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Abstract : Mesquite ( Prosopis ) had been imported from its original home in North and South America, which
is ranked as a desert plants, that bear all environmental conditions, it had been planted in the Tokar Delta,
which is located in the Red Sea State in Sudan, as a belt against desert encroachment from which the city is
suffering annually, but after few years These trees deployed in the Delta and became a new risk to the
agricultural lands and the banks of Khor Baraka producing another problem. Now mesquite covers more than
half of the delta's area causing negative impact on all of the agricultural lands, surface, ground water and
irrigation channels. This paper is intended to assess the impact of the mesquite on the Tokar Delta and the
impact of efforts to control the spread of mesquite trees over 30 years. Also to provide guidelines for the
management and control of mesquite trees, using the capabilities of remote sensing and geographic
information systems in producing layers of maps and attributes, showing the spatial extent of these trees in the
Delta over the study periods of time, and conduct analysis to support decision makers to solve this serious
problem.
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l. INTRODUCTION

During the Colonial times Tokar delta was great source of wealth through the extensive production of
cotton, but since then land usage has declined to less than 70,000 hectares. It has been estimated that more than
1400 hectares of the delta can no longer be cultivated because of mesquite infestation [3]. Mesquite species how
invade greater part of the Delta area and create risk to the environment and the population. This paper is an
attempt to assess, map and analyze mesquite risk in Tokar Delta aiming to have better understanding to the
invasion dynamics and provide guidance for management plans.

Scale crop production has also been negatively impacted over the last ten years by the rapid spread of
Mesquite trees that has significantly reduced the area of agricultural land disrupted irrigation channels and
provided shelter for pests, particularly in the Delta areas and South Tokar. This has led to increased,
sharecropping by farmers. The lack of sufficient agricultural extension and appropriate policies and strategies,
inadequate pest control and inappropriate water harvesting systems has further contributed to the inability to
grow crops and attain food security in the state. Mesquite can control the leaf water evaporation and survive in
any condition regardless of the weather. This is because water efficiency is more than those of native plants
[2]. Therefore Data on the distribution of mesquite plants, captured at the correct scale and accuracy, is critical
for predicting future spread and devising appropriate management plans [9,10].

1. MATERIALS AND METHODS

11.1 Study Area

Tokar Delta is located in the southern part of the Sudanese coastal plain. It extends between latitudes
18° 00" and 18° 45' N and longitudes 37° 30" and 38° 05' E covering an area of approximately 1450 square
kilometer. The delta has been formed by Khor Baraka which is an intermittent stream originates in the higher
lands of Eritrea and Sudan. It flows northeast across the area and terminates in a wide delta which starts from
Shidden Rock and ends at the Red Sea (Fig. 1).

Tokar area receives annual rainfall not exceeding 200 mm and exposing to winds blows for about 4
months a year which sometimes reached 20 km/hr with mean daily temperatures range from 20-40 °C [6].
Nevertheless, the region is environmentally and socially sensitive, as it falls in the arid Sahel zone and most of
the populations are practicing agriculture and animal rearing [11].
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11.2 The Data
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Fig. 1: The Study Area

- Satellite image was obtained from the Sudanese Survey Institution, of high accuracy to enable distinguishing

between areas clearly and also Sudan map with scale 1: 5000.

- Map of agricultural lands of the Delta Tokar from Delta project management in 2015 as in Fig. 2
- Landsat MSS & TM Satellite images (Fig. 3) have been downloaded from http://earthexplorer.usgs.gov
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Fig. 2: Mesquite in Tokar Delta Map 2015.
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Image from Landsat MSS & TM
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Fig. 3: Images before analysis

11.3 Detecting of mesquite trees

The remote sensing method is very useful to detect the invasion route of mesquite trees in wide area.
Since plants leaf absorbs red light energy, and reflect near-infrared (NIR) light energy of sunlight. Various
image processing techniques have been implemented to the images using ERDAS Imagine 9.1, and ArcGIS10.2
software. These were including; image subset, spectral test, enhancement and classification. Normalized
Difference Vegetation Index (NDVI) was one of the most successful of many attempts to simply and quickly
identify vegetated areas and their "condition," and it remains the most well-known and used index to detect live
green plant canopies in multispectral remote sensing [13].

RESULT AND DISCUSSION

Normalized Difference Vegetation Index (NDVI) map calculated from Landsat data (where, green-
colors shows the satellite extraction of mesquite tree pixels). Fig. 4 shows Mesquite Area in Tokar Delta from
the period of 1973 to 2010. In addition the agriculture map was used to indicate the spread of mesquite in 2015.

Mesquite invasion in Tokar Delta 1973_2010
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Fig. 4: Analysis by (NDVI).
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Graph of Mesquite Area in Toker Delta 1973_2015
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Fig. 5: Mesquite Area in Tokar Delta 1973 _ 2015.

The results (in Fig. 5) showed that very few prevalent mesquites in the time between 1973-1979 ratios
can be controlled. A high percentage in prolife ratio was shown in 1986 while in the later period the invasion
was limited, then it is start to increase in 2001. After that the proportion of removal operations conducted in the
period between 2001 and 2010, there was some control measures applied to reduce mesquite expansion in the
Delta such as clear cutting and eradication which also has impact in. In the last five years, Mesquite spread
again extensively and represented the highest rate over the past years and evaded a very large part of the Delta
and the entrances to Khor Baraka in the form of a dense forest, the prevalence rate is estimated to more than
(100%) there were more bare lands with good moisture in the delta area which gave chance for rapid spread of
mesquite. In addition more studies that are related to the problem of published papers on the Internet and the
National Forestry Commission pasture section was discussed

111.1 Operations of Mesquite Removal

In 2002, Oxfam made a clean of 13 thousand acres of mesquite trees and hand-ax under the food-work
program. In 2005 the most important steps were taken to ratify the removal of 100 thousand acres discount on
the development of the Eastern States of the Federal Ministry of Finance and the Ministry of Agriculture and
Forestry of the Federal budget (pilot projects), has been one hundred thousand acres divided into five phases
consisting of 20 thousand acres [12].

111.2 The impact of Mesquite

One of the main reasons for the spread of mesquite, is that its seeds movement through the valleys from
one place to another because the mixing of animal dung and soil, including camels as they travel long distances.
Mesquite tree has the capacity for rapid deployment by human, animal and this feature is useful in arid and
semi-arid areas, in which vegetation and natural pasture are few, but it is not useful, even is harmful in irrigated
areas, especially irrigated projects, where it invaded space in the Tokar Delta project ,through running water.
Dense forests posed by mesquite trees have the ability to turn the floodplain and this also a factor that helps,
especially that area is with a lot of sewage spread as in Fig. 6.

Streams in Delta Tokar
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Fig. 6: Streams in Delta Map
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111.2.1 .Mesquite impact on the Tokar Delta Urbanism

Urban areas have not been affected by the mesquite entry in the Delta. It is free from the invasion that

has happened in all these years, it is continuously removed, as in Fig. 7.
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Fig 7: City's site with mesquite Map.

111.2.2 Impact on pasture

Mesquite produces profusely fruits and is palatable to all animals as it is feed excellent rich in protein (13%),
this is a high rate compared to other fodder in the use of animal food on the ointment [5].

111.2.3 The impact on agricultural lands:

The biggest risk for the invasion of mesquite tree in the delta on agricultural lands (see Fig. 8) where
Mesquite occupies large part especially from the north-eastern and southern entrances to the Khor Baraka in the
form of dense forests represent a present by danger and by up to more than about 50% compared with

agricultural land available in Central Delta [1]

The war, which was close to the project when Sudanese-Eritrean border in the nineties, which led to the
displacement of farmers from the delta to preserve their lives and property, this increased the widespread
availability of Mesquite in the most fertile lands and the highest creek pool and two banks circumstances [12].
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Fig. 8: Areas being invaded by mesquite and agriéul_wral lands map.
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111.2.4 Impact on groundwater:

The geoelectric investigation has shown that the freshwater in the aquifer overlies saline or brackish
water. The freshwater-bearing aquifer has an area of 200 square kilometer rep-resenting about 14% of the total
area of the delta [2].

Very significant in the area covered by the natural vegetation, which mainly consists of the mesquite trees
(Prosopis chilensis) forming dense and multi-aged forests in the lower delta and the upper delta. The total
annual evapotranspiration of mesquite trees species and other vegetation types related to annual evaporation
from open-water surfaces values per unit land area are revealed in, evapotranspiration is re-ported per unit land
area occupied by each vegetation type, which includes the total water used by the vegetation including
groundwater and surface water sources.

The surface area of the freshwater aquifer which is covered by mesquite forests is about 45 square kilometer.
Mesquite uses a combination of surface water, groundwater and deep vadose-zone sources (1 to 10 meters)
depending on the availability of each source throughout the season [8]. Hence a total volume of groundwater
discharged from the freshwater aquifer due to evapotranspiration is estimated to be 21.8 x106 m3/y4

V. CONCLUSION
Geographic Information Systems (GIS), coupled with the remote sensing can identify and assess the distribution
of Mesquite in Tokar Delta. As the results documented, most of the study area showed there is clear mesquite
invasion and risk in 2015. The result can be useful and can provide guidelines for management and control the
spread of Mesquite.
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