three tillage implements on potato
yield and water use efficiency

ABSTRACT

The objective of this study was on potato
yield and water use efficiency. The study was conducted at a private farm at Al-Kharj
Governorate, Saudi Arabia during 2015 in randomize complete block design with three
replications. Three primary tillage implements commonly used in Saudi Arabia for
seedbed preparation with different configurations: disk harrow, chisel plow and
moldboard plow were used. The potato variety used was Spunta. Centre pivot system
was used to provide irrigation water. The statistical analysis indicated that tillage
implement had significant effect on yield and water use efficiency. The highest yield of
37.19 t/ha was observed during plowing with moldboard plow and the lowest (32.33
t/ha) was observed during plowing with disk harrow. The highest water use efficiency of
7.91 kg/m® was observed during plowing with moldboard plow and the lowest (6.88
kg/m®) was observed during plowing with disk harrow. The results could be helpful to
develop yield and water use efficiency in
semi-arid region like Saudi Arabia.
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1. INTRODUCTION

Potato is one of the most important food crops worldwide. It comes in the forefront
of tuber-crops and occupies the fourth position after wheat, sorghum and in the
world [1]. The crop is grown in about 140 countries, more than 100 of which are located
in the tropical and subtropical zones with a production potential of about 327 million
tons [3].

Saudi Arabia is currently 121% self-sufficient in potatoes with an area of
17665 ha [5]. Over 75% of the total potato production in Saudi Arabia comes from small

in different regions [6]. Potato production is dependent on mechanization
patterns, soil type and irrigation water quality. However, potato variety and fertilizer are
the most important factors affecting /i< production [7].

Tillage is defined as the mechanical manipulation of the soil for the purpose of
crop production [8]. Tillage produces enough loose soil to allow potato planter shoes to
penetrate to the desired depth [9]. Many reports have been made on tillage implements
regarding the effects on soil properties and yield [10].



Under water-limited conditions, increasing water use efficiency is essential for
successful crop production [21].Consequently, any chosen tillage method for potato crop
production in Saudi Arabia should aim at increasing water use efficiency. Therefore, the
objective of this study was to evaluate the effect of different tillage implements on potato
yield and water use efficiency.

2. MATERIALS AND METHODS

The experiment was performed in a private farm at Al-Kharj Governorate, Saudi
Arabia. No crop residues were found in the experimental field. Different soil and water
samples were collected by soil sampling tool from the experiment site. The soil samples
were analyzed in laboratory of Soil Department, College of Food and Agriculture
Sciences, King Saud University. Irrigation water samples were also collected from centre
pivot nozzles and water samples were analyzed in the laboratory of

2.2. Treatments and experimental design used
The field was divided

Treatments comprised of three different types of plows as follows:
Tillage treatment 1: Plowing using a disk harrow, one pass.
Tillage treatment 2: Plowing using chisel plow, one pass.

Tillage treatment 3: Plowing using moldboard plow, one pass.

. Centre pivot was the main source of irrigation
water to the experimental field.

In the beginning, a small block of approximately 10 m long by 12 m wide was used
to enable the tractor and plow to reach a steady state condition of the required plowing
speed and plowing depth. Plowing depth was measured as the vertical distance from the
top of the undisturbed soil surface to the plow’s deepest penetration. After finishing the
first test plot, the tractor was again driven straight towards the second test plot with the
same plow and the process was repeated. Similar procedure was repeated for all plows.

2.3. Potato planting

used.



The machine consists of an array of ridges and furrows. The ridges were about 20 cm
high and 75 cm apart.

2.4, Irrigation

. The centre pivot was
evaluated based on the ASAE (American Society of Agricultural Engineers) standard
S436.1 [22]. The centre pivot was operated at 50% speed rate to apply a reasonable
average depth of water. The irrigation was conducted for about 60 days from planting
prior to harvesting. The applied water was added based on the practical experience of
cultivation potato in the experiment site.

Table 1. for the centre pivot in the experiment site.

Item Value

Ambient temperature 13

Relative humidity 63%

Wind speed Km/h

Type Lockwood Crop

Age 15 years

No. of towers 7

No. of Nozzles 210

Speed at 50% 1.036

Cycle time at 50% 6 hr

Area 22 ha
2.5. Fertilizers, chemicals and harvesting

Urea on the field experiment /ha. Diammonium
phosphate (DAP) was kg/ha. Dissolved fertilizer
. In addition, potassium kg/ha and

with 2 kg/ha manual sprayer. The potato digger machine was CARTTO

with two rows.

2.6. Yield and statistical analysis

3. RESULTS AND DISCUSSION
3



3.1. Field evaluation of centre pivot irrigation system

Uniformity of a system is a measure of its ability to apply the same depth of water
to every unit area. Without good uniformity, it is impossible to irrigate adequately and
efficiently; parts of the field will be either over-irrigated or under-irrigated. uniformity
measurements were considered in the evaluation;

A rating of 90%-95% is considered excellent and would only
require regular maintenance. 85%-90% is considered good and would not need major
adjustments; regular maintenance and inspection are required. 80%-85% the system
requires inspection and sprinkler package check. 80% or less the system requires an
adjustment to the sprinkler package, change the default system, sprinkler pressure and
conduct full maintenance for the whole system [25]. is useful as
an indicator of the magnitude of the distribution problems. It is calculated by dividing the
weighted average of the lowest 25% of the catch cans by the weighted average of the
entire catch cans. A of 85% or greater is considered excellent, 80% is considered very
good, 75% is considered good, 70% is considered fair, and 65% or less is considered
poor and unacceptable [26]. The evaluation parameters (

) of the studied centre pivot are shown in Table 3.

Table 3. Evaluation parameters of the studied centre pivot in the experiment site.

79.96 72.04 88.94 64.07




3.2. Yield and water use efficiency

4. CONCLUSION

Tillage implement had significant effect on potato yield and water use efficiency.

The highest yield and water use efficiency were 37.19 t/ha and 7.91 kg/m®, respectively,
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