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The Negative Role of Soil Salinity and Waterlogging on Crop Productivity in the North-
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Abstract: Soil salinity and Waterlogging conditions  are the major threats to the sustainability of irrigated
agriculture lands in Egypt. About 40% of the cultivated area is affected to some extent by waterlogging
and soil salinity as solely elements or together. A sample of 26 pilot areas were selected to evaluate the
individual or combined effect of waterlogging and soil salinity on cotton, wheat, sunflower and rice yields.
The crop yields were measured separately for waterlogged fields and those affected with salinity and
waterlogging simultaneously. The extent of yield loss as result of a rise in the water table from >1.5 m
to less than 1 m was 27 and 33% for wheat and sunflower crops, respectively. Whereas, it was 7 and 6%
in the case of a drop of the water table to more than 1.5 m. As for cotton, a rising water table above1.5
m to 1–1.5 m and less than 1 m gave a yield decrease of about 11 and 60% respectively. The rice crop
preferred waterlogging, and in contrast to other crops, gave about 7% less yield with a lowering of the
water table from less than 1 m to 1–1.5 m. The wheat and sunflower yields had decreasing trends with
salinity excess 4 dS m!1 and had complete failures with salinity greater than 12 dS m!1 at water table
depths less than 1, 1–1.5 and more than 1.5 m. The cotton crop demonstrated a relatively higher salinity
tolerance under a water table deeper than 1 m. However, this crop could not survive at salinity levels
excess 12 dS m!1 at water table depth of less than 1 m. The rice crop was a complete failure at salinity
level of greater than 12 dS m!1 under water table depths less than 1 and 1–1.5 m. The combined effect
of waterlogging and salinity was more harmful to crop yields when compared with the individual effect
of waterlogging. The combined analysis of waterlogging and salinity on crop yields gave a good
sensitivity for the salinity-yield relationships and verified the magnitudes of subsurface drainage. 
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INTRODUCTION

At present, only 5.4 percent of the land resources
in Egypt represent intensive cultivated land, and about
40 percent of it is subjected to salinity, sodicity and
waterlogging problems[6]. Estimates of the global extent
of irrigation-induced soil salinity vary, but there is
widespread agreement that the twin menaces of
waterlogging and salinization represent serious threats
to the sustainability of irrigated agriculture in many
arid and semi-arid regions. Saline and sodic (alkali)
soils can significantly reduce the value and productivity
of irrigated land. Soil salinity and related problems
generally occur in arid or semi-arid climates (such as
Egypt), where rainfall is insufficient to leach soluble
salts from the soil or where surface or internal soil
drainage is restricted.

To overcome the problem, massive governmental
efforts were initiated in the early 1950's with the
planning and constructing of drainage systems in the
Nile Delta and valley. The drainage projects

implemented included the construction of open surface
drains, and horizontal subsurface pipe drainage.
However, important developments have taken place
since the start of the execution of large-scale sub-
surface drainage projects in the 1970's.

Despite all these efforts, there is a general
consensus that the problem of waterlogging and salinity
is not yet completely over even in the completed
treated areas. Lowering of the water table, to some
degree, was achieved through massive development of
private water and soil management. But salinity
developed in normal soils as a result of irrigation with
poor irrigation water quality, seepage from irrigation
canals, lakes and Meditrarrian Sea. It is estimated that
30% of the Nile Delta areas are waterlogged and 12%
is saline. This “twin menace” does not necessarily act
in isolation; sometimes, however, problems with excess
water occur in the absence of salinity. Excessive water
may, however, induce high water tables, which, if
saline, contribute to soil salinity. Several studies
showed the correlation between waterlogging, salinity
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and crop yields. Katerji[4], Mass and Hoffman[5] and
Schleiff[13], evaluated the relative salt tolerance of
agricultural crops and obtained relationships between
relative yield and soil salinity. They concluded that the
yield decreased approximately linearly as salinity
increased beyond the threshold salinity level. Katerji[4]

reported linear decreases in both grain and dry matter
yields of corn and alfalfa with an increase in salt
levels. Girdhar[3] found a linear reduction in the growth
and yield of rice with increasing waterlogging and
salinity levels. Mohamedin[7] found that the crop yields
of wheat, berseem, maize and rice grown on heavy
clay soils in the north of Nile Delta were considerable
affected by waterlogging and soil salinity under
different drainage systems. Finney[2] suggested that the
water table should typically be at least 0.3–0.6 m lower
than ground level and possibly even more, if the
ground water is saline rather than fresh. Mohamedin[8]

and Abd El-Kader[1] revealed that sunflower yield was
linearly decreased as ground water table rose. MALR[6]

reported that the cultivated areas of wheat, berseem
(Egyptian clover), cotton, rice and maize in 2008, were
1227052, 680575, 131390, 743606 and 781665 ha,
respectively. The productivity of these crops were
6.502, 71.343, 2.423, 9.618 and 8.068 ton/ha,
respectively. By world standards, Egypt ranked first in
rice, sugarcane and sorghum productivity per unit area.

A continuous addition to ground water from
irrigation systems, along with deep percolation from
fields, has resulted in rising ground water levels, which
have caused waterlogging and salinity over vast tracts
of agricultural lands. The situation is particularly more
alarming in the irrigated agriculture area of the Nile
delta. The drainage process was designed in the studied
area to raise agricultural production by reducing land
deterioration due to waterlogging and salinity through
the reduction of seepage losses from irrigation
channels, combined with surface and subsurface
drainage by lowering the water table depth. This
position revealed that the determination of salt effects
on crops, particularly on the yield of major crops in
waterlogged and saline conditions, is highly important.
Therefore, this investigation was conducted to verify
the impact of waterlogging and salinity, both separately
and in combination for major crops of the area.

The irrigation water conveyance system in the
studied area is unlined. The area falls in the cotton-
wheat-rice agroecological zone with wheat, cotton,
sunflower, maize and rice as major crops. Average
annual rainfall is 5.58 mm. About 70% of the average
annual rainfall occurs from December to February. The
hottest month is June, where the average maximum
temperature over a period of 10 years (1999–2009) is
29.13 °C. The temperature frequently exceeds 35 °C in

the month of June. Based on the mean monthly record,
January and February are the coldest months of the
year, with the mean maximum and minimum
temperatures being 22.1 and 11.39 °C, respectively. 

MATERIALS AND METHODS

The studied area is located in north east of the
Nile Delta and represents a fertile productive soil and
is a part of the continuous irrigation system (Fig.1).
The effects of waterlogging and salinity conditions, as
solely elements or together, on cotton, wheat, sunflower
and rice yields. In order to achieve this objective, a
sample of 26 pilot areas was selected adopting the
procedure of Linear Systematic Sampling (LSS). The
entire area was surveyed to document existing water
table depths and salinity levels. For categorizing the
cultivated units in different water table ranges, which
were recorded from the 78 piezometers installed at the
head, middle and tail of the selected areas. Table (1)
provides the water table positions and depths in the
selected areas during the summer (April–September)
and winter (October–March) seasons. The water table
depth less than 1.0 m represented waterlogged, 1.0-1.5
m semi-waterlogged and more than 1.5 m normal or
semi-drained conditions. The procedures for selection
of field sites under each trial are described as follow.

Field Sites That Are Suffering from Waterlogging:
The field sites were selected at 26 pilots areas
throughout the studied area based on water table
depths. On an average of 9 field sites (Table 2) each
at water table depth of either <1 m or 1.0-1.5 m, and
8 for >1.5 m depth were established for cotton, wheat
and sunflower crops for collecting data regarding
existing management practices, soil characteristics,
water table depth, crop yields, etc. The rice crop was
confined to represent only the first one water table
depths because no farmers grow rice when the water
table depth exceeds 0.5 m. The management practices
noted at these field sites from sowing harvest of crops
were entirely according to farmer practices. Each of
these field sites generally measured an area of 0.5
feddan. To assess the impact of waterlogging on crop
yields, all field sites earmarked for the purpose were
normal and free from any salinity/sodicity hazard. The
soil salinity analyses indicated that the soil salinity was
less than 4 dS m!1 in all the field sites. According to
Piper[10], mechanical composition of the soils for the
various field sites indicated that the soils invariably
belonged to the silty clay category (i.e., sand = 9.8%,
silt = 43.7% and clay = 46.5%).
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Fig. 1: Location of the studied areas and soil profiles.

Field Sites That Are Suffering from Waterlogging
and Salinity Condition: To assess the impact of
salinity on crop yields, field sites were earmarked
under three water table depths of <1, 1.0-1.5 and >1.5
m (Table 3). An effort was made to select fields of
uniform salinity conditions according to three salinity
levels of <4, 4–12 and >12 dS m!1 each representing
normal, moderate and saline conditions. Three
cultivated units, measuring 0.2 fed, were selected under
a specific water table depth for each crop. These units
were further subdivided according to the available
salinity levels and crop conditions observed in relation
to soil salinity. The crop yields were recorded from the
salinity subunits in kilograms per feddan. Soil salinity
was recorded with an EC meter at crop germination,

mid-growth stage and finally at the harvest stage of
each crop. For comparison of EC measurements, 70
soil samples were also taken for laboratory analysis.
Few measurements of soil salinity levels provide some
insights regarding sodicity, but not sufficient for an
effective analysis. 

Statistical analysis was computed using the SAS
program[12].

RESULTS AND DISCUSSION

Impact of Waterlogging on Crop Yields: The actual
and relative crop yields as average, for the studied
crops under water table depths are given in Table (4).
The cotton crop showed a constant increase in yield
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Table 1: Water courses under different water table depths during summer and winter seasons.
Description Summer season Winter season

------------------------------------------------------------ -------------------------------------------------------------------
Water table depth (m) <1.0 1.0-1.5 >1.5 <1.0 1.0-1.5 >1.5
Water courses (no.) 15 8 3 12 12 2
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AAA (fed.) 303 421 484 502 207 363
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Percentage 57.7 30.8 11.5 46.2 46.2 7.7
AAA = Agricultural Actual Area 

Table 2: Field sites under different water table depths and field crops
Water table depth (m) Cotton Wheat Sunflower Rice
<1.0 10 12 12 10
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0-1.5 11 11 10 8
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
>1.5 8 8 8 ---
Total 29 31 30 18

Table 3: Field sites under different water table depths and salinity levels.
Water table depth Soil salinity Cotton Wheat Sunflower Rice
(m) ECe, (dS m-1)*
<1 <4 1 1 2 1
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4-12 5 5 4 4
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>12 2 2 1 1
1.0-1.5 <4 1 1 2 1
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4-12 3 4 4 4
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>12 3 2 1 1
>1.5 <4 1 1 2 ----
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4-12 3 4 4 ----
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>12 3 2 1 ----
Total 22 22 21 12
*ECe was determined in soil paste extract according to Richards[11].

with successive increases in water table depths and the
maximum yield was observed at the deepest water
table (>1.5 m) while the wheat and sunflower yields
reached their maximum values at water table depth of
1.0-1.5 m. However, the yields of cotton, wheat and
sunflower recorded the lowest values under the
shallowest water table (<1 m). The negative effect of
a shallow water table is more pronounced for cotton
than for wheat and sunflower, due to it is more
sensitive to a shallow water table, which usually rises
just after the irrigation (Table 1). As a shallow water
table depth certainly deteriorates the physiological and
environmental conditions in the root zone, hence the
impact of waterlogging, that possess the high water
table, was very effective on crop growth and ultimately
for yields. In opposite to other crop yields, the rice
yield was slightly better at a shallow water table.

In view of the effect of different water table
depths on crop yields, a statistical analysis (ANOVA,
F-Test) showed that there was a significant difference
between the yields of cotton and wheat crops under
shallow water table depth, but the effect on the rice

yield was insignificant (Table 4). In case of semi-
waterlogged condition, (i.e., 1.0-1.5 m water table
depth) the yields of cotton, wheat and sunflower crops
showed insignificantly differences.

Impact of Both Waterlogging and Salinity on Crop
Yield: The actual and relative crop yields (average)
throughout field sites jointly affected with salinity and
waterlogging are given in Table (5). The data indicate
that the maximum yields of all crops was obtained at
salinity levels of <4 dS m!1 under each water table
depth, whereas the minimum yields were recorded at a
shallow water table for three categories of salinity
levels. The yields of all the studied crops had a
decreasing trend, when soil salinity excesses than 4 dS
m!1 at all water table depths. A complete crop failure
was recoded in respect of each wheat, sunflower and
rice above a salinity level of >12 dS m!1 within all
categories of water tables, but there was no yield of
cotton under the shallowest water table. The relative
yields in case of wheat and sunflower were higher for
a  water  table  depth  of 1.0-1.5 m than >1.5 m. This 
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Table 4: Actual (kg/fed.) and relative crop yields (%) under different water table depths
Water table Cotton Wheat Sunflower Rice

------------------------------------------------------ ----------------------------------------------- -------------------------------------------------- -------------------------------------------
depth (m) (Kg fed.-1) (%) SL (Kg fed.-1) (%) SL (Kg fed.-1) (%) SL (Kg fed.-1) (%) SL
<1.0 753 40 s 1920 78 s 28701 72 ns 1905 107 ns
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0-1.5 1670 89 ns 2641 107 ns 42529 106 ns 1779 100 ---
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
>1.5 1878 100 --- 2461 100 --- 40026 100 --- --- --- ---
SL: significant level; s: significant; ns: not significant.

Table 5: Actual and relative crop yields under different water table depths and salinity levels.
Water table Soil Cotton Wheat Sunflower Rice
depth salinity ---------------------------------------------- ---------------------------------------------- ----------------------------------------------- -------------------------------------------
(m) (dS m-1) (Kg fed.-1) (%) SL (Kg fed.-1) (%) SL (Kg fed.-1) (%) SL (Kg fed.-1) (%) SL
<1 <4 0 0 ns 0 --- --- 0 --- --- 0 --- ---
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4-12 518 38 ns 1277 68 ns 16050 61 ns 1164 162 ns
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>12 997 44 --- 2150 73 --- 29643 72 s 2050 110 ---
1.0-1.5 <4 114 77 ns 0 --- --- 0 --- --- 0 --- ---
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4-12 1163 85 ns 1963 105 ns 23653 89 ns 720 100 ---
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>12 1896 83 --- 3091 104 --- 43399 105 ns 1870 100 ---
>1.5 <4 149 100 --- 0 --- --- 0 --- --- --- --- ---
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4-12 1376 100 --- 1876 100 --- 26467 100 --- --- --- ---
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>12 2287* 100 --- 2961 100 --- 41314 100 --- --- --- ---

Table 6: Threshold soil salinity and slope under different water tables.
Crop < 1 m 1.0-1.5 m > 1.5 m

------------------------------------- ---------------------------------- -----------------------------------------
dS m-1 b dS m-1 b dS m-1 b

Cotton 0.00 6.99 3.23 7.47 5.95 11.18
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Wheat 2.87 12.01 5.57 16.87 4.75 13.67
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sunflower 0.29 10.48 3.61 13.73 3.26 13.26
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Rice 4.50 31.07 3.67 17.35 --- ---

reflected the value of the higher water table supplying
water to the root zone by capillary rise, especially in
the period when evapotranspiration losses were at a
maximum. This result also implied that unreliable canal
water supplies were not adequate to satisfy the crop
water requirements. Although rice is frequently and
heavily irrigated as it is similar to that of a high
cultivated crop like wheat, a high dilution effect on the
salts is expected during the growing period, but salinity
proved much more injurious to rice production under
waterlogged conditions. A drastic reduction in the crop
yields pointed towards the severe effect of salinization
and waterlogging for agricultural productivity.

The statistical analysis (ANOVA, F-Test) showed
that the combined effect of waterlogging and salinity
was insignificant on the yields of all crops, except
sunflower at the normal saline condition under a
shallow water table (Table 5). The results of the linear
regression analyses of the relationships between relative
yield and salinity for cotton, wheat, sunflower and rice
are presented in Figures 2-5. The potential yields for
cotton, wheat, sunflower and rice were taken as 1878,
2551, 41 278 and 1779 kg fed!1, respectively. The
yield of cotton was considered under the normal water
table and saline conditions (Table 6). For wheat and
sunflower, the average values of water table classes at

1-1.5 and >1.5 m were taken as a reference, because
the higher yields were obtained from a water table
depth of 1.0-1.5 m as compared to the >1.5 m water
table depth. In the case of rice, the reference yield was
considered under the second category of waterlogging
to assess the impact of high water table and salinity on
the crop yield. The behaviour of trend lines under
water table depths of 1.0-1.5 and >1.5 m (Fig., 2) was
opposite to that of (Fig., 3) at the same depths.
However, the differences before and after the
intersection point was less in the case of the wheat
crop. Fig. (4) also illustrated a very little difference
between the trend lines under both water table depths.
This situation proved the conclusion that the water
table depth of 1.0-1.5 m was more favourable for
wheat and sunflower.

Figure 5 showed a quite contrary response to the
high water table as compared with the other crops. The
high water table was somewhat more favourable due to
more water retention and effective flooding for good
crop growth. The threshold salinity values (dS m!1) and
yield reduction slope (b) determined from the figures
under each water table depth are given in Table 6.
Results showed that cotton crop was very sensitive to
salinity under a high water table. As the water table
became  lower,  the threshold salinity level increased 
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Fig. 2: Relative cotton yield as affected by different water table depths and soil salinity levels.

Fig. 3: Relative wheat yield as affected by different water table depth and soil salinity levels.

with a faster reduction rate of the crop yield.
Sunflower was the second most sensitive crop under
the waterlogged conditions as compared to wheat and
rice. Under semi-waterlogged and normal conditions
(1.0-1.5 and >1.5 m depth), the rate of yield reduction
was almost the same but faster than at the shallowest

water table depth. Wheat had the greater threshold
salinity level in semi-waterlogged conditions (1.0-1.5 m
water table depth), but the yield reduction rate was
more than the others. A suitable reason might be the
convective transport of salts from normal depth to the
root zone due to capillary rise. 
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Fig. 4: Relative sunflower yield as affected by different water table depth and soil salinity levels.

The rice crop was less sensitive to salinity under
the high water table than the lower one because
harmful salts were leached down to deeper soil layers
due to intensive irrigation. However, the yield reduction
rate was more under waterlogging conditions, may be
due to some physiological characteristics of this crop.
The greater yield reduction rate as compared to other
crops indicated that rice was very sensitive to salinity.
A statistical analysis on the threshold values for cotton
supported the results given in Table 6. At a water table
depth of less than 1 m, cotton, wheat, sunflower and
rice could not survive at salinity levels of 12.3, 11.1,
9.7 and 7.2 dS m!1, respectively, whereas the lethal
limit were 16.6, 12.0, 10.7 and 9.0 dS m!1 at water
table depth of 1.0-1.5 m. The combined impact of
waterlogging and salinity was very harmful to crop
yields when compared with the individual effect of
waterlogging. Of course, waterlogging and salinity
together were detrimental to yields for all the major
crops, but salinity exerted a much higher reduction in
yields when compared to waterlogging.

From the abovementioned results, it could be
concluded that waterlogging and salinity are generally
interlinked and have highly adverse effects on crop
production, both individually and collectively. The
shallow-rooted crops, due to a peculiar rooting pattern
and limited penetration, can withstand a high water
table, while deep-rooted crops (such as cotton)
surrender much earlier. The extent of yield loss as a
result of a rise in the water table from 1.0-1.5 m to
less than 1 m was 27 and 33% for wheat and

sunflower crops, whereas it was 7 and 6%,
respectively, in the case of a drop of the water table to
more than 1.5 m. As for cotton, a rising water table
from >1,5 m to 1.0-1.5 m and less than 1 m gave a
yield reduction of about 11 and 60%, respectively. The
rice crop preferred waterlogging, and in contrast to
other crops, gave about 7% less yield with a lowering
of the water table from less than 1 m to 1.0-1.5 m.
The wheat yield had a decreasing trend with salinity
exceeds 4 dS m!1, and had complete failure with
salinity greater than 12 dS m!1 at water table depths of
less than 1, 1.0-1.5 and more than 1.5 m. The cotton
crop demonstrated relatively higher salinity tolerance
under a water table at more than 1 m. However, this
crop could not survive at salinity levels exceeds 12 dS
m!1 at a water table depth of less than 1 m. The
salinity resistance by sunflower was identical to that of
wheat. The salinity damage was very noticeable for
rice yield. The crop was a complete failure at a salinity
level greater than 12 dS m!1 under water table depths
of less than 1 and 1.0-1.5 m Nijland and El-Guindy[9]. 
Finally, this study came at a conclusion that the
combined effect of waterlogging and salinity is a very
complex phenomenon, which still needs to be
confirmed through a wider field testing because the
investigation on root water uptake is not fully studied
in the presence of both salinity and waterlogging
conditions

Also, the obtained results of this work strongly
verify that subsurface drainage interventions must not
go deeper than 1.5 m in the same studied conditions.
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Deeper installations of subsurface drainage will raise
the installation and operational costs, besides delaying
the leaching process. The degradation of soil resources
through land abandonment and reduction in crop yields
by the twin problem of salinization and waterlogging
needs immediately and highly effective drainage and
reclamation measures in the affected areas to satisfy
the increasing requirements of foods, industrial raw
materials, and ultimately the enhancement of the
agriculture sector income.
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