 1.5·times the amount of rainfall. 

The efficiency of water concentration is assumed to be equal to the 

.. - >-; · run-off coefficient over short distances, i.e. 0. 25 for the Burg el Arab 

.-,_- region. This applies to all water regimes. As the situation with 250 mm in the 

depressions is assumed to be the existing situation, a special effort has to be 

made to concentrate the water on smaller areas with an availability of 300 or 

450 mm. This can be doiie·;···Ior instanci~;-oy·c·on·structin~dyk.-es··~-A-t-t.h&---s~m~time ... 

measures can be taken to increase the run-off' coefficient, resulting in a 

larger cultivable area. These latter measures are not considered at this stage 

in this study. 
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The area under irrigation in the Burg el Arab region is estimated at about 

25 000 ha (Table 7). This estimate is based on a combination of various maps 

(U.A.R. High Dam Soil Survey Project, 1963; FA0-2, 1970; ULG consultants, 1976; 

Kamal, in prep.). Subtracting 20% for dykes, roads, canals etc., the net are~ 

becomes about 20 000 ha. The rainfed area, suitable for barley cultivation is 

33 000 ha. Under natural conditions (250 mm water regime) roughly 7 000 ha can 

be cultivated. If water is concentrated to such an extent that 300 mm is 

available annually, the cultivable area is reduced to 5 000 ha. Increasing 

concentration of water to an availability of 450 mm, reduces the cultivable 

area to roughly 3 000 ha or 9% of the total suitable area. 

On the remaining part of a soil type, where no barley is cultivated due to 

water shortage, 75% of the rainfall is available for the natural vegetation, 

25% being run-off. This area can be grazed by sheep and goats and the higher 

the water regime for barley cultivation, the larger the area to be grazed. 

3.7 Regional barley production 

From the calculated barley yields and the estimates of the cultivable area 

for the various soil types, the regional barley production is calculated. Table 

8 presents the production of the irrigated area. If no fertilizers are applied, 
-1 

the maximum production is 27 000 ton grain and 83 000 ton straw yr • If 

irrigation level 2 is applied the maximum yield is 77 000 ton grain and 90 000 
-1 

ton straw yr • In the latter case fertilizers have to be applied at a rate of 
-1 1 200 ton N and 700 ton P yr • 

The water requirements to achieve irrigation level 1 and 2 are presented 

in Table 9. Infiltration during the growing season is calculated by the 

simulation model and this is given in Table 4 for each of the production 

levels. The difference in infiltration between two production levels is the 

amount of water that should be supplied by irrigation. Of course that amount 

varies with rainfall zone. That means for instance that 60 mm irrigation is 

required in the 150-200 mm rainfall zone to reach irrigation level one and 130 

mm to reach irrigation level two (Table 4). The amounts of water required are 

calculated for all three rainfall zones in which irrigation is possible and for 

both irrigation levels. To achieve irrigation level one on all irrigated land, 

~~~~T?~rlliiiioil.""nig" water is required. To achieve irrigation level two 31 m:i.ifiol:'l ~3 

water is required. 

Irrigation efficiency, i.e. the ratio between the amount of water applied 

in the field and the amount of water delivered at the head of the main canal, 

is not considered in these calculations. Cabellero (1984) estimates the 

irrigation efficiency at present at 25% and it can be increased to 40-63% by 
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1. shortening the length of the irrigation runs and postponing the subsequent 

irrigation until the soil moisture content is below field capacity. FAO (Report 

·- 2, 1970) expects that an efficiency of 60% can be achieved. It should be noted 

-that not the whole area is under irrigation yet. In part of the area 

reclamation is still going on. Furthermore, other crops are probably more 

profitable than. barley when enough water is available, but this will not be 

considered in this study. 

Barley production in the rainfed part of the Burg el Arab region for-the 3 

distinguished water regimes is given in Table 10. At present, with barley. 

cultivation in the depressions only, the total production is 3 800 ton grain 

;_ and 20 900 ton straw. No fertilizers have to be applied in that situation. If 

water is concentrated on part of the depression surface to an availability of 

300 mm annually, the production increases to 5 500 ton grain and 21 500 ton 

straw. The reduction in cultivable area is more than compensated by the yield 

increase, both for grain and straw. A further concentration to the 450 mm water 

regime increases total grain yield to 10 200 ton, but reduces straw production 

to 12 800 ton. In that s~tuation 163 ton N and 86 ton P have to be applied 

annually. The reduction in cultivable area can still be compensated by the 

__ - ·yield increase as far as the grain is concerned, but for straw the production 

·- decreases by 40%. The overall harvest index increases with increasing water 

availability from 0.15 to 0.44. 
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4. BARLEY PRODUCTION IN THE DABAA REGION 

4.1 Introduction 

The procedure followed is the same as in the preceding chapter. The climatic 

data set from Dabaa meteorological station is used and the region extends from 

el Alamein westwards to Fuka. The most important difference with the Burg el 

Arab region is that in this region no irrigation canals exist4 Plans exist to 

extend the Nasr Canal up to Dabaa, but it is doubtful whether these plans will 

ever be implemented due to the limited suitability of the region for irrigated 

agriculture. At this moment the canal extends till Hammam, where water is 

available. In this study only the present situation is considered and future 

plans are not taken into accounto 

"Infiltration" in this situation refers to run-on and rainfall added to the 

soil surface during the growing period of barley. The catchment area for 

~'- run-off consists of rocky ridges, surrounding the soils suitable for barley 

~:cultivation. The ridges are 3 to 10m higher than the cultivated soils. In most 

places rock surfaces, but locally less than 30 em loamy sand to sandy loam may 

overly the rock (FA0-2, 1970). Considering this nature of the surface the 

run-off coefficient for long courses of water flow is estimated at 0.10. From 

the soil map of the pilot areas Fuka and Dabaa it is derived, that the ratio 

catchment area to beneficiary area is about 1. Therefore, the soils in the 

125-150 mm rainfall zone receive about 150 mm water annually, and the soils in 

the 100-125 mm rainfall zone receive 125 mm annually. This latter amount is 

below the 137 mm rainfall, and yields at this water regime are very low, so no 

separate simulation runs have been carried out. 

4.2 The potential and the nutrient-limited situation 

Potential production amounts to 6 700 kg grains ha-l and 5 600 kg straw 
-1 ha (Table 11). Depending on natural soil fertility, which is either 32 kg N 

-1 -1 and 3 kg P ha or 28 kg N and 4 kg P ha , the required fertilizer amounts are 
-1 -1 

145 kg N and 70 kg P ha or 155 kg N and 60 kg P ha , respectively. 

TheN-limited production with 32 kg ha-l of available N is 2 400 kg grains 

'and 2 000 kg straw ha~~l-a.n.a f6r-3kg -ha.~l of available p the yield-s are~-z ouo 
-1 -1 

and 1 700 kg ha , respectively. The N-limited production with 28 kg ha of 
-1 -1 

available N is 2 100 kg grains and 1 800 kg straw ha and for 4 kg ha 
-1 available P the yields are 2 600 and 2 200 kg ha , respect:i.vely. 
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4.3 Barley yields for the various soil types 

The re£ults of the simulation runs are presented in Table 12. For the 250, 

300 and 450 mm water regime the calculated yields are identical to those for 

the rainfed part of the Burg el Arab region, because a mean climatic data set 

'·· is used for these water regimes. The results are presented again in Table 12 to 

[ complete the picture for each region, because the results will be used per 

· ·· region later on. 

. ,'l 

a. Soil type B1 

- Soil type: deep sandy loam to loam or clay loam. 

- Soil moisture characteristic: Frontal Plain. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha . 

- Agricultural potentiality: suitable for all crops. 

The simulation results for this .soil type show that under rainfed conditions in 

the 100-125 mm rainfall zone no grains are produced at all and only 1 250 kg 
-1 

straw ha can be harvested. Under a water regime of 150 mm grain yield is 50 
-1 -1 

kg ha and straw yield is 1 500 kg ha . This is still not profitable, 
-1 

considering the sowing rate of 60-100 kg ha Under the mean climate with 250 
-1 

· mm annual infiltration the grain yield is 600 kg ha • Under the 300 mm water 
-1 regime grain yield is 1 050 and straw yield 4 350 kg ha • Under the mean 

climate with 450 mm annual infiltration both grain and straw production are 
-1 -1 

4 600 kg ha • To achieve this yield, application of 80 kg N ha and 45 kg P 
-1 ha is required • 

b. Soil type B3 

- Soil type: limited (30-60 em) and moderately deep (60-90 em) sandy loam to 

loam over caliche or rock. 

Soil moisture characteristic and texture: fine sandy loam. 
-1 -1 

Natural soil fertility: 32 kg N ha ; 3 kg P ha 

- Agricultural potentiality: suitable for vegetables, field crops and moderately 

deep rooted crops, partly shallow rooted (30-60 em) crops only. 

Under · raTnrecr~con<ttt:tun1r-fOO~kg~~r1!in~~i·s~~&du~~.G~.and.. .. LJ~5D~_kg~ sna:w.~.h~.~ .. ~ • 
-1 

Assuming a water. regime of 150 mm, grain yield is 150 kg ha and straw yield 
-1 

2 050 kg ha • Under the mean climate with 250 mm infiltration annually, grain 
-1 

yield on the shallow soils of 30 to 60 em depth is 850-950 kg ha , with a mean 
-1 -1 

of 900 kg ha and straw yield is 3 800 kg ha • No fertilizers are needed. On 
-1 

the deeper soils of 60 to 90 em grain yield is also 900 kg ha and straw yield 
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-1 is 3 700 kg ha • Under the 300 mm water regime grain yield is 1 350 kg and 
-1 

straw yield 4 700 kg ha on the shallow soils. On the deeper soils the yields 
-1 

are 1 400 and 4 600 kg grain and straw ha , respectively. For the mean climate 

with 450 mm infiltration annually, the grdifi production on the shallow soils 
-1 

and the deeper soils is 3 850 and 4 950 kg ha , respectively, and straw yield 

is 4 850 kg ha-l for both soil depths. On the shallow soils application of 65 

kg N ha-l and 35 kg P ha-l is required. On the deeper soils this is 90 kg N and 
-1 50 kg P ha • 

c. Soil type B4 

- Soil type: limited and moderately deep (30-90 em) loamy sand to slightly loamy 

sand over caliche or rock, sloping and gullied. 

- Soil moisture characteristic: Coastal Plain. 
-1 -1 

- Natural soil fertility: 28 kg N ha ; 4 kg P ha 

- Agricultural potentiality: suitable for vegetables, field crops and moderately 

deep rooted crops, partly shallow rooted crops only. 

Under rainfed conditions with homogeneous infiltration 50 kg grain is 
-1 produced and 1 400 kg straw ha • Under a water regime of 150 mm 100 kg grain 

ha-l and 1 700 kg straw ha-l are produced. Under the 250 mm water regime the 
-1 yield increases to 600 kg grain and 3 200 kg straw ha • The yield increases 

-1 
with increasing water availability to 950-1 050 kg grain ha , depending on 

soil depth, under the 300 mm water regime. As it is unknown what proportion of 

this soil type is shallow and produces 950 kg grain ha-l and what proportion is 

d d d 1 050 k h -l f 1 000 k . h -l . d eeper an pro uces g a , an average o g gra1n a 1s assume 

to be representative for this soil type. The same procedure is followed for the 
-1 straw, which yields 4 100 kg ha • Under the 450 mm water regime a yield of 

-1 
3 200 kg grain and 4 450 kg straw ha is achieved, requiring 50 kg N and 20 kg 

-1 
P ha . 

d. Soil type DS5 

- Soil type: d'une depressions, predominantly less than 60 em weathered oolitic 

sand over caliche. 

~~ .... ~u±l~mcristure·· ··cirara"ct·er±stfc~·~and-texture~··~ioamy ·fine- ·~sarrrr~-·~··· · 
-1 -1 

- Natural soil fertility: 28 kg N ha ; 4 kg P ha • 

-Agricultural potentiality: only suitable for shallow rooted crops. 

The inland dunes have a moderate infiltration capacity and are only slightly 

sloping, so a relatively low run-off coefficient seems appropriate for these 

soils. It is estimated at 0.05 for long courses of water flow. Dune depressions 
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(soil type DS5) are situated at several places in the inland dunes. The area of 

--the dune depressions that receives run-off, is relatively small compared to the 

surrounding dunes that supply the run-off. These dune depressions occur mainly 

in the 100-125 mm rainfall zone. The depressions receive enough run-off in 

favourable rainfall years to cultivate a good barley crop (FA0-2, 1970). 

·considering this and the soil map, it is assumed that for the dune depressions 

the ratio catchment area to beneficiary area is 5. This amounts to 140 mm 

infiltration annually, comparable to the rainfall in the 125-150 mm zone. 

Under rainfed conditions with homogeneous infiltration the yield is 100 kg 
-1 -1 

grain ha and 1 500 kg straw ha • The production on soils of 30 em deep and 

60 em deep does not differ under these conditions. The production increases to 
-1 

· 950 kg grain and 3 050-4 050 kg straw ha , if infiltration is 250 mm. Again 

the arithmetic average of the different values for straw production (3 550 kg) 

is assumed to be representative for this soil type. Under the 300 mm water 
-1 

regime grain yield is 1 250 kg ha and straw yield 4 200 kg ha. This increases 
-1 

to 2 400 and 4 500 kg ha , respectively, under the 450 mm water regime. In the 
-1 

latter situation 35 kg N and 10 kg P ha are required. 

e. Soil type Fl 

-Soil type: limited deep sandy loam to loam over caliche or rock (30-60 em). 

- Soil moisture characteristic and texture: fine sandy loam. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha • 

- Agricultural potentiality: only suitable for shallow rooted crops. 

The simulation results for this soil type are identical to those for soil type 

· · B3, depth 30-60 em. Soil type Fl has been distinguished because of its 

different origin, but barley production on both soil types is identical. 

f. Soil type F3 

- Soil type: deep sandy loam to loam or clay loam. 

- Soil moisture characteristic and texture: sandy loam. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha • 

- Agricultural potentiality: suitable for all crops. 
-1 Under-rainfed c6nditl-orisTn'the 1D0~125nmrra:tnfcrl:i z·one·5{) kg ·grain ha--··· 

is produced and 1 350 kg straw ha- 1• In the 125-150 mm rainfall zone 200 kg 

grain and 2 150 kg straw ha-l are produced. Under the mean climate with 250 mm 

~- infiltration annually, 1 000 kg grain ha-l and 3 850 kg straw ha-l are 
-1 

produced. This increases to only 1 450 kg grain and 4 700 kg straw ha under a 

'· :. ~ .:-.":J ·._£ 
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mean climate with 300 mm infiltration annually. Under the 450 mm water regime 
-1 -1 grain yield is 5 350 kg ha and straw yield 4 900 kg.ha . Fertilizer 

-1 requirements in that case are 105 kg N and 50 kg P ha . 

g. Soil type C1 

- Soil type: complex of rock and shallow to moderately deep sandy loam to loam 

over caliche or rock. 

This is a complex of rock and soil type B3, mainly with soil depth 30-60 em. 

Rock is assumed to cover half the surface area and soil the other half. The 

surface run-off coefficient for rock is estimated at about 0.5, so the natural 
-1 water regime is 210 mm (1.5 * 140 mm). Grain yield is 500 kg ha and straw 

yield 3200 kg ha~ 1 
in that-situation. The other simulation results are 

identical to those for soil type B3, but only half of the area can be 

cultivated. 

4.4 Discussion on the simulation results 

From the simulated results it may be concluded that barley cultivation 

under rainfed conditions is not a feasible nor a realistic activity. In the 

Dabaa region, irrigation is not possible. The water from cisterns and galleries 

is mainly used for human and animal consumption. The amount available for 

supplemental irrigation is not sufficient for irrigation of barley fields, the 

cisterns can only serve on a small scale vegetable fields and young fruit 

trees. 

Barley is the most important field crop in the area, but it gives a 

satisfactory yield only once every five years (FA0-5, 1970). Only at places 

where substantial amounts of run-off water concentrate, continuous barley 

cultivation is a feasible activity. 

4.5 Cultivable area 

The total area covered by the various soil types in the region is 47 470 

ha (Table 13). As irrigation on a large scale is not possible, all water 

available to plants in addition to rain must originate from run-off/run-on. For 

each soil type part of the area is reported to be saline and therefore 

unsuitable for agriculture. FAO gives a rough estimate of the percentage saline 

soils for each potentiality class. The soils suitable for barley cultivation 

are concentrated close to the coast and comprise 44 230 ha totally. From areas 



- 29 -

more inland, only a limited amount of water runs off to the coastal zone, 

because the land is only slightly sloping (FA0-2, 1970), so all water in 

addition to rain originates from redistribution on a restricted scale. 

The suitable soils are, situated in two rainfall zones. In the 100-125 mm 

rainfall zone 29 790 ha is suitable for barley cultivation. The cultivable 

area, however, which is restricted to the depressions, is 5 310 ha. If water is 

concentrated to an availability of 300 mm annually, the cultivable area is 

reduced to 3 830 ha. Increasing water concentration to the 450 mm water regime, 

results in a further reduction of the cultivable area to 2 260 ha. The rainfall 

zone 125-150 mm comprises 14 440 ha, of which 4 320 ha is situated in 

.. depressions. On soil type B4 barley can be grown on only 75% of the area, 

because the surface is sloping and gullied. On the other hand, the water table 

is close to the surface (FA0-2, 1970), so it is assumed that barley can use the 

groundwater. Therefore 75% of the area can be cultivated for all water regimes. 

Concentrating water to an availability of 300 or 450 mm, results in a total 

cultivable area of 3 380 and 2 180 ha, respectively. 

Under the present conditions with barley cultivation in the depressions 

only, 9 630 ha or 22% of the suitable area can be used annually. 

4.6 Regional barley production 

From the calculated barley yields and the estimated cultivable area, the 

total barley production in the Dabaa region is calculated for the three 

distinguished water regimes (Table 14). At present, with barley cultivation in 

the depressions only, the total production is 6 600 ton grain and 33 300 ton 

straw from 9 630 ha. Under the 300 mm water regime a total production of 8 100 

ton grain and 31 400 ton straw can be achieved on 7 210 ha. The reduction in 

cultivable area results in an increase in the total grain production and a 

decrease in the total straw production. A further concentration of water to an 

availability of 450 mm annually, increases grain yield considerably to 18 300 

ton, but due to the reduction of the cultivable area to 4 440 ha the total 

straw production decreases by 35% to 20 400 ton. To achieve the latter 

production level 314 ton N and 167 ton P are required annually. It depends on 

the relative scarcity of both grain and straw and therefore on their price 

-ratfo, wli1cfi-water-regime-is-·t1fe most· favourabi-e· .. --f)the-r -f-acti)fS iB-~luenc-ing---.­

this choice are labour requirements and the costs, but these factors are 

considered elsewhere. 
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5. BARLEY PRODUCTION IN THE MATRUH REGION 

5.1 Introduction 

The results presented in this chapter refer to the Matruh region, defined 

as the region between Fuka and Negeila. 

The climatic data set for Mersa Matruh meteorological station is used for 

the Matruh region. An important feature of this region is the availability of 

water supplied by wadi flow. In the regions east of Fuka, hardly any wadi flow 

occurs, but west of Fuka it can be a subst~ntial part of the total water 

available for plant growth. 

"Infiltration" in this situation refers to rainfall, surface run-on and 

water from wadi flow added to the soil surface during the growing period of 

barley. 

Data on run-off coefficients, wadi flow, etc. for the whole region, are 

available from 3 pilot areas, as described by FAO (Report 5, 1970). By 

combining these data with the soil map and the rainfall zones, average values 

for the total annual water supply for the various soil types are calculated. 

These calculated water regimes may differ per soil type, because the soil types 

are situated at different locations in the region. A short description of the 

water regime applied in the simulation runs is given for each soil type in the 

relevant subsection. 

In the FAO reports (Reports 2 and 5, 1970) the wadi flow that is utilized 

in average years is estimated. That fraction is usually only 20 to 30% of the 

total wadi flow, the remainder flowing to the sea. For simulation, only the 

fraction utilized is taken into account for estimating the amount annually 

available for plant growth. The amount of water lost is discarded. The amount 

of water annually available is calculated, assuming that run-off is evenly 

distributed over the whole area. Then redistribution is calculated in such a 

way that the depressions receive 250 mm. 

5.2 The potential and nutrient-limited situation 

Under optimum conditions barley yield is 6 500 kg grain and 5 300 kg straw 

ha~~~(Tab-fe is):~~Dep~ending- on~-natura1- soil Ier~tii:ity, either 32 i<g-N ~an(f 
-1 -1 -1 ha , 28 kg N and 4 kg P ha or 15 kg N and 1 kg P ha , the fertilizer 

-1 
requirements for these yields are 135 kg N and 65 kg P ha , 145 kg N and 55 kg 

-1 -1 
P ha or 175 kg N and 85 kg P ha , respectively. 
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-1 The N-limited production on soils with a natural fertility of 32 kg N ha 
-1 -1 is 2 400 kg grain and 2 000 kg straw ha • On soils with 28 kg ha available N 
-1 

the production is 2 100 and 1 700 kg ha , respectively, and on soils with 15 

kg N ha-l it is 1 100 a.nd 900 kg ha-l. The P-limited production on soils with 3 ·· 

kg available P ha-l is 2 000 kg grain and 1 600 kg straw ha- 1, on soils with a 
-1 -1 P supply of 4 kg ha it is 2 700 and 2 200 kg ha and on soils with 1 kg P 

ha-l it is 700 and 500 kg ha-1, respectively. It should be noted that in the 

nutrient-limited situation an optimal water supply is assumed. 

5.3 Barley yields for the various soil types 

The results of the simulations for the various soil types are presented in 

Table 16. 

a. Soil type Bl 

- Soil type: deep sandy loam to loam or clay loam. 

- Soil moisture characteristic: Frontal Plain. 
-1 -1 

~!·· -Natural soil fertility: 32 kg N ha ; 3 kg P ha • 

.. · - Agricultural potentiality: suitable for all crops. 

.;· 

A total of 1'20 mm of water is added to the soil surface annually in the 100-125 

mm rainfall zone between Fuka and Mersa Matruh. That amount is based on 112 mm 

rainfall, a surface run-off coefficient over long distances of 0.075 and a 

ratio of beneficiary area to catchment area of 1:1 ((1 + 0.075) ± 112 = 120 

mm). No simulation runs have been carried out for this water regime, as it will 

give almost no yield. 

A total of 180 mm is added to the soil surface in the 125-150 mm rainfall 

zone west of Mersa Matruh. This amount is based on 137 mm rainfall, an average 

wadi flow of 33 mm, an average run-off coefficient over long distances of 0.075 

and a ratio of beneficiary area to catchment area of 1:1. 

If the available water is distributed evenly over the soil surface, i.e. a 

water regime of 180 mm annually west of Mersa Matruh, the yield is 100 kg grain 
-1 

and 1 900 kg straw ha • Assuming water redistribution to obtain a water 

availability of 250 mm in the depressions, the production increases to 600 kg 

gralii~~a:n:a:J··35o··kg straw ha~ 1 ~···concentratTng· the water-·· an ·-p·a.Et oftne·· 

depression surface to an availability of 300 mm, increases the production to 

1 050 kg grain and 4 350 kg straw ha-
1

• Under a water regime of 450 mm the 
-1 

yields are 4 550 kg grain and 4 850 kg straw lia • The amount of fertilizer 
-1 

required to obtain these relatively high yields is 80 kg N and 45 kg P ha • 
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b. Soil type B2 

- Soil type: deep loamy sand to slightly loamy sand. 

- Soil moisture characteristic and texture: loamy fine sand. 
-1 -1 

- Natural soil fertility: 28 kg N ha ; 4 kg P ha 

- Agricultural potentiality: suitable for all crops. 

This soil type only occurs in the northern plain at El Qasr. Under the dunes 

a large aquifer exists, of which the water is suitable for irrigation. At 

present, the water is only used for human and animal consumption and for 

irrigating young fruit trees and vegetables, but it can easily supply the 

northern plain with irrigation water, according to FAO estimates (Report 5, 

1970). In the present situation excess water seeps through the dunes and is 

lost to the sea. 
-1 Under rainfed conditions no grain and 1 200 kg straw ha is produced 

(Table 16). Under 250 mm annual infiltration 1 100 kg grain and 4 050 kg straw 
-1 

are produced. This increases to 1 800 kg grain and 4 800 kg straw ha under 
-1 300 mm and to 4 500 kg grain and 4 900 kg straw ha under 450 mm. In the 

latter situation 90 kg Nand 35 kg P fertilizer ha-l have to be applied. 

c. Soil type Fl 

- Soil type: limited deep (30-60 em) sandy loam to loam over caliche or rock. 

- Soil moisture characteristic and texture: fine sandy loam. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha • 

- Agricultural potentiality: only suitable for shallow rooted crops. 

The mean climate with 130 mm annual infiltration is based on 112 mm 

rainfall (100-125 mm zone), an average surface run-off coefficient over long 

distances of 0.075 and a ratio of beneficiary area to catchment area of 1:2 ((1 

+ 0.075 ±.2) ± 112 = 130 mm). This value closely approaches the rainfall of 137 

mm, so this water regime is used for calculations for the 100-125 rnm rainfall 

zone. In the 125-150 mm rainfall zone the amount of water added annually to the 

soil is 150 mm, the parameter values being identical. In general, no wadi flow 

reaches these local inland depressions in the plateau land. The wadis transport 

the water further to the coast. Occasionally, small areas may receive some wadi 

flow' either because they are situated close' to-the coast-or~~because a~wad.:i 

passes through the depression, but the areas involved are of minor importance. 

In the lower rainfall zone of 100-125 mm with an even water distribution, 

the calculated yield is 100 kg grain and 1 300 kg straw ha-l (Table 16). In the 
-1 

rainfall zone 125-150 mm the yield is 150 kg grain and 2 050 kg straw ha • 
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When growing barley in the depressions only, the yield could increase to 900 kg 
-1 

grain and 3 800 kg straw ha • Under 300 rom moisture availability the yield is 
-1 

1 350 kg grain and 4 700 kg straw ha and under 450 rom it is 3 850 kg grain 
-1 and 4 850 kg straw ha . In the latter situation fertilizer at a rate of 65 kg 

-1 
N and 35 kg P ha has to be applied. 

d. Soil type F2 

- Soil type: moderately deep (60-90 em) sandy loam to loam, locally clay loam 

over caliche or rock. 

- Soil moisture characteristic and texture: fine sandy loam. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha 

- Agricultural potentiality: suitable for vegetables, field crops and moderately 

deep rooted crops only. 

Soil type F2 is situated mainly in the 100-125 rom rainfall zone. Assuming 

an average surface run-off coefficient over long distances of 0.075 and a ratio 

of beneficiary area to catchment area of 1:2, the annual amount of water 

received is 140 mm. That is comparable with the 137 mm rain received on average 

in Mersa Matruh, so the data set of that station is used. 

Assuming an even water distribution, the calculated yield is 100 kg grain 

and 1 300 kg straw ha-~. Limiting barley production to the depressions only, 
-1 the yield is 900 kg grain and 3 700 kg straw ha • This increases to 1 400 kg 

-1 grain and 4 600 kg straw ha under 300 mm and to 4 950 kg grain and 4 850 kg 

straw ha-l under 450 mm water availability. In the latter situation fertilizer 
-1 

at a rate of 90 kg N and 50 kg P ha has to be applied. 

e. Soil type F3 

- Soil type: deep sandy loam to loam or clay loam. 

- Soil moisture characteristic and texture: sandy loam. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha . 

- Agricultural potentiality: suitable for all crops. 

The water regimes assumed for soil type F3 are identical to those for soil 

type Bl. The parameters and coefficients have identical values, so the mean 

~e±imate~wit~20- mm wa:t .. e.r.~.1U1PP~)T_.i$_£-J?J2.1.!~9:.~Jor the lower rainfall zone and the 
~~W>~"""'''N~">'>>>>>Y~~y~,'Y~~-Y,y~yyyy~~~'~y~M~YYW,Y~'YK~,~d-WYYY,~H,~~~--~ 

one with 180 mm for the higher rainfall zone. The yields are not calculated for 

the lower rainfall zones separately. 



- 34 -

Assuming an even distribution of the available water results in a production 

of 300 kg grain and 2 600 kg straw ha-1• Limiting barley growth to the 
-1 

depressions yields 1 000 kg grain and 3 850 kg straw ha • Under 300 mm wate~ 

availability the yield increases to 1 450 kg grain and 4 700 kg straw ha-l and 
-1 

under 450 mm to 5 350 kg grain and 4 900 kg straw ha • In the latter situation 
-1 fertilizer at a rate of 105 kg N and 50 kg P ha has to be applied. 

f. Soil type Wb 

- Soil type: wadi bottom soils, deep sandy loam to loam with sand and gravel 

layers. 

- Soil moisture ch.aracteristic and texture: sandy loam. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha 

- Agricultural potentiality: suitable for all crops. 

The simulation results for this soil type are identical to those for soil type 

F3, the surface run-off and wadi flow received are the same, so the results are 

not discussed here any further. 

g. Soil type Pl 

Soil type: deep loam to clay loam soils, overlain by 20-60 em sand. 

- Soil moisture characteristic and texture: loam. 
-1 -1 

- Natural soil fertility: 15 kg N ha ; 1 kg P ha • 

- Agricultural potentiality: suitable for all crops. 

The area of soil type Pl in this region is limited and the average annual 

rainfall is about 125 mm. Assuming a surface run-off coefficient of 0.075 and a 

ratio of beneficiary area to catchment area of 1:2, the mean climate with 150 

mm infiltration is the most appropriate climatic data set. Barley production 
-1 

under this water regime is limited to 100 kg grain and 1 500 kg straw ha • 

Without fertilizer application, but with some additional water (200 mm water 

regime) a maximum yield of 350 kg grain and 2 000 kg straw can be achieved. 

Soil fertility is a limiting factor on this soil type. 

At the 250 mm water regime, fertilizer has to be applied, 15 kg N and 15 
-1 -1 

kg P ha , to achieve the yield of 800 kg grain and 3 450 kg straw ha • Under 

·· Jun rom~ the -pr~oaucfron ·rs r· sn·<r 1<:g· ·griiin ·an.d····~·~lloo ·kg·· sfraw ··na~1~·· req1.tirfng ·4o 
kg Nand 25 kg P ha-

1
• Under 450 mm the yield is 4 500 kg grain and 4 900 kg 

-1 
straw, requiring 125 kg N and 65 kg P ha • 
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h. Soil type Cl 

- Soil type: a complex of rock and shallow to moderately deep sandy loam to loam 

soils over caliche or rock. 

-The soils of this complex belong to soil types B3 or Fl, depending on their 

origin. From the soil map it can be deduced that in the Matruh region, Cl is a 

complex of rock and Fl. Rock is assumed to cover half the surface area and soil 

the other half. The run-off coefficient of the rocks is estimated at 0.5, so 

half of the area receives 1.5 times the amount of rainfall. The average wadi 

flow to this soil type is 26 mm, the surface run-off coefficient for long 

courses of water flow is 0.075 and the ratio of beneficiary area to catchment 

area is 1:1. This all results in a water regime of 250 mm ((1 + 0.5 + 0.075) ± 

140 + 26 = 250 mm). Cl only occurs in the 125-150 mm rainfall zone. 

The simulation results are identical to those for Fl, but only half the 

area can be cultivated with barley. 

i. Soil type C2 

- Soil type: complex of rock and deep sandy loam to loam or clay loam. 

Deep sandy loam to loam or clay loam refers to soil types Bl or F3. From the 

soil map it can be deduced that in the Matruh region, C2 is a complex of rock 

and B1. Again, half the area is assumed to be covered by soil and half by rock. 

The run-off coefficient of the rocks is estimated at 0.5, so half of the area 

receives 1.5 times the amount of rainfall. The surface run-off coefficient for 

long courses of water flow is 0.075 and the ratio of beneficiary area to 

catchment area is 1:1. This results in a water regime of 180 mm. No wadi flow 

is received by this soil type. Soil type C2 only occurs in the 100-125 mm 

rainfall zone. The yields for C2 are the same as for B1 under the 180 mm water 

regime, but barley is cultivated on only half the area covered by C2. 

5.4 Cultivable area 

The total area per soil type, as presented in Table 17, is derived from 

FAO data (Report 2, 1970). Again part of the area cannot be cultivated, because 

-~--~---------------- ---the so-il- -is ton __ saline_._ The __ ~u;~c:l _Stli_!:_abl~_J()Ebarley c':~~ivation is situated in 
------------------- ----

two rainfall zones: 33 870 ha in the lowest rainfall zone of 100-125 mm and 

'12 450 ha in the 125-150 mm rainfall zone. The efficiency of water 

concentration is assumed to be equal to the run-off coefficient over short 

distances, i.e. 0.25 for the Matruh region. Additional water from wadi flow is 

also taken into account. 
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In the lowest rainfall zone about 20% of the cultivable area can be used 

at present and in the 125-150 mm rainfall zone 45% can be cul.tivated. That 

results in a total cultivable area of 12 710 ha. Under the 300 mm water regime 

5 190 ha and 3 920 ha can be cultivated in the two rainfall zones ur 15 and 

30%, respectively. Concentrating the water to an availability of 450 mm 

annuallr decreases the cultivable area to 2 850 ha or 8% in the lowest rainfall 

zone and to 2 130 ha or 17% in the highest rainfall zone. 

5.5 Regional barley production 

Barley production in the Matruh region can now be calculated for various 

situations (Table 18). If all depressions of the suitable soil types would be 

cultivated under the present conditions, the maximum production would b.e 11 000 

ton grain and 47 200 ton straw from 12 710 ha. Under a water regime of 300 mm 

the maximum production is 12 000 ton grain and 42 200 ton straw from 9 110 ha. 

Under a water regime of 450 mm the maximum production is 21 100 ton grain and 

24 100 ton straw from 4 980 ha. 

The differences in grain yield among the water regimes are high compared 

to that in straw yield. As at low moisture availability water stress is more 

severe during the post-anthesis phase, the grain filling period benefits more 

from a higher water availability than the pre-anthesis period. 
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6. BARLEY PRODUCTION IN THE BARRANI REGION 

6.1 Introduction 

The procedure followed is the same as in the preceding chapters. The climatic 

data set from Sidi Barrani meteorological station is used. Some data were not 

consistent: the climatic mean for rainfall in Sidi Barrani according to the 
-1 Egyptian Meteorological Organization is 171 mm yr , while according to the 

-1 
isohyet map it is 150 mm yr . The data from the Meteorological Authority 

(1975) were used. 

In this region no pilot areas from the FAO project were situated, hence 

little is known about the water regimes. A run-off coefficient over short 

distances of 0.075 is assumed. This value is derived as an average of the 

run-off coefficients for other parts of the northwestern coastal zone. The 

total annual wadi flow in the region is estimated at 2 220 000 m3 , but most of 

the wadis in the Barrani area are situated inland at a distance of 20-50 km 

from the coast (FA0-2, 1970). Only in the eastern part some wadi flow may reach 

the coast. Soil type B2, situated in that area, is the only soil type that 

receives wadi flow. For all other soil types wadi flow is assumed to be zero. 

6.2 The potential and the nutrient-limited situation 

-1 The potential production is 6 600 kg grain and 5 300 kg straw ha (Table 

19). Depending on natural soil fertility, which is either 32 kg Nand 3 kg P 

ha-l or 28 kg Nand 4 kg P ha- 1, the fertilizer requirements are 135 kg Nand 
-1 -1 70 kg P ha or 145 kg N and 60 kg P ha , respectively. 

-1 
The N-limited production is 2 400 kg grain and 2 000 kg straw ha when 32 

-1 -1 
kg N ha is available and 2 100 kg grain and 1 700 kg straw ha when 28 kg N 

ha-l is available. The P-limited production is 2 000 kg grain and 1 600 kg 
-1 -1 

straw ha with 3 kg available P and 2 700 kg grain and 2 200 kg straw ha 

when 4 kg P is available. 

6.3 Barley yields for the various soil types 

~ The~ sfmu~la,t:i:on~ r~su±~s~~£e~,·-t4le~.Jla~,r~n~~gion~,are~,gi1l~e.n~ .. ~.Tab~.fL2J1 •.... JfQJ:' .. ~~ 

the 250, 300 and 450 mm water regimes the results per soil type are identical 

to those for the pre12:ious regions. Therefore, the yields are not discussed 

again, but they are gi12:en in Table 20 to present a complete picture of the 

Barrani region. 
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a. Soil type Bl 

- Soil type: deep sandy loam to loam or clay loam. 

- Soil moisture characteristic: Frontal Plain. 
-1 -1 - Natural soil fertility: 32 kg N ha ; 3 kg P ha • 

- Agricultural potentiality: suitable for all crops. 

Assuming a run-off coefficient of 0.075 and a ratio beneficiary area to 

catchment area of 1:1, which is deduced from the soil map, natural infiltration 

is 180 mm annually. From this 180 mm, 95 mm infiltrates during the growing 

period of barley when growth starts on December 20. The yield is 150 kg grain 

and 2 000 kg straw ha-l in this case and no fertilizer.applicat·ion is required. 

The results under water regimes of 250 mm, 300 mm and 450 mm water are not 

discussed here again. They are identical to the results for these water regimes 

in the other regions. 

b. Soil type B2 

- Soil type: deep loamy sand to slightly loamy sand. 

- Soil moisture characteristic and texture: loamy fine sand. 
-1 -1 Natural soil fertility: 28 kg N ha ; 4 kg P ha 

- Agricultural potentiality: suitable for all crops. 

Also in this region it is assumed that B2 can be completely irrigated. 

Along the coast, where B2 is situated, many cisterns exist (about 40) and some 

wadi flow contributes water to this area too. The natural infiltration is 180 
-1 

mm. Under these conditions the barley yield is 500 kg grain ha and 3 350 kg 
-1 

straw ha • 

c. Soil type B3 

- Soil type: limited and moderately deep sandy loam to loam over caliche or rock 

(30-90 em). 

- Soil moisture characteristic and texture: fine sandy loam. 
-1 -1 

- Natural soil fertility: 32 kg N ha ; 3 kg P ha 

- Agricultural potentiality: suitable for vegetables, field crops and moderately 

·~~deep~oted~··-erops, ·~t±y-··sh-aEI:ow···roet-ed-· e-reps·~~n~l...:y.·~···~········~~~· ~· · ··~·-~·~·~··~- ····· · · ~ ····· 

For this soil type two soil depth classes were distinguished in the other 

regions. Since no specific information is available for the Barrani region, the 

same subdivision has been applied for this region, i.e. soils with a depth of 

30-60 em occupying twice as much area as soils with a depth of 60-90 em. 
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Soil type B3 is situated in the same area as Bl, so the natural water 

regime is identical, i.e. 180 mm infiltration annually. Under this water regime 

crops on the shallow soils produce 300 kg grain and 2 600 kg straw ha- 1• On the 

deeper soils the production is 300 kg grain and 2 500 kg straw ha-1• No 

fertilizer application is required. 

d. Soil type Fl 

- Soil type: limited deep (30-60 em) sandy loam over caliche or rock. 

- Soil moisture characteristic and texture: fine sandy loam. 

-Natural soil fertility: 32 kg N ha- 1 ; 3 kg P ha-1 . 

- Agricultural potentiality: only suitable for shallow rooted crops. 

In the 100-125 mm rainfall zone, where a quarter of the area with soil 

type Fl is situated, the ratio beneficiary area to catchment area is about 1:3. 

The natural water supply is therefore 140 mm per year, assuming a run-off 

coefficient of 0.075. Another quarter of this soil type is situated in the 

125-150 mm rainfall zone. The ratio beneficiary area to catchment area is 1:1 

and the surface run-off coefficient for long courses of wa~er flow is 0.075. 

This results in 145 mm infiltration annually. This is close to 140 mm and thus 

half of the area with soil type F1 is considered to receive 140 mm infiltration 

annually. The other half of soil type F1 is situated close to the coast and 

will therefore receive about 170 mm as measured in the meteorological station. 

Under the water regime of 170 mm grain production is 300 kg and straw 

production is 2 600 kg ha-1• Under the water regime of 140 mm the yield is 100 
-1 

kg grain and 1 700 kg straw ha • 

d. Soil type C1 

- Soil type: complex of rock and shallow to moderately deep sandy loam to loam 

· -, over caliche or rock. 

From the soil map it can be deduced that this soil type is a combination of rock 

and soil type B3. As in other regions it is assumed, that Cl mainly exists of 

moderately deep soils of 30-60 em and that it covers half the surface area. The 

run-off coefficient for rocks is estimated at 0.5, so the natural water regime 

for- the area.coY~red_ wi.th~e!o:il~§ __ f~Q)J!I11 ___ .9.P:1l~B:l~y_j}~~--~--~_70 mm). The 

simulation results are identical to the ones presented in Table 20 for this 

water regime. 
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Although in the Barrani region the yields are somewhat higher than in the 

other regions, because of the higher rainfall, they are not high enough for 

succesful crop production. Only on soil type B2 a reasonable barley crop can be 

produced. Information about ti:e amount of water available for plant growth is 

too limited to give reliable estimates of production possibilities. The natural 

water regimes have been estimated conservatively. 

6.4 Cultivable area 

The soil types considered suitable for barley cultivation in the Barrani 

region are situated in two rainfall zones, about one third in the 100-125 mm 

rainfall zone and two thirds in the 125-175 rnm rainfall zone (Table 21). The 

area suitable for barley production is 31 700 ha, of which 11 330 ha or 35% can 

be used under the present conditions. If water is concentrated to an 

availability of 300 mm annually the cultivable area is reduced to 7 730 ha. 

Under the 450 rnm water regime only 4 000 ha can be used for shallow rooted 

field crops. 

6.5 Regional barley production 

Regional barley production can now be calculated for the Barrani region 

under the various water regimes (Table 22). If all depressions of the suitable 

soil types would be cultivated, i.e. 11 330 ha, total grain production would be 

10 100 ton and total straw production 42 600 ton. If water is concentrated on 

part of the depressions in such a way that the annual water availability is 300 

mm, total production is 10 400 ton grain and 36 100 ton straw, produced on 

7 730 ha. Total grain production remains at about the same level compared to 

the 250 mm water regime, but straw production decreases by 6 500 ton. Thus the 

decrease in cultivable area is not compensated by higher yields per ha. Under 

the 450 mm water regime total production is 16 000 ton grain and 19 400 ton 

straw, produced on 4 000 ha. In this situation grain production is increased by 

5 900 ton and straw production is reduced by 55%, compared to the present 

situation. It depends on the prevailing socio-economic conditions which water 

regime is the most favourable. 
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7. COMMENTS ON THE SIMULATION RESULTS 

7.1 Yield levels 

The calculated barley production levels, as presented in this paper, are 

based on many assumptions. Most of these assumptions have been presented 

explicitly in the previous chapters. If reality, especially with respect to 

water and nutrient availability, is different from the assumptions, the 

simulated results may present a distorted picture. 

The aggregated regional production for the three water regimes as 

calculated is a maximum value, as the total available area is assumed to be 

cultivated with barley and nothing is left for fruit trees. Moreover, no yield 

losses due· to weeds, pests and diseases nor post-harvest losses have been taken 

into account. 

For barley in Egypt no data on post-harvest losses were found. From other 

literature it was derived that these losses are about 10% for barley grain. The 

post-harvest losses and losses in the field for straw are estimated at 20%, 

excluding the stubble, which is left for sheep and goats to graze. 

The presence of weeds causes on average a yield reduction of 25% for barley 

(van Heemst, 1985). This agrees with the average of Egyptian data, although the 

variability in these data was very high: the yield loss reported varied between 

3 and 66%. As no more accurate information is available, an average yield 

reduction of 25% is assumed to hold for barley in the Mariut region. For straw 

no yield reduction is taken into account, as the weeds will be harvested 

together with the straw and contribute to total dry matter yield. 

Other effects of crop management will be considered when discussing the 

.systems of barley cultivation. 

7.2 Cultivable area 

In literature several estimates for the area sown to barley are reported. 

According to FAO (Report 3, 1970) on average 250 000 feddan or 105 000 ha is 

under dry farming annually, of which 80 000-135 000 feddan (33 600-56 700 ha) 

is sown to barley. Not all barley sown is actually harvested. Usually, in some 

-a:reas~the--c-rep ~f-a-ils 4ue to--drought .. p.eriads and _$om~.Q~J;b_ey is grazed if yield 
~ ~"'-'"'"~~· ~~-~~"'~MMC7""~>"W>»~~~R~' '' ,~• ~'»'-~'-'>R~•'·~~ 

expectations are low. FAO (Report 3, 1970) estimates the harvested area to vary 

between 20 000 and 110 000 feddan (8 400-46 200 ha). Abo Elenein (1983) 

estimates the area sown to barley at 150 000-250 000 feddan (63 000-105 000 

ha), but that again is not the area harvested. For acceptable yields seasonal 

rainfall should exceed 200 mm, so in average years yields are low and only part 
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of the area is harvested. Soliman et al. (R.P.R., 1982) report the area under 

barley to vary between 54 800 and 200 000 ha in the period 1975-1981, with an 
-1 average of 99 000 ha yr No estimate is given for the harvested area. Sultan 

(quoted by ChGbbour, 1983) estimates the harvested area at 20 000-50 000 ha 
-1 1 yr and Euroconsult (1976) estimates it at 30 000-40 000 ha yr- • 

In this study the total barley area that can be harvested annually, is 

estimated at 40 500 ha, representing the aggregated area of the depressions 

receiving 250 mm water annually. The present area under fruit trees, estimated 

at 10 500 ha (Mariut-team, 1987), has to be substracted from this area as fruit 

trees and barley compete partly for the same soil types. This means that at 

present 30 000 ha of barley can be harvested annually. Comparing this figure 

with the estimates reported above, shows that it is within all ranges, but the 

margins are wide. However, the assumption that the 250 mm water regime 

represents the present situation seems reasonable. 

It should be noted that the area under fruit trees is expanding rapidly at 

the expense of good barley land. Barley cultivation is expanding at the expense 

of rangeland (Soliman et al., R.P.R., 1982). The latter lands are less suitable 

for barley than the areas that are being withdrawn from barley cultivation. 

Water availability is usually lower, so the incidence of crop failures will 

increase. 

7o3 Water management 

From the simulation results it may be concluded that barley can only be 

grown in depressions, which receive additional surface run-off and, if present, 

wadi flow. The Matruh region and the Barrani region receive a reasonable amount 

of wadi flow, which is, however, only partly used (25%) while the remainder 

flows off to the sea. The limiting factor for barley cultivation in this region 

is not the absolute amount of water, but the water management. To obtain high 

barley yields, dykes should be constructed and maintained and some areas would 

need terracing. Close to Mersa Matruh such constructions have been realized, 

but the beneficiary areas are not known. By improving the methods of water 

collection and water harvesting a larger part of the total amount of water 

could be used. The surface run-off coefficient could be increased and more of 

~~~~·· · · ~· ·the··wad± ~·frow··corr:tct~be··~sed· .·~~·~· ·~~.~·-~·····~·~· 

It should be realized that the basic input data on water availability are 

all rough estimates, partly because FAO could not complete its hydrological 

research program. The measurements on wadi flow have been carried out in six 
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wadis and their catchment areas. These results have been extrapolated along the 

whole northwestern coastal zone. Many of the data used were estimated on the 

basis of analogy and not measured. 

7.4 Natural soil fertility 

No data about soil fertility from plant analyses were available, except the 

~ · ones mentioned in Section 2.3. The soil analysis data from the various sources 

·were very variable and sometimes even contradictory. It would be worthwhile to 

pay more attention to this aspect in a possible second phase of the project. 

The nutrients available for plant growth are estimated at 10-33 kg N and 3-4 
-1 -1 

kg P ha yr . If the system is considered in equilibrium, these amounts of N 

and P would have to be added to the pool of available nutrients in the soil 

each year. Nutrients become available for plants through various processes, 

such as weathering of minerals, mineralization of organic matter, activity of 

free living micro-organisms, addition by rain and urine and fixation by 

.. )1 .;.legumes. Janssen (1986) uses the rule of thumb that 1% organic matter yields 30 
-1 -1 

kg N ha yr through mineralization. Based on data by Harpaz (1975) addition 
-1 -1 

by rain is estimated at 3 kg N ha yr • Sheep graze the barley stubble at a 

high stocking rate, but only during a limited period, so addition of N by urine 

is estimated at 1 kg ha-1• Fixation of N by legumes will be limited, as only 

few legumes are present. The contribution of free living micro-organisms 

depends on wetness of the soil and will be negligible in this situation. Adding 

all of this the total quantity of N supplied to the nutrient pool of the soil 
-1 -1 is 19 to 34 kg ha yr • Mineralization contributes most to the available N 

and its availability thus depends mainly on Soil organic matter content. 

Considering this reasoning, the measured nitrogen uptake of 10 to 32 kg 
-1 -1 ha yr in the Mariut region seems reasonable. It should be noted that not 

· all the land suitable for barley is actually cultivated each year, as amount 

and distribution of rainfall may not be favourable. If the soil is left fallow, 

a nitrogen store may build up during the fallow period and more N may be 

available the following year. If that would have been the case in the sampled 

barley fields, the annual N availability may have been overestimated. The exact 

history of the sampled barley fields, however, is not known. For the simulation 

·r~~es-~··chan~~··i~na.tu.ral. ... s.oi~ .... £e.rtility .. JoZil1~h.~Y .. ~···~cQg§~_q~~_!!~e~~ ... 91!~¥. for the 

fertilizer requirements as long as water is the major constraint for plant 

growth. If soil fertility is limiting, the yield in the natural situation, i.ee 

250 mm infiltration annually, will decrease. 
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8. SYSTEMS FOR BARLEY CULTIVATION 

To construct input/output tables the yield estimates have to be 

supplemented by the inputs required to achieve them. Therefore, various systems 

for barley cultivation have been defined. 

8.1 Agricultural operations 

To obtain yield from a barley crop some operations are obligatory and 

othe·rs are optional, depending on the cultivation system choosen. In this study 

ten operations are distinguished. Table 23 summarizes the various operations 

necessary for cultivation under the three water regimes described. It is 

assumed that under high water availability, which takes considerable effort to 

achieve, more attention is paid to the cultivation techniques than under low 

water availability. 

Sowing is assumed to take place in November for all water regimes. 

Immediately after sowing, also in November, the soil is ploughed. Ploughing in 

rainfed agriculture in the Mariut region is rather shallow (0-10 em), 

comparable to seedbed preparation, and it is also considered· a weed control 

measure. In this study shallow ploughing is required for the water regimes of 

250 mm and 300 mm and deep ploughing for the 450 mm water regime. 

Harrowing is not practiced in rainfed agriculture at present. In irrigated 

agriculture it serves as crushing of soil clods by pulling a thick wooden beam 

over the field. Clod crushing, after ploughing in November, is assumed a 

standard operation if cultivation practices are improved (300 and 450 mm water 

regime). It is done after ploughing in November and will be referred to as 

harrowing from now on. 

Apart from ploughing no special weed control measurements are taken in 

rainfed agriculture. In irrigated agriculture herbicides are used sometimes and 

some hand weeding is carried out, but neither of these practices is standard. 

Weeding is not considered worthwhile for the 250 mm water regime, because the 

yield increase is small. For the improved water management systems weeding is 

optional. Weed control is carried out in January/February, whenever time 

permits • 

. ~As ...... ~.expla.ined .. ~.he .. fo.r:e..,. ..... ~e.tlilizers~ra. onl~L.us.ed~...und.ex .. ~ .. the~5.D .. JlliiL~a.:ter ... ~ .... ·~···· -···· 

regime and they are applied in January/February. Promoting run-off by 

construction of dykes is necessary to achieve the 300 and the 450 mm water 

regime. For the present purpose, only the maintenance of the structures is 

considered, as that has to be repeated annually and construction is a one-time 
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effort. Harvesting, threshing, winnowing and transporting operations have to be 

carried out for all three water regimes. The crop is harvested in April and 

threshed and winnowed in May and June. 

8.2 Mechanization level and labour input 

Three levels of mechanization have been distinguished: hand labour, animal 

power and mechanized equipment. Not all three levels of mechanization are 

applicable for all operations in the Egyptian situation and only the relevant 

·combinations are considered here. The inputs required for each combination are 

defined and are used as such in a linear programming matrix. 

All values for labour requirements are derived from Egyptian data, the FAO 

reports (1970) and Van Heemst et al. (1981). The latter paper presents 

estimates for labour requirements in agriculture in the Netherlands and in 

developing countries. The data for Dutch agriculture are rather reliable, but 

for developing countries they are not very accurate, due to lack of 

information. The FAO data are based on interviews with 24 farmers in the e 

sixties. The information specific fqr Egypt is collected from various sources, 

but it is mainly based on interviews in 1985/86 with four Egyptians: two 

·farmers, one regional planner for agriculture and one scientist specialized in 

barley research. The variability in the estimates of these four people was 

often considerable. 

For estimating the parameter values it is not a matter of course to use 

the mathematical mean of the four data sets. Sometimes information seemed very 

unlikely and was discarded. Sometimes a combination was used with emphasis on 

one data set and if no data were available at all the value of a parameter was 

guesstimated. 
-1 -1 

The labour requirements are expressed in h ha or h ton They comprise 

all actions required for a smooth continuation of the job, including minor 

repairs, installation and maintenance, if machines are used. It is assumed that 

a skilled healthy labourer carries out the operation under standard conditions, 

"at normal working pace, with standard equipment and with maximum efficiency 

(Van Heemst et al., 1981). As most available data are not well specified, it is 

difficult to judge for which values these conditions are satisfied. 

~ ,~~~"A:s~ ~he"~":E-eu~ d~~~"seU; ... ~ntione .. fi"~h.e.f,o..r.a~M. eX§. th.~~- only ones available at the 
~ -- ~"~""~"~' ''''' ~ ~' ,,,~~'' ,, '', , ~~,, c~' '~'-'" ~~~'~'-' ' ,_, ,_,,~,-' '' -~ ~ -' ' ~ ~,~ 

moment, they are used as such. A summary of these data and the ones actually 

used is given in Table 24 and is discussed in the following paragraphs. 
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·a. Sowing 

The Bedouin in the northwestern coastal zone usually broadcast the seeds 
-1 by hand. Under rainfed conditions they broadcast about 60 kg ha and under 

-1 
irrigated conditions about 100 kg ha • For the present rainfed situation (a 

-1 water regime of 250 mm) an amount of 60 kg ha is applied and for the improved 
-1 rainfed situation (water regimes of 300 and 450 mm) 100 kg ha is applied. It 

is assumed that in the improved situation more attention is paid to the 

cultivation techniques than is the case at present. The difference between the 

two sowing rates has no consequences for the labour input, because the 

available information is not accurate enough to make a distinction between 

both. 

The Egyptian estimate for sowing seems very low (Table 24) • It only refers 

to the actual walking over the land and does not include all other actions 

required. The FAO estimate, on the other hand, seems rather high. As an 
-1 intelligent guess, a human labour input of 4 h ha seems reasonable. 

b. Ploughing 

In Egypt, ploughing is considered not only soil tillage, but also a method 

of weed control. Turning the soil with a hoe in hand labour is an unusual 

practice at present. Ploughing is carried out using animal traction or 

mechanized equipment and only once a year at the beginning of the rainy season. 

Depending on the expected yield and on the level of land reclamation, ploughing 

is either shallow (0-10 em) or deep (15-20 em). It is assumed that, using 

animal traction and an indigenous plough, shallow ploughing takes 18 h ha-l and 
-1 

deep ploughing 28 h ha (Table 24). Using a tractor and a chisel plough for 

shallow ploughing or a tractor and a mouldboard plough for deep ploughing, the 
-1 operation takes 3 or 11 h ha , respectively. Fuel requirements for shallow 

-1 -1 
ploughing are estimated at 27 1 ha and for deep ploughing at 95 1 ha 

(Appendix II). 

c. Harrowing 

N ·····~~·~·llarro.wing.,. .. -as ...... caxr.ied out .. a.t...p.res.en.t,~4s..mo.r~r-l.es.s ... c.r.ushing .. o.£ .. so.il .... ~ ··- .. -

clods. A thick wooden beam is pulled over the field by a donkey or a tractor. 

For harrowing the Egyptian data are applied. Harrowing takes 6 h ha-l using 

animal traction and 2 h ha-l using a tractor (Table 24). The data for the 
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developing countries (Van Heemst et al., 1981) seem too high for the Egyptian 

situation, as here only clod crushing is involved. The fuel requirements are 

estimated at 9 1 ha-l (Appendix II). 

d. Weed control 

The two methods of weeding considered in the present study are hand 

weeding and the use of herbicides. A big discrepancy exists between the 

·. · estimates of labour involved in hand spraying for the Netherlands and for 

developing countries (Table 24). The latter value is assumed to apply to Egypt, 
-1 

hence spraying against weeds takes 25 h ha . For hand weeding the Egyptian 

data are used, i.e. 120 h ha-
1

• Weeding is assumed to be carried out only once 

during the growing season. 

e. Fertilizer application 

At present, fertilizers are only applied in irrigated areas and they are 

broadcast by hand. The Egyptian estimate of the labour requirements includes 

only the actual spreading of the fertilizer over the land and is therefore an 

~.1 •• underestimate of the total time requirement. The labour input for developing 

countries (Van Heemst et al., 1981) probably refers to placement of the 

fertilizer and therefore seems too high. To estimate a labour requirement from 

these data, they are compared to the data for sowing. Because the quantity of 

fertilizers applied is usually higher than the quantity of seeds applied, it is 

assumed that broadcasting fertilizer takes one hour more than sowing, i.e. 5 h 
-1 

ha • 

' .. _; f. Irrigation 

-1 
In the irrigated part of the Mariut region about 5 h ha are spent on 

each irrigation event. At present barley is irrigated two to four times a year, 

depending on the water supply. As the water supply from the canals is 

increasingly regular and dependable, the number of irrigations is increasing. 

When the supply is dependable enough, farmers start growing other crops like 

bars.ee114~ hr.oadJl.~a!!§, _g"t§:P~~- .!=.~~___!L.!!~~ --~~~J:li¥J:lel:'~~net revenue. 

For the irrigated area, situated between Burg el Arab and el Hammam, 

production calculations for barley have been carried out for two irrigation 

levels. For the low irrigation level it was assumed that barley is irrigated 

once a month, i.e. four times during the growing season, and for the high 

irrigation level it was assumed to be once every three weeks, i.e. six times 
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during the growing season. Maintenance of the irrigation canals is assumed to 

take about 20 h ha-l yr-l I · h d d bl 1 h dl . n areas Wlt an un epen a e water supp y ar y 

any summer crops are grown, so the labour requirements for maintenance are on 

account of barley only. In areas where water supply is more dependable s~mmer 

crops are grown, but that activity is not considered separately at this stage. 

For the low irrigation level labour requirements are estimated at 40 h ha-l 
-1 -1 -1 

yr and for the high irrigation level at 50 h ha yr 

In rainfed areas dykes have to be constructed to concentrate the water 

from surface run-off and wadi flow on the cultivated land. Cost and labour 

associated with construction of dykes are one-time investments and are not 

taken into account here. Once the dykes have been constructed, however, they 

have to be maintained. According to FAO estimates (Report 2, 1970) maintenance 

takes 10% of the construction time, so the latter had to be estimated too. The 

surface run-off coefficient (FA0-2, 1970) holds for distances of 50 to 100 m, 

the average being 75 m. The distance between two parallel dykes should thus be 
-1 75 m. That implies 133 m of dyke length ha . FAO developed several pilot areas 

using dykes to concentrate water. The average dimensions of those dykes were 

0.5 m height, 0.5 m width at the top and 1.5 m width at the bottom, i.e. a 

volume of 0.5 m3 m-1, or a volume of 66.5 m3 ha-1• The labour costs for 

construction were estimated at LE 0.15 m-3 and the wages at LE 0.44 
-1 . 

person-day (FA0-2 and -4, 1970). This means that 2.9 m3 dyke can be 

constructed per day. According to Egyptian standards one person-day of 

agricultural labour is 7 h (Sultan, pers. comm.). The construction of dykes 
-1 -1 -1 thus requires 160 h ha yr and maintenance 16 h ha • This is assumed to 

hold for the low irrigation level. For the high irrigation level more dykes 

will have to be constructed to concentrate the water from a larger catchment 

area. Construction and maintenance are assumed to be 1.5 times that for the low 
-1 -1 

irrigation level, i.e. 24 h ha yr for maintenance. 

g. Harvesting 

Harvesting is done by hand, using a selfbinder or using a combine. It is 

unknown whether selfbinders are actually used in the region. The difference in 

mechanization level between harvesting by hand and harvesting by combine is so 

Targe; ·~tnat :rt~rs~TikeTy~tnat ~tnEfre rs~ room~·for~an:··~rntermea:rae-e···for ·wren~;~~~~·~~··~ 

rather arbitrarily, a selfbinder is choosen. According to Sultan (pers. comm.) 

a reaper is not used, so that option is not considered. 

The labour requirement for harvesting by hand depends on yield and not on 

the area harvested. In this study the labour requirement is related to the 

total yield of both grain and straw, because the time requirement depends not 
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only on grain yield and the harvest index is not identical for the various 

yield levels. The labour requirements for meGhanized operations are expressed 

on an area basis. 
-1 The Egyptian estimate for harvesting in hand labour of 13 h ton is 

applied for the barley systems (T.able 24), even though it is low compared to 

other sources, except the Dutch estimate, but that refers to grain yield only. 

The Egyptian estimate is applied nevertheless, because all four people 

interviewed independently reported the same value. For harvesting by mechanized 

equipment the data from Van Heemst et al. (1981) for developing countries are 
-1 -1 

applied, i.e. 5 h ha to harvest by selfbinder and 4 h ha to harvest by 

.combine. The latter activity also includes threshing and winnowing. It is 

assumed that about one third of the straw remains in the field as stubble and 

as harvest losses. 

Fuel requirements for mechanized operations are estimated at 36 1 ha-l for 

the combine and 30 1 ha-l for the selfbinder (Appendix II). 

h. Threshing and winnowing 

Threshing is carried out either using animal traction or a stationary 

threshing machine. In the first case animals pull a beam with discs in circles 

over the barley. The discs cut the material into small pieces and part of the 

straw is blown away by the wind. The remaining part is winnowed by using a flat 

basket and throwing the barley in the air. When using a threshing machine no 

separate winnowing has to be carried out. For both methods the time requirement 

depends on the total yield of grain and straw. 

The Egyptian estimate of 19 h ton-l (Table 24) includes interruptions, 

during which the animals are used for other activities. On the other hand, it 

is not known, whether the normal non-operative time is included. When the time 

requirement for winnowing is added to the 19 h ton-l the total time requirement 
-1 

is comparable to the FAO estimate of 30 h ton including both threshing and 

winnowing. The time required for winnowing will be closer to 5 than to 1 h 
-1 

ton and it could even be higher, as the harvest index is low (0.25). Based on 

these data the total time required 
-1 1 ton threshing taking 20 h ton-

for threshing and winnowing is set at 30 h 

and winnowing 10 h ton-1 • Animal traction is 

only- -ne~~Ei~FG~r~ th~-eshing and ... _no .. L._f_oi_:WiDJlQRi!l-&'! 1'J!~~-y~lue for threshing only 

agrees with the estimate for developing countries (Van Heemst et al., op. 
-1 cit.), if the total yield is over 15 ton ha • That seems a rather high value, 

but it depends on reclamation level and cultivation practices. 

...... 
:::;i..F:: 

::- ..J,". •• ' 
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The Egyptian sources estimate that, when using a threshing machine, the 

time involved is 3 h ton-1. Under Dutch conditions, with high yields, 
-1 

mechanized threshing requires 11 to 25 h ha . For developing countries 

mechanized threshing requires 10 h ha-l (Van Heemst ~-::, al., 1981), which agrees 

with the Egyptian estimate if the yield is 3.3 ton ha-1 • For mechanical 

threshing the Egyptian estimate is used. Two people are needed to operate the 

threshing machine. As part of the straw is lost during harvest and part is left 

in the field as stubble, the labour requirements are estimated by multiplying 

the straw yield by 2/3 and adding the grain yield. 

The fuel requirements for the threshing machine are estimated at 11 1 
-1 

ton (Appendix II). 

i. Transport 

It is difficult to estimate the labour requirements for transport from the 

field to the farmhouse, as no data are available on the average distance 

between. Own observations suggest that it varies between 0 and 10 km. 

Barley can be transported using animal traction or mechanical traction. 

All available data refer to animal traction. The FAO estimate is three times 

higher than the estimate for developing countries from Van Heemst et al. 

(1981) (Table 24). It is not clear whether loading and unloading are included, 

but it is assumed to be the case. 

The following assumptions were made to arrive at the final estimate. The 

average distance from the field to the farm is 5 km. A donkey can cover a 

distance of 2.8 km in one hour, drawing a cart loaded with 500 kg barley. When 

the cart is empty, the speed is about 4 km h-1• The total time needed for the 

actual transport of 500 kg from field to farmhouse is thus 3 h. If loading and 
-1 

unloading and other time consuming activities are assumed to take 8 h ton , 
-1 

the total time requirement for transport is 7 h per 500 kg, i.e 14 h ton 

For mechanized transport no data are available and a similar reasoning is 
-1 

followed. It is assumed that the tractor has an average speed of 16 km h , so 

the actual driving takes 0.6 h. The capacity of the cart is estimated at 5 ton. 

Loading and unloading of one cartload takes 40 h, at the same pace as for the 

small cart. Thus the labour requirements are 40.6 h for 5 ton, i.e. about 8 h 

ton~ l~: ~F~or-t raiisport~~-t:Ke~ siiiile'' -appl~fesas~ for'~t:Iireshlng~ancrwriincrwing; r.,e:~'-tlie' 
total labour requirements are obtained by taking into account 2/3 of the straw 

yield plus the grain yield. The fuel requirements are estimated at 2 1 ton-l 

(Appendix II). 
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8.3 Barley systems 

The three water regimes, the ten operations, and the three levels of 

mechanization, are combined into seventeen cultivation systems (Figure J). The 

first criterion distinguishes between the systems using animal traction and 

, those using mechanized equipment. Systems using only hand labour for all 

operations have not been defined. The second criterion is the water regime: 250 

r; ,~· 

mm, 300 rnm, or 450 mm water annually available. The third criterion relates to 

weed control measures that are applied or not and in the first case in two. 

ways:'hand weeding or using a herbicide. As mentioned before, that only applies 

to the 300 and 450 mm water regimes. For the mechanized activities hand weeding 

is not considered an option. For mechanized activities the next and final 

criterion relates to harvesting either by selfbinder or by combine. It depends 

on the size of the plot whether a combine can be used or not, but it is assumed 

that plot size is not a constraint. 

8.4 Assumptions 

In defining .the seventeen systems described above a number of implicit 

assumptions have been made that require attention. 

The effects of pests and diseases have not been taken into account, due to 

lack of information. 

Clearance of the land is not considered. That happens only once if at all, 

before a field is cultivated for the first time. Sometimes the land is not 

cleared and barley is sown directly between the existing vegetation of shrubs 

,. and subshrubs. That is considered a non-weeded system, although yield reduction 

due to weeds could be somewhat higher than 25% in that situation. 
~ 'I' 

It is assumed that if a farmer uses animal traction, animals are available 

for all operations to be carried out and power equipment is not available. If a 

.farmer uses pow~r equipment, that applies to all operations. Thus, in this 

concept a rather sharp transition exists between mechanizeq and non-mechanized 

farms. 

The additional feed input for animals to supply draught power is estimated 

at 0.11 Feed Unit per hour effective working time (Van Duivenbooden, 1985). For 

the barley systems 1 to 5 less than 25 kg barley grain would be needed to cover 
"M~~~W~~' ~'''''~''~ -'~~ ~'~~~ ~~~'-' ~ '~ ''' ~ '''''''''~-MW--

that requirement, hence that is neglected. For the systems 

, •. r additional feed requirement is just over 25 kg ha - 1 and that has been included 

at 50 kg. That amount has been subtracted from the barley yield in the two 

systems concerned and is not introduced separately in the input/output tables. 
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Figure 3. Barley systems 
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Table 1. Climatic data set for the 5 meteorological stations along the coast 

and for one calculated "mean climate". TEMP =monthly average of 

daily air temperature (°C), RAIN= monthly rainfall (em), T =monthly 

average of daily potential transpiration rate (em d-l), ET = monthl·y 

average of daily potential evapotranspiration rate (em d-1), PGS4 

(PGS3) = monthly average of daily gross co2 assimilation rate for a 
-1 -1 

~- ~~~" ~-~~-- ~~"~"h'h~-~~ ~~~~ h-~--

closed C4 (C3) canopy (kg ha d ), RAIND =number of rainy days per 

month; the number following the name of a climatic data set indicates 

the geographical latitude. 

TEMP RAIN T ET PGS4 PGS3 RAIND 

DEKHEILA EGYPT 31.22 
13.7 5.92 .191 • 222 445 •. 360 • 11. 
14.5 2.32 .250 .300 548. 438. 6. 
16.4 1.18 .346 .408 652. 517. 4. 
18.7 0.30 .438 • 516 761 • 601. 2. 
21.0 0.11 .487 • 605 861 • 675. I. 
24.3 o.o .566 .696 918 • 716. 1. 
25.4 0.0 .613 • 726 920. 716. 1. 
26.5 o.o .588 .707 869. 677. 1. 
25.5 0.14 • 484 • 581 761 • 595. 1 • 
22.4 1.18 .377 • 440 620 • 491. 3. 
19.4 2.47 .240 • 289 503 • 402. 5. 
15.6 4.87 .188 • 215 417 • 339. 8 .. 

DABAA EGYPT 30.56 
12.7 3.41 .211 • 241 445. 360 .. 7 • 
13.4 1.38 .263 • 312 548 • 438 .. 4. 
15.0 1.10 .385 • 443 652 • 517o 3. 
17.6 0.15 .457 • 533 761 .. 601. 1 • 
20.0 0.19 .509 • 624 861 • 675. 1 .. 
23.2 o .. oo .588 .716 9188 716. 1 ~ 
25.0 o.o .620 • 753 920 .. 716 1. 
25.5 o.o .579 • 701 869 • 677. L. 
24.2 0.11 .471 • 569 761. 595 .. 1 • 
21.8 1.40 .334 .399 620 .. 491., 3. 
18.2 2.50 • 234 .279 503 • 402. 5. 
13.7 3.80 .216 • 241 417 • 339. 7. 

MERSA MATRUH EGYPT 31.20 
13.2 3.32 • 230 • 260 445 • 360. 9 • 
13.7 1.51 • 282 • 324 543 • 435 • 6. 
15.3 1.20 .387 • 446 640. 510. 5 • 
17.4 0.28 .450 • 524 848. 592 • 2. 
20.1 0.26 .517 • 619 854 • 670. 1. 

~~~z1~3 ~~~~~~a .zo~ ~;s7 1 ~~~ ~~· ~;·7o3~ ~·~·~ · ~~to . --~~7 tt~~~ ·~.-~~~ . 
24.8 o.oo .592 • 724 920. 716 • 1. 
25.4 0.06 .553 • 676 869. 677 • L. 
24.2 0.11 • 457 • 554 761 • 595 • 1. 
21.9 1.56 .344 • 416 610 • 484. 4. 
18.3 2 .. 25 .246 • 284 503 • 402. 6., 
14o8 3.05 .229 • 257 409 • 334. 8. 
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Continuation Table 1. 

TEMP. RAIN··. T ET PGS4 PGS3 RAIND 
I • • f, I 

SIDI BARRANI EGYPT 31.33 
. 13. 2 .. ; 4.58· .212 .242 441: 358. 10. 
13. 8. 1.46 .298 .343 552. 438. 5. 
15~3· 1.56 .368 .435 652. 517. 5. 
17. 5,:· ,; . 0.67 .436 • 518 754 . 597. 2. 
19.9 0.34 .487 . 593 854. 670 . 2 • 
23~3 0.01 . 560 .689 926. 721. 1 . 

... -.::.:"' .. . 24.9 0.00 .578 . 712 920 . 716. 1 . 
25.6 0.02 .546 • 669 876 • 682. 1 • 
24.4 0.08 . 447 .545 761. 595. 1. 
21.8 2.20 .334 • 399 620. 491. 4 . 
18.4 - 2.22 .244 .280 503. 402. 5. 
1'4. 7 .' 4.00 .223 .242 420. 342. 9. 

SAL~OUM EGYPT 31.24 
14 .·2 - 2.06 .255 .280 445. 349. 6. 
15 ;o 0.96 .307 .348 548. 442. 4. 
16.4 0.88 .396 .449 652. 533. 3. 
18 .7~ 0.37 .458 . 529 761 • 637. 2. 
21.'0: 0.35 .523 .634 861. 738. 1. 
24.'8 0.04 .606 • 725 918. 796 • 1. 
26.1 o. 00 .. • 659 .. . 783 920. 796 • 1. 
26.4: o.oo .599 • 715 869 .. 751. 1. 
25. 0~ 0. 21. .474 .569 761. 641. 1. 
22.8 1.59 .362 .422 620. 516. 3. 
19. 4. 2.39 .270 .307 503 .. 397. 3. 
15.6 1.72 .276 .296 417. 321. 5 • 

.. 

EGYPT MEAN 112.mm 31.' 
13.4~ 2.92 .220 .249 443. 359. 9. 
14.1: 1.15 . .280 • 325 546 • 437. 5. 
15. 7~· 0.88 .376 .436 648. 515. 4. 
18.0: 0.27 .448 • 524 754 • 597. 2. 
20.5~ 0 .19' .505 • 615 856. 672 • 1; 
23.4 0.03 .579 .705 918~ 716. 1 ~ 
25.2: o.oo . • 612. - • 740 920. 716 • 1. 
25.9 0.01 .573 .694 871. 679. 1 • 
24.6 :. 0.09 • 467 . • 564 761. 595 • 1. 
22.1 1.20 • 350 .415 617. 488. 3. 
18.7 .. 1.79 • 247 . • 288 503 • 402. 5 • 
14.9 . 2.64 • 226 .250 415. 339. 7 . 

... 

'j 
:. : . 

· .. , .... 
I • 

,J .: 

. i ~ ... 

;. ,,,-_' , .. . (, 

.. -\ 
. ' ! 

.··, { 
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Table 2. Soil moisture characteristics for 3 geomorphological units, derived 

from experiments by Harga et al. (1973). The soil moisture content (cm3 

' .J 
cm-3) for the Coastal Plain (C.Pl.), Frontal Plain (Fr~Pl.) and the 

Mariut Tableland (M.T.L.) at different tensions (~ ia mbar). 

p C.Pl. Fr.Pl. M.T.L. 

0 0.312 0.575 0.360 
2.5 0.310 0.550 0.359 

10 0.285 Oe520 0.357 
31 0.260 0.450 0.355 

100 0.210 0.375 0.353 
200 0.184 0.325 0.330 
500 0.150 0.225 0.235 

2500 0.110 0.185 0.170 
16goo 0.076 0.156 0.122 
10 0.010 0.090 0.050 

Table 3. Simulation results for barley production. Potential and nutrient 

'· limited situation. Climate: Dekheila; grain and straw weight in kg dm 

r>r;; ha - 1; N and P fertilizer requirements in kg ha - 1 (N, P) o 

Grain Straw N p 

Potential production 32 N + 3 p 6 300 4 900 125 65 
Potential production 28 N + 4 p 6 300 4 900 135 55 ~ -

N-limited production 32 N 2 400 2 000 5 
N-limited production 28 N 2 100 1 700 0 

P-limited production 3 p 2 000 1 600 0 
P-limited production 4 p 2 700 2 100 10 

,' ~] '..... _. 

(_ !. 



- 63 -

Table 4. Simulation results for barley cultivation under a water regime with an 

even d~stribution and homogeneous infiltration of rainfall and under 

irrig~tion i?, the Burg_ ~1 Arab region·. Climate: .Dekheila; grain and 

straw yieLds are in kg dm ha- 1;' N and P fertilizer requirements in kg 
:-1 . ' ; .. ., . . . 

ha (N, P); two soil moisture characteristics are used fo.r B1 (fp = 

frontal plain, mtl = Mariut table land); I= infiltration during the 

growing season in mffi. 

Soil type Water regime. Grain·· Straw N p I 

Bl-fp rainfall l37 .mm ·50 1 100 0 o· 75 
rainfall 184 mm 300 3 300 0 0 100 
irrigation level 1 1 500 4 400 0 0 " 160 
irrigation· level 2 4 600 4 600 so 45 230 

Bl-mtl rainfall 137 mm 50 1 400 0 0 75 
irrigation level 1 1 300 4 050 0 0 160 
irrigation level~2 "'3 ·sa-o· 4 500 .... 50 30 ... 230 

: ::·r:. _;_ i .. ~ ·- ., ~-- . - ~ . , ;. c, 
...... ). 

:J. r) ·n > ~~~ ~ ~ '. ' ~- .. : , ."': ·> ~ ,- ~ ' ~ . ., 
· Table··5. S·1mulat'i·oii results for ·rainfed bar·ley cultivation in the Burg el Arab 

reg·i·a·n.·· Climate:· Dekheila; grain and straw yields in kg dm ha-l; N and 
-1 P fertilizer requirements in kg ha (N, P); -I= infiltration during 

·~·t-he --g-re-wing. season .. in. mm •... 

............. _,, __ ., ----"·-··~- ... ····· -- _, ......... _ ............. , 

Soil type_. Wate~ ;··tegime ·. 1
: Grain Straw .N >-,, -~. P . ,· 1I :·· --;c.·: 

(. ~: ~ -~ l.} ' 

-----------------------------------· ~ .;r:< 

Bl-fp rainfall 137 mm 
rainfall 1'84: mm -' 
250 mm 
-3-00-mm.-............ _ ... --~----- .. .. 
450 mm 

Bl-mtl rain.fall 137' 'mm 
·- -----~· .. -25.0--mm.. . ......... -- . ···--- .. 

300 mm 
450 mm 

rainfall 184 mm 
250 mm 
300 mm 
450 mm 

50 
. 300. 
600 

t Q50 
4 550 

50· 
400 
900 

3 200 

500 
1 100 
1 800 
4 500 

1 100 
3 300 
3 350 
.4 35Q __ ... 
4 850 

1 400 
-- .. 2 __ }00 

4 000 
4 550 

3 350 
4 050 
4 800 
4 900 

· .... o ···-··-·- · · ·o ·-----·--·7·s --- -·-~ 

0 .. '.)0 1 • ..1 0 0 \l}' ~: _1.'-- ~ .. 

0 ·: . ·. 0' . 1.35·:: ..... · .. ·. 
0 0 160 . ..... 8cf · ....... 45· ·-- ..... z.~o-.. ·----

0. 
0 
0 

45 

0 
0 
0 

90 

• :; .··-, 1 ... '., •• 

. o : . ~ 7 5~~ · . : 
0 135 · ....... ·c-r---··r6o--~ ·-····· 

25 240 

0 
0 
0 

35 

100 
135 
160 
240 
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Table6. The total area, the. percentage of the area that is saline, the suitable 

area per soil type and the distribution of the soil types over the 

irrigated and the rainfed regions. 

Soil type total area saline suitable rainfed irrigated -' _ _, 

- ha % ha ha ·ha • - •r-

.... B1-fp 11 930 5 11 330 3 780 7 5.50 
B1-mtl 23 860 5 22 670 5 670 17 000 

.. B4d 4 000 10 3 600 3 600 
C2-fp 1 500 5 1 420 710 710 

··. C2-mtl 20 340 5 19 320 19 320 
....... 

total 61 630 5 58 340 33 080 '··25 260 

'- c..-=-, . 

Table 7. Distribution of the area suitable for barley cultivatj_on .over the four 

rainfall zones and the cultivable area under various water regimes in 

the rainfed region, all figures are given in ha0 

·o 

Rainfall soil type suitable area cultivable area rainfed 
zone total irr-igated rainfed 250 mm 300 mm 450 nun 

• ~, _._,__.~.._- V•·•=-•-~,__.....__.-. 

y • ~ (" -.. I,:. i 

150- B1-fp 3 780 2 520 1 260 600 420 '209~ · 
200 mm B4d 1 800 1 800 650 450 : ~f.Q.: I 

C2-fp 480 480 

125- B1-fp 7 550 5 030 2 520 660 480 z-~f): ~):; 

150 mm · Bl-mtl 11 330 11 330 
" ....... ____ ,. ___ 

B4d 1 800 1 800 470 340 200 
C2-fp 950 240 710 290 170 80 

100- B1-mtl 11 330 5 660 5 670 1 080 740 450 
125 mm C2-mtl 9 660 9 660 1 930 1 550 770 

100 mm C2-mtl 9 660 9 660 1 160 970 580 

total 58 340 25 260 33 080 6 840 5 120 2 780 
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Table 8. TotaL.ba~ley production on irrigated land in· the Burg el Arab region. 

All yie.J_ds are in 10? kg. The·required amount.of fertilizer is given 
3 in 10 kg. 

Soil 
type 

B1-fp 
B1-mtl 
C·2-fp* 

total 

* only 

area (.b.a) 

6,_- 040\ 
13 600~:' 

350 

20 210 

half: ef ,the 

irrigation level 1 
Grain Straw 

9 ~ .1" 26.6 
17~. 7 ~· 55,. L. 
0.5 1. 3, 

27·.3:. 83. o .. 

area1 can be cultivat~d 

., •~ r ... ·~·~~-.,._.,_. ~,,,, .... ..._.,,,, &-,_._,_. ... _ ... ~~-·~· 

~irrigation level 2 
Grain Straw N p 

27.8 27.8 480 ·- .. 270 
47.8 61.2 680 - ~ ...... ·410 

1.3 1.3 20 ,• 10 

76.9 90.3 1 180 ~ ' .... 690 

.. 

Table 9. The amount of water required per ha to achieve irrigation levels 1 and 
~: :· :·: ·' ·.:. ~-~ ~- . z::· in:· eil·e·; three rairtfall zones and the total amount. . rl ~- • 

Rainfall zone nett 
·-···-· -~ --· -· _ .... -·-- .. -·----.....a:-£..e.a - .. 

,. ,ha 
.:· ~ ; -. ~ .' .. . : ... ~ .:~ •. :... 'J. . S .L Lj :· ·. ... " ! ,. 

-~..__~- .. #< .. ~· ·-·-·...-...· ,, -··---··-· .. ·---·~--- ..... ._ ... _ .. __ 

~-~~--:· \ : r:~ t~ ~J.L 'C (~ .~ . ·~ 

150:'7,2.90 mm 2 400 
125'~150 

( l ., 
13 ·'zso mm .. ' (~ ,_. '- . 

100~'1'25 mm - 4' 530 

tot~} 
~~};A.~' 

20. 210 
.• i ~- ... 

........ -
'.;~· ,- ~. 

li .~ 
I ·.~ 

.. : 

( ~ -

.•. 

- ,• •• ·~ i 

ir_rigation level 1 

3 -1 3r. 3 
... m. ha ·-·- . 10 ... ··ffi·-· 
. .. . . l ' 

600 
_·_.s5o 

1 000 

\ . 

1 .400 
11"290 
~ 530 

17,~60 

-.';' .... -

irrigation level 2 

3··· -1 m--:ha 

1 300 
1 550 
1 700 

3 l20 
~· io ·:sao 
. 7: 700 

31 400 

.•. r_ .. · .. ; 
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Table 10. Total barley production on rainfed land in the Burg el Arab region for 

the three distinguished water regimes. 

Water regime Soil type 

250 mm 

300 mm 

-, ' 

450 mm· 

'·' 

B1-fp 
Bl-mtl 
B4d 
C2-fp 
C2-mtl 

total 

Bl-fp 
B1-mtl 
B4d 
C2-fp 
C2-mtl 

total 

B1-fp 
Bl-mtl 
B4d 
C2-fp 
C2-mtl 

total 

area 

ha 

1 260 
1 080 
1 120 

290 
3 090 

6 840 

900 
740 
790 
170 

2 520 

5 120 

480 
450 
420 

80 
1 350 

2 780 

Grain 

106 kg 

0.8 
0.4 
1.2 
0.2 
1.2 

3.8 

0.9 
0.7 
1.4 
0.2 
2.3 

5 .. 5 

2.2 
1.4 
1.9 
0.4 
4.3 

10.2 

Straw 

106 kg 

4.2 
2 .. 9 
4.5 
1.0 
8.3 

20.9 

3.9 
3.0 
3.8 
0.7 

lU.l 

21.5 

2.3 
2.0 
2.1 
0.4·' 
6.0 

12 .. 8 

N 

·-.;...' 

;;... 

··:gg 
20 
38 

·~· :6' .-
::of .. 

p 

LQ~ __ kg __ 

22 
11 
15 -(. 

4 
34 

86 

Tabl'.{' 11. Simulation results for barley production .. Poteritia.i 'and nutrient· 
,_. 

limited situation. Climate: Dabaa; grain and straw weight in kg dm 

ha - 1; N and P fe.rtilizer requirements in kg ha-l (N, P) • 

.. Gr:ain_ . __ Rt.ravL. - .... N ·- ..... ·- ............ ...P_ 

Potential production 32 N + 3 p 6 700 5 600 145 70 
Potential production 28 N + 4 p 6 700 5 600 155 60 

N-limited ·production 32 N 2 400 2 000 5 
N-limited production 28 N 2 100 1 800 0 

P-limited production 3 p 2 000 1 700 0 
P-limited production 4 p 2 600 2 200 10 
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Table 12. Simulation results for barley production in the_Dabaa region. Grain 
'~ ·~' ~ -1 ' 

and straw yield in kg dm ha ; N and P fertilizer requirements in kg 

ha-l (N, P); I= i~filtration during the growing season in mm. 

Soil type Wat.~r regime 
I ...._,,. 

/ ~ . 

lfr=r-p---· -··--.. ·-·r-·a:Irif'alT·-r37-inm .. ·· · 
rainfall 150 rnrn 
250 mrn 

B3 (30-60) 

B3 (60.-90) 

\ .... 

300 mm 
450 rnm 

rainfall 137 rnrn 
rainfall 150 rnrn 
210 mm 
250 mm 
300 rnrn 
450 mrn 

rainfall 137mm 
rainfall 150 mm 
250 rnm 
300 rnm 
450g~ 

rai~~all 137.rnm 
rai,nfall 150, ~ 
250r.~ 
300 mm 
450L~ 3. ~.; 

Grain Straw 

... (J -- 1·· 250· 
50 L 500 

600 :3 350 
1 050 4 350 
4 600 4 600 

100 1 850 
150 2 050 
500 3 200 
900 3 800 

1 350 4 700 
3.:. 850 4 850 

.: 100 1· 750 
150 2 000 
900 3 700 

1 400 4 600 
4 950 4 850 

50 1 400 
100 1 700 
690 3. 200 

1 000 4 100 
3;~ 7PO 4 .. 450 

lJS5-------·-rarnrarr 13 7~mm~-- · -·- -·----·roo·-·----- -- -1-50 o·· 
250 mm 950 3 550 

:;n::.i·:.:-~: .. ;:,:~;.30Pr-~::.j~Ji .. r:.<:: _,·_- -' J 250._; ·- ·· 4_ 29.9 .. : 
450 mrn 2 400 4 500 

N p I 

0 ---, ·n ......... ''"75"""''' 
0 0 80 
0 0 135 
0 0 160 

80. 45 240 

0 0 75 
0 0 80 
0 0 110 
0 0 135 
0 0 160 

65 '35 240 

0 0 75 
0 0 80 
0 0 135 
0 0 160 

90'. 50 240 

0 0 75 
0 0 80 
0. 0 135 

~· ' . 
0 0 160 

50 . 20 240 
.. t...:.• -.1--

-·. ------o .. --··· .... --o ·-··--- ----·-·ij· -.~ ... -

0 0 135 
0 J.; .: ·! 0 160, ' . . • ~· • ·::, ' .>~ '.:' .....- !-.. .~ . 

35 10 240 
s] ' ,; .. ,- ·- . , . .. ~~ r .. ::.r •. J 

. r ainf~'ll-· 1.3 7 1PIIl ~- -: rr ' (" •. ' ' SJl ... L - 1 35.0.:. '· 0: 
' r'ai~fair 1~0 inin .. - . 2o'b . ' '2" 15(f . 0 

.. ·o 75 
0 80 

F3 

250 mm 1 000 3 850 0 0 135 
300 mm 1 450 4 700 0 0 160 

.. _ ...... "-- ... -.... - .............. --~-- -- --4so·-·mm:·-·· -· -~-.. -·--~ ... ···s- ·:;-s-o--.. ---------4·--'9'o·o---- "-~--1 o-5 ..... ·· -- s·o- .... ~--.. -·'2.tro--···-· 

; .~ f. 

:~ ,.. ' 

C\· r·tt : 
\~ .. .) 

00\ l rJ (• )~ \' i :.;- :J '•' ;:) ·~~ •.:;- ::, .b f· : . :~ l~ .· .i J ~ >':. 
·~ r r; i. '":i ·~ J :t ~> .'. :.h.::;-;:: ; L f3 -:.; · ;: , · J ' ·~ 



Table 13. Tlie total area, the percentage saline, the suitable and cultivable area (ha) in the Dabaa region for the various 
I 

soil types in two ;rainfall zoneso 
l 

l 

'; '" y 1 '· ' 

100-125 mm rainfall zone 125-150 rom rainfall zone 

cultivable area cultivable area 
soil total % suitable suitable 
type area salinel area 250 rom 300 rom 450 mm area 250 mm 300 rom 450 mm 

Bl-fp I 30 420 5 19 110 -~ 3 .440 2- 480 ~1 530 9 790 -2 550 1 860 980 
I 

B3 (30-60) I 3 600 10 r 1 050 190 140 80 2 190 570 -420 220 
-B3 (60-90) 1 800 10 520 90 70 40 1 '100 290 210 110 
B4 1 260 10 - - - - 1 130 850 850 850 
Fl 1 610 15 1 370 250 180 110 
F3, Ww 1 180 5 1 120 200 150 90 

! 

2 930'' I DS5 3 250 10 ' 590 440 230 - - - - 0'\ 
CX> 

C1 4 350 10 3 690 550 370 180 230 60 40 20 

total 47 470 10 29 790 5 310 3 830 2 260 14 440 4 320 3 380 2 180 

. -

{ t t f-) ) ( ,-; 

; l i-T I ' .1 r·, l 

•l 
:_~ 
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Table 14. Total barley production in the Dabaa region for the three 

distinguished water regimes. 

Water regime Soil type area Grain Straw N 

ha. 106 kg. = 106 :kg :10 
3 kg 

250 mm Bl-fp 5 990 3.6 20.! -
B3 (30-60) 760. 0.7 " 2 .·9 
B3 (60-90) 380, 0.3 1.~ 
B4 850 0.5 2.7 
F1 250 .. 0.2 ~.0 
F3, Ww 200 

: 
0~2 0.8 

DS5 590 0.6 2.1 .. 

C1 610 0.5 2.3 

total 9 630 .6.6 33.3 

300 mm Bl-fp 4 340,. 4.6 ..18. 9 
B3 (30-60) 560''" 0.8 2.6 
B3 (60-90) 280 0.4 1.3 
B4 850~ -0~ 9 3.5 
F1 180·· .. o~·z 0.8 ...... 

F3, Ww 150 0.2 0.7 
•.. .. -

DS5 440 0.6 1.8 
C1 410 0 •. 4 .. 1. ~J 

'• 

total 7 210_ 8.1 31.4 ·:~ -. 
i 

S10 ~ 450 nun B1-fp 2 1-1.5 - ::11_. 5 :·zoo.'. i ;· .. 
B3 (30-60) 3oo··::: :;1~2.; / 1.5 120 .:.. I, 

'"' -~ 

B3 (60-90) 150 ~ 0.7 0.7 • 14 _: I ~.::· 

B4 850 2.7 3.8 43 i 
!-

F1 110 0.4 0.5 7 
F3, Ww -90 0.5 0.4 9 . 

DS5 ~30 ·:- :f) .. 5 :.:· 1:. o_ .:8 -
'• 

,, 
C1 200~·- :;O ;.:a~~-

... 
~-0: 13 . , 

'" 
·" ·~ 

-~· ~-
. ·- .. ~ .:: 

440 
.. 

total 4 18.3 20. 4'' ~'314 

-· t, ';., - ......... (. 

.. .. . . -. -· .. .. ._.l 
-~ 

~ ... . .. .... 
--- ~...,..' ... 

... 
... . ~ 

, . .. 
........ 

·~.· :). 

~::j 
,~ 

•.. .. ...... 
...... -..._ ... 

~· !.!i --
'~ .. • h l ...... n· 

·- .·..: 
, __ 

i>· ··- r-~) 1··-· ,..<.:. 
....; ···' 

... , .;;) ··- ,. .... ., ,..h ~ ,....... 
··~ 

r:~ 

p 
" 

103 kg 
~.~· 

·-

-..... 

''-

\ 

..... 
\. ·-
,I/ 

I 

113 
11 ;. 

8 -
17 

4 J ~-
>~ 

5 •" '· I· 

2 4" 

7 ... 
r; .. 
_, 

167 -· .... 
.;.1 

..i 

... 
~ 

:., 

·- ... 

•. .. 

1,: 
" 

•' 
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Table 15. Simulation results for barley production. Potential and nutrient­

limited situation. Climate: Mersa Matruh; grain and. straw yield in 

kg dm ha- 1; N ~nd P fertilizer requirements.in kg ha-l (N, P) . 

' ••• ··~ •·r~, • • 

Potential production 32 N + 3 p 

Potential production 28 N + 4 p 

Potential production 15 N + 1 p 

N-limited production 32 N 
N-lim.ited production 28 N 
N-limited production 15 N 

P-limited production 3 p 

P-limited production 4 p 
P-limited production 1 p 

JJ"'-

c.,_ -~ 

. '~' -·. -~--- . 

Grain 

6 500 
6 500 
6 500 

2 400 
2 100 
1 100 

2 000 
2 700 

700 

n:r:: 

·~-- -o·~-· ---

Straw 

- ............. ~ .... __ ,_._ .. ,..._ '" 

5 300 
.s 300 
5 300 

2 000 
-l 700 

900 

1 600 
_2'200 

I (' 
U\· 

500 

N 

135 
145 
175 

0 
20 

0 

p 

65 
55 
85 

5 
0 
5 
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Table 16. Simulation results for barley production in the Matruh region. Grain 
~. • i' '.: - : - ·; I\ ~·, ,. ~ ~~ i.' /->'•, <-- ~--~ 1 !. . • ' • ' · .. ~.: { ·~. • • ·, 

and straw yields in kg dm ha ; N and P fertilizer requirements in kg 

·h~: 1 '\N~ P); t--·i~Jinffltrati~n.--during the ... gr6wtng ~e~son in mm. 

Soil Water 
type ·,u ... regime ; F ', .. Grain Straw N p I 

................... _. ..... ,.....,. __ ~ ... ·----...... ._"" .... ~-· _ ........ -···· --·-.-.......... ~.~ ....... ,... ... ,_ ... ~ ........... _,. ...... ~ • .._ .... ___ -~-- ........... '4- ---·-· .,... 

B 1 ... : - 18 0 mm 1 0 0 1 9 0 0 0 0 · · . - ;...:_· 9 5 . ·· ~ 
• ,! •• ·-. 250 mm 600 3 350 0 ~ . ·--o~- .,; ~ .. 13.5: .. 
.. ,,) .. 300 mm 1 050 4 350 0. . · .. : .. o :1 · .. ~ 160"'.. : 

.. ·-----~·---·~-·-------·---- ....... !!.~Q ~11ml .. -....... ~----·--·~2?..9 _____ ... ~ ..... !J_ ~_S_Q. __ .. . 80 45 .. - ... -~· _f.4.Q .. ___ .... .. 

B2 ·,. 137 mm 
). ~ 250 mm 
-:~;-:: 300 mm 

- 1 
1 

.4 

0 
100 
800 
2.99 ... '< ..... 

1 200 
4 050 
4 800 

·~ _4 ... 900 

F1 ·<,,~. 130 mm 100 1 300 
.J :;< 1§0 mm · ,,. 150 2 050 
~: \_".:>~ 250 mnl . I· 900 3 800 

-·--··-•·"~••• --·--, ---·-· ••••-·.o-•---·-·-~·9_Q_ .. JniiJ_ -··-- __ , .. .1 .. ~~Q-u .. •·- ,,_._,J.__}Q_Q ""' 
450 mm 3 850 4 850 

F2 137 mm 100 1 300 
250 mm 900 3 700 
300 mm 1 400 4 600 
450 mm 4 950 4 850 

F3 180 mm 300 2 600 
250 mm 1 000 3 850 
300 mm 1 450 4 700 
450 mm 5 350 4 900 

P1 150 mm 100 1 500 
200 mm 350 2 000 
250 mm 800 3 450 
300 mm 1 500 4 000 
450 mm 4 500 4 900 

o ·o .75~ ·· 
0 .. ~-" . : ' 0 :. .' . 135 ..: .. ~ 

, o· ... : _ ·.,1.;.o:-" : .. ·160 -· 

90 . -·- ~2- .. -. .... ?~_Q ___ ,,_.,, 

o· ~~o-~ ~s:Js~.-: 

0 :" . ,-_ .. _,o-~; ; I,:,: se.:. : ... r: 

o~.! .··:-:· .. :/:0""-" ;~ .. 135-·:--. 

...... -~Q_., ___ .. ·-·· ..... 9_ .. ~ .. -····~·-~6_Q_ __ ~-··-· 
65 35 240 

0 0 75 
0 0 135 
0 0 160 

90 50 240 

0 0 95 
0 0 135 
0 0 160 

105 50 240 

0 0 80 
0 0 105 

15 15 135 
40 25 160 

125 65 240 
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···).' 

'Tabl~ f9. Simulation ,results for~ barley prqducti<?n· Potential and- ~utr'ient~ 

limited situation. Climate: S:Ldi Barrani; _g~ain and st!"aw weight in kg 
-1 . ' . ' ' . -1 

dm ha ; Nand P fertilizer requirements in kg ha (N, P). 

Pot'e:ntial producti.on 
Potential production 

N-limited production 
N-limited production 

32 N 
28 N 

32 N·· 
28 N 

P-limited product~on 3 P 
P-limited product.ion 4 P 

• t ,I 

~, ., . 

,1 

+ 3 p 

+ 4 p 

........... -. ...... ~...__ ... ,-., _ _, ................... --.~.- .... ..,...._......,_, .. __ .... _... .. ~ ....... ~~ . 
..... p -~-- ....... ---~ ........ ~-~----.,.-

'Grain Str_aw N 

6 600 5 300: 135 
6 600 5:,300: .. 145 

-2 400 2- 000. 
2 100 1 700 

2 000 ·1:. 60~t 0 
2 700 2 200 20 

1.·:. 
',) 

, __ '.-_1_: 

.. :· ''· 

I~ l ( 

::::I c 
\ ··. 

p 

70 
60 

5 
0 
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Table 20. Simulation results for barley production in the Barrani region. Grain 
- 'l,.,; 

, ... · ~n~t~tri~ yields i.~,·~g ~til ~a ~l; Nand P fertilize:~; r.,quirements in kg 

ha , (~,. P); I is infiltration Ciuri'ng- the· growing se,g~~n}: (rom). 

................... ~ ......... ~.-... _,_,.,_ 

Soil 
type regime .::···};rain 

--.;-- . ... '"" ·-·· -... ,.,. 

Straw 
~ . - ...... __ ....... , ,. .. ----·~-..... ._...._, .. ~. . ............... ...._. ....... .,. ......... ~ 
N p I 

M- ................ _ ... ~--~ .. --_, ______ -
------------~--=~=·----~--~--------.-~~--------------------------------

,__,. __ 
··~ .. ---. .. -..... -.-··"·-....... 

B1 

B2 

B3 (30-60) 

B3 (60-90) 

Fl 

18:0 .. mm 
25'0 -~mril 
300 mm 
45d'nnri 

180 mm 
250-mm 
300-mm 

180 mm 
250 mm 
300 mm 
450 mm 

180 mm 
250 mm 
300 mm 
450 mm 

140 mm 
170 mm 
250 mm 
300 mm 
450 mm 

150 
600 

1 050 
~ .- 4 ?50 

.-, 

500 
( .::·1 JOO 

·_ ., '1 800 
4 500 

._ ... ~ 

300 
900 

1 350 
3 850 

300 
900 

1 400 
4 950 

100 
300 
900 

1 350 
3 850 

• -. • -•• -• o&.- ~·• ----~I..._...,...._._,~,.......,., .. _, ____ ,_.., ••I> .-. ,.. '' --..-- , __ ........ 

2 QOO 0 0 95 
3 350 ': 0 

. -·· -
,c _ _:., ··u -- .:.. -· '"t35' : ·:·: 

4 350 d"' ·- i _; ... - •• , (:) · .. 16Q:·r 
4 850 80 45 240 

: .. 
·' -~ r· ~ ---

3 350 -6' 0 ., 95. 
4 050 0 0 135 
4 800 ·cf ~-.: ·_ .. ~ '{) ; L60· ,. 
4 900 90· ·_:'"-3'3 - '2.40 , . 

-'" ..... ·- ..... -.. .., ... ' " 
.q. - -·· _,. ·~ 

'95""' 2 600 0 0 
3 800 0 0 135 
4 700 0 0 160 
4 850 65 35 240 

2 500 0 0 95 
3 700 0 0 135 
4 600 0 0 160 
4 850 90 50 240 

1 700 0 0 75 
2 600 0 0 90 
3 800 0 0 135 
4 700 0 0 160 
4 850 65 35 240 
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Table 21. The total area, the percentage saline, the suitable and cultivable 

area in ha in the Barrani region for the various soil types and the 

various water regimes. 

Soil type total area % SCI:line suitable area 250 mm ·.300' nlm 450 mm 
.!-> , 

.. '\'' . ./ 
. , .. :54'0 B1-fp 2 110 .. 5 2 000 780 280 

. - - . 

B2 160 5 150 ' ·~ ...... 1sd ·• ~·r.so 150 
B3 (30-60) 4 630 10 "4 170 1 636 f/·f3o 580 
B3 (60-90) 2 320 10 2 090 826 ·- ~ . 566' 290 
F1 140 mm 10 600 15 9 010 2 160 I 6io 900 
F1 170 mm 10 600 15 9 010 3 150 . ''2'~i5'b 1 170 
C1 6 200 15 5 270 2 640 . ::''i ·'486 630 

. ~_.,.__. -·~· . ... . •'-- . -.. ~~-··· . --·-- -. . .... ' . ,. . .. . . . .... ..... ~· ..... 

total .. r , 11 330 7 730 4 QOO 
. ~ .;: ' :.: .... _ f_ : 

Table 22~ •total 'bar:I;~.Y pfodtictfon.:in the :,~~rrani regi6it"-for=·the:three 

distinguish~d :watet r~gi~es ~· -, · ·· ,;. '· 

p 

ha 106 
kg 106 

kg 
.__ ...... ..,- ....... -~-····· -·-~--..,_... ... ~---------~....- ... ...__.._.~ ..... ....__.,. ____ .,__ .. -~--.... ~·-- , ...................... ~ ''""'··--.. -.~.-..~~-·--· _,,_....,... .... .,___...,,...__....... ..... ..,..._ .... .._.,.._.,... ..... ._ ___ ____... __ , __ ,._. ___ ,, __ _.., ----......_._.,._ ....... ~ ..... .. 

250 mm 
c.~: 

300 mm 

L1r..' ,i: 

45r~·~~ 

.. . , .. . 

Bl-fp 780 0 .~·: 2. 6' ·,-.:r.:.:: 
:: .B2 150 0.2 ·;r:. o:· 6::- :·::-_ --~ 1. :.;;.:: .·:r :: 

B3 (30-60}. 1 630 1.5 6. 2'v.'( ~ "~ f' '·, ·:· 

:; , .. 
B3 (60-90)'' 820 0.7 3.0 .... 
F1 5 310 4.8 20.2 . -

• :! :. I ~-

.c1 2 640 2.4 10.0. -·· ~ 

total 
.. 

11 330 10.1 42.6 
,.~ ~t 7:<~! 

.~. ~· :-; ~.:S~, .. -· 

B1-fp 540 o. 6. 2.3 
.. 

" ... 

•j'·,:. 

B2 150 0. 3 " 0.7 ;.. ,_,J -· 

(30-60) 
.·~ 5.'3' B3 1 130 1.5 -

B3 (60-90) 560 0 . .8. 2.6 
{J r . 

18.:'2' ;; ,. Fl 
·/-I 870. 5. 2~. 

. c 
,(' :· ... 

Cl 480 2.0 7 .. o· 
:-.. 

total 730 10.4 
,~ 36 .1/··~.J:/r: ~ 

:}{!;-. ;: r·· '<]- • ~ •• •
1 

• , ~· • • •• , 

. : B 1-fp 280 1. 3~, -. .:..c :-!~~.-~> ~: .... ~-:.::. 2};· ~ ·:_: :Y·3~'·::.r:.l~~ 

.: ·· ~ B2 c\~ " 150 0. 7 .. 0,. i .. :~~';1ttf.; , 5 , 
'·;~ ... ~ B3 (30-60} ~:!;;r 580 2.2.: 4 2 :s:n·.\1:.,:. ;.:;~3'1f ~)·:.:·'·z:cr.r~::-~.· 

. B3 ( 60-90Y . '·" 2.90 1. 4 ·'.- . :1::~4-:: .- ~cf..:L;i6,;;.. 2-:r ·:r;~~ t:fr~-:-~:4; 
~ FI . ., 2 070 8. 0 10 .. 0 ·::f>:S?(js~ 72 

".,_,.,_,_~·--. -'"""-·--~~~--~ .. ·e--£-•·'"'"•. ''"""''r•.•<•"~,_., ... ~ ... •~· 639~·-··· ·~ ,--l-;-4-c-·.•; "'"'".,.,._, .. ···~·~·o-1-,:·::--·.r·~-.:-·-.--:<·~4·1·~"="''~· 7 -~':7""::--:-2~<..,.-~-

tOt&I 4 000 16~~ 19.~ 21& 147 
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Table 23. Operations to be carried out for the various water 

~~gimes • 
~ .. , .. 

. ~- ~, 

:. ·- . i·o 

Operation 250 rom 300 rom 450 mm 
- ......,__.,.., ........ ...,. ~f .:,';..;...~· .·.·:..:...:.;.:.: • .:;_·, :~..;;.., ..... ~-- .. :~;;;·\~~--.. ~~: -.;;-"· •• 

'.<-r•, *' 

~:::.~ .:..- ;~ .:.; ·;::s_uw~±n-g-:~~~. ~:::_,; !r. ,:-· . + _ + + 
ploughing ·- -· shallow shallow 'd.eep'' . 

. ~::. : .. :.-.-:::::.;.. ::::·.:.::""" ... .:..-~TrtiW±ttg~::.-.-·.,"·'-'---q----···-- '"-·"---·~ ..... , ........ :. . ...:.-·- --~·-· ............. · ..... ~· ·· ·+·"· ....... -... ·· ·+ ·- ... ·-·· ·· 
.. · w.~ed con tro.l optional optional . 

.. - r fertiliz~r application ·~ + 
. . water hary~sting + + 

h.irv~sting ~ + + + 
tl?-·~,eElhing :. + + + 
w~nnciwing :· + + ' + 
transport.····.. - .. .:+ + . · + 

. \ . ..: .' "' " ~}. 

Tabie 24. Labour requirements for ·agricultural operations irt barley 
---~ .;.;.,_. · ··· ··· .,:;. __ _;; .. ;,~~i~i~~~-i~~- -~~~~;di~g· to--v~~i0~8 ..... s.o-urce·s --a:iiJ .. t:h-e··-e·s fiiii'cit:e·-·-~- -·----- -· · 

... used ,for ·"furth~r a~a).y_$:4S ._ ALL data are in h ha-l_, except 
:;-! ::. • . • - .. '. .o ! I ; • : .• .. -; .. .. -· - . ;: <_, ., ' 1 ~ ,. . - • ' . . t:_, •. ...::: 1 "'- :: ; . : .. ~ I '"' 

the ones marked with'*', these.are ~n~ ton ~ . 

oper~t:Lon 

sowing,. 
ploughJ.ng 

~· 

harrowing 
... ._ 

weed c,ontrol 

mecl)anizat.iq,n 
level '· · 

hang labou; •: 
animal traction 

~~hallow~: ' ~ 
s!eep 

1
. 

tractor .-. 
:Shallow.: · :~ ·~ 
'd.eep ·; 

ani~al tract'i~n 
tra~tor _ 
han~ labour ~~ 
han9.sprayer .. : 

~ ; ,l :_ Jo f ~ :•, :· 'I ,/ - {~ ... :, ;, / .. : .i ~-~ -.:: ; ~' 

Egypt;ia.I!-- FAO the Nether- 4evelo- estimate 
data;_; ... ·- ·: ::Iiinds -~pilrtg ·.:: .. :.·.-:: ::\lsed • ... r; 

~~· countries 
...... J.. ~} . - . 

'· • :_! ~ 6 
2 . 

120, ' 

'· 

8.5 2-4 3 

42 .-\r ... ,,_,_;. 

,· 16-27 ~: ·. 

..... 
f' 

~. 2-14 
3-5 
1-3 

4-5 

~ +'-' .;.~. .. i ·::.. . 

·:: 

- .:6-17 
'-· . 24 

. 10 
'~ '145 

: .. c 25 

4 

18 
28 

3 
11 

6 
2 

1-20 
25 

fertilizer 
application ha~d labour··~ .. 0. 7.:~ , 2 ·;·~: 35 
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