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ABSTRACT

Field experiment was conducted at the Higher Institute of Agronomy of Chott Meriem
(Tunisia) during the growing season 2011-2012 to investigate the effects of water quality
on agronomic parameters and water use efficiency (WUE) to produce potato (Solanum
tuberosum L.). Irrigation management treatments were fresh (1 dS m-1) and saline waters
(4 dS m-1). Subsurface drip irrigation was used, a rate of 4 L h-1 applied at the same
irrigation duration and interval. Statistical analysis showed that the degree of salinity has
a highly significant effect on the plants height growth and leaf area. The relatively high
content of salts for the treatment generated a highly significant difference on the average
root length density 0.0214 and 0.0262 cm cm-3 respectively for the witness and treatment.
Water quality has given us a highly significant difference on plant yield the average
weight of about1.24 ± 0.22 and 1.18 ± 0.32 kg m-2 respectively for the witness and
treatment.
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1. INTRODUCTION
Demand of water is increasing both in agriculture and in particular in municipal sector at
significant rates. It is inevitable and necessary to pay attention to the abnormal consumption
of water resources [1]. Subsurface drip irrigation is a valuable irrigation method in arid and
semi-arid regions. However, little research has been reported that evaluates effects of
salinity on establishment of crops with SDI in successive seasons. Field water management
practices are the most influential factor affecting crop yield particularly in irrigated agriculture
in arid and semi-arid regions [2]. Soil and water salinity in the arid regions are continuously
increasing [3]. Globally, more than 770 000 km² of the land area affected by secondary
Salinization, 20% of the irrigated areas and about 2% of the agricultural lands [4]. In Tunisia,
soils affected by salts cover about 1.5 million hectares, around 10% of the total country area.
About 30% of irrigated areas are affected by salts in different degrees [5]. Salinity is a major
abiotic factor limiting plant growth and fruit yield [6]. Adoption of modern irrigation technique
is needed to be emphasized to increase water use efficiency. Drip irrigation has been
considered the most efficient form of irrigation compared with other irrigation methods. As an
alternative to the traditional drip irrigation systems, integrated laterals can be installed below
the soil surface, realizing the surface drip irrigation (SDI), ,defined by the American Society
of Agricultural Engineers [7] as ‘’application of water below the soil surface through emitters,
with discharge rates generally in the same range of the drip irrigation Drip irrigation is the
most effective way to convey directly water and nutrients to plants and not only save water
but also increase yields of vegetable crops [8,9]. Several studies have been conducted for
development of irrigation systems for salinity management with drip irrigation (DI) using
saline water [10,11,12]. According to [13] the DI permits an uniform and frequent application
of water and a direct feeding of the plant at the root zone level, leading an increase of yield
and saving water [14].

This study was conducted at the Higher Institute of Agronomy of Chott Meriem, Tunisia. It
carried out to determine water quality effect’s on physiological and agronomic parameters of
potato.

2. MATERIALS AND METHODS

2.1 Experimental Site

Experiments were carried out at the Higher Institute of Agronomy of Chott Mariem, Tunisia
(Longitude 10º38′E, Latitude 35º55′N, altitude 15 m). The climate is tropically Mediterranean
characterized by annual precipitation of 230 mm and an annual evaporation of 2190 mm
from a free water surface. Soil is sandy loam (clay=3.7%,silt=91.1% and sand=5.2%), bulk
density of soil was found to be 1.61 g cm-3 for the layer à 0-80 cm. Potatoes a “Solanum
tuberosum L.” cultivar “safran” was seeded on  14 March 2012 with plants spaced 40 cm
along the rows and distance between rows of 80 cm. Experiment was carried out on two
plots, of 80 m² each (5 irrigation ramps each one length 20 m and 0.8 m between two
successive ramps). The two plots were conducted with similar management except that for
the quality of water used or irrigation. In particular, the first plot was irrigated with water
delivered from Nebhana Dam characterized by electrical conductivity of 1.0 dS m-1

(Witness). Whereas the second was irrigated with water pumped from a well (4 dS m-1),
located near the experiment area. A subsurface drip system (SDI) was used for irrigation.
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Drip tubing (GR Type), have a nominal diameter equal to 16 mm, with coextruded  emitter
spaced 40 cm apart were installed at depth of 25 cm. Emitter flow rate equal to 4 L h-1 was
discharged at pressure of 100 KPa. Climatic data were recorded from a weather station
placed about 300 m far from the experimental area. Irrigation was supplied once a week at
the beginning of crop cycle and twice a week during the full crop development stage.
Measurements leaf areas are performed using a planimeter Windias 2, measurement root
length density are performed using code Wit 53.

Water use efficiency (WUE) was identified as one of the key water use indicators derived in
the study of sustainable irrigated agriculture indicators [15]. The definition focuses farmer’s
attention on both water use and production and provides an indication of whether the
resource has been used effectively. Water use efficiency (WUE) was calculated as the ratio
of potato yield (Y) to total crop water use (WU) as suggested by [16]:

WUE = Y/WU

2.2 Statistical Analysis

Collected data in this study were analyzed and examined statistically using analysis of
variance (ANOVA) from the Statistical Analysis System (SPSS 17.0 for Windows)
appropriate for a randomized complete block design. Means were compared by the Student
Test at the 5% level of significance. The mean values of each treatment are designated by
letters (a, b) which represent the significance degree of the difference between the means.
The letter "a" means the highest average; "b" is the lowest.

3. RESULTS AND DISCUSSION

3.1 Plant’s Growth

Fig. 1 showed the effect of water salinity on plant’s heights, statistical analysis showed that
the degree of salinity has a highly significant effect on the plants height growth. Indeed, there
was an improvement of 30% for irrigation fresh water versus salt water. The average height
is about 56.4 ± 9.6 cm as in the case of irrigation with saline water, plant height did not
exceed 39.6 ± 13.4 cm. Data showed that the interactions between height growth and
irrigation water quality were highly significant, at 5% level, for potato crop.
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Fig. 1. Water quality effects on plant’s heights

3.2 Leaf Area

The observation of Fig. 2 showed a height significant difference at P = 0.05 level between
water quality and leaf area. The average leaf area of about 13.13 ± 4.06 and 12.42 ± 2.04
cm2/plant respectively for witness and treatment so we noted that the leaf area for the
witness is more important than the treatment. [17] studied the effect of different regimes of
irrigation with saltwater (EC=6.57 dS m-1) on tomato conducted under subsurface drip
irrigation, and show that there’s a highly significant reduction of leaf area on three cultivars
with the regime 70% of water requirement occurred.

Fig. 2. Water quality effects on leaf area
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3.3 Root Length Density

The Comparison of root length density by the T-test showed a highly significant difference
between witness and treatment (Fig. 3). The average root length density of 0.214±0.05 and
0,262±0.04 cm.cm-3 respectively for the witness and treatment were recorded, so that the
density of root length for processing is more important than witness. Because of the
relatively high content of salts for the treatment, plants suffer from salt stress by forcing them
developed their root systems to capture water. Wan and al (2006) prove that potato root
growth was affected by drip irrigation frequency to some extent: the higher was the root
length density (RLD) in 0–60 cm soil layer and the lower was in 0–10 cm soil layer. [18]
mentioned that when cotton is irrigated with saline water of salinity greater than 2.24 g.L−1,
the salt is accumulated at the main cotton root zone. The effect of salinity of irrigation water
on cotton growth is a gradual process and is highlighted during the boll-opening period.

Fig. 3. Water quality effect’s on root length density

Salt accumulation in the root zone decreases crop yield in irrigated arid and semiarid areas.
Although both soil evaporation and transpiration lead to accumulation of salt within the root
zone, they are not the same in terms of agricultural water management. In general, soil
evaporation is unnecessary for plant growth, so evaporation should be minimized to improve
the efficiency of agricultural water use and reduce soil salinization [19].

3.4 Potato Yield

Fig. 4 showed water quality on potato yield Comparison has given us a highly significant
difference in the effect of salinity on plant yield by performing the Student test beyond α =
5%.the average weight of about1.24 ± 0.22 and 1.18 ± 0.32 kg m-2 respectively for the
witness and treatment. Onder et al. [20] show that water stress significantly affected the yield
and yield parameters of early potato production. Water deficiency more than 33% of the
irrigation requirement could not be suggested. Soil water low, transpiration, and extraction of
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water by roots are generally understood as components of water low in the soil–plant–
atmosphere continuum [21].

Fig. 4. Water quality effects on yield of potato

3.5 Water Use Efficiency

Fig. 5. Quality of water effects on water use efficiency

Water use efficiency (WUE): there was no significant WUE difference between treatment
and witness, the witness had the higher WUE (Fig. 5) value 88.63 kg ha-1mm-1 compared to
treatment 83.75 kg ha-1mm-1, but the diferrence is not higher. So the water quality has no
direct effect on water use efficinency. [22], showed that the irrigation system has great effect
on water use efficiency. Subsurface drip irrigation improved WUE, since evaporation from
the SDI systems was minimal; transpiration increased which improved evaporative cooling of
the crop canopy, increased stomatal opening, and photosynthesis. In addition, subsurface
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drip irrigation allows uniform delivery of water directly to the plant root zone. This can
increase use efficiency over other irrigation methods [23].

4. CONCLUSION

This study was expected to treat the effects of two water qualities on the physiological and
agronomic parameters of potato conducted under subsurface drip irrigation system in
Tunisian climatic. The results indicated that water quality had a highly significant effect on
the plants height growth. There was an improvement of 30% for irrigation fresh water versus
salt water. The average root length density is of 0.214±0.05 and 0.262±0.04 cm cm-3

respectively for the witness and treatment so there is a significant difference at a level of 5%.
Concerning WUE there was no significant difference between treatment and witness. The
higher value of WUE was recorded for the witness 88.63 kg ha-1 mm-1 compared to treatment
83.75 kg ha-1 mm-1.
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