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ABSTRACT 

Water and nitrogen management, rate and timing of application are 

critical factors in optimizing potato tuber yield and quality. This study 

was conducted to determine the effect of water stress and nitrogen 

fertilizer levels on canopy water content (CWC), soil water content 

(SWC), nitrogen uptake, SPAD values, water use efficiency (WUE) and 

potato yield. Water treatments concluded fully irrigated and water stress. 

While, nitrogen levels were (N0, N50 and N100). Surface drip irrigation 

system was used to provide irrigation water requirements. Treatments 

were irrigated when 35 % of available soil moisture was consumed in 

soil profile depth. For nitrogen levels (N0, N50 and N100) at water stress 

conditions, the percentage of irrigation water saved was 11.47 % led to 

decrease the tuber yield with 31 %, 13.94 % and 25.25 %, respectively. 

SPAD values were highest in water stress and lowest in the control. In 

addition, SPAD values were in a positive linear relationships with water 

and nitrogen treatments as a coefficient of determination with very high 

(R
2
= 0.99 and 0.99), respectively. Also, increasing the nitrogen dose led 

to the increase the nitrogen uptake values. Moreover, nitrogen uptake 

presented a linear relationships with water regimes at nitrogen levels 

(0.96 and 0.97), respectively. Also, SPAD values presented linear 

relationships with nitrogen uptake at well water controlled, stressed and 

nitrogen levels (R
2

= 0.99 and 0.99). In conclusions, there were obvious 

effects of water stress on CWC, SWC, nitrogen uptake and WUE. On the 

other hand, canopy water content and soil water content could be used to 

predict potato WUE and yield. 

Keywords: Water stress, Canopy water content, Nitrogen uptake, SPAD value, 

Water use efficiency. 
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INTRODUCTION.     

otato is one of the most important irrigated crops as they are 

sensitive to soil moisture deficit. The cultivated area of potato in 

Egypt was about 164141 hectares in 2011 with productivity 

about433843 ton (Faostat, 2011). Nitrogen (N) is an essential element in 

plant growth and productivity, and N fertilizer is therefore of prime 

importance in cultivated crops. The amount and timing of N application 

has economic and environmental implications and is consequently 

considered to be an important issue in precision agriculture (Johnson 

2001). According to that, Demotes et al. (2008) stated that chlorophyll is 

the most important pigment in leaves, and it is responsible of their 

greenness. Leaf chlorophyll content can be used as a nitrogen status 

indicator because this is an essential element in the photosynthetic 

protein synthesis. Gianquinto et al. (2004) found that SPAD values are 

also positively correlated with both specific leaf weight and maximum 

photosynthesis rate. Al-Mahmud et al. (2014) studied the effect of 

severe stress, moderate stress and well watered conditions on SPAD 

values. They found values of SPAD meter values varied from 45.86 to 

53.60, from 35.43  to 48.06  and from 37.66 to 45.90, respectively. The 

mean values of chlorophyll content of potato leaves varied from 55 to 58 

and from 49 to 60 with SPAD unit under well watered condition in several 

stages of growth (Isabella et al., 2012). Water stress affects the 

development and growth of potato shoots, roots and tuber yield. Water 

stress also induces reducing leaf area and in the long term stem height 

and ground coverage was lower. Reducing water application and increase 

available nitrogen led to a decrease in Specific gravity generally (Ojala 

et al. 1990). Occurring water stress at any time during the growing 

season reduces potato marketable, total tuber yield, tuber length and 

diameter and quality (Bailey, 1990). Similar to that, all growing stages of 

potato especially tuber formation stage is very sensitive to water stress 

(Shock, 2004). Water stress was greater at tuber initiation (40 %) than 

tuber development stage (30 %) with reduction in tuber yield by 23% 

Kumar and Minhas (1999). Otherwise, Ibrahim et al. (2015) found 

that the best scheduler model was CROPWAT for irrgation water 

management under Egyptian conditions at evaluation three models 

P 
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(CROPWAT, CAMISM and IRRIS) for corn and wheat crops. Also, 

Kassem et al. (2005) studied the effect of water regimes at five different 

levels of soil moisture content (15, 30, 45, 60, and 75 %) of soil moisture 

depletion on potato yield. The results showed that the total yield were 

(20.8, 16.4, 13.88, 11.42 and 9.69) ton/ha, respectively. Tuber yield were 

28.85, 24.48, and 19.7 ton/ha at irrigation levels 100 %, 60 % and 30%, 

respectively (EL Mokh et al., 2014). Moreover, the yield increased with 

the use of up to 100-150 kg N/ha and dry matter content was significantly 

diminished by the amount of nitrogen up to 150 kg N/ha (Beirne and 

Cassidy, 1990). Also at levels 0, 60, 120 and 180 kg N/ha, Tuber yield 

was increased with increasing nitrogen fertilization levels (Juzl, 1993). 

But the effect irrigation water and nitrogen levels on potato yield 

indicated by (El Mokh et al., 2015), who studied the effect of water 

regimes with levels of 100%, 60% and 30% with nitrogen treatments N0, 

N100, N200, and N300 kg/ha on yield. The potato yield were (13.15, 

11.39 and 7.42) ton/ha for three levels of irrigation at N0, respectively. 

For N50, N100 and N200 at three irrigation levels, tuber yield were 

(15.07, 12.05 and 8.53) ton/ha, (18.89, 14.78 and 9.68) ton/ha and (22.72, 

15.94 and 9.24) ton/ha, respectively. 

 

The main objective of this study was to: 

(1)  determine the effect of water regimes on soil water content (%),   

canopy water content (%), water use efficiency and yield of potato 

crop.              

 (2) determine the effect of water regimes on dry matter (kg/fed), 

nitrogen uptake and SPAD value.     

(3) determine the relationship between SPAD value and nitrogen uptake 

(kg/fed).    

2. MATERIAL AND METHODS 

2.1 Study Area 

Field experiments were conducted during the period from 2015 to 2016 

on two seasons at the research station of the Sadat City University in 

Egypt (30˚2' 41.185'' N and 31˚14' 8.1625'' E). The research station of the 

Sadat City University is characterized as a semi-arid climate with 

moderate cold winter sand warm summers. The type of tuber potato was 
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spunta for the two seasons. First season planted on 13th of October 2015 

and harvested on February 9, 2016. While, the second season planted on 

February 1, 2016 and harvested on May 31, 2016. Chemical and 

mechanical analysis of soil for experimental site are presented in Table 

(1). The experimental soil was sandy loam in texture. maximum rain 

infiltration rate was 30 mm/day and electrical conductivity of irrigation 

water  was 0.62 ds/m. 

Table (1): Chemical  and mechanical analysis of soil for the experimental site. 

Chemical  and mechanical analysis of soil 

PH              8.21 

N               101.5 

P                4.47 

K               244.9 

FC            192 mm/m 

WP           80 mm/m 

BD            1.45g/cm
₃

 

EC            0.95ds/m 

OM           0.36% 

CC            5% 

Sand   (%)     69.8 

Silt     (%)     22.3 

Clay   (%)     7.9 

BD= bulk density, OM=organic matter, CC=calcuim carbonate content 

 

2.2 Experimental Layout 

As mentioned before the surface drip irrigation system has been used in 

this study. As shown in Figure (1), the experimental design divided into 

four replicates (R1, R2, R3 and R4) with 24 plots. Each plot was 3 x 3 m² 

that consists of three rows. Spaces between rows were 70 cm and spaces 

between tubers were 30 cm. A two factor split- plot design experiment 

was used with four randomized blocks as replicates. Each replicate 

consists of two treatments of irrigation with three levels of nitrogen 

fertilizer application. Water treatments were fully irrigated and water 

stressed. Three levels of nitrogen (N) were 0 kg/fed (N0), 90 kg/fed 

(N90), and 180 kg/fed (N180). The nitrogen fertilizer was added after 21, 

60 days from planting date as ammonium nitrate (NH4NO3 33.5%). The 

recommended doses from super phosphate and potassium sulphate at a 

rate of 75 and 96 kg/fed, respectively were added in initial and mid 

stages. In this study, 4 l/h discharge were used to control the flow of 

water from the lateral to the potato plants. Diameter of mainline and 

lateral was 50, 16 mm, respectively. The experimental area consists of  

twelve lines. Each line was 18 meters in length. Valves were installed at 

the first of each line to manage irrigation time. Water stress periods were 
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conducted at tuber bulking stage for two seasons. Water stress for first 

season was from 24 December 2015 to 10 January 2016. While for 

second season, water stress was from 27 April 2016 to 7 May 2016, 

respectively.  

 

Fig. (1): The layout of experimental design for control, water stress and three 

levels of nitrogen fertilizer. 

 

2.3 Irrigation Water Requirements 

In this study, FAO CROPWAT software ver. 8.0 developed by Smith, 

(1992) was used to decide when to irrigate and how much water to be 

applied to experimental replicates. FAO Penman–Monteith method used 

by this software as the standard method for the computation of the 

reference evapotranspiration. This method is preferred where data of 

temperature, humidity, wind speed, sunshine duration are available. The 

weather data for experimental site were obtained from (World weather 

online, 2015). Rainfall amounts during two seasons were collected and 

measured using rainfall collector stalled in the experimental site. The 

weather data were used in daily basis. FAO Penman-Monteith equation 

was used to calculate Eto according to (Allen et al., 1998). 
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Where;  Eto = reference evapotranspiration, (mm day
-1

),  Rn = net 

radiation at the crop surface, (MJ m
-2

 day
-1

), G = soil heat flux density, (MJ 

m
-2

 day
-1

), T= air temperature at 2 m height, (°C), u2 = wind speed at 2 m 

height, (m s
-1

), es = saturation vapour pressure,(kPa), ea= actual vapour 

pressure,(kPa), es - ea = saturation vapour pressure deficit, (kPa), Δ = 

slope vapour pressure curve, (kPa °C
-1

), and  = psychrometric constant, 

(kPa °C
-1

). 

2.4 Field Measurements 

2.4.1 Chlorophyll meter  

The Soil-Plant Analysis Development (SPAD) unit of Minolta Camera 

Company has developed the SPAD-502 chlorophyll meter. As shown in 

Figure (2), it determines the chlorophyll concentration by measuring the 

leaf absorbance in red and near-infrared regions. The light is emitted by 

two leds with peak wavelengths at 650 nm and 940 nm. The accuracy of 

the SPAD-502 is ± 1.0 units. The measuring area is 2mm x 3mm. This 

numerical SPAD value specifies the relative content of chlorophyll 

within the sample leaf (Konica Minolta Optics, 2012). In this study, 

Average values of three leaves per each plant in plot were measured to 

determine the chlorophyll content. Measurements were taken throughout 

water stress periods for the control and water stress plots. 

 

Fig. (2): Portable chlorophyll meter SPAD-502 for measuring chlorophyll in 

potato crop. 
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2.4.2  Soil water content (SWC) 

In this study, gravimetric dry weight basis method was used for measuring 

the moisture level of experimental soil. The gravimetric water content is the 

mass of water per mass of dry soil. Soil water content measured in the 

laboratory by weighing soil samples before and after drying.The samples 

were dried in an oven at 105 °C for 24 hours. Soil water content was 

determined using following equation: 

SWC (%)
Mdry

MdryMwet

Mdry

Mwater )( 
 ......(2) 

Where;  Mwater =  mass of  water, and Mdry = mass of dry soil. 

 

2.5 Measurements on Potato Plants 

2.5.1 Potato canopy water content  

Potato plants Arial biomass was cut above the ground for all studying 

plots. Thereafter, a representative subsample was placed in an oven at 70 
0
C for 24 hours. Samples were weighted before and after drying to 

determine canopy water content. The percentage canopy water content 

was calculated using following equation: 

             CWC = 
FW

DWFW 
 X 100………………...... (3) 

Where; FW = fresh weight, and DW= dry weight. 

2.5.2 Water use efficiency and yield of potato 

To determine the potato yield, three plants per each plot were harvested. 

While, water use efficiency (WUE) is defined as the yield obtained per 

unit of water consumed. An irrigation of 70 mm was applied before 

planting and not included in the total. Water use efficiency (WUE) was 

calculated according to (Akhter, 2017) using the following equation: 

 

          WUE = Y / WR ……..….…….……………… (4) 

Where; Y = yield (kg/fed) 

             WR = the total amount of water applied in the field (m
3
/fed) 

2.5.3 Determination of nitrogen uptake  

Average three samples from each plot was oven dried to estimate the dry 

matter and nitrogen content at irrigated and water stress treatments. 



IRRIGATION AND DRAINAGE  

Misr J. Ag. Eng., July 2017  - 1358 - 

These samples were analyzed at the laboratory of soil fertility tests and 

fertilizers quality control, Faculty of agriculture, AL-Mansoura 

University. In Figure (3), the thermo scientific FLASH 2000 series 

analyzer was used to estimate the total nitrogen content in all samples. 

This instrument operates according to the dynamic flash combustion 

modified Dumas method of the sample for the determination of carbon, 

nitrogen and sulfur. Samples are weighed in a tin capsule and introduced 

into the combustion reactor by an auto sampler.  

 

Fig. (3):  Thermo Scientific FLASH 2000Series Analyzer 

 

The nitrogen uptake was calculated according to (Lemaire and Gastal, 

1997) using the following equation. 

 

       N uptake = W x Nact…………..………..……. (5) 

Where; W = dry matter of sample, (ton/fed), and Nact = actual measured 

N content in percent of the dry matter of the canopy (%). 

2.6 Statistical Analysis 

SPSS 19 for Windows version 10 (SPSS Inc., Chicago, IL) was used for 

the statistical analysis. Simple regressions were calculated to analyze the 

relationship between canopy water content, soil water content, dry 

biomass, nitrogen uptake and water productivity. In addition, the 

relationship between SPAD value, nitrogen uptake and yield was 

estimated. Coefficients of determination (R
2
) and significance test were 

determined. A nominal alpha value of 0.05 was used. 
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RESULTS AND DISCUSSION 3. 

3.1 Climate Factors and Irrigation Water Requirements for the Two 

Seasons 

In this study, Figure (4) shows average monthly of climate factors 

(minimum and maximum temperature (°c), humidity (%), wind speed 

(km/day) and rainfall amounts (mm) during the growing seasons.  

Rainfall amounts were 34.8, 4.8 mm for first and second season, 

respectively.  Irrigation scheduling for two seasons are shown in Figures 

(4, 5). As suggested by CROPWAT program, potato crop for first season 

require 24 irrigations totaling 167.1 mm divided in average over two or 

three days intervals at most and water stress at late stage for first season 

was 20.9 mm. While for second season, the gross irrigation was 497.6 

mm with 61  irrigations divided in average over one or two days intervals 

at most and water stress at late stage for second season was 63.3 mm.                                                                                                                                

 

Fig.(4): Average monthly of climate factors (temperature °c, humidity 

%, wind speed km/day and rainfall amounts, mm) for two 

seasons. 

3.2 The Effect of Water Regimes Levels on Soil Water Content, 

Canopy Water Content, Water Use Efficiency and Yield of Potato 

Crop                                                                                                                

In Table (2), maximum, minimum, mean values and standard deviation 

of SWC (%), CWC (%), WUE (kg/m
3
) and yield (ton/fed) were 

demonstrated at control and water stress conditions, respectively. In 
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general, it could be concluded that the control treatments always gives 

higher values for SWC (%), CWC (%), WUE (kg/m
3
) and yield (ton/fed) 

than the obtained under the stressed conditions as shown in Figures (7 

and 8). Results for two seasons show the mean values of SWC for control 

conditions and water stress conditions. It varied from 11.53 % to 11.73% 

under control conditions.                                                                                                

 

Fig. (5):  Potato crop irrigation scheduling for first season. 

 

 

 

Fig. (6):  Potato crop irrigation scheduling for second season. 
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Table (2): Average soil water content (%), canopy water content (%), 

water use efficency (kg/m
3
), and yield (ton/fed) value under control and 

water stress conditions at three nitrogen levels for two seasons.                   
Second season           First season                   

Treatments 
Measured   

parameters SD Mean Max Min SD Mean Max Min 

0.04 

0.00 

1.07 

0.08 

0.04 

0.57 

11.51a 

12.5a 

11.2a 

7.79b 

8.08b 

8.11b 

11.77 

12.66 

11.3 

7.82 
8.12 

8.51 

11.25 

12.4 

11.15 

7.7 

7.86 
7.9 

0.82 

1.16 

0.50 

0.38 

0.47 

2.31 

10.63a 

12.06a 

11.9a 

8.97b 

7.63b 

8.40a 

12.42 

13.4 

   11.96 
  7.68 

8.05 

8.51 

11.9 

12.6 

11.7 

6.22 

6.96 

7.7 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

 

 

 

SWC (%) 

0.24 

0.00 

0.23 

0.00 

2.11 

1.60 

85.11a 

86.1a 

86.75a 

82.25b 

81.71b 

80.80b 

86.87 

87.04 

88.02 

83.64 

83.21 

82.00 

84.94 

82.57 

81.35 

81.25 

79.99 

79.61 

0.76 

2.53 

0.46 

1.23 

1.05 

2.79 

89.03 a 

87.95a 

87.64a 

79.89b 

82.76b 

81.44b 

91.56 

89.42 

88.18 

81.32 

84.32 

84.67 

85.00 

85.03 

87.13 
79.17 

81.89 
79.64 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

 

CWC (%) 

0.00 

2.17 

1.32 

2.61 

1.69 

2.00 

2.77cd 

3.47ab 

5.20a 

2.01d 

3.15cd 

4.12bc 

2.80 

4.59 

5.34 

3.06 

3.20 

4.68 

2.36 

2.67 

4.28 
1.90 

3.11 

3.15 

1.73 

2.92 

1.59 

3.66 

2.90 

0.03 

7.68d 

10.52ab 

13.28a 

5.02cd 

8.57bcd 

9.35abc 

7.92 

10.79 

13.30 

6.30 

9.67 

9.38 

5.87 

8.48 

11.82 
3.47 

5.84 

9.33 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

    WUE 

(kg/m3) 

0.00 

1.51 

0.92 

1.82 

1.19 

0.87 

5.11d 

6.40ab 

9.60a 

3.71d 

5.80cd 

7.6bc 

5.90 

6.69 

11.28 

5.64 

5.89 

8.63 

4.98 

5.60 

9.04 
3.50 

5.73 

5.83 

1.22 

0.11 

1.12 

2.56 

2.05 

1.06 

5.84c 

8.0ab 

10.11a 

3.82c 

6.52bc 

7.11ab 

6.71 

9.15 

10.40 

4.79 

7.35 

7.13 

4.98 

7.20 

10.03 

2.64 

4.44 

7.09 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

 

Yield     

(ton/fed) 

CWC= canopy water content, SWC = soil water content, WUE = water use efficency. 

The slope was (0.74) and coefficient of determination was (0.88). Under 

water stress conditions, it varied from 6.22 % to 8.97 % and the 

coefficient of determination was (0.98) with slope (0.455). Moreover, 

CWC at three nitrogen levels ranged from 85 % to 91.56 % for first 

season and from 81.35 % to 88.02 % for second season under control 

conditions with slope (0.82) and (R
2 

= 0.99), respectively. While in water 

stress treatments, CWC varied from 79.17 % to 84.67 % for first season 

and from 79.61 % to 83.64 % for second season with slope (0.87) and (R
2 

= 0.87), respectively. In Figure (8),  Results of WUE were 7.68 to 13.28 

kg/m
3 and 5.02 to 9.35 kg/m

3 for the first season under controlled and 

stressed conditions. As well as for the second season, these values were 

2.77 to 5.20 kg/m
3 and 2.01 to 4.12 (kg/m

3
) for controlled and stressed 

conditions, respectively. The coefficient of determination was (0.94) and 
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the slope was (1.215) for the control. In addition in water stressed, the 

coefficient of determination was (0.94) and the slope was (1.61).  These 

results are in agreement with Juzl (1993); Kassem et al. (2005). Also, it 

agreed with Onder et al. (2005) who found that water stress significantly 

affected potato yield and yield parameters at irrigation levels 0, 33, 66 

and 100 of fully irrigated.  

 1 

a)                                                                  (b)) 

Fig.(7) The effect of water regimes levels on soil water content and potato        

yield: (a) control and (b) water stress conditions.  

a  

 (a)                                                                  (b) ش

Fig.(8) The effect of water regimes levels on canopy water content and  water use 

efficency: (a) control and (b) water stress conditions.                            
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3.3 The Effect of Water Regimes Levels on Dry Matter, Nitrogen 

Concentration, Nitrogen Uptake and SPAD Values of Potato Crop  

The effect of water regimes on dry biomass (kg/fed), nitrogen uptake 

(kg/fed) and SPAD values have been determined. These results have 

been recorded as the average of three values per each plot. They were 

measured at three nitrogen levels under control and water stress 

treatments for two seasons as presented in Table (3). Results show that 

the nitrogen concentration generally increased with increasing water 

stress. For the first season, the mean nitrogen concentration values were 

2.9 %, 3.3 % and 3.7% for control conditions and other three nitrogen 

levels (N0, N50 and N100), respectively. For the second season, the 

previous values were 2.8 %, 3.0 % and 3.6 %, respectively. At water 

stress conditions, the nitrogen concentration increased to 3.1 %, 3.6 % 

and 3.9 % for first season and 3 %, 3.5 % and 4.1 % for second season, 

respectively. Increasing the nitrogen dose from N0 - N50 and N100 led to 

increase the nitrogen uptake to become 7.7, 14.36 and 18.37 kg/fed at at 

zero water stress level for first season. The corresponding values at water 

stress were 6.21, 11.74 and 16.79 kg/fed. For the second season, the 

nitrogen uptake became 25.5, 40.98 and 81.9 kg/fed at zero stress level, 

and 22.81, 38.65 and 71.28 kg/fed at water stress conditions, 

respectively. These results coincide with Costa et al. (1997) who 

reported that nitrogen uptake values were 21.5, 21.9, 14.6 and 12.6 g/m
2
 

and the obtained yield were 1636, 1372, 1171 and 950 g/m
2
 at water 

regimes (100, 80, 60 and 40 %) of maximum evapotranspiration, 

respectively. As shown in Figure (9), the coefficient of determination 

was (0.96) with slope (16.85) under controlled conditions. While under 

water stress treatments, the coefficient of determination was (0.97) with 

slope (14.25). Also, Table (3) shows that the SPAD values generally 

increased with increasing water stress. For the two seasons, SPAD values 

ranged from 30.1 to 41.4 and from 32.8 to 49.7 at three levels of nitrogen 

and zero water stress conditions. While at water stress treatments, these 

values ranged from 37.3 to 44.0 and from 40.0 to 54.3, respectively. 

Coefficients of determination for the relationships between SPAD values 

and nitrogen levels under control and water stress conditions are shown 

in Figure (10). There are a high significant between SPAD values and 
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nitrogen levels (R
2
= 0.99 and 0.99). On the other hand, the values of the 

line slope were (7.05 and 5.15) and the intercepts were (23.95 and 33.37). 

These results are in agreement with Isabela et al .(2012) and Al-

Mahmud et al. (2014). SPAD readings were well correlated with the 

nitrogen in leaves of potato (R
2 

= 0.95) according to Vos and Bom 

(1993).  Also, These results agree with findings by Lobos et al. (2003) 

who reported that SPAD readings were highly correlated with total 

chlorophyl  (R
2

= 0.89). Also, these results agreed with Yuan et al. 

(2003) who showed that plant height, biomass amount, and tubers were 

increased by increasing the irrigation water at irrigation regimes (125, 

100, 75, 50 and 25 %) of evaporated water. 

Table (3): Average dry biomass (kg/fed), nitrogen concentration (%), N 

uptake (kg/fed) and SPAD value under control and water stress 

conditions at three nitrogen levels for two seasons. 
Second season First season 

Treatments 
Measured   

parameters SD Mean Max Min SD Mean Max Min 

229 

295 

497 

503 

797 

609 

912 d 

1366 

cd 

2275 

ab 

760abc 

1104 

bc 

1738 a 

1254 

1698 

2775 

880.9 

1203 

1983 

781 

1080 

1808 

660.9 

920.0 

1388 

45 

144 

174 

77 

70 

32 

267 b 

435.3ab 

509.1 a 

200.6 b 

326.3ab 

430ab 

333.3 

555.7 

716.0 

230 

361.4 

533.5 

233.9 

250.3 

359.9 
170 

220.6 
310.9 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

 

DM 

(kg/fed) 

0.0 

0.1 

0.3 

0.2 

0.3 

0.3 

2.8 c 

3 c 

3.6 b 

3 c 

3.5 b 

4.1 a 

2.88 

3.14 

4.06 

3.31 
3.85 

4.64 

2.8 

2.9 

3.18 

2.7 

3.24 
3.85 

0.3 

0.59 

0.33 

0.09 

0.2 

0.14 

2.9 c 

3.3 c 

3.7 bc 

3.1 ab 

3.6 ab 

3.9  a 

3.24 

3.85 

    3.99  
    3.19 

3.68 

3.95 

2.49 

2.6 

3.1 

2.99 

3.28 

3.45 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

 

 

 

N (%) 

5.9 

10 

14 

16 

22 

28 

25.5 d 

40.9 cd 

81.9 b 

22.8 bc 

38.6 bc 

71.28 a 

36.11 

53.31 

112.66 

29.15 

46.34 

92.04 

21.86 

31.32 

57.49 

17.84 

29.83 

53.43 

1.5 

3.09 

4.9 

2.2 

2.2 

1.5 

7.74  d 

14.3 ab 

18.37a 

6.21 c 

11.74bc 

16.79ab 

10.79 

21.39 

28.56 

7.33 

13.29 

21.07 

5.82 

6.51 

11.15 
5.08   

7.23 

10.72 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

 

N uptake     

(kg/fed) 

2.1 

2 

4.9 

1.3 

2 

2.5 

32.8 d 

39.2 c 

49.7 b 

40 c 

45.8 b 

54.3 a 

35.76 

40.86 

51.53 

52.79 

41.27 

53.43 

31.00 

36.49 

42.59 

2.88 

38.26 

44.83 

2.5 

9.9 

4.9 

4.6 

0.64 

6.36 

30.1 c 

35.1 bc 

41.4  ab 

42.2 a 

37.3abc 

44.0 ab 

33.22 

48.20 

52.00 

38.10 

51.90 

51.60 

27.20 

24.40 

41.30 
36.52 

37.80 

48.90 

N0-C 

N50-C 

N100-C 

N0-WS 

N50- WS 

N100- WS 

 

  SPAD 

value 

 

DM= dry matter, N% = nitrogen concentration, C= control, WS= water stress 
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1    
 

a)                                                                  (b)) 

Fig.(9) The effect of water regimes levels and three nitrogen levels  on nitrogen 

uptake(kg/fed) : (a) control and (b) water stress conditions.             

              

a   
a)                                                                  (b)) 

Fig. (10): Relationship between average SPAD values and nitrogen       

levels: (a) control and (b) water stress conditions. 

3.4 Relationships between Canopy Water Content with Dry Biomass, 

Water Use Efficiency, Nitrogen Uptake and Soil Water Content 

As shown in Figure (11), linear relationships between CWC with dry 

biomass (kg/fed) and water use efficency (kg/m
3
) were used. While, a 

quadratic equation was used to calculate the regression between CWC 

with nitrogen uptake (kg/fed) and SWC (%). The slopes for relationship 
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between CWC with dry biomass (kg/fed) and water use efficency (kg/m
3
) 

were (25.86 and 0.854) and the intercepts were (-1815 and -63.68). On 

the other hand, coefficient of determination between CWC with dry 

biomass (kg/fed) water use efficency (kg/m
3
) were (0.55** and 0.88**). 

These results coincide with Blum et al. (1982) who found that CWC 

decreased with increasing canopy temperature as a result of increased 

water stress. Also, CWC was directly correlation with nitrogen uptake 

(kg/fed) and SWC (%). Coefficient of determination were (0.64** and 

0.76**), respectively. The results showed that the best correlation with 

CWC was water use efficency (kg/m
3
) then SWC and the lowest 

correlation was nitrogen uptake then dry biomass.  

 

 
 

Fig. (11): Relationships between canopy water content  with (a) dry biomass, (b) 

water use efficency, (c) nitrogen uptake and (d) Soil water content under control 

and water stress conditions. 
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3.5 Relationships between Soil Water Content (%) with Dry 

Biomass, Water Use Efficiency, Nitrogen Concentration and 

Nitrogen Uptake under Control and Water Stress Conditions 

Linear relationships were used for calculating the regression coefficients 

between SWC and dry biomass (kg/fed), nitrogen uptake (kg/fed) and 

water use efficency (kg/m
3
). While, a quadratic equation was used to 

calculate coefficient of determination between SWC and nitrogen 

concentration (%) as shown in Figure (12).   

 

   

 

Fig. (12): Relationships between soil water content with (a) water use efficency, 

(b) dry biomass, (c) nitrogen uptake and (d) nitrogen concentration under 

control and water stress conditions.  
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The slopes for relationships between SWC and water use efficency 

(kg/m
3
), dry biomass (kg/fed) and nitrogen uptake (kg/fed) were (1.108, 

42.25 and 0.907) and the intercepts were (-2.085, -44.76 and 3.430), 

respectively. On the other hand, coefficients of determination between 

SWC and water use efficency (kg/m
3
), nitrogen uptake (kg/fed) and dry 

biomass (kg/fed) were (0.76**, 0.60** and 0.52**), respectively. Also, 

SWC was high directly correlation with nitrogen concentration (%) and 

coefficient of determination was 0.75**. The best correlation with SWC 

was water use efficency then nitrogen content and the lowest correlation 

was nitrogen uptake then dry biomass. 

3.6 Relationships between SPAD Values and nitrogen uptake (kg/fed) 

under control and water stress conditions       

In Figure (13), the best fit relationship between SPAD values and 

nitrogen uptake was found as a linear relationship with coefficient of 

determination 0.99 for both the zero and water stress conditions. In 

general, SPAD values were higher for stress more than zero level at the 

same amounts of applied nitrogen.  

1 

Fig. (13): Relationship between average SPAD values and nitrogen       

uptake: (a) control and (b) water stress conditions. 

On the other hand, the slopes were 2.413 and 2.881 under controlled and 
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conditions of plants (the yield) as the nitrogen uptake and SPAD value 

increase. These results agreed with Rodriguez et al (2000) and Uddling 

et al. (2007) who indicated that SPAD values were positively correlated 

with chlorophyll concentration (R
2
 = 0.79 and 0.58) for wheat and potato 

crops.   

CONCLUSIONS 

In conclusions, there are obvious effects of water stress on canopy water 

content, soil water content, yield, water use efficency, SPAD values and 

nitrogen uptake.  Nitrogen uptake and water use efficency were higher in 

the zero stress level more than at the water stress. In contrast, SPAD 

values were the highest in water stress. The percentage of irrigation water 

saved was 11.47 % for water stress conditions and the highest yield 

reduction was at N0 then N100 and the lowest reduction was at N50 

compared with the zero stress level. It can be concluded that nitrogen 

uptake, and yield prediction of potato crop can be detected using potato 

canopy water content and nitrogen concentration in different levels of 

irrigation water and nitrogen.  
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 الولخص العربي

 الوياه كفاءة استخذامبالاضافت الي  النيتروجينعلي حالت تاثير الاجهاد الوائي 

 تحت نظام الري بالتنقيط لوحصىل البطاطس

هشام ناجي عبذ الوجيذ أ.د/ 
1

إبراهين هحوذد/ هحوذ هاهر  أ.م.   ،
2

م/أحوذ هحوذ البلتاجي  و  
3

 

 

لاٌ احضبِ انذٔنت انحبني ْٕ انخٕطغ الافقي في الاراضي انضذيذة ٔحيذ اٌ ْذِ الاراضي َظزا 

ؼخبز يؼذل ٔحٕقيج ينذنك  لاطخصلاحٓب ٔالأطًذة انُيخزٔصيُيت ححخبس نكًيبث كبيزة يٍ انًيبِ

في ححظيٍ يحصٕل درَبث  ٓبيتانُيخزٔصيٍ يٍ انؼٕايم انيغ يؼذلاث يخخهفت يٍ انًيبِ  اضبفت

حٓذف ْذِ انذراطت اني حٕضيح حبريز الاصٓبد انًبئي ػهي انًحخٕي انًبئي  .ٔصٕدحٓب ضانبطبط

ببنًضًٕع انخضزي ٔ انٕسٌ انضبف نهًضًٕع انخضزي ٔرطٕبت انخزبت ٔاَخبصيت انًيبة ٔكذنك 

حضزبخبٌ في يشرػت يؼٓذ  اصزاءنخحقيق اْذاف انذراطت حى  .ببنُببث انُيخزٔصيٍ انًًخص

حيذ  اصزيج انخضزبت الأني في فصم انشخبء. بيئيت بضبيؼت يذيُت انظبداثانبحٕد ٔانذراطبث ان

بيًُب اصزيج انخضزبت انزبَيت   5114فبزايز 9ٔانحصبد في   5113اكخٕبز  11شراػت في ان جحً

 يبيٕ 11ٔانحصبد في   5114فبزايز  1في فصم انصيف حيذ حى سراػت انًحصٕل في 

ٔكذنك  5114يُبيز  11اني  5113 ديظًبز 52في انفخزة يٍ  ًبئيالاصٓبد ان اصزاءحى ٔ 5114

حيج اَّ حى  نهخضزبت الأني ٔانزبَيت ػهي انخٕاني. 5114يبيٕ  2اني  5114 ابزيم 52ايضب يٍ 

  ٔحًج ػًهيت صذٔنت ييبِ انزي ببطخخذاو بزَبيش اخذ صًيغ انقزاءاث في فخزاث الاصٓبد انًخخهفت

                                                                                   (CROPWAT ver. 8.0) ػهي اطبص بيبَبث يٕييت.     

                                             

صٓبس قيبص انكهٕرفيم كبَج ػبنيت ححج ظزٔف الاصٓبد انًبئي  قزاءاث أٌضحج انُخبئش أ

صٓبس قيبص  يٕصذ ػلاقت بيٍ قزاءاث . حيذ اًَّزهييقبرَت ببنقزاءاث ححج انظزٔف ان

ححج ظزٔف انزي  خحذيذانٔكبٌ يؼبيم  انكهٕرفيم ححج حبريز يظخٕيبث انُيخزٔصيٍ انًخخهفت

بخبريز يظخٕي يؼُٕيت ػبني. ٔيٍ  1.99ٔ  1.99يظبٔي خلال فخزِ الاصٓبد انًبئي  ٔ انًزهي

ٔيقم ححج حبريز الاصٓبد  انًزهئصذ اٌ انُيخزٔصيٍ انًًخص يشداد في انظزٔف  صبَب اخز

 2.2يٍ انًزهيححج ظزٔف انزي  نكلا انًٕطًيٍ حزأحج قيى انُيخزٔصيٍ انًًخص انًبئي حيذ

كضى/فذاٌ. كًب حزٔاحج ححج ظزٔف الاصٓبد انًبئي يٍ  11.9اني 53.3  ٔيٍ  11.1اني 

كضى/فذاٌ ححج حبريز يظخٕيبث انُيخزٔصيٍ   21.51اني  55.11ٔيٍ  14.29اني  4.51

ػلاقت قٕيت بيٍ قزاءاث صٓبس انكهٕرفيم  ثٔيٍ صبَب اخز ٔصذ .ػهي انخٕاني انًخخهفت

 بخبريز يؼُٕيت ػبني صذا.  1.99ٔ  1.99ٔانُيخزٔصيٍ انًًخص بًؼبيم ارحببط 

 

(  2و  1)
 جاهعت الونصىرة  –كليت الزراعت  –أستار و أستار هساعذ بقسن الهنذست الزراعيت  

 (3)
 جاهعت الونصىرة –كليت الزراعت  –هعيذ بقسن الهنذست الزراعيت  
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انًزهي  انًيبِ ححج ظزٔف انزي كفبءة اطخخذاو قيى كًب أضحج انُخبئش ايضب اٌ يخٕطظ

كضى/و 11.51ٔ  11.35ٔ  2.41حظبٔي  في انًٕطى الأل ٔيظخٕيبث انُيخزٔصيٍ انًخخهفت
1
 

كضى/و 9.13ٔ  1.32ٔ  3.15 كبَج ٔايضب ححج حبريز الاصٓبد انًبئي
1

بيًُب في  ػهي انخٕاني. 

كضى/و 3.51ٔ  1.22ٔ  5.22كبَج انًزهي  ححج انظزٔف انًٕطى انزبَي
1

ظزٔف  ححج ٔ 

كضى/و 2.15ٔ  1.13ٔ  5.11 حظبٔيالاصٓبد انًبئي 
1

 حيذ كبٌ الاصٓبد انًبئي ػهي انخٕاني. 

 % 31% رى  111 % رى صفز اكزز حبريزا ػهي الاَخبصيت ػُذ يظخٕي َيخزٔصيٍ في انًٕطًيٍ

 ادث اني  يٍ انًبء خلال فخزِ الاصٓبد انًبئي% 11.13في انًٕطى الأل حى حٕفيز  .ػهي انخٕاني

 في انًٕطى انزبَي ٔ. % ػهي انخٕاني 11.3% ٔ  59.2 % ٔ 12.4بُظبت  في الاَخبصيت َقص

 9.11% ٔ  51.1ٔ  % 52.2َقص في الاَخبصيت بُظبت  ادث اني انًبءيٍ  %15.39ٕفيز ححى 

 .% ػهي انخٕاني

                                .                                                                                                                            

ًحصٕل انبطبطض بًضًٕع انخضزي نه ئينًحخٕي انًبااطخخذاو يًكٍ  بأَّانذراطت  بيٍنذنك ح

 صيت. هُببث ٔكذنك الاَخبنفي انخُبؤ بحبنت انُيخزٔصيٍ 


