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 An experiment was conducted in vegetable crops farm of plant production department 

at Technical Agricultural College /Mosul/Iraq during spring season 2013 to study the 

effect of three drip irrigation method (surface and sub surface by putting the pipe at a 

depth of 5 and 15 cm below the soil surface on the growth and yield of three potato 

cultivars (Santa, Madeleine and Rivera). T-Tape striped irrigation pipes with 16 mm 

diameter used and drippers on the dimensions of 20 cm. The study involved nine 
different treatments subjected in a Split plot system with three replications. The results 

showed a significant superiority of Madeleine cv. on Santa and Rivera in the total and 

relative water content of potato leaves , the number of stems per plant, dry weight, leaf 
area per plant and fresh weight of roots and yield parameters (number of tubers 10.51, 

plant yield 628.86 g, total tubers yield 25.152 tons. ha-1 and marketable yield 21.632 

tons. ha-1). More over subsurface drip irrigation (15 cm deep) superior in total and 
relative water content, mineral content (NPK), plant dry weight, leaf area per plant, 

fresh weight of roots, plant yield 625.30 g, total tubers yield 25.012 tons. ha-1 and 
marketable yield 21.580 tons ha-1. 
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INTRODUCTION 

 

  Potato (Solanum tuberosum L.) belongs to Solanaceae family is one of the most important vegetable crops 

in the world and in terms of human consumption came in the fourth grade after wheat, rice,and corn. It is rich in 

carbohydrate, nutrients and amino acids (Hassan 1999). Many factors affected potatoes production, including 

cultivars, appropriate weather conditions, planting date , plant nutrition and irrigation. There are numerous 

cultivars of potatoes vary in vegetative growth , number of aerobic stems, number of tubers, plant yield, size and 

color of the tubers. Many studies have been conducted in various countries around the world to determine the 

best cultivars suitable for the weather conditions and soil conditions in each region. Jassim et. al. (1994) found 

in their studies of the response of three varieties of potato (Dimont and Priemora and Escort) in southern Iraq a 

superior significant of Escort cv. in the vegetative growth parameters (stem length, number of aerobic stems, 

leaf area per plant, and plant dry weight) over the other cultivars. Mahmoud (2003) study five cultivars of potato 

(Kuroda, Aladin, Armada, Artemis and Desiree), he found a significantly superior of Kuroda and Desiree 

cultivars in plant height , number of leaves and stems airway while Aladin cv. surpassed in plant yield, total and 

marketable yield of tubers. In the study performed by Taha (2007) compromiz of three cultivars of potato under 

conditions of Basra (Ajibe , Desiree and Latana) he confirmed the surpass of Ajibe in plant height , number of 

stems, leaf area , dry matter in the leaves , the number of tubers per plant , average weight of the tuber and total 

yield. Al- Bayaty(2010) observed surpassing of Desiree cv. over Latona in plant height , leaf area , chlorophyll 

content, number of tubers per plant and plant yield, while Latona cv. surpassed in the total yield . Al- Qaisy and 

Al-Bayaty(2010) showed that there are differences in growth and yield among three cultivars of potato planted 

in spring and autumn seasons. Al- Juboury et. al. (2012) found that Santa cv. Was more than Latona cv. in most 

vegetative growth parameters (plant height, number of aerobic stems, and leaf area) and yield parameters ( plant 

yield , average weight of the tuber and total yield of tubers). Jasim et. al. (2013) noticed that Draga cv. wase the 

best in plant height , average weight of tuber, total yield of tubers than other six cultivars of potatoes. Khalel and 

Al-Assaf (2013) studied the comparison between six cultivars of potatoes, they noticed Niktard and Savannah 

cultivars distinguished in some vegetative growth traits (plant height, fresh and dry weight of plant and leaf 
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area) and the superiority of the two cultivars Niktard and Younefersa in yield traits (number of tubers, plant 

yield and total yield of the tubers).  

 Potato plants are sensitive to the changes in the moisture content of the soil and which it drop or irregular 

irrigation (Water stress), especially during tuber initiation and tuber formation phases resulting significant 

damage in the plants, causing a decrease in the total yield and tuber quality (Al- Aubiady 2005). Many studies 

have been carried out to find the best method supplying proper soil moisture for plant growth, the drip irrigation 

system may be one of the modern method used to irrigate potatoes . Scholberg and Locasro (1999) when 

studying the effect of two irrigation method in tomato plants (drip irrigation and sub-surface irrigation) they 

noticed a significant increase in the most vegetative growth traits (number of branches , length of the plant, and 

dry weight of plant) and yield traits of the plant when they use a drip irrigation system. Shae et. al. (1999)found 

an increase in the number of branches, leaf area and dry weight of shoots in potato plants by using drip irrigation 

method as compared with surface irrigation. Gorden (2001) in his study to evaluate drip irrigation systems , he 

observed that this method increased water use efficiency and improved vegetative growth and yield of potato 

plants. Bao-Zhong , et al. (2003) mentioned that potato is one of the sensitive crops to water stress , and soil 

moisture is one of the important factors affecting the yield and quality of the tubers and he has been used 

different amounts of irrigation water, which are 0.25, 0.5, 0.75, 1.0 and 1.25 times of evapo-transpiration and 

got an increase in plant height , water content of the leaves , total number of tubers , average tuber weight , total 

and marketable yield of tubers by increasing the amount of irrigation water . Wang et. al. (2006) used six 

different drip irrigation frequencies for potatoes (1, 2, 3, 4, 6 and 8 days) with total drip irrigation water equal 

for the different frequencies and they exhibited that high frequencies irrigation increased length and intensity of 

the roots and enhanced potato tuber growth whereas, reducing irrigation frequencies from 1 to 8 days resulted in 

a significant yield reduction by 33.4 %. Neelam and Raiput (2007) mentioned that sub-surface drip irrigation is 

a modern methods of irrigation, which guarantees the advantage of the few quantities of soil water through drip 

irrigation pipes which placed under the soil surface and they have been used five depth of laying the pipes (0, 5, 

10, 15 and 20 cm) underneath the soil surface and studied the movement of water to the top of the soil surface 

by capillary action they found that putting the pipes at a depth of 5 cm led to the move water to the top of the 

soil surface and reached the soil moisture to 21.5%, while in the remnant depths were low in the movement of 

water to the soil surface which remained relatively dry. Selim et. al. (2009) used surface and sub-surface drip 

irrigation, they said that sub-surface irrigation was more effective in increasing the total tubers yield and content 

of mineral elements in tubers in addition to improving the fertility of the soil after the harvest. Badr et. al. 

(2012) applied drip irrigation at different irrigation levels (100, 80, 60 and 40%) from the rate of evapo- 

transpiration they found that the treatment of 100% gave the highest yield of tubers. Al-Janaby (2012) studied 

irrigation potatoes by drip irrigation with three levels (100, 75 and 50%) of the evapo-transpiration he found that 

increase irrigation level led to a significant increase in plant height, number of aerobic stems, leaf area, plant dry 

weight and total yield of tubers.  

 The aim of this experiment is to study the effect of two methods of drip irrigation (surface and sub-surface) 

in water status, mineral content, growth, yield and quality of three potato cultivars.  

 

MATERIALS AND METHODS 

 

 A field experiment was conducted at vegetables field of Plant Production Department in the Technical 

Agricultural College / Mosul / Iraq during the spring season of 2013 to study the effect of two methods of drip 

irrigation surface and sub-surface in the growth and yield of three cultivars of potato . the treatments of drip 

irrigation were as follows : 1-Surface irrigation: put the pipe above the soil surface in the furrow center 2-Sub-

surface irrigation : put the pipe under the surface of the soil at a depth of 5 cm.  

 3- Sub- surface irrigation : put the pipe under the surface of the soil at a depth of 15 cm.  

 The applied drip irrigation pipes is T-Tape 16 mm diameter the distains between the drippers is 20 cm, 

irrigation water was equal for all treatment, and the source of irrigation is a tank 10 m
3 

size and a height of 3 m. 

And cultivated varieties are Santa , Madeleine and Riviera. The study included nine treatments carried out in 

factorial experiment in randomized complete block design with three replications. Potato seeds were sown on 22 

Feb. on furrows width 75 cm and the distance between tubers 30 cm in a lomey soil (Table 1) Tubers were 

harvested on 4 June for all experimental unit plants and recorded the following measurements:  

 A - Vegetative growth measurements : five plants of each experimental unit were taken a week before 

harvest to record the vegetative growth traits :  

 1-Total water content of the leaves: were recorded after one day of the field irrigation using the following 

equation: Total water content = wet weight - dry weight / wet weight x 100 2-Relative water content of the 

leaves : were recorded at the same time of measuring total water content according to the following equation:  

 Relative water content = wet weight - dry weight /saturate weight - Dry X 100 3- Leaves content of metallic 

elements (nitrogen, phosphorus and potassium): N estimation as a total nitrogen by Kjeldahl method using a 
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Micro Kjeldahl according to Black (1965) and P estimated according to Johan (1970) using a spectrophotometer 

and K was estimated by flame photometer according to Haynes(1980). 4-Plant height (cm).  

5 - The number of aerobic stems per plant.  

6-plant dry weight (g). 7- Plant leaf area (cm
2
). 8- Roots fresh weight (gr).  

B - Yield and qualitative traits measurements:  

1-Nnumber of tubers per plant.  

2- average weight of the tuber (gm.) 3- Plant yield (gr(  

4-Total yield of tubers per unit area (kg.ha
-1

).  

5- Marketable yield of tubers (kg .ha 
-1

).  

6 - Percentage of dry matter in the tubers .  

7-Total soluble solids in the tubers : were measured by Hand Refractometer. 

8 -Hardness of tubers (kg. cm
2 -1

) was measured by Pressure Tester.  

Results were analyzed statistically according to the SAS system (1998)and comparisons of the averages were 

done by Duncan multiple test at 0.05 level ( AL-Rawy and Kalaf 2000) .  

 
Table 1: Some physical and chemical properties of soil of the field experiment. 

Value Properties 

7.3 PH 

21 Organic Matter g. Kg-1. 

3.380 E.C. ds m-1 

14.87 Cation Exchange Capacity Meq.100 g.soil-1 

42 available N (ppm) 

0.89 available P ( ppm ) 

141 soluble K (ppm ) 

225 CaCO3 g. Kg-1. 

 Particle Size g. Kg-1. 

493.5 Sand 

161.8 Clay 

344.7 Silt 

Lomey Texture Class 

 

RESULTS AND DISCUSSION 

 

 Table 2 shows the effect of the cultivars and drip irrigation treatments in the total and relative water content 

of leaves where the Madeleine cv. gave a higher total and relative water content reached 85.46 and 79.59%, 

respectively, it was significantly superior on Santa and Rivera cultivars also sub-surface drip irrigation by 

putting the pipe 15 cm deep under the soil surface led to a significant increase in both total and relative water 

content 85.23 and 79.73% respectively, as compared with sub-surface irrigation at depth of 5 cm and surface 

irrigation. The interaction between cultivars and irrigation treatments had a significant effect on the water 

content of leaves and the interaction treatment between Madeleine and sub-surface irrigation at depth of 15 cm 

gave the higher total and relative water content recorded 86.43 and 80.98% which had a significant effect on all 

other interaction treatments.  

 Table 2 also shows the effect of the cultivars and drip irrigation treatments in the mineral content of the 

leaves (nitrogen, phosphorus and potassium) where we found that Santa cv. surpassed in the percentage of 

phosphorus 0.353% over the two cultivars Madeleine and Rivera whereas there was no significant differences 

between the three cultivars in each of the percentage of nitrogen and potassium. Drip irrigation treatments 

caused a significant increase in the percentage of nitrogen, phosphorus and potassium, and the treatment of sub-

surface irrigation at a depth 15 cm. gave the higher percentage of a 4.52% and 0.370%, and 5.21% for the three 

elements, respectively, followed by treatment of sub-surface irrigation at a depth 5 cm. and then surface 

irrigation treatment. The interaction treatments between cultivars and irrigation revealed a significant increase in 

the percentage of the three elements in the leaves and the interaction treatments between the sub-surface 

irrigation at a depth of 15 cm. and the three cultivars gave the highest percentage of nitrogen and potassium, 

while the highest percentage of phosphorus resulted from the interaction treatment between the sub-surface 

irrigation at 15 cm. and Santa cv.  

 The differences between the three cultivars in the total and relative water content and mineral elements may 

be due to the genotypes difference which lead to differ in the nature of growth of the cultivar and its root system 

and absorption of water and minerals from the soil (Hassan 1999). The significant increase in the content of 

leaves of total and relative water and mineral elements as a result of sub-surface drip irrigation at a depth of 15 

treatment may be revert to increase the amount of irrigation water provided by this treatment comparing with the 

other two treatments as a result of reducing the loss of water through evaporation because of the presence of 

irrigation pipes under the soil surface at a depth of 15 cm. This result agree with the findings by Bao-Zhong 

et.al. 2003, that increasing the amounts of irrigation water from 0.25 to 1.25 of the evapo-transpiration, result an 

increasing in total water content potato leaves , and what Selim et. al. 2009 referred that Sub-surface drip 
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irrigation led to a significant increase in the content of tubers of mineral elements. Abdul-Rahman 2011 also 

found a significant increase in the tomato leaves content of nitrogen and calcium by drip irrigation as compared 

with furrows surface irrigation.  

 
Table 2: The effect of cultivars and drip irrigation and there interaction in water and elements content in leaves potato plant.  

K % in leaves P % in leaves N % in leaves Relative water 

content in 
leaves % 

Total water 

content in 
leaves % 

Characters 

 
Treatments 

  Cultivars 

4.75 a 0.353 a 4.35 a 72.20 b 84.18 b Santa 

4.74 a 0.303 b 4.26 a 79.59 a 85.46 a Madeleine 

4.81 a 0.276 c 4.27 a 77.93 b 83.17 c Rivera 

Drip irrigation treatments 

4.30 c 0.243 c 4.09 c 77.70 c 83.46 c Surface irrigation 

4.79 b 0.320 b 4.27 b 78.29 b 84.15 b Sub-surface 5 cm. 

5.21 a 0.370 a 4.52 a 79.73 a 85.23 a Sub-surface 15 cm. 

Interaction treatments between cultivars and drip irrigation 

4.36 cd 0.281 d 4.18 bcd 77.25 d 83.42 d Surface Santa 

4.88 abc 0.360 b 4.29 b 77.46 d 73.69 cd 5 cm. 

5.02 ab 0.421 a 4.58 a 79.89 b 85.45 b 15 cm. 

4.21 d 0.231 e 4.02 d 78.32 c 84.32 c Surface Madeleine 

4.68 bcd 0.320 c 4.26 bc 79.48 b 85.63 b 5 cm. 

5.34 a 0.361 b 4.51 a 80.98 a 86.43 a 15 cm. 

4.33 cd 0.220 e 4.08 cd 77.53 d 82.56 e Surface Rivera 

4.82 abc 0.281 d 4.27 bc 77.95 cd 83.13 de 5 cm. 

5.28 a 0.331 bc 4.48 a 78.33 c 83.82 cd 15 cm. 

Mean within a column and their interaction following with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

 

 Table (3) reveals the effect of cultivars and drip irrigation in vegetative growth traits of the plant (plant 

height, number of stems , dry weight , plant leaf area and fresh weight of roots), where we obviously found the 

superiority of Santa and Madeleine cvs. in plant height on Rivera cv. while the Madeleine cv. surpassed in the 

number of aerobic stems 4.49 ,dry weight of plant 42.54 gr. , leaf area 2943 cm
2
 and the fresh weight of roots 

20.27 gr. followed by Santa and then Rivera . The effect of drip irrigation treatment show no significant effect in 

plant height and number of stems while the sub-surface drip irrigation at a depth of 15 cm. gave a higher dry 

weight of the plant 43.11 gr., leaf area 2787 cm
2
 and the fresh weight of the roots 20.26 gr. with a significant 

superiority more than the other two treatments.  

 
Table 3: The effect of cultivars and drip irrigation and there interaction in vegetative growth characters of potato plant.  

Fresh weight of 
roots 

Leaf area of 
plant ( cm2 ) 

Dry weight of 
plant ( gr.) 

Number of 
aerobic stems 

Plant high ( m) Characters 
Treatments 

  Cultivars 

17.92 b 2611 b 39.39 b 3.10 b 47.33 a Santa 

20.27 a 2934 a 42.54 a 4.43 a 51.32 a Madeleine 

14.55 c 2391 c 32.40 c 2.44 c 29.11 b Rivera 

Drip irrigation treatments 

15.00 c 2491 c 31.32 c 3.47 a 40.77 a Surface irrigation 

17.48 b 2658 b 39.90 b 3.18 a 44.44 a Sub-surface 5 cm. 

20.26 a 2787 a 43.11 a 3.32 a 42.55 a Sub-surface 15 cm. 

Interaction treatments between cultivars and drip irrigation 

13.58 ef 2432 d 29.84 f 3.11 bc 42.33 a Surface Santa 

18.62 c 2613 c 40.92 c 3.22 bc 50.66 a 5 cm. 

21.56 b 2790 b 47.43 a 2.99 bc 49.00 a 15 cm. 

18.62 c 2812 b 38.00 d 4.77 a 51.66 a Surface Madeleine 

18.55 c 2950 ab 43.52 b 3.88 ab 51.66 a 5 cm. 

23.66 a 3041 a 46.12 a 4.66 a 50.66 a 15 cm. 

12.81 f 2231 e 26.14 g 2.55 c 28.33 b Surface Rivera 

15.29 de 2412 d 35.28 e 2.44 c 31.00 b 5 cm. 

15.57 d 2531 cd 35.80 e 2.33 c 28.00 b 15 cm. 

Mean within a column and their interaction following with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 
 

 The interaction between cultivars and irrigation treatments shows a significant effect in vegetative growth 

traits, the highest number of aerobic stems 4.77 obtained from the interaction treatment between the Rivera cv. 

and surface irrigation and the lowest number 2.33 produced from the interaction treatment between the Rivera 

cv. and sub-surface irrigation at a depth of 15 cm., the largest dry weight of the plant 47.43 gr. resulted from the 

interaction treatment between the Rivera cv. and sub-surface irrigation at a depth of 15 cm. and less dry weight 

35.28 gr. from interaction treatment between the Rivera cv. and sub-surface irrigation at a depth of 5 cm. , the 
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highest leaf area 3041 cm
2
 and the highest fresh weight of roots 23.66 gr. from interaction treatment between the 

Madeleine cv. and sub-surface irrigation at a depth of 15 cm. and less leaf area 2231 cm
2
 and less fresh weight 

of roots 12.81 gr. from interaction treatment between Rivera and surface irrigation.  

 Distinguishing Madeleine cv. in some vegetative growth traits is agreement with what was found by many 

researchers (Jassim et al., 1994 – Mahmoud, 2003- Taha, 2007 –Al- Bayaty, 2010- Al- Juboury et al., 2012- 

Jasim, 2013 and Khalil and Al- Assaf, 2013) that there are differences in the characteristics of the vegetative 

growth of potato cultivars. Perhaps the reason for this difference may be belong to the nature of genotypic 

differences of these cultivars The significant increase in some vegetative growth traits of potato plants (dry 

weight, leaf area and root fresh weight), may be return to the efficiency of the sub-surface drip irrigation method 

by increasing the water use efficiency and improve vegetative growth of potato plants (Gorden 2001) and 

increasing the amounts of water irrigation in the soil may increase the length and intensity of the roots (Wang et 

al., 2006) through the optimum regulation of soil water, in addition to maintain a high water potential in the root 

zone, which makes this region with constant dilution of salts where leaching process of salts out of the root zone 

(Ismail,1988) which was mentioned by increasing the leaves content of elements (nitrogen, phosphorus and 

potassium) (Table 2) and this results were in harmony with (Shae et al., 1999 - Gorden, 2001 and Al- Janaby, 

2012).  

 Table (4) shows the effect of the cultivars and drip irrigation treatment in yield traits (number of tubers , 

average weight of the tuber, plant yield, total and marketable yield of tubers) where we noticed that a superiority 

of Madeline and Santa cvs. in the number of tubers per plant 10.51, 9.94, while Rivera cv. significantly 

surpassed in the average weight of tuber 78.01 gr., on the other hands the Madeleine cv. gave the higher plant 

yield 628.86 gr. and the highest total 25.152 tons. ha
-1

 and higher marketable yield 21.632 tons. ha
-1 

which was 

significantly superior over Santa and Rivera cvs. The irrigation treatments revealed a significant effect on yield 

traits, were the two sub-surface drip irrigation treatments at 5 and 15 cm. depth are significantly superior than 

the surface treatment in the number of tubers per plant which reached 9.57 and 9.28 respectively. However there 

is no significant effect on average weight of tuber was shown as a result of drip irrigation treatments , but the 

sub-surface drip irrigation at a depth of 15 cm. gave a higher plant yield 625.3 gr. and the highest total yield 

25.012 tons .ha
-1 

and marketable yield 21.580 tons.ha
1
.  

 The effect of interaction treatments between Madeleine cv. and sub-surface drip irrigation at a depth of 5 

cm. gave the largest number of tubers 11.8 and the lowest number of tubers 6.33 from interaction treatment 

between Rivera cv. and sub-surface drip irrigation at a depth of 5 cm. , the largest average weight of tuber 83.82 

gr. from the interaction treatment between Rivera and sub-surface irrigation at a depth of 15 cm. and less 

average weight of tuber 48.47 gr. from interaction treatment between Santa and sub-surface irrigation at a depth 

of 5 cm., highest plant yield 720 gr., total yield 28.800 tons. ha
-1

 and marketing yield 24.768 tons.ha
-1

 from 

interaction treatment between Madeleine cv. and sub-surface irrigation at a depth of 15 cm., while the lowest 

plant yield 468 gr. total yield 18.720 tons. H
-1

 and marketing yield 15.720 tons. ha
-1

 from interaction treatment 

between Rivera and surface irrigation. 

 These findings are in agreement with what was mentioned by Mahmoud 2003, Taha 2007, Al- Bayaty 

2010, Al- Juboury et al. 2012, Jasim 2013, Khalil and Al-Assaf 2013 that there are differences in potato yield 

characteristics in the varying cultivars and this results may be related to the genotypic difference of the studied 

cultivars. And the surpassed of Madeleine cv. in yield traits may be due to the superiority of this variety in 

vegetative growth traits (number of stems, leaf area, plant dry weight and fresh weight of roots) (Table 3), which 

is one of the phenotypic characteristics of the plant directly related to the ability of plants to absorb soil minerals 

and increase the efficiency of photosynthesis which may affect the increase in the number of tubers where the 

number of tubers for this variety increased (Table 4) and is reflected in the increase of plant yield total and 

marketable yield. The increase in the yield traits as a result of the two sub-surface drip irrigation treatments at a 

depth of 5 and 15 cm. comparing to the treatment of surface irrigation, are in agree with the results of Gorden 

2001, Bao-Zhong et al. 2003, Neelam and Raiput 2007, Wang et al.2006, Selim et al. 2009, Badr et al. 2012 

and Al-Janaby, 2013. Perhaps the reason for this may be resulted to the efficiency of drip irrigation method in 

reducing water loss by evaporation which has been indicated by Neelam and Raiput 2007 in putting drip 

irrigation pipes under the surface of the soil at a depth of 10 cm or more which led to reduce the movement of 

water to the top of the soil surface by capillary and the surface soil remained relatively dry. We have noticed 

that the method of irrigation under the soil surface led to a significant increase in the total and relative water 

content of leaves as well as increasing the percentage of nitrogen, phosphorus and potassium (Table 2) which 

provided favorable conditions for biological processes in the plant, especially the photosynthesis, and the role of 

nitrogen as one of the essential elements of the plant because it enters in the composition of number of organic 

compounds and amino acids , proteins and nucleic acids. As well as the role of phosphorus in plant growth is 

considered as one of the components of the nucleoprotein and enters in the composition phospholipids which are 

considered one of the components of a living cell membrane (Abu- Dahy, 1988). In addition to the importance 

of potassium in the transfer the products of photosynthesis and collected in parts of the reservoir (tubers) Habib, 

2011.  
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Table 4: The effect of cultivars and drip irrigation and there interaction in yield characteristics of potato plant.  

Marketable yield 

of tubers ( ton. H-

1) 

Total yield of 

tubers ( ton. H-1 ) 
Plant yield ( gr. ) Average weight 

of tuber ( gr. ) 

Number of 

tubers per 

plant 

Characters 

Treatments 

 

  Cultivars 

19.012 b 21.428 b 535.73 b 52.82 b 9.94 a Santa 

21.632 a 25.152 a 628.86 a 60.11 b 10.51 a Madeleine 

16.672 c 20.052 b 501.30 b 78.01 a 6.53 b Rivera 

Drip irrigation treatments 

15.952 c 19.304 b 482.63 b 58.76 a 8.12 b Surface irrigation 

19.788 b 22.316ab 557.96 ab 62.67 a 9.57 a Sub-surface 5 cm. 

21.580 a 25.012 a 625.30 a 69.52 a 9.28 a Sub-surface 15 cm. 

Interaction treatments between cultivars and drip irrigation 

16.052 d 19.612 c 490.30 c 53.70 b 8.43 cd Surface Santa 

19.260 c 20.344 c 508.60 c 48.47 b 10.60 ab 5 cm. 

21.732 b 24.332 abc 608.30abc 56.30 b 10.80 ab 15 cm. 

16.084 d 19.584 c 489.60 c 53.17 b 9.20 bc Surface Madeleine 

24.052 a 27.080ab 677.00 ab 58.72 b 11.80 a 5 cm. 

24.768 a 28.800 a 720.00 a 68.44 ab 10.53 ab 15 cm. 

15.720 d 18.720 c 468.00 c 69.41 ab 6.73 de Surface Rivera 

16.056 d 19.532 c 488.30 c 80.81 a 6.33 e 5 cm. 

18.248 c 21.904 bc 547.60 bc 83.82 a 6.53 e 15 cm. 

Mean within a column and their interaction following with the same latter are not significantly different according to Duncan multiple range 

test at the probability of 0.05 levels. 

 

 Table (5) illustrates the effect of the cultivars and drip irrigation treatments in some qualitative traits of 

potato (percentage of dry matter in the tubers , hardness of tubers and the percentage of total soluble solids in 

the tubers ).We found that Santa cv. gave the highest percentage of dry matter in tubers 20.51 %, while the 

greatest hardness of tubers 11.46 kg. cm
2 -1

 obtained from the Rivera cv. But no significant differences between 

cultivars in the total soluble solids, hence the irrigation treatments have no significant effect in these traits. The 

interaction treatments between cultivars and irrigation had significantly effect in the dry matter and hardness of 

tubers and the highest percentage of dry matter in tubers 20.48 % resulted from the interaction treatment 

between Santa and surface irrigation and the lowest percentage 16.28 % produced from the interaction treatment 

between Rivera and surface irrigation, on the other hand the greatest hardness of tubers 12.00 kg. cm
2 -1

 was 

from interaction treatment between Rivera and surface irrigation and lowest hardness of tubers 9.73 kg. cm
2 -1

 

was from the interaction treatment between Madeleine and sub-surface irrigation at a depth of 15 cm.  

 It can be drawn a conclusion from this study the response of some potato cultivars to the method of drip 

irrigation under the soil surface , there were a significant increases in some vegetative growth and yield traits in 

comparing with surface drip irrigation method.  

 
Table 5: The effect of cultivars and drip irrigation and there interaction in qualitative characteristics of potato tubers. 

Total soluble solids in 

tubers 

Tubers hardness 

( Kg.cm2.-1) 

Dry weight percentage 

in tubers 

Characters 

Treatments 

Cultivars 

5.55 a 10.96 a 20.51 a Santa 

4.94 a 9.68 b 17.30 b Madeleine 

5.44 a 11.46 a 17.90 b Rivera 

Drip irrigation treatments 

5.38 a 10.70 a 17.85 a Surface irrigation 

5.05 a 10.58 a 18.83 a Sub-surface 5 cm. 

5.50 a 10.83 a 19.08 a Sub-surface 15 cm. 

Interaction treatments between cultivars and drip irrigation 

5.33 a 10.25 bc 20.48 a Surface  

Santa 
 

5.33 a 11.00 ab 20.61 a 5 cm. 

6.00 a 11.58 a 20.44 a 15 cm. 

5.16 a 9.81 c 16.81 bc Surface  
Madeleine 4.50 a 9.84 c 17.32 bc 5 cm. 

5.16 a 9.73 c 17.78 bc 15 cm. 

5.66 a 12.00 a 16.28 c Surface  

Rivera 5.33 a 11.25 ab 18.56 abc 5 cm. 

5.33 a 11.11 ab 19.03 ab 15 cm. 

Mean within a column , row and their interaction following with the same latter are not significantly different according to Duncan multiple 
range test at the probability of 0.05 levels. 
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