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studying the supplementary information in these reports.. ... .o T
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SUMMARY GritEe owram T Tyt

" The northwestern icoastal ‘zone:.of ‘Egypt: extends; firom Alexandria to; the
Lybian border over a length uf-about 500 km 'and & width of '15 to 30 km. The
main agricultural activities at present are animal husbandry on natural:
rangeland, rainfed barley cultivation and ‘fruittree cultivation, mainly for the

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

Thid report deals with barley cultdvation only. - R

i

locations in the northwestern ‘codstal ‘zoney using the CWFS -simulation ‘model for
annual crops. That model calculates in a hierarchical séquencepotential
production, water-limited production and nutrient-limited .production, : -
congidering especially nitrogen and phosphorus, .from bdsic data .on.crops,
weather and soils.

i+ The phenological development of an Egyptianm harley _cultivar before and after
anthesis was calculated from available data. The other crep:parameters are
default values as used in the original barley data set..Most of -the parameters
aréirather crop than cultivar-specific. TEE T e
Thé-climatic data were derived from climatic normals for meteéorological statioms
along the coast. The mean annual rainfall is 150 mm.

## The soil data file of the simulation modél:containg 15:'"standard" .soil types
aceédrding to Rijtema (1969). For two soil types:in-the region, measured.soil
moisture characteristics were available .from: literatiurey:iwhich:were used to
replace the standard ones. For each soil type natural:seil-fertility and
agricultural potentiality were derived from own measurements-and: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: areirainfed
with complete and homogeneous infiltration, assuming a¥ailability:of-thegamount
of water needed for maximum production without fertilizer applicationj .450%mm
infiltration annually and optimum water availability. The rainfed situation
includes surface run-off and wadi flow, if any. Do T TR

The simulation results show that rainfed barley cultivation-is;only:4.
possible at locations where considerable amounts of surface run-off and wadi

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

barley cultivation, on the basis of soil-characteristics, -is ca. 160 000 ha,

The average cultivable area at present is determined by water availability and
is limited to the depressions, comprising ca. 40 000 ha or 257. 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

. Simulation runs were carried out to calculate barley ‘production for different



application, the cultivable area is reduced to 29 000 ha or 187 of the suitable
area, producing 36 000 ton grain and 131 000 ton straw. Under a water
oo ravailability of 450 mm anpually the cultivable area decreases .to 16 000 ha or
107 and the production: becomes 66 000 ton-grain and 77. 000. ton straw..In. the
ddtter situation 1-100 ton;N and 600 topn P, fertilizer. haye. to:be gpp}iedéii.
In: the' Burg el Arab. region ca. 25.000 ha can be irrigated. If irrigation
water is applied to a level that the maximum yield without, fertilizer; ... .
~~application can be achieved, the total:barley production.is;26 000 ton grain
~and 33: 000" ton. straw, requiring,17imi;1ion«msgwater.bA;jap5ir;igatiog:;g¥g;;
comparable to the 450 mm water regime under rainfed\cpnditiop@,rtpe_grgin;yield
~: becomes' 77 000, ton and straw yield 90 000 ton, reguiringjl:;§Q top.Nmand 690
"ton P fertilizer and 31 million magwater.-However, when, sufficient irrigation
.. water: is available other crops will be more profitable than barley. . . ... .
ven It should be moted that yield reducing factors,. such as éests”and,;fyq
diseases, weeds and harvest losses, have not. been taken into account so far.
Grain yield reduction due to the presence:of: weeds js estimated at 257 and post
whatvest: losses at 10Z. For straw the .total .losses are.estimated at 20Z. Data on
actualowater avadlability and natural soil fertility .are scarce gnd incomplete,

¢7tg0 @ considerable part of .the analysis is based on .estimates.. :. ... .:.,

O

»‘To sconstruct input/output ‘tables, that, can be. used for.Multiple Goal .
#:Iinear Programming (MGLP)’ not only the yield levels have to be spec1fled, but
lvglso .the inputs -required to. achieve them. Therefore, wvarious gystems for barley
37 E@ultivaticn“have'been'defined;ulnwghisgsequ;teqﬁggxiculpunaL.pperatiqnéjane
dfstirguished, ‘some :0of which -are-ebligatory, -like sowing .and harvesting and
others are optional, like harrowing and weeding. Those operations can be-.;
carried out in hand labour, by using animal traction or by using mechanical
equipment. Not all three modes of ;eperation are applicable to.all.operations in
the Egyptian situation and only the relevant combinations are considered. For
wl.each combination. all. inputs; mainly: labour, are quantified..The.ten operations,
-« theé-three levels. of mechanization:and the.three-production levels are .combined
irifito- seventeen barley cultivation:systems, which-can.be.applied. in thggmériut
regions s =t o oo ar IR T A A TLAE S S L
e nThds-get-of cultivation:systems is used, in.an MGLP module to.assess, whlch

cultivation systenisrare selected under various socio-econgmic.conditiops, . .
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-1. " INTRODUCTION® ~ ~ : R T R AL SV U

This ‘repdrt~éf’ barley productién’in the northwestern coastal:zonenof: Egypt
ié*p%ft df5the‘Mérihf-pioject}fa”ﬁoiht activity-6f the University of -
Alexandria; CABO and”the Deépartmént of Theoretical’ Production Ecology of the

"Agricultural Univérsity aiming at asseésing the potemtials of different
agricultiral systems for land usé ‘planning. The Egyptian government is = =
Intetrested in developihg the northwestern coastal zome to alleviate! population
p%%ééﬁr%“bhf%ﬁéfblaﬁléhd*aﬁd*toﬁéoﬁt%ibﬁte to: the food security of the country
(Project propodali’ 1981) . A S droserne

" " The  notthwestern toastal zone extends from Alexandria ca. 500 km wests to

'7tﬁ%tiyﬁian'Bor&éff*bﬁé?‘a width*of 15=30 km’ (Figure 1). The main agricultural
activities at’ present ‘are animal hiursbandry on natural rangeland,: rainfed barley
culivation and fruittree cultivation, mainly for the production’ of figs and
olives. Inm the mobt- edstern ‘part irrigation is possible and other crops. are.
grown too. This " report deals #ith barley production in the regiom .only. : =

TROETel RO cHrriedtiout’'an’ extensive project dn this region in the: sixties. They
V5L Hd¥fned 5 pilot! -areadifalong the coast, where elaborate observatioms:were:
performed and resed¥ch ‘on a small scale was tarried out and these results were
exffébolaféd'éiBﬁgttﬁé*thlé'Eﬁéét (FAO-14:1970)% A soil map was:.prepated based
"”"im PHoto-=ahalysis and dats of a-soil map by the UAR High Dam Soil-Survey:.:The
aﬁalyses‘by K0, embddied *n 6 rEpoFts ‘ard ‘several: maps,tare -intensively -used
*fér ‘Basicé ‘fnformation néeded “in the ‘pregent--project. Other important sources of
information “dre “the SSAMDENE and REMDENE Progress: Reports =(S<P.R..and R.P R,

1975&1982) R I S S e T LT B S S U S S U S S e
RelLiic o gy e wC W pro Sl LeTI lAmIf L rh o ot s iacel Lear 1Bty
{117 “PreSent ‘méthSd§ 6f barleyiculedvation:: -5 - wv3 0 1 S0l tnsel

ACT CMETSO D00 EUS ET0LT A0S U0 T 2 aasn 5ot e e ome so< L : e iy Zoyd

I [

Hiti A Sarious “§trateglés 'for barleycultivation are practiced bycfarmers iin-the
G5 ragion: "Somé “Bédodin sow barley before:-the first rains~in aufumn (beginning of
"COctobery. It is-tHén left to-germirdté-and grow. If .shortly after germination a
drought period occurs for more than about 5 days, the young plants will be-
P damAged or théy may even die. As-rainfall-is very.erratic;, thostsBedouin sow

bariey‘éf%érfthémfiiét”szr‘3""heavy"ffain showers. Usually the availablé

R amount of water is then gufficient for germination,-but-for.actual plant growth

continued rain is required (Abou E1l 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 harvested in April. After that, the grain and the straw are stored



or used. Harvesting is usually done-by hired labour. As the agricultural labour
force drastically declined during the last 15 years due to emigration and the
availability of more rewarding jobs, the barley:is:sometimés”left to be'grazed.
The barley stubble is grazed after the spring pasture is exhausted.

_ Subsequently, the stored straw and.grain are fed during-the summer as

'?supplements (Wilder,“1984). : P TO S N T PR A
) ”1;2 Method of analysis BETRUEN PR ClnTonren o

A 81mulation model calculating the growth of- annual crops is -uséd to

‘»estlmate the potentials for barley production in' the Mariut: fegion. This
slmulat;on model, developed by the Centrgmfor-Wonld,Food/Studles~(CWFS)33
>£a;culé£es,inAa hierarchical sequence:potential'production,%Water—limitéh
production and nutrieﬁt-limited production;, from basic data’ on- crop, weadther
... and ééilé: For the soil amd.crop characteristics a standard data file-is

o aéaglab%gf thgt can be used in case local data are  lacking. Weather data or

.:Climéticwdata are needed from-the region itselfs v .- uo “ow Bl e

o A detailed description of the simulation model is-given-in®Van Reulen and
Wolf (1986) and Rappoldt - (1986) and it is not.discussed Here &ny:fufthers

VlCom@;ging the simulated barley yields with agricultural ‘operations; "

varidus barley cultivation systems are defined in  terms of iInputs -and'éGtputs.
Those systems are used in a Multiple Goal linear programme, to assess the best
suitable barley cultivation systems under various socio-economicconditions,
but that part of the analysis described elsewhere (Mariut team, 1987).
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2. INPUT DATA FOR THE SIMULATION: MODEL ** -

LT g v . R R 0t I SO S e
e ’ -",'.“ -;».:«v'_:)‘, R AR ‘. N - T . D - -

.. 2,1 Crop characteristics «.7n 7/ S

T L

. A.plant data set containing parameters for barley was available atvthe
CWFS. In the Mariut region a local desert cultivar is grown, so the value of
some parameters, especially with respect to phenological development, differs
from the originally defined value. Co

The values of the maximum development rates before and after anthesis,
used -in :the simulation modelitOﬁcalbulate?the'actual”devéidpméﬁf’fafe, had to
be .adapted. for;.the Egyptian barley cultivar. The model assumes a 1inear =
relationship between average. temperature and development rate‘up‘%b 35 °C. At

35, °C: the development: rate reaches a maximum. The optimum 1ength’of the

. .pre-anthesis- growing: period- for“desert cultivars under ' thHe pievaiiiﬁg

conditions is 75:days: The. length of the grain-filling period is about 35 days,

_which adds up to.a.growing season of 110 days. From these data and the

temperature sum during the growing period, the maximum developmént;rateé at

+35. 2€ were-calculated. This resulted in a‘value of 0,034 d-1 for the

pre-anthesis pemiod -and-of 0.058 a~! fo6rrthe post-anthesis period. The

development stage is defined .in.such“a way, that it has the value 0 at

..emergence, L0 at anthesis and 2.0 4t maturity.

B - P e O e L . 3

P

R S B AP § SR VT I
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 needed in the simulation model were-caleulated according .
to Frére 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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N >Rainfaii deereasesirapidfy‘nith‘incréasingvdistance ffom the sea. No accurate

data on rainfall patterns are ayaiiahle; s ‘there are no meteorological

stations in the inland area. To estimate rainfall further inland, a‘map'with

lines of equal rainfall is used (Euroconsuit,il976j. Rainfall distributicn: over

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

stations, i.e. the average monthly rainfall and the average numbér of'rainy”

days per month. For the inland area three rainfall zones Were:distihguished

with annual averages of 75-100 mm; 100-125 mm; 125- 150 mm, respectively For

these zones, artificial climatic data sets were calculated f6r an annual

' rainfall of 87, 112 and 137 mm, respectivelyn o

| "In the simulation model rain is distributed over each month according to a
mathematical algorlthm (Rappoldt, 1986), which calculates the size of ‘

A‘lnd1v1dual showers in dependence of the number of rainy days and the total

) monthly rainfall The showers are distributed "at random' over the days of a

B month The 'random' distribution of rain and the barley production ‘are
calculated twenty times. The mean of the 20 simulation runs is considered the
average barley production for a spec1fic climate and 5011 type. IR

The other climatic data needed for 51mulat10n, 1 e. average air

temperature, radiation, air humidity and wind speed were calculated as the

' [
ule

mean/of the data for ‘the five coastal stations.
o The Mariut region is subd1v1ded into 5 regions, with a meteorological
station in the centre of each region (Figure 2) The climatic data sets for
each of the five stations and one example ‘of a "mean climate' ,ﬁasjused‘in”the

- simulation runs, are presented in Table 1.

[ ORI S RN

¢“313i“8oilsr T : D T I B P A PR I
P : o C e . R A . - .

a. Physical classification
’ - Soil data from the FAO reports ‘on the ‘northwestern coastal reglon of ‘Egypt
4‘were used for 51mu1ation of barley production. 'FAO prepared both a soil map and
a potentiality map for agriculture.. T e
‘ Four main 3011 groups are distlnguished

't~— windblown soils

- soiis ot the former‘heach plains and dune depress1ons
~ 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 purpose,‘however, 1t 1is jmore realistic to clas31fy the soils
according to 3011 moisture characteristics and/or hydraulic conductiv1ty. The
FAQ reports do not provide enough data for that purpose. i ) ‘
_Harga. et. al (1973) determined s01l moisture characteristics foruthe
following five geomorphological units,'distinguished in the northwestern f )

desert: - ogliticrsand dunes

-coastal plain
LT lagoon area ..

o) Coe

= frontal plain s

Mariut tableland r . ) ‘
For that, purpose a transect was sampled in the Burg el Arab area. The soil
m01sture content at different SOll moisture suction values is reported as a

fraction by weight In the simulation model a volume fraction is needed Harga

et al. (op. c1t ). did not measure bulk den31ty, needed for the transformation

from weight to volume fraction. Therefore, bulk densities measured by Gomaa et

(1978) were, used They sampled in the Burg el Arab and Omayed areas and

determined both bulk den51ty and particle size distribution. Harga et al

(1973) also determined particle size distribution.
In the soid data file of the simulation model, data for 14 different

e

standard" soil types, characterized by particle s1ze distribution are

RN

tabulated follow1ng the classification by Rijtema (1969) In literature on

Egypt many, SOllS are, cla331fied as sandy loam. This texture class was not

e

_1nc1uded 1n the standard soil data set and was added to the 5011 data file

. % ; 3

(Rijtema, 1969) . i .

The measured soil moisture characteristics, given in Table 2 were'added
to the soil data file as separate soil types except those for the oolitic sand
dunes and the lagoon area, because these areas are not suitable for field
crops. The additional parameters needed for simulation (e g hydraulic

e [

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

_-particle size distribution and soil m01sture characterlstic.

A short description of the soil types, as distinguished by FAO (1970), is

R .

given in Appendix I.

bl e e

N -

[ . [

The potentiality map for agriculture was used to determine which soil types
oL (},‘ i -

.V,‘\e-.
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~b. Chemical classificationr

.Most of the soils in the area‘are calcareous and the"'a've:‘rage‘CaCO3 contént
,.of soils suitable for barley cultivation is 307 but ranges between 10 and 60%.
“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. ‘ | - S
Another problem in the region is soil salinity For ‘all éoil types, part of
the area is reported to be saline and therefore unsuitable for agrlculture FAO

ot
-

1(Report 2, 1970) estimated the fraction of saline ‘soils within each -~~~ i
”potentiality class. These fractions arevpresented when calculating the 3
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 haﬁl'and 2.8 kg ha-l,:respeCtively
(EJN—ratio’= 0:09). For loamy sand the values are 28 and 3.9‘kg'ham1 (P/N-ratio
=,0,14) and for loam 15 and 1.1 kg ha & (P/N-ratio = 0.07). Bakr Salem (1985)

measured values of 33 and 3.6 kg ha ! on a fine sandy soil (P/N-ratio = 0.11).

These values are all for unfertilized 31tuations in the grow1ng season

. 1984-1985. From the P/N-ratios it may be concluded that P uptake is not ‘Ifmited
(,by a minimum supply of N or visa versa, although on loamy soils P is in
+, relatively short supply and on loamy sand ‘soils N. ' o
tu“ ~ E1 Hadidy et al. (1971) measured an N-uptake by barley of 72 5 kg ha l511'1
a phosphorus fertilized situation (application of 55.3 kg P ha ) on a sandy
loam soil in Ras el Hekma. This value seems rather hlgh as no nitrogen” *'°
fertilizer had been applied on that plot, but no satisfactory explanation could

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

o from plots where nitrogen fertilizer was applied. It was 0.44 for nitrate

fertilizers and 0 3 for ammonium fertilizers. From experiments by Wa351f et al.

Sabet et al (1968) carried out a fertilizer experlment using ‘various nitfogen
*mfertilizers. All treatments received 250 kg P ha 1, 1ncludlng the control “(i.e.
no N application). In the control 10 4 kg N ha -1 was taken up from the’ soil’by

Yol
e IV ‘ RN
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the barley crop. The N-recovery was 0.65 for calcium nitrate and urea, 0.56 for
;ammonium sulphate and 0.74 for ammonium nitrate. It should be noted that this
was @51YSim?t€§sf?iél and the plants had only grown for 56 days.
ﬁ“'These are the only available soil chemical data at the moment. On ‘the basis
- of these data the following natural soil fertility data are estimated:
loam : lO'kg N“and 1 kg P per hectare
- sandy loam: 32 kg N-and 3 kg P per hectare
- toamy sand: 28 hg,N and 4 kg P per hectare
fine sand : 33‘k%!ﬁ and 4 hg P per hectare
The N—recoveryils“set atNQt4 and the P-recovery at 0.1, the latter estimated as

an average for superphosphate.

2.4 Water supply

"~  Two sources of water exist in addition to rainfall.

a. Surface rnnfoff;i

D "Measured Quantitative'data about run-on/run-off in the area are very

. scarce. In theAFAO project’some estimates were made for the pilot areas.
Surface run—off coeff1c1ents (— fraction of the rainfall that flows to other
areas over the soil surface) are estimated and for some areas also the ratio
catchment area to beneficiary‘area.‘The average run-off coefficient over i
. distances of 50 o, 100 m is 0.20 to 0. 25 and over longer dlstances 0.05 to
0.10. Run-off Ais dependlng on rainfall 1ntenslty and 1nf11trat10n capac1ty and
is a function of soil type and 3011 surface condltlons and topography (slope).
.:If "rainfall is. low, the ratlo catchment area to beneflciary area has to be hlgh
for .a successful barley crop, as a total water supply of 200 mm is con31dered
the minimum for barley cultlvatlon (FAO REMDENE) . ) ) C

- &

te

b. Wadi flow . .

~In part of the Marlut region additional water is supplled by wadi” flow. East

of Fuka no wadls exist and the barley crop depends on ralnfall and surface

. run-off only. West of Fuka wad1 flow is an 1mportant part of the\total~waterw»WWMWlwr
., supply to. the crop. FAO has estlmated the wad1 flow and the benef1c1ary area
... for some wadis in the regiomn.- These data have been extrapolated to other tadis

too, as these are the only data available. e
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22,5 Water regimes - )
Simulation runs have been carried out for various water regimes, i.e.:
o s = water regime with an even distribution and complete and homogeneous
infiltration;
“rre o= 250 mm infiltration annually; ‘ » IR ' -
c7=-300 mm infiltration annually;
~ 450 mm 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

. to 700 kg grain ha-l. From additional simulation runs it was concluded that the
viwater 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

dor:calculated from the total amount of water available on that soil type (rainfall
1+-and wadi flow) and the run-off coefficient over short distances. PR
s The 300 mm infiltration represents the amount of water needed for maximum
use of the natural soil fertility. At higher water availability nutrient supply
is limiting for crop production and fertilizers should be applied. AR
R 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-l) and a higher water availability
.7 gives only a marginal increase, due to the ‘erratic distribution of rainfall.

The required amounts of N and P fertilizers are calculated in the model. **

I

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 rums.
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




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 content 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 .Ro
standing water occurs..

c. - In.the calculations no influence of a groundwater table is assumed. In

most locatioms the depth of the groundwater is such, that it does not.

i

contribute-at all to the water availability for plant growth. Only in.a
- narrow belt.along.the coast groundwater may influence ‘moisture-
availability to the crop; but as no quantitative data are available about
areas and depth of the groundwater table it is difficult to ‘estimate-that
.= influence. Moreover, if the groundwater is quantitatively of importance,
fruit trees are grown.

P T

.. 2,7 Simulation runs -

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

.regions distinguished. For the Salloum region no data on soils and water

- .management were available, so barley production could not be estimated. In each
region the soil types were described by FAO. Only the soil types suitable for

wparley cultivation.-are considered. For each soil type the simulation runs were

. rrcarried out for the four water regimes described. Most soil types have. two .

o different natural water regimes because they occur in two rainfall zones. .

As starting date for simulation and thus as date of emergence December 20

.. was taken. R » . : o . e

.- The results of..the simulation runs are presented in units of 100.kg dry
matter per hectare, because, considering the reliability of the input data,: the
calculations are not more accurate. The fertilizers required to :achieve the

calculated dry matter production are presented in units of 5 kg ha-l‘
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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 regions,

defined as the region between Dekheila and El Alamein.
3.1 Introduction

For simulating barley production in the Burg El Arab region the climatic

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

served by 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 menth, 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-om 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 nitrogeri~-limited and the-

- phosphorus-limited production situations are specific for each climate and.are

"discussed first. Subsequently, the results for each soil type are presented

separately for the irrigated and the rainfed situation, in dependence of ‘water

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

o

ot

3.2 The potential and the nutrient-limited situation

The potential yield amounts to 6 300 kg grain ha-1 and 4 900 kg sx’:l.:z;).'wvha-'1

(Table 3). Depending on the natural soil fertility, which is either 32 kg N and

3 kg P hanl or 28 kg N and 4 kg P ha-l, the required fertilizer amounts tor

" attain that yield are either 125 kg N and 65 kg P ha--l or 135 kg N and 55 kg P

ha_l. The nitrogen-limited yield, when 32 kg N is available is 2 400 kg grain
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ha-1
ha

and for 3 kg available phosphorus:-the maximum yield is 2 000 kg grain
1. For a natural soil fertility level of 28 kg N and 4 kg P ha—l, the

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

In the potential situation thc 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

~available, it is'unknown what the harvest

index should be. Therefore, it is

1eft’ unchanged. In the water-limited situation the simulated harvest index and

theactual harvest index, as reported by Abo Elenein and Sultan (pers.comm.)

—

optimal water supply is assumed. The only

‘absolute amount of nitrogen or phosphorus

i vary ‘within the same range (0.10-0.25). In the nutrient-limited situation an

constraint on crop production is the

available. The situation, where both

-nutrients and water may be limiting at times, is not considered here.

"“+'3,3 Barley yields. for the various soil types under irrigation

The .results of the simulation runs for the various soil types are

" presented in Table 4. The 250 mm water regime, as described in Sectiomn 2.5, is

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

-, been carried out. Two irrigation levels are distinguished. Irrigation level one

"is equivalent to the 300 mm water regime in rainfed areas and represents the

situation in which maximum production without fertilizer application can be

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. () in Table 4 and 5. Of course, higher irrigation rates can be

““iapplied, but then also other crops will be grown. Even at the second irrigation

level farmers may:prefer other crops, but

this is not considered in this study.

*+0nly the potentials for barley cultivation are explored.

|- Natural soil fertility: 32 kg N ha~

b. Soil type Bl

- So0il type: deep sandy loam to loam or clay loam.

1

.
»
4.
L UL

3

e
XN

~ Agricultural potentiality: suitable
This soil type is’ situated on the Frontal

% both geomorphological units soil moisture

Plain and the Mariut Tableland. For

characteristics are measured (Harga et

“ial,, 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
may 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_1 in the highest rainfall
zone (184 mm), while straw yield is 3 300 kg ha-l. 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 4 400 kg

-1 N \ \ ‘e .
straw ha ~. 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

to 4 600 kg ha-l. Fertilizer requirements are 80 kg N and 45 kg P ha_l. -

- Mariut Tableland b

| 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
zones. Under rainfed conditions grain yield is 50 kg ha-1 and straw yield 1 400
kg ha-l. For the rainfall zone with an average precipitation of 112 mm no
simulation runs have been carried out.

At irrigation level one a yield of 1 300 kg grain and 4 050 kg straw ha‘-l
can be achieved, without fertilizer application. At irrigation level two the
yield is 3 500 kg grain and 4 500 kg straw ha—l. Fertilizer requirements are 50
kg N and 30 kg P hal. '

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 2ll 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

-~ Tableland. The soil moisture characteristics are the same as for Bl, so the

yields presented in Table 4 have to be divided by two to obtain the average
“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.:50il type Bl

The physical and chemical characteristics of this soil type are similar to |

- those described in the previous section and so are the simulation results for

i

o

gy

straw yield is 2 700 kg ha™l. This increases to 900 and 4 000 kg ha ~,
s=-respectively, under 300 mm and to 3 200 and 4 550 kg ha_1 under 450 mm. In the

[§

1

= Natural soil fertility: 28 kg N ha—l; 4 kg P ha .

-~ 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-l. Under the 300 mm

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

zunder 450 mm to 4 550 and 4 850 kg ha—l, respectively, the latter situation

requiring 80 kg N and 45 kg P ha_l.

- Mariut Tableland

Under 250 mm infiltration annually, the grain yield is 400 kg ha-—1 and the
1

latter situation 45 kg N and 25 kg P ha—1 have to be applied.
b. Soil type B4d

Soil type: deep loamy sand to slightly loamy sand, with locally a loamy
subsoil, sloping and gullied.
Soil moisture characteristic: Coastal Plain.

1

Agricultural potentiality: suitable for all crops.

-Under rainfed conditions in the 125=150 mm rainfall-zone-grain-yiel

--fha_1 and straw yield 1 200 kg ha-l. Receiving 184 mm rain annually, the yield
‘is 500 kg grain and 3 350 kg straw ha—l. Cultivating barley in the depressioms,

yields 1 100 kg grain and 4 050 kg straw ha_l. Concentrating the water on part

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



- 20 -

production to 1 800 kg grain and 4 800 kg straw ha—l. Under a water regime of
450 mm the yields are 4 500 kg grain and 4 900 kg straw ha-l. The amounts of
fertilizer required to obtain these latter yields are 90 kg N and 35 kg P ha-l.

c. Soil type C2

Soil type C2 is also present in the area, depending om 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 107 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 funs 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 Bdrg el

° Arab and el Alamein, covers an area of 171 670 ha of which 357 is suitable for

;i "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 zomes (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 207 of the surface is occupied by

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

~tfloodirrigation systems, which is the main irrigation method in the

i

et

1 northwestern coastal zone. Under rainfed conditions, however, the depressiomns,

‘7i.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

1t water regimes; only the degree of concentration varies. Soil type B4d is
. described as being sloping and gullied. Therefore, a reduction of 257 is

- imposed on the cultivable area of B4d. To avoid this 257 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

i, 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 done, for instance, by constructing dykes. At the same 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.



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; FAO-2, 1970; ULG consultants, 1976;
Kamal, in prep.). Subtracting 207 for dykes, roads, canals etc., the net aree-
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 97 of the total suitable area.

On the remaining part of a soil type, where no barley is cultivated due to
" water shortage, 757 of the rainfall is available for the natural vegetation,
257 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,
the maximum production is 27 000 ton grain and 83 000 ton straw yr_l. If
irrigation level 2 is applied the maximum yield is 77 000 ton grain and 90 000
ton straw yr-l. In the latter case fertilizers have to be applied at a rate of
1 200 ton N and 700 ton P yr-l.

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,

17 million m® water is required. To achieve irrigation level two 31 million m®

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 257 and it can be increased to 40-637 by
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: « shortening the length of the irrigation runs and postponing the subsequent
irrigation until the soil moisture content is below field capacity. FAO (Report
72, 1970) expects that an efficiency of 607 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 situation 163 ton N and 86 ton P have to be applied

rzv 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 407Z. 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 exist, 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 account.

"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
wcultivation. The ridges are 3 to 10 m higher than the cultivated soils. In most
places rock surfaces, but locally less than 30 cm loamy sand to sandy loam may
overly the rock (FAO-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“1 and 5 600 kg straw
ha—1 (Table 11). Depending on natural soil fertility, which is either 32 kg N
and 3 kg P ha-1 or 28 kg N and 4 kg P ha—l, the required fertilizer amounts are
145 kg N and 70 kg P ha_1 or 155 kg N-and 60 kg P ha—l, respectively.

The N~limited production with 32 kg ha“1 of available N is 2 400 kg grains

and 2 000 kg straw ha-1 and for 3 kg ha—1 of available P the yields are 2 000
and 1 700 kg ha-l, respectively., The N-limited production with 28 kg ha_1 of
available N is 2 100 kg grains and 1 800 kg straw ha-'1 and for 4 kg hat'.l

" available P the yields are 2 600 and 2 200 kg ha_l, respectively.
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4.3 Barley yields for the various soil types

The results 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 om.

a. Soil type Bl

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

— So0il moisture characteristic: Frontal Plain.

Natural soil fertility: 32 kg N ha—lg 3 kg P ha—l.

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

" straw ha-1 can be harvested. Under a water regime of 150 mm grain yield is 50
kg ha-1 and straw yield is 1 500 kg ha_l. This is still not profitable,
considering the sowing rate of 60-100 kg ha_l. Under the mean climate with 250
-mm annual infiltration the grain yield is 600 kg ha-l. Under the 300 mm water
regime grain yield is 1 050 and straw yield 4 350 kg ha-l. Under the mean
climate with 450 mm annual infiltration both grain and straw production are

4 600 kg ha-l. To achieve this yield, application of 80 kg N ha-1 and 45 kg P

ha is required.

b. Soil type B3

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

loam over caliche or rock.

- So0il moisture characteristic and texture: fine sandy loam.

Natural soil fertility: 32 kg N ha—l; 3 kg P ha_l.

Agricultural potentiality: suitable for vegetables, field crops and moderately

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

Under rainfed conditions—100-kg-grain-is-produced-and 1.850 kg straw ha .
Assuming a water regime of 150 mm, grain yield is 150 kg ha_1 and straw yield
2 050 kg ha—l. Under the mean climate with 250 mm infiltration annually, grain
yield on the shallow soils of 30 to 60 cm depth is 850-950 kg ha—l, with a mean
of 900 kg ha-l and straw yield is 3 800 kg ha-l. No fertilizers are needed. On
the deeper soils of 60 to 90 cm grain yield is also 900 kg ha-.1 and straw yield
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is 3 700 kg haml. Under the 300 mm water regime grain yield is 1 350 kg and

©- straw yield 4 700 kg ha_1 on the shallow soils. On the deeper soils the yields
are 1 400 and 4 600 kg grain and straw ha—l, respectively., For the mean climate
with 450 mm infiltration annually, the grain production on the shallow soils
and the deeper soils is 3 850 and 4 950 kg ha-l, respectively, and straw yield
- is 4 850 kg ha_l for both soil depths. On the shallow soils application of 65
kg N ham1 and 35 kg P ha_1 is required. On the deeper soils this is 90 kg N and

50 kg P ha L,

(2]

. Soil type B4

Soil type: limited and moderately deep (30-90 cm) loamy sand to slightly loamy
sand over caliche or rock, sloping and gullied.

Soil moisture characteristic: Coastal Plain,

Natural soil fertility: 28 kg N ha—l; 4 kg P ha_l.

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
produced and 1 400 kg straw ha-l. Under a water regime of 150 mm 100 kg grain
ha—1 and 1 700 kg straw ha_1 are produced. Under the 250 mm water regime the
yield increases to 600 kg grain and 3 200 kg straw ha_l. The yield increases
with increasing water availability to 950-1 050 kg grain ha-l, 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
deeper and produces 1 050 kg haul, an average of 1 000 kg grain ha_1 is assumed
to be representative for this soil type. The same procedure is followed for the
straw, which yields 4 100 kg ha_l. Under the 450 mm water regime a yield of
3 200 kg grain and 4 450 kg straw ‘naml is achieved, requiring 50 kg N and 20 kg

P ha—l.

d. Soil type DS5

Soil type: dune depressions, predominantly less than 60 cm weathered oolitic

sand over caliche.

=-8oil-moisture characteristicand-texture:loamy fine sand.
Natural soil fertility: 28 kg N ha—l; 4 kg P ha-l.
- 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 (FAO-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
grain ha-l and 1 500 kg straw ha-l. The production on soils of 30 cm deep and
60 cm deep does not differ under these conditions. The production increases to
* 950 kg grain and 3 050-4 050 kg straw ha_l, 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 watef ‘
regime grain yield is 1 250 kg ha—l and straw yield 4 200 kg ha. This increases ?
~to 2 400 and 4 500 kg ha—l, respectively, under the 450 mm water regime. In the
latter situation 35 kg N and 10 kg P ha-l are required.

‘é. Soil type F1l

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

Soil moisture characteristic and texture: fine sandy loam.

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

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 cm. 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,

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

Agricultural potentiality: suitable for all crops.
-1

Under rainfed conditions in the 100=125mm rainfallzone-50-kg-grain-ha
is produced and 1 350 kg straw ha-l. In the 125-150 mm rainfall zone 200 kg
grain and 2 150 kg straw ha_1 are produced. Under the mean climate with 250 mm
infiltration annually, 1 000 kg grain ha—l and 3 850 kg straw ha-1 are
produced. This increases to only 1 450 kg grain and 4 700 kg straw ha‘-1 under a

ve 1t . .
O N | B ses T
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mean climate with 300 mm infiltration annually. Under the 450 mm water regime
grain yield is 5 350 kg ha-1 and straw yield 4 900 kg.ha_l, Fertilizer

requirements in that case are 105 kg N and 50 kg P ha_l.

g. Soil type Cl

- Soil type: complex of rock and shallow to moderately deep sandy loam to ioam
over caliche or rock.

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

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

water regime is 210 mm (1.5 * 140 mm). Grain yield is 500 kg ha-1 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, Ih 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 (FAO-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
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more inland, only a limited amount of water runs off to the coastal zone,
because the land is only slightly sloping (FAO-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 zome 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 757 of the area,

because the surface is sloping and gullied. On the other hand, the water table
is close to the surface (FAO-2, 1970), so it is assumed that barley can use the
groundwater. Therefore 757 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 227 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 357 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

ratio, which water regime igs the most favourable. Other-factors-influeneing .

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 substantial 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 307 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 L (Table 15). Depending on natural soil fertility, either 32 kg N and 3 kg P
ha ', 28 kg N and 4 kg P ha * or 15 kg N and 1 kg P ha ', the fertilizer
requirements for these yields are 135 kg N and 65 kg P ha—l, 145 kg N and 55 kg
P ha—1 or 175 kg N and 85 kg P ha-l, respectively.
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The N-limited production on soils with a natural fertility of 32 kg N ham1
is 2 400 kg grain and 2 000 kg straw ha-l. On soils with 28 kg ha_l available N
the production is 2 100 and 1 700 kg ha-l, respectively, and on soils with 15
kg N ha-.1 it is 1 100 and 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_l, on soils with a
P supply of 4 kg ha™! it is 2 700 and 2 200 kg ha™! and on soils with 1 kg P
ha™ it is 700 and 500 kg hal, 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.

Natural soil fertility: 32 kg N ha_l; 3 kg P ha—l.

Agricultural potentiality: suitable for all crops.

A total of 120 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
and 1 900 kg straw ha-l. Assuming water redistribution to obtain a water

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

grain and 3 350 kg straw ha—]. Concentrating the water on part of the
depression surface to an availability of 300 mm, increases the production to
1 050 kg grain and 4 350 kg straw ha—l. Under a water regime of 450 mm the
yields are 4 550 kg grain and 4 850 kg straw ha—l. The amount of fertilizer

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

- Soil type: deep loamy sand to slightly loamy sand.
- S0il moisture characteristic and texture: loamy fine sand.

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

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 FAQO estimates (Report 5,
1970). In the present situation excess water seeps through the dunes and is
lost to the sea.

Under rainfed conditions no grain and 1 200 kg straw ham1 is produced
(Table 16). Under 250 mm annual infiltration 1 100 kg grain and 4 050 kg straw
are produced., This increases to 1 800 kg grain and 4 800 kg straw ha_1 under
300 mm and to 4 500 kg grain and 4 900 kg straw ha_1 under 450 mm. In the
. latter situation 90 kg N and 35 kg P fertilizer ha-l,have to be applied.

c. Soil type F1l

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

Soil moisture characteristic and texture: fine sandy loam.

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

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 mm 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 wadi
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_1 (Table 16). In the
rainfall zone 125-150 mm the yield is 150 kg grain and 2 050 kg straw ha—l.
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When growing barley in the depressions only, the yield could increase to 900 kg
grain and 3 800 kg straw ha_l. Under 300 mm moisture availability the yield is
1 350 kg grain and 4 700 kg straw ha-‘l and under 450 mm it is 3 850 kg grain
and 4 850 kg straw ha-l. In the latter situation fertilizer at a rate of 65 kg
N and 35 kg P ham1 has to be applied.

d. Soil type F2

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

over caliche or rock.
Soil moisture characteristic and texture: fine sandy loam.
Natural soil fertility: 32 kg N ha_l; 3 kg P ha_l.

Agricultural potentiality: suitable for vegetables, field crops and moderately

deep rooted crops only.

Soil type F2 is situated mainly in the 100-125 mm 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—l. Limiting barley production to the depressions only,
the yield is 900 kg grain and 3 700 kg straw ha_l. This increases to 1 400 kg
| grain and 4 600 kg straw ha-l under 300 mm and to 4 950 kg grain and 4 850 kg
straw ha-l under 450 mm water availability. In the lafter situation fertilizer

at a rate of 90 kg N and 50 kg P ha_l has to be applied.
e. Soil type F3

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

.= S0il moisture characteristic and texture: sandy loam.

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

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

elimate-with-120 mm water supply is applied for the lower rainfall zone and the

one with 180 mm for the higher rainfall zone. The yields are not calculated for

the lower rainfall zones separately.
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Assuming an even distribution of the available water results in a production
of 300 kg grain and 2 600 kg straw ha_l. Limiting barley growth to the
depressions yields 1 000 kg grainvand 3 850 kg straw ha-l. Under 300 mm water.
availability the yield increases to 1 450 kg grain and 4 700 kg straw ha-1 and
under 450 mm to 5 350 kg grain and 4 900 kg straw ha-l. In the latter situation
fertilizer at a rate of 105 kg N and 50 kg P ha_l 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 characteristic and texture: sandy loam.,

Natural soil fertility: 32 kg N ha‘l; 3 kg P hal.

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

- S0il type: deep loam to clay loam soils, overlain by 20-60 cm sand.

Soil moisture characteristic and texture: loam.

Natural soil fertility: 15 kg N ha'l; 1 kg P ha™l.

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
under this water regime is limited to 100 kg grain and 1 500 kg straw ha—l.

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
kg P ha—l, to achieve the yield of 800 kg grain and 3 450 kg straw ha-l. Under

‘ -1
300 mm the production is 1 500 kg grain and 4 000 kg straw ha =, requiring 40
kg N and 25 kg P ha—l. Under 450 mm the yield is 4 500 kg grain and 4 900 kg
straw, requiring 125 kg N and 65 kg P ha—l.
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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 Bl, 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
receiveé 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

f catchment area is 1l:1. This results in a water regime of 180 mm. No wadi flow
i‘is received by this soil type. Soil type C2 only occurs in the 100-125 mm
i;rainfall zone, The yields for C2 are the same as for Bl under the 180 mm water

fregime, 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.-soil is too saline. The area suitable for barley cultivation is situated in

two rainfall zomes: 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 207 of the cultivable area can be used
at present and in the 125-150 mm rainfall zone 457 can be cultivated. 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
307, respectively., Concentrating the water to an availability of 450 mm -
annually deﬁreases the cultivabie area to 2 850 ha or 87 in the lowest rainfall

zone and to 2 130 ha or 177 in the highest rainfall zome.
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 be 11 000
ton grain and 47 200 ton straw from 12 710 ha. Under a water regime of 300 umm
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
Egyptian Meteorological Organization is 171 mm yr-l, while according to the
isohyet map it is 150 mm yr-l. 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 (FAO-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

The potential production is 6 600 kg grain and 5 300 kg straw ha-1 (Table
19) . Depending on natural soil fertility, which is either 32 kg N and 3 kg P
ha“1 or 28 kg N and 4 kg P ha_l, the fertilizer requirements are 135 kg N and
70 kg P ha-1 or 145 kg N and 60 kg P ha-l, respectively.

The N-limited production is 2 400 kg grain and 2 000 kg straw ha_1 when 32
kg N ha"1 is available and 2 100 kg grain and 1 700 kg straw ham1 when 28 kg N
ha ~ is available. The P-limited production is 2 000 kg grain and 1 600 kg
straw ha-l with 3 kg available P and 2 700 kg grain and 2 200 kg straw ha_1

when 4 kg P is available.

6.3 Barley yields for the various soil types

The-simulation-results-for-the Barrani region are given in Table 20. For

the 250, 300 and 450 mm water regimes the results per soil type are identical
to those for the previous regions. Therefore, the yields are not discussed
again, but they are given 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.
S0il moisture characteristic: Frontal Plain.

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

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 application 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.

Natural soil fertility: 28 kg N ha_l; 4 kg P ha—l.

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
mm., Under these conditions the barley yield is 500 kg grain haml and 3 350 kg

straw ha_l.
c. Soil type B3

- Soil type: limited and moderately deep sandy loam to loam over caliche or rock
(30-90 cm). |

-~ So0il moisture characteristic and texture: fine sandy loam.

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

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

deep—rooted-crops;-partly-shallow-rooted-crops—only-.

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 cm occupying twice as much area as soils with a depth of 60-90 cm.
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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—l. On the
deeper soils the production is 300 kg grain and 2 500 kg straw ha-l. No

fertilizer application is required.
d. Soil type Fl

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

. = So0il moisture characteristic and texture: fine sandy loam.

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

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 1l:1
and the surface run-off coefficient for long courses of water 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 Fl is considered to receive 140 mm infiltration
annually. The other half of soil type Fl is situated close to the coast and
will therefore receive about 170 mm as measured in the meteorological statiom.

Under the water regime of 170 mm grain production is 300 kg and straw
-production is 2 600 kg ha_l. Under the water regime of 140 mm the yield is 100
kg grain and 1 700 kg straw ha—l.

d. Soil type Cl

- 8o0il type: complex of rock and shallow to ﬁoderately 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 cm 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 covered with soil is 250 mm annually (1.5 % 170 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 tiie 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 mm rainfall zone (Table 21). The
area suitable for barley production is 31 700 ha, of which 11 330 ha or 357 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 mm 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 érea 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, especialiy 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 107 for barley grain. The
post-harvest losses and losses in the field for straw are estimated at 207,
excluding the stubble, which is left for sheep and goats to graze.

The presence of weeds causes on average a yleld reduction of 257 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 667%. As no more accurate information is available, an average yield
reduction of 257 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

T———areasthe crop-fails-due-to drought periods and some barley is grazed if yield

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



- 42 -

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
average of 99 000 ha yrﬁl. No estimate is given for the harvested area. Sultan
(quoted by Chabbour, 1983) estimates the harvested area at 20 000-50 000 ha
yrml and Euroconsult (1976) estimates it at 30 000-40 000 ha yr_l.

In this study the total barley area that can be harvested annually, is
estimated at 40 500 ha, representiné 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.
7.3 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-wadi-—flow could-be used:
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
s 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
kg P ha_l yr_l. 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 i-legumes., Janssen (1986) uses the rule of thumb that 17 organic matter yields 30
kg N ha-1 yr_1 through mineralization. Based on data by Harpaz (1975) addition
by rain is estimated at 3 kg N ha_1 yr_l. 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-l. 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
is 19 to 34 kg ha_1 yr—l. Mineralization contributes most to the available N
~~ and its availability thus debends mainly on soil organic matter content.
Considering this reasoning, the measured nitrogen uptake of 10 to 32 kg
rr-ha_1 yr'-1 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

—eem——regults—a-change -in-natural soil fertility will have consequences only for the

fertilizer requirements as long as water is the major comstraint for plant
growth, If soil fertility is limiting, the yield in the natural situation, i.e.

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 operafions are obligatory and
others 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 cm),
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.

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 FAQ
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
sixties. The information specific for Egypt is collected from various sources,

but it is mainly based on interviews in 1985/86 with four Egyptians: two

" farmers, one regional planmer 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. ‘

The labour requirements are expressed in h ha-1 or h ton_l. 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 conditiomns,

“~ 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.

g the--four-data-sets.mentioned before, are the only ones available at the

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
by hand. Under rainfed conditions they broadcast about 60 kg ha-‘1 and under
irrigated conditions about 100 kg ha~l. For the present rainfed situation (a
water regime of 250 mm) an amount of 60 kg ha_1 is applied and for the improved
rainfed situation (water regimes of 300 and 450 mm) 100 kg ha_1 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

intelligent guess, a human labour input of 4 h ham1 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 cm) or deep (15-20 cm). It is assumed that, using
animal traction and an indigenous plough, shallow ploughing takes 18 h ha"l and
deep ploughing 28 h ha_1 (Table 24). Using a tractor and a chisel plough for
shallow ploughing or a tractor and a mouldboard plough for deep ploughing, the
operation takes 3 or 11 h ha-l, respectively. Fuel requirements for shallow
ploughing are estimated at 27 1 ha—l and for deep ploughing at 95 1 ha,_1

(Appendix II).
c. Harrowing

Harrowing, as carried out at present, is more or less crushing of scil

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-'1 using

animal traction and 2 h ha_1 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—1 (Appendix 11).

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,
hence spraying against weeds takes 25 h ha_l. For hand weeding the Egyptian
data are used, i.e. 120 h ha_l. 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

; ..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

o ha-l o

5 f. Irrigation

In the irrigated part of the Mariut region about 5 h ha—1 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

berseem, broad beans, grapes etc.,, with a higher 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-1 yr—l. In areas with an undependable water supply hardly

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 summer
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 ham1

yr-l and for the high irrigation level at 50 h ha_1 yr-l.

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 107 of the construction time, so the latter had to be estimated too. The
surface run-off coefficient (FAO-2, 1970) holds for distances of 50 to 100 m,
the average being 75 m. The distance between two parallel dykes should thus be
75 m. That implies 133 m of dyke length ha-l. 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 m® m-1, or a volume of 66.5 m> ha—l. The labour costs for
construction were estimated at LE 0.15 m_3 and the wages at LE 0.44
person-day-1 (FAO-2 ana -4, 1970). This means that 2.9 m® dyke can be
constructed per day. According to Egyptian standards one person-~day of
agricultural labour is 7 h (Sultan, pers. comm.). The construction 6f dykes
thus requires 160 h ha-1 yr-1 and maintenance 16 h ha-l. 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

irrigation level, i.e. 24 h ha_l yr_l 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

large, that it is 1ikely that there is Yoom fotr an intermediate for which,
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 mechanized operations are expressed
on an area basis.

The Egyptian estimate for harvesting in hand labour of 13 h ton_1 is

. applied for the barley systems (Table 24), even though it is low compared to

other sources,Aexcept 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

applied, i.e. 5 h ha_1 to harvest by selfbinder and 4 h ha_1 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.,
. . . =1
Fuel requirements for mechanized operations are estimated at 36 1 ha 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 statiomary
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 1:on‘.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 tonm1 the total time requirement
is comparable to the FAO estimate of 30 h ton-'l including both threshing and
winnowing. The time required for winnowing will be closer to 5 than to 1 h

ton_l and it could even be higher, as the harvest index is low (0.25). Based on

these data the total time required for threshing and winnowing is set at 30 h

ton_l, threshing taking 20 h ton-1 and winnowing 10 h ton_l. Animal traction is

only-needed-for -threshing and not for winnowing. The value for threshing only

agrees with the estimate for developing countries (Van Heemst et al., op.
cit.), if the total yield is over 15 ton ha_l. That seems a rather high value,

but it depends on reclamation level and cultivation practices.

Py
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The Egyptian sources estimate that, when using a threshing machine, the
time involved is 3 h ton_l. Under Dutch conditions, with high yields,
‘mechanized threshing requires 11 to 25 h hafl. For developing countries
mechanized threshing requires 10 h ha“1 (Van Heemst <t al., 1981), which agrees
with the Egyptian estimate if the yield is 3.3 ton ha-l. 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

!:on-'1 (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"l. The total time needed for the
actual transport of 500 kg from field to farmhouse is thus 3 h, If loading and
 unloading and other time consuming activities are assumed to take 8 h ton-l,
the total time requirement for transport is 7 h per 500 kg, i.e 14 h tonnl.

For mechanized transport no data are available and a similar reasoning is
 followed. It is assumed that the tractor has an average speed of 16 km hnl, S0
the actual driving takes 0.6 h, The capacity of the cart is estimated at 5 tonm.
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
-1

ton . For transport the same applies as for threshing and winnowing, i.e. the
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“1
(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 3). 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

mm, 300 mm, or 450 mm water annually available. The third criterion relatgs 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 apﬁlies
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 257 in that situation.

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 power equipment, that applies to all operations. Thus, in this

concept a rather sharp transition exists between mechanized 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

“fhe barley systems 1 to 5 less than 25 kg barley grain would be needed to cover

. that requirement, hence that is neglected. For the systems 6 and 7 the

'fadditional feed réquirement 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 (cm dul), ET = monthly
average of daily potential evapotranspiration rate (cm d_l), PGS4
(PGS3) = monthly average of daily gross CO2 assimilation rate for a
closed C4 (C3) canopy (kg ha-’1 d-l), 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 i 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. 1.
24.3 0.0 .566 .696 918. 716. 1.
25.4 . 0.0 L613 .726 920. 716. 1.
26.5 0.0 .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, 517. 3.
17.6 0.15 457 .533 761, 601. 1.
20.0 0.19 .509 .624 861. 675. 1.
23,2 0.00 .588 .716 918. 716. 1.
25.0 0.0 .620 .753 920. 716 1.
25.5 0.0 .579 .701 869. 677. 1.
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 0 417. 0 339. 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.
23.3 0.20 577 .703 910 711 1.
24,8 0.00 .592 . 724 920. 716. 1.
25.4 0.06 .553 .676 869, 677. 1.
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.
8.

14.8 3.05 <229 .257 409. 334.




VContinuation Table 1.
TEMP. .~ RAIN - T ~

STDI BARRANI EGYPT

13,27+ - 4,58 ,212
13.8. 1.46 .298
15.3° ~ 1.56 ~ .368

- 17.5+; .+ 0.67 .436
19.9  0.34 . .487
23:3 7 0,01 .560

24.9 . 0.00 .578
25.6 0.02 .546
24 .4 0.08 447
21.8 2.20 .334
18.4 2,22 244
14,7 4,00 .223
SALLOUM EGYPT i
14.2 - 2.06 .255
15.0 0.96 .307
16.4 ~ 0.88 .396
18.7 0.37  .458
21.6 0.35 = .523
24.8 0.04 .606
26.1 0.00. .659°
26.4: 0.00 .599
25.0: 0.21 474
22.8 1.59 .362
19.4 2.39 .270
15.6 1.72 .276
EGYPT MEAN 112 mm
13.4, 2,92 .220
14,17 1.15.  .280
15.7° 0.88  .376
18.0° 0.27  .448
20.5° 0.19°  .505
23.4 0.03"° .579 .
25.2 0.00°  .612 °
25.9 0.01 .573 .
24,6 0.09 467
22.1 1.20 . .350
18.7 . 1.79  .247

14.9° 2.64 ,226
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ET

.242
.343
.435

.518 -

.593
.689
712
.669
.545
.399
.280
$242

.280

.348
<449
.529
.634
.725
.783
.715
.569
422
.307
.296

.249 -

.325
436
524
.615
.705

.740
- .694

.564
415
.288
.250

PGS4 PGS3
31.33
441, 358.
552, 438,
652, 517.
754, 597.
854, 670.
926, 721.
920. 716.
876. 682,
761. 595.
620, 491,
503. 402.
420. 342.
31.24
445, 349,
548. 442,
652. 533.
761. 637.
861, 738.
918. 796.
920. 796.
869. 751.
761. 641,
620. 516.
503. 397.
417, 321.
31..
443, 359,
546, 437.
648. 515.
754. 597.
856. 672.
918,  716.
920. 716.
871.  679.
761, 595.
617. 488.
503. 402.

415, 339.
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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
NI ) cm_3) for the Coastal Plain (C.Pl.), Frontal Plain (Ff;Pl.) and the

Mariut Tableland (M.T.L.) at different tensions (T ia mbar).

P C.P1. Fr.Pl. M.T.L.
0 0.312 0.575 0.360 -
2.5 0.310 0.550 0.359
10 0.285 .. 0,520 . 0.357
31 0.260 0.450 0.355 o
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
16000 0.076 0.156 0.122
10

0.010 0.090 - 0.050

Table 3. Simulation results for barley production. Potential and nutrient

Jlimited situation. Climate: Dekheila; grain and straw weight in kg dm

ha-l; N and P fertilizer requirements in kg ha.-’l (N,_P),

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 2000 = 5
N-limited production 28 N 2 100 1 700 - 0
P-limited production 3 P 2 000 1 600 o -
P—limitgd production 4 P

2 700 2100 - 10 -
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Table 4, Slmulatlon results for barley cultivation under a water regime with an
- even dlstrlbutlon and homogeneous infiltration of rainfall and under
1rr1gatlon 1n .the Burg el Arab reglon. Climate: Dekhella, grain and
straw yields are in kg dm ha 1; N and P fertilizer requlrements in kg
ha” (N P); two s01l moisture characteristics are used for Bl (fp =
frontal plain, mtl = Mariut table land); I = infiltration during the

growing season in mm.

Soil type Water regime'o Grain: - Straw N P I

Bl-fp rainfall 137 mm 50 1 100 0 0 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 4 500 30 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 ~ '3 500 4 500 --50 - 30 - 230

N T

ﬂ%égiéigfq§iﬁdiéiﬁoﬁioésults‘for'Toinfed'barley cultivation in the Burg el Arab
regioh.Jblimate:'Dekheila;'grain and straw yields in kg dm»ha-l; N and
P fertilizer requirements in kg ha_1 (N, P);-I = infiltration during
~the -growing season.in mm...

-~

e s 0 e et e e

Soil typef‘ Wateé;fegime'i% Grain Straw - N .. P - L. e
‘ . S : ’ MRS o5
Bl-fp . rainfall 137_mm 50 1 100 0 oIS T
©  rainfall 184 mm - 300 3300 0 .. 905 ~100mer.
250 mm s 600 3350 . 0% t... 0. '135- ..
e 30Q MM e . 1050 0 4350 0 0 160
450 mm 4 550 4 850 80 45 TR0
Bl-mtl rainfall 137 'mm - 50 1 400 0.+ 0 - 75~
e 250 e e 400 2700 0 0 135
300 mm 900 4 000 0 TOTTTTe0T
450 mm 3 200 4 550 45 25 240
B4d rainfall 137 mm 50 1-200 0 0 75
rainfall 184 mm 500 3 350 -0 0 100
250 mm 1 100 4 050 0 0 135
300 mm 1 800 4 800 0 0 160
450 mm 4 500 4 900 90 35 240
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Table 6. The total area, the percentage of the area that is saline, the suitable
e area per soil type and the distribution of the soil types over the

irrigated and the rainfed regioms.

_Soil type  total area saline suitable = rainfed irrigated L
i ha % ha ha “ha LT
"Bl-fp 11 930 . 5 11 330 3 780 7 550
"~ Bl-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 -
Ttotal 61630 5 58340  -33 080 . -25 260 .

Table 7. Distribution of the area suitable for barley cultivation.over the four
rainfall zones and the cultivable area under various water regimes in

the rainfed region, all figures are given in ha,

Rainfall soil type suitable area culti&able area rainfed
zone total irrigated rainfed 250 mm 300 mm 450 mm

150- Bl-fp 3780 2 520 1 260 600 . 420
200 mm  B4d 1800 - 1 800 650 450 . 2207,
C2-£p 480 480 - - o
125- Bl-fp 7 550 5 030 2 520 660 480 280" 7
150 mm - Bl-mel 11 330 11 330 e e e
B4d 1800 - 1 800 470 340 200
c2-£p 950 240 710 290 170 80
100- Bl-mtl 11 330 5 660 5670 1080 740 450
125 mm  C2-mtl 9 660 - 9660 1930 1 550 770
100 mm  C2-mtl 9 660 - 9660 1160 970 580

total 58 340 25 260 33 080 6 80 5 120 2 780
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Total barley production on irrigated land in the Burg el Arab region.
All yields are in 10§ kg. The-required amount.of fertilizer is given
, 3
in 107 kg. '
Soil byt irrigation level 1. ~irrigation level 2 o
type area (ha) Grain Straw Grain Straw N P
Bl-fp 67040 9.1 26.6 27.8 27.8 480 -1270
Bl-mtl 13 6007, 1747 5.1, 47.8 61.2 680 - 410
C2-fp* 350 0.5 1.3 1.3 1.3 20 .10
total 20 210 27.3. 83.0 76.9 90.3 1180 .- 690
* only half: of the area’can be cultivated
Table 9. The amount of water requlred per ha to achieve 1rr1gat10n levels 1 and
B P the three rainfall zones and the total amount. e
Rainfall zone nett irrigation level 1 irrigation level 2 |
S U VI UPSMIIE - | .7~} - RSO . [P . R . FOSTORPURSUV P
ha -1
S G SN ¥ S m? ha’ -l lO§?m§ n2ha !l 10° m?
L AR S = N .
150—200 mm 2 400 600 1 400 .1 300 ..3.120
125= 150 mm ﬁf” 13280 ,.u850 117290 1 550 ©20 580
100125 mm “ ° 4 530 1 000 4 530 . 1700 A?f700
total f 20 210 17,260 31,400
v :
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the three distinguished water regimes.

Burg el Arab region

area

for

Mﬁéféf reéiﬁe Soii type Grain Straw o
ha 10° kg 10%ke 100 kg 103 ke
250 mm Bl-fp 260 0.8 4.2 - -
: Bl-mtl 080 0.4 2.9 = -
B4d 120 1.2 4,5 - -
Cc2-fp 290 0.2 1.0 - -
C2-mtl 090 1.2 8.3 - -
total 840 3.8 20.9 mto3E -
300 wmm Bl-fp 900 0.9 3.9 ~ -
' Bl-mtl 740 0.7 3.0 - -
B4d 790 1.4 3.8 - -
C2-fp 170 0.2 0.7 - - i
C2-mtl 520 2.3 10.1 = = E
; total 120 5.5 21.5 o -
450 mm- Bl-fp 480 2.2 2.3 "38 - 22
Bl-mtl 450 1.4 2.0 20 11
 B4d 420 1.9 2.1 - - 38 15 ¢
c2-fp 80 0.4 0.4 - -6 " 4
C2-mtl 350 4,3 6.0 R 34
total = 780  10.2 12,8 163 86
Tablé 11. Simulation results for barley production. Potential and nutrient
o limited situation. Climate: Dabaa; grain and sf%é&‘Wéight in kg dm
hahl; N and P fertilizer requirements in kg ha_%—(ﬁ} P). S
- - ..Grain. . . Straw. . 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 Simulatlon results for barley productlon in the Dabaa region. Graln

and straw yield in kg dm ha 1; N and P fertlllzer requirements in kg
ha'_1 (N, P); I = infiltration durlng the growing season in mm.
Soil type Water regime Grain Straw N P I
Br=tp T TTTERIMERITI3V  mm T T T 7 0T 0 17250 0O "o Y5
. rainfall 150 mm - 50 .1-500 0 0 80
250 mm o 600 »3 350 0. 0 135
300 mm T 1 050 4 350 0 0 160
450 mm . 4 600 4 600 80. 45 240
B3 (30-60) rainfall 137 mm 100 1 850 0 0 75
rainfall 150 mm 150 2050 0 0 80
210 mm 500 3 200 0 0 110
250 mm 900 3 800 0 0 135 -
- 300 mm ‘ 1 350 4 700 o 0 160
450 mm - 3850 4 850 65 .35 240
B3 (60-~90) rainfall 137 mm - 100 1-750 0. 0 75
rainfall 150 mm 150 2 000 0 0 80
250 mm - - 900 3 700 0 , 0 135
300 mm 1 400 4 600 0 0 160
450 mm o 4 950 4 850 90 .- 50 240 -
B4 = rainfall 137, mm 50 1 400 0 0 75
N rainfall 150 mm 100 1 700 0 0 80
L e 250; mm L 600 3.200 0. . 0 135
300 mm 1 000 4 100 0 0 160
b 450.gm 3,200 4450 50 .20 240
DS5 FATATATT 137 mi R 010 R S 101§ R ¢ E i Rt o St
250 mm 950 3 550 0 0 135
spprvas e ned00e Ml gog  po-, - 1 250, 0.4 200, 0._%;;»0_, ,M16912
_ ) ( 450 mm 2 400 4_500 35 10 240
[ OO BTV UnE Siet geronT o83 TRLTOR AL L
F3 A‘ralnféll 137 mm . e .50 ..-1350., - ;0. - -0 . 75
rainfall 150 mm 200 2 150 0 0 80
250 mm 1 000 3 850 0 0 135
300 mm 1 450 4 700 0 0 160
i o e (o i B e g () o] (O G O

Y r i ¢ Gomeoer i 5 -
N p \ ! e 4 s L TEST
USSP P PR seresrsercs e
N uG Y Toon R T I 4
" - 1R R 57 AR TS ot

Ysks o P i
i 0o0% i 1030 P o morIy L beieolen

Mt Y ta [ r N O i

- EO AV O + SoiEo tha I ey 4




Table 13. Th

1
i

i
i

s0il types in two wrainfall zomes.

le total area, the percentage saline, the suitable and cultivable area (ha) in the Dabaa region for the various

i

100-125 mm rainfall zome

125-150 mm rainfall zone

cultivable area

cultivable area

soil total A ‘suitable e suitable , :
type area saline area 250 mm 300 mm 450 mm area 250 mm 300 mm 450 mm !
Bl-fp 30 420 5 .19 110 .3 440 2 480 -1 530 - 9750 -2 550 1 860 980
B3 (30-60) 3600 10 i 1 050 .+ 190 140 80 .2 190 12570 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 1610 15 § 1 370 250 180 110 - - - -
F3, Ww 1 180 5 : 1 120 200 150 90 -~ - - Po-
DS5 3250 10 . 20930 590 . 440 230 - - - -
Ccl 4 350 10 ; 3 690 550 370 180 230 60 40 20
total 47 470 10 é 790 440 180

29

5310 3 830

2 260

14

4 320

3 380

T

GiLT

..89_
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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. 10° kg 7 “10% kg L10° kg
250 mm Bl-fp 5990 3.6 20.1 -
B3 (30-60) 760. 0.7 " 2.9 -
B3 (60-90) 380. 0.3 1.4 -
B4 850 0.5 2.7 - T
Fl 250. 0.2 1.0 -
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 - K
B4 850. 0.9 3.5 - -
Fl 180~ 0.2 0.8 - 2
F3, Ww 150.. 0.2 0.7 o .
DS5 440 0.6 1.8 - o
cl1 410 0.4. - 1.8 - "
total 72100 8.1 3.4 & E g
: - P N
450 mm Bl-fp 2 5100 11.5. 11.5 7200 (o
B3 (30-60) 300 102 1.5 L2020
B3 (60-90) 150. 0.7 0.7 S147 0 0F
B4 850 2.7 3.8 43 il
Fl 110 0.4 0.5 7
F3, Ww 90 0.5 0.4 | 9
DS5 230~  0.5.. . L.0 8
cl 2002 20:8° L L0 13
total 4440 18.3 20.4 34
S o 1 .
? ~ihcroos =7
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Simulation results for barley pxoduction;‘Potential and nutrient-
limited situation. Climate: Mersa Matruh; grain and. straw yield in

ng dm ha—l; N énd é fertilizer fequirementslin kg haal‘(N, P).

”»Straw

Grain N P

Potential production 32 N + 3 P 6 500 5300 135 65
Potential production 28 N + 4 P 6 500 5 300 145 55
Potential production 15 N + 1 P 6 500 5 300 175 85
N-limited production 32 N 2 400 2 000 - 5
N-limited production 28 N - 2 100 -1 700 - 0
N-limited production 15 N 1 100 900 - 5
P-limited production 3 P 2 000 - -1 600 0 -
P-limited production 4 P . 2 700 -2 200 20 -

production 1 P 700 500 0 -

P-limited
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Table 16 Slmulatlon results for barley production in the Matruh region. Grain

and straw ylelds 1n kg dm ha 1; N and P fertlllzer requlrements in kg

S h~ -1 (N P), I is 1nfiltrat10n durlng the grow1ng season in mm.
Mmmwwwwwmmwnn“ééiiwwmwwn}ﬁétzkfwﬂnwnN.ﬁN,. e e e e e e e e e e
type " -tégime Grain Straw N P I

. Z.- Bl -+ -180 mm 100 1 900 .0 Qs LR 295,
1.7250 mm 600 3 350 -0 .07 :135:

"3.300 mm 1 050 4 350 0. ..."0 160+

e e 420 MO 4550 4850 0 80 45 240

B2 S 137 mm - 0 1 200 0 S0 75

'r‘ZSO mm f‘ = 1 100 4 050 0.- "0 oot 1354

97300 mm . 1800 4 800 <t 0ui-ta2027 L.o160.

et e 420, MM _ 4300 4 900 ,~90_.,,.“ 25240
- Tl 290130 mmo v 100 1 300 0 STURRINELS - 18
2150 mm 150 2 050 ° 0 v 2077 =780

o {07950 mm v 900 3800 © : 0Q0uirzonz0~s o5.13500

— . 300 mm 1350 . 4700 0 . O . . 160

450 mm 3 850 4 850 65 35 T 240

F2 137 mm 100 1 300 0 0 75

250 mm 900 3 700 0 0 135

300 mm 1 400 4 600 0 0 160

450 mm 4 950 4 850 90 50 240

F3 180 mm 300 2 600 0 0 95

250 mm 1 000 3 850 0 0 135

300 mm 1 450 4 700 0 0 160

450 mm 5 350 4 900 105 50 240

Pl 150 mm 100 1 500 0 0 80

200 mm 350 2 000 0 0 105

250 mm 800 3 450 15 15 135

300 mm 1 500 4 000 40 25 160

450 mm 4 500 4 900 125 65 240
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* Tablé 19. Simulation results for barley prqduction.'Poténtiélnéﬁd'ﬁutfieﬁté‘T
~ limited situation. Climate: Sidi Baxrani;?gﬁéih.anq ét;éw weight in kg

dm haml; N and P fertilizer requirements'in kg ham‘1 (N, P).

‘Grain ;S"trfaw A

600 5 300 135 .70

Potential production 3
2 " 600 5:300:, 145 60

Potential production

tJ o
o O

N

N-limited pfoductién 32 N 400 2--000 . -
N-limited production 28 N . 2 100 1 700 -

[0V ]

© 2 000 1600 o -
2 700 2 200 20 -

P-limited productioﬁ 3
P-limited production 4

vy .
Wt . A

e et o it 1 e
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Table 20 Slmulation results for barley production in the Barrani region. Grain
. and straw ylelds in kg dm “ha 1 N'and P fertilizer requirements in kg

(N P) I is infiltration ‘during- the growing seasen ; (mm) .

R N T ST
Soil Water WM*’“:’“ T e e e
type régime ~;eLrain Straw N P I
Bl - 180, mm L 150 2200 . 0 0 95
v 250 ‘mm ‘. 600 335 0 -YT0L.UI35
. 300 mm 1 050 4350 0 @ - .i160:
‘ - 450 mm w4 550 4 850 80 45 240
B2 180 mm 500 3 350 0 0 .95
o 250 mm r7v1 100 4 050 0 0 135
b 300 mm © 1 800 4800 0 - 0TY D : 1160
e 450 Tm 40500 4 900 90 YIE L0 240
B3 (30-60) 180 mm 300 2 600 0 0 95"
250 mm 900 3 800 0 0 135
300 mm 1 350 4 700 0 0 160
450 mm 3 850 4 850 65 35 240
B3 (60-90) 180 mm 300 2 500 0 0 95
250 mm 900 3 700 0 0 135
300 mm 1 400 4 600 0 0 160
450 mm 4 950 4 850 90 50 240
F1 - 140 mm 100 1 700 0 0 75
170 mm 300 2 600 0 0 90
250 mm 900 3 800 0 0 135
300 mm 1 350 4 700 0 0 160
450 mm 3 850 4 850 65 35 240
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Table 21. The total area, the percentage sallne, the sultable and cultlvable
area in ha in the Barrani region for the various SOll types and the

various water regime S.

Ly b 1o g o s A R e Swem e oy st g o seeinene a0 s oo

SEodEs

B - PP B B 1 0 e ey

Soil type  total ékea Z éaline, eﬁitable area 250 mm ‘;§demm 50 mm

FoH

Bl-fp 2110 5 2 000 . w‘780‘ ;,'540 280
B2 160 5 ~ 150 0 0 150 U150 150
B3 (30-60) 4 630 10 170 1630 1 130 580
B3 (60-90) 2 320 10 090 820 7 560 290
F1 140 mm 10 600 15 010 160 ~ I 620 900
F1 170 mm 10 600 _ 15 010 150 -~ "27250 1 170
1 6 200 15 270 640 "1 480 630

wo oo s
[ ]

N W

total .. 36610 . 31700 11330 7730 4 000

ST s s onem T LRI N - P T

Table 22. Total barley productlon in the Barranl reéiéﬁ%ferlthé:three

distinguished water regimes.

anrmitn w hovglowen s, gl A T Co Rl A0 Er
Water regime  Soil type ., area Grain:, =~ Straw .
e ha 108 kg 10° kg

250 mm " Bl-fp T 780
= .B2 150 ..

® fae

‘io-c;m:c»hxogcv

=

0

0

; B3 (30-60)._ 1 630 1
B3 (60-90)" 820 0
4

2

0

. F1
-Cl

O O O W O DA

-t U
o
s
)

P N

’ Stotal 11 330 10.1 7 .
300 mm 'Bl-fp 540 0.6 2.3 = -
. .- B2 . 150 0.3° 0.7 = = -
"B3 (30-60) 1 130 1.5 5.3 - o= -
B3 (60-90) . 560 0.8 2.6

. ~Fl1 . -3870.. 5.2 18.2 ‘

. C1 . 771480 2.0 7.0 =
o total .. -7 730  10.4 36,1 -

. L " B3 (30-60% o
o " B3 (60-90) "

F1

ar Py reest ——. u.e.l.,..w\.‘..r..u.,_.,~,..N_.“e,..,. ot
total




-77 -

Table 23 Operatlons to be carried out for the various water

' reglmes.

Operatlon 250 mm 300 mm 450 mm

e T R AT T e A T e Bt e e T e D i dm et 4 1 e b iy e o 05 2 A pormnd Piraen o+ a0 e x e o o e 1ot o 1t P T

L.

SR s St gowdyg S S r + o
' ploughing "7 " " ghallow shallow deep -
ha"rrowmg“ P i i s b R e G peah ot o < A i et A e v s s s
weed control

L - optional optional . .
s fertlllzer application - - +
: water harvestlng - + +
harvesting + + + )
threshing . + + +
winnow1ng + + +
transport + +.. + .
Table 24 Labour requirements for agrlcultural operations in barley
Ceultivation AccBéﬁiﬁg*Ea“Véiiods 'sources and the estimate
-1
..~ used. for further analysms. All data are in h ha. » except .
PEE Sy R
the ones marked with '*', these are in h ton . ,
RIS A S

mechanization Egyptian FAO the Nether— develo—" estimate

operation level B data”™ '~ “lands "+ Cping ¢ %ised
ot :?; 55 an - 55; , 5ﬁ1 . countries
sowing_ hand labour . 0.75,, 8.5, ., 2-4 .3 4
ploughing animal traction o - . ST T e
shallow. ' 550 42 ;0 - . "C18 18
deep | - - = 1e-21 0 tiag 28
o tractor i o S T e
. shallow, .. - Y - . 3

. deep .
harrowing animal traction

e tractor
weed control hand labour .
handsprayer

fertilizer = o - .

application hand labour . - 0.75, -...

harvesting hand labour .- 13%° "0 60%
selfblnder,;ﬁ - -
combine ’ 1.7 -

threshing animal traction 19% . 30%a

mephanlcal ; M
winnowing hgnd labour :
transport animal traction 30%° T -

N tractor ,,M. - - . 8%
3. LR WL R ‘.
s [ T ~ -
Eaon - et T RN
T g 3 - .- .
“ 2R ¢ LA TEten

a: 1ncluding winnowing
«bmm«dafamovf 6? ~r~i»c ér- T DT Py SR :-‘-‘\'.;J..—“:\"_Y.m—m?)'“ PRSI N A e ", sy o putin o
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