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MONITORING AND EVALUATION OF THE ECONOMIC AND
ENVIRONMENTAL IMPACTS OF IRRIGATED
AGRICULTURE IN THE NORTHWESTERN REGION OF

LIBYA

SUMMARY

The unmanaged and/or mismanaged expansion and intensification of irrigated
agriculture in the Northwestern region of Libya has been generally considered as the
major factor contributing to the presently prevailing environmental deterioration of
the natural resources base and the economic decline of crop production returns. The
summarized extensive investigations and findings in this report are the results of a
multifaceted research project specifically undertaken for the realization of, as
thorough as possible, a comprehensive monitoring and evaluation of the
environmental and economic impacts of irrigated agriculture in the region. This
objective has been achieved through three phases of the project.
Phase one includes the assessment of the present situation based on the available
information as obtained from published data and collected through questionnaires
and direct contacts with farmers and concerned national research and management
authorities and institutions. Analysis of this information revealed unacceptable and
unsustainable levels of wasted groundwater resources as reflected in irrigating crops
of depressingly low crop water productivity and marginal economic returns such as
alfalfa, oats and other forage crops.
Phase two covers the major negative environmental impacts of irrigated agriculture
In the region. These impacts are presently reflected in:
1- Declining piezometric heads and groundwater levels by excessive pumping.
2- Deterioration of groundwater quality by seawater intrusion.
3- Increasing groundwater pollution by nitrates as a result of excessive application
of nitrogen fertilizers.
4- Increasing soil salinity.
This investigation revealed that groundwater outflows during the period 1949-2010
has been estimated at 18 billion m?, initiating a severe groundwater level decline that
resulted in the intrusion of no less than 6.2 billion m® of seawater. To assess the
impact of groundwater level decline and seawater intrusion on irrigation water
quality, the chemical analysis of water samples collected from 91 wells representing



the whole region revealed a weighted average total dissolved salt concentration of
no less than 1500 ppm (parts per million). With an annual irrigation water
consumption of about 723 million m3/year, this salt concentration, if maintained, can
initiate a long term process of accumulating 1.085 million tons of salt per year that
will be reflected in increasing soil salinity, poor drainage, lower crop productivity
and deteriorating environmental quality.

The analyzed groundwater samples also indicated very high nitrate content in the
relatively shallow wells of the upper quaternary groundwater aquifer system that
supplies most of the agricultural and domestic water uses in the region. Taking into
consideration the added water supply of high nitrate content from the Man-made
River Project (MRP), the final weighted average of nitrate concentration of both
sources will approximate 70 ppm. It is almost certain that a major source of this high
nitrate concentration is groundwater pollution by excessive application of nitrogen
fertilizers and potentially possible waste water contamination. Unless preventive and
precautionary measures are undertaken, using this water supply for domestic
purposes may lead to serious health problems. To minimize any further pollution of
the upper quaternary groundwater aquifer, the nitrate content of irrigation water must
be taken into account when determining the rates and application time of nitrogen
fertilizers for the different irrigated crops.

Phase three represents the major aspect of the research project. It is undertaken with
the intention of establishing an appropriate criteria based on the selection and
application of fundamental indicators that can be confidently used to differentiate
among the major irrigated crops in terms of their irrigation water use efficiency and
their economic returns on invested resources . These indicators include the nature of
the associative relationship between crop yield and diverted irrigation water use, as
represented by crop water production function, and crop water productivity, defined
as crop yield (in kilograms) per unit volume of irrigation water used in its production
(in cubic meters). Seven field trials with seven major crops had been conducted for
this purpose in the experimental farm of the College of Agriculture of the University
of Tripoli. The selected crops include alfalfa, oats, barley and sorghum as forage
crops, as well as, potato, onion and tomato as vegetable crops. A sprinkler single
line source design method was used for the differential application of irrigation water
treatments for each crop throughout its growing season. The final yields of the
different irrigation treatments and their corresponding water consumption were used
to derive a second degree polynomial water production function for each crop. In
depth mathematical analysis of the derived water production functions indicated that
maximum values of crop water productivities for all crops always occur at lower
levels of water use and crop production than that required for their maximum yields.
This result provides the opportunity of saving significant amounts of irrigation water
that can be used to expand the irrigated area and achieve more crop production with



less water use. More significant, however, the very large differences in crop water
productivity values and the economic returns between forage crops and vegetable
crops. The crop water productivity values for potatoes, onions and tomatoes were
calculated as 5.6, 4.9 and 4.8 kilograms per meter® and their respective economic
returns were 1.71, 4.47 and 6.51 Libyan dinars per meter®. The corresponding values
for oats, alfalfa and barley were 1.9, 1.6 and 0.9 kilograms per meterand their
respective economic returns were 0.41, 0.35 and 0.52 Libyan dinars per meter?.
These results should be used as guidelines for the rational planning and management
of irrigated agriculture under the presently dominating water scarcity conditions and
environmental stress

The results of this investigation, as presented above, clearly indicate that irrigated
agriculture in Northwestern Libya is facing serious threats to its sustainability. To
ameliorate, or at least minimize, its negative economic and environmental impacts ,
it is recommended that attention should be directed to implementing the following
interventions:

1- Prevention of the cultivation of low value cereal and forage crops such as barley,
oats and alfalfa.

2- Improvement of the Crop Water Productivity of the more valued crops, such as
tomatoes, potatoes and onions, through targeting their potential yields and the most
water efficient growth seasons.

3- Increased dependence on virtual water in the form of imported cereal, forage and
other water inefficient crops instead of growing them locally in the region.

4- Improvement of Water Use Efficiency of row crops, such as citrus, olives and
vegetables through replacing sprinkler irrigation systems by the more water efficient
localized irrigation methods.

5- Raising the awareness of water users concerning the potential health problems
associated with the excessive usage of the transferred MRP water for human
consumption.

6- Since the nitrate concentration varies among the different wells in the region and
ranges from less than 40 ppm up to more than 75 ppm, it is recommended that water
abstraction must be stopped from the wells of exceedingly high nitrate
concentrations.

7- The formulation of a sound nitrogen fertilization program based on a reasonable
balance between the amounts of nitrogen added to the agricultural crops in irrigation
water and their seasonal nitrogen requirements in order to minimize the exposure of
the local groundwater aquifers to pollution by excess nitrates that may seep down
with drainage water.

8- Raising the farmers awareness of the potential health and environmental hazards
of misusing this water supply.



