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Introduction                                                               

In arid and semi-arid regions, salinity is a serious 
and chronic problem for agricultural production 
(Chen et al., 2010). Salinity causes unfavorable 
environment and hydrological situation for crop 
production, depending on the degree of salinity 
at the critical stages of the plant growth, which 
reduces yield, especially in the dry season (Rasel 
et al., 2013). Semiz et al. (2012) reported that 
increasing ECe decreased biomass production 
of fennel. Salinity also, is a major limiting factor 
for crop yield in poorly drained soils (Patel et 

al., 2002). Also, increasing ECe up to 13.4 dS/m 
decreased cotton and wheat yields by 29.6 % and 
35.4 %, respectively (Cullu, 2003). Mitigating 
this problem requires assessing and measuring 
soil ECe in a quick, reliable and cost-effective 
manner (Amezketa, 2007). Assessing soil ECe can 
be done using apparent electro conductivity (ECa) 
measured by EM38 and a small amount of soil 
samples (Lesch et al., 2006), to map the spatial 
distribution of soil ECe (Wu et al., 2009).Also, 
Aboelsoud and Abdel-Rahman (2017) reported 
that EM38 with satellite images can be used to 
produce salinity maps in a short time and low 
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costs. Therefore, measureming ECa is a reliable, 
rapid means of establishing the spatial variability 
of soil physicochemical properties associated 
with variations in crop yield (Corwin et al., 2003).

Water-table depth is an important factor for 
soil salinity. Plants derive water directly from the 
shallow groundwater table, cause upward capillary 
flow of groundwater and bring salts into the root 
zones, especially with poor water quality (El-
Nashar, 2013).So, the increase of groundwater ET 
by crop led to the buildup of salinity (Karimova 
et al., 2014) depending on groundwater position 
and soil and crop characteristics (Soppe and 
Ayars, 2003).However, shallow ground water is 
considered one of the affective factors of salinity 
as salinity rising up by capillary action (Mohamed 
et al., 2011and 2013).Crop production can suffer 
as a result of water logging and/or excess soil 
salinity (Houk et al., 2004). It can be stated in a 
general way that the water logging problems in 
arid and semi-arid regions are usually associated 
with high salinity (Kandil et al., 1995) and there is 
a close relation between soil ECe and the drainage 
conditions (Goossens et al., 1993).

The water infiltration of soil is decreased 
by time in poor structured soils. Therefore, the 
infiltration rate can be restricted by poor soil 
management, where the water does not readily 
enter the soil and moves down or ponds on 
the surface and evaporates (Haghnazari et al., 
2015). Thus, less water is stored in the soil for 
plant growth, resulting in less plant production. 
Starting with a dry soil, the infiltration rate is 
high and as the pores filled with water the suction 
gradient decreases and by time it approaches 
zero (Laland Shukla, 2004). Whereas most soils 
have low permeability, their infiltration capacity 
tends to decrease greatly due to corruption of 
soil structure as soils are saturated (Wang et al., 
2012). However, soil texture influences the rates 
at which groundwater can flow from the saturated 
zone to roots through its influence on hydraulic 
conductivity (Hillel, 1998) and the infiltration rate 
was higher in deep water table than in shallow 
water table (Shermohammadi and Skaggs, 1984). 

Watertable depth is an important factor for 
crop production. Although shallow ground water 
can represent a highly valuable resource, it may 
also entail a serious risk when its depth reaches 
detrimental levels to vegetation (Jobba´gy and 
Jackson, 2007) due to water logging and root 
anoxia (Ayars et al., 2006 and Nosetto et al., 
2009) or due to soil salinity (Khan and Hanjra, 

2008). Also, Brisson et al. (2002) observed that 
when water table is very shallow, soil water logging 
limited the growth of wheat roots due to the reduced 
oxygen in the soil.However, Kahlown et al. (2005) 
reported that crops tolerant to water logging will 
be more likely to grow with shallow water table 
conditions. Thus, the yield in the non-waterlogged 
area was double as compared to the waterlogged 
conditions (Kakar, 2000) while the relative yields 
of the winter wheat and bean in the drained soils 
were higher by 11.2% and 24.7 %, respectively 
than improper drained soils (Kale, 2012). On the 
other hand, corn grain yields in the 80-cm water-
table depth were significantly reduced and the 
maximum grain yields were obtained with a 60-cm 
depth (Tan et al., 1995), while the lowest yields 
were obtained with 20-30 cm depth in loamy and 
silty loamy soils (KalitaandKanwar, 1993). Also, 
the greatest soybean yields were recorded with 
water-table depth of 60-cm (Mortazavi et al., 2015), 
with 70 cm (Shimada et al., 1997) or with 15-30 
cm (Nathanson et al., 1984), while with water table 
below 15 cm, its yield was 48% less than that with 
60 cm (Sarwar, 2002). They added that water table 
oscillating between 1.2 and 2.0 m deep is optimal 
to obtain a high yield of corn, sunflower, wheat and 
sorghum. KahlownandIqbal (1999) also reported 
that a water table depth of greater than 2.0 m was 
more favorable for cotton, 1.0 to 2.0 m for wheat, 
and less than 1.0 m for rice. Moreover, the optimal 
depth of the water table to obtain maximum yield 
was found to be 2.0 m for corn and sunflower, 1.2-
1.5 m for wheat (Kang et al., 2001) and 0.61-0.76 
m for beans (Williamson,1968). Florio et al. (2014) 
using analyzing MODIS and Landsat images, 
stated that maize yield with deep water-tables 
(>4.0 m) was significantly reduced to be between 
a quarter and a half of yields with optimum depth 
(1.5-2.5 m), especially during dry seasons.

The integration of satellite imagery and 
GIS has enabled new evaluation possibilities in 
agricultural areas. Despite some criticisms, remote 
sensing techniques have been shown to be a rapid 
and useful tool in monitoring and predicting salt-
related crop productivity problems (White, 1997). 
The use of satellite imagery for monitoring salinity 
has proved feasible in large areas where salinity 
is already a serious problem (Metternicht, 2001). 
Also,remote sensing and GIS are useful tools 
for estimating the effects of soil salinity on crop 
production (Cullu, 2003). In addition, if the yield 
correlates with ECa, maps of ECa will be useful 
to identify soil properties influencing yield within 
a field (Corwin et al., 2003).Eric et al. (2004) 
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reported that numerous commercial EC mapping 
systems are being used in precision agriculture, 
and many of these maps are being layered in a 
GIS with yield data to explain yield variability. 
Finally, Singh et al. (2016) reported that the 
use of electromagnetic induction along with 
geospatial modeling provide a better opportunity 
for understanding spatial distribution of soil 
properties and crop yields on a landscape level 
and to map site-specific management zones.The 
objective of this study, therefore, was to evaluate 
the impact of water table depths on soil salinity 
and crop biomass yield in North Nile Delta using 
remote sensing and GIS. 

Materials and Methods                                               

This study was performed, in about 200 ha 
at North Nile Delta-Egypt, during 2015/2016 to 

evaluate the impact of water table depths on soil 
salinity changes and crop biomass yield using 
remote sensing and GIS techniques.The area lies 
between 31° 14’ 0.0” and 31° 11’ 0.0” N and 30° 
58’ 0.0” and 31° 01’ 0.0” E (Fig.1). The mean 
annual temperature ranged between 5.7-34.2 °C 
and the average annual precipitation was about 
150 mm. The area is a new reclaimed clayey 
soil (EC values varied from 5to8 dS/m) with low 
hydraulic conductivity (HC) and infiltration rate 
(IR). The chemical and physical analysis was 
carried out using the methods outlined in Black 
(1965) and Jackson (1967) and the results obtained 
are shown in Tables1 and 2.The area is under 
subsurface drainage system installed at a depth of 
approximately 2.0 m with 25 m laterals spacing. 
The water table in this area ranged between 0.5-
1.5 m below the ground surface.

Fig. 1. The studied area

TABLE 1. The average value of the main physical properties of the soil of the studied area.

Depth
(cm)

Soil FC
(%)

IR
cm/h

HC
m/day

BD (ton/
m3)

Sand
%

Silt
%

Clay
%

Soil
texture

0–30 41.6 0.4-0.8 0.12-0.26 1.30 17.9 26.6 55.5 Clayey

30–60 43.1 - - 1.33 18.2 25.8 56.0 Clayey

60–90 43.5 - - 1.38 18.2 24.2 57.6 Clayey
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TABLE 2. The average value of the main chemical properties of the soil of the studied area

Depth
(cm)

ECe
(dS/m)

Soluble cations (meq/l) Soluble anions(meq/l)
SAR

Mg2+/
Ca2+ pH

Na+ K+ Ca++ Mg++ CO3
= HCO3

- Cl- SO4
=

0–30 5.58 37.5 0.6 11.8 13.5 0.0 5.0 25.2 33.1 10.5 1.1 8.1

30–60 6.61 42.5 0.5 13.8 16.5 0.0 5.0 30.2 38.0 10.9 1.2 8.1

60–90 8.12 53.1 0.6 16.9 19.6 0.0 5.0 37.0 48.2 12.4 1.2 8.2

Groundwater position
The groundwater depth (GWD) was monitored 

in 18 observation wells in the period from July 
2015 to June 2016, manually in 10 observation 
wells using a float with electric sounder attached 
to a scaled steel tape (Fig. 2-a). While electronic 
pressure sensors were installed in 8 observation 
wells for automated recording of groundwater 
levels at one hour increments (Fig. 2-b).These 
instruments measure the weight of the water 
column plus the atmosphere pressure situated 
above the sensor (Fig. 2-c), and consequently the 
depth from soil surface to groundwater level can 
be calculated. The GWD after 24 hr, 48 hr and at 
its maximum value after irrigation were recorded. 
Also, the downward movement rate (DDR) 
of water table (cm/day) and the duration time 
(DT),which is the time for water table to reach the 
deepest depth after irrigation were calculated.

Soil salinity
The distribution of soil salinity was 

characterized by soil sampling and electromagnetic 
induction using EM38 (Fig. 2-d). Advantage of 
the apparent soil salinity (ECa) based soil survey 
is the high number of measurements per area unit 
to create maps with a very high spatial resolution, 
as needed for precision farming. The EM38 was 
operated in both horizontal and vertical modes 
to characterize the apparent soil salinity (ECa) 
distribution in 500 locations to cover the area of 
study. The EM readings were performed at relative 
high soil moisture content to minimize the effect 
of soil moisture variations. These measurements 
were carried out a few days after heavy rain at 
middle morning period to avoid the big difference 
in soil moisture and temperature in surface soil 
layer.The ECa data were calibrated to ECe using 
soil samples taken from 30 randomly selected sites 
in the depths of 0-30, 30-60 and 60-90 cm at the 
time of EM survey, and ECe was determined in 
soil paste extract. The ECe values predicted from 
ECa data were tracked with GPS that enabled 
them to be plotted on a map that corresponds 

to the other maps being used (water table and 
biomass yield). Salinity map was produced using 
Ordinary Kriging and the Geostatistical analyst in 
ArcGIS 10.1 according to ESRI (2012).

Crop classification
Initial unsupervised classification was applied, 

which is an automated cluster analysis technique 
that uses a minimum spectral distance cluster 
algorithm to assign a pixel to a cluster of pixels 
with a similar attribute. The coordinates of the 
four corners for each selected field were recorded 
using the GPS.Supervised classification was used 
for accurate and precise clustering of pixels into 
land use/land cover classes (Campbell, 1996). 
Land use and crop classification were extracted 
and identified from the satellite images during 
one particular day. Therefore, Landsat ETM+ 
imagery, acquired in July 17th, 2015, and March 
15th 2016 with 30 m ground resolution was used 
to record crop classification of both growing 
seasons. These selected days were suitable for 
spotting rice, cotton, maize and seed melon in 
summer season and wheat, clover and sugar beet 
in winter season. 

Calculation of biomass production
The Normalize Difference Vegetation Index 

(NDVI) is an effective indicator of the surface 
coverage condition for vegetation and also to 
show the stage of growth of the crop canopy. The 
NDVI is calculated by the following equation:

NDVI = (NIR - RED) / (NIR+RED)

where, NIR; near infrared band and RED; red 
band (band 4 and 3 in ETM data, respectively).

The NDVI equation produces values in the 
range from -1 to +1, where vegetated areas 
typically have values greater than 0.2 and less 
values indicate non/vegetated surface features 
such as water, barren or clouds. NDVI values 
vary according to crop age, planting density and 
chlorophyll activity. The relation between NDVI 
value and the actual crop yields were used to 
calculate the biomass production for different 
summer and winter crops using satellite images 
according to Maynard et al. (2006).
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Results and Discussions                                                

Water table status in the study area
The drainage data for the area of study are 

given in Table 3 and Fig. 3,4.The values of water 
table in the area are mainly affected by drainage 
system status and they can be taken to evaluate the 
performance of the drainage system. The depth of 
ground water (GW) was obviously shallow on the 
subsurface collector in Parts 3 since it recorded 
the lowest depths after 24 hr, 48 hr and at the end 
of the duration period from irrigation (31.0, 42.2 
and 80.9 cm, respectively).While GW was slightly 
deeper on the collector serves Part 4 (35.3, 45.8 
and 96.9 cm, respectively). The deepest GW after 

24 hr, 48 hr and at the end of the duration period 
were achieved in Part 1 (58.7, 76.9 and 126.0 cm, 
respectively) with an average of 87.2 cm followed 
by Part 6 (36.4, 61.4 and 124.9 cm, respectively) 
with an average of 74.2 cm.

The data revealed that the drawdown rate 
(DDR) of water table was decreased rapidly by 
the time, where its values through the 1st 24 hr 
after irrigation ranged between 18.5 and 45.1 cm/
day, then decreased to 14.6 -31.2 cm/day through 
the 1st 48 hr after irrigation, while the average 
values during the drawdown period between the 
two irrigations were decreased to 6.2 -10.1 cm/
day. This behavior may be attributed to the poor 

a
         

c                                                                      
Fig. 2. Manual float with electronic sounder (a), automated sensor (b), schematic of observation well (c) and EM38 

to measure apparent soil salinity in the field (d)

d 

b
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soil structured since the water infiltration was 
decreased rapidly by the time and influenced 
the entry of water to the soil asobserved by 
Haghnazarietal. (2015).This may be also due to 
poor drainage system in the area, in addition to 
improper soil physical properties as a result of 
increasing Mg:Ca ratio in soilis over the unity 
which causes a reduction in infiltration rate.

The duration time (DT) is the time for water 
table to reach the deepest level after irrigation. 
Therefore, not only water table depth is important 
for sustainable agriculture, but also how long 
it reaches the deepest level. This means that the 
deep water table with long duration time may 
have a negative effect on plant and soil more than 
the shallow water table with short duration time.
The duration time is inversely proportional to the 

drawdown rate of water table and their values are 
related mainly to the efficiency of the subsurface 
drainage system and soil properties. Consequently, 
the relative long DT (13.1days) with relative 
low DDR through the 1st 24,48 hr or through the 
DT (18.5, 15.1 or 6.2 cm/day ,respectively) are 
recorded with the shallowest GW (80.9 cm) in 
Part3.Otherwise, the shortest DT (9.7 days) with 
quick DDR through the 1st24, 48 hr or through the 
DT (45.1,31.2 or 10.1 cm/day, respectively) are 
recorded with the deepest GW (126.0 cm) in Part1.

Finally, there is an obvious relation between the 
status of drainage system and water table level. So, 
more efficient the drainage systemis, the deeper is the 
water table as observed in Parts 1 and 6. Consequently, 
Part 3 suffers from shallow water table due to poor 
performance of the drainage system.

TABLE 3. Water table, soil salinity and biomass yield in the area of study(2015/2016)

Part

GWD (cm)
DT

(day)

DDR (cm/day) Soil 
salinity
(dS/m

Biomass Yield (t/ha)

after 
24 h

after 
48 h

Max.
during 

24 h
during 

48 h
during

DT
Winter
crops

Summer
crops

Mean

Part 1 -58.7 -76.9 -126 9.7 45.1 31.2 10.1 6.01 52.7 19.7 36.2

Part 2 -28.6 -45.7 -104 14.7 27.1 22.8 7.1 5.68 51.0 20.6 35.8

Part 3 -31 -42.2 -80.9 13.1 18.5 15.1 6.2 6.77 45.5 18.6 32.0

Part 4 -35.3 -45.8 -96.9 13.7 18.7 14.6 6.9 4.93 47.4 21.0 34.2

Part 5 -27.9 -50.3 -102.6 11.2 22.9 22 8.1 5.27 46.0 19.4 32.7

Part 6 -36.4 -61.4 -124.9 13.0 32.1 26.9 8.9 4.64 48.2 20.7 34.4

Mean -36.3 -53.7 -106.7 12.6 27.4 22.1 7.9 5.55 48.5 20.0 34.2

 

Fig. 3. Water table information in the area of study
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Fig. 4. Duration time (day) and DDR (cm/day) of water table for different parts in area of study

Soil salinity as affected by ground water depth (GWD)
The “salt balance” is a concept that is used 

to quantify the salt management status within an 
agricultural area. This will ensure no accumulation 
of salt in the soil profile and should sustain the 
production system. The proper management of 
salts in the crop root zone is a must to limit the 
accumulation to levels that are injurious to crop 
production. Salt in the root zone should have to be 
moved out of the root zone down into the soil profile 
or into the groundwater. This purpose is achieved 
through salt disposal into efficient drainage system or 
planting more salt tolerant crops as the soil becomes 
more saline.Table 3 and Fig. 3 & 5 showed a negative 
but insignificant correlation between GWD and soil 
salinity (R2 = 0.576 and r= -0.483, P < 0.05).The 
coefficients of determination (R2) can be used to 
explain the variability in soil salinity with different 
GWD. So, R2 value in Fig 5 indicated that about 
60% of soil ECe value is determined by GWD.
Therefore, there are in somewhat relations between 
the ground water depth and soil salinity, or the deeper 
is the ground water, the lower is the ECe value. Part 
3 which suffers from shallow water table (80.9 cm) 
due to poor performance drainage system and its 
soils, in sequence, had salinity levels higher than 
that in other Parts (6.8dS/m). On the other hand, the 
lowest salinity level was found in Part 6 (4.6dS/m) 
which has relatively deep ground water (124.9 cm). 
These results are consistent with those obtained by 
Villa-Castorena et al. (2003) who observed that 
shallow water tables with insufficient leaching and 
lack drainage management are the main reasons for 
soil salinization. The illogical trend was observed 
in Part 1,where its soils have relatively high 
salinity level (6.0 dS/m) with the deepest ground 
water (126 cm) and the shortest duration time (9.7 
days) comparing to other parts.This behaviour can 
be related to that this part may be suffering from 
shortage of fresh water, so the farmers have to 

use drainage water for irrigation and/or add low 
volume of irrigation water causing accumulation 
of salts in soil.Also,some farmers have to add some 
chloride salts to cause slight increase in soil salinity 
and consequently friability of soilin surface layer 
especially with sugarbeet.This behavior  agrees 
with Horneck et al. (2007) who suggested that 
high EC in irrigation water and soil maintains soil 
structure and increases water infiltration. 

Biomass production as affected by GWD and soil salinity
According to the crop classification, the 

dominant crop in summer season was rice followed 
by maize, cotton and seedmelon, while in winter 
season; the dominant crop was wheat followed 
by clover and sugarbeetas shown in Fig 6. Crop 
biomass yield is affected mainly by soil salinity 
and soil moisture stress related to irrigation 
and drainage managements, crop varieties and 
farmers skillfulness.Also, EC-yield relationships 
may invert from year to year, depending on 
rainfall (Jaynes et al., 1995).Since the GWD and 
soil salinity are important factors affecting the 
biomass yield, its value can be predicted from the 
following relation:

Biomass yield (t/ha)=24.8175200968+0.273
89266745(GWD)-0.920332671(SS)  (R2= 0.64)

Where, GWD, ground water depth (m) and SS, 
soil salinity (dS/m).

Relationship between biomass yield and GWD
The relationship between GWD and biomass 

yield is more complex, where; it is rarely to be 
linear correlation. The mean value of biomass 
yield of summer and winter crops differs 
positively with GWD, but the relationship is 
relatively weak according to the resulting value 
of R2(0.554). Also, aweakpositive correlation 
was observed between biomass yield and GWD 



64

Egypt. J. Soil. Sci. 58, No. 1 (2018)

M. M. AMER et al.

Fig. 5. Soil salinity (dS/m) as affected by GWD (cm)

Fig. 6. Crop patternof the studied area for summerand winter seasons



65

Egypt. J. Soil. Sci. 58, No. 1 (2018)

ASSESSING THE IMPACT OF SHALLOW GROUNDWATER ON SOIL SALINITY

(r=0.707, P<0.05), as shown in Table 3 and Fig. 
7. In addition, coefficients of determination 
indicated that only 55 % of the biomass yield 
variability may be related to the GWD values.
The obtained trend shows that the biomass yield 
of crops is increased with increasing GWD up to 
126 cm. The maximum biomass yield (36.2 t/ha) 
was achieved when GWD was approximately 
126 cm in Part 1 while the lowest yield (32 ton/
ha) was observed with about 81 cm GWD in 
Part 3. This trend may be related to the aeration 
and moisture status in soil root zone which 
depend on GWD. These results are consistent 
with Pelletier etal. (2015) who reported that the 
hypoxic stress with shallow ground water could 
be more damaging than water stress since for 
each GWD step of 10 cm, the yield increased by 
15% between 25 and 60 cm due to improving soil 
aeration and decreased by 8% between 60 and 
120 cm due to increasing soil moisture stress. 
Also, oxygen supplies to a crops root, nutrient 
uptake, crop growth, and yield are reduced as 
a result of a shallow water table (Wesseling, 
1974).In general, when a shallow water table 
exists, the yields of most crops can be related to 
their root lengths. Therefore, the optimum water 
table depth, at which aeration, moisture, and 
nutrients are available, can maximize the yields 
of most crops. While, with water table above 
this threshold depth, crop yields begin to decline 
(Evans and Fausey, 1999).

The relationship between doil ECe and biomass 
yield

Table 3 and Fig. 3 show data from the 
studied area exhibiting soil EC-biomass yield 
relationship. A negative significant correlation 
was observed between root zone electrical 
conductivity and biomass yield especially in 
summer season (r =–0.80, P> 0.05).On the other 
hand, coefficients of determination, R2 (0.69) 
indicated that more than 67% of crop biomass 
variability is determined by ECe as shown in Fig 
8.These data suggest that the yield potential with 
low ECe in Parts 4 and 6 (4.64-4.93 dS/m) is 
about 10 % higher than that with relatively high 
soil salinity in Part 3 (6.77dS/m).These results 
are consistent with those observed by Ayers and 
Westcot (1985) who reported that soil salinity 
problem exists when the buildup of salts in a crops 
root zone is significant enough to decrease crop 
yield.Also, Maas and Hoffman (1977) concluded 
that crops are generally unaffected by salinity 
up to a threshold at which the yield begin to 
decrease linearly as soil salinity levels increase.

On the other hand, the relationship between soil 
ECe and yield has been reported and quantified 
by Fleming, et al. (1998).Also, soil is the primary 
growth medium for crops, so it is not surprising 
that maps of soil physical properties and yield 
maps show visible correlation. Therefore, soil 
ECe can serve as a proxy for soil physical 
properties such as organic matter (Jaynes et al., 
1994). These properties have a significant effect 
on water and nutrient-holding capacity, which 
are major drivers of yield (Jaynes, 1995). They 
added that ECe-yield relationships must be 
taken in consideration since it may be inverted, 
depending on the annual rainfall.

TheIntegration of Satellite Imagery and 
Geographic Information System

This has enabled new evaluation possibilities 
in agricultural areas in relative short time and low 
costs. The correlation analysis is an important 
first step in investigating the causes of yield 
variability. The visual similarities of the maps 
and the statistical correlation of the data indicate 
that the patterns are not random as shown in 
Fig (9). Different trends begin to be observed 
in the field and illustrated in maps using remote 
sensing and GIS techniques, while the correlation 
analysis shows how bad the impacts of both soil 
salinity and GWD on the biomass production 
of the plant cover in the investigatedarea. For 
example, shallow GWDcauses relative high soil 
salinity level and both causelowcropbiomass 
yield as shown in Part 3.In the contrast, deep 
GWD causes relative low salinity level in soil 
and both cause highercrop biomass yield as 
observed in Parts 1, 5 and 6 (Fig 9).This view 
is in somewhatagreed withWu, et al (2008)who 
reported that the overall accuracy of remote 
sensing in detectingsoil salinitywas 90.2%, and 
in detecting cropped area, 98% , consequently 
the remote sensing is a useful tool to detect 
soil salinity and has potential in evaluating and 
improving land and water management practices.

Conclusion                                                                     

The GWD in the investigated area is mainly 
affected by drainage system status and it can be 
taken to evaluate the performance of the drainage 
system. So, more efficient the drainage system, the 
deeper is the GW. The GWD in the investigated 
area ranged between 50 and 150 cm based on the 
performance status of the tile drainage collectors. 
The DDR of GW was decreased rapidly by the 
time, due to poor structured soil. DDR recorded 
6.2-10.1 cm/day through DT which is the time 
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Fig.7. Mean biomass yield of both seasons (t/ha) as affected by GWD (cm)

Fig.8. Biomass yield (t/ha) of summer season as affected bysoil ECe (dS/m)
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Fig. 9. GW distribution (a), EM38 survey of soil salinity (dS/m) in root zone (b), and biomass contour maps of 
summer (c) and winter (d) seasons in the investigated area (ton/ha).



68

Egypt. J. Soil. Sci. 58, No. 1 (2018)

M. M. AMER et al.

for water table to reach the deepest level after 
irrigation. The DT is inversely proportional to the 
DDR of GW and their values are related mainly to 
the efficiency of the subsurface drainage system 
and soil properties. Consequently, the shallowest 
GW was recorded with the relative long DT with 
relative slow DDR and vice versa.

A negative significant correlation was found 
between the GWD and soil salinity. Also, a 
positive weak correlation was observed between 
biomass yield and GWD, whereas its correlation 
with the root zone electrical conductivity was 
significant and negative. The yield potential in 
parts with low EC soils was about 10 % higher 
than that in parts with relatively high salinity.

The integration of satellite imagery and 
GIS has enabled new evaluation possibilities in 
agricultural areas in relative short time and low 
costs according also to Eldiery et al. (2005). They 
reported that the availability and ease of acquiring 
satellite imagery to estimate soil salinity was very 
attractive compared to the labor, time, and money 
invested in field work devoted to collecting soil 
salinity data.

The slow drawdown rate of the excess water 
through soil profile after irrigation indicated that 
the tile drainage system in the area is not efficient 
and/or the soil is compacted due to unfavorable 
chemical and physical properties. So, the new 
facilities can be used to evaluate the productivity 
of soil in wide area as affected by ground water 
depth and soil properties in short time and 
low costs. This is necessary to put proper soil 
improvement program, i.e. a-sub-soiling, b- 
application of some soil amendments such as 
gypsum, sulfur or compost and c- maintenance 
or rehabilitation of the tile and open drainage 
systems in the investigated area.
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تقييم تأثير الماء األرضى الضحل على ملوحة التربة ومحصول الكتلة الحيوية لنباتات شمال 
دلتا النيل باستخدام االستشعار عن بعد ونظم المعلومات الجغرافية 

مجاهد محمد عامر ،هشام محمود ابو السعود ،السعيد حماد عمرومدحت جابر زغدان 
معهد بحوث األراضى والمياة والبيئة- مركزالبحوث الزراعية - الجيزة- مصر 

  أجريت هذه الدراسة لتقييم تأثير المياه األرضية الضحلة على توزيع ملوحة التربة ومحصول الكتلة الحيوية 
للنباتات النامية في أراضى  شمال الدلتا من خالل استخدام االستشعار عن بعد ونظم المعلومات الجغرافية.

الماء األرضى في منطقة الدراسة بشكل رئيسي بحالة نظام الصرف. لذلك،تراوح عمق  وتتأثر قيم عمق 
الماء األرضى في منطقة الدراسة(تم قياسة بمحسات الكترونية) بين 08 و 130 سم بناء على كفاءة أداء مجمعات 
الصرف المغطى فى األجزاء المختلفة. وقد انخفض معدل هبوط الماء األرضى بشكل سريع مع الوقت، وذلك 
بسبب سوء بناء التربة. وكان معدل هبوط الماء األرضى 18.5-45.1 سم / يوم خالل اول 24 ساعة بعد الري، 
ثم انخفض إلى 14.6-31.2 سم / يوم خالل اول 48 ساعة بعد الري ، في حين سجلت 6.2 -10.1 سم / يوم 
خالل الفترة من بداية الرى حتى وصول الماء األرضى إلى أعمق مستوى لة (دورة هبوط الماء أألرضى). و 
يتناسب طول دورة هبوط الماء األرضى عكسيا مع معدل هبوط الماء األرضى وقيمها ترتبط أساسا بكفاءة نظام 
الصرف المغطى وكذلك خصائص التربة. ونتيجة لذلك، كان الماء األرضى األكثر ضحالة مرتبط بدورة هبوط 

طويلة نسبيا للماء األرضى مع معدل هبوط بطيئ نسبيا والعكس بالعكس. 

وتوضح النتائج وجود ارتباط سلبي معنوي بين ملوحة التربة (تم قياسها باستخدام EM38) وعمق الماء 
األرضى.(R2=0.576) ونتيجة لذلك، الجزء الذى يعاني من الماء األرضى الضحل (81 سم) كانت ملوحة 
التربة بة (6.8ديسيسيمنز/م) أعلىمنأألجزاء أألخرى. من ناحية أخرى، لوحظ أدنى مستوى ملوحة تربة (4.6 

ديسيسيمنز/م) في الجزء الذي بة مستوى ماء ارضى عميق نسبيا (125 سم).

 = R2) كما لوحظ وجود ارتباط إيجابي ضعيف بين الكتلة الحيوية للغطاء النباتى وعمق ألماء أألرضى
0.55) ، في حين وجد لها ارتباط سلبي معنوى مع التوصيل الكهربائي لمنطقة الجذور (R2= 0.69(. وكان 
بنحو 10٪ منها في  المحصول في األجزاء ذات ملوحة تربة منخفضة نسبيا (4.6-4.9 ديسيسيمنز/م) أعلى 

أجزاء ذات ملوحة عالية نسبيا (6.8 ديسيسيمنز/م).


