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Introduction

One of the worldwide problems facing irrigated agriculture is water scarcity. In many arid countries, especially
with the climate change and the increases of the urban and industrial needs, water is being more and more scarce. Since, it
is recommended for the next century to adopt new strategies aiming to better manage the available water resources. In the
prevailing semi arid environment of Tunisia, irrigated agriculture uses about 83% of the total water resources. The national
water policies subsidize the drip installation equipment in order to improve the water use efficiency. Since, the cost of
installation relatively decreased and the irrigated areas with drip irrigation system have been expanded leading to a
contribution of about 35% of the total agriculture production. Potato crop is one of the important widespread food crops
amongst the world, and is considered as a relatively sensitive crop to water and salt stress FAO(1985) particularly in the
early growth stages (Levy, 1992; Nadler and Heuer, 1995).. However the effect of water stress and salinity on the tuber
yield depends on the cultivar (Zhang et al., 1993). Gupta and Abrol, 1990 and FAO, 1995 showed that under arid
conditions, even when irrigating with good water quality, irrigation projects leads to salinity problems .However, several
problems related to salt effect could be avoided when irrigating with subsurface drip irrigation such as the (1) contact salt-
plant, especially for salt sensitive plant tissues and (2) the important losses by evaporation (emitters are laid on a certain
depth) (Pateal R.M. et al, 2001). Even with this advantage, only some studies used subsurface drip irrigation with saline
water under arid or semi-arid environment. Moreover, the effect of the saline and water stress on the agronomic parameters
of potatoes crops for the Tunisian environment has not been reported in the literature (EImokh et al., 2015).

This study was considered under semi arid environment of the central Tunisia in order to investigate on the effect
of salt stress, water stress and the combined salt water stress on some vegetative parameters of potatoes like highest of the
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canopy, leaf area root density and others production parameters such as total yield, volume and percentage of dry matter
on tubers.

Materiel and methods
Experimental activities

trials were conducted at the experimental field of the high agronomic institute of Chott Mariem, Sousse, Tunisia
(Long. 10.5632° N; Lat. 35.9191° N, Altitude 19 m above sea level). Annual precipitation is about 230 mm concentrated
between December and Mars. The spring and early summer season are normally quite dry. The dominant soil is sandy
loam (clay =8 %, silt= 31% and sand= 61%) with an average bulk density of 1.6 g.cm™ for a layer thickness of 80cm.
Basic seed tubers of Potato crop ‘Solanum Tubersum L., cultivar Spunta were planted with a distance of 40 cm along the
row and 80 cm between the row.

The experimental field were laid out in a randomized complete block design consisting of two different irrigation
levels and two water qualities. Each plot received the same plant management and was irrigated by a subsurface drip
irrigation system (SDI). SDI lateral lines were installed 25cm bellow the soil surface. The dripper was inline type and
placed 0.4m from each other and delivered 41/h flow rate at 1.0 atm pressure. Counters were placed in order to determine
the exact water depth that has been provided for the plant. The first plot irrigated with water characterized by electrical
conductivity of 1.0 dS/ m T1 with 100% ETO, T2 with 50% ETO, the second plot was irrigated with water with a water of
4 dS /m and was compound by T3 with 100% ETO and T4 with 50% ETO.

The water amounts of the other treatment were calculated by using a percentage of deficit (50%) according to the
water amount provided for (T1) treatment. Five drip lines for each plot were in the experiments. N, P, K fertilizers were
applied uniformly for both the treatment three times during the whole cycle. To improve water uniformity, a series of
valve were placed in the end of each line. For the whole growth season, leaf area (LA) was determined based on the plant
leaves collected from three crops in three different positions inside each plot, by using a Skye leaf v2 system (Skye
instruments LTD, Powys, UK), preliminarily calibrated. Leaf samples were taken three times during each vegetative
growth stage. Potato crop were planted on 21 January and emerged about four weeks later. They were harvested on 21
May. Root density was observed between 30 and 50cm for both the treatment. Crop Yield, tuber size volume and weight
were determined in harvesting on the base of 9 randomized plants chosen from in each treatment.

Water use efficiency (WUE) has been calculated as one of the key component, allowing to maximize the yield per
unit of water more than unit of land and to evaluate how to produce more with less water (Fereres et Soriano, 2007). WUE,
generally calculated as the ratio between the crop yield, Y, and the seasonal values of water supply (1983):

Y
IWUE = —
I
WUE is expressed in Kg/m® and Y i lin md,

Statistical Analysis

All the collected data in this study were subjected to the analysis of variance (ANOVA) from the Statistical
Analysis System (SPSS 17.0 for Windows) appropriate for the experimental complete block design to evaluate the effect
of water and salt stress on the agronomic parameters of potato crop. Means were compared by the S-N-K test at the carried
out using the least significant difference (LSD) at 5% probability level. 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" the following one and c, if exist, the lowest.

Results And Discussion
Height of the canopy

The average height in cm for the elaborated treatment T1, T2, T3 and T4 are presented in figure (1). Statistical
analysis has given a significant effect for treatment T3. However, no significant difference was obtained between
Treatment T1, T2 and T4. This means that the SNK test showed a highly significant effect of irrigation regime and water
salinity on plant’s height. Two treatment groups were classified, one including T3 (a) and the other T1, T2 and T4 (b).
The average highest value 47+8.7 cm was obtained under treatment T3 and the lowest one 31.67+ 9.96 cm was obtained
under treatment T4. It could be deduced, then, that when providing 100%ETp with saline water, plant height was
improved. (Harer et Nadler (1998)) proved in a past study that moderate saline water may improve the plant height of
potato crop. According to Munns (2005), the time scale over which plant was subject to saline stress determines the plant
response to saline stress. Two phases are described: the first one is a quicker processes which is related to an osmotic
effect, whereas, the second one is related to a various of factors such as plant growth stage, genetic characters ,
temperature, relative humidity and light intensity.
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Figure 1. Average height of the canopy and corresponding standard for the elaborated treatments.

Plant’s Leaf Area

Canopy leaf areas were measured at the successive phonological stage on three plants from treatment T1, T2, T3
and T4: the first sampling was taken during the initial stage, the second one during the intermediary stage and the third one
was during the final stage (figure2). It is noticeable from that figure that the highest values of leaf area were recorded
under irrigation supply of 100% ETO and saline water. The highest average leaf area was recorded under T3 is 1741 +
89.02 cm?. Leaf area does not exceed 975+ 84cmz, 805 + 98.32 cm2, 1128 +178 c¢m? respectively for T1, T2 and T4. The
SNK test showed a highly significant effect of irrigation regime and water salinity on the leaf area of the plant during the
growing season. In the initial stage, SNK test allowed to classify the leaf area into three groups, one including T3 (a) the
second comprising T1 (b) and the third T2 and T4 (c). In the intermediary stage, leaf samples were classified into three
groups T3 (a), T4 (b) and T1 and T2(c). By the end of the cycle, only two groups were obtained: one including T3 (a) and
the other comprising T1, T2, and T4 (b).These results showed that a moderate low water quality for the potato crop may
allow an improvement in terms of the leaf area. This result could be explained by the fact that plant could positively adjust
the osmaotic potentials. Harer et Nadler (1998) investigated on the physiological response of potatoes as affected by salinity
or water deficit and reported that a positive turgeor was maintained, even if increasing the water and stress rate. This
behavior is mainly achieved by the accumulation of chloride and proline under salt stress condition and, while by altering
cell wall elasticity or cell size under water deficit.
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Figure 2. Canopy leaf area taken during three growth stages and the corresponding standard deviations for the elaborated treatment.

Number Of Tubercle

Figure (3) showed the average tuber number per plant for treatments T1, T2, T3 and T4. Statistical analysis has
not given a significant difference between the elaborated treatments. It is therefore recognized, that irrigation regime and
salt water didn’t affect the number of tubercles per plant. The average tuber number was about 7+ 2 tubers. These results
are consistent with the ones found by Dwyer and Boisvert (1990), who concluded that there are no differences on tuber
initiation or bulking period between irrigated and non irrigated potatoes. Moreover, according to Gregory (1956) and
Slater (1968), tuberization process of potato is mainly controlled by environmental factors, like photoperiod and
temperature, which influence the levels of endogenous growth substances.
http://cipotato.org/wp-content/uploads/2014/07/006162.pdf

10 7
9 1 a a a
a
g
7
5 ©7
Ql 5
Ziy
3
5 -
1 -
0 - . .
T1 T2 T3 T4

Figure 3. Average Number of Tubercles per plant

Volume, Dry Matter And Weight

The average tuber volume of potato crop is almost equal to 118.29 + 48.52; 61.28+8.37; 206.83 + 23.41 and 98.96
+ 30.25 cm®/plant(figure 4-a), the average values of dry matter are in the order of 22,2+ 1.7; 21.9 + 0.9; 22.8 + 1.0 and
22.3 £ 0.9 % (figure 4-b), and the average tuber weight are equal to 888,18+ 185.80; 520.31 + 76.39; 1248.01 + 303.49
and 840.22 + 132.69¢, respectively, for the treatments T1, T2, T3 and T4 (figure 4-c). The SNK test showed a highly
significant effect of dose and water salinity on the volumes of tubercle and were classified into three groups, one including
T3 (a), one comprising T1 and T4 (b) and the last one including T2(c). The same test applied on weight of tubercles
showed the same number of homogenous groups that were obtained by analyzing the volume of tubers. Indeed, three
groups were obtained, T3 (a), T1 and T3 (b) and T2(c). Dry matter didn’t show a significant effect of irrigation dose and
saline water. However, the highest dry matter values, in average, were obtained under saline treatment. These results could
be explained, by the slight accumulation of chloride and proline in order to maintain a positive turgeor.
http://link.springer.com/article/10.1007%2FBF02358078

Results in terms of tuber volumes and yield are in harmony with the ones found by Gaddala et al.(2007). Indeed,
according to their study, the total yield increased by increasing water salinity up to 6 dS/m and presented the similar trend
of the one obtained when organic addition were provided. Irrigation by salt water with 50% of ETO provides the same
performance of T1, and better than the T2 because irrigation with a saline and 50% ETO allows tolerable intake salts when
the plant needs less energy to extract water. Moreover, Patel et al. (2001) reported that, the salt sensitivity of potatoes crop
affect yield, especially at an early growth season. However, on the Mediterranean climate of Tunisia, rain events occurred
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from January till mid march, so it coincides with the initiation phase of crop cycle. Moreover, Patel et al. (1997) reported
that it is possible to produce successfully potatoes crops with low water quality, even having salinities up 9 dS/m or more,
especially when using subsurface drip irrigation system.
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Figure 4. Average volume, percentage of dry matter and tuber yield

Water Use Effeciency

Water use efficiencies as affected by irrigation dose and water salinity for treatments T1, T2, T3 and T4 are
presented in figure 5. SNK has given a significant difference between the treatments. Three treatment groups are classified.
One including T1, T3 (b) , the other T2 (a) and the second including T4 (a). In general WUE was higher when irrigating
with saline water. Analyzing that figure, it is noticeable that T4 (50%Etp and Ec=4 dS/m) was the best in terms of water

103



Sci. Agri. 12 (2), 2015: 99-104

use efficiency (32.31Kg/m?®). That result is in agreement with the one found by Katerji et al. (2003) who analyzed the
consequences of different water salinities on the water use efficiency of 10 species. According to that study, two plant
groups are classified: the first one is formed by the salt tolerant species, which maintain or improve their water use
efficiency under salt condition and the second one includes the plants that are salt sensitive and of which water use
efficiency decline with increasing soil salinity. Based on the same study, Potato crop belongs to the first group. However,
few studies have been investigated on the effect of water salinity on WUE in the Mediterranean area. These results could
also be explained based on the fact that the plant uses the micro element of salt water as nutriment, especially when the
salinity is not very high (4dS/cm). In fact, the chemical analysis of the saline irrigation water showed relatively low values
of bicarbonate HCO5™ and an absence of carbonate HCOs?, which means that some cation like Mg?* and Ca2* will be more
available for the plant. Moreover, some ion like nitrate and phosphorus are more concentrated on the saline water, which
could improve the plant yield. With reducing the quantity of the applied water by the half, an increase of WUE was
observed, when passing from T3 to T4.
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Conclusion

The objective of this study was to investigate on the effect of salt stress or water stress and the combined salt
water stress on some vegetative parameters of potatoes like plant’s growth, leaf area, root density, total yield, tuber
volume, percentage of dry matter and water use efficiency. Statistical results evidenced that treatment T3 irrigated with
100%ETp and saline water has given the best results on terms of average plant height, leaf area (1741 + 89.02 cm2.), tuber
yield(1248.01 + 303.49 and volumes(206.83 + 23.41cm®). However, neither irrigation dose nor water salinity affected the
number of tuber and the average dry matter per plant. In term of water use efficiency, T4 showed the highest value 32.31 +
0.13 Kg/ m®,
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