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ABSTRACT 
 

Both water and soil properties are important indicators of the potential for agricultural production especially 
physical ones.  Under fresh water crisis, there are many of the strategies for water management, especially under 
high water table induced soils, which has become a limiting factor to sustainable development of agriculture in 
Egypt. The aim of the work studying the effect of water regime on the soil properties and grape yield under 
shallow WT condition. This study was carried out in Wadi El-Natroun district, Behera Governorate, Egypt 
(30°35′N 30°25′E). Soil texture is sandy loam. Three irrigation treatments as 100, 80 and 60 % from crop 
evapotranspiration (ETc) in addition to the control (100 % ETc in unaffected WT soil).  The investigation was 
carried out in season 2009/2010 on four years old flame seedless grape vine (700 vines/fed), which is the most 
popular and common grape in the area. The obtained results indicated that there is a great difference between 
control plot EC reading and other plots (WT < 60 cm) before experiment that ranged between 0.59 (10-20 cm) 
and 0.73 dSm-1 (50-60 cm) in control plot. Infiltration rate was increased at the end of the season, especially at 
irrigation treatments 100 % followed by 80 and 60 % of ETc and decreasing WT level. In respect to the 
irrigation treatments, they could be arranged relative to the soil resistance values as follow: ETc 80% > 60% > 
100%. Significant differences in HC values for affected WT areas were noticed between 100, 80 and 60 % of 
Etc treatments. Also, data noticed that most of the studied grape characteristics were affected directly by the 
irrigation treatment. High WT restrict crop growth and N uptake by roots. Also there is no significance 
difference between irrigation treatment control plot ETc 100 % and WT affected plot 80 %. Irrigation treatment 
80 % was the superior one, WUE which increased by 5.6, 99.6 and 99.6 % compared to control, 100 and 60 % 
ETc irrigation treatments. Data noticed that r value of P is highly one on the yield and positive correlated, while 
K  r value was the lowest one. But r values of N leaf content with no. cluster /tree was the highest one and r 
value of the K leaf content was the lowest. 
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Introduction 

 
Optimum utilization of surface and groundwater resources has become extremely important due to the 

increasing demand for food and fiber by its ever-increasing population. Irrigation water is used mainly to 
maximize crop yield by minimizing water stress in the root zone. Indiscriminate use of irrigation water has led 
to problems of rising water table (WT) causing widespread land degradation (Anderson et al., 1993). Thus in 
areas where the WT is rather shallow, the most significant problem facing irrigators has become not how much 
water is available or used, but the long term impact this has on the agricultural productivity of the area, and the 
environmental impact in general (Khalil et al. 2004). 

The predominant cause of shallow WT and salinization is the increase in recharge to the WT, which occurs 
when excess water infiltrates past the root zone of the plant (Sepskhah et al, 2003). They added also, that the 
high rate of WT recharge is exacerbated when irrigation application rates exceed the consumptive use of plants.  
The highest WT may be due to one or more of the followings: i) shallow soil profile, ii) highest application rate 
at the beginning of the season to push accumulated salt from the previous season out of the root zone, iii) 
highest application rate at mid season relative to the high amount of the fertilizers, iv) highest application rate at 
the maturity to maximize yield, and/or v) at  the end of the season due to highly application of fertilizers to 
restore nutrients in plant tissues to be available at the beginning of the next season. Most of these reasons are 
considered as farm mismanagement.   
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The identification of appropriate irrigation schedules to limit, and even reverse, the rise in WT level can 
have a significant impact on land and water management of shallow WT areas. Controlled drainage and 
subsurface drainage systems can often be modified to function as a subirrigation system (Broughton, 1995). 
Water table management (WTM) can improve irrigation and drainage management for agricultural production 
in the high WT areas. These practices include surface drainage, subsurface drainage, and controlled drainage, or 
a combination, which are utilized to remove excess water from on and within the soil (Noory et al., 2009). 
Hermawan and Bomke, (1996) stated that the use of WTM can alter the hydrological regime of the soil thus 
potentially altering the soil physical properties. Soil physical properties improved, with respect to crop 
production characteristics, when the soil moisture content was decreased.  WTM affects on soil remains a 
priority of research especially the soil physical properties in response to subsurface drainage. Few studies have 
been conducted to evaluate the effects of WTM on the physical properties of the soil (Lal and Fausey, 1993). 
However, a number of studies have reported positive impacts of adopting controlled drainage in arid and semi-
arid regions by reducing drainage discharge and saving irrigation water (Khalil et al. 2004). Izuno et al, (2011) 
reported that the depth of WT and the amount it is allowed to deviate from the target level are dependent on soil 
properties, crop characteristics, and the level of protection from flood or drought conditions desired by the 
grower. They added that it is evident that WT depth is one of the most important physical features of a cropped 
field, and that its measurement is vital for optimum management. 

Soil hydraulic conductivity (HC) and infiltration rate (IR) expressed water movement through soil profile 
under saturated and unsaturated flow, respectively.  The total porosity, distribution of pore sizes, and tortuosity-
in short, the pore geometry of the soil (Hillel, 1982) are the soil characteristics affecting saturated HC. Pore 
arrangement of a tilled soil will vary temporally because of settling and arrangement of particles.  He stated 
also, that pore diameter plays an important role in water movement by capillary potential.  Tayel and Abdel 
Hady (2005) stated that the correlation coefficients of soil texture as sand content towards measured HC and IR 
were highly significant at 1% level. Lotfi et al (2010) stated that is a measure of how fast water enters the soil. 
This process affects surface runoff, soil erosion, and groundwater recharge. They mentioned also that IR the 
main soil property affects on the IR is macropore and its distribution within soil profile. 

Environmental concerns associated with subsurface drainage system from studies that report an increase in 
subsurface drainage intensity results in an increase in the amount of agricultural chemicals, particularly NO3–N, 
that are released off-site (Fausey et al., 1995 and Fisher et al., 1999) and subsurface drainage reduced the 
amount of agricultural chemicals that were released off-site. 

The aim of the work studying the effect of water regime on the soil properties and grape yield under 
shallow WT condition. 
 
Materials and Methods 

 
This research was carried out in a private farm at Wadi El-Natroun district (30°35′N 30°25′E) Behera 

Governorate, Egypt. The soil texture classified from sandy to moderately fine. The elevation of the site ranged 
between 0.0 to 22.5 m above sea level. Average rainfall is 65 mm with 80 % of the falling between January and 
April. Water table depth was monitored during grapevine growing season. The experiment was carried out  in 
season 2009/2010 on four years old flame seedless grape vine (700 vines/fed), that the most popular and 
common grape in the area. 

Two sites were selected 5 fed. each, one of them suffered from shallow WT (about 60 cm) and the other 
was the control one (WT level > 120 cm). Three risers (1.25 fed. each) was selected in WT affected plot as sub-
plots to apply irrigation treatments as follows: 100, 80 and 60 % from ETc of grapevine in addition to the 
control one 100 from ETc in site with no WT. Crop water requirement for grape was calculated after FAO 
(1998) and available data from Meto Station of Wadi El-Natroun, Behera Governorate, Egypt for same season. 
Levels of WT were monitored, throw PVC tube inserted into soil after auger holes were made till 1.25 m depth, 
and reading were recorded weekly during grape vine growing season. Recommended doses of the N, P and K 
fertilizers were added at the suitable time (65 N, 30 P and 100 K  kg/fed.) 

Soil hydrophysical and chemical properties were determined after Rebecca (2004) (Table 1, 2 and 3).  
Hydraulic conductivity (HC) was measured in the laboratory under a constant head technique (Klute and 

Dirksen, 1986) using the following formula:  HC = (QL)/(At ΔH)  
Where: HC: water quantity flowing through saturated soil sample/area / unit time, Q: volume of water 

flowing through saturated soil sample per unite time (L3/t), A: cross sectional flow area (L2) L:  length of the 
soil sample and ΔH:  differences in hydraulic head across the sample (L) and t:  time (hr). Soil water retention at 
0.1 (FC) and 15.0 (WP) bars were estimated after   Klute (1986).  Soil available water was calculated by 
subtracting FC –WP.  Infiltration was measured using the double rings infiltrometer technique described by 
Herman (1986) and Kostiakove equation was used to represent the infiltration. Penetration resistance was 
measured using the Investigator Soil Compaction Meter1 equipped with a data logger. Control treatment is WT 
level more than 120 cm and irrigated by 100 % ETc. 



86 
J. Appl. Sci. Res., 8(1): 84-93, 2012 
 

 

N, P and K in the grape leaves were determined after Rebbeca (2004).  Sugar % was determined after Smith 
et al (1956).  The TSS was measured with a refractometer, and the pH was measured by pH meter.   Tartaric 
acid levels of fruits were determined after (A.O.A.C., 1985) by titration with 0.1 N sodium hydroxide until pH 
became 8.1, then calculated using the following equation:  

A = [S × N × F × E/Cj]  where: A = quantity of tartaric acid (g/L fruit juice), S = quantity of sodium 
hydroxide (L), N = normality of sodium hydroxide Eq/L, F = factor of sodium hydroxide, Cj = quantity of juice 
(L), and E = equivalent value of tartaric acid (0.075 g/Eq). 

Differences in soil properties in response to the effects of WTM and depth of soil were analyzed using an 
Analysis of Variance model procedure (SAS Institute, 2001). Treatment means and interactions were separated 
by a LSD multiple comparison procedure at p  0.05. The differences among treatment means at probability level  
0.10 were considered trends. 
 
Table 1: Some soil hydrophysical characteristics of the investigated soil. 

  
Site 

Depth cm 
Particle size distribution (%) Water content ( %) at Ks 
Sand Silt Clay Texture BD TP SP FC WP AW cm/h 

Control 0-25 61.3 26.4 12.3 SL  1.52 42.6 43.3 19.8 10.0 9.8 14.3 
  25-50 63.7 28.4 7.9 SL 1.59 40.0 41.2 19.7 7.4 12.3 12.4 
  50-80 56.7 30.5 12.8 SL 1.50 43.4 44.6 23.4 10.0 13.4 10.2 
A 0-25 67.1 24.2 8.7 SL 1.58 40.4 41.2 19.5 7.2 12.3 16.0 
  25-50 69.2 21.3 9.5 SL 1.57 40.8 41.6 19.8 8.6 11.2 17.7 
  50-80 64.7 24 11.3 SL 1.54 41.9 42.5 21.3 8.4 12.9 14.7 
B 0-25 64.2 27.3 8.5 SL 1.58 40.4 40.7 19.6 7.6 12.0 14.3 
  25-50 60.7 32.1 7.2 SL 1.60 39.6 41.2 21.1 7.3 13.8 12.4 
  50-80 56.1 33.5 10.4 SL 1.53 42.3 42.0 21.6 8.1 13.5 10.2 
C 0-25 58.4 26.8 14.8 SL  1.51 43.0 44.5 20.0 9.8 10.2 15.1 

25-50 60.2 28.2 11.6 SL 1.52 42.6 43.8 19.7 8.8 11.0 12.8 
50-80 55.4 30.5 14.1 SL 1.50 43.4 45.2 20.3 8.6 11.8 12.7 
Mean 62.6 27.5 9.8 SL 1.6 41.3 42.0 20.6 8.3 12.4 14.1 
Standard 
Deviation 

4.4 4.0 2.0 SL 0.0 1.3 1.2 1.3 1.1 1.3 3.5 

Minimum 56.1 21.3 7.2 SL 1.5 39.6 40.7 19.5 7.2 9.8 10.2 
Maximum 69.2 33.5 12.8 SL 1.6 43.4 44.6 23.4 10.0 13.8 16.0 
Conf. 5% 3.4 3.1 1.5 0.0 1.0 1.0 1.0 0.8 1.0 2.7 

Soil particle size distribution by pipette method after Gee and Bouder (1986), the other after Rebecca (2004). A, B,C  two sites affected by 
high WT  

 
Table 2: Some soil chemical characteristics of the investigated soil. 

Treatment  
Depth  
cm 

pH 
EC 
dSm-1 

CaCO3 
% 

Soluble ions (meq/l) 
Ca2+ Mg2+ Na+ K+ CO= HCO- Cl- SO4

= 

Control 
0-25 7.82 3.21 3.1 5.4 3.3 22.8 0.6 0.0 2.4 24.3 5.4 
25-50 8.12 2.86 2.5 4.4 3.2 20.5 0.5 0.0 2.5 16.4 9.7 
50-80 8.07 2.84 2.5 5.2 3.2 19.5 0.5 0.0 2.1 24.2 6.2 

Mean of WT 
plots 

0-25 7.86 6.41 2.5 11.6 7.0 45.1 0.4 0.0 3.3 40.6 20.2 
25-50 7.86 4.45 2.3 7.6 4.5 31.7 0.6 0.0 2.0 37.8 4.6 
50-80 8.33 3.52 2.7 5.2 3.1 26.4 0.5 0.0 2.0 26.5 6.5 

WT : water table affected plot 
 
Table 3: Chemical characteristics of irrigation water and water table samples. 

 pH 
EC 
dSm-

1 

Soluble ions (meq) 
SAR RSC 

Ca2+ Mg2+ Na+ K+ CO= HCO- Cl- SO4
= 

IW 7.32 0.28 1.0 0.4 1.3 0.1 0.0 0.4 1.9 0.5 1.55 1.00 

WT (B) 7.73 3.12 4.6 2.8 23.7 0.1 0.0 2.3 25.8 3.1 12.32 5.10 

WT control 7.83 1.58 4.2 2.4 9.1 0.1 0.0 1.3 9.8 4.7 5.01 5.30 

 100% ETc 8.13 4.02 6.6 3.4 30.1 0.1 0.0 3.3 32.2 4.7 13.46 6.70 

 80% ETc 8.05 3.44 4.8 3.1 26.4 0.1 0.0 2.9 26.7 4.8 13.28 5.00 

 60% ETc 8.02 3.23 5.1 2.8 24.3 0.1 0.0 2.8 25.0 4.5 12.23 5.10 
WT: water table, B: before experiment, and after experiment for WT control, 100, 80 and 60 % form  ETc 

 
Results and Discussion 

 
Water table monitor reading during growing season were plotting in Fig. (1). One can notice that the curve 

of the control plot reading was slightly straight.  While irrigation treatment of the WT suffered plot had two 
peaks, the 1st one was at the beginning of the growing season and the 2nd one was at the middle of the season, 
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which attributed to irrigation water added before bud break to leach salt in the root zone away and increasing 
requirement relative to crop demand, respectively.  

 

 
 

Fig. 1: Water table level during growing season of the grapevine under different irrigation treatments. 
 
Table (4) illustrate water consumptive during growing season of grapevine under different irrigation 

treatments.  The total amount of water consumptive during season were 2611.5, 2106.1 and 1579.1 m3 and 
321.8, 501.5 and 376.1 mm/season for control (100%), 80 and 60 % from ETc, which more convenient with 
those obtained by FAO (1998) that ranged between 500 and 900 mm/season. 

The increase in water consumptive irrigation water for July was 17 and 29 % comparing with August and 
June in same season. Also, the amount of irrigation water applied before bud break to full area of root zone by 
moisture and push accumulated salts, from the last season, away was took place.  Controlled drainage can also 
improve conservation of water during drought periods and/or between irrigation (Evans et al. 1995) quantified 
the water use efficiency of several crops at shallow WT in temperate climate. They showed that water 
requirements strongly depend on the level of water control and the type of crops. Also, Kahlown (2005) found 
that the contribution of groundwater in meeting the crop water requirements varied with the water table depth. 

 
Table 4: Water crop requirement as crop evapotranspiration (ETc) of vine grape during growing season. 

ETc 
treatments 

Feb Mar Apr May Jun Jul Aug Sep Oct 
Total 
m3/fed/s 

100 % 21.13 49.13 136.93 328.47 488.13 628.87 535.28 291.38 153.29 2611.5 
80 % 16.91 39.30 109.54 262.78 390.51 503.09 428.23 233.11 122.63 2106.1 
60 % 12.68 29.48 82.16 197.08 292.88 377.32 321.17 174.83 91.97 1579.6 

 
Soil salinity: 

 
Fig. (2) illustrate EC values along soil profiles under different irrigation treatments as a ratio from ETc of 

vine grape. Data noticed that there is homogeneity in EC reading before and after experiment in control plot (WT 
> 120 cm) irrigated with 100 % of ETc. Results revealed that there is a great difference between control plot 
reading and other plots (WT < 60 cm) before experiment.  Values of EC of control plot ranged between 0.59 (10-
20 cm) and 0.73 dSm-1 (50-60 cm) in control plot. While the EC values ranged between 2.21 (> 60 cm) and 2.84 
dSm-1 at 60 and 80 % ETc treatments before experiment. But after experiment, the plot irrigated by 100 % of ETc 
attained the highest values especially at the surface layer (3.03 dSm-1) which decreased by depth. Where the 
lowest values were observed under plot irrigated by 80% of ETc where the lowest was recorded at surface layer 
(1.62 dSm-1) that increased with depth.  In third irrigation treatment 60 % ETc) the highest EC value was the 2nd 
layer (10-20 cm) 1.76 dSm-1 which increased up and down forward but its values still lower than that of 80 % 
ETc. 

This result may be due to at 100 % ET treatment under WT affected plot, led to increase WT level which 
contributed by high amount of salt in different soil layers by capillary potential. In other studied irrigation 
treatments decrease the amount of irrigation water application to those plots led to keep WT level without 
significant change, while at 80 % ETc was the modified to the preferable situation in surface layer because poor 
contribution of WT in increasing EC value of the studied layers. Sensitivity of newly young roots to saline water 
and the extent of salt buildup within the root zone during growing season are among the most serious limitations 
in this respect (Patel et al. 2001). When soil properties are forced together by compaction, both the number of 
voids contained in the soil mass and the size of the individual voids spaces are reduced.  This change in voids 
has no obvious effect on the movement of water through the soil. One effect is to reduce the permeability, thus 
reducing the seepage of water. 
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Fig. 2: Effect of different irrigation treatment on soil salinity under different WT level under grapevine  
            cultivation. 

 
In filtration rate (IR) was increased at the end of the season, especially at irrigation treatments 100 % 

followed by 80 and 60 % of ETc. This finding may be due to decrease the amount of irrigation water applied 
during the growth period.  Also possibly of utilization of the WT supply, both of them help in decreasing WT 
level at the end of the season. Also, decreasing WT level permit plant root zone to modify and develop its 
growth and hence improve pore size distribution. 

Upward movement of water from shallow WT depends mainly on one or more of the followings: i) soil 
texture, ii) WT quality, iii) particle size distribution, and hence soil aggregates. Tawfik, Maha, (1998), Barbara 
and Baker (2002) and Sepskhah et al., (2003) mentioned that shallow WT contribution to supply crop water use 
may be important in arid and semi arid regions. Development of the predictive equations makes it possible for 
planner to incorporate interaction between WT and root zone into design of irrigation projects.   

 
Soil resistance: 

 
According to the soil resistance to root penetration, data notice that the highest values were recorded in 

control treatment which deeply in WT level and irrigated by 100 % from ETc (Fig.3). In respect to irrigation 
treatments, they could be arranged relative to the SR values as follow: ETc 80%>ETc 60%>ETc 100%.  Also, 
the shape of ETc 80% curve is more reasonable to the observed root distribution where its density increased far 
from ET level and where oxygen is available for respiration process.  This result could be described on basis soil 
texture and distribution of both soil particles and aggregates from one side and from the other one on air/water 
ratio in the soil profile at the end of the root zone which strongly affected by WT effect through capillary 
potential. 

Additionally, the temporal water saturation of the soil may have caused slaking and break down of the 
improved aggregates through entrapped air spacing and thick water films caused by increasing its salinity and 
hence its viscosity.  Abdel Hady et al., (2011) stated that the improvements of water flow throw soil increase the 
macro porosity of the soil as well.  

 

 
Fig. 3: Effect of different irrigation treatment on soil resistant to penetration under different WT level under  
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            grapevine. 
Soil hydraulic conductivity and infiltration rate: 

 
According to the HC values, data notice that the maximum and minimum values were 10.5, 8.6 and 9.6, 8.4 

cm h-1 before and after experiment with regard to the no WT effect under control plot (Fig. 4).  While under WT 
affected plots, the values of soil HC differs according to the irrigation treatments (affected mainly by the amount 
of water applied to the soil profile).  Also, exist the water for long time in root zone area (as a result of fluctuate 
WT level) led to anaerobic condition that affects on decomposition of OM and degradation of cement material 
that bend between soil particles. In addition, the compaction effect through weight of the upper layer and 
machinery movement (Baker et al, 2004). Compaction effect of the upper layers weights plays an important role 
redistribute pore size that increase bulk density through decrease macropores and hence reduction water flow is 
expected (Abd El-Hady and Shaaban. 2010).  

Soil IR was directly measured after harvesting at the end of the experiment, and mainly related to structural 
stability (Tisdall and Oades 1982), total porosity and pore structure (Ankeny et al. 1990). According to the 
obtained results, values of the IR at the end of the growing season were more than before one, which ranged 
from 17.2 cmh-1 (80 % ETc) to 21.6 cmh-1 (60 % ETc) and 22.0 cmh-1 (control) to 28.0 cmh-1 (80 % ETc) for the 
pre and after the growing season estimations (Fig. 4). This finding agreed with those obtained by (James et al, 
2006) who stated that long-term oscillate of WT can alter bulk density, aggregate stability, total porosity and 
organic carbon content thereby altering soil structure. Also the ability of soil to absorb and transmit water is 
affected by the structural stability of soil pores and by the moisture condition of the soil at the time of 
measurement (Tayel and Abdel Hady 2005). 

 

Before experiment. After experiment 

Fig. 4: Effect of water treatments on the hydraulic conductivity before and after experiment.  
 
All treatments showed an order of magnitude of reduction in IR values as a result of excluding large pores 

participating in water transmission, at all the treatment occasions and with the greatest reduction shortly at the 
end of the growing season. The changes of the infiltration rates showed a large variability after the growing 
season comparing with control treatment and among irrigation treatments on base WT level. Decreasing IR 
value was more under shallow WT condition, especially under 100 % of ETc treatment than 80 and 60 % of ETc 
irrigation treatment with decreasing supply pressure heads, indicating the importance of large pores in water 
transmission. This may indicate that soil under shallow WT treatments that received 60 % of ETc had a well 
connected and structured pores network, whereas shallow WT treatments that received 100 and 80 of ETc had 
higher void volume as indicated by the lower BD but possibly with less connected pores.  

Significant differences in HC values for affected WT areas were noticed between 100, 80 and 60 % of ETc 
treatments (Fig. 5). This indicates a non similar response of application of irrigation treatments and also 
indicates that reduced values HC did not act effectively in building stable soil structure against unstable WT 
level.  Darcy's Law" for liquid movement in porous media states that the rate of water flow through a given soil 
segment is equal to the HC of that soil multiplied by the hydraulic gradient that exists in that soil.  

A soil has a maximum HC value when saturated and another, lower, HC value for each lower water content 
and corresponding negative pressure head. Such values are characteristically different for different soils, 
depending upon soil structure and PSD. To illustrate this, "sand" contains relatively large pores, whereas the 
pores in the "clay" are finer. At saturation, all pores are filled with water. Large pores conduct much more water 
than fine pores.  

Freeze and Cherry (1979) stated that although it measures resistance to penetration force, we found a 
significant empirical relation between resistance to penetration and measured HC. Dynamics of WT and isotopic 
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and chemical variations within the subsurface can be readily interpreted if resistance to penetration is assumed 
to represent resistance to water flow (inverse relation between resistance and HC).  

 

 
 
Fig. 5: Effect of water treatments on the hydraulic conductivity before and after experiment. 

 
James et al, (2006) stated that when soil particles are forced together by compaction, both the number of 

voids contained in the soil mass and the size of the individual void spaces are reduced. This change in voids has 
an obvious effect on the movement of water through the soil. One effect is to reduce the permeability, thus 
reducing the seepage of water. Similarly, if the compaction is accomplished with proper moisture control, the 
movement of capillary water is minimized. 
 
Grape yield characters: 

 
Results noticed that the control plot (WT level > 120 cm and irrigated by 100 % ETc) was a superior one 

and had a highest values of the N, P and K leaf content as compared with other irrigation (ETc) treatments under 
shallow WT plots.  While WT affected plots which irrigated by 100 % ETc had the lowest values.  Also noticed 
that shallow WT affected plot irrigated by 80% of ETc was closely to the control plot without significant 
differences among these nutrient values. The decrease in the N, P and K values 12.0, 9.1; 23.1 and 26.3, 22.7, 
32.4 % for N, P and K for irrigation treatments 80 and 60 % as compared with control plot, respectively.  Also, 
one can notice that there is a highly significant positive correlation coefficient among N and P leaf content. 
Although most plants respond to salinity as a function of the total osmotic potential of soil water without regard 
to the salt species present, High WT restrict crop growth and nitrogen uptake by roots (Baker et al, 2004) 

 
Table 5: Effect of N, P and K leaf content and yield components of vine grape. 

Variables 
Irrigation treatment as % from ETc LSD 

5% Control 100% 80% 60% 
N 1.13 0.81 0.98 1.03 0.06 
P 0.22 0.14 0.17 0.2 0.04 
K 1.08 0.97 0.83 0.73 0.08 
no clust/tree 26 21 23 21 1.1 
Cluster weight (g) 0.645 0.423 0.621 0.367 1.05 
Yield kg/tree 16.8 8.9 14.3 7.7 0.27 
Yield kg/fed 11739.0 6218.1 9998.1 5394.9 21.3 
Water consumed m3/season 2611.48 2611.48 2106.09 1579.57 17.26 
WUE (kg/m3) 4.50 2.38 4.75 3.42 0.31 
Sugar %  14.50 12.25 14.31 13.65 0.22 
Acidity  % 0.608 0.690 0.583 0.638 0.37 
% TSS 18.40 16.05 18.72 17.30 0.46 

 
Also, data noticed that most of the studied grape characteristics were affected directly by the irrigation 

treatment.  According to the no. of cluster and yield of grape vine were strongly affected by irrigation treatment, 
where the decrease were 25.0, 17.9; 14.3 and 35.0, 8.3; 27.6 % for 100, 80 and 60 % of ETc , respectively as 
compared with control plot.  Also, cluster weight value correlated with the amount of water applied where the 
highest and lowest values were attained at control plot (0.645 kg) and WT affected plot treated by 100 % ETc 
(0.423 kg).  Also, results noticed that there is no significance difference between irrigation treatment control plot 
ETc 100 % and WT affected plot 80 %.  

According to the water use efficiency (WUE) it could be arranged in the following descending order :  80 > 
100> 60 and 100 %ETc. but there is no significant difference between control and 80 % ETc irrigation 
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treatment. While irrigation treatment 80 % was the superior one, which increased WUE by about 5.6, 99.6 and 
99.6 % compared to control, 100 %ETc  and 60 % ETc irrigation treatments, respectively.   

Sugar % at harvest took same trend of the above mentioned characters, but there is no significant difference 
between control plot and 80 % ETc treatment. The highest and lowest values of the sugar % was obtained in 
control plot (100 % of ETc) and irrigation treatment 60 % of ETc. In respect to the acidity % and TSS %, data 
noticed that the maximum and minimum values were obtained in 100  (0.690, 18.72 %) and 80 % ETc ( 0.583, 
16.05 %) under WT affected plot, respectively. 

Table (6) illustrated values of the simple correlation coefficient between N, P; K leaf content and yield 
components of the studied crop.  Data noticed that r value of P is highly one on the yield  (kg/tree) and positive 
correlated, while K's r value was the lowest one. But r values of N leaf content with no. cluster /tree was the 
highest one and r value of the K leaf content was the lowest.  Same trend was obtained in case of sugar %. Also 
there were highly significant positive correlation between WUE and N, P, grape yield, Sugar %, and TSS %, 
while negative one was observed with acidity. 

Excess salt affects N, P and K uptake by plants and also contributes to reduced permeability of roots, 
consequently decreasing water and nutrient uptake (Kapoor and Srivestava, 2010). Increased NUE in plants is 
vital to enhance the yield and quality of crops, reduce nutrient input cost and improve soil, water and air quality.  

Values of simple correlation coefficient between N, P and K leaf content with acidity % were negative and 
significantly affected 5% level except with K which is the highly one and significantly at 1 % level.  Also, r 
values of TSS % were positive and significant at 1% level except with K , which could be arranged as follows: 
P> N> K. this finding agreed with those obtained by Abeer (2011).  

 
Table 6: simple correlation between N. P and K leaf content and yield components of vine grape.  

  
N P K 

No. of 
cluster/tree 

Cluster 
weight 
(g) 

Yield 
kg/fed 

Water 
consumed 
m3/season 

WUE 
(kg/m3) 

P 0.977** 
K 0.106 0.104 
no clust/tree 0.736** 0.655** 0.681** 
Cluster weight g 0.496* 0.332 0.538* 0.878** 
Yield kg/fed 0.596** 0.457* 0.607** 0.948** 0.985** 
Water consumed 
m3/season -0.202 -0.227 0.943** 0.480 0.473 0.491* 
WUE (kg/m3) 0.752** 0.595** 0.050 0.735** 0.831** 0.819** -0.090 
Sugar %  0.892** 0.777** 0.018 0.744** 0.725** 0.752** -0.193 0.966** 
acidity % -0.709** -0.548* 0.102 -0.620** -0.754** -0.726** 0.222 -0.988** 
% TSS 0.758** 0.604** 0.014 0.714** 0.809** 0.797** -0.128 0.999** 

* significant at 1% level 
** significant at 5% level 

 
The variation in the WT level may be due to difference in the depth of the soil profile despite of existing 

homogeneity. The use of less irrigation water (according to irrigation treatments under study) led to a decrease 
of water content in the soil and from the hand helped to reduce the level of WT, which ultimately led to the 
dryness of the soil and improve the physical characteristics. 

Also led to dominant of aerobic decomposition of organic matter the greatest impact on improving soil 
characteristics through effect of those products on the aggregation and hence pore size distribution. The 
decrease of N leaf content under WT affected plot especially treated by 100 % ETc may be attributed mainly to 
the one or more of the following :i) leaching N, ii) loss by volatilization N and iii) anaerobic condition which 
help in increasing denitrfication process.  Also according to the close correlation between N and P in uptake 
process same trend in loss P is expected.  K fertilizer could expose to loss by leaching process only.  
 
Conclusions: 

 
Intensive monitoring and management of WT is necessary. The long-term effect of sub-irrigation with 

reused water on WT salinity, soil salinity and crop yield should be studied. The long-term impacts of sub-
irrigation technique should be applied and tested under different field conditions with respect to soil type, crop, 
and weather.  Monitoring of WT is vital to any management or research program that addresses farm water 
supply in shallow WT areas. The key to avoiding WT rise is improved efficiency in both irrigation techniques 
and scheduling to meet as precisely as possible the needs of the crop. This can be improved by frequently 
monitoring soil moisture content, and/or applying numerical models to predict soil moisture content with 
observed meteorology data, soil, and crop and irrigation information. 
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