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Introduction

In that study, the effect of deficit irrigation on vegetative growth and potato yield was investigated. Experiments were carried out 
at the High Agronomic Institute of Chott Meriem, Sousse, in an experimental plot, 25 m length and 7 m wide. The experimental plot 
was divided in two subplots (treatments T1, T2) subjected to similar seasonal management, except for irrigation doses. T1 received 
the exact level of maximum evapotranspiration while T2 received half the dose provided on T1. Results showed that canopy cover re-
sulted statistically not significant between T1 and T2 for the first period of the growth cycle. After that, differences became significant 
(P<0.05), with lower values in T2 compared to T1. Regarding yield production, similarly to canopy cover, yield productions resulted 
significantly not different for the first period of growth cycle. However, during the period of full development stage differences were 
significant, as a result of higher irrigation volumes, provided in treatment T1 compared to T2. Irrigation water use efficiency resulted 
significantly higher in treatment receiving less irrigation depth. Moreover, irrigation water use efficiency was higher in the 2014 as a 
result of lower evapotranspiration demand and higher cumulative precipitation depth, in 2014 compared to 2015. 

Under Mediterranean condition, water stress is the most limit-
ing ecological factor for food quality and crop production [1]. Crop 
responses to water deficit is a result of a local characterization in 
soil plant atmosphere system. Since phases of plant growth, make 
a diverse water stress effect [3]. Projections in the near future 
expects a great competition to reallocate water for agricultural, 
industrial and urban needs. However, irrigated agriculture is con-
suming more and more amounts of water, with percentages up to 
70-80% of the total resources in arid and semi-arid regions [4], 
where irrigation is a key factor to intensify agricultural productiv-
ity and to fulfil sustainable agricultural development. In Tunisia, ir-
rigated area in the country rose from 65,000 ha in 1956 to 408,000 
ha in 2010 and, with a percentage of 8% of the potential cultivable 
lands, provide about 35% of total agricultural production [5]. The 
national water policies are oriented to increase irrigated areas and 
to mobilize surface and groundwater resources, even when they 
are characterized by low quality [4]. Moreover, due to the chronic 

scarcity of good water quality in fact, Tunisian farmers are quite 
often enhanced to use marginal waters, such as wastewaters from 
urban areas or saline waters, whose application could cause salt 
accumulation in the root zone with inhibition of root water up-
take and reductions of crop yield [4]. Horticultural crops are the 
most water demanding crops compared to arboreal or cereal. In 
the country, potato crop with more than 50 varieties, represents 
the second main crop, with a total surface of 27,000 ha (7% of irri-
gated lands) and a total production of 360,000 tons per year [6]. In 
order to increase irrigation water use efficiency, it is recommended 
to adopt an appropriate and well-designed irrigation system from 
one hand, and to identify irrigation strategies for optimizing crop 
water use. 

Compared to other irrigation methods, subsurface drip irriga-
tion systems (SDI) are considered the most efficient since they al-
low “application of water below the soil surface through emitters, 
with discharge rates generally in the same range of the drip irriga-
tion”.
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Climate and soil characteristics of the study area

However, the most effective way to increase WUE is the precise 
control of irrigation. Several strategies aimed to reduce irriga-
tion volumes have been developed, such as regulated deficit irri-
gation (RDI) and partial root absorption (PRD), which are often 
controlled by actual water status on the soil/plant-atmosphere 
continuum (vegetation water potential, sap flow meters, infra-
red thermography, etc.). Under RDI method, water is provided at 
levels lower than crop transpiration demand during the growing 
season. A number of previous studies demonstrated that RDI al-
lows optimizing the number of fruits, fruit size and quality, and 
keeping plant vigor in balance with potential production [7]. For 
other crops, Root zone exposed to water deficit induces a root-to-
shoot signaling mechanism, such as abscisic acid (ABA) synthesis 
leading to a total or partial stomatal closure maintaining a good 
plant water status due to the watered root side [8]. Being word 
wide extensively documented for potato crop [9], Deficit irrigation 
has not been experimented yet under the semi-arid conditions of 
Tunisia, so that there is no information available. However, all the 
previous researchers consider deficit irrigation difficult to manage 
due to the rapid effect of water stress on tuber yield [10]. The main 
objective of these study is to evaluate the effect of deficit irrigation 
on potato crop growth; In particular, the effect of water stress on 
canopy cover development, yield productions and final irrigation 
water use efficiency will be investigated. 

Experiments were carried out at the High Agronomic Institute 
of Chott Meriem, Sousse, Tunisia (longitude 10.5632° W; latitude 
35.9191° N, altitude 19.0 m a.s.l.). The study area is characterized 
by semi-arid climate. The summer is hot and dry and the winter 
is mild-rainy. In 2014 and 2015, tuber seeds of the potatoes culti-
var (Solanum Tuberosum L., cv. Safran), were planted on January, 
15th and on January, 22nd, respectively, at distance of 0.40 m along 
the row and 0.80 m between the rows, in an experimental plot, 25 
m length and 7 m wide. The experimental plot was divided in two 
subplots (treatments T1, T2) subjected to similar seasonal man-
agement, except for irrigation doses. T1 received the exact level of 
maximum evapotranspiration while T2 received half the dose pro-
vided on T1. During experiments investigation, a climate station al-
lowed acquiring daily values of maximum and minimum tempera-
ture, relative humidity, wind speed and solar radiation, necessary 
for the computation of reference evapotranspiration according to 
the Penman Monteith equation. Volumetric Soil water content were 
monitored using a Trime TDR, characterized by a precision of ±0.03 
cm3/cm3 [5]. 

In order to monitor the dynamic of root length and leaf area 
during the seasonal growth cycle, in 2014 and 2015 three differ-

Materials and Methods

ent plants were collected from random locations of each sub-plot, 
respectively at different dates from the planting date. In 2014, 
sampling was less intensive. In total 9 samples were analysed com-
pared to 16 in 2015. For all samples, analyses aimed to measure 
the main root parameters in a first tile. Then, for these same plants, 
leaves were detached. The planimetric technique, implemented in 
the Skye Leaf v2 software (Skye Instruments Ltd.), was applied to 
measure the area of each plant leaf. The method is based on the 
proportionality between the individual leaf area and the number 
of area units covered by the same leaf placed in a horizontal plane 
[17]. The software was connected to a scanner permitting the cap-
ture of images that will be elaborated. After disposing leaves, the 
acquisition resolution was fixed by considering that higher resolu-
tions need longer time analysis. Evaluation procedure started with 
large leaves individually, then small leaves were analysed jointly 
according to the scanner’s surface dimensions. The last step al-
lowed to select the scaling factor for image calibration and to fix a 
threshold function to train the software on which part of the image 
had to be analysed. Leaf area index were finally estimated by di-
viding the total leaf area by the surface occupied by a single plant. 
Finally, leaf area indexes were converted to CC using the following 
formula [18].

CC=1.005[1-exp (-0.6LAI)]1.2 

In addition, starting from the date of tuber bulking stage, tubers 
were weighted using a precision balance in order to reproduce the 
temporal evolution of yield formation. In both years, three samples 
randomly chosen at nine days from the planting dates were anal-
ysed.

At the end of growth seasons, final yields were divided by the 
total volume provided by irrigation to compute values of irrigation 
water use efficiencies under the carried treatments.

Results and Discussion

For treatments T1 and T2, Figure shows cumulated seasonal 
precipitation, irrigation, reference evapotranspiration ET0 for 
treatments T1 and T2, respectively in 2014 and 2015. As can be 
observed, 2014 presented lower value of cumulative value of refer-
ence evapotranspiration and higher precipitation height. Moreover, 
the number of raining days was more important during that year 
(40 in 2014 compared to 21 in 2015). These results leaded to more 
frequent and more important irrigation volumes in 2015.

Table 1 presents soil textural composition for the soil profile. 
For the three layers presents similar percentages of sand, silt and 
clay. Therefore, it was possible to characterize the soil with an aver-
age textural composition, as a sandy loamy soil. 
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Yield

As it was observed for canopy cover development, yield produc-
tions for the first period of growth cycle resulted significantly not 
significant. However, during the period of full development stage 
differences became significant, as a result of higher irrigation vol-
umes provided in treatmentT1 compared to T2. At the end of crop 
cycle, As can be observed, crop yield in treatment T1 in 2014 and 
2015 resulted equal to 39.1 and 39.0 t/ha respectively; According 
to a Student’s t-test (P < 0.05), these differences resulted signifi-
cant. Under Mediterranean climate, drought and heat stress are the 
main abiotic stresses occurring simultaneously during spring sea-
son and therefore the response of fresh tuber yield to applied water 
is greater during the winter compared to summer season. Based on 
experimental results obtained in Japan, Ka [15] observed reduc-
tions of tuber yield from 8.55 Kg m-2 to 4.89 Kg m-2 for conventional 
tuber and from 7.17 Kg m-2 to 4.01 Kg m-2 for micro-tubers, when 
delaying sowing time from May 13th to June 4th and June 25th.

Figure 1: Cumulated seasonal precipitation, P, irrigation, I,  
reference evapotranspiration ET0 for treatments  

T1, T2 in 2014 and 2015.

Depth [cm] CI [%] SI [%] Sa [%]
0-20 17.3 14.6 68.1
20-40 17.6 15.1 67.3
40-60 17.9 14.3 66.9
0-60 17.6 14.7 67.7

Table 1: Textural composition of the soil for the 
 three layers 0-20, 20-40 and 40-60.

Effect of water stress on canopy cover development

The values of canopy cover development, measured in 2014 
and 2015 for treatments T1 and T2 are illustrated in figure 2 a, b. 
Statistical differences in terms of canopy cover between T1 and T2 
were not significant (P<0.05) during the first period of the growth. 
Therefore, despite the lower irrigation volume provided in treat-
ment T2, crop did not lead to water stress conditions during the 
initial stage due to the precipitation events occurring during this 
period. On the contrary, during the full development stage, differ-
ences on canopy cover became significant (P<0.05), with lower val-
ues in T2 compared to T1 as result of the water stress to which the 
treatments were subjected. 

The results are concordant with those presented by [19,20], 
who demonstrated that among the morphological effects of water 
stress, cell division and enlargement (expansive growth) are most 
affected by water stress. They found that drought reduced signifi-
cantly the final area of potato leaves And explained that leaf expan-
sion is the first morphological parameter that reduces when soil 
water potential increases. At harvesting, significant differences be-
tween LAI measured in treatments T1 and T2 and in T3 and T4 can 
be also noticed, as consequence of the irreversible effects of water 

Figure 2: Effect of irrigation treatment on canopy cover  
development for 2014 (a) and 2015 (b).

stress on LAI. Even if water content at harvesting resulted around 
20% in fact, differences in terms of LAI remained significant. They 
stated that the impact of stress on cell enlargement is irreversible, 
and the leaves enlargement rate do not return to the rate of un-
stressed plants even after copious irrigation
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Figure 4: Effect of irrigation doses on irrigation on irrigation 
water use efficiency for 2014 (a) and 2015 (b).

IWUE

Figure shows the effect of the investigate treatment on irriga-
tion water use efficiency for the investigated years of 2014 and 
2015. As can be observed, irrigation water use efficiency resulted 
significantly higher in treatment receiving less irrigation depth. 
Moreover, IWUE was higher in the 2014. These results was mainly 
attributed to the lower evapotranspiration demand and the higher 
precipitation depth, observed in 2014 compared to 2015.

Figure 3: Effect of irrigation treatment on yield formation 
 for 2014 (a) and 2015 (b).

Conclusion

Experiments were carried out at the High Agronomic Institute 
of Chott Meriem, Sousse, Tunisia in order to evaluate the effect of 
deficit irrigation on potato crop growth and production (canopy 
cover development, yield productions evolution and final irrigation 
water use efficiency). In terms of canopy cover, Statistical differ-
ences between T1 and T2 were not significant (P < 0.05) during the 
first period of the growth. However, differences on canopy cover 
became significant (P < 0.05), with lower values in T2 compared 
to T1, during the full development stage. Like it was the case for 
canopy cover development, yield productions for the first period 
of growth cycle resulted significantly not different. However, dur-
ing the period of full development stage differences were signifi-
cant, as a result of higher irrigation volumes, provided in treat-

ment T1 compared to T2. Irrigation water use efficiency resulted 
significantly higher in treatment receiving less irrigation depth. 
Moreover, IWUE was higher in the 2014 as a result of lower evapo-
transpiration demand and higher cumulative precipitation depth, 
in 2014 compared to 2015. 
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