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HIS STUDY was undertaken to investigate the fluctuation and

salinity of ground water in the sotls of Kafr El-Sheikh
Governorate, north Nile Delta, as influenced by cropping, irrigation and
drainage management systems. For this purpose, shallow observation
wells were established in 227 sites distributed in the different regions ol
the Governorate. Water table levels were recorded daily during the
period Nov.1999 - Sept. 2000. Ground water samples werc laken
monthly from the observation wells during the period Nov. 1999 April
2000 1o determine salt content {BC-values) of the ground waier. The
obtained data were used to evaluate the present irrigation and drainage

systems under north Nile Delta conditions.

The obtained resulis showed that the lands of studied regions have a
fluctuated shallow water table. The yearly mean water table level, for
all crops with the exception of rice, ranged between 32 cm and 150 ¢cm
with overall mean of 77 cm. This means that contribution of ground
water by upward flux could form an additional component to the
irrigation water supply. The depth of water table depends on the water
management associated with each crop. Mean depths of water table
during winter season were 72.7, 72.8, 82. 4, 99.0, 109.8 and 124.7 cm
under berseem, sugar beet. wheat, faba bean. winter vegetable crops
and citrus trees, respeciively. The corresponding values during summer
season were 32.8, 58.9, 70.1. 72.8, 79.1 and 111.3 c¢m under rice. sugar
cane, maize summer vegetable crops, cotton and cittus (rees.
respectively. Deeper water table levels were recorded under pipe
drainage system {overall mean 83.]1 cm) than that under open drainage
(mean value = 73.3 cm). The differences between the different pipe

drain spacings were not obvious due 1o the large variability in growing
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crops, irrigation management and local conditions. Mean salt content
(BC values) of the ground water ranged between 1.0 and 14.8 dS/m,
with high values in the eastern and northern regions irrigated with
mixed water. Higher EC values were also observed in the regions with
shallower water table depths.

Concerning the performance assessment of the water managemcenl
systems. the results showed that low relative ground water depths
(RGWD} were obtained in the studied sites due to excessive irrigation
andd cultivation of large areas with rice. Excessive drainage {rate of
water lable drawdwon, RWTD, values more than 1.0} is anticipated in
the case of pipe drain spacing equal to or less than 35 m. while poor
drainage was evaluated in the case of open drainage and pipe drainage
with drain spacing of 50 m and 60 m. The bad water management {low
RGWD values) in many regions could be attributed 1o bad irrigation
management (excessive irrigation} more than to poor drainage. [t is
recommended to regulate the irrigation so that no excessive irrigation
water is applied to the soils, and also to use a modified drainage system
layout in the regions with rice fields in a rotation with other crops.

Keywords: Ground water, Irrigation and drainage conditions, Performance
assessment. Land and cropping management. Nile Delta.

The depth of water table is an indicator of the prevailing soil water conditions,
water supply, aeration, hydrological and hydraulic properties of tie soil (Feddes,
1988 and Ibrahim and Khalifa.1995). Ramirez and Finnerty (1996} found that
water table fluctuations had a pronounced effect on root zone soil moisture,
irrigation water use requirement and agricultural benefits. Shatlow ground water
is a problem on an estimated one-half of the existing irrigation areas in the world
{Rhoades and Loveday, 1950). Traditionally, subsurface drainage has been used
to control the depth of the water tabie and to permit leaching of salts from
irrigated soils. The problem of how to manage irrigation and drainage systems
for best utilization of the shallow ground water resource is an important question
in arid irrigated areas (Ayars and Hutmacher, 1994), '

The water table fluctuation and salinity would be influenced by many factors
such as amount and quality of irrigation water, intervals between irrigalions,
crop type, and drainage conditions (Ibrahim & Khalifa. 1995, Kanwar er al.
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1998 Oztekin et al., 1998 and Ibrahim, 2000) . Evaluation of the fluctuation and
salinity of water table is necessary under intensified irrigation and cropping
systems, and scarce water supply in north Delta region, for effective soil, water
u'nd cropping management. Knowledge of the effects of land and water
management systems on depth and salinity of water table is important. This
provides data for better management and use of the avaible water resources. It is
now realized that many of the irrigation and dratnage projects are not functioning
weli and the anticipated benefits of these projects could not be attained becausc
of environmental degradation in the form of water logging and soil salinity
(Gupta et al., 1998).

During the 1980s concern about poor performance of existing wrrigation and
drainage systems werc highlighted globally and a number of Performance
Assessment Indicators (PAls) were proposed (Bos, 1996). In spite of this, there
has been a general lack of performance assessment exercises in Egypt.
Therefore, one purpose of the present study is to identify PAIs which have direct
relevance to irrigation and drainage systems in north Nile Delta. The aims of the
present study arc: (1) to give more information on the fluctuations of water table
in the soils at Kaf El-Sheikh Governorate, north Nile Delta, during a whole year
under different land management, irrigation and drainage conditions. (2) to
evaluate the influence of land and waler management systems on the depth and
salinity of water table, (3) w identify Performance Assessment Indicators (PAls)
of water management systent in north Nile Delta.

Material and Methods

Daily water table levels were recorded in the soils of 227 sites distributed tn
Kafr El-Sheikh Governorate. north Nile Delta during the period first November
1999 - end September 2000. The measurements were made in observation wells
{plastic pipes 38 mm diameter, 2 m deep with few holes through the pipe near
the bottom end). Ground water samples were collected from the observation
wells once a month during the period Nov.1999 - April 2000 and salt contents
(BC values) were determined as the methods described by Richards (1954).
Averages of PC-values were used in the present study.

The studied sites were chosen to represent wide variation in land and
cropping management systems: wheat, sugar beet, clover, beans, maize. colton.
ricc. sugar cane. vegetable crops and citrus trees, under different drainage
conditions: open drainage, tile drainage with different drain spacings (60.50.
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40,35, 30, 25, and 15 m) and under flood irrigation system with different
irrigation water guantity according to the location, crop type, and available
irrigation water amounts as well as different irrigation water qualities (Nile
water and mixed wrigation water) according to the location,

Two indicators are identified on the basis of average depth to water table w
evaluate irrigation and drainage systems (Bos, 1996). These indicators are given

as follows:
Relative Ground Water Depth (RGWD)

Average depth to water table in the season

RGWD =
Intended depth to water table in the season

For a well operated drainage system, the value of RGWD should be more than or
equal to 1.00. It is proposed in north Nile Delta conditions that the intended depth
to water table could be 100cm.

On the basis of non-steady state drainage theory, an indicator f{or
performance assessment is “Rate of Water Table Drawdwon (RWTD)" which is
given as follows:

Fall of water table in a given period
RWTD =

Intended depth of fall in the given duration

Intended depth of fall as per design criterion commonly followed in Egypt could
be 50 cm in 3 days (Abdel Dayem et al., 1998).

Results and Discussion

I- The general pattern of water table fluctuations

The daily measurements of water table showed that the water table levels
reached the soil surface upon irrigation and dropped until they reached a low
level before the next irrigation. Such general trend was observed in all siudjed
sites but the drop rate of water table and the lowest levels varied according to
location, growing crop, irrigation and drainage conditions. Water table level
fluctuated between 0 and 191 cm during the winter growing season, and between
0 and 185 ¢m during the summer growing season.

Egvpt, 4. Soil Sci. 43, No. 2 (2003)
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The mean water table levels for the 227 studied sites are presented in Fig. |
and 2 for winter and summer seasons, respectively. The mean water table level
for the studied sites ranged between 33 cm and 150 cm during winter growing
season, The corresponding values during summer growing season ranged
between 8 cm and 59 cm for the rice cultivated soils after other crops, and
between 32 cm and 150 cm under other summer crops. The overall mean value
of water table level was 77.7 cm during winter season. The corresponding levels
in summer season were 65.7 cm and 76.0 cm for all summer crops and for other
summer crops without rice, respectively. In general, the lands of the studied
locations were characterized by a high water table, refering to bad nrigation and
drainage management.

Comparison between the regime of water table during winter and summer
growing seasons and visual inspection of Fig. [ and 2 show that waler tabie
levels are higher during summer season than those during winter season. This
could be attributed to higher volume of applied irrigation water in summer, as
well as the presence of large areas cultivated with rice, which requires pounded
conditions and causes water secepage to the neighbouring fields. Water table
depth varied between the different regions. High depths were recorded in the
northern region near the sea and also in the areas with excessive use of irrigation
water, In the following sections, the data are analyzed to determine the
relationship between water table depth and land management, as well as
irrigation and drainage conditions.

2- Land management - water table relations )

In spite of the general pattern of water table fluctuation, there are large
variattons in water table depth between different winter and summer crops. The
227 studied sites were divided into five main regions. Mean values of water table
depth during winter growing season are presented in Table 1. The winter crops
were: clover (130 sites), wheat (30 sites), sugar beet (30 sites), faba bean (9
sites), winter vegetables crops (5 sites), and citrus trees (3 sites). High water
table levels were recorded under clover and sugar beet than those under other
winter crops, due to shorter irrigation intervals and therefore higher amounts of
irrigation water. The depth of water table under the winter crops can be arranged
in the following descending order: citrus trees > vegetable crops > faba been >
wheat > sugar beet and clover,

Egvpr. 1. Soil Sci. 43, No. 2 (2003)
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Fig. 1. Mean water table depth for the studied sites during winter season (1 Nov. 1999.30 April 2000).
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Fig. 2. Mean water table depth for the studied sites during summer scason (1 May 2000-30 Sept. 2000).
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Mean values of water table depth during summer growing season arc
presented in Table 2. The summer crops were: maize (24 sites), cotton (90 sites},
summer vegetables crops (44 sites}, sugar cane (2 siles), cifrus trees (3 sites). and
rice (64 sites). The water table levels were usually closest to the seil surface
under rice crop. High mean water table levels were recorded under sugar cane,
niaize, and summer vegetables crops, those were 58.9cm, 70.1 ¢m, and 72.8 cm
respectively. The mean values of water table depth under cotton and citrus trees
were 79.1 cm and 111.3 cm, respectively.

TABLE 1. Mean water table depth (in cm) in the studied regions during winter
growing season (1 Nov.1999 -30April 2000).

Region |[.Berseem | Wheat Sugar Faba Vegetable | Citrus | General
bect bean crops trees Mean
East 75.5 85.0 65.8 123.0 - 76.3
North 722 70.6 70.0 91.5 77.5 1247 | 759
Middle 77.7 74.7 §0.5 - - 78.7
West 71.0 108.6 60.7 101.1 1245 - 81.7
South 69.6 97.5 84.7 - 99.4 - 77.3
Average* | 72.7 824 728 99.0 109.8 1247 | 777

*In all tables in the paper, the sites numbers in every region were taken into consideration

when the average values were calculated.

TABLE 2. Mean water table depth (in cm) in the studied regions during summer
growing season (1 May 2000 - 30 Sept. 2000).

Region [ Maize | Cotton | Vegetable [ Sugar | Citrus | Rice* General mean
crops canc | trees With rice Without rice
East 935 (919 63.0 - - 341|626 78.3
North 643 | 724 107.6 - I3 1279 |65.9 2.9
Middle |- 75.5 76.3 - - 361 1693 75.0
West 764 | 748 70.8 - - 325 593 7.5
South’ 49.2 | 857 570 589 |- 335 | 752 80.4
Average | 70.1 79.1 72.8 58.9 1ne3 128 {657 760

*The soils were bare or cultivated with other crops until middle July and then with rice.
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3-Soil drainage -water table relations

The studied sites, represent wide variations in soil drainage conditions (Table 3)
as follows: open drainage (9 sites); and pipe drainage with drain spacing of: 60
m {10 sites), 50 m {12 sites), 40 m (28 sites), 35 m (4 sites), 30 m (152 sites), 25
m (9 sites), and 15 m (2 sites). Generally, deeper water table levels were
recorded under pipe drainage system (overall mean = 85.1 ¢m) than that under
open drainage (mean value = 73.3 cm). The high water table depths under pipe
drain spacing of 40 m are attributed to the existence of large areas cultivated
with clover and sugar beet in winter season, and with rice, vegetable crops and
SUgAr cane in Summer season.

The general lack of differentiation between water table depths under the
different drain spacings is caused by the large variability in growing crops,
irrigation practices and local conditions as well as the presence of large areas of
rice fields in summer season. Under the current conventional drainage tile
layout, water seepage from the rice fields rises the water table in the
neighbouring fields. Similar results were obtained by Abdel Dayem er al. (1989).

TABLE 3. Yearly mean water table depth (in cm) in the studied regions under
different drainage conditions.

Region Open Pipe drainage with drain spacings of:
drainage
60m | 50m | 40m 35m 0om 25m I5m
East - - - - . 71.5 62.2 -
North 68.0 - - - - 728 979 109.2
Middle 84.0 76.1 83.5 744 892 71.8 - -
West - 81.9 - 72.9 85.3 77.2 - -
South - 106.7 | 68.3 66.6 - 85.6 - -
Average 73.3 96.2 75.9 713 86.3 77.0 80.1 169.2

4. Salinity of ground water

The mean of salt contents {BC values) of the ground water of the 227 studied
sites arc presented in Fig. 3 and in Tables 4 and 5. Differences between the
different sues are attributed to the differences in cropping, irrigation and
drainage management. As shown in Fig. 3, the mean of BC-values ranged
between 1.02-14.8 dS/m with overall mean of 3.5 dS/m. The highest BC-valucs
were recorded in northern region (sites number 46-119). Generally, ugh water table
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depth is associated with high EC values of such water. Similar results were
obtained by Ibrahim (2000) in North Nile Delta and by Gad (1999) under the
Nile Valley conditions. High salts content were recorded in the ground water in
the castern and northern regions due to the recorded high watertable depths
(Table !) on one hand, and due to the use of mixed irrigation water. the
neighbourhood to the Burullus lake and the Mediterranean Sea on the other
hand. The three sites cultivated with citrus trees have an adequate new instailed
lile drainage system with drain spacing of 15 m, thercfore such soil had the
deepest water table with the lowest EC-values (1.86 dS/m}. The salt content in
the ground waler under winter crops can be arranged in the following descending
order: sugar beet> wheat> faba bean> clover > vegetable crops> citrus trees,

TABLE 4. Electrical conductivity (EC values, in dS/m) of ground water in the
studied regions during winter growing season (1 Nov. 1999-30April 2004).

Wecm Wheat | Sugar | Faba | Vegetable Cilm?‘rRangc General
L_ beet bean | craps trees mean ]
East :_iq 289 (409 |- 1.20 ] j: 0-8.8 351
LNmm 145 5.64 5.29 683 627 1.86 I 13-148 [4.82

[ Middie 207 864 294 |- - - ‘ 1286 271
rw_&“ 123 243 (629 1284 |138 - 13101 (281

[ South 2.04 243 255 |- 273 - 1342 2.27
[Avemge 313 4D a2t 372|259 86 [i0.148 |33

TABLE 3. Electrical conductivity (EC-Values in d S/m) of ground water in the
studied regions under different drainage conditions.

Region | Open Pipe drainage with drain spacings of: GencraI“
drainage mean
60mi50m {40m (35m [30m |25m [5m
East - - B 347|478 |- 351
Nerth 4.15 - - - - 482 6.67 1.53 4.82
Middle {445 228 1130 |298 (216 2.25 - - 2.71
West - 1.52 |- 177 1139 3.20 - - 28]
South - 2372 1205 223 . 226 - - 227
Average 1 4.25 2.32 | 186 240 1.58 3.81 68.04 1.53 3.51

Egvpt. J. Seil Ser. 43, No. 2 (2003)
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Data in Table 5 show also that the tile drained lands have lower salt content
in the ground water than that the open drained lands, with the exception of the
sites with 25 m drain spacing because they located only in the eastern and
northern regions where higher water table depths were recorded and mixed
irrigation water was applied. Generally, the salinity of the ground water in many
of the studied regions is not high. This means that the ground water in Nile Delta
soils can be evaluated as a potential source of irrigation water.

3. Performance assessment of irrigation and drainage systems

Performance of drainage systems in a semi-arid region is related to is
hydraulic tunctioning to contrel of the water table and in lowering the soil
salinity in the root zone (Hiler,1977 and Gupta er al., 1998). The water table is
the most desirable drainage requirement criterion. The relative ground water
depth (RGWD) in winter season observed to be less than 1.0 in | 85 sites and
equal to or more than 1.0 in 42 sites. The comresponding values in summer
season were 197 and 30 sites, respectively. The data in Table 6 present the mean
values of the two determined performance assessment indicators during winter
season under different drainage conditions. The mean values of RGWD were
found to be less than 1.0 under all drainage conditions with the exception of pipe
drainage with 35 m drain spacing. This would mean poor drainage. But as Gupta
et al. (1998) reported a well drainage performance can be expected with RGWD
between 0.8 and 1.2, The low RGWD values in the studied sites could be
attributed to bad irrigation system management (excess irrigation) more than to
poor drainage.

TABLE 6. RCWD and RWTD values under different drainage systems.

] Open Pipe drainage with drain spacing of:
drainage | 60m 50m 40 m 35m 25m
RGWD | 0.75 0.84 0.81 0.7 1.06 0.37
RWTD |0.59 0.62 0.78 0.95 1.25 1.65

The values of the rate of water table drawdwon (RWTD) in Table 6 indicate
excessive drainage (RWTD values more than 1.0) in the case of 35 m and 25 m
drain spacings, while poor drainage is anticipated in the case of open drainage

Egypi. I Soil Sci. 43, No. 2 (2003)
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and pipe drainage with 50 m and 60 m drain spacings. The pipe drainage with 40
m drain spacing is well operated and gives RWTD values equal to 0.95.

Generally, high water table depth and low RGWD were observed in the
studied sites, due to over-irrigation and cultivation of large areas with rice. Also,
lateral seepage occurs as a result of the non-uniform irrigation conditions where
dry fields cxist in the neighbourhood of irrigated ones. It is necessary 1o use a
modified drainage system layout as reported by El-Guindy et al. (1987) that
should be prepared so that the rice fields should have a drainage system which
could be regulated independently. This modified system layout was described by
Abdel Dayem et al. (1989). The irrigation system shoulid be regulated so that no
excess irngation water is added to the soil.
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