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ABSTRACT  

A predictive simulation depend on an experiment to study the response of potato to adapt 
some conditions caused by climate change was carried out in a lysimeter with a sandy loam soil. The 
lysimeter was designed to be simulate the raise of water table that likely to increase by water sea level 
rise resulting from global warming or even by indiscriminate use of irrigation. Therefore, it was 
connected to a tank with Marriotte siphon and a piezometer to maintain the water table level (WT) at 
the desired depths, which consisted of 50, 70 and 90 cm from the soil surface as a simulation of the 
water table raise. Each level was irrigated by drip irrigation system to meet the field capacity. 
Compost was used as a farm practice to improve soil properties and as a mitigation option. The results 
of this study displayed that proper water table management is important factor for maintaining ideal 
soil moisture conditions in the crop root zone, reduce applied irrigation and flooding risk. As 
noticeable at 70 cm WT which consider suitable condition to meet the adaptation of sea level rise 
impacts for potato crop in our study which reflect on yield quantity and quality as well as other 
agronomic parameters and also environmental parameters as soil salinization and emissions of soil 
with (N2O). In the same time, practice of compost gave a significant effect.  
 
Keywords: climate change impacts, sea level rise, water table contribution, crop water requirements 

and potato. 

 
Introduction 

Historically, major advances in science have provided solutions to economic and social challenges. 
At the same time, those challenges have inspired science to focus its attention on critical needs. 
Climate change and shortages in the water supply is the most critical issues facing the world. Climate 
Change Deep Dive (2018) recommend that scientific organizations should study about climate change 
and develop best practices for response and adaptation. Achieving these goals will demand a 
predictive simulation depend on experimental studies under control, to analyze the expected behavior 
of the components of the climate change systems in order to evaluate the potential impacts of climate 
change on the yield (Roberto et al., 2018). It is also important for the identification of a suitable 
farming system practices to achieve an optimum adaptation for predictive climate condition to get a 
promising productivity. Climate change predictions by the IPCC include likely changes to water 
resource availability across much of the globe, water resources are expected to decrease in many areas 
particularly in semi-arid areas and also increases in extreme weather events including flash flooding 
are predicted even in areas where overall average rainfall is predicted to decrease (Climate change and 
potatoes, 2018).  

Egypt is considered one of the top five countries expected to be mostly impacted with a 1 m sea 
level rise resulting from global warming (Batisha, 2012). The Nile delta region, most fertile land of 
Egypt, is highly vulnerable to the impacts of sea level rise (Medany, 2016). In addition, the region is 
characterized by relatively low land elevation and suffers from local land subsidence that magnifies 
the effects of rising seas (Abdrabo, et al., 2015). Thus, the rates of land subsidence of the Nile delta 
could reach 5 mm/year and by the end of this 21st century, a projected sea incursion could reach 30 km 
inland in the north-eastern Nile delta (Eman et al., 2014 and Maxwell, 2008). The effects will take the 
form of inundation of agricultural land and raise the groundwater levels for the other (Rotzoll & 
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Fletcher, 2013 and Mahmoud, 2017). Along with this fact, shallow water table areas in Egypt are 
likely to increase also by indiscriminate use of irrigation water, non-functional drainage systems and 
seepage from rice fields thus can result in further water table rise leading to water logging and 
secondary salinity problems, which are the potentially serious problems for the agricultural industry. 
However, that can reduce the potential yield by 30-80 percent for many crops but these risks can be 
minimized with a good management (McFarlane and Williamson, 2002). 

Nowadays, the concept of soil water flux has been described and used worldwide for optimizing 
water management in agriculture. Upflow from shallow water tables can be a significant component in 
the root zone water balance of cropping systems and has been a topic of extensive research in the last 
few decades (Andre et al., 2018). Water table management can be used for achieving both 
environmental as well as agronomic benefits and it is defined as “The operation of water conveyance 
facilities such that the water table is either adequately lowered below the root zone during wet periods 
(drainage), maintained (controlled drainage), or raised during dry periods (sub-irrigation) to maintain 
the water table between allowable or desired upper and lower bounds” (USDA-NRCS, 2001). The 
main objectives of water table management are improved trafficability for agricultural operations, 
removal of excess soil water, soil salinity control, reduced soil water deficit, minimized agrochemical 
losses from the field, and water conservation while, priority of these objectives may vary among 
different fields and between seasons depending on the soil, site, crop and climatological (Sanjayan, 
2013). Reduced irrigation above shallow water tables not only results in more efficient use of water 
resources, but also lowers the risk of water logging and nutrient losses below the root zone, and it can 
be considered a major issue of adaptation. Also, many researchers reveal that salt tolerant crops 
capable of extracting significant quantities of water from saline water tables (Ehlers et al., 2003). soil 
management practices including compost application is very important not only for providing the 
plants with their nutritional requirements without having any undesirable impacts on the environment 
but also for improving physical, chemical and biological soil properties (Abd El- Rahman, 2012). 
Thus it has been commonly accepted that, compost application can improve soil water storage in the 
root zone and enhance the water table contribution for the plant root.  

Potato is one of the most important crops grown in Egypt for export, tuber cultivated from the 
North to the Deep South. Due its high nutritive value, it is a second source of carbohydrate in the diet 
of masses. The average cultivated areas are 183.7 thousand ha, with an average yield of 25.7 ton/ha 
(MALR, 2015) in three time annually produced. On the other side, tuber yield and biomass of potato 
were highly dependent on the amount of water availability and its use efficiency (Mohamad and 
Dennet, 2010). Adaptation of potato farming practices and potato varieties to changing conditions 
caused by climate change could help maintain crop yields and allow potato to be grown in areas with 
predicted conditions unsuited to current commercial potato cultivars (Climate change and potatoes, 
2018). (Abbas and Sri Ranjan, 2015) investigated the effect of groundwater contribution under 
overhead irrigation and no-irrigation treatments. They observed high yield of potato crop even under 
non-irrigated conditions as indicator of the importance of upward migration of water from the shallow 
groundwater table and they indicated that, upward flux is a major contributor to potato water uptake. 

Another pertinent effort was made to determine ideal water table elevation for potato crop in 
Florida recently, they found that, upward soil water flux supplied enough water to the root zone to 
meet crop evapotranspiration (Etc) when the water table was at the 69-cm depth for loamy sand soils 
under seepage, and 42 and 45 cm for sandy soils under sub-irrigation and subsurface drip irrigation, 
respectively (Andre et al., 2018). 

Therefore, the aim of this experiment was to investigate the optimum utilization of water for 
potato crop under different three water table levels that meet the risk of sea level rise beside improve 
soil properties by adding compost in  a lysimeter experiment model that simulate the sea level rise. 
 
Material and Methods 

 A lysimeter experiment was carried out in eighteen double walls concrete lysimeters 
of the size 1.25 m × 1.25 m in area and 1.25 m depth using table potatoes as test plant as a 
simulation model of sea level rise. Each lysimeter consisted of a drain and a water feeding 
tubes from the bottom of the lysimeter to control the WT depths through a daily supplying 
of a tap water to saturate the soil up to the agreement levels under low pressure (Fig. 1-A). 
A tank with Marriotte siphons and piezometer were connected to each lysimeter to maintain 



Curr. Sci. Int., 8(2): 467-480, 2019 
ISSN: 2077-4435 

469 

the WT at the desired levels where represent, 50, 70, and 90 cm from the soil surface with 
or without compost practice. The amount of water used to raise a water table were 
monitored by the daily loss of water from the Marriotte siphon which, measured by water 
flow meters.  

 
 

Fig. 1: A tank with Marriotte siphon and piezometer to maintain the water table at the desired levels 
(A), Lysimeter cultivated area with 12 plants of Spunta cultivar (B). 

 

In the same time, the excess amount of water percolated into the WT was measured 
through storage bottles attached to the bottom of each lysimeter, and the difference between 
them represent a water use from the water table. The soil of the different lysimeters had 
similar properties of sandy loam texture. Some physical and chemical properties of the 
investigated soil and compost are shown in Tables (1and 2) according to AOAC, 2005. 

Potato (Solanum tuberosum, L.) Spunta cultivar was cultivated in 17th Feb. 2016 and 
2017 with 30 cm planting distances and 50 cm between rows, so, there were 12 plants in 
each lysimeter to record its properties of vegetative growth and parameters of yield quantity 
and quality (Fig. 1-B). 

The experimental plants were fertilized before sowing according to the standard 
recommendation of the Ministry of Agriculture (Potato cultivation and production, 2005), 
and irrigated by drip irrigation system to meet the field capacity of the crop for each 
treatment (liter/period) by using graduated cylinder. 

 

Table 1: Some physical and chemical properties of the lysimeter soil. 
    Soil moisture constants 

Particle-size distribution 
 Sampling Bulk Field* Wilting** Available 

depth  Density Capacity Point water Sand Silt Clay 
(cm) (g/cm3) (%) (%) (%) (%) (%) (%) 

00 – 20 1.33 38.04 15.27 22.77 51.90 22.30 20.80 
20 – 40 1.41 33.65 13.26 20.39 48.70 30.30 16.33 

40 – 60 1.30 31.07 12.04 19.03 50.50 30.10 14.70 

Sampling 
depth 
(cm) 

Organic 
matter 

(%) 

CaCO3 

(%) 

EC 
ds/m 

Soil 
pH 

Available Total 
N 

(%) 
P 

(%) 
K 

(%) 
N 

(%) 
P 

(%) 
K 

(%) 
00 – 20 2.40 1.27 2.40 7.50 0.28  0.001  0.04  2.70 0.16 0.40 
20 – 40 1.50 1.40 1.50 7.70 0.25  0.001  0.04  2.25 0.13 0.11 
40 – 60 1.80 1.81 1.80 7.50 0.24  0.001  0.03  1.02 0.14 0.30 

 

* At 0.33 mbar  ** At 15 mbar 
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Table 2: Chemical, physical and biological composition of compost 
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At the cultivate site, the soils department experimental farm, faculty of agriculture, Ain Shams 

university, Cairo, Egypt, the meteorological data were recorded regularly to calculate the Eto by 
modified penman equation (mm/day). In the same time, the Time Domain Reflectometry (TDR) was 
used to measure water content after and before irrigation from 00-20, 20-40 and 40-60cm depths of 
the soil surface to calculate the water use from irrigation. A summation of water use from water table 
and water use from irrigation take as an actual evapotranspiration (Eta) Which was divided by Eto 

values to estimate the crop coefficient (Kc) under rise soil water table. In addition, those depths were 
analyzed after the experiment to detect the soil salinity.  

Flux measurements of N2O was performed by using YuanTe Multi Gas Monitor (SKY2000) at 
21, 55 and 90 days from sowing. Immediately after crop emergence, a plastic pot (as a chamber, 
31*21 cm) was fixed into the soil about 5 cm deep to cover soil between potato plants in the row at 
the center of each plot and kept it during all the growing seasons. The measurements were collected 
during the daytime only (after three hours of irrigation from 10.00: 13.00 in the morning) to minimize 
diurnal variation in flux patterns. The N2O emission rate values from all chambers in each treatment 
were averaged to determine the emission rate. 

The collected data were subjected to combined analysis of variance (ANOVA) of split plot 
design (Gomez and Gomez, 1984). Levene test (1960) was run prior to the combined analysis to test 
the homogeneity of individual error terms. Least significant difference (LSD) test was used to detect 
the significant differences among means at 0.05 probability levels.  
 
Results and Discussion 
 
Weather conditions and reference evapotranspiration (Eto):- 

Values of (Eto) were fluctuated following the changes in the climatologically norms from crop 
emergence to growth cessation as shown in Fig. (2). The values gradually increased from the 
beginning to the end of growth season, where the peak value recorded at the period (26 Apr. in 2016 
and 30 Apr. in 2017) respectively. This finding is mainly due to the relatively high temperature, 
average of wind (m/sec), the gradually increase of solar radiation and the low relative humidity at the 
end of the season these results confirmed with the findings of Abo-Hadid et al. (1988) and El-Naggar 
(1997). The Eto values was evident the high crop consumption on the hot and humid days. 

 
 
Fig. 2: Meteorological data and reference evapotranspiration (Eto) in Faculty of Agriculture, Ain 

shams University site during potato seasons of 2016 in the left and 2017 in the right. 
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Water relations:- 
Water relations includes actual evapotranspiration (Eta), water use from water table and water use 

from irrigation water are given in Table (3). Under cropped conditions, capillary upflow from a water 
table into the root zone can best be expressed as the total seasonal evapotranspiration (ET) Ehlers et 
al., (2003). The obtained results of Eta showed that, there were differences between all the treatments, 
it increased with decreasing water table depth. The highest Eta value is obtained at 50 cm WT depth, 
where the water table was supplyed more water. This result probably is led to a wet surface like the 
shallowest WT case, can evaporate water rapidly due to the fact that the water filled micropores of the 
soil are interconnected. In addition the high consumption of water by crop because an overestimation 
of transpired water by the crop where, stomata works as a hydraulic valve regulated by water, when 
turgid, the stomatal pore opens, and when it flaccid due to water loss it closes which reflect on its 
transpiration. These finding agree with that obtained by Kahlown et al. (2005) and Cosentino et al. 
(2007) they revealed that, under high soil water conditions, the water used by the crop exceed the 
need of the crop itself (‘luxury consumption’). This trend comparatively with other studied WT levels 
that gave less Eta, this mainly due to 70 and 90 cm WT depths had lower water table contributions 
towards the total evapotranspiration, respectively. 

The water use from WT showed that, the highest WT contribution was under the shallowest 
water table and gradually reduced with increasing the depth of water table from the soil surface. This 
result is confirmed with Shankar (2012) who indicated that there is a significant increase in the 
moisture uptake when groundwater table rises towards the root zone for increasing moisture 
accessibility by capillarity and it can be utilized to meet the crop water requirements. 

The water use from irrigation is minimized at 50 cm WT and it increased with increasing the 
water table depth. This is mainly due to the fact that, water table contributions are higher with 
decreasing WT depth, which consequently reduces the irrigation requirements. These results are 
consistent with the finding of Ehlers et al. (2003) and Kahlown et al. (2005) who emphasized that 
irrigation requirement of crops can be decreased with the amount of water that can be supplied by the 
water table and they concluded that, when the contribution of root accessible water tables towards the 
water requirements of crops taken into account irrigation scheduling that can significantly savings 
irrigation water and pumping costs while, this saving can ranging from 21 to 63% depending on the 
depth of the water table, the physical properties of the soil and crop type.  

Respecting to the compost practice in all the study WT levels, it led to increasing all parameters 
of water relations understudy this may be due to compost improving physical and chemical properties 
of soil, which led to increasing the soil retention of water. Thus can develop potato to adapt the 
condition of raising water table which reflects on plant growth of potato crop and its high 
consumptive use of water. This result agree with Ehlers et al. (2003) who mentioned that the water 
retention and transmission properties of soils are key elements in the ability of crops to extract water 
from shallow water tables. 

 

Table 3: Total amount of actual evapotranspiration (Eta), Water use from water table by liter and 
Water use from Irrigation water by liter. 

Compost 
Water table levels 

50 cm 70 cm 90 cm 
With Without With Without With Without 

Water use from water table 124.6 81.5 59.1 48.8 29.3 23.4 
Water use from irrigation 162.8 141.6 216.1 187.9 269.4 234.3 
Actual evapotranspiration (Eta) 316.2 245.4 265.4 242.1 244.8 218.6 

 
Crop coefficient (Kc):-  

Crop response to water consumption depends on climate, plant and soil factors, which is usually 
expressed as a function of time (days after planting) (Refaie et al., 2018). This study was made to 
create a simulation model to estimate the actual evapotranspiration (Eta), which was used to predict 
the Kc values under rise soil water table with or without adding compost (Fig. 3). As a result of 
dividing the period value of Eta of different treatments under study by the value of the period 
reference evapotranspiration (Eto) for identification the optimum conditions for crop growth and 
maximum water use under such conditions which allow for quantification the potato crop water 
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requirement in acceptable accuracy. One should bear in mind that value of Kc vary from crop to 
another and with the response of the plant to the growth conditions or the management practices thus, 
predict its value at a variety conditions is needed. Data in the same figure represent the six order 
polynomial regression equations in the each growing season and the coefficients of determination (R2) 
which describe the relations between the values of Kc and the days after planting. These relations 
exhibit highly significant correlations under different amounts of water consumptive use. 
Alternatively, Kc for potato crop exposed to different soil water table with or without adding compost 
can be directly estimated from those mathematical models. The Kc value at 50 cm WT related to the 
high actual evapotranspiration and water table depletion value, which reflected the high estimated of 
water use, therefore it's Kc value was recorded the highest one compared with at 70 and 90 cm WT.   

 
Fig. 3: Crop coefficient (Kc) of potato growth under various water table level with or without adding 

compost treatments during 2016 and 2017 seasons. 
 

Vegetative growth parameters:- 
The studied parameters of potato growth (Plant height, Number of leaves, Plant fresh and dry 

weight, Leaf area and Chlorophyll content) were varied significantly among different treatments 
(Table 4). The highest values of all growth parameters were recorded when water table level was kept 
at 70 cm depth followed by 90 cm WT. While, the least growth parameters were obtained from the 
use of 50 cm WT. The reason of that mainly to being excess water from shallow water tables fills the 
large soil pores that normally remain drained and well aerated or due to raising the upper layer soil 
salts at this depth but we should be kept in mind that, the results pointed to the condition of poor 
aeration at 50 cm WT limited the growth, but did not prevent it this result agree with Shankar (2012) 
who concluded that the bottom layer of soil being inconsequential from the water uptake point from 
the different WT depths for many crops especially potato due scanty root density in this zone does not 
pose much danger to the plant growth while the maximum root density is concentrated in the top layer 
resulting in maximum moisture uptake from this zone. 

 In the contrary, the significant increase in the potato growth characteristics under the 
circumstances of the adequate water table which 70 cm at the studied conditions can be attributed 
mainly to the effect of water on some quantitative and qualitative changes in certain metabolic 
processes in the plant cell (Sepaskhak, 1977) which led to the enhancement of cell division and 
enlargement in present of adequate water (Hammad, 1991). As well as in chemical side, the increase 
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in vegetative growth may be induced by the low levels of inhibitors and the high levels of acidic 
auxins, acidic and basic gibberellins within the biological concentrations that promote cell division 
and cell enlargement which occur in present the balance between water uptake and soil aeration (El-
Saeid, 1981). We can concluded that maintaining the water table in the field at the desired depth 
should be take a way that crops can easily get the water they need for their growth furthermore 
maintaining root-zone aeration and soil salinity in a suitable limit.  

Regarding to compost application, the vegetative growth characteristics of potato improved at all 
the experimental water table depths. All the physical properties of plant such as height and fresh or 
dry weight, leaf as number beside chlorophyll content gained the highest significant increase with the 
application of adding compost. This trend may be mainly due to that compost could mineralize and 
release into soil an amount of Nitrogen, which raises total Nitrogen in the soil. These findings are 
supported by Abd El- Rahman, (2012) and Manitoba, (2013) who indicate that, compost is an 
excellent source of organic and inorganic Nitrogen.  

The interaction also reveal a significant positive effect with adding compost at all WT levels 
understudy. This trend agree with Nguyen et al. (2012) who reported that compost can increase soil 
water availability and nutrient uptake by plants which reflect on plant growth and the water holding 
power of root systems, which is vital to growth. Thus, the results pointed that the tallest plants, 
highest number of leaves, heaviest plant fresh or dry weights beside the highest concentrations of 
chlorophyll content were obtained from applying the water table at the level of 70 cm WT with adding 
compost. However, the least value in the mentioned characteristics exerted from using the 50 cm WT 
without adding compost. This can indicate that good agricultural management may contribute 
substantially to force the plants to adapt and to increase their tolerance to unsuitable conditions.  

 
Table 4: Effect of soil water table levels, compost added and their interaction on some growth 

parameters of potato plants. 

Soil         Treatment 
Plant height 

cm 
Number of 

leaves plant-1 
Plant fresh 
weight (g) 

Plant dry 
weight (g) 

Leaf area of 
plant-1 cm2  

Chlorophyll 
content (spade) 

Water table 
levels 

50 55.7 C 29.1 C 295.4 C 67.8 C 180.0 C 55.0 C 
70 69.8 A 36.8 A 360.3 A 81.2 A 231.0 A 59.7 A 
90 60.8 B 33.2 B 322.7 B 74.3 B 211.0 B 57.3 B 

Compost  
With 64.3 A 34.4 A 345.2 A 77.8 A 221.2 A 58.3 A 

Without 59.8 B 31.6 B 307.1 B 71.1 B 193.5 B 56.4 B 

In
te

ra
ct

io
n

 

  50*With 58.2 d 30.1 d 310.6 c 72.0 c 189.9 d 56.0 c 

  70*With 72.2 a 39.2 a 380.0 a 84.1 a 242.0 a 61.0 a 

  90*With 62.5 c 34.0 b 345.0 b 77.2 b 231.6 b 57.8 b 

  50*Without 53.1 e 28.0 e 280.2 e 63.6 d 170.1 e 54.0 d 

  70*Without 67.3 b 34.3 b 340.6 b 78.2 b 220.0 c 58.4 b 

  90*Without 59.0 d 32.4 c 300.4 d 71.4 c 190.3 d 56.8 c 

  90*Without 62.2 d 33.4 c 324.4 c 68.8 c 196.3 d 51.6 c 

* Similar letters indicate nonsignificant at 0.05 levels using Duncan’s multiple range test. 

 
Tuber yield and quality component of potato crop:- 

Data illustrated in Table (5) showed that, there are significant differences in the potato tuber yield 
and quality at the WT levels under studying. The highest values of all components excepted total 
carbohydrates and amylases activity were found at 70 followed by 90 and 50cm WT, respectively. It 
is clear that supplying potato crop with adequate water accelerate the physiological processes and 
favors the mineral uptake and translocation of metabolizes, which in turn increases the yield quantity 
and quality. In contrast, excess water causes unsuitable conditions for crop but data showed that, 
although this condition limited plant growth and yield but it did not prevent the growth and yield of 
potato crop. Also, insufficient water supply to a crop during critical stages of growth causes 
substantial yield loss and low quality (Liu et al., 2006) who reported that, stolons and tuber initiation 
stages were the most droughts sensitive. Vale et al. (2007) and Abou-Hussein, (1995) they indicated 
that potato is more sensitive to drought than some other crops and the physiological processes 
associated with drought tolerance are less understood than for other crop species. Also, Sanjayan 
(2013) added that tuber number per plant and marketable yield could be decreased in addition, hollow 
hearts, knobbiness, and growth cracks can occur if soil water is insufficient or fluctuates too much 
outside the optimum range.  
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Regarding of the contribution of water table to potato yield and quality, water table levels under 
study gave a significant effect especially at 70 cm WT, which reveal the highest quantity and quality 
of yield. This result agree with Satchithanantham et al. (2014) declared that in a fine sandy loam, up 
to 92% of the crop water demand for potato yield was met by capillary rise from the shallow 
groundwater table. Also, Abbas and Sri Ranjan, (2015) observed that average potato yield in the non-
irrigated plots were lower but not significantly compared to the irrigated plots in present of water 
table.  In the same trend, Liao et al. (2016) reported that, water table depth under seepage irrigation 
was an effective indicator of soil moisture. In addition, they suggested that a variable water table 
depth for different growth stages to optimizing soil moisture in the potato root zone, which minimized 
the tuber internal problems of potato tubers such as hollow heart and brown center. On the other side, 
there is no doubt that management of water table level at 70 cm gave a highest contribution of yield 
quantity and quality than other levels. These results agree with Andre et al., 2018 who indicated that, 
proper water table management is important factor for maintaining ideal soil moisture conditions in 
the crop root zone, minimizing flooding risk. In addition, he pointed that excess water in the root zone 
can reduce potato root development and yield due to anoxic conditions, while dry soil conditions 
result in plant water stress and yield reduction and he found that, upward soil water flux supplied 
enough water to the root zone to meet crop evapotranspiration (ETc) when the water table was at the 
69-cm depth for loamy sand soils under seepage at their experimental conditions.  

Concerning with effect of adding compost, also, the values of all parameters of the yield quantity 
and quality excepted total carbohydrates and amylases activity were increased with compost. The 
value of 70 cm WT level compiling with compost had the highest values at all the parameters 
excluded total carbohydrates and amylases activity. The high amylase activity resulted from the two 
WT levels at 50 and 90 cm without compost reflected active energetic hydrolysis of starch to the 
unsuitable product sugar in potato, this result may account with the fact that such operation is affected 
by the water balance and soil water holding capacity consequently (Street & Opik, 1984 and Joan et 
al., 1995).  

 
Table 5: Effect of soil water table levels, compost added and their interaction on tuber quality and 

yield component of potato crop. 

  Soil      Treatment 
Tuber 

yield  
plot-1 kg 

Marketable  
yield  

plot-1 kg 

Tuber  
number  

plot-1 
Starch 

Total 
carbohydrates 

(%)  

Amylases  
 activity  
mg/100g 

 Water table 
levels 

50 3.62 C 2.80 C 16.4 C 75.0 C 87.0 A 4.22 A 
70 4.28 A 3.55 A 23.1 A 81.0 A 78.4 C 4.00 C 
90 3.97 B 3.20 B 18.8 B 77.5 B 83.3 B 4.15 A 

Compost  
With 4.13 A 3.47 A 21.0 A 78.7 A 80.0 B 4.04 B 

Without 3.78 B 2.90 B 17.8 B 77.0 B 85.7 A 4.17 A 

In
te

ra
ct

io
n

 

  50*With 3.73 c 3.10 c 18.1 c 76.0 d 84.6 b 4.14 c 

  70*With 4.57 a 3.90 a 24.8 a 83.0 a 74.2 d 4.00 d 

  90*With 4.10 b 3.40 b 20.2 b 77.0 cd 81.3 c 4.10 c 

  50*Without 3.50 d 2.50 e 14.7 d 74.0 e 89.3 a 4.30 a 

  70*Without 4.00 b 3.20 c 21.3 b 79.0 b 82.6 c 4.00 d 

  90*Without 3.83 c 3.00 d 17.3 c 78.0 bc 85.2 b 4.20 b 

 
Water indicators:- 

Water indicators includes water use efficiency, water economy and accumulation of soil water 
EC (Table 6). This information can be used to predict how the system might respond to different 
management factors under study.  

Efficient use of water is becoming increasingly important, although high value of water use 
efficiencies were obtained at 90 cm WT, also70 cm WT have higher water productivity with no-
significant between them potato crop continues to be best adapted with such environments  and gave 
high yields with corresponding high peak of water use efficiencies. This greater water productivity 
could conceivably be obtained through to the suitable soil water content that prevent high 
transpiration rates and minimize damage to the crop. While, using a suitable amount of water may 
contribute substantially to the best use of water for crops and improving irrigation efficiency. This 
improving is attributed to consumption adequate and suitable amount of water to meet a high 
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production (Shereen, 2014). On the other hand, 50 cm WT gave the significantly lowest water use 
efficiency as compared with others. 

In other side, the national aim in old or in new lands in Egypt is increasing the yield per unit of 
consumed water. Economy of water is used to evaluate the economy of irrigation practices for 
maximum utilization of water supplies. In this concern, there were a significant differences between 
the three WT level under study which 70 cm was the highest value followed by 90cm and 50cm, 
respectively. The WT at 70 cm depth achieved the highest significant values of water economy. That, 
may be due to that, crop consumed a little amount of water due to stomata which control plant gas 
exchange and transpiration water loss reduce their opening according to the available amount of water 
in the soil (Davies and Zhang, 1991; Tardieu and Davies, 1993 and Cosentino et al., 2007). 

With respect the interaction between water table levels and compost treatments, the depth of 70 
cm with compost was recorded highest values of WUE and WE. This may be due to that, using a 
suitable amount of water and good agricultural management may contribute substantially to the best 
use of water for crops and improving irrigation efficiency. This may be due to that, organic matter 
help to improve soil aggregates, water retention, water infiltration pattern and soil aeration, Deepak, 
(2013). 

Water drainage EC is other evidence which indicate to the salts accumulation and salt movement 
in the soil. Where, if salts become excessive, losses in yield will result. To prevent yield loss, salts in 
the soil must be controlled at a concentration below that which might affect yield (FAO, No. 29, 
1985). The result pointed to that at 90 cm WT gave the significant highest value of drainage EC 
followed by 70cm and 50cm, respectively. This mainly rendered to the leaching of the soil where at 
90cm WT the crop was irrigated more frequently compared to 70 and 50cm respectively. This result 
associated with Sanjayan (2013) who indicated that a well-designed water table management system 
can improve yield by maintaining optimum soil water content within the root zone and reducing the 
nutrient export through the drainage outflow.  

 
Table 6: Effect of soil water table levels, compost added and their interaction on soil water EC and 

efficiency and economy of water use.  

Soil     Treatment 
 Soil water EC accumulation 

ds/m 
Water use efficiency Water economy 

Water table 
levels 

50 2.17 C 13.00 B 14.02 C 
70 3.10 B 16.86 A 16.63 A 
90 4.65 A 17.31 A 15.40 B 

Compost  
With 3.44 A 15.30 B 15.99 A 

Without 3.13 B 16.11 A 14.67 B 

In
te

ra
ct

io
n

   50*With 2.44 d 11.75 e 14.44 D 
  70*With 3.20 c 17.21 ab 17.73 A 
  90*With 4.80 a 17.08 b 15.92 B 
  50*Without 1.90 e 14.26 d 13.59 E 
  70*Without 3.00 c 16.52 c 15.53 Bc 
  90*Without 4.50 b 17.53 a 14.89 Cd 

* Similar letters indicate nonsignificant at 0. levels using Duncan’s multiple range test. 
 
Soil salinization:- 

When irrigation scheduling is adapted to enhance crop water uptake from shallow water tables, 
the risk of accelerating soil salinization with the time is important to study. The EC of three layers of 
soil were recorded after the two potato seasons in attempt to investigate the effects of the studying 
water table levels and compost on the accumulate of salinity in soil (Fig. 4). Regardless compost 
treatment the highest value of soil salinity at the upper part of the root zone is observed at 50 cm WT 
level followed by 70 and 90 cm, respectively. This result may be due to when irrigation is reduced; 
salinization of the root zone is very likely because of water movement by capillary rise from a water 
table into an active plant root zone be reduced the amount of supplementary irrigation. For these 
reason WT considered a very important management factor to ensure sustainability and conservation 
of water and soil resources, it is advisable to monitor the salinity of the soil on a continuous basis 
when adapted irrigation scheduling strategies utilizing root accessible water tables. One can 
extrapolate also that salt managements as leaching will be required with the time when water tables 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TC3-43T1YVC-2&_user=4141814&_coverDate=07%2F30%2F2001&_alid=503590189&_rdoc=3&_fmt=full&_orig=search&_cdi=5159&_sort=d&_docanchor=&view=c&_acct=C000052544&_version=1&_urlVersion=0&_userid=4141814&md5=2728485187ed276b6405b0c3453a5057
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TC3-43T1YVC-2&_user=4141814&_coverDate=07%2F30%2F2001&_alid=503590189&_rdoc=3&_fmt=full&_orig=search&_cdi=5159&_sort=d&_docanchor=&view=c&_acct=C000052544&_version=1&_urlVersion=0&_userid=4141814&md5=2728485187ed276b6405b0c3453a5057
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are supposed. This result confirmed with Ehlers et al. (2003) who stated that, the successful use of 
shallow water tables to supplement the water supply to crops depends on several factors including 
depth of occurrence, soil physical properties, soil and water table salinity and plant root distribution. 

 Regarding soil depths, soil salinity at 50 cm WT was decreased with the soil depth which reached 
the lowest value at the lower layer of soil understudy. This result can explain by the reduced irrigation 
which caused less salt leaching and cumulate the soil salinity in the upper layer as well as reducing 
water drainage EC. This effect reduced consequently  at 70 cm WT table and followed by 90cm WT 
because more frequent of irrigation were occurred and more leaching of salt consequently thus 
accumulate of soil salinity in the lower layer of soil and raising water drainage EC with the time. 
These results agree with Xu and Guanhua (2019) who noted that the salt amount was actually 
declined with the increase of ground water depth, thus the supplementary irrigation is required and 
could be very useful to sustain crop yield as well as rehabilitate saline soils. Also, Shankar (2012) 
indicated that upward capillary flow groundwater can causes salt if this process operates without some 
irrigation management.  

It was clear from the data in (Fig. 4) that the value of soil salinity at the  surface layer that treated  
with compost  was higher than that not treated with compost but, this residual effect reduce with the 
depth until there is no effect at the lower layer at all studying WT levels. This result is agree with 
Amber and Olsen (2010) who reported that, there were a residual effects of compost applications that 
significantly increased soil nitrate concentration, soil potassium, phosphorus potential accumulation 
of calcium (Ca), magnesium (Mg), and sodium (Na), which translates into electrical conductivity; 
these research also, showed that compost applications significantly increased potato yield in the next 
season. Data also recorded that the depth of 50 cm with compost was highest value of accumulation 
salts into the soil surface where the lowest value was at 90 cm WT without compost when the 
treatment 70 cm with compost moderately accumulated salinity of soil at the end of two seasons. We 
can concluded that, application of compost under condition where water tables are present can raise 
salts in upper layer with the time if it used without management. 

 

 
            Fig. 4: Soil EC accumulation ds/m at the end of the experimental at deferent soil profile. 

 
Emissions of soil (N2O):- 

In order to assessment of the use water table levels and compost practice under study on the N2O 
emissions during the plant growth of potato because it is worthwhile to identify the main trends 
implications for different GHG emissions after different agricultural practices to minimize it trying to 
reducing global warming and its attendant “climate change”. The factors that significantly influence 
agricultural N2O emissions mainly concern the agricultural practices as fertilizer type and soil 
conditions as soil moisture (Henauti et al., 2012).  

Data illustrated in (Fig. 5) showed that, N2O emissions were highest at the shallow water table at 
50 cm WT depth. This result agree with Dinsmore et al. (2009)  in a study  of  N2O response to  the 
change in water table depth , this study ascribe this high emission to the increasing  the rate of 
nitrification after water-table drawdown and they added that N2O consumption from complete 
denitrification may be the dominant process controlling N2O fluxes to and from this system. Also, 
Berglund and Berglund (2011) founded with a controlled water regime in a lysimeter experiment that 
N2O emissions were greater at high water table levels (40 cm) compared with low (80 cm). 
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Regarding the effect of compost, data showed that, although N2O emissions are increased with 
raising water table level during the growth, compost application decreased this emissions this can be 
observed in (Fig. 5). This trend agree with SUN et al. (2016) that reported that, improved 
management practices and emerging technologies that improve N use efficiency, reducing leaching 
and volatile losses may permit a reduction in N2O emissions per unit of food. 

 
Fig. 5: Soil N2O emissions ppm at deferent potato growth stages. 

Conclusion 
Many challenges remain to be addressed in future planning efforts. Raise of sea level one of 

expected climate change conditions that facing many regions of Egypt and leading to water table 
rising in dependency. On the other hand, these risks can minimized with integrated efforts that will 
make it possible to managing the conditions to allow the plants to be adapted to grow efficiently ever-
changing local environments. The quantification of water contributions from shallow water tables 
towards crop water requirements is therefore considered to be a very important management tool, to 
ensure conservation of water and soil resources and minimizing flooding risk. Our experimental study 
represent a predictive study to simulate the raise of water table that likely to increase by water sea 
level rise under controlled lysimeter conditions. Such studies make results available in a more 
accurately form that can support decision-making for the optimal water table management that can 
used for achieving both environmental as well as agronomic benefits. That with a good agricultural 
practices will save energy and water and will also reduce the drainage effluent and help to keep the 
water table at the desired depth thereby, that can offers another route toward increasing crop 
productivity in such condition. Our study recorded that there was a significant contribution of water 
table towards water requirements of crops and can be an important water resource in agriculture and 
reducing irrigation rate. The performance of 70 cm WT treatment could be consider suitable 
conditions and that meet the adaptation of sea level rise impacts as better control of the water table for 
potato crop under the studied conditions. At this level, the amount of water was meet the requirements 
of crop which cause a significant high values of its (WUE) and (WE) and also a maximum yield 
quantity and quality as well as moderate accumulation of soil salts which can controlled with 
irrigation management. Soil amendment as compost can force the plant get more adaption and 
decrease N2O emission, but with keeping in mind raising salts that can happened during un 
management use and it is advisable to monitor the salinity of the soil on a continuous basis, when 
adapted irrigation scheduling strategies. Future researches of management are needed, that can keep in 
concerning different conditions and crops such as WT salinization on crop water use especially many 
studies reveal that certain salt tolerant crops are capable of extracting significant quantities of water 
from saline water tables. 
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