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Abstract: Water irrigation and reducing mineral nitrogen fertilizer are critical factors to regional
development. The objectives was to study the effect of water tension treatments, mineral of nitrogen
and organic fertilizers combinations and their interactions on yield and its components of potato. Each
irrigation treatments were conducted in a separate experiment. Every separate experiment laid-out in
randomized complete block design with four replicates then combined analysis was done between
irrigation treatments. Irrigation at 26cb i.e. 54.1% moisture from field capacity produced maximum
values of all studied traits, except unmarketable tuber yield, tuber less than 30 mm and water use
efficiency, which resulted from irrigation at 34cb i.e. 45.8% moisture from field capacity. Application
of 60% inorganic nitrogen (238 kg/ha) + 40% organic chicken manure (158 kg N/ha) resulted in
highest values of number of tubers/plant, total tuber yield/ha, marketable tuber yield/ha, tuber grades
30-60 mm (%), tuber grades more than 60 mm (%) and WUE (kg/m3). The interaction between both
studied factors had a significant effect on all studied character, with exception un-marketable tuber
yield, tuber grades less than 30 mm and more than 60 mm (%). Highest WUE were obtained as a
result of irrigation at 34cb i.e. 45.8% moisture from field capacity and using 100 % N inorganic and
or 60% inorganic nitrogen (238 kg N/ha) + 40% organic chicken manure (158 kg N/ha). It could be
concluded that highest averages of WUE was recorded with irrigation at 34cb and application of 100%
inorganic fertilization and /or irrigation at 34cb and application of 60% inorganic nitrogen + 40%
organic chicken manure.

Key words: Water Tension Treatments, Water Use Efficiency (WUE), Organic Fertilizers, Moisture
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INTRODUCTION

Potato (Solanum tuberosum L.) is one of the most important field crops grown under a wide range of
climates. In Egypt, potato is one of the most important foods not only to its local consumption but also to
increase net income through its exportation. Agriculture sector consumes about 90% of available water
resources. Consequently agriculture sector should trend towards growing low water requirement. Water is
considered an economical scare resource in many areas of the world especially in arid and semi arid regions
like Egypt. In arid and semiarid regions, potato is sensitive to

Water stress and irrigation has become an essential component of potato production in comparison with
the other crops (Wright and Stark, 1990). Thornton (2002) and Shock (2004) found that all growing stages of
potato, especially tuber formation stage, are very sensitive to water deficit stress. Similar conclusion was found
by Deblonde and Ledent (2001) who added that number of tuber/plant and tuber yield were reduced by water
stress. On the other hand, stolonization and tuberization stages were more sensitive than bulking and tuber
enlargement stages (Hassan et al., 2002). Water use efficiency was 59.56 kg/ha/mm for well-irrigated treatment
and 42.13kg/ha/mm for non irrigated treatment (Kiziloglu et al, 2006) and  in Iran ranged from 1.92 to 5.25
kg/m3 (Rashidi and Gholani, 2008). To achieve the optimum water use efficiency potato cv. Marfuna should
be irrigated with 59 days after sowing (Nasseri and Bahramloo, 2009).

Nitrogen fertilization indispensable factor for increasing total tuber yield and tuber quality of potato,
several studies have been carried to explain the efficiency of nitrogen levels on yield and yield components
of potato plants. In this connection, Highest yield of potato was produced by application 200 kg N/ha (Singh
and Raghav, 2000) and Patel and Patel, 2001). Increasing nitrogen levels caused significant progressive increase
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in number of tuber/ plant and yield of tuber size grades 28-60 and < 60 mm diameter while yield of tubers
size grad < 28 mm diameter reduced by increasing nitrogen applied rates/ha (El-Banna et al,2004). Several
researchers came to the same conclusions such as Al-Moshileh et al. (2005) and Kumar et al. (2007). Soliman
et al. (2000) and Al-Moshileh and Motawei, 2007 and concluded that number of tuber/plant, total tuber yield
and marketable tuber yield were increased with increasing nitrogen levels. 

Mineral sources of N fertilizers especially No3 salts, accumulate more No3 and No2 ions within the plant
tissue, which represented a serious problems for human health because their absorption into the blood, they
may oxidize Fe++ of hemoglobin to Fe+++ and producing methemoglobin, which cannot transport oxygen.
Toxicity of No3 may be due to the formation of carcinogenic N-nitrous compounds by reaction with amino
compounds. Application of farmyard manure had positive effects on growth and yield. Tuber yield increased
as the FYM rates increased (Calskan et al., 2004). Number of tubers/plant and marketable yield were affected
by the rate of chicken manure. The application of chicken manures at the rate of 8 ton/ha produced the highest
marketable yield of potato (Al-Moshileh and Motawei, 2007). Addition of poultry manure into the soil
increased both of total and available nitrogen, phosphorous and potassium in soil and plant (El-Tantawy et al.
(2009).

Little information available concerns the interaction effect under study. In this connection, poultry manure
combination with inorganic fertilizer could significantly increase marketable, total tuber yield and tuber grading
of potato plant (Tsyganov et al., 2000). Optimizing the management of irrigation and nitrogen for potato
production is important to maximize production, quality and minimize the nutrient losses below the root zone
(Meyer and Marcum, 1998). Numbers of tubers/plant, marketable and total tuber yield were increased with
increasing irrigation and nitrogen levels (Sharma et al, 1999). Imposing severe nitrogen and water deficit
considerably decreased tuber yield (Darwish et al, 2006). 

The objective of this research was to study the effect of furrow irrigation schedules using water tension
treatments (on the basis of soil water depletion) i.e. percentage of moisture from field capacity, combination
between mineral nitrogen and organic fertilizers and their interactions on yield and its components of potato
cv. Spunta.

MATERIALS AND METHODS

Two field experiments were performed at the Experimental Station, Faculty of Agriculture, Mansoura
University, during 2007 and 2008.

Treatments and Experimental Design:
Irrigation Treatments:

This study included four irrigation treatments. Each irrigation treatment’s was conducted in a separate
experiment. Every separate experiment laid-out in randomized complete block design with four replicates which
were devoted for each of the following irrigation treatments. Soil moisture content was determined using
tensiometer instruments. Before start of irrigation treatments, crop received equal amount of water immediately
after planting which was enough for the proper establishment of plants. Relationship between water tension
(cb) and soil moisture percentage is illustrated in Fig (1). Irrigation numbers and amount of irrigation water
per each one in m3/fed, for irrigation treatments are presented in Table (1). Irrigation treatments were as
follows:
1. Irrigation at 22 cent bar (6209.32 m3 water/ha) i.e. 59.3% from field capacity.
2. Irrigation at 26 cent bar (5360.17 m3 water/ha) i.e. 54.1% from field capacity.
3. Irrigation at 30 cent bar (3944.95 m3 water/ha) i.e. 52.0% from field capacity.
4. Irrigation at 34 cent bar (3449.62 m3 water/ha) i.e. 45.8% from field capacity.

B- Fertilization Treatments:
Six Fertilizer treatments were evaluated in each separate irrigation experiment. The experimental treatments

of organic chicken manure and mineral nitrogen fertilizers in single or combined applications were conducted
as follows:
1. 100% mineral nitrogen fertilizer (396 Kg N/ha).
2. 80% mineral nitrogen fertilizer (317 Kg N/ha) plus 20 % organic chicken manure (79 Kg N/ha).
3. 60% mineral nitrogen fertilizer (238 Kg N/ha) plus 40 % organic chicken manure (158 Kg N/ha).
4. 40% mineral nitrogen fertilizer (158 Kg N/ha) plus 60 % organic chicken manure (238 Kg N/ha).
5. 20% mineral nitrogen fertilizer (79 Kg N/ha) plus 80 % organic chicken manure (317 Kg N/ha).
6. 100 % organic chicken manure (396 Kg N/ha).

Chemical analysis of organic chicken manure at Soil and Water Analysis Institute, Mansoura Lab.,
Agricultural Research Center (ARC), according to AOAC, (1990) and was presented in Table (2).
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Table 1: Irrigation numbers and amount of irrigation water per each one in m3/fed, for irrigation treatments.
Total irrigated Amount of % Moisture Irrigations Amount of Irrigation of Treatments
water (m3/ha) irrigation water from F.C number water for each agriculture

(m3/ha) irrigation (m3/ha) (m3/ha)
6209.32 5519.40 59.3 8 689.92 689.92 Irrigation at 22cb
5360.17 4670.25 54.1 6 778.37 689.92 Irrigation at 26 cb
3944.95 3255.03 52.0 4 813.75 689.92 Irrigation at 30 cb
3449.62 2759.70 45.8 3 919.90 689.92 Irrigation at 34 cb

Table 2: Chemical analysis of chicken manure during growing seasons.
Chicken manure First season (2007) Second season (2008)
Chemical analysis:
Available nitrogen (%) 0.6906 0.5601
Available Phosphorous (%) 0.0621 0.0935
Available Potassium (%) 0.176 0.365
Organic matter (%) 43.70 40.11
pH 7.83 8.12
EC (ds/m-1) 0.81 0.75
*Soil and Water Analysis Institute, Mansoura Lab., Agricultural Research Center (ARC).

Fig. 1: Relationship between water tension (cb) and soil moisture percentage.

Mechanical and Chemical Analysis of Soil:
Randomized samples were obtained from the experimental soil at the depth of 0 - 30 cm before planting

to determine the physical and chemical contents according to standard method described by Jackson (1967)
and results are presented in Table 3. Sprouted seed tubers were planted on 3th and 1st

 February in both seasons
and were harvested after 100 days from planting dates. The preceding crop prior to the present study was
maize in both seasons. Nitrogen fertilizer was added in the form of ammonium nitrate (33.3 % N). Potassium
sulphate (50 % K2O) was used as a source of potassium at the rate of 230.4 kg K2O /ha Potassium was used.
The common agricultural practices for growing potato plants according to the recommendations of Ministry
of Agriculture were followed, except the factors under study. 

Studied Traits:
At harvest, (after approximately 100 days from planting) plants that produced from the three inner ridges

of each plot were harvested, and data were recorded for the following traits:
1- Number of tubers/ plant.
2- Total tubers yield (ton/ha).
3- Marketable yield (ton/ha): yield of good shapes healthy tubers which from 3.0 to 6.0 cm.
4- Unmarketable yield (ton/ha): yield of tuber less than 3.0 cm.
5- Grades of tuber weight (kg/plot): tubers from each plot were sized graded to four classes according to

tuber diameter, and then each grade was weight (kg) as follows:
- Grade (A) less than 30 mm in diameter.
- Grade (B) from 30-60 mm in diameter.
- Grade (C) over 60 mm in diameter.



Aust. J. Basic & Appl. Sci., 5(9): 997-1005, 2011

1000

Table 3: Mechanical and chemical soil characteristics at the experimental sites during the two growing seasons (2007/2008).
Soil analysis First season (2007) Second season (2008)
Mechanical analysis
Clay (%) 49.87 48.45
Silt (%) 22.06 24.22
Fine Sand (%) 20.02 19.59
Coarse sand (%) 3.02 3.11
CaCO3 (%) 3.43 2.99
Organic matter (%) 1.60 1.64
Texture Clayey Clayey
Chemical analysis 
Total nitrogen 865 878
Available nitrogen (ppm) 24.5 26.0
Total Potassium 744 754
Available Potassium (ppm) 513 522
Total Phosphate 267 279
Available Phosphate (ppm) 9.8 8.7
EC (ds/m) at 250C 1.5 1.9
pH 7.6 8.1
EC: Was determined in soil paste extract. PH: was determined in saturation soil paste

Then percentage of weight of each size-graded was calculated using the following equation:
% each size–graded =
         Total weight of each size – graded / inner three ridges X 100
         Total weight of tuber / inner three ridges
6- Water use efficiency (WUE) in kg/m3: according to, Wright (1988). 

Statistical Analysis:
All obtained data were statistically analyzed, as the technique of analysis of variance (ANOVA) for the

randomized complete block design to each experiment (irrigation tension), then combined analysis was done
between irrigation treatments as mentioned by Gomez and Gomez (1984). To compare treatment means, a New
Least Significant Difference (NLSD) was used according to Waller and Duncan (1969). All statistical analysis
were carried out using analysis of variance technique (ANOVA) by means of "MSTAT -C" Computer software
package (LINK"#FreedR.S.P.,S.Eisensmith,D.Goetz,V.Reicosky,W.SmailandP.Wolberg.1989."Freed et al., 1989).

RESULTS AND DISCUSSION

1-Effect of Irrigation Tension (Moisture Percentage from the Field Capacity):
Regarding to the effect of irrigation tension i.e. moisture Percentage from the field capacity (amount of

water in m3/ha), the results in Tables 4 and 5 clearly showed that irrigation tension significantly affected
number of tubers/plant, total tuber yield/ha, marketable and un-marketable tuber yield/ha, tuber grading (%)
as well as water use efficiency (WUE kg/m3) in both seasons. Increasing water tension from 22cb (6209.32
m3 water/ha) i.e. 59.3% from field capacity to 34cb (3449.62 m3 water/ha) i.e. 45.8% from field capacity
markedly decrease number of tubers/plant, total tuber yield, marketable yield/ha, tuber grades 30-60 mm (%)
and tuber grades more than 60 mm (%) in both seasons. Irrigation at 26cb (5360.17 m3 water/ha) i.e. 54.1%
moisture from field capacity produced the highest averages of these characters, (4.65 and 4.60), (33.698 and
33.645 ton/ha), (30.204 and 30.331 ton/ha) and (64.27 and 62.27 %) and (29.88 and 30.40 %) in both seasons
respectively. On the other side, Irrigation at 34cb (3449.62 m3 water/ha) i.e. 45.8% moisture from field capacity
produced the highest values of un-marketable yield (4.286 and 3.964 ton/fed), tuber grades less than 30mm
(32.41 and 29.40 %) and WUE (8.293 and 8.618 kg/m3) in both seasons, respectively. The increases in tuber
yield/ha due to increases in water tension from 22cb (6209.32 m3 water/ha) i.e. 59.3% from field capacity to
26cb (5360.17 m3 water/ha) i.e. 54.1% from field capacity might be due to increases in tubers number /plant
and averages of tuber weight. Moreover, fresh tuber yield increased considerably due to increasing in
availability of water. It could be noticed that irrigation at 26cb (5360.17 m3 water/ha) i.e. 54.1% moisture from
field capacity can save 849.15 m3 and recorded highest total tuber yield/ha compared with those treated with
22cb (6209.32 m3 water/ha) i.e. 59.35% from field capacity. In addition, it could be saving 1415.22 m3/ha
when irrigated at 30cb (3944.95 m3 water/ha) i.e. 52.0% moisture from field capacity and reduce in total tuber
yield not more than 5.4% and 4.2% in the first and second season, respectively. Irrigation at 34cb (3449.62
m3 water/ha) i.e. 45.8% moisture from field capacity produced the highest values of WUE (8.293 and 8.618
kg/m3) in both seasons, respectively. Similar results were found by Hassan et al. (2002) who stated that potato
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Table 4: Averages number of tubers/plant, total tuber yield (ton/ha), marketable tuber yield (ton/ha) and un-marketable tuber yield
(ton/ha) as affected by irrigation tension, fertilization treatments during 2007 and 2008 growing seasons.

Characters Number of tubers/plant Total tuber yield (ton/ha) Marketable tuber Un-marketable tuber
yield (ton/ ha) yield (ton/ha)

Treatments -------------------------------- ---------------------------------- ------------------------------- ------------------------------
2007 2008 2007 2008 2007 2008 2007 2008

Irrigation Tension:
Irrigation at 22cb 4.57 4.46 32.546 32.287 28.689 28.404 3.854 3.883
Irrigation at 26cb 4.65 4.60 33.698 33.645 30.204 30.331 3.494 3.314
Irrigation at 30cb 4.21 4.17 31.860 32.208 27.801 28.262 4.058 3.945
Irrigation at 34cb 3.92 3.96 28.617 29.740 24.331 25.776 4.286 3.964
F test ** ** ** ** ** ** ** **
NLSD at 5% 0.08 0.11 0.053 0.084 0.050 0.070 0.040 0.122
NLSD at 1% 0.10 0.16 0.070 0.111 0.065 0.092 0.052 0.175
Fertilization treatments (inorganic nitrogen fertilizer + organic chicken manure):
100% N inorganic 4.38 4.41 32.558 32.385 28.826 29.011 3.732 3.374
80% N + 20% organic 4.35 4.31 32.299 32.486 28.425 28.821 3.873 3.664
60% N + 40% organic 4.50 4.54 33.069 33.633 29.709 30.184 3.357 3.448
40% N + 60% organic 4.32 4.27 31.089 31.634 26.990 27.657 4.099 3.981
20% N + 80% organic 4.28 4.21 30.628 31.036 26.448 26.980 4.183 4.056
100% organic 4.21 4.04 30.439 30.643 26.143 26.503 4.296 4.140
F test ** ** ** ** ** ** ** **
NLSD at 5% 0.02 0.02 0.053 0.092 0.034 0.055 0.043 0.117
NLSD at 1% 0.02 0.03 0.070 0.121 0.045 0.073 0.056 0.155
Interaction:
F test ** * ** ** ** ** NS NS
*Significant at 5%, ** High significant at 1%

Table 5: Averages grades of tubers and water use efficiency (kg/m3) at harvesting date as affected by irrigation tension, fertilization treatments and their interactions during 2007
and 2008 growing seasons.

Characters Grades of tubers Water use efficiency (kg/m3)
Treatments ------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------

Tuber less than 30 (mm) Tuber 30-60 (mm) Tuber more than 60 (mm) 2007 2008
---------------------------------------- ---------------------------------------- ----------------------------------------
2007 2008 2007 2008 2007 2008

Irrigation Tension:
Irrigation at 22cb 8.17 8.90 62.93 61.82 28.89 29.27 5.238 5.197
Irrigation at 26cb 5.79 7.31 64.27 62.27 29.88 30.40 6.287 6.277
Irrigation at 30cb 26.18 25.68 56.50 54.43 17.35 19.88 8.076 8.164
Irrigation at 34cb 32.41 29.40 52.08 51.98 15.46 18.60 8.293 8.618
F test ** ** ** ** ** ** ** **
NLSD at 5% 0.58 0.86 0.31 0.60 0.31 0.48 0.027 0.043
NLSD at 1% 0.76 1.14 0.41 0.79 0.41 0.63 0.035 0.057
Fertilization treatments (inorganic nitrogen fertilizer + organic chicken manure):
100% N inorganic 15.94 16.04 60.06 58.41 24.06 25.53 7.173 7.161
80% N + 20% organic 17.71 17.50 59.24 57.74 23.04 24.75 7.118 7.176
60% N + 40% organic 14.68 14.47 60.61 59.30 24.70 26.22 7.259 7.411
40% N + 60% organic 18.75 18.59 58.57 57.23 22.61 24.17 6.846 6.998
20% N + 80% organic 20.20 19.67 58.02 56.77 21.77 23.55 6.744 6.869
100% organic 21.55 20.67 57.18 56.31 21.19 23.00 6.701 6.768
F test ** ** ** ** ** ** ** **
NLSD at 5% 0.21 0.18 0.13 0.12 0.13 0.13 0.033 0.042
NLSD at 1% 0.28 0.24 0.17 0.15 0.17 0.17 0.043 0.056
Interaction:
F test ** NS ** ** * NS ** **
*Significant at 5%, ** High significant at 1%

yield significantly affected by variation in irrigation water treatments and plot receiving high amount of
irrigation water had high tuber yield compared with the other low amount of irrigation water. Moreover, Yuan
et al. (2003) and Onder et al. (2005) concluded that total fresh tuber yield, marketable tuber yield and tuber
grading significantly affected with increasing the amount of irrigation water. Similar results are recorded by
Fabeiro et al. (2001) , Lahlou et al. (2003) and Yuan et al. (2003) and Onder et al. (2005) Water use
efficiency varied around 8-9, 6-8 and 11-14 kg/m3 for autumn, winter and spring planted potato, respectively
(YPERLINK\l"Nagaz,K.;M.M.MasmoudiandN.B.Mechlia(2007)."Nagaz et al., 2007). Recently, Alva (2008)
indicated that deficit irrigated in generally shows negative impact on tuber yield as well as quality. These
results are in good accordance with those obtained by Fabeiro et al. (2001), Lahlou et al. (2003) and Rashidi
and Gholani (2008).

2- Organic and Inorganic Fertilization Treatments:
Averages number of tubers/plant, total tuber yield (ton/ha), marketable tuber yield/ha, un-marketable tuber

yield/ha and tuber grades (%) significantly affected by fertilization treatments during growing seasons as shown
in Tables 4 and 5. Application of 60% inorganic nitrogen (238 kg/ha) plus 40% organic chicken (158 kg N/ha)
manure produced the highest averages number of tubers/plant, total tuber yield/ha, marketable tuber yield/ha
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and tuber grades 30-60 mm (%), tuber grades more than 60 mm (%) and WUE (kg/m3) in both seasons. The
corresponding data were (4.50 and 4.54), (33.069 and 33.633 ton/ha), (29.709 and 30.184 ton/ha), (60.61 and
59.30 %), (24.70 and 26.22 %) and (7.259 and 7.411 kg/m3) in both seasons, respectively. On the other hand,
application of 100% organic chicken manure (396 kg N/ha) produced the highest averages of un-marketable
tuber yield ton/fed and tuber grades less than 30 mm (%).The corresponding data were 4.296 and 4.140 ton/ha
and 21.55 and 20.67 % in both seasons, respectively. The increases in tuber yield per hectare increased by
application of 60% inorganic nitrogen (238 kg/ha) plus 40% organic chicken (158 kg N/ha) this increases may
be attributed to increases in both tuber numbers per plant and tuber grades. Similarly, Shakh et al. (2001)
concluded that higher nitrogen fertilizer significantly increased tuber number/hill, application of 240 kg N/ha
produced the maximum tuber yield 35.2 ton/ha. Grade A (> 55 mm) and B (40-55 mm) sized tubers increased,
but grade C (28-40 mm) and D (> 28 mm) sized tubers decreased with the increase of nitrogen fertilization.
These results are in agreement with those obtained by Tsyganov et al. (2000) and Ferreira and Goncalves
(2007).

3- Interaction Effects:
Regarding the interaction effect, the interaction between irrigation tension (amount of water in m3/ha) i.e.

moisture percentages at field capacity and organic and inorganic fertilization treatments and combination
between organic and inorganic fertilization had a significant effect on all studied characters i.e. number of
tubers/plant, total tuber yield, marketable tuber yield, tuber grades 30-60 mm and WUE in both season, with
exception un-marketable tuber yield in both seasons, tuber grades less than 30 mm and more than 60 mm (%)
in the second season as shown in Tables  6 and 7. Results in Table 6 number of tubers per plant at harvest
significantly affected by the interaction between irrigation tension and fertilization treatments during 2007 and
2008 seasons. Maximum number of tubers/plant produced with irrigation at 26cb (5360.17 m3 water/ha) i.e.
54.1% moisture from field capacity and fertilization with 60% inorganic nitrogen (238 Kg N/ha) plus 40%
organic chicken manure (158 Kg N/ha). The corresponding data were (4.88 and 4.92), respectively. Results
in table 6 clearly showed that total tuber yield (ton/ha) at harvesting as affected by the interaction between
irrigation tension and fertilization treatments during 2007 and 2008 seasons. The maximum of total tuber yield
produced with irrigation at 26cb (5360.17 m3 water/ha) i.e. 54.1% moisture from field capacity and fertilization
with 60% inorganic nitrogen (238 Kg N/ha) plus 40% organic chicken manure (158 Kg N/ha). The
corresponding data were (36.319 and 36.393 ton/ha), respectively. Results in table 6 clearly showed marketable
tuber yield (ton/ha) at harvesting as affected by the interaction between irrigation tension and fertilization
treatments during 2007 and 2008 seasons. The maximum marketable tuber yield produced with irrigation at
26cb (5360.17 m3 water/ha) i.e. 54.1% moisture from field capacity and fertilization with 60% inorganic
nitrogen (238 Kg N/ha) plus 40% organic chicken manure (158 Kg N/ha). The corresponding data were
(33.295, 33.232 ton/ha), respectively. Results in table 7 clearly showed that tuber 30-60 mm (%) and tuber
grades more than 60 mm at harvesting as affected by the interaction between irrigation tension and fertilization
treatments during 2007 and 2008 seasons. The maximum tuber grades 30-60 mm and tuber grades more than
60 mm produced with irrigation at 26cb (5360.17 m3 water/ha) i.e. 54.1% moisture from field capacity and
fertilization with 60% inorganic nitrogen (238 Kg N/ha) plus 40% organic chicken manure (158 Kg N/ha). The
corresponding data were (65.805 %) and (31.875 %), respectively. Similar trend was obtained by Meyer and
Marcum (1998). Results in table 7 clearly showed that water use efficiency (kg/m3) as affected by the
interaction between irrigation tension and fertilization treatments during 2007 and 2008 seasons. Maximum
averages of WUE (8.577 kg/m3) was recorded with irrigation at 34cb (3449.62 m3 water/ha) i.e. 45.8%
moisture from field capacity and application of 100% inorganic fertilization in the first seasons and (8.839
kg/m3) in the second season with irrigation at 34cb (3449.62 m3 water/ha) i.e. 45.8% moisture from field
capacity as well as application of 60% inorganic nitrogen (238 Kg N/ha) + 40% organic chicken manure (158
Kg N/ha). These results are in agreement with those obtained by Nagaz et al. (2007).

Conclusions:
It could be concluded that highest tuber yield/ha produced with irrigation at 54.1% moisture from field

capacity and fertilization with 60% inorganic nitrogen + 40% organic chicken manure. Highest averages of
WUE (8.577 kg/m3) was recorded with irrigation at 45.8% moisture from field capacity as well as application
of 100% inorganic fertilization or application of 60% inorganic nitrogen + 40% organic chicken manure.
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Table 6: Means of number of tuber/plant and total tuber yield ton /ha as affected by the interaction between irrigation water tension treatments and Fertilization treatments during
2007 and 2008 seasons.

Number of Tuber/Plant 2007 2008
Seasons ---------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------
Treatments Irri. at 22cb Irri. at 26cb Irri. at 30cb Irri. at 34cb Irri. at  22cb Irri. at 26cb Irri. at 30cb Irri. at 34cb
100% N inorganic 4.65 4.69 4.28 3.90 4.59 4.71 4.26 4.08
80% N + 20% organic 4.57 4.62 4.24 3.96 4.41 4.65 4.20 4.00
60% N + 40% organic 4.76 4.88 4.31 4.03 4.71 4.92 4.37 4.16
40% N + 60% organic 4.55 4.62 4.19 3.94 4.48 4.54 4.14 3.94
20% N + 80% organic 4.48 4.58 4.16 3.89 4.41 4.51 4.08 3.86
100% organic 4.43 4.50 4.11 3.78 4.16 4.29 4.00 3.73
F test ** 0
NLSD at 5% 0.059 0.083
NLSD at 1% 0.068 -
Total tuber yield (ton/ha)
100% N inorganic 13.933 14.332 13.666 12.332 13.756 13.915 13.712 12.594
80% N + 20% organic 13.866 14.099 13.600 12.266 13.672 14.278 13.647 12.547
60% N + 40% organic 14.066 15.133 13.733 12.183 14.096 15.164 14.088 12.709
40% N + 60% organic 13.299 13.733 13.066 11.716 13.290 13.774 13.248 12.411
20% N + 80% organic 13.133 13.533 12.800 11.583 13.002 13.524 12.931 12.270
100% organic 13.066 13.416 12.783 11.466 12.901 13.461 12.893 11.818
F test ** **
NLSD at 5% 0.119 0.269
NLSD at 1% 0.149 0.313
Marketable tuber yield (ton/ha)
100% N inorganic 12.441 12.992 12.075 10.536 12.223 12.974 12.166 10.991
80% N + 20% organic 12.296 12.627 11.985 10.466 12.087 12.782 12.018 11.147
60% N + 40% organic 12.721 13.873 12.198 10.725 12.647 13.847 12.622 11.192
40% N + 60% organic 11.579 12.218 11.312 9.874 11.609 12.295 11.532 10.661
20% N + 80% organic 11.416 11.980 11.005 9.678 11.290 12.016 11.191 10.470
100% organic 11.273 11.819 10.928 9.550 11.158 11.912 11.126 9.978
F test ** **
NLSD at 5% 0.074 0.123
NLSD at 1% 0.097 0.162

Table 7: Means of tuber 30-60 mm (%) and water use efficiency (kg/m3) as affected by the interaction between irrigation water tension treatments and Fertilization treatments during
2007 and 2008 seasons.

Tuber 30-60 mm (%) 2007 2008
Seasons -------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------
Treatments Irri. at 22cb Irri. at 26cb Irri. at 30cb Irri. at 34cb Irri. at  22cb Irri. at 26cb Irri. at 30cb Irri. at 34cb
100% N inorganic 6.023 3.720 24.718 29.305 63.865 65.293 57.170 53.918
80% N + 20% organic 7.808 5.080 25.990 31.975 63.355 64.715 56.530 52.365
60% N + 40% organic 4.510 2.320 23.513 28.400 64.400 65.805 57.750 54.500
40% N + 60% organic 8.885 6.133 26.493 33.490 62.663 64.067 56.283 51.280
20% N + 80% organic 10.183 7.745 27.570 35.323 62.117 63.477 55.988 50.500
100% organic 11.625 9.760 28.848 36.005 61.225 62.315 55.278 49.925
F test ** **
NLSD at 5% 0.504 0.290
NLSD at 1% 0.669 0.381
Water use efficiency (kg/m3)
100% N inorganic 5.382 6.418  8.314 8.577 5.314 6.230 8.342 8.759
80% N + 20% organic 5.356 6.313  8.274 8.531 5.281 6.393 8.302 8.726
60% N + 40% organic 5.433 6.776  8.355 8.473 5.445 6.789 8.571 8.839
40% N + 60% organic 5.137 6.149  7.949 8.148 5.133 6.167 8.060 8.632
20% N + 80% organic 5.073 6.059  7.787 8.056 5.023 6.055 7.866 8.533
100% organic 5.047 6.007  7.777 7.974 4.984 6.027 7.844 8.219
F test ** **
NLSD at 5% 0.078 0.100
NLSD at 1% 0.103 0.133
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