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ABSTRACT: The Entisols, Inceptisols and Aridisols which dominate the soils of Oman are the foundation of the drive to
agriculural development in the Sultanate. This paper reviews briefly the classification and pedological characteristics of
these soils, their land suitability assessment, and recent fertilizer research. Water is absolutely essential for the growth
of plants and the contribution of i irrigation practice to the cfficient use of fertilizers is assessed. The problems of ammonia
volatilization and phosphorus fixation in the soils of the Sultanate are highlighted and microbiological aspects of nitrogen

fixation and soil organic maner dynamics are briefly discussed. Finally, research problems and ideas for future work are
identified.

the public. A major task for soil scientists in the
Sultanate will be to interpret these surveys and provide
Government Agencies with strategies for developing the
agricultural industry.

The objective of this paper is to discuss research
needs in soil science in the Sultanate and to provide a
description of some of the current conditions and
problems.

any of the naturally evolving soils of the Middle
East, especially those developing over sand-
blown deposits, are commonly thought to be too light
fextured, too infertile and o permeable for successful
cultivation.  Furthermore, it is often believed that,
returns from farming these soils would likely not be
lFl)l’lll:ﬁll: because of the arduous conditions.
f.'nuequtml}r the development of agriculture in the

has focused on more easily manageable
characteristics, such as accessibility to water supplies
and a labour force. However, this approach fails to
recognize that soil properties may be the governing
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Seil Types and Classification

The soils of the Sultanate of Oman, classified

factor that determines whether cultivation will be
successful, provided water is applied correctly.
Altempting to cultivate areas based only on accessible
water supplies and a trained work force may eventually
lead to costly mistakes. In the long run, it may be
more profitable to develop an efficient water
distribution system on soils  with desirable
characteristics, than to cultivate land with poor soil
characteristics, but having accessible water and a
- nearby work force.

To help with the proper development of agriculture
in the Sultanate, the Ministry of Agriculture and
 Fisheries Wealth is  surveying the  soils.
Reconnaissance-level surveys have been completed, and
- the results are published in the form of maps. Detailed
‘surveys of regions with soils with favourable
characteristics have been, or are being, conducted;
“however, all of the results are not currently available to
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according to Soil Taxonomy (1975), can be grouped
into 61 mapping units (Ministry of Agriculture and
Fisheries, 1990). The soils composing these 61 units
can be placed into three soil orders, which are broad
classification units within Soil Taxonomy. The three
soil orders are Entisols, Inceptisols, and Aridisols. The
s0ils could be further grouped into eight smaller units,
These units, which are more narrowly classified than
soil orders, are called great groups. At the time of
publishing the reconnaissance-level survey, the eight
greal groups were Psamments, Orthents, Fluvents,
Tropepts, Salorthids, Gypsiorthids, Calciorthids, and
Camborthids. After classifying the soils according two
Soil Taxonomy, the names and definitions of some
great groups of the Aridisol soil order have since been
changed (Keys to Soil Taxonomy, 1994). This presents
some problems because there is not a one-lo-one
correspondence between the old and new names. Many
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of the soils surveyved in the Sultanate will need o be
reexamined and classified. However, the main
pedogenic features of Omani soils are subsurface
accumulations of gypsum {i.e., calcium sulphate),
calcium carbonate, and soluble salis, often in cemenied
form.

Gvpsum Accumulation

Accumulation of gypsum is characteristic of soils
in areas where rainfall is wo low o leach it out of the
profile. In Oman, soils can contain in excess of 58%
by weight of gypsum very close to the soil surface,
e.g., less than 10 em, The genesis of this condition
WArTAnLs investigation.

Gypsum deposits can be of acolian nature such as
those in Tunisia (van Alpen and Rios, 1971). or may
result from precipitation with clay, silt and sand after
being transported great distances by rivers in a
dissolved state (Kovda et al., 1979), Alteratively,
gypsum can be weathered either from gypsiferous rocks
of hydrated and anhydrite calcium sulphate, or from
outcrops of gypsum-bearing Triassic, Jurassic and
Cretaceous clays (van Alpen and Rios, 1971).

Gypsum  frequently occurs in Omani soils as
secondary deposits, Gypsum bearing  groundwater
probably rises in the profile due to capillary action,
precipitating secondary (or hydrogenic) gypsum when
evaporation rates are high, However, secondary
gyvpsum may also develop, as in Georgia (Russia), by
the co-precipitation of sodium sulphate and caleium
carbonate (Sonnenfeld, 1983). Since Gypsum is so
common in Oman it is imponant to understand the
processes leading to all the different forms in which it
15 found - from highly crystalline through ‘spongy” 1o
very finely divided, The effect on crop growth of these
different forms of gypsum in the soil is not known.

Calcium Carbonate Aceumulation

Calcium carbonate can accumulate in a profile in
a similar manner as gypsum, i.e., the rainfall s not
sufficient to leach it from the soil. However, whereas
gypsum does not affect the pH of a soil very much,
calcium carbonate accumulation will strongly affect a
soil's pH. In slightly alkaline soils, calcium precipitates
from solution as a carbonate, The reaction, shown
below, acts to prevent the soil pH from rising above
8.0-8.5

Ca®* + CO, + H,0 —+ CaCO, + 2H"

The release of protons helps 10 prevent the pH from

rising too high, The presence of calcium carbonate in
soils with pH values less than B.5 is an indicator of
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suitability for potential cultivation

In Oman, calcium carbonate can be as much
90% of the soil by weight, It commonly exceeds 4
and 15 rarely less than 20% by weight, posing prob
for cultivation because nutrients required for ¢
growth, such as phosphorus, may become limiting
crop needs (Booker Tropical Soil Manual, 1991}
Srudies are warranted that address the chemistry of
nutrients in Omani soils o help develop critera
making interpretations from =soil survey data,

Soil Salinity

As with the accumulation of gypsum and calciu
carbonate, soluble salis accumulate in a soil when they
ar¢ not leached from the profile.  Soluble sals a
gasier to leach from a soil because they are more
soluble than gypsum and calcium carbonate.  When
rainfall is low and evaporation transpiration dema
are high, as they are in most regions of Oman, solub
salts can accumulate, Soluble salts in a soil will inhibi
cultivation, unless the crops are very salt tolerant,

The nature of soil salinity and technigues of
prevention are important topic of research in Oman.
The Ministry of Agriculiure and Fisheries Wealth |
actively monitoring salinity levels in coastal soils and
irrigation wells, A problem with soil salinity is that it
can vary tremendously within a soil profile and from
the location where irrigation water is supplied, Mear
where irrigation water is applied, a soil may be only
slightly saline, as determined from electrical
conductivity measurements. However, within 100 ¢
from that location, the salinity level and electrical
conductivity measurement may be very high. Whe
there is enough water o leach the soluble salts from the
soil, the salinity level can be controlled to be
manageable. Where there is not encugh water Lo leach
the soluble salts, the salinity can suppress plant growth,

The application of irrigation water at one point can
create a salinity problem where there was none before
or make the problem more severe. By capillary action,
some water, wpether with dissolved salis, will travel
through the soil pores from where the irrigation water
was applied 1o some distance from the site ol
application. The distance and amount of water that will
move laterally by capillary forces is a function of the
soil-pore sizes and their distribution, In the region of
the soil where the water primarily is moving laterally
and not downward, there will not be encugh water 10
leach the salts from the profile. Therefore, soluble salis
will accumulate in these areas. The application of
irrigation water and soil properties will strongly affect
resulting salinity levels in soils.

For example, raditional cultivation of date palms
in coastal areas in Oman consists of planting the palm



roexcavated holes in the ground that are
killed with soil 1o within 10-20 ¢m from the
pimal ground surface forming a shallow basin, The
g of the basin varies between farms because of
jors such as availability of water, age of palm, and
lividual preference. Irrigation water is applied to the
_'- Water imbibes in the soil and moves downward
i iid, Along the perimeter of the hole where
L 8 primarily moving only laterally, soluble sals
| accumulate and will affect the growth of roois of
palms into these regions.
The following is a comparison of salinity problems
ong three date palim farms in a coastal area in Oman
e Figy 13. In farm number 1, irrigation was
ressing salinity buildup in the holes, i.e., irrigation
but soluble salts were accumulating on the soil
Bee. In neighbouring farm number 2, irrigation was
d for three years and salt was accumulating in
mal imigation basins. [n farm number 3. which
proximately | km inland from the other two
the owner was maintaining sali-free soil inside
€ irrigation basin, but salt was accumulating outside
hasin.
three conditions are a result of water flow
around the irrigation basing,  Profitable
in coastal areas is a continual process of
" ing the build up of soluble salts, There is a need
lop sound scientific water management strategies
@i farmers in the Sultanate maintain their lands in
xl condition. Once problems develop, it is
mmonly more of an effort and an expense o correct
prob than it is 10 use sound management
::_-_-... that are based on research investigations.
! such as irrigation basin size as a function of
| tpe, palm rooting patterns, and quality and
aatiey of irrigation water, need all o be investigated.

Land Suitability Classification

" Beskdes surveying and classifying the soils, the
of Agriculture and Fisheries Wealth has
soils in the Sultanate for their suitability for
i use, Factors that were considered are soil
rock fragment content, water reention
o0 salinity, gypsum content, slope and
idiorm position. hydraulic conductivity, depth to
per table, drainage characteristics, and erosion and
poding hazards. The suitability rankings were hased
collective experience of the individuals who
veyed the soils. All of the 6] mapping units were
puped into three suitability categories. Class | was
ighly 10 moderately suitable, Class 2 was marginally
iable, and Class 3 was unsuitable, For Class |
i, the most common limitation 1o cultivation was
For Class 2 lands, the limitations were
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high gravel content in 38% , doughtiness in 19%, high
gypsum content in 15%, and poor drainage in 14% of
the mapping units, Soil depth, rock fragment content,
and low hydraulic conductivity were each listed as
limitations for agriculiural use in 5% of the Cliss 2
lands.

O the wotal land area surveved in the Sultanate,
slightly over 7% or 2,000,000 hectares of land were
categorized as Class 1 or 2. Of this land, approximately
800,000 hectares were categorized as Class 1. The
soils typically found on Class | lands are deep, gently
sloping, non- to slightly-saline. loamy Calciorthids and
Torrifluvents, These soils can be productive  for
agriculture use, provided they are managed correctly
Given that lands were categonized in suitability classes
hased on personal experiences, research is warramed (o
evaluare the effect of soil factors on agriculural and
other land usages for conditions existing in Oman, The
combination of suitable soils, experienced work force,
adequate supply of water via irrigation and nutrients via
fertilization, and well-adapted crop varieties coupled
with an upurﬂ'mg market can only lead 1o s [Prospesius
agricultural indusiry, if the seils remain productive,
Research can be a valuable assed for the fubure growih
of the agriculural sector in the Sultanate.

Fertilization

For successful cultivation of crops in Oman, the
nutrient needs of crops need o be satisfied as well as
their water needs. The following section reports about
fertihizer trials with Omam soils that have not been
published in the open literature. From these reports, i
can be understood that there is a need to conduct
research o assess proper fertilization practices 1o
optimize conditions for crop growth in Oman.
Unfortunately, the fertility needs of each crop may be
different and the effectiveness of the application of
fertilizers may depend on specific site conditions.  The
effective use of fertilizers has coniributed (o the
phenomenal growth in food production throughout the



COOKSON

Middle East in recent years (Mustafa et al., 1987).

High vield responses to nitrogen fertilizer have
been reported from experimental stations and farms in
the Sultanate. In a recent investigation (Cookson and
Lepiece. in press) of cultivated soils in the Batinah
region of Oman, the to1al soil nitrogen concentrations
were measured to range between 0.001 and 0.09
percent by weight. This is very low considering that
soils with total soil nitrogen concentrations in the range
of 0.1 10 0.2 percent are classified as being low by the
Booker Tropical Soil Manual (1991). In some regions
of the United States, wtal soil nitrogen concentrations
may exceed 1%, Therefore, it s nol uncommen 1o
expect  significant  vield response to  nitrogen
fertilization, if  optimum  growth  conditions  are
maintained.

Girain vields of selected bread wheats (Trificum
daesticim ov, W 00,5, 160 and W.0Q.5. 151), from the
International Center for Agriculiural Research in the
Pry Arcas (ICARDA) based in Syria, have been
reported by the Ministry of Agriculiure and Fisheries
Wealth t Agricultural Research Annual Report, 198%:)
o increase by 44, 2% when supplied with 200 versus 50
kg Miha of urea, Sweel Melon (Cirralins lanars oy,
Amco Sweet) has been reponted o increase its vield in
response to both larger and more (requent urea
apphications (Agriculural Research Annual Report,
1985},  Highesi yields were obiained with 1530 kg
N'ha application rates. Okra (Abelmoschus esculentus)
yield was increased 31% by applying 150 kg N/ha of
urea compared to when no nitrogen fertilizer was
applied {Agriculwral Research Annual Report, 1989c)
When the urea application rate was increased to 350 kg
M/ha, the wield was significantly reduced. In a
fertilizer trail with a bread wheat (T, gesiivam e,
Yecoro Rojo) , a variety which is grown commercially
m Saudi Arabia, there wias no response oo uren
fertilization. It was concluded that Yecoro Rojo is oo
carly maturing for conditions in Oman,  This lamer
fertilizer trail serves to show that just by increasing
fertilizer rates will nod necessarily result in increased
vields, Soil comditions and crop varicties are inegral
factors for optimizing vields.

In a comprehensive study on the application of
nitrogen. phosphorus, and potassium fertilizers, the
vields of Rhodesgrass (Chiors gavana), Buffelgrass
(Cenchrus ciliaris), and Panicgrass (Panicum sp. ) from
12 cuis faken during a 616 day period increased by
254, 310, and 306 percent, respectively, when 120 kg
M/eut was applied compared o when no nitrogen was
applied (Agricultural Research Annual Report, 1991,
Rhodesgrass produced the highest vields of berween
800-900 kg fresh maner/ha‘day. Yields were higher
and the response 1o nitrogen fenilizer was greater in the
summer months than in the winter months, When

phosphorus or potassium fertilizers were solely applied,
the grass yields did not significantly increase. The high
sodium bicarbonate-extractable phosphorus content of
the soil, which was 18,02 ug/g soil, was proposed 1o be
the reason for the negligible response. Because the
fertility of a soil is an important factor in successil
cultivation, whether natural or supplemented through
the apphication of fertilizers, it is crucial that th
physical, chemical. and biological processes tha
influence soil fertility be understood. The interaction of
these physical, chemical. and biological processes m
s0ils on plant growth and on fertilizer effectiveness is 2
npe area for research in Chman, Few such
investigations have been conducted. The following are
discussions of some of the factors that affect fertilizer
effectiveness in Oman and requirements for research.

Irrigation Practice

The importance of irrigation on agriculture in the
Sultanate cannot be over-emphasized. In most areas,
rainfall is inadequate for sustaining the water demand
of crops.  Extensive traditional irrigation methods have
been in practice over many hundreds of vears and are
still being used successfully with date palm groves,
( Travers Morgan (Ciman), 19931, However, Oman i
maodernizing its agricultural practices. In the difficul
period of inadequate knowledge of the new technologes
which often Tollows modernization,  inefficiencies.
particularly in regard 0 meeting water demands of
crops, can occur, If water is nol effectively applied,
then the application of fertilizer may have little benefis,
To achieve increased vields that are economically
profitable, both fertilizer and water applications need i
help create optimal growth conditions, |

Effective irrigation practice requires basi
mformation on the abiliy of the soil 10 retain and
rransmit fluids, especially water. Information such as
that measured by Abdulrahman et al. {1993), in which
they characterired the ability of the soils in the Batinah
region of Oman o retain water from gravitational
forces, is essential to developing irrigation strategies
that will maximize crop growth and fertilizer utilization
and minimize salinity build up. Much more work in
needed in Oman in characterizing the physical
properties of soils as they relate o subsurface waler
behaviogur,  Much more work 15 needed in beter
understanding the results of irrigation practices on soil
fertilicy and crop development in Ciman.

Studies on barley (Hordeurs spp.) in semi-arid
regions of Syria (Shephard et al., 1987) suggest thai
increased nitrogen fertilizer application increase crop
yields, but do not increase rates of water loss through
evapotranspiration because the increased transpiration
Iosses are balanced by the decreased evaporation losses,



fludies in semi-arid West Africa (ICRISAT,
il Bave shown that small increases (ie., 10%) in
use by pearl millet (Pernisetumn tiphoides) led to
}' old increase in grain vield when crops were
¥ supplied with nitrogen and phosphorus.
gy of irrigation has been reported 1o affect the
ructure of crops (Cooper et al., 1987), which

ikely affect nutrient uptake. The interaction of

practices on soil fertility and crop
e are numerous. For successful cultivation
i, these interactions need to be understood as
gpoly 10 individual plant species and o conditions
in Oman.  Research is needed that
g5 optimal fertilizer and irrigation regimes for
ﬂﬁpi on Cimani soils, Fortupately, some of
pe of work is being conducted by the Ministry of
and  Fisheries Wealth  (Agricultural
| Annual Report, 1992), as shown in Table 1,
ilrl:lllmr réquirements for o range of cereal
etable crops are listed.

Ammonia Volatilization

hlf:" know that ammonia may volatilize from
surfaces that are drying and have a high pH
venson, 1982).  These conditions can cause o
ificar ]nsﬁ of nitrogen fertilizer, if improperly
.. d 0 soils. This wos confirmed in laboratory
at Sultan Qaboos University where 98% of
lied sammonium was lost through volatilization. In
i, khe loss of pitrogen fertilizer via ammonia
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volatilization may be a problem because many soils
have a high pH and will likely have drying surfaces.
Techmiques to  reduce Josses due (0 ammonia
volatilization need i be investigated, One widely
adopted solution is 1o irrigate immediately following
nitrogen  fertilizer  applications so 1o leach the
ammonium ons into the subsurface before the surface
is allowed w dry,  Although this practice is widely
used, its effect on reducing ammonia volatilization is
largely unknown for the soils in the Sulianate. Studies
on the efficiency of fertilizers containing different
forms of nitrogen in different soil (vpes are needed.

The application of fertilizer to enhance soil fertlity
can be a relatively easy concept for farmers to
understand.,  However, the physical and chemical
processes that operate under the various conditions in
Chman and how to utilize those processes w provide for
optimal growth while minimizing any losses of
ferilizers is not easily understood.  Scientists can help
o educate the agriculieral community in the Sultanate
by disseminating resulis of their investigations on
fertilizer and irrigation requirements for different soil
and crop types. Minimizing loss of nitrogen fertilizer
because of inappropriate application is just one example
of how research can make cultivation of crops more
profifable in Oman

Phosphoras Fixation

Phosphorus is deficient in most soils of the Middle
East, In an examination of 15 uncultivated soils of the
Batinah region of Oman by Sultan Qaboos University,
soxdium bicarbonate extractable phosphate was found 1o
vary between 1.4 and 5.9 ug/g soil. For a comparison,
the Booker Tropical Soil Manmual (19915 lisis a medm
range of phosphate concentrations of between 5 and 15
ug'pg soil,

Phosphorus is present in various forms in soils with
high pH, including inorganic phosphate jons, calcium
phosphate  precipitates, and  organically-bound
phosphorus. The conditions at which calcium
phosphiate precipitates in soils ane imporant because the
phosphores is unavailable o plants in that form. When
phosphorus  becomes  unavailable to crops, it is
commaonly called phosphorus fixation.  Besades soil pH,
other soil properties affect the fixation of phosphorus,
such as the tvpe of clay minerals present, the
amorphous phosphorus contend, and il organic matler
content (Sample et al., 1980)

In amother investigation by Sulian  Qaboos
University of 13 soils of the Batinah region, it was
found that fixation of orthophosphate fernlizer was
highest in soils from As-Suwaig, Between 13 and 76%
of the phosphorus was fixed and unavailable w planis,
The amount of phosphorus fised was highly correlated
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to the silt content of the soils. A Wadi Quriyat
Agriculiural Research Station, a high rate sl sl
phosphorus fixation was suggested as the reason for
poor responses of barley to phosphorus fertilizer
applications found in field trials (Agricultural Research
Annual Report, 1989d). The mechanisms involved in
phosphorus fixation, particularly in regard 1o soil
fertility, need to be further investigated in Oman
hecause it is clear that Omani soils vary widely in their
ability to fix phosphorus.

Micronutrient Deficiencies

Micronutrients are compounds that plants require
for their existence, but they need only sparingly.
Typically, micronutrient availability in soils are low,
Their dominant role in plant growth is as activators for
numerous enzyme systems (Miller and Donahue, 1990).
Any process or condition that limits their availability
further can adversely impact plant growth, A problem
for Omani soils is that the solubilities of the
micronutrients zine (Zn). iron (Fe), manganese {(Mn),
copper (Cu), and cobalt (Co) decrease as soil becomes
more alkaling. In Oman, soil pH values are rarely less
than 7.4 and are usually closer to 8.0 therefore,
micronutrient solubility and availability o plants are
likely to be deficient. Research is needed that
investigates micronuerient availability 1o crops fior
conditions in the Sultanate. Furthermore, procedures
for chemical analyses need to be developed which show
close correlations between extractable micronutrients in
soril and the micronutrient availability for crop growth.

Nitrogen Fixation

Nitrogen fixation is the conversion of atmospheric
nitrogen (1,e., Ny 10 ammonia (NH ), which is then
quickly converted to plant available forms in the sl
iMiller and Donahue, [990).  This conversion is
effected by symbiotic and nonsymbiotic icroorganisms
in soils, Nitrogen fxaton by symbiotic is more
prevalent than by nonsymbiotic microorganisms. In the
group of symbiotic organisms are soil bacteria and
actinomycetes that cause the formation of root nodules
in certain plant species, which 15 the location of
nitrogen fixation. Healthy nodules on field-grown
alfalfa (medicago sariva) from experimental sites and
farmers fields have been found to be actively Dixing
nitrogen by  investigators  from  Sulian Daboos
University However, measurements  of  annual
nitrogen fixation rates were not attempled, Estimates of
nitrogen fixation in grazed deserts of West Africa by
Robertson and Rosswall (1986) were less than 1 kg
Nihafyr. The fact that root nodules have been found in
some locations in Oman suggests that nitrogen fixation

is occurring.  Indigemous strains of nitrogen fixig
microorganisms need to be collected and ways
successfully inoculate suitable crops investigated. The
factors or conditions that resulied in  productive
indigenous  nitrogen  fixing  bacteria  becoming
established in Oman should also to be determined so
that management sirategics can be developed to utilize
nitrogen fixing microorganisms o supply crops with
their nitrogen needs.

Soil Orrganic Matter Dynamics

In soil nitrogen is constantly mineralised froms
organic 1o inorganic forms o which are taken up (of
immobilized) by plans and other soil organisms. The
rate of this minerahsation / immobilization urnover
(MIT} is governed by many soil factors, such u
lemperature, moisire, organic matler and also the
activity of soil organisms and eneymes Uncultivated
desert soils are particularly low in organic matier
(Shadfan and Husen, 1987) and, consequently, Ciman
farmers apply animal manure, usually at planting. 'Iﬂ
compositions and rates of release of nutrients fr
these decomposing manures need to be determined.

Organic mater decomposition has been subject lul
analysis using modelling techniques, A combined maode
incorporating  major  carbon and  nitrog
iransformations with water movement in soil would
useful in determining strategies for mainlaining o
organic matter comtents at adequate and prescrib
levels. Such a model need not be developed in Oman,
initially, but could be adapted from successful one
developed outside of the region. However, local
validation of parameters and measurements of reactio
rales remiin necessary

Soil microorganisms and enzymes are achive |
most of the reactions involved in soil organis
decomposition. Bacterial populations in desert soils are
however, low, Uncultivated soils from Haima in 1
interior region of the Sultanate, for example, contain &
low as 5 x 10* bacteria/gram of soil,  Estimati
reliably such low populations 15 a problem. T
commonly employed methods  of  chlorofor
fumigation/incubation {Jenkinson and Powlson, 1976
1o determine microbial bio-mass carbon and nitroges
have been found, at Sultan Qaboos University, to be
insufficiemly precise w give consistent results. Reliance
on serial dilution techniques and plating on agar for
counting i unsatisfactory because of all  the
uncertainties associated with extracting macroorganism
by shaking in sterile water. A systematic comparison o
different soil microorganism enumeration methods #
required.

Soil bacterial and enzyme activities have on
other hand proven less difficult 1o determine, in th




pate, than  organism numbers. The
hylsulphoxide (DMSO) reduction assay method
il bacterial activity measurements {Alel and
e, 1989) promises to be a relatively simple
i for determining general activity in small (0. 5g}
amples. Trials at Sulian Qaboos university have
A Omani soils 1o be active reducers of DMS0,
g quantities of dimethylsulphide measurable by
ific Mlame photometric detector fitted o
i [‘3,']-]]_

s for measuring specific soil enzynws in
ini soils usually have w be modified by lengthening
bation times 1o allow sufficient end-product o
j’ ate for measurement. Cookson and Lepiece (in
'h-.r: ghown that, in Oman, rates of urease
fy vary between soils and are closely related 1o
ganic carbon concentration, salinity and texure.
flally, increased soil organic carbon concentration
poles urease activity, while increased soil salinity
activity. Such resulis have practical significant
where the use of urea as a fertilizer is

Conclusions

Oman, soil scientists are collecting information
types, fertilizer requirements, and irmgation
. However, this information will not be
gh 1o sustain an actively growing agricultural
. Research is required o provide insights on
FI0 best manage soils and water for successful,
derm cultivation. Crop yields are sensitive 1o
nges in fertilization, irrigation, tillage, and other
ural management practices. The time s now 10
mnd scientific soil and water managemen
to prevent salinity problems and o provide
“H'H'. lla agricultural I!'I.r!r_'-LIS. Studies aimed wward
erstanding how the soil and crops respond to land
_' gement practices will be a valuable asset for the
‘ 8 development of the agricultural industry in
an. Ministries of the Sultanate and researchers
{l.].. Sultan Qaboos University ) need o develop
girang research program in soil and water that will
’hn:ﬂa;lil results for a long time in the Tuiure,
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