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THE SOILS OF MALTA

1, Introduction

1.1 Scope of the Report

This report is based on field observations, laboratory work, literature review
and disoussions with agrioulturists, geologistis, hydrologists and sanitary engineers.
1t sesks to evaluate the soil resources of Malta in perspective with the problems of
land soarcity, dry summer, inadequate rainfall, socarce water supply, water salinity,
topographic limitations, and the prospects of an industrious, hardworking people, and
favourable sunshine and temperature for crops.

1,2 Terms of Reference and Baokground to the Study s

The present writer's mission to Malta was a member of a Btudy team appointed by
the Food and Agrioulture Organization under & suboontraot with the World Health Organization,
within the scope of WHO Special Fund Project on Wastes Disposal and Water Supply, MAT 5.
The writer was the Soil Soientist on the team. The other members of the team weret

Dr. Arnold Paulsen - Team Leader and Agrioultural Economist

Dr. K. 8. Dodde - Agronomist

Dr. Amos Ronn — Irrigation Engineer

Mr. Dieter Link — Agricultural Economist

_ The present writer arrived in Malta on October 29, 1969 but Dr. Paulsen, Dr., Dodds

and Dr. Ronn were able to arrive only in late January and spent a month in Malia.

Aocordingly, in order to ensure overlap, the present writer's mission was extended in
Malta till February 25, 1970, His terms of reference were as follows:

In olose cooperation with the other members of the FAO consultant mission:
'~ oollect all available data on the soil resources of the project areaj
— make recommendations for additional field work as required;

- ptudy the nature of the soils in prospective irrigation areas and their
capacity to support sewesge farmingj

— determine the locations and exrtent of the lands which can best bs considsred
for development under sewsge farming. i

In addition, he undertook the following:

— determine the location and extent of the lands of Malta which from an
engineering standpoint can best be considered for development under
sewage farming,

- estimate the water requirements and water quality needs of the various
orops to be grown in the projeot area, in order to arrive at quantity and
quality of purified sewage which can be profitably used. )



In view of his extendsd 8tay in Malta and since an Agricultural Survey of Malta
was being planned, it was proposed in February that he should prepare, in addition tg
hie initial assignment, a general report on the soils of Malta suitable for future
use in an agricultural development study. This report has been written sinoce his
departurs from Malts from notes gathered during the assignment.

1.3 Acknowledgements

The writer wishes to express hie appreciation to Mr. Mordechai Karmon,

Projeot Manager, Wastes Disposal and Water Supply

(MAT 5) for providing offioe,

field and laboratory support for undertaking the soil studies to determine feasibility .

of ueing sewage eoffluent in irrigation, to Mr, A,
and Wate Use Division who was kind enough to find
him the many aspscts of Maltese soils and agricult

UNDP Resident Representative for his consistent support and guidance whioch ena.bled

completion of the study with the team as a whole o
effluent for irrigation, :

Seicluna-Spiteri, Chief, Land
time to accompany him and show
ure, and to Mr. G. E. Yates,

f the problems of using Bewage




2, Conclusions and Recommendations

() All areas of soils that could be economically developed if good quality
jrrigation water-were- provided have been demarcated on a topographic base map
(figure 2). Three levels of suitability identified as classes 1, 2 and 3 have been
used on the basis of depth of soil, productivity of soil, sise of fields, frequency
and depth of terracing, frequenoy of stonewalls and potential salinity and alkalinity
nazard (see table 8). Class 1 lands total 419 hectares, olass 2 lands total 850
heotares and olases 3 lands total 2420 heotares.

(b) Other areas of land that could be developed for irrigation because of a
reasonably satisfactory slope configuration or soil depth are listed in class 4.
They can bé used only for very limited orops or under very special ciroumstances, as
listed in section 5.3, if water is available,

(c) The Ta Qali Airport area of levelled land is suited only for the
installation of greenhouses for growing cropse in troughs or pots but not for the growth '
of orops in the natural soil of the ground. Water of suffiociently low conductivity
can be obtained from Ta Qali pumping station or by colleoiing rain water. Sustained,
profitable greenhouse production is poseible only with water of very low conduotivity.

(d) The areas under intensive cultivation with irrigation in summer exhibit
a trend towards alkalinity and salinity in the lower layers. This should be arrested
early. Reclaiming saline or alkali soils is easier in the early stages. Use of
unnecessarily excessive amounts of water partioularly of high oonductivity should be
avoided,

(e) Alkalinity and salinity hazard can be eliminated by adopting orop rotations
involving leguminous green manure crops. The build up of soil nitrogen and soil
organic matter inoreases concentration of bicarbonate ions whioch helps to maintain a
dominanoce of calcium ions over sodium iong in the soil solution and exchange oomplex
of ocalcareoué soils,

(f) Water for irrigation should have conductivity lees than 2 000 micromhos
per om., if the relative land class suitability ratings are to be applied.

(g) Ways to improve the quality of groundwater in the structural valleys and
depositional valleys be regulating all extraction of groundwater in the area must be
developed early if the present productivity of these soils is to be maintained, not
to mention improving them.

(h) If sewage effluent of sufficiently low conductivity becomes available,
pilot units must be established om 10 to 20 hectare areas in the different regions
proposed to be later serviced, to test and develop procedures for soil, orop and water
management applicable for larger scale projects. They should be operated for at
least three to five years to obtain valid oconclusions, .

(1) 1If sewage effluent of sufficiently low conductivity can be aciually
produced, conourrently with the developmeni and operation of pilot units in different
regions that would be serviced by the effluent, very detailed surveys for soil depth
and permeability should be undertaken to demarcatie the entire servioe areas suited for
irrigation with sewage effluent.




(§) Basic studies and collection of data on runoff should ba undertaken for
diverse conditiona like Ben cliffas, karst plateau, Blue Clay slopes, depositional
and structural valleys and the undulating Globigerina plainu.

(k) _Bvapotranspiration measurements initiated by the Durham group must ba
revived and undertaken for several different environmental conditions as for runoff.

(1) Besio soil studies on the chemical, physical, mineralogical and micro-
biological properties of the different soils like Tas Sigra, Tal Barrani, Alcol,
San Biagio, San Lawrenz and Fiddien Soils should be undertaken.

(m) Research and planning for effecting wise land use from a long~term,
national view must be undertaken and a comprehensive system for allocation of the
scarce land resource for different competing uses like agrioulture, dwellings,
industry, tourism and service facilities must be established,

(n) Basic studies on irrigation agronomy to find the most economic and
sustained agricultural produotion under the conditions of scarce land and water
resources must be undertaken.

(o) A systematic plan of soil and water conservation, taeking into account the
existing system of embaniments and stone walls, must be undertaken to rationalise field
8ize and shape for more efficient, mechanised and/or irrigated farming.

(p) Greenhouse cultivation in troughs and pots must be widely developed on
every available flat land to ensure the most efficient use of the Bcarce soil
material of good productivity and the scaroce supply of good quality water, Out of
Beason and exotic vegetables, flowers, strawberries, seeds and cuttings can be
produced for export markets as well as for the domestio and tourist demands,

(9) The Land and Water Use Division and the Horticulture Division of the Ministry
of Agriculture, Trade and Industry should be strengthened by the appointment of staff
to carry out the additional work involved in irrigation agronomy, greenhouse culiure,
land use planning, basic soil research and soil and water oonservation programme,

(r) Short-term consultante in the various fields, preferably drawn from countries
with a similar environment where such problems have been well studied and solved,
should be appointed to work with the Maltese officers.

8
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3 Physical Characieristics

3,1 Location, Area and Population

Tho Maltese Telands, consist of lMalta itself, and Gozo, Gomino and some small
islets like Comminetto and i"ilfla. They are located in the Mediterranean Sea roughly
97 kilometres south of Sicily and 288 kilometres north of Tunisia. The total area
of the islands is 301.10 square kilometres, Malta has an area of 246.05% sq. km.,
Gozo an area of 51.80 sq. km. and Comino of 3,24 sq. lm.,

According to the statistical data for 1959 and 1960, the total population was
327,030, made up of 299,000 on Malta, 28,000 on Gozo and 30 on Comino. The natural
annual increase of population reaches 1,09 percent in Malta and 0.4 percent in Gozo.

The density of population on the main island was 1,216 per 8q. km. and on
Gogo was 540.5 per sq. km,

On the main island about 30 percent of the population is clessified as rural while
in Gozo, the population as a whole is considered rural.

Malta has very few natural resources. Limestone and salt are the commercially
important minerals, But a high proportion of the salt requirement is imported.

Tourism, small scale indusiries and dockyard facilities are the new developments
that have been undertaken to strengthen its economy. Agrioulture, however, continues
to be an important base of ite economic struoture and will need to be revitalized to
provide higher living standarde and to produce more import—substitution human food
and animal feeds and also for export like sirawberries, out-of-season vegetables, flowers
and speocialized producte like seed and cuttings.

3,2 Climate

The climate of Maltese islands is Mediterranean with a mild, wet winter and a
long hot and dry summer.

3.2.1 Rainfall

Very detailed information is available on rainfall and it has been exiensively
reviewsd (Bowen—Jones et al, 1961). For a given station there is a great range of
variation not only in the total annual rainfall from year to year but also in the intensity
of fall, the freaquency of fall by the hour within a day, and the pattern of distribution
in a month., In addition there is a great range of regional variation within each of the
islands of Malta and Gozo.

Depending on the period of years selected, the rainfall isoheyt maps vary in
the details (Verhoeven, 1969; Bulmer and Stormonth, 1960), But in general the ocentral
part of Malta (around Rabat-Mdina and Naxxar-Gharghur areas) has the highest rainfall
of about 650 mm. The rainfall decreases gradually towards the south-eastern parts io about
475 mm, To the north of Viectoria Lines also the rainfall is low, being less than 600 mm,
This regional pattern of rainfall and the variations in the distribution with time at a
site are due to the influence of the marine convective north-westerly and north-easterly
winde and land convective winds superposed on the prevailing north-westerly winds, and
the orographic effect especially on the latter winds.

The average rainfall for Malta may be taken as 587 mm. (Martin, 1969), Precipitat-
ion is almost exclusively (i.e., more than 99% of total) in the form of rain and fallse
almost invariably within the esix months from October to March. Amounts recorded only as
traces less than 0.1 mm. fall as dew occasionally during any time of the year and partiocularly
in the months from November to May.



For about 25 percenl of the years Lhe annual rainfall is less than 400 mm.
and this agrravates the sciarcily of water for agriculture. A dimturbing charactaristic
of the annual variation is Lhe [requent oncurrence of two or more consecutive yearn
with rainfall totale much helow the average, Cumulative deficite below average and
totalling a8 high as 550 mm. for a conmsacutive period of 4 years have been recorded,
These can be very critical to the vital groundwater supply (which 1is entirely dependent
on the rain falling on ithe individual island iisrlf) as well as to development of
irrigated agrioulture (which will be dependeni on adequate amount of water for irrigation
and leaching).

The greater part of the rain falls as heavy rainstorms or in showers over a period of
a few conseoutive days followed by longer intervals of little or no rain. Such a rainfall
pattern normally gives rise to excessive runoff. In Malta and Gozo, however, the
well siructured though thin soil cover and the underlying rocks are very rapidly permeable,
and runoff is retarded by stone walls, embanked terraces, and infiltration dams. Hence,
this rainfall pattern is oconducive to high percolation since runoff is minimised. Some
of the stone walls and enbanked terraces in the barren and in the marginally agrioultural
areas around the periphery of the two islands are in a state of disrepair and probably
about 3 peroent of the total rain falling on the islands is lost as runoff, But it is
uncertain if it is economically feasible to maintain them even though they are vital
for soil and water conservation.

3.2.2 Temperature

The mean monthly temperature is very high in the summer months (26.3°C in August)
but not suffioiently low in winter (12.3°¢ in January and Februany) to inhibit the growth
of all plants. Eveporation is low owing to the low winter temperatures, Hence deep
percolation is enhanced. Thus the winter rainfall is very effective in recharging
the groundwater supply.

3.2.3 Hindﬁ

Although the average wind speed is low, it is composed of long periods of calms
and of speeds less than 4 knots and short periods of high speeds (see table 1), The
frequenoy of strong winds is highest in winter and spring. It is lowest in summer

especially during night and early morning. The winds blow from all directions but the
north-westerly winds are dominant.

3.2.4 Sunshine

The average sunshine hours vary from 537 hours in Decamber to 12.34 hours in
July in an annual cycle like mean monthly temperature (see graph), The many hours of .
sunshine in the summer months would be an asset for plant production if moisture were not
limiting.

3.2.5 Humidity

The mean relative humidity is fairly high, the value at 15.00 hours GHT varying from
53 percent in June to 74 percent in December. In the winter months, the lowest humidity oeccurs
in the morning while in the mummer monthe, it is in the afternoon.

_Table 1, frequencies of wind speeds in percentages (Luga, 1958 to 1962)

Wind speed Spring Summer Autumn Winter
(knots) (Mar. to May) (June to August) , (September to November) , (Dacember to February )
Lass than 4 22.5 18,9 26,5 16.3
4 to 10 38.4 42 .4 43.2 40.5
11 to 21 33.8 17.6 27.4 36.7
22 to 33 5.3 Tl 2.8 £.5
More than 313 nil nil 0.1 ni)
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3.3 Geology and Physiography

The Maltese Islands are the remaining parts of a sBunken land bridge whioch connected
Italy and North Africa during parts of the later Tertiary and Pleistocens. They are
almost entirely composed of limestones and layers of marl and calcareous clays of
Miocene age. In the valleys and some slopes, Pleistocene and Recent conglomerates,
coastal brecoias and valley deposits oocur.

These layers have an undulating regional dip to the southeast in Malta and
North-easi and to the east in Gozo and the islands are cut by a system of normal faulis
Btriking east of north-east,

3.3.1 Stratigraphy

The succession of the Miocene rooks on the islands is as followsi-

Upper Coralline Limestone at least 475 metres thick
Greensand 0 to 45 metres thick

Blue Clay 0 to 205 metres thick
Globigerine Limestone 67 to 610 metres thiok
Lower Coralline Limestone at least 560 metres thick

These geological formations are very distinctive lithologically and the
differences in their physical properties are refleoted in the characteristioc topography
asgooliated with each stratum.

1) Lower Coralline Limestonet - The Lower Coralline Limestone is a dense, semi-
crystalline, maseive to moderately bedded limestone. It iB oocasionally eilicified and
ranges in colour from pure white to buff, It is made up of caloareous algae especially
Lithothamnium and common Foraminifera.

It is separated from the overlying Globigerina in many places by a characterstic
band, a few feet thick, containing numerous foseils of Scutella and other echinoids.

The Lower Coralline Limestone formation forms the characteristic vertiocal oliffs
around most of Malta south of Fomm-ir-Rih, and around St. Paul's Bay and also in
Western Gozo. Inland, the rock gives rise to a barren, grey, karstic limestone surface.

2) Globigerina Limestone: TheGlobigerina Limestone is a fine grained, white to
buff calcarenite completely formed by calcareous tests of globigerinids, anomalinids and
other emall foraminiferans, The formation shows marked thickness variations. The bed
contains several thin layers of black io dark brown, collophanic, phosphatic nodulesw
Two of these extend throughout the islands and are used to separate the formation
into Upper, Middle and Lower, All the three layers increase in thickness southwards
in Malta and westwards in Gozo but to varying degrees.

The Lower Globigerina Limestone is a yellow, fine—grained, usually unbedded
limestone, called "franka." It is the most important building etone in the country.
This layer is separated from the overylying Middle Globigerina Limestone by a phosphatic
nodule layer which ie found everywhere though varying in thickness from a few inches to
about three feet in thickness. Other layers of phosphatic nodules occur within the
frankas but are of limited extents only.

The Middle Globigerina Limestone is made - up of white marly limestones readily
distinguishable from the underlying franka or Lower Globigerina Limestone. The
Middle Globigerina Limestone contains scattered layers of phosphatic nodules and cherts,
This layer is separated from the overlying Upper Globigerina Limestone by a phosphatic
nodule layer,
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The Upper Globigerina Limestone is made up of yellow, fine-grained limeelons like

the franka or Lower Globigerina Limastone; a light blue marly and argillaceous division
may be found in the middle of this formation meparating the yellow, fine-—grained limestone
in an upper and a lower layer. .

3) Blue Clay: The Blue Clay lies conformably on the Globigerina limestone and,
in good exposures, is readily distinguishable from the latter. It is formed of layers
of blue and yellow clays and marls containing selenite. It extends up to 205 metres
in thickness but in places it thine out completely. It is of considerable significance
as it forms a seal to the aquifer in the Upper Coralline Limestone and Greensand.

4) Greensand: The Greensand is a ocoarse, thick bedded, detrital, slightly
glauconitic limestons; it is greenish when unweathered and orange-brown when weethered.
This layer is of variable thickness and in some places it is absent. The boundary with
the Blue Clay below is very abrupt. The upper boundary is more difficult to define.

5) Upper Coralline Limestione: The Upper Coralline Limestone is the youngest of the
Tertiary Miocene formations in the islands. It oaps the highest plateaus, but especially
in northern Malta, faults bring it down to sea level. The rock varies considerably.
Compact and usually poorly bedded limestone predominates but in places it is dense and
crystalline., It is frequently separated by thin marly layers; elsehwere thiock marly

gpeams rioh in fosesils occur.

The Pleistocene and Recent Depositis

Two kinds of deposits are observedi— valley deposits and coastal conglomerates
and brecoias,

The valley deposits are poorly sorted, stratified loams and gravel. They
ocour in the Pwales Valley, Bur Marrad or Wied il-Chasel Valley, I1 Hofra Valley and

Mistra Valley.

Conglomerates and coastal brecoias of Pleistocene age occur in small
patches round the Marfa Ridge, St. Paul's Bay, Melliehe Bay, Ghar Lapsi and St. Thomas
Bay. They are usually composed of local material and are moderately cemented.

3.3.,2 Physical and Chemical Nature

The Globigerina Limestone is very porous but the pores are very fine, Henoe
permeability is low. The Upper and Lower Coralline Limestones, on the other hand,
may not be inherently much more porous but many large interconnecting solution channels
have developed in the rather heterogenous, but generally compact or dense mass. The ~
porosity and permeability of the Maltese rocke as reporied by Hyde (1955) are as followsi-

' Kind of rock Percent porosity Permeability (cm/hr)
Upper Coralline Limestone 38.5 151.0
Blue Clay nil nil
Globigerina 30.2 nil to 3.0
Lower Coralline Limestone 27.4 29.1

Water would be expected to flow faster through the Coralline Limestones than
through Olobigerina., The actual porosity of the rocks would be even higher tihan the
figures given due to solution channels; which are developed to a higher degree in
Coralline Limestones than in Gleobigerina.
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The calocium and magnesium carbonate composition of the Coralline Limestonas and
Globigerina is generally in excess of 80 to 95 perocent. The balance is madse up of
oalcium suphate, iron and aluminium oxides, s8ilica and phosphates,

The Blue Clay has only 2 +to 67 perocent caloium carbonate, 4 to 30 percent
;aloium sulphate, 28 to 68 percent alumina and silica and 4 to 10 percent iron oxide,
fence Blue Clay varies from a very calcareous material to aslightly calcareous clay.

3.3.3 Structure

The limestones deposits of Malta form a gently undulating system with a N-S
axis. The anticline runs from Salina Bay to Ghar Lapsi. The surfacing of the Lowar

Coralline Limestone near Naxxar - Mosta and near Attard is largely due to the anticlinal

effect. East of this anticline, there is a broad synolinal basin around Valletta and
easti-central Malta. The Upper Coralline Limestone which outorops in east Oozo,
Comino and north and west Malta may be interpreted as the original elongate N.S.
synolinal basin that has since deposition been muoch faulted tranasversely and uplifted
as a whole., The faults and the gentle folds have been imposed on strata with a
regional dip to the east and north—east in Gozo and to the south-east in Malta,

Gozo is structurally a tilted block dipping to the north-east. Normal faults
and fault complexes characterise the southern half giving rise to pioturesque bays,

Northern Malta is dominated by large normal faults siriking east of north—east.
They divide the region into horst and rift blocks whioch are reflected topographiocally
in ridges and valleys. These areas are dominated by the Upper Coralline Limestone
except for the area east of Wied il Ghasel. They are bounded to the south by the
Great Fault or Victoria Lines Fault, with a down throw of the north side between 270
and 540 metres and giving rise to the most striking topographic feature of the islands.

In Central and Southern Malta, south of the Victoria Lines Fault, the most
important structures are large-scale gentle folds.

The position of the water—bearing limestone strata and water-sealing stratum
of Blue Clay in relation to sea level and location of faults are of great importance
to the hydrology of the islands. (see section 3.4)

The Maltese Islands show great diversity in relief and landform and can be
divided into many easily identifiable physiographic elements, Twenty—one such elements
have been recognized in Malta by House, Dunham and Wigglesworth (Bowen—Jones et al, 1962).
These are grouped below into five classes, (The Roman numeral used to designate the unit
in the report by Bowen-Jones et al, (1962) is given in parenthesis).

a) Coralline Limestone Plateaux which form high areas bounded by well-marked
esocarpments:

~ Marfa Peninsula (1
Mellieha Ridge (III
Bajda Ridge (v
Wardija Upland Evu
Bingemma Plateau (XIII)

Rabat-Dingli Plateau (XIV)

;
i
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b) Blua Clay Slopes and valleys:

~ Fiddien Valley (XV)
~ Slopes of BRingemma Plateau (XIIT)
~ Sloper of Rabat-Dingli Plateau (XIV)

o) Coastal elilrfe whare the Coralline Limaerlone Plateaux meel the seat
— complex of Wied 1'Imtahleb and Rdwn lands (XII)

d) Flat-floored basine due to faulting and downwarping or erosion but now
filled by colluviel and alluvial deposition:

- Mellisha Isthmum (1I)
~ Mizieb Depression (IV)
— Pwales Valley (VI)
— Bingemma Basin (XI)
- Bur Marrad Valley (IX)

e) Globigerina hills and plains — large areas of gently sloping land which
take the form of a seriem of low ridgas sand ehallnw vallaya:

- Ghallie Hills (X)

- Qawra Peninsula (XIII)

~ Tal 'Isperanza Valley %XVI)
— CGharghur—Naxxar Hills (XVII)

- Central undulating ridges and valleys (XVIII)
Southern undulating ridges and valleys (XIX)
- Bastern undulating ridges and valleys (XX)

- Sliema~Valletta~Cospicua (XXI)

In Gozo, also, the physiographic elements are characteristic and they ocan be
grouped into the following four classes.

a) Coralline Limestone Plateaux which form extensive, high areas bounded by
well marked escarpments (north and eaat Gozo)

b) Blue clay slopes and valleys surrounding these highland summits
c) Coastal cliffs and slopes (north and north-east coasts)

d) Undulating plains on Globigerina limestone with Blue Clay slopes leading
up tc mesas on Upper Coralline Limestona (north-west Gozo)

e) Accidented hills and valleys due‘to fault scarps and complex faultd
(south-west and south Gozo)

f) Blue Clay Slopes (east-central and west-central Gozo)

Thess physiographic units associated with specific kinde of bedrock and slopes
are therefore highly correlated with particular combinaticns of soil kinds. (see table 3).
The additional characteristics that determine land use potential like overall slope, slope
on terrace, intensity of human modification by mixing, carting etc., depth of soil, and
frequenoy, thickness and height of stone walls are also related to the geology and physio-
graphy of the area,



3.3.5 Drainage Hystiem

A striking feature of the drainage system of Malta is that Lhe walershed "dividea"
are aligned in suech A way that aboui 00 percent of the catchment avea is composad of
watershads nr hasins that are separated by "divides" io nimost enclose tha watermhed an ;s
an inland basin. Une 18, in fact, an inland basin and the others have only narrow outlats
for the outflowing river. The remaining 20 percent of the area is compoeed of cliffs
end long slopes leading directly to the sea.

Nevertheless total runoff losses are probably low since the fields are all terraced ang
diked by stone embankments and stone walls, and sinoce the land is provided with diversion
draine into quarries and oisterns, and eince the river valleys ara provided with a series
of barrier dams to impound the water whioh can then percolate slowly. But the very low
rate of 2 percent runoff was experimentally observed for the large watershed of Wied-ie-
Dewda and Wied-il-Kbir with a narrow outlet preceded by an extensive, very flat land at
Marsa. This is not applicable to Malta as a whole. The rates are bound to be much
higher for the smaller watershed and for watersheds with less narrow outlets or more
8loping terrain and rivers. The runoff will be very much higher for the sea cliffs,
marginal coastal slopes where the terraces are not being properly maintained and the
coastal built-up areas. Also much of the storm water finds it way into the sewer
system., Since the sewer tunnels are limited in size, are porous, and are open to the
surface at intervals, much of the water either seeps into bedrock or overflows end
Bpreads on the surface. The loss into the sea may not be very great.

Nevertheless there is a great need to initiate work that could lead to more reliable

estimates of the loss by runoff and to more effective control measures to eliminate or
minimize runoff losses,

The runoff losses in Gozo are probably even greater since the watersheds are more
open, In addition, the proportion of areas directly sloping to the Bea is higher,
Thirdly, the Blue Clay layers and colluvium from it cover a larger proportion of area
and percolation in such clayey material is slow. Terraces and stone walls are in
general better maintained. Yet there is a need to have reliable estimates of runoff
losses during peak rainfalls and to investigate if any of this runoff could be avoided
thereby augmenting groundwater supply.

3.4 Hydrogeology and Water Resources

The groundwater resources of Malta and Gozo are determined by the total porosity of
the bedrock due to natural pore space and to fissures, joints, bedding places and
faults and finally solution channels that have formed along them., Water is held in
these porous rocks above sea level if there is an impermeable layer that prevents the*
water percolating to the sea level. Hence in areas with Blue Clay stratum above sea
level, it provides a perched watertable of the water held in the overlying Corraline
Limestone and Green sand, as in the extensive Rabat-Dingli plateau of west Malta
and the narrow fault blocks of Marfa, Mellieha, Wardija and Bingemma.

When the Blue Clay layer is below sea level, the water contained in the overlying
limestone is liable to be contaminated by sea water flowing laterally or through
solution channels punctured through the Blue Clay. This situation ocecurs in the
Bunken valleys of Mellieha, Mizieb and Pwales.

But in the greater part of Malte, which is undulating terrain on Globigerina and
lies to the south of Victoria Lines and east of the Rabat-Dingli Plateau, the
percolating fresh water rests on the sea water which is denser than fresh water by about
2.5 percent, This is the most important source of water, providing 95 percent of the
island's requirements. The water bearing roock is the rock at sea level, In most
Places it is Lower Coralline Limestone though in some parts of south central Malta,
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it ie Globigerina. Ideally, assuming there i8 no zone of mixing to give brackish water,
ihe fresh water forms a thin lens on the sea water, every meire of water above sea level
being supported by 40 metres of fresh water that has pushed the salt water below sea
level. The maximum recorded height of watertable of thie floating groundwater is only
6.9 metres but extraction in galleries is usually skimming the water as low as 1.4

nmetres above sea level. Unless the ground water built up over sea level can be mugmented,
total supply is necessarily small. On a small island with a large circumference — area
ratio, and large solution channels, fissures and fault zones traversing the aquifer -

the watertable will tend to flatten out fast. :

Secondly,extraction of fresh water tends to bring salt water close to suction inlet
due to upconing., The numerous fissures connecting direotly to sea level made this even
faster, Henoe a rapid rate of extraotion of the fresh water from boreholes is
undesirable, The ingenious system of a horizontal network of water galleries radiating
from & oentral point from which water is pumped up eliminates sharp upconing. Yet
contamination by sea water through solution channels and fissures is widespread. Measures
to minimize this by blocking out or raising the water level in gallery segmenis prone
to sBalt water infiltration have been undertaken.

Thirdly, uniform rates of pumping will minimize infiltration of salt water.
Intermittent and hence rapid rates of pumping tend to produce fluctuation.of the zone
of brackish water separating the fresh water and salt water. . Frequent and wide
fluctuation of this zone will give rise to a thickening of the zone of brackish water
and hence to an increase of its salt content, A zone of brackish water is inevitable
but as it gets thicker, the layer of fresh water maintained by a given height of
watertable above sea level gets less and less, '

The groundwater flomting on sea water has now a oconductivity ranging from 800
to 3,000 micromhos and usually of 2,000 micromhos. Reduced and steady rates of
extraction only could improve the water quality. Other measures like minimizing
loss of lateral flow of groundwater to Bea by grouting and extracting water along the
periphery of the water lens and above points of high lateral flow into the sea have

also been recommended.

The average conductivity of 2,000 micromhos mey be regarded as the value of the
dynamic equilibrium of additions from above by annual rainfall, with very minor edditions
by seepage from leaking domestic water supply systems (which incidentally has been estimated
to be even as high as 40 to 50 percent of total intake), seepage from sewers and from
domestic and other uses, and from below the water lens by salt water intrusion. Any
deliberate, large scale addition of water at the surface for direct recharge of
groundwater or indirectly a8 leaching requirement in large scale irrigation can affect
the salinity of the underlying watertable, since loocally it can form a significant .
proportion of the total additions received by aquifer below. Hence any attempts
to re-use water must first ensure that the average conductiviiy of the groundwater is
sufficiently low that it can absorb the salts carried by the added water without any
adverse effect, Alternately the added water must be as nearly as possible similar to
rainwater so that it does not increase salt content of underlying groundwater.

The high level groundwater perched on the Blue Clay in Rabat-Dingli Plateau and
other plateaus supplies about 5 percent of the island's annual productiion. This water
haes & much lower content of soluble salts and a lower proportion of sodium to calcium
and magnesium, Hence the water has a low sodium edsorption ratio,

(va) /,(ca) + (Mg) /2, snd a low sodium percentage, Na x 100/ (Ca + Mg + K + Na).

The supply is limited and possibilities of tapping the lateral seepage before it is
lost to the sea or the adjoining lowland ocan augment supplies for domestio use and

irrigation.
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Water is a very scarce rosource even though a high proportion (estimated to be sa
high as 40-50 percent) inc yet lost through leaks in the domesiic water aupply system.
Concurrently with measures to locate and remedy the leaks, additional sources of water
and posgibilities of reusing water are being investigated.

Agriculture is a prime and prior user of groundwater, But it faces competition
from the increasing domestic and industrial nceds. While it is true that physically,
chemically and biologically impure water such as muddy water ise used in irrigation
Bystems often with advantage dus to the contained clay and nutrients, certein limits
on the chemical and biological impurities are inevitable for successful agricultiure
with no restriction on crops and free from health hazards to the sgriculturist
and hie environment.

Accordigg to Martin (1969), tga total groundwater extraoted in 1967-68 was
22 323 000 m” of which 6 328 000 m” was obtained by private_pumping mosily for irrigalion.
He has estimated the total aquifer recharge as 26 126 000 m2. If ihe artificial
recharge of 3 765 000 m3 from water leaks is exoluded, the natural recharge from the
infiltration ie only 22 361 000 m3 This im obtained as the differencs between
surface edditions of 129 353 000 m by precipitation and inflow from slopes ou}aide
the area considered, and runoff and evapotranspiration losses of 106 992 000 m-. This
is based on several assumptions, calculations and extrapolation and not substantiated
by any measurement. If the method of calculating percolation takes into account
the actual rainfall pattern day by day and the moisture aveilable for evapotranspiration
loas, the annual infiltration as a percentage of the annual rainfall will be found to be
much higher, ahout 75 percent higher. But using his conservative esfimate for
recharge, the surplus of recharge over consumption is only 3 803 000 m~. Other factors
like groundwaier flow due to leaks through large solution channels and frequent upconing
cannot be quantitatively estimated. Neverthelese if the runoff and evapotrunspiratiog
loaseas are low, the safe yield can be higher. The recommended figure of 15 500 000 m
for total extraction is at least a working guida, It could be modified by actually
monitoring the salinity ee various rates of extraction are employed to meet the island's
demand. Evapotranspiration measurements under the different physiographic situations
in Malta should be initiated to make more reliable forecasts on water balance,
Desalinated sea water is used to supplement the groundwater supply and thie will increase
as the island's requirements increase.

Dosalinated water costs about 6 to 9 times more than groundwater, Hence the
tendency of the Water Works Department will be to extract as much groundwater as possible
in order to minimize total cost.

If methods to avoid the corrosive effect of desalinated water on pipes are
developed without deliberate addition of selts, there may be a possibility to contimme
to extract groundwater of higher conductivity and yet keep the final mixed water within
acceptable limits.

3.5 Agriculture and Land Use

Every oultivatable piece of land with soil has been terraced and was used io arow
Eome crop at some time or other. Only lend unsuitad or marginal for cultivation is
left for rough grazing or as waste land.

The most important crops are wheat, barlay, sulla, potataes, onions, tomatoes,
marrows, beans, peas, vetchss, vines, apples, peaches, lsmons and olives.

An excellent description of the land nsa distribution under the varinus Crops i8 given
by Bowen-Jones (1961),

Land for the production of all the re-mirements of the islands for human food and
animal feeds is mcarce.




Table 2.  Agricultural Land Distribution in Malta and Gozo

MALTA (Total Area: 27 626 ha.) 1960 1961 1963 1964 1965
Tmien* Tmien* Tmien# Tmien* ’ Tmien#®

Agricultural Land

Dry . » 107 980 105 543 100 687 99 613 96 750
Irrigated s . 5 528 5 470 5 585 5 287 5 048
Waste o - 19 511 18 860 18 064 17 712 16 627
i Total : 133 019 129 873 124 336 122 612 118 425

GOZO (Total Area: 7 467 ha.)

Agrioultural Land

= Tty . .. 29 121 27 866 27 642 26 626 25 781
Irrigated wia % 141 689 - 624 560 533
Waste i P 1 845 1757 1 953 2 037 1 821
Total 31 707 30 321 30 219 29 223 28 135
Total Malte and Gozo 164 726 160 194 154 556 151 835 146 560

* One Tmien is equal to 0.1125 hectare

From the Annual Report of the Ministry of Trade, Indusiry and Agriculture, 1966, p.81
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The Malteme economy was, until recently, based chiefly on services generated by

the military establishments and the naval base facilities and, to a lesser degres, on
trade. The change, almost overnight, to a market economy has been remarkably smooth .

and fairly sucoessful, Expansion of tourism, development of food and other small.
industries, and dockyard facilities has promoted an unprecedented flush of hew
buildings all over Malta and even Gogzo for residenoes, hotels and offices, This

- has ocertainly buoyed up the aconomy and will be asset as long as tourism and other -
industries maintain a sustained growth, ' & : :

) From a long temm point of view, however, the allocation of large tracts of -
agrioultural land, (large in terms of Malta's eize) for.urban and industrial
development musi be oonsidered in the broader national context, Many of these lands
taken out of agrioulture have productive, permeable soils with favourable 8lops,
abgence of stoniness and sufficient depth of soil (and hence favourable field sisze as
controlled-by these faotors) and a potential for improved management or irrigation
development. The conversion of a pleasant, rural or agricultural landsoape into
daphalt and oconcrete suburbia may be self—defeating even for the tourism industry.
The question is, can the Maltese islands allow the agricultural base of its aconomy
to be shrunk further by competing users of the land? Could not the other users )
of the land develop areas that are very unsuitable for agrioulture even though such
land may not be the best choioce for the other uses? An overall land use alloocation
policy based on the soil and land information available on the 25 inches 1o a mile,
and 6 inohes to & mile maps should be the basis for all urban, industrial and
agricultural development, :
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4. Soils

4.1 General Features

4.1.1 Composition

The moet sBiriking featuree of the soils of Malta and Gozo is the high conient of
calcium and magnesium carbonates in the whole profile, The oarbonate content
(ae determined by solubility in dilute hydrochloric acid) was found to be as high as
50 to B0 percent in the surface layers of the pale brown (Xerorendzina) soils and the
white (Carbonate Rew) soils. In the red (Terra Rossa) soils, the carbonate content
was 25 to 60 percent, the higher values being due to incorporation of wind-borne
calcite dust and of rock flour and gravel during terrace construction. The ocarbonate
ocontent increases with depth in the pale brown errorsndzina) and white (Carbonate Raw
s0ils), while in the red (Terra Rossa) soils it deoreases with depth. (see Table 4
for chemical data).

In general, the carbonate content imparts a Bilty or very fine sandy textural
feel to the soils. The influence of high amounts of calcium carbonate on plant growth
is varied and must be taken into account. The presence of high amounts of carbonates
especially in a finely divided form affects uptake of certain nutrienhts like phosphate
and iron, The contribution of the carbonates to water holding capacity is probably
very low except when they ocour as partioles of silt size which cen give rise to much
pore Bpace in the soil., On the other hand, structural aggregation of the olay minerals
and permeability are improved by the high content of calcium in soil solution that will
be maintained by the calcium carbonate phase. The high calcium content will also prevent
the accumulation of sodium in the exchange complex of the clay minerals. Hence
alkalinity hazards as a result of irrigation with water high in sodium is minimized.

4.1.2 Depth

The depth of soil and Boil material is very variable, Both are considered
together since any distinction between s0il and eoil material is not alwsys possible
nor necesBary. As will be seen in subsection 4.1.4 and section 4.3, due to the slow
rate of soil formation in a semi-arid climate and due to the widespread carting and
mixing of soil caused by man's terrace building activities, the soil horizons formed in
place under the past or present climate are esimilar for all practical purposes to the
corresponding soil materials laid down by man.

On the ridges, plateaux and plains {erosion surfaces) formed on hard limestones,
the soils are very shallow usually ranging in depth from less than 20 cm. to about 60 cm.
Deeper soils occur only in isolated pockets. In addition, in much of the undeveloped areas,
bare rock ie exposed as an irregular surface,

In the erosional valleys (like Bur Marrad Valley) and structural valleys (like
Pwales Valley), the soils have formed on accumulated deposits of material weathered to
varying degrees under previous climates on the adjoining uplands., These soils. and sotl
materials are very deep often exceeding 150 cm, But patches of shallow soils especially
near the valley edges are very common.

The soils on the scarp slopes and occasional summit surfaces of Blue Clay exposures
are for practical purposes considered as deep since the parent material though only
8lowly permeable is soft and readily disintegrates into soil-like material which im
barely distinguishable from the humus-deficient soil itself, whioh is commonly only
about 75 cm. deep.

On the gentler slopes of Clobigerina limestone, the soils are moderately deep
ranging in depth from 60 to 120 cm. but many patches of shallow soils of varying
8ize ooccur very commonly. These are not mappable.



4.1.3 EBrodibilite
e R

The soils, under natural conditions

regime of a long dry summer and a wet 8eason in which rain frequently falls in
heavy showers. DByt the actual field situation in Malta gives rige to very little
erosion beacause of gtone walle and embankments, as described ip section 4.1.4. In
8ome, especially marginal areas, these stone wallg are in a state of disrepair

and the unrestiricted flow from ill-kept fields tends to erode the soils and destroy

the stone walls of the fields below, Successful agriculture in areas lying below
fields improperly managed is hazardous, The extra effort needed to maintain the
conservation measures, when the neighbouring areas are abandoned or mismanaged, has led
to progressive deterioration of large areas,

v @re easily eroded ip a elimalic

4.1.4 Terracing and other Human Influence

) and the less intensely used, very shallow,
aus of Mellieha and parts of the Rabat-

The highly productive, well-structured
Terra group under natural conditons occur ag a shal
which frequently outcrops at the surface,
channels in the bedrock, In such areas on the hard Coralline
resculptured the land surface to better utilize t
The B0il material ig carefully removed to a side,
to form a terraced, gently sloping surface, the de
of the stones, the terrace floor ie laid suc i
8tones and cobbles and finally the soil materi

surface. The terraced levels are protected by embankments bui

In the softer Globigerina limestone areas, sculpturing of the landscape has been
éven more drastic, The softer rock has permitted more extensive and deeper cuts giving

pplemented by fine rock fragments and roék

» Oor of building underground cisterns

8. Suitable land itself is so
Bcaroe that evan deep quarry floors themselves are used after layering the floor with

8lones and Boil for growing crops. The deep quarries are believed to afforg

protection from the wind, Trees are apparently being grown Buccestfully along quarry
walle and on the downslope side of high stone walls,

Though it has been reported in the literature that the Maltese
diemantles the 80il and
percolation and drainage, field examinations of the under}
interviews with farmers and Government
the contrary, the stones of the basal man-made layer
a 2 to 5 mm. thick, weathered, leached Porous zone indic

climate in the terraced, built—up fields, net deep percolati
leach calecium carbonate,




Soil material is recognised as a scarce resource that there are even references

E in the literature to the transport of ship~loads of red soil from Sicily for building

. Maltese fields in the early days, This is now discounted as unlikely except as ballast
for ths ships. Nevertheless in Malta and Gozo, soil material removed from sites bafore

- construction of buildings are required by law to be transported to designated areas which

~ are known to benefit from added soil material. Farmers place a high premium on the

. Terra olays and clay loams, which have a Blable, strong microstructure and are the most
groductive soile. They have made considerable efforts to conserve this even on tha

remaining karstic waestelands on the hard Coralline limestone; stone walls have been

built and maintained not only along the property boundaries bui also within the land

along oontours and aoross valley-like depressions to trap the soil that may be otherwise

carried by runoff, - Agriculturally very marginal, steeply sloping, wind-batiered coastal

oliffe and summits also had been terraced in the past to conserve the soil and water and

to grow orops. Many of these are, however, in a state of disrepair now,

In the Blue Clay areas, the slopes are not broken into level terraces. Erosion
is minimised by the construction of embankments at intervals of about 50 metres, but the

soils maintain their natural equilibrium slopes, Under these conditions, waterlogging
of these slowly permeable soils is avoided. '

4.1.5 Field size and accessibility

The fields are generally very small in size and irregular in shape in most areas,
They are separated from one another by Btone walle., Acoess is along narrow pathe or
through adjoining fields. Some of these walls could be diesmantled if necessary for
developing larger Boale, mechanised, irrigated farming and generally for improving
efficienoy of operation, Such walle separate fields lying at the same level.
But on the other hand, many walls separate fields at different levels and very often
with bedrock exposed on the terrace embankments indicating the shallow nature of the
8oils,  Such embankments need to be maintained. But whether the walls built on these
embaniments serve a useful purpose such as protection of soil or orops from wind is not
At any rate, the physical volume and the economical aspects of diesmantling the
Unwanied stone walls and disposing of the stones are quite discouraging.

The ownership or cultivator pattern is very complicated. An individual

owns or cultivates several fields each separated from one
fields owned or cultivated by another.

faming operation can be undertaken only
or tenancy by arranging to exchange field

often another by one or more
Any attempt to rationalize field mige and

by a programme for consolidation of ownership
8 wlth necessary compensation.

4.2 3Soi1 Forming Factors

he regional

T pattern of the general features enumerated in section 4.1 will be
bettar understood

when considered in terme of the factors affecting soil formation.

The pattern of distribution of the different kinds of soils in Malta and Gozo is
frequent)y complicated due to the superposition of man's activities on the natural
Processes, Man, in an effort to conserve and exploit his barely adequate so0il and
:;ter resources, has literally resculptursd the land surfdoe by cutting terraces

Tough the goft rock,building stone embankments and walls and redistributing the stones
d 8011 material on the terraces.

The original natural pattern of disiribution is largely determined by the
- Materia) (

Pant in most cases the underlying or country roock), climate
s under which rock weathering and soil formation took place),
Cape had remained stable), and the topography.

8elf, in so far as it is moulded by erosion a
compoeition, the processes as determined by the

parent
(both present and

time (during which the
But topography or geomorphological
nd deposition, is related to

past and present olimate and

| Pattern 44
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Finally time;  bul thiy Paliern is superposed on the tectonically influenced structure
(ree wection 3.3). Biological influence, like the activity of micro-organisms, plants
and animals, is another factor influencing soil formation. But it ie related to the
factors already enumerated and at any rate are now dominated by man's activities, the
petterne of which are not a8 easy to predict or rationalize as the natural factors.

4.2.1 Time, Climate and Biological Processes

Soils of Malta and Gozo are, pedologically 8peaking, rather young or immature soils.
The processes of goil formation on calcareous material are very slow in a Mediterranean
or semi-humid olimate, because the soilg have a low build-up of soil organic matter and
hence limited quantities of acidic drainage waters. The shallow, brown, slightly humug-
enriched, calcareous soils over limestone bedrock and oalled Xerorendzinas are the soils
Formed by exposure to the present climate for the longest period (of the order of
soveral hundred years), Very young, man-made, whitish, humus-deficient Carbonatas Raw
foile dating back to less than 50 years, the time they were mined by man and spread in
front of the undermined terrace backwalls oocur eide by side with Xerorendzinas in the
sasme fiald, In fact, the difference between the two groups of soils is very slight,
both containing more than 70 percent total calcium carbonatas, The third group of soils,
the red and reddish-brown, humus—enriched, highly declacified 80ils of the Terra group
ware probably formed under a past humid olimate, Apart from the inocorporation in the
Burface layers of calcareous dust by wind transport and of calcareous coarse fragments
by man's activities of terracing, very little change can be attributed to the present
climate. Pedologically, the soils are very young relative to the present environment,
Nevertheless for practical purposes, these red, relic products of rock weathering and .
5oil formation can be considered as mature soils, since any distinction between soil
and poil material cannot be maintained, muoh lems serve any useful purpose, due
to the extensive and profound man-made changes in the agriculturally important soil arsan
as already described in subseotion 4,1.4,

4+2.2 Parent Material

The different kinds of poils of Malta are almost entirely dus to the differences in
the chemical composition (carbonate content, clay content and other impurities), as well
a8 in the physical constitution of the rock. Climate has had little effect in reducing
the differences due to parent rock.

The Boils ara‘veny calcareous because the perent material is limestone or very
calcareous, soft sediments like Blue Clay. The limestone parent materials contain
more than 95 percent of minerals like caloite (calciam carbonats) and gypsum (calcium
Sulphate) which must be completely lost from the profile by soil formation processes
to obtain a decalcified soil, In fact, the red Terra material, which is the .
characteristic decalcified product of weathering of limestone under humid or semi-humid
conditions of adequate, eufficiently acidic water for leaching, is actually the
impuritien present ae such in the original limestone bedrock, Hence the thickness of
decalcified 80il material formed in place on limestone rock is typically small in placas
of normal relief permitting good runoff, rercolation and normal erosion.,  From other
types of rock under 8imilar conditions of climate, topography and time duration, the
thickners of soil would have been much greater, This is because even though chemical
weathering of limestone (esaentially dissolving of the calcium and magnesium carbonates and
sulphates) is relatively more rapid than the weathering of rocks like gabbro op granite
under similar conditons, the amount of residue left behind by an equal volume of limestock
rock, 95 percent pure, ie only about one—sixth to one—twalfth of that due to gabbro or
granite, If the percentage of impurities drops to 2 percent, the amount of regidue

left by limestone is one-fifteenth to one~thirtieth of that due to igneoue rockg, In addition,

the weathering front advances irregularly into the bedrock. Due to the hBterOganeity in
Bize, porosity of the constituent particles or due to the presence of fissures,
dissolution of the carbonates and leaching of the diesolved constituents Proceeds t¢ give
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jon channels provided the rainfall is adequate and there are entrenched valleys or
derground channels through which the percolating water can flow out of the region. As a
anpequence of the development of solution chennels, the percolation and drainage of water
iy a limestone region is much more rapid than on most other rocks under similar conditions.
‘tonsequently weathering of limestock rock nearer the upper surface is slower but favourable
‘por leaching. Water flow is concentrated along solution channels and in Fhese, deep

yad soils are formed by weathering and leaching or acoumulated by local movement from

- epounding exposed areas. The well-known karst topography of deep red soil in poockets
anong outoropping rock surface is the result. Xajhra Series, a Terra Rossa soil on hard

" 1imestone 18 formed this way.

. On the softer, porous but less permeable limestone rocks like some Globigerina layers,
"physical disintegration advances faster than decalcification, Hence deeper, less
deocaloified, brown soils like Tal Barrani Series (a Xerorendzina) are formed,

. When physical disintegration is the dominant process as in man-made, recent soils

" on softer limestones and on the continually eroded Blue Clay areas, the soil is merely

a mechanical mixture of the disintegrated bedrock or pediments, with perhaps some leaching
of the soluble salts., The Blue Clay sediments by iteelf gives rise to the Fiddien cleys
and in mixture with soft Globigerina gives San Lawrsnz soils, The ocalcareous sandstones
from the Upper Coralline limestone and Greensand give the Nadur Series and the

caloareous sands of contemporary dunes give Ramla Series. All these soils are Carbonate
"Raw Soils.

1'

y Due to the close ocourrence of the different kinds of rocks on the landscape and

' "the effects of natural transport and deposition of soil material in the geomorphioc

~ evolution of the present landscape, the distinotion between the completely decalcified

'marra Rossa soils and the calcareous brown Xerorendzina soils is not sharp. Similarly
the distinction between the brown Xerorendzinas and the whitish Carbonate Raw Soil
is very diffuse, Thus Tas Sigra is considered to be a Terra Rossa formed on deep, red,
deocaloified soil material largely transported from adjoining areas. When the
incorporated material includes erosion material from partially end barely decalcified
goil, the soil ranges in colour from reddish brown to light brown. These poils are called

. Alcol Series, Similarly incorporation of red Terra material with the downslope

. ;hitish weathering products of Globigerina rock gives the traneitional brown San Biagio

: eries, ;

4.2.3 Topogra

The soils are basically lithogenic as already discuseed in subsection 4.2.2.
A good correlation of soils with topography is observed (see table 3) because within
the framework imposed by faulting, the different rock stirata due to differential .
resiptance to erosion tend to develop or maintain different topographio aspects. Thus
the Upper Coralline limestone is essociated with plateaus, ridges, and prominent scarps with
almost a vertical drop. The lower lying Lower Coralline limestone also forms ridges,
erosion purfaces and prominent scarps with almost a vertical drop. The relatively softer
Franka (a Olobigerina layer) forms a weakly karst-like erosion surface, The other, muoh
Bofter Globigerina layers and marly layers form an undulating surface as in south east
Malta, The Blue Clay layer forms a scarp slope tapering to a concave steep slope when its
upper surface is protected by a resistant cap of Upper Coralline limestone., When there is
no protective layer, it forme a broad, sloping summit. Hence the soils associated with
the various rock strata have characteristic topographic features.
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4.3 Soil Classicialion

The soils of Malta have heen classified by Lang following Kubiena's system into
three groups: the Terra Rossa, Xerorendzina and Carbonate Raw soils. This grouping ia
Bimilar to the locally popular identification of red, brown and whitish soila,

The red Terra Rosse soils are highly decalcified and humus-enrichad. Tha brown
Xerorendzina soils are anly very slightly decalcified and 8lightly humus-enriched.
The whitish Carbonate Raw Soils are esgentially physically disintegrated parent rock}
they are highly calcareous and humus—deficient.

The Soil Series identified by Lang are designed to fit the landscape and lithology
and hence are mappable. But wide ranges within them due %o the natural prooesses of
mixing of parent materials by erosion and deposition as in soil creep or due to regional
or local differences in chemical composition or physical constitution within a given rock
sirata were found to be not mappable at a scale of 1:31, 680, and hence are inoluded
in the range of characteristics of the Series (see table 3). Such differences are
confounded by man-made soils on terraces and by addition of soil and rock materiale
brought in from outside.

Soil maps are a useful aid for planning agriculture in areas where soils are
considered as an immovable asset and are managed and improved with amendments and
additions in situ, In Malta, the soarce, shallow, erodible soil material has been used
as a precious movable resource, The 8oil has been spread out to cover extsnsive areas
where it has been deep in patches surrounded by rock outcrope. Soils and disintegrated
rock has been brought from unwanted places like building sitee and quarries to increase
the thickness of soils where needed, . Sandy soils have been improved by the addition
of clay materials brought in from outsidae., Similarly, whenever available, the red Terras
material has been incorporated into the brown or white soils to improve tilth.

Under such conditions, the soil map based on lithology and landrcape as provided
by Lang provides the basic information on the distribution of the dominant kinds of soils.
The soils, as naturally evolved, are not very different from the soil materials, relio
or current, since climatic influence has been very slight, and hence the soil map provides
.information on the composition of the man-—made soils, except where Boil material from
other soil areas has been carted to the site. Such incorporation of different soil
material is quite common in the important asgricultural areas outside of the erosional and
8tructural valleys and large sink holes. But this incorporation of material from outside
18 very local and not extensive. Its occurrence varies from field %o field and sometimes
even within a field; only a part may be modified by outside material, the remainder of
the field aeppearing to be made up of the original soil material.

The following kinds of soils have been identified:

Carbonate Raw Soils Ramla
Nadur
Fiddien heavy clay
Fiddien light clay
San Lawrengz

Xerorendzina San Biagio
Alcol
Tal Barrani
Terra Rossa Tas Sigra
Xaghra

e g

o BN

TR 2
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.br details). They aro:

Rdum seguence
Armier complex
L'Inglin complex

Tad Dawl complex

System is as follows:

Ramla :
Nadur H
Fiddien H
San Lawrenz H
San Bisgio :
Alool :
Tal Barrani H
Xaghra t
Tas Sigra t

Rampla t
Nadur t
Fiddien !
San Lawrenz
San Biagio
Alool

Tal Barrani
Xaghra

Tas Bigra

e #s wr = ws ws
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In addition one asmociation and three complexes have been recognised (Bea Table 3

t a lithosequence on scarp slopes

¢t a natural complex due to mixed parent materials

¢ a man-made complex due to terraoing on the
steep Blopes

: a man-made ocomplex in quarries

The tentative olassiciation of these soils into families in the USDA Raevised

sandy, ocarbonatic, calcareous, Typic Ustorthent

coarse loamy, carbonatic, calcareous, Typic Ustorthent

fine olayey, mixed, oaloareous Typic Ustorthent

fine loamy, ocarbonatic, calcareous Typio Ustorthent

fine loamy, carbonatioc, oalocareous, Lithioc Ustorthentic Ustochrept
fine loamy (carbonatio, ocaloareous) Rendollioc Ustoohrept

fine loamy (cerbonatic, oalcareous) Rendollic Ustochrept

fine olayey, mixed, ocalcareous Typic Ustochrept

fine clayey, mixed ocalcareous Typic Uﬁtoohrept

The tentative olassiciation according to the FAO system (key to soil units for the
map of the world, September 1970) is as follows:

Caloaric Regosol

Calcaric Regosol

Calcaric Regosol (in some place Chromic Vertisol sodio)
Calcaric Regosol

Calcic Cambisol lithio

Calciec Cambimol

Calcic Cambisol

Chromic Cambisol

Chromic Cambieol
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4.4 Soil Series Descriptions

The following Soil Series descriptions are based on Lang's soil survey report (1960);
the anthor's field observations are in agreement with them.

Ramle Series is a deep, brown, loose sand. It is a very young, raw soil, low in

- bumue and with an (A)C profile formed on calcareous parent material.

Ramla soils are formed on calcareous stratified sands of contemporary or Quaternary

dune beds by natural physical disintegration with very little chemical changes besides

dimsolution of any weak secondary caloareous cementation like that observed in the under-
lying dune bed. In places, the poft dune beds have been quarried by man and the resulting
soil is indistinguishable from the natural one since in both there is no horizon differ—
entiation except for the presence of some plant roots and other residues in the surface
horigons.

They are only of a very limited extent, oocourring locally on the northern coastal
slopes either alone as in Ramla valley in Gozo or in a complex with Tas Sigra soils as
in I1 Quortin tan Nadur in Gozo and Marfa Ridge in Malta. .

The soils are extremely light coloured and appear to lack any notioceable quantity
of soil organic matter or humus, particularly in cultivated areas. Under grass vegetation,
a prominent leaf mat is formed on the surface, and below it & root network covers the soil
with a density decreasing with depth; many of the loose grains are strung together on fine
Troots. : .

Transitions to a redder sand with a sandy clay loam subsoil occurs on thin blown
deposits over Terra material. Locally Fiddien olay material has been incorporated by man
to make toxture of the surface soil heavier.

‘The soils warm up quickly but do not get too hot because of the light ocolour. Water
holding capacity is very low. Moisture loss by capillary rise is negligible because of

" the loose packing of the sand grains. The soils are used for tree crops and would do well

under irrigation. Early vegetable crops can be grown in areas that are naturally slightly
beavier like a sandy loam or in soils in which Fiddien clay material has been incorporated
by man. ’

The soil is very caloareous. The CaCOy content in the surface horizon is about 84%
while in the Bubsoil below it is about 8&%. _

»
pd is about 7.8 to 8.7 in the surface horizon and increases with depth to 9.0.
Soluble salt cortent, however, is only 0.05% (corresponding to 0.13 millimhos/cm)

Soil orgenic matter in the surface horizon is very low in the sandy soils being
about 0.5, In the heavier, less well drained sites, values are higher (1.3%). The C:N
ratios are 7.5 and 10 respectively.

Total phosphorus in the upper horizons is 0,1 to 0.2% while the available phosphorus
is only 15 p.p.m. in the soil with 0.2% total phosphorus and 50 p.p.m. in the soil with
0.1%. This variability obviously indicates that the available phosphorus is related to
phosphorus in soil organic matier and not to total phosphorus.

Cation exchange capacity in the whole profile is 20 me/100 gm. Ca acoounts for
almost 90% of base saturation while K and Ne amount to less than 3% of base saturation.
K may become insufficient for plant growth.
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Nadur Series

Nadur Series is a challow, reddish brown to yellow, light textured (usually a

gravelly, gritty, loamy sand or sandy loam), loose soil. It is a very young, raw soil,
low in humus and with an (A)C profile, formed on calcareous parent material.

Nadur soils are formed by physical weathering or by man from coarse soft limestone
like the Greensand, lower part of the Upper Coralline Limestone or from the Quaternary
Conglomerate of soft, poorly sorted colluvium derived from such coarse soft limestone.

The soils are of very limited extent. They ooccur as thin strips on the scarp slopes
on the lower part of the Upper Coralline Limestone and on the Greensand (aa around the
southern part of the mesas of Xaghra and Nadur, round the Rabat-Dingli plateau and on the
east side of its valley); it ocours as more extensive areas in broad open valleys covered
by the Quaternary Conglomerate (as in the east of Wied ta Dahlet Qorrot) and on gentler
slopes where the Greensand appears to be extensive at the expense of Blue Clay (as on the
northern side of the mesas of Xaghra and Nadur and on the west side of the central valley
of the Rabat-Dingli plateau). The soils on the steep scarp slopes are strongly terraced.

The wide range in colour from the natural pale yellow of the sand graine is due to
varying amounts of staining by the red Terra fine material washed down the scarp slope from
the overlying karst landscape. With higher amounts, transitions to Tas Sigra are exhibited.
On highly glauconitio facies of the Greensand outcrops, greenish buff soils are observed,
Near Blue Clay exposures, a heavier texture like a gritty clay loam oocurs. The clay,
however, remaine as a non-intimate admixture with the sand grains; this indicates that
very little chemical weathering has accompanied the physiocal processes of mixing. These
are all variants of only minor areal extents.

The soils on the whole are relatively coarse, loose, and very easily worked. They
are excessively well drained and dry out rapidly and hence more liable to suffer from
drought. But on the other hand they are quick warming and hence suited for early vegetable
crops if irrigation is possible. Oats, sulla and perennials including vine are also grown.

Only 30 to 356 of the total s0il is less than 2 mm in size and is used for the

. laboratory analyses.

The total CaCO, is very high about 80% and the active CaC03 is also very high (about
13 to 19%) like in Sah Biagio soils.

pl iz more than 8.0 like in other Malt{ese soils.

Soil organic matter is 1 to 2% which is about average for carbonate raw soils; ,but
on a total soil basis it becomes only 0.3 to 0.T% and this could probably be the cause of
the poor siructural development.

Total phosphorus is also very low being about 0.09%. In glauconitic parent material,
the value is about 1.2% which is quite satisfactory.

Cation exchange capacity is about 25 me/lOO gm. On a total soil basis, this becomes
about 8 me per 100 gm. Ca and Mg occupy more than 96% of the base saturation and K and
Na the balance 4%. '

Piddien Series, Heavy Textured Tyvpe

Fiddien Series, heavy textured type is an olive coloured, shallow to moderately deep,
heavy, plastic, sticky clay with a prismatic structure breaking down to medium subangular
blocky. It is frequently alkaline and, in addition, sometimes saline. The Fiddien heavy
clay is a very young, raw soil, extremely low in humus and with an (A)C profile, formed
on calcareous clayey parent matcrial.
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It occurs on the upper slopes of scarps and remmant hillocks and on flat valleys of
Blue Clay lying above the dissected plateau of Globigerina. The soil has formed in place
from the Blue Clay with apparently very little chemical weathering except oxidation of the
newly exposed clay. Rarely, an overwash of Nadur material or Terra material from upslope
may give the surface horizon a different colour and lighter texture or better mtructure.

Except the very heavy textured soils and the soils on gslopes greater than 35°, the
Fiddien clay ie cultivated. Broad, moderataly sloping terraces proteoted by widely spaced
stone embankments from slumping or sliding down are tilled and manured. The rapid runoff
possible on the moderate slopes helps to avoid the vaterlogging problem that would other—
wise ocour on terraces of very slowly permeable sticky clays.

The surface horizon has a prismatic struoture that breaks down to medium subangular
blocky structure while the subsoil has usually a coarse, polygonal, prismatic structure.

The Fiddien heavy clay is quite calcareous though the amounts observed (29 to
36% CaCO3) are much lower than in other Raw Carbonate soils. The amount of active CaC0y
is 10 to 13% which is comparable to that in other Raw Carbonate moils. Its proportion,
however, i1s quite high as would be expected from the existence of the total CaCO3 in a
much finer state than in other soils.

pH is above 8.0 but below 8.5 in the surface horizon, and it inoreases to about 8.7
in the subsoil. Sometimes, about 1.0% of soluble salts is present throughout the profile
making it saline. Exchangeable sodium percentage is often bhigher than 6 and as much as 37
in the surface horizon though the pH values are below 8.5. Ca and Mg oocupy more than 854
of base saturation, and the proportion of Mg is higher than in other soils, being commonly
above 20% of base saturation.

Fiddien Series, Light Textured Type

Fiddien Series, light textured type is a moderately deep, gray brown, gritty clay
loam with a fine granular structure in the surface horizon. It is commonly non-saline and
non-alkaline. The Fiddien light clay like the Fiddien heavy olay, is a very young raw soil,
extremely low in humue with an (A(C profile on calcareous olayey parent material.

Like the heavy clay, the Fiddien light clay has a coarse prismatic structure in the
subsoil and occurs on the scarps, ramnant hillocks and flat valleys of the Blue Clay lying
above the Globigerina dissected plateau. But unlike the heavy clay type, the light clay is
found on the lower slopes and has formed on loocally transported colluvial Blue Clay material
which has undergone in the procees a preferential Joss of the very fine particles. Very
frequently there is, in addition, an overwash of Nadur material or Terra material from
upslope giving the surface horizon a lighter texture or better structure.

The Fiddien light clay contains about 50% CaCOy which is higher than in the heavy
type. Active CaCO3 im about 13 to 17% which is only slightly higher indicating lose of some
of the fine partic%es.

pil is however, usually as high as about 8.7 in both the surface horizon and subsoil,
though percentage soluble salts and exchangeable sodium percentage are very low.

Cation exchange capacity is lower in the light clay as would be expected from
textural differences. The percentage exchangeable Ca is much higher while that of Mg and
Na are much lower than in the heavy type.

San Lawrenz Series

San Lawrenz soils are moderately deep, light olive brown, medium to heavy textured
(usually a fine sandy clay loam) soil with a moderate granular structure. They are very
young, raw sBoils, low in humus, with an (A)C profile and formed from calcareocus parent
material.,
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San Lawrenz soils occur at the foot of the scarp of the Blue Clay and on the upper
edge of the Globigerina rlateau. The parent material is a mixture of alluvium and colluvium
from the Blue Clay and the soft Upper Globigerina and it rests on the Globigerins rock. The
texture of the s0il varies from a fine sandy clay loam to a light clay according to the
relative proportion of materials derived from the Blue Clay and the Globigerina.

soils. They are very similar to the Fiddien light clay in colour and texture differing only
in slope and structure. San Lawrenz soils occur on slopes of 59 to 10° and have a blocky

or granular structure throughout the profile while the Fiddien light olays occur on the
natural slope of 10° and have a prismatic structure at least in the sBubsoil. The transitiou
from Fiddien series light clay type to San Lawrenz Series 18 nevertheless often quite gradual
and the boundary line becomes arbitrary. The distinction between San Lawrenz soils and San
Biagio s0ils, on the other hand is more well~defined; the lattoer are loemy and not clayey,
8inoe they have no Blue Clay material incorporated in them. Hence, the San Biagio soils

dry out quickly to a brilliant white Boon after a shower while the San Lawrenz soils would
yet be moist and yellow brown.

Total CaCO3 content is about 559% and the active CaCO3 content is about 16,

P 18 rather high being between 8.4 to 9.1 but soluble palts and exchangeable sodium
ars low.

Cation exchange capacity is botween 11 and 31 me/lOO gm. Ca ocoupies more than
8% of base saturation with Mg, Na and K occupying the remainder.

San Biagio Series

San Biagio soils are shallow to moderately deep, whitish, medium textured, soils
with a weak medium subangular blocky structure. They are slightly decalcified, 8lightly
humus—enrioched soils with an A C R profile developed on ocalcareous materials,

The San Biagio soils ocour on the moderate slopes at the foot of the main scarps
and in the moderate to gentle slopes of the dissected low plateaus. The soil is formed on
.@ parent material developed on the Globigerina soft limestones and merls. Similar material
may ocour as a ocolluvial deposit over Franka or similar rock but the scils formed on the
material whether transported or developed in situ are similar. Phosphatic nodules present
as several layers in the Globigerina limestone are incorporated in the present parent
material during the original rock weathering as well as during the terracing and levelling
operations,

Terracing varies with slope, being negligible on flat tope and very strong on 8jeep
slopes of rock resistant to erosion yet not very hard to work.

No natural soil can be found even on the level summite. The whole area of these
soils, the most extensive soil in agriculfural use, has been reworked.

The soil surface is white when dry. The tilled surface horizon is gray while the
untilled lower horizons are brighter and usually yellower. The texture is usually a silt
loam and often becomes very slightly heavier with depth,

The soils look poor but are widely used because they are easily worked. The crust
that develops in the early summer Beason on the fine sandy loam type on hill tops is up
to 10 com. in thickness and becomes softened by the winter rains. The problem of ploughing
Ooccurs only when the rains are late.

The heavier types, the silt loams and silty clay loams have thinner crust and &
better water regime; the light sandy loams which have the surface crust that retards
infiltration, also dry out very quickly,




34

The total calcium carbonate content varies from 57 to 80%; the active fraction being
16.5> of the total soil.

Thease highly calcareous, non-saline soils are only weakly alkaline as indicated by
the pH which is about 8.0 and rarely exceeds 8.5,

Soil organic matter content is about % which is higher than would have been expected
for such whitish soila.

Total phosphorus is high to satisfactory being about 0.5 to 0.2% but the available
phosphorus is only about 25 Pe.p.m. which ie low especially in view of the high total content
but this is not serious. Even near phosphate nodule beds, when the soil phosphorus is about
0.65, the available phosphorus is only 34 p,p.m.

The cation exchange capacity is low, about 20 me/100 gm. because of the relatively
light texture. Ca and ¥g have a high percentage base saturation while Na and X have very
low values, Lime induced chlorosis is likely but can be corrected. The soils are easily
worked and very responsive to geod farming. .

Alcol Series

The Alcol group of soile are very deep, brown, fine sandy clay loams and silty clay
loams with a moderate, medium, granular surface layer., They are moderately decalcified,
with & humus-enriched surface layer and having an AC profile on a calcareous parent
material. ‘ .

They ocour on long gentle slopes of the broad, flat, valley floors. These valleys
of erosional and structural (graben) origin are formed by very deep, alluvial and colluvial
. deposits of material eroded from the terra, rendzina and carbonate raw soils and underlying
layers of the adjoining highlands during fluctuaations of climate during the Quaternary
period. The material is often stratified but not always well sorted; it is usually heavy
textured but a few sandy types and intercalated sand, gravel or boulder horizons ocour.

The Alcol soils like all the other soils in Malta do not show any pedogenetic horizon
" differentiation except that due to tillage and organic matter accwmlatinn in the surface
layers,

On account of their favourable depth, texture, topography and areal extent, the
Alcol 80ils are well suited for intensive irrigated mechanised agriculture. The whole area
is actually under cultivation except for the very small extents of coasial areas Bubject
to secondary salinisation, The Alcol 80ils are heavy like San Lawrenz soils, Fiddien light
clays and clay loam and the Tas Sigra soils, but are easier to work than the San Lawrénz
end Fiddien soils.

The eoil organic matter content is low though it is not confined to a thin surface
horizon due to the widespread activity of varied soil fauna including ants, worms, snails
and beetles. The physical state of these 80ils can be improved through an inorease in
soil organic matter content and censequent increase in activity of soil organisms. The
relatively less plastic, heavy textured soils could thus maintain their good structure
and improve further the 8oil-water relations. :

Total oalcium oarbonate content varied from 57 to 70% while the active component
varied from 9 to 18L. The amounts are, in general, least among the reddish strata.

P is high being 8.5 at the surface and reaching 9.0 (indicating strong alkalinity)
at a depth of 90 cm, below the surface. Soluble salt ocontent, hovever, is low (0.15
millimhoa/cm. at the surface). The alkalinity is probably due to the carbonates of sodium
and potassium even through these two cations account for only 1.5 %o 3.0 me/100 gm. of the
80il, less than 8 percent of the total base saturation.
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Soil organic matter is 1.7/ at the surface and decreases to 1.0% at a depth of
30 om.

The total phosphorus (as P205) varies from 0.42% to 0,065 in the red clay loam
strata while in the coarser, more calcareous material, it is more nearly constant at 0,1%.

The readily available phosphorus (as measured by solubility in acetic acid) varies
from 15 to 40 p.p.m. in the surface horizon and 6 to 14 p.p.m. below.

The cation exchange capacity of the soile varies from 20 to 40 me. per 100 gm, Ca
especially and Mg form the dominant cations in the base saturation while Na and X oocoupy
very small proporti ns. Mg and Na increase in relative proportion with depth and are
probably due to-accumulation from irrigation water,

Tal Barrani Series

The Tal Barrani group of soils covers a broad range of shallow to moderately deep,
reddish brown to brown, medium to heavy textured soils with a fine granular layer under a
thin surface crust. They are moderately decalcified, with a humus—enriched surface layer
and having an A C D profile on a calcareous parent material.

They ocour on the broad, low hills, strongly dissected with rounded shoulders and
Bmooth slopes and are found mainly in Southern Malta. The Tal Barrani soils are believed
to have developed on massive, fine textured Globigerina limestone similar to and including
Franka, the veriety used for building stones. Slow weathering of these rocks in the past
climate ocould heve given rise to a partially decalocified residue of sesquioxides which
acoount for the brown colour. Uniform brown parent material could have developed also in
areas with a naturally occurring, thin, calcareous colluvium overlying terra material due
to tillage over long periods of time. No soil showing the natural horizon development was
encountered. The soils are developed on highly disturbed or even artificial, man-made soil
parent material layors formed in the course of terracing the shallow soils of slopes — cutt—
ing the rocky hummocks and upper part of sloping ground and distributing the rubble to fill
the hollews and lower part of the sloping ground to give almost level or gently sloping
steps on which finally the soil material is spread evenly. The mixing of thin terra soils
on terraced areas with rock flour would also give a brown parent material. The larger

‘fields on summits though not apparent are equally man-made like the soils on the strongly

terraced slopes.

The soil formed on the highly disturbed or highly mixed brown parent material has a
surfece horizon relatively high in organic matter. There is no other natural horizon
development in the brovm gravelly clay loam or silt loam resting on man-laid rubble and
gravelly clay loam. The surface is frequently littered with the undecomposable residue -
tin ocans, plastic, and glass pieces — of the town refuse used to increase soil orgenic
matter and tilth. A thin, weak surface crusting is observed in the dry season.

The sandy loams and loams are inferior to the clay loams and are similar to the
San Biagio soils in soil morphology. They have a weakly developed structure and exhibit
surface crusting.

The clay loams have a moderately good soil structure and are better than San Biagio.
Annuals like potato and cereals are favoured. Tree crops and vine are few. The soils
have rapid infiltration and hence erosion is negligible except in low lying areas underlain
by calcrete depoeits when runoff is higher,

Total calcium carbonate content varies from 70 to 80%, while the aotive component
is 12 to 18%, enough to induce iron chlorosis.

pH is above 8.0 but rarely above 8,5. Soluble salt content is low; oonductivitiy
of 1:5 poil water extract is 0.42 millimhos/cm only.
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Soil organic matter is high in Tal Barrani Soils, being less than that of Terra
soils only.

The total phosphorus is 0.2, while the roadily available phosphorus is also high
being 70 p.p.m. presumably duc to ite presence in the humus.

The cation exchange capacity is 30 me/100 gm. in the surface horizon of cultivated
soils. Ca and Mg are the dominant cations while K and Na occupy less than T% of the base
saturation. The only significant change with depth is a decrease in the K content.

Xaghra Scries

Xaghra Series represent very shallow to very deep, red, heavy textured (clay and
clay loam), decalcified soils with a strong subangular or angular blocky structure, and
occurring intermittently among hard limesione bedrock outcrops on the karst landscape.

The soils are strongly decalcified, with a humus-enriched surface and having an ACD profile
on an almost completely decalcified B horizon soil material of a relic soil formed during
an earlier climatc.

These soile are invariably associated with the karst landscape. They are mostly
distant from the centres of human habitation and are relatively slightly altered by man.
The principal areas of Xaghra Series are on the Rabat-Dingli plateau, the coastal hills
between Slicma and Salinas, a strip along the south coast west of Zurrieq, the ridges
of Wardija, Baida, Mellieha and Marfa in northern Malta, and in Comino.

The Xaghra soils form on hard limestones, like Upper Coralline, Franka layer of the
Globigerina, and Lower Coralline, which develop irregular surface outcropping due to
preferential weathering along soluti.n channels and fissures.

The soils occur in isolated pockets on the hard rock surface and are really the
residue of leaching, being the impurities in the limestone. They are heavy textured, but
the plasticity varies from slightly plastic to plastic and stickness from nonsticky to
sticky. Percentage of land surface in which bare rock is exposed varies from less than
50% in the inland plateau to more than 90% near the coastal cliffs. In the remaining area
covered by soil, depth of soil can vary form an inch to 8 to 9 feet or even more.

Much of the land has been covered by stone walls to trap the soil washed from upslope.
In depressions whers more extensive and deeper soils are probably encountered, some cereals
are grown,

The strongly terraced L'Inglin, Tad Dawl and Tal Barrani soils were probably a%pilar
to Xaghra or perhaps only slightly higher in the volume of available soil material.

Tas Sigra Series

The Tas Sigra soils are moderately deep to very deep, red, heavy textured (olay and
clay loam) soils with a strong granular or subangular blocky surface horizon. They are
strongly decalcified, with a humus-enriched surface layer, and having an AC profile believed
to have formed on strongly decalcified B horizon soil material of a relic soil formed under
a previous humid climate.

These soils are found on nearly level land and are characterised by an almost complete
absence of terracing or of rock outcrops. They occur on deep alluvial deposits (as in
Pwales Valley and near Marsascala), in valleys and dolines of the main karst aroa (as near
St. Martins), and in the weakly karstic Franka limestone wherc rock outcrops arc abeent.
The parent material of the B horizon soil material of the relic Terra Rossa soil may be thus
regionally or only transported.

The subsoil is stone—free but the surface layer usually containe limestone rubble
added by the farmer and aleo fine calcite blown in by wind.
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The soils under long cultivation have a more friable, open structure, but in
cultivated areas, the soils tend to be compact in place in the subsoil beneath the
;°1ogically active surface layer. g

Secondary deposits of calcium carbonate are observed in several places in the subsoil.
these BTe attributable to pedological prooesses operating in the current olimate on the Burfac
t44{tions of carbonate by wind or man.

The Tas Sigra soils though formed on probably completely decalcified material now
sontains 25 to of total carbonate in the surface layers due to additions of calcite dust
by wind and limestone rubble by man in his terracing and soil improvement operations. Actie
Aerbonate 18, however, reported to be low, less than &%, Hence lime induced chlorosis is
sonsidered unlikely in these soils. : ;

i is about 8,1 inoreasing with depth to 8.4.

Soil organio matter is about 3.6% or more. This is among the highest in Maltese
poils.

- Total phosphorus ranges form 0.1 to 0.4% and is considered satisfaotory. The
svailable phosphorus varies from 2 to 105 p.p.m. This oconsiderable variation in availability
'is probably correlated with soil organioc matter. '

E Cation exchange capacity varies from 23 to 55 me per 100 gm. Calcium is the dominant
exchangeable cation ocoupying about 874 of the total capacity. Magnesium is also
appreciable being about 10%. Potassium level is about 2.7%; this is considered adequate.
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4.5 Interpretation of Laboratory Data

4.5.1 Purpose and Mathods

Tho main purpose of undertaking laboratory work was to determine if salinity or
alkalinily io now or would becoms in the future a limiting factor for continued
irrigated agriculture in the selected areas (see section 4.6). The existing data on
s8oil oharacteristics in Lang's Boil survey report (1960) were considered to be adequate
for an appraisal of the suitability of the soils for general agriculture, The field
sampling and laboratory determinations were confined to the areas selected for their
potential for agricultural development on the basis of reasons given in subsection 4.6,1,
No attempt was made to cover all the soils or regions of Malta as this would have been
outside the scope of the terms of reference. The facilities of the WHO Project laboratory
which was developed for, and was actively engaged in water and sewage analyses was
available only for soil analyses that were not very complicated by tims, procedure, apparatus
or chemicals,

Under these circumstances, the analyses undertaken were:

1. Total calcium carbonate (by dissolving in dilute hydrochloric acid).  The purpose
was to determine the extent and amount of calcium carbonate in the soils.

2. PH in a s0il - water paste and on dilution to 1:1 and 1:10, The purpose was to
determine the presence of hydrolysable salte, like sodium carbonate, which cause
an increase in pH, ; .

3. PH in a 0.01M CaCl, - The purpose was to determine the inherent pH of the soil free
from soluble salt “effect,

4. PH in O.IN KCl. The purpose was to determine broadly the nature of the exchange
complex -~ whether it is dominated by exchangeable hydroxyl ions &aB in sesquioxides
or by exchangeable hydrogen ions as in humus and eilicate clays, pH in 1:1 so0il -
O.IN KCl is lower than pH in 1:1 soil - water for soils dominant in humus and
silicate clays and is higher for soils dominant in sesquioxides,

Be Conductivity of extract of soil paste. The purpose was to determine the present
salinity hazard on the levels and changes in salinity with depth,

6. Conductivity of 1:5 soil water suspension. The purpose was to determine from
difference in oonductivity of suspension extract and conductivity of paste extract,
the relative proportion of slightly and easily soluble salts like gypsum and sodium
chloride respectively. + i

Ts Amounte of common cations like calcium, magnesium, sodium and potassium and anions
like carbonate, bicarbonate, chloride and sulphate to determine composition and
hence the kind of salinity hazard. High contents of calcium sulphate or bicarbonate
are harmless but high contents of sodium carbonate or even sodium chloride and

magnesium sulphate are not good.

8. Conductivity of 1:5 soil water extract also serves as a check on total soluble salt
determination and on the total composition of cations and anions.

These were all carried out according to the methods outlined in So0il Chemical
Analysis by M. L. Jackson.

The results of the various determinations are interrelated. Since they are easy to
carry out, they were all done in order to provide a built-in check on the reliability of
the data as well as to provide a more compleie picture of the composition of the soil
8olution, Unfortunately, pH determinations were not completed since a replacement for the
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p1functioning glass electrode was not obtained.

Sodium and potassium were determined using a flame photometer housed in another
[netitution, a few kilometres away. The absence of some sodium and potassium values is
:robgbly due to loss of test solutions in transit.,

4.5.2 Summary of laboratory results

The Sen Biagio soils of Ta Qali are quite shallow, ocommonly being 18 to 27 inches
aaeP; occagionally in isolated pockets, they are as deep as 63 inches. They are a
grayish brown, cobby silty clay loam, highly calcareous with no horizon differentiation
except for the humus-enriched surface layer. The area surveyed in the rainy season was
pll under natural grass that is graded. There is no cultivation. The calcium carbonate
content increases from 50 to 60 percent in the surface layer to about JO to 80 percent in
the subsoil. pH in 0,01M CaCl, is between 7.6 and 7.9 in the surface layer and

' batween 7.5 and 8.3 in the subsoil but is usually higher than in the surface layer. pH in
1N KC1 was much lower indicating that the exchange activity is largely due to silicate
olays and humus, and not sesquioxide clays, pH in water increases with dilution
indicating the present of alkaline carbonates. Conductivity is frequently in excess of .
" 1 millimho in some part of the profile, sometimes even reaching 2 millimhos. The soil

- walsrs extract indicates that bicarbonate, and caloium ions generally are relatively higher
in the Burface lsyer but decreases in amount with depth. Calcium ions may occasionally

' remain constant, Potassium ions are usually constant but occasionally the surface layer
~ shows a high content. Magnesium, sodium, sulphate and chloride ions usually increase
with depth though one or more of them may be nearly constant in a given profile.

The San Biagio so0ils of Qormi are similar 1o those of Ta Qali regarding the
composition of the soil solution. The Qormi soils are deeper varying from 50 to 60
inches in depth and are more calcareous. Calcium carbonate is about 75 to 80 percent in
the whole profile but otherwime there is no significant difference in the profiles. These
§oils are used intensively for crops in winter and spring, but are fallow in summer.

The Taes Sigra of Chaxaq vary in depth from 24 to 36 inches. They are red,
calcareous clay loams with no horizon differentiation except for the humus-enriched surface
layer, The soils are used intensively for crops in winter and spring but not as intensively
in summer due to lack of adequate boreholes. The calcium carbonate content is only
around 50 percent and decreases with depth in the Bubsoil and may increase again in the
Bubstratum of parent rock material. from the available pH in O,1N KCl indicates that
the exchange activity is dominantly due to sesquioxides. There is no increese of pH on
dilution in the upper subsoil and surface layers, The slight increase in the lower
8ubsoil indicates the presence of small amounts of sodium carbonate. Conductivity is
generally low; hence total salts are low. The dominant ions are calcium and
bicarbonate. Sodium, magnesium, chloride and sulphate ions are low.

The Tal Barrani soils of Zejtun are shallow to moderately deep, varying in depth from
18 to 43 inches. They are red, calcaraous, clay loams with no horizon differentiation
éxcept for the humus—enriched surface layer. The eoils are used intensively for Crops in
winter and spring but are fallow in sumner. The calcium carbonate content is about 60
to 70 percent in the surface layer and it slightly increases with depth. The soils have a
low conductivity and the dominant ions are calcium and bicarbonate.

The Alcol and Tas Sigra soils of Pwales are quite similar, They are deep
(vanying from 49 to 03 inches) clay loams. The Alcol soils are brown while the Tas Sigra are
Ted, but no consistent difference in chemical coniposition was obeerved, The soile are used
intensively for crops throughout the year. In both soils, the content of calcium
Carbonate in the surface layer varies from 25 to 40 percent, occasionally being as high as
50 percent, The carbonate oontent tends to remain constunt or decrease 8lightly with
depth. The surface s0il has a pll in 0,01M CaCl, of 7.6. pH inoreases with depth to about
8.0. The available pH values show that the pH ihcreases on dilution indieating the premsence
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of sodium carbonate. Conductivity is high; commonly conductivity is around 1

micromho and increases to more than 3 micromhos in the subsoil. Calcium and bicarbonate
ions are high as in other Tas Sigra soils but sodium, chloride and to a less extent
magnesium and sulphaote are much higher in the soil solution particularly of the subsoil
layers.

The Tas Sigra Boils of Chadira are similar to the soils of Pwales in all aspeots,
They are also used intensively for crops throughout the year. They are also deep, red,
calcareous olay loams. The soile are intensively cultivated the year round since
there is an adequate supply of groundwater. Calcium carbonate varies from 25 percent in
the surface to about 60 percent in the substratum. The subsoil usually contains slightly
less amounts than the surface layer. Conductivity is high and is estimated to increase
from 1 to 3 micromhos with depth. Calcium and bicarbonite ions are high but sodium,
ohloride and sulphate are dominant especially in the subsoil layers.

The Alcol soile of Bur Marrad are deep (around 60 inohes), brown sandy clay loams
and olay loams, highly calcareous with no horizon differentiation except for the humus—
enriched surface layer. They are used for orops throughout the year but are not as
intensively used in the summer as in Pweles or Ghadira valleys, The oonductivity is
low and Bo i the soluble salt content. Calcium and bicarbonate ions are dominant.
Sodium, magnesium, chloride and sulphate are low except in some profiles which have a
high conductivity (estimated to be 3 micromhos) and a high sulphate and chloride oontent
but low caleium content.

The Fiddien clays of Fiddien valley are shallow, olive or gray, calcarsous olays
on soft Blue Clay sediments. They are used for crops in the rainy season only. From
the available data, conductivity and salt content are low. Calcium and bioarbonate
are the dominant ions. Sodium and chloride originally present in the parent material
has been probably leached to levels comparable to those in soils of Coralline or ’
Globigerina limestone.

The San Biagio so0ils at Luga and Hal Far airports are commonly shallow (about 21
inches) occasionally deep (about 60 inches) grayish brown, cobbly or stony silty or

. 8andy clay loams, highly calcareous with no horizon differentiation except for the humus—

enriched surfaoce layer, The area is not cultivated but was under natural grass during
the rainy season, The available data indicate that conductivity and soluble salis are
low and that calcium and bicarbonate are the dominant ions.
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Table 5. ANALYTICAL DATA OF SOILS — pH VALUES
3011 Series Dapth pH values
Looation in.
Pit Mumber ¥ 0.0 paste 111 1:10
_— el CaCl,, B,0 E,0 B0
g _
Yan Biaglo 0-9 Tz 7.7 7.8 7.0 7.0
(Ta Qa1i 1) 9—43 T.4 8.1 8.2 8.2 5
43"‘80 706 B.l 32 803 Bnr)
80-111 7.6 8.1 8.2 8.3 8.7
111-150 Tt 8.1 8.4 8.4 8.8
150~160 8.0 8.2 8.4 8.7 9.0
San Bia.gio 0"6 704 TGT 5.0 8-0 84?
(Ta Qali 2)
San Biaglo 0-6 7.3 7.8 T.9 8.0 8.3
(Ta qu1d 3) 6-21 1.5 8.0 8.1 8.3 8.6
21-27 7.8 8.1 7.9 8.5 8.8
San Biagio 05 1.4 1 1.8 8.0 7.7 8.0
(Ta @11 4) 8-12 7.4 8.1 8.2 8.3 8.4
San Biagio 05 T.4 7.9 8.0 7.8 8.2
(Ta @ald 5) 8-12 7.6 8.3 8.1 8.1 8.4
12-16 7.7 7.9 8.1 8.2 8.8
San Biagio 0-5 1.2 | 7.6 8.0 8.3 8.5
(Ta G1i 6) 7-11 18 1 N 8.3 8.3 8.7
San Biaigio 0-6 7.2 T.4 7.7 8.0 8.2
(Te Qali 7) 12-18 1.2 1.9 8.1 8.3 8:5
San Bia.gio 0—14 T-T 709 8.4 8.6 8-?
(Qomi 8) 14-27 7.6 1.7 7.8 8.0 8.3
27-46 7.6 8.0 8.0 8.4 8.7
46-54 7.7 8.0 8.3 8.5 8.8
San Bia.gio 0—7 707 7-9 8-2 8.‘:’! 8&7
(Qormi 9) 7-13 7.9 8.0 8.4 8.6 8.8
1314 T.4 T.5 7.9 7.7 7-9
24-37 Te4 T.5 8.1 8.1 8.1
37-60 7.4 7.6 | 8.2 8.1 8.3
l
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Table 5. ANALYTICAL DATA OF SOILS — pH VALUES  (continued)
Lab. Soil Series Depth
KNo. Location in. PH values
Fit Busbat 1N 0.0 paste 151 1110
KC1 CaCl, H,0 E,0 E,0
29 San Blagio 0-9 T.4 7.7 8.1 8.0 8.2
30 (Qomi 10) 9-16 7.4 1.7 8.1 8.0 8.3
34 16-19 1.5 77 8.3 8.1 8.3
32 28-44 Te4 e 8.3 8.1 8.3
33 44-51 7.5 Tel 8.3 8.2 8.4
37 Tag Sigra 06 Te4 7.6 7.2 7.8
3% (Ghazaq 11) 6-16 s | 96 8.3 8.1 8.2
35 16-24 7.3 T3 . 8.3 8.2 8.4
38 Tas Sigra -7 8.0 7.8 T3 7.9
39 (Ohazaq 12) 7-18 8.0 8.2 T3 749 -
40 18-31 8.0 8.1 Te3 7.9
42 Tas Sigre 0-8 8.0 8.0 7.4 77
43 (Ghazaq 13) 8-14 8.0 8.8 1.5 7.9
44 14~18 8.0 8.2 7.5 7.8
46 28-36 8.0 Te6 Ted 7.8
47 Tas Sigra 0-10 8.0 7.6 Ted 7.8
48 (Ghazeq 14) 10-22 8.0 7.6 1.5 Bl
82 Alcol 0-12 7.6 7.8 8.0
83 (Prales 27) 12-23 7.8 8.1 8.3 .
85 36-46 8.0 8.0 8.2
86 46-60 8.0 8.0 8.4
87 Tas Sigra 0-8 7.6 7.8 8.1
88 (Pwales 28) 822 8.1 8.2 8.6
89 22-139 8.1 8.0 8.4
90 39-50 8.0 79 8.2
91 50-62 7.9 TeT 8.0
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4.5.3  Conclusions from Labvoratory Data

The results available .show some trends gignificant in the mtudy of present and poten—
tial salinity and alkalinity hazards under irrigated agrioculturs, _ W

The moils are all very calcareous, The high contents of total and active (or finely
divided) calcium carbonate and of calolum sulphate, which also is commony could furnish a
high concentration of calbium ions which will prevent the accumlation of sodium and magne-
sium ions on the exchange complex, A high conocentration of calcium ions needed to suppress
the inorease of exohangeable sodium can be maintained from caleium carbonate only if the
soil has oontinual adequate additions of organioc maiter for good miorobiological activity,
‘This 18 needed to maintain high carbon dioxide partial pressure and hence bicarbonate ions
in soil solution, Nevertheless, if quality or quantity of water for leaching is inadequate,
sodium and magnesivm oan sccumilate ag chlorides, sulphates, carbonates and bicarbonates,
Hence a high soil reaction (pH) and high salt content may obtain in the soil without the
usual accompaniment of poor structure and clay dispersal,

The levels of pH and of soluble salts used in other countries to classify the noncal~
careous soils for irrigation suitability mey not apply here, The oritical levels can be |
moved towards the higher velues because the soils contain ample caloium carbonate and pro—
bably & little sulphate., But the very low content of silicate clays and organic matter in
the highly calcareous light-textured soils may not give sufficient buffering capacity.
Experimental results on different crops are needed to determine the suitability of these
highly calcareous Boilslunder different pH values and soluble salt contents,

The trend for irrigated soils to accumlate sodium, magnesium, chloride and sulphate
ions in the subsoil is obeervedin Pwales Valley, Ghadire and in parts of Bur Merrad, This
ie probably due to the appreciable content of soluble salts in the irrigation water (corras—
ponding to an electrical conductivity of 3,000 micromhos/om), the regular use of adequate
fertilizers and intensive continuous agriculture, Under reinfed agriculture with fallow
periods and where probably little fertilizer is used, as in Zetjun, OGhaxaq, Qormli and Fiddien
Valley, no such acoumulation has been observed, ’ .

Though, &8 already mentioned the oritical levels of pH and soluble salt. content for
calcareous soils are not known, the trend is clear. ¥any observers have already mentioned
the excessive use of water whioh indicates that there has been ample water for deep perco-
lation, The accumlation now taking place in the subsoil under such adequate deep percola—~
tion conditions can gradually continue upward to affect crop yields adversely unless the
widely known trend of deteriorastion of quality of irrigation water is at least arrested,
if not improved, to obtain effective leaching of soluble salts.

The soils themselves contain from 30 to 80% calcium carbonate, In meny of theco
eoils, calcium carbonate probably provides an appreciable proportion of the active surface
available for exchange phenomena, Ionic antagonisms and effects of high pH on plant uptake
of nutrients like phosphate are probably aggravated by the caloareous nature of the soil,

But problems of uptake of mutrients like phosphate or iren can be easily and econo-
mically remedied, But the trend towards deterioration of tilth and inorease in moisture
Btress due to alkalinity and salinity must be arrested early. Remedial measures at a later
stage are much more difficult and expensive, :

5. Irrigetion Suitability Land Classification

5.2 Irrigation Suitability Land Classification System

The irripation suitability land classes are bamed .on the system developed by the U,S,
Bureau of Reclametion (1953). It is assumed that edequate water of suitable quality will"
be available at reasonable cost,
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‘

Althonsh the distinctionn hetween land classes are based on differences in physical
featurer, the limita for these differences are developed on the bagis of agronomic and economie
experience und predictions to give catogories of approximately equal economio slgnificanca,
Exparimental data and yield or income figures are not available for precise correlation. Hence
the proposed limits for the physical features are provisional., The mapping speoifications or
criterin thmn defined are uaed to determine the irrigation suitability of the lands, .

Certain oociological and economio circumstances can influence the actual limite of
mapping opecifications, Thus in Malta, in addition to the need for developing agriculture
to increase produection of both current and potential expert crops and import-sustitution crops,
the following factors are also relevant:

a) the traditional ekills and perseverence as shown by the intensive and almost
complete land reclamrtion, and soil and water oonservation by terracing, ocarting, filling
quarries, manuring and by construction of reservoirs, irrigation conduite eto.,

b) the scarcity of large contiguous areas suitable for irrigation development on the
geale umually lnown elsewhere,

c) the smll area of the whole country,
d) the vory high population density,

e) the alternative system of agriculture dependent on rain alone, which keeps land
idle in summer,

£) the possibilities of exploiting the olimatio cunditi&ns and nearness to markets to
reproduce high income crops like flowers and vegetables especially out of season,

Under thene circumstances, land that would be considered unsuitable in a larger
country with alternate mites, or under lower population density, or unproven technical skills
or perscverence my have to be brought into intensive development,

The six classes adapted from the U,S, Bureau of Reclamation classification (1953)
are?

Claes 1

Areble: Lands that are highly suitable for irrigation farming, being capable of
producing sustained and relatively high yields of a wide range of clima-—
tically adapted crops at reasonable cost,

Arable: Lands that are of moderate suitability for irrigation farming, being
measurably lower than Class 1 in productive capacity, adapted to a
somewhat narrower renge of orops, more expensive to prepars for irrjga-
tion or more costly to farm,

Class

A%}
I

Arablet Lands that are suitable for irrigation development but are approaching
marginality for irrigation and are of distinctly restricted suitability
because of more extreme deficiencies in the soil, topographic or drminnge
characteristics than described for Class 2 lands,

Class 3

Limited Arable: ILands that have one or more excessive, noncorrectible deficiencies
thereby limiting their utility to certain crops or very special conditions
like sewage spreading or sewage effluent reuse or sites for greenhouses;
or they are capable of supporting a farm family and meeting water charges
if operated in units of adequate size, or in association with better lands,
or a8 part—time farming in addition to an income from other sourcesn,

Class 4

1

Nonarable: ILands whose ambhility class can be determined only after additionnl dnta
become awilable, This is a teniative class and the lands are changed to
one of the amble clagses or Lo elams 6 before completion of the claspifi-
cation, Henee elani & never appears in a final report.

Class §




he

Class 6 = Nonarable: Lands which are considered nonarable becaause of steep, rough topogra-

phy; strongly terraced, small fields; soils of very coarse or very fine
textures; and shallow soils over hard limestone bedrock, These lands do
not have a reasonable expeotancy of permanent, profitable production under
large-scale, organized irrigation., A few individual fields in isolated
areas of smll extent within such lands can have high suitability and may
be actually used under smll scale, individually arranged irrigation, but
the olass 6 lands as a whole are unsuitable,

5.2 Specification for Land Classes

The determination of irrigation suitability land olasses is based ont

a) 8lze and shape of fields; frequency of stones walls and embankments; difference
in elevation between enbanked terraces,

b) depth, texture, structure and stoniness of the soil in so far as they affect
ti1lth, rooting volume and moisture holding capacity:

c) ohemical characteristics such as reaction (pH, salinity (conduotivity), alkalinity
(exohangeable sodium percentage) and chemical composition (mainly total.and active calcium
carbonate), Features like exchangeable calcium, magnesium or potassium and base saturation
are not considered to be relatively as important as the given faoctors within any soil} any
difference between soils in cation exchange capacity is already taken care of by texture,

d) permeability of subsoil and bedrock, and soil dreinage;

These factors influence crop adaptability, orop yields, irrigation method and pattern,
level of mechanization, ease of supervision or management, intensity or density of irriga-
tion channels or pipes and of farm drains,

Subclasses are indicated by s, t, 4, st, sd, td, or std, where letters s, t, and d
indicate deficiency due to soil, topography and farm drainage respectively,

The specifications used for the irrigation suitability olaseification are glven in
table 6, These specifications have been defined on the basis of their predicted relevance
to the agronomic and economic value of the lands under consideration,

For each condition, the minimum or maximum limit allowable for a given class when all
the other conditions are optimum can be defined, But when one or more of these. other don-
ditiona deviate from the optimum, the limits of the condition under disoussion will vary
because the various conditions are interdependent, It is not practical to emumerste limits
of each condition for each of the innumerable combinations of the limits of all the other
oonditions. Hence the limits of each condition when all the other conditione are optimum
are given, HWhen one or more of these other conditions are worse than the limiting velues
for a given class, the final land class can be one or more levels worse. . But, on the other
hand, if one or more conditions are better than the limiting value, the 1limit of another
condition will not necessarily be lowered nor the class changed to a better one, No fired
rules can be elaborated to cover all situations. In practice, the procedure is to consider
all the pertinent factors, and judgement of a proper balance between the compensating
factors is made before assigning the land to an appropriate irrigation suitability land

class,

sii‘
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Variations outride the permicsible renge of a given property often occour naturally
and also einco lands of rond and potentially good agricultural value have been formed Ly
mixing by tillage, terracing and earting to very variable degrees even within a single field,
In faot there is often as wide a mnge in the relevant characteristics between two parts of
one field as there is between two distant fields in a given landscape,

The quality of woter available for general agrioultural use is taken as one with an
eleotrical conductivity of 2000 micromhos per cm, If water of better quality were made
avallable at reasonable cost, a wider range of crops could be grown but the relative classes
are not expected to change. On the other hand, if water of quality worse than one with an
electrical conductivity of 3000 micromhos per cm. were available, the land areas can be ex—
pected to move down by at least one class ?i.e., class 1 becomes class 2, class 2 becones
olass 3 and class 4 become class 6). :

The risks of contamination of the nation's water supply if biologically impure water,
like sewage effluent treated to various levels of purification, is used for irrigation are
not taken into account in this classification. Tt is assumed that the irrigation of any
of the selected areas will be with water of a quality that does not involve any risks of
contamination of ground water,




Table O: Irrt-ntion umitability Clasmres of
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Demareated Aresns

Im ThITn 2nd Gorno

Area

Size

No. Location Soil Kinds Elevation
on mp (meters)
HALTA
Class 1 Land
20 S5t. Martino 11 Tas Sigra 172-180
25 Wied il Ghasel 310 Alcol, Tas Barrani 2- 30
26 Pwales Valley 98 Alcol, Tas Sigm 2- 30
Class 2 Land
2 Hompesch Arh 25 Tas Sigra, Tal Barmani 45~ 52
7 Bir—-id—dehel 51 Tas Sigre, Tal Barrani 53- 60
23 Bingemm North 232 Tas Sigre, L'Inglin 75-105
24 Bingemm West 41 Tas Sigra, L'Inglin 75-105
25 Wied il Ghasel 310 Tal Barrani, San Biagio 2- 30
26 Pwales Valley 98 Tas Sigra 2= 30
27 Mizieb 62 Tas Sigre 30— 53
29 Il Ghadirse 3 Tas Sigra, Alcol 0— 15
Cless 3 Land
3 Wied ta Mazze 114 Tas Sigre 30— 52
4 Ta San Girgor 20 Tag Sigra 38— 52
8 Santa Lucia 429 Tas Sigra, Tel Barreni & San Biagio 30— 84
10 Tat! Balvun 5T Tal Barrani, Tas Sigre & L'Inglin 38— 76
13 Wied—1il-Mixta 32 L!'Inglin, Tal Barrani 30 =45
14 Tal Kittienja 239 Tas Sigre, San Biagio 75~ 98
16 Ta Qali 863 San Biagio, Tal Barrani & Tas Sigre 83-150
17 Tal Ghagba 136 Tal Barreni, San Biagio 15-105
19 Wied is Sewda 178 San Biaglo 30— 53
25 Wied i1 Ghapel 310 San Lawrenz, Fiddien 30~ 53
28 Il Hofra 48 Tal Barrani, Tas Sigre 0- 30
Class 4 Land
1 San Leonardo 55 Tel Barrani, Tes Sigra 38— 52
5 Te Lombardi
(Marsaxlokk East) 205 San Biagio, Tal Barreni T- 45
6 Marsaxlokk West 76 L'Inglin, San Biagio & Tes Sigre - 45
9 Il Brolli 59 Tas Sigre, San Biagio 23—~ 83
11 Halfar 125 Tes Sigre, Tal Barreni & San Biagio 52— 67
12 Bubagra East 99 Tas Sigre, Tal Barrani L'Inglin 90-129
15 Ta'San Niklaw 113 Tas Sigra, Tal Barreni & L'Inglin 105-130
16 Ta @rli 863 San Biagio, Tal Barrani & Tas Sigre 83-150
18 Ta Hlas 135 3an Biagio A5— 90
21 Fiddien Valley 233 Iiddien, Madur & Alcol 128-187
22 Wied L'Armla 102 Fiddien, 5an Lawrenz, San Biagio
and Tal Barrani 97-182
Ggo0zo
Class 2 and 3 Land
1in about egqual proportion
Victoria—Xewkija 363 an Biagio, San Lawrenw, and 57-120

little Tl Barrmmni and Fiddien
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5.3 Land Class Descriptions

Class 1 lands

Class 1 lands total only 419 hectares (see table No. 9). The soils are, on the whole,
deep clay loams with a good structural stability. They occur in large fields, only slightly
or not terraced. The irrigation can be done either by sprinkler or by furrow.

5t. Martins (Area No. 20 on map) is only 11 hectares. At present water of suitable
quality, because it comes from the high level or perched aquifer, is available only for
St. Martins. But this area is very small and not quite accessible.

The Wied il Ghasel or Bur Marrad Valley (Area No. 25 on map) is the largest single area
of class 1 soils. The extent is about 310 hectares in the central part of the valley.
Fields are large, terraces are far apart and the height differences are small. Water supply
is the critical problem. As already mentioned in section 5.1, the suitability claseification
is based on the assumption that water in adequate quantity and of acceptable quality will be
available., The W,H.0. Laboratory found the conductivity of water at Wied-il-Ghasel pumping
station to be 1.65 millimhos on December 2, 1969, 1.70 millimhos on December 10, 1968,

1.98 millimhos on February 11, 1969 and 2.40 millimhos on March 21, 1969. As will be seen
in section 6.1, irrigation water with conductivity higher than 2 millimhos is not suitable
for an economically viable irrigation development. Increase in salinity and alkalinity is
observed in the subsoil only in a few places. But salinity and alkalinity hazards are
bound to increase in the soils if organic matter is not deliberately built up by including
leguminous green manure crops in the rotation and if the intensive crop cultivation in the
summer months with water of such high conduotivity is continued. If adequate water of
acceptable quality can be provided, the Wied-il-Ghasel or Bur Marrad Valley on account of
its contiguous size and access roads can rapidly develop as the most important agricultural
production area of Malta for all kinds of field crops climatically adapted to Malta.

The Pwales Valley (Area No. 26 on map) has an area of 98 hectares. The fields are
large, terraces are far apart and height differences small except along the sides adjoining
the valley walls., In addition, the area is sheltered by uplands from winde blowing from
the northerly or southerly or even westerly direoctions. At present the area is being very
intensively cultivated. The area benefits from the runoff on the adjacent uplands directly
or from cistern storage. Provisions for diverting the excess runoff waters into the sea &t
times of heavy downpours are also constructed. The water used for irrigation in the arce
has been reported sometimes to have a conductivity as high as 3 micromhos. This area is
very intensively cultivated throughout the year using high amounte of irrigetion water.

The soils have a high conductivity in the subsoil inecreasing with depth from 1 to 3 millimhos;
the content of sodium, chloride, magnesium and sulphate ions are also high in the subsoil.
These are correctible deficiencies if water of suitable quality is used for irrigation and

if soil organic matter is deliberately built up by including a leguminous green manure crop
in the crop rotation. On account of the compact and rectangular shape of the area, the
effective network of access roads within the ares and reasonable sheltering from winds, the
Pwales Valley can rapidly develop into an important centre for the sustained production

of all kinds of crops climatically adapted to Malta, if water of good quality is available
for irrigation and leaching requirements.

Class 2 lands

Class 2 lands total B50 hectares (see table No. 9). The soils are mostly productive
clay loams with a strong structural stability. But they occur in moderately large fields,
slightly or moderately terraced with stone walls sometimes thick and high, THence thny all
have a topographic limitation and hence only sprinkler irrigation is possiblc. Exrept for
the area near Hompesch Arch (Area No. 3 on map), all the other areas in class 2 arc not
uniformly deep and hence have a Boil limitation also. All the areas are intensively
cultivated in the wet season and in cach area the parte served by the installation of bore-
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holes are ocultivated in the summer. From the arees sampled and studied in the laboratory,

a tendency for salinity and alkalinity to develop in the subsoil has been observed, This is
attributable to the use of water with conductivity higher than 2 micromhos, and the use of
Buch low quality water in excess of optimum neede of the plant during the peak season of
evaporation,

All these areas are in class 2 on the assumption that adequate amounts of water of good
quality will become available. They are lower than class 1 in suitability because of the
unfavourable topography which increases the cost of laying out the irrigation channel network
and which makes furrow irrigation difficult and costly. 1

Class 3 lands

‘Class 3 lands total 242D heotares (see table 9), The soils are moderately deep to
shallow and medium or heavy textured, The fields are moderately large to small and are
commonly strongly terraced. Hence they are all affected by both soil and topographic
limitations.

it

They will respond to irrigation in the dry. season but the economioc benefits of such .
investment on irrigation are bound to be low. But even such low returns can be sustained
only with the use of good quality water provided to the farmer at costs comparable to the
total ocapital and recurrent expenditure involved for pumping water from boreholes by
farmers,

Class 4 lands

Class 4 lands total 2065 hectares (see table 9). The soil and topography are limiting
faotors for the ereas listed in Class 4 except for Ta Qali, Hal Far, Fiddien Valley and
Wied L'Armla (areas No. 11, 16, 21 and 22 on the map), because they have very shallow to
shallow, highly carbonatic, calcareous soils, and are slightly to strongly terraced. The
Fiddien Valley and Wied L'Armla soils are very slowly permeable clays on gentle valley
slopes. The Ta Qali and Hal Far areas have very shallow to shallow soils on levelled land.

a—

These class 4 lands are not normally economically suited for the development of
irrigated agrioulture even though small patches within the areas are being irrigated by
farmers from boreholes or springs. They are capable of producing only low intensity, low
value crops like sulla, alfalfa and are not suited for intensive cultivation with crops
like high value vegetables requiring high input and high menagement. They are capable of
supporting a farm family and meeting water charges if operated in units of adequate sige,
or in association with better lands or as part-time farming in addition to an income from
other sources,

The areas in class 4 except Fiddien Valley (area no. 21) and Wied L'Armla (area no, 22)
have a permeable subsoil and substratum. If sewage effluent of adequately low salinity and
no health hazard %o ground water source were available at low cost, these areas ocould take
advantage of this additional water since the present low level of agricultural productivity
of these lands will be improved while any restrictions in crop selection or timing are not
very serious, ‘

Since land is in critically short supply in Malta and water is also very scarce, the
level lands of Hal Far and Ta Qali are suited for the installation of greenhouses for
Bpecialized out of season or high value vegetables, flowers cuttings or seeds using small
of good quality water most efficiently, or for improved pasture and cereals. But Hal Far
is part of a military airport area. :

Class 6 lands
All the remaining land is considered as unsuited for large scale development of

irrigation, even though in several places in the remaining agricultural areae, irrigation
from boreholes is used successfully by individual farmers on small tracts of land.
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5.4 Srelection of Sites for Utilisation of Sewage Rffluent

Of the 20 arean demarcated as suitable in varying degrees for irrigated agriculture
devolopment in Malta, the final gelection of siten for irrigation with gewage effluent will
be bared firastly on the availability of effluent in adequate volume and accaeptable chemical
and biological purity for use on cropsy and secondly on the certainty that there will Ye
no nuisance or health hazard to the inhabitants of the area and no risk of pollution of
environment including the island's ground water,

The firet condition requires that only Bewage free from sea water contamination could
be treated to obtain an effluent of sufficiently low conductivity ( at most 2000 micromboa/cm)
For the present, such Bewage will be from the inland system. But the greater part of the
sewage is from the coastal areas and hence any realistio plan to effect water economy must
consider ultimately recovering all the sewage before it is contaminated by sea water, The
inland sewage on account of low per capita consumption of domestic water supply is conside—
red to give rise to an increase in conductivity by at least 600 micromhos/cm, (Popel,1964),
The coastal sewage ie considered to have a smller increase due to higher per capita con-
sumption. Injurious chemical wastes from industries also should be avoided,

Certain areas that are well suited for irrigation development mey be near populated
areas or areas of tourist attraction and hence are better not taken up for irrigation with
sewago effluent. Though as shown in the review by Scicluna-Spiteri (1969), use of gewage
effluent is more widespread in the world than commonly realised, its use on vegetables and
fruit trees even if done in conformity with all health requirements is best undertaken in
aress where effluent re-use is not blatantly exhibited, Tt certainly does not encourage
tourism,

Of the other areas that are well suited for irrigation development, some my not be
readily accessible to the sources of large volumes of sewage flow. The relative costs
of trensporting raw pewage for treatment and treated effluent to the various suitable areas
will decide the final gelection,

Finally, areas over water galleries or close to Water Works Depertment bore holes and
water galleries can only be recommended if the soil is always thicker than 100 cm. and if
bedrock does not come closer than 100 cm, to the surface either under soil cover or on
embankments, Such deep soils occur in contiguous bodies only in the centrel parte of
Pwales Valley (area no, 26) and Bur Marred Valley (area no, 25), Hence areas no, 14, 15,
16, 17, 18, 19, 20, and western part of 12 on the mp) are disqualified,

Areas that are well suited for organised irrigation developmert are already under in-
tensive cultivation in the dry season by the individual farmers using water from boreholes
or eprings, The s8alinity of borehole water ig reported to be steadily increasing dve to
over—extraction, It has been suggested (Martin, 1969) that using effluent in areas such as
Pwales Valley could lead to less demnd on the borehole ground water end hence a reduction in
its salt content, Also spring water used for irrigation could be made aveilable to augment
the domestio water supply. But Pwales Valley is an important agricultural area guceesafully
producing a wide renge of vegetables for the domestic market. Though ealinity and alkalinity
hazards appear to develop under the present systems of crop rotation and water use, it is
doubtful if sewage effluent event if of sufficiently low conductivity can be given as compan—
sation irrigation water for diverting the spring water into the domestic water supply
system. The trend of Balinity and alkalinity hazards in the Pwales Valley could be
arrested by introducing leguminous ¢reen manure crops in the rotation and by using water
more efficiently, Use of sevage efflvent would become an attmctive propogition enly if the
conductivity of the present Bupply of ground water exceeds G000 micromhos and the efflvent
itself hasg a oonductivity lower than 1000 micromhos and the effluent is given as a mupplemert
and not as a replacement for diverting the rood quality aspring water whose conductivity is
generally about 600 micromhos, The effluent will then be used to supplement anring water in
keeping soil Balinity low and because of the marked reductions in yield cauped hy the
increasing galinity of the ground water, the farmers would be willing to accept ventrietinns
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in cholce of crops in omer to nae effluent of low conductivity., Hence it is concluded firstly
that the irrigated areas are unsuitable for use of effluent at present and secondly that the
possibility of giving newmge effluent as a roplacement for spring water to divert it elsewhere
will not be practicable since it involves a crop restriction which the farmer would not have
ptherwise incurred, :

dt. Martins (area No. 20) is remote, and verv small in éxtent and topogrephically high.

Fiddien Valley and Wied L'Armla (areas No., 21 and 22) have clayey soils on gentle
glopes and are not suited for irrigation with effluent since percolation is slow., Also they

are topographically high,

This process of elimination on the basls of soill, hydrological, cropping and toporra-
phical oharacteristics leaves the following areas as being suitable for considemtion for
irrigation with sewage effluentt areas no. 1,2,3,4,5,6,7,849,10,11,13, eastern part of 12
and northern part of 25, They are all in the south east of Malta, The total area is
1,244 hectares, .

Other considerations still narrow the choice of areas for the first phase of sewage
affluent use, Areas No, 2,3,4,6,7,8,9,10,13, and the eastern part of 12 are near areas
of urban development, scattered settlements and main roads and area No, 1l enocloses a
military airfield, The northern part of 25 lies near areas of tourist development and,
more—over, an adequate amount of effluent is not readily available., Hence areas No. 1 and
5 which are found to satisfy the above criteria of selection are recommended for the first
phase of sewage effluent irrigation.. Each area is a compact area free from public roads
and dwellings, It would be relatively easy to organise and supervise and obtain compliance
of farmera with all the opermtional procedures and restrictions, Problems of soil menagement,
crop rotations, cultivation methods, irrigation systems, farm organisation and environmental
poellution contrel can be studied as they are encountered in actual large scale field
operetions, When more sewage effluent is produced and its salinity is less than 2000
mioromhos, and if the experience in areas No. 1 and 5 are successful, sewage effluent use
can be extended by installing additional treatment plante and distribution systiem to other

areas progressively,

An advantage in areas No, 1 and 5 is that they are near the periphery of the ground
water lens, Any contamination of ground water will not affect the main body of ground water
gince the flow of water is, in generel, madielly outwards, Also these two areas are not
under intensive agriculture, Any change with irrigation facilities will be bound to boost
the productivity of these areas, Finally, possibilities for surface spreading and quarry
filling in the winter to recharge the water table are available. These measures could
augment the local ground water supply for irrigation in the summer as well as retard the
outward flow of the ground water from the centre of Malta. Studies on ground water recharge,
and on changes in ground water composition under actual conditions of irrigating such large
areas will then guide subsequent development of areas for uee of sewage effluent,

Area No. 1 is 60 hectares and area No, 2 is 155 hectares but it will be less when the
part of the area along the coast reserved for industrial development is separsted., Congi-
dering the whole area for the present, ngBha., there will be a peak demand of 12,000 m /day
with an annual consumption of 3,17 x 10° m~ of effluent of conductivity 3000 micromhos/cm, ;
when conductivity decreases to 2000 micmuﬂ)oa/cm, the annual consumption will drop to

2,95 x 106 3,

5.5 Development of Ta Qali Area

Development of large mcale greenhouse enterprises run on semi-industrial lines was
recommended by the Joint Mission for Malta, These are primarily meant to supply the loecal
market for fruits and vegetables including the requirements of hotels and restaurants
catering to the increasing number of tourists and foreign residents, Production of early
geason or out of season vegetables (like tomutoes, cucumbers) and flowers (like chrysan-
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themims, roses nnd carnations) for the European markets is also a possibility, New techniqueg
of production, atorage, packing, marketing, and of mnagement in general are involved,

The Ta Qali area due to its central location is suitable not only for the large menle
development of greenhouses but also to serve ag & nucleus for the extension and advisory
services and marketing operations for satellite private farms in the surrounding areas,
These surrounding areas characterised by a nearly level to gently undulating topogrephy and
large fields have a potential for increased productivity, They are 8lightly lower than the
Ta @uli old airport area itself and are under agriculture unlike the old airport area,

The Ta Qali old airport area itself ig very level having been formerly an airfield. Tt
does not get {looded by runoff from adjoining areas, The runoff from the airport area is
slow but mey be channeled into cisterns, Abandoned quarries in the north and east of the
aresa can be used for this purpose, The soil, however, is mostly very shallow, rew carbonate
soile with a thin, humis-rich, surface leyer, Pockets of deep s0il are few, Some areas
have moderately deep, man-made soils formed on filled material overlying large coarse 8iones,
all presumably brought from outeide to level the original depressions, and later the bombed
out craters. The airport area is used for grazing and recreation (flying model planes,
promenading ete.,),

The Ta Gali airport area is characterised by a very shallow thin soil cover. About 370
avgur holes were made in the area in & regular grid patitern 200 feet by 200 feet, All the
holes had soil for at least the first 10 cm.; and only 8% of the holes had soil for less
than 20 cm. But in about 43% of the holes, the s0il is shallower than 40cm,, and in 21% of
the holes, the s0il is between 4 and 60cm, deep. Only in 18% of the holes, the moil is
between 60 and 100 cm deep, and in another 18%, the s80il is deeper than 100om, But unfor—
tunately the deep soils occur as very irregular strips in between very shallow soils or a
emll patches in slight or barely perceptible depressions,

Hence, the soils of Ta @li airport area are not suited for any efficient, conventional
cultivation of crops, But the asset of Ta Qali airport area is not the moil on the ground
but the land itself: — level topography, central location, excellent access roads, and many
quarriee adjoining the area for storing rein water runoff. These and the favourable climte
temperature and sunshine), and the existing tradition for greenhouse cultivation indicate

that the Ta Qali alrport has a great potential for the production of specialised and out
of season crops,

Water is another scarce resource in Malta like soil and land, If properly husbanded,
water would be adequate for the island's present needa, Greenhouse operations require only
about a tenth of the water requirements for open air cultivation ueing the soil on the
ground since evapotranspiration is minimal and percolation is nil.

But it is absolutely essential, in view of the high investments involved, that water
of good quality is used to ensure sustained and efficient crop production, Such water
can be obtained to meet the crop production requirements from the rain water runoff alone,
The nearby quarries can be properly sealed and used for this purpose. In addition; good
quality water can be obtained from nearby Ta Qali pumping station to replenish the quarry

Commercial horticultural production using peat or even soil-less media (Stoughton, 1969},
in view of the high cost of imported peat, has possibilities, The needed training, facili-
ties and organisation for soil-less cultivation can be readily acquired by the inherently
industrious people,
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6,0 Mater reqmuirementn

6.1 Bvapotranspimtion

Loan by evapotranspiration is a critical faotor in determining both the overall water
balance in Malta and the prosapects of developing irrigated culture partioularly when the
available water is moderntely saline (Mitchnl_, 19583 Martin, 1969),

Fortunately, theoretical, semi — empirical and empirical methods based on the energy
balance or the aerodynamic approach or a combination of both bave been found to give suffi-
clently accumte estimates of evapotranspiration under diverse climatic conditions and
crop covers (Pear et al.,1954; USDA, 1967), These methods require a few fairly simple,
readily observed mﬁeo_fological, physical and geographical data such as temperature, daytime
hours (based on latitude and time of year), solar rediation, actual sunshine hours, actual
vapour pressure and saturetion vapour pressure, (Penrran, 1948; Thorn-thrvaite, 1948;
Rijtem olted by Verhoeven and van Gessel, 1969; Hamon, 1961, Jensen and Haise, 1963,

Values obtained by the various equations and applicable to Malta are cited from
VERHOEVEN and VAN GESSE1 (1969) and MARTIN (1969 in Table 10, In addition, wulues caloula—
ted by the method developed by Blaney and Griddle (USDA, 1967) are included for comparison,
Thio method is of interest because significant evapotranspiration changes due to ohanges in
temperature and the stage of crop growth are distinguished (Table 11). The differences
between the values by these selected methods are a reminder that any method is only an
estimate of evapotranspiration,

For estimting water gains and losses, Martin (1969) uses a value of 63mm for soil
storage capacity in connection with the recharge of the different aquifers, This value is
too high for the shallow soils and rooky surface of the fractured or karstic limestone
uplands and bare valleys. A lower velue of say 500mm for the shallower soils of south—east
Melta and a higher value of say 100mm for the deep soils of the valleys (Pwales, Burmarmd,
Mizieb and II-Hofra) are more appropriate when determining the recharge or irrigation requi-
rements for such areas,

6.2 Percolation

To use mean monthly data for reinfall in follewing the actual progress of water gains
and losses considerably over—simplifies the situation; for example, percolation shows far
more ‘variation when daily rainfall records for each Year are used to calculate it instead
of mean monthly rainfall,

During the warmer months of the rainy seagon, total rainfall and distribution within
the month are important factors in determining the division between percolation and eva po—
transpiration. The alternation of short periods of a day or more of heavy downpours with
long periods of little or no rain gives rise to short periods of rapid percolation followed
by long periods of steady or, more probably, decreasing evapotranspiration; even periods of
drought occur when the available soil moieture is depleted. These phenomena of high perco—
lation and high evapotranspiration are more pronounced respectively in the shallow soils or
rocky areas with low water holding capacity and in the warmer months when evapotranspiretion
is higher.

In Table 12, percolation is calculated assuming an available soil moisture capacity of
50mm which is considered reasonzble for the shallow soils of eastern Malta, To allow for the
not uncommon occurence of two or more consecutive years of low mainfall (eg 1958-59 to
1961-62), it would seem more reasonable vhen determining leaching requirements to use 154mm,
the average for a period lilke 1958 to 1962 than 223mm, the average amount for the whole period.
The msoil salinity during the 1961 autum and mriicularly the whole of 1962 would be more
truly determined by a leaching rinfall component of even less, say 130mm, the avemge of
the three years 1959 - 1962, Despite intenaive leaching by heavy reinfall in previous yearn,
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Thable 102 Evepotranspiration rates for Mrlta

Tan Feh Mar Apr May Jun Jul Aug Sept ‘Oct Nov Dre Total
Measured® .
data 55 60 | 90 1115 | 155 (185 |215 | 195 | 130 | 95 70| 60 | 1425
Penman® 48 | 62 | 96129 | 173|201 |226 | 214 | 150 | 105 68 a1 | 1517
(Rijtema? 5 | 62 | 99 (132 | 173|204 | 226 | 201 | 137 | 102] 66 44 | 1511
Jensen and ; '

Harse 37 49 | 72 {92 (132|177 |198 (184 | 147 | 86| 57 | 36 | 1257
Famons 90 | 45 | 58 |77 106158 173158158 | 81| 53 | 39 | 1110
Blaney and ;

Oriddle | 96 | 94 |119 134 | 165 (184|199 189 161 | 138]121 | 99 | 16%0
Modified Blaney60 | 58 | 79 | 97 | 137 (178 | 209 [199 | 161 | 122| 87 | 66 | 1452
Criddle (Phelan) :

Table 11: Crop consumptive use coefficients 1/

Length of 'Average Farly growth z::k g-::wth gz;’gu_
) “growing consumptive stage’ consumptive oo WNAES
Crog season uge use coefficient X TPtive use Gast s
4 ¢ cient Kq
Alfalfa Full year 0.80 - 0.90 0,60 L.15
Beans 3 months 0.60 - 0,70 0.50 1.5
Maize 4 months 0.75 - 0.85 0,45 1.10
Cotton 7 months 0,60 - 0,70 0.20 1.05
Grains, smll 3 months 0.75 to 0,85 0.30 1,35
Graine, sorghum 4 to 5 months| 0.70 to 0,80 0,30 1.10
Potatoes 3 to 5 months| 0.65 to 0.75 0.35 1.40
5 ;
Sulla Y 6 months 0.80 to 0.85 - -
Soya Beans 140 days 0.65 to 0.70 0,20 1,05
Tobacco 4 months 0.70 to 0,80 - -
Tomatoes 4 months 0.65 to 0,70 0.45 1,05
Truck crops, smll 2 t0 4 months 0,60 to 0.70 0.30 0.85
Vineyard 5 to 7 months 0,50 to 0.60 0.20 0.85
1/ From irrigation water requirements, USDA, Tech, Release No. 21, 1967.
2/ Regarded as being similar to Ladino White Clover, g |
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Table 12¢ Percentage or yearly minfall avallable
for leaching assuming no runoff

Year Rainfall Peredlation 1/ Leaching Percent
1956 - 57 |, 452 164 | 36
1957 =58 | 721 354 49
1958 - 59 586 209 - 36
1959 - 60 | 539 240 - 85
1960 ~ 61 328 N & 22
1961 - 62 410 94 23
1962 ~ 63 €53 : 385 53
1663 = 64 399 66 17
1964 - 65 906 o B 51

}/Us_ing daily reinfall data and Penman's method for evapotranspiration,

Table 13t Yearly Crop Sequences and Irrigation Needs

Sequenca Months Irrigation
in year (mm)

1) Alfalfa all 1 010

2) Spring potato Dec.-Apr g
Forage Borghum May-Oct w0

3) Spring potato Dec.,—Apr
Tomato May— Aug T70
Autumn potato Aug~ Deo.

Average: 880




1) Irrigation water of conduotivitg o2 = 3,000 mioromhos/cm
( Miniml yielq Miniml soi3 Consumptive Leaching Gross
Teduction (%) Extract conduc— irrigation requirement irrigation
— tivity Tequirement . requirement
; : (Hicromhos/cm) A (mm) fP. (mm) A (mm)
—_'_"_‘———-—-—.._._____- ‘_‘—i-—-—.,_.___ . "'_——-—-:-:-.___,__._
10 ' 3,000 900 621 . 1,91 2/
25 4,000 900 279 1,474
5,000 900 144 - 1,305
50 6,500 ; 900 36 1,170

o

2)

25 4,000 900 63 1,204
y Assumes; leaching efficiency, ¢ . 0.8

10
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Table 142  TIrrie tion needs for desq ted minimal levels
of yield reduction and salinit .].-/

Irrigation water of conductivity ca - 2,000 micromhos/cm

34000 900

198 1,373

irrigation arrioienoy, g= 0.8
Percolation rainfall, Re = 150 mm

and based opn the relationahips

A.-K+1

K-n

where n =4

o

A

-]

and E = Ca
£ (Co~Ca)

and :E‘co = Cy, whers C 1g the oondnctivity of moil moisture at field capaoity

g
in mi cromhos/om,

g/ Kot feasible in praoctige,

Re andgj.-law\-jp
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salinity can move to the mximel acceptable level within A year owing to high consumptive
requirement and high saliniiy of the irrigation water, An effective annual reinfall perco-
1ntion of 150mm, a reasonable compromise between the possible low values of 84mm and 138mm on
the one hand and the long = term avermge of 223mn on the other, ims considered to be more
relevant for determining leaching requirement 2s well as the maximal irrigable area,

As 8 praotical measure, the pattern of cropping in relation to irrigation should be
re-evaluated when the onset of a second or third consecutive dry year has been recognized.

Martin (1969) has also considered the effect of lower soil moisture contents in
decreasing evapotranspiretion below the level corresponding to a soil at maximal moisture
capacity, Unfortunately, the value of this analysis is considerably reduced by the use of
an average of the monthly coefficient (B) he used in determining evapotrenspiration; B
varies only from 0,914 to 0,979 over the year and therefore appears reasonable constant -
but it has an exponential effect. By using one value for all the year, estimates of
evapotranspiraticn losses in the cooler rainy season are very much higher than if the losses
were agsumed to be from a soil at fileld capacity.

The actual rates of evapotranspiration are highly modified by the orop., Acoording to
figures given by Blaney and Criddle (1967), at peak growth, e.g., pod setting in beans,
heading in barley, milk stage in maize, sorghum or wheat, potential evapotrenspiretion is
twice to five or six times as great as that during the early growth stage.

Coefficient (K ) by which the potential evapotranspimation should be multiplied to
obtain the actual e\crapotmnspimtion' of a specific orop are given in Table II,

6.3 Consumptive use and leaching requirements

When evapotranspiration is high and moderately saline irrigation water is used to
supplement the crop consumptive requirement and the leaching provided by reinfall, soil
palinity can be kept low more readily by growing crops with a low consumptive water requi-
rement, ' e.g. pasture, soys bean, snap bean and other vegetable, cotton, melon, grape, citrus
and other fruit trees., For one reason or another such as sensitivity to wind and salt,
or uneconomic yields, the majority of these crops do not fit into the pattern for developing
Maltese agriculture. Alfalfa, forage sorghum, potato and tometo, on the other hand, are
suitable but they have high consumptive water use requirements, The three possible cropping
sequences suggested in Table 13 have an average annual irrigation requirement of 880mm,

The leaching requirements that would be necessary if these crops were grown under
irrigation with effluent of either EC - 3,000 or 2,000 micromhos/cm are shown in Table 14,
They would enable soil salinity, as measured by EC_ values, to be kept down to levels corres—
ponding to yield reductiorns of 10, 25 and 50% as sfiown in Figure 4.

The cropping sequence gpring potato - tometo - autwm potato is of more academic
interest than practical value, The three crops can be fitted into the cropping year and it
is common prectice in Malta for spring potato to follow autumn potato on the same land,
Tometo too is popular as a summer crop, Ia dry farming, transplants are sometimes puddled in
and then left to crop without further water., Nevertheless, three solanaceous crops following
one another on the same land is to be discoureged for it carries with it too great & risk
of building up diseases and pests common to potato and tomato.







