
Abstract 

This work focuses on the effects of different salinity and water
inputs on the yield of artichoke Violetto di Provenza. Two years of
experimental works had been carried out in a site in Southern Italy
characterized by semi-arid climate and  deep loam soil. Three salinity
levels of irrigation water (S0, S1 and S2) with electrical conductivity
(ECw) of 0.5, 5 and 10 dS m–1, respectively, were combined with three
water regimes (W1, W2 and W3) corresponding in that order to 20 40
and 60% of available water depletion.
The overall results of the salinity tolerance are in agreement with

those from the literature. However, an higher tolerance to salinity was
demonstrated when crop was watered more frequently (at 20% of avail-
able water depletion) and a lower one when crop watering was per-
formed less frequently (at 60% of available water depletion). The
increase of salinity level reduced marketable yield  (from 12.9 to 8.8
Mg ha–1), total heads (from 125,100 to 94,700 n ha–1) and heads mean
weight (from 99.9 to 94.6 g), while increased heads dry matter (from
161.8 to 193.6 g kg–1 fw) and reduced edible parte percentage of heads
(from 35.2 to 33.2%). Watering regimes, as average of the salinity lev-
els, affected total heads marketable yield (115,350 n ha–1 and 11.4 Mg
ha–1 for W1 and W2, 105,900 n ha–1 and 10 Mg ha–1 for W3). In addi-
tion, different watering regimes affected the secondary heads yield for
which it was reduced by 3% of mean weight.
The effect of different watering regimes changed with various salin-

ity levels. In condition of moderate salinity (S1), maximum water
depletion fraction to preserve heads number and weight yield was 40
and 20% of total soil available water, respectively. However, with high
salinity (S2), maximum water depletion fraction to keep unchanged
heads number and weight yield was 20% for both.
The level of soil salinity at beginning of the crop cycle favoured the

incidence of head atrophy in the main heads produced in the second
year. 

Introduction

Salinization of land has threatened civilizations in ancient and
modern times (Rengasamy, 2006). In southern Mesopotamia and in
several parts of the Tigris-Euphrates valley, soil salinization destroyed
the ancient societies that had successfully thrived for several cen-
turies (Jacobsen and Adams, 1958; Hillel, 2005). In modern times, salt-
affected soils are naturally present in more than 100 countries of the
world where many regions are also affected by irrigation-induced
salinization. According to a recent report published by FAO (Martinez-
Beltran and Manzur, 2005), the total global area of salt-affected soils
including saline and sodic soils accounts to 831 million hectares
extending over all the continents. 
In the Mediterranean region, many coastal areas are subjected to

salty water intrusion in the aquifer systems which occurred because of
the rate of abstraction and recharge of groundwater quantity are not in
balance (Rapti-Caputo, 2010), as it happens also in Apulia region
(Cotecchia and Polemio, 1997; Polemio and Limoni, 2001). As Rapti-
Caputo (2010) described, the principal causes of the acceleration of
the salt water intrusion processes in the coastal aquifer systems
include: i) the relative sea level rise; ii) coastal erosion phenomena;
iii) the variation of the river flow (decrease of the alimentation of the
aquifer system along the hydrographical network); iv) human activi-
ties (groundwater over-exploration); and v) climate changes affecting
the hydrological balance (e.g.. decrease of precipitation and/or
increase of evapotranspiration).
Soil salinization is the accumulation of water-soluble salts in the

soil to a level that affects  agricultural production, environmental
health, and economic welfare (Rengasamy, 2006). 
In many irrigated areas, dwindling supplies of quality water for irri-

gation and increasing demand from other users are forcing farmers to
use saline irrigation waters (Rhoades, 1987; Rhoades et al., 1992;
Shani and Dudley, 2001). However, the use of saline water for irriga-
tion inhibits plant growth by an osmotic effect, which reduces the abil-
ity of the plant to take up water and by ion excess, which affects the
plant cells (Munns, 2002, 2005). Moreover, soil salinity induces
reduced plant growth due to specific ion toxicities (e.g., Na+ and Cl–)
and ionic imbalances acting on biophysical and/or metabolic compo-
nents of plant growth (Grattan and Grieve, 1999). When salinity is due
to sodium salts, it can lead to the formation of sodic soils when salts
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are leached from the soil profile. Many salt-affected soils are also
waterlogged, at least at times, and the interaction between hypoxia and
salt has a powerful depressive effect on plant growth (Barrett-Lennard,
2003). In saline conditions, many plants are able to compensate partial-
ly low osmotic potential of soil water by building up higher internal
solute contents. This is done by absorbing ions from the soil solution
and by synthesizing organic osmolytes. Both these reactions reduce the
impact of osmotic potential on water availability (Allen et al., 1998). 
Several researches (Shani and Dudley, 2001; Gideon et al., 2002;

Katerji et al., 2003) have indicated that when saline waters are used for
irrigation many attention should be given to minimize root-zone salin-
ity. Others have indicated the need of selection and use of appropriate
irrigation systems and practices that will supply just sufficient quanti-
ty of water to the root-zone to meet the evaporative demand and mini-
mize salt accumulation in the root-zone (Fisher, 1980; Munns, 2002).
Irrigation turn has stated one of the most important factors in crop
management when using saline water for irrigation (Pereira et al.,
2009). Saline water requires more frequent irrigation than for fresh
water because salts in the water and the soil increase the osmotic
potential of the soil water, which makes water uptake by the crop roots
more difficult. The threshold value above which deleterious effects
occur can vary depending on several factors including plant type, soil
water regime and climatic condition (Maas, 1986). For example, in
rainfed agriculture, soil water can be far below field capacity and the
salt concentration under field conditions is several-fold higher than
measured at soil saturation water content (Rengasamy, 2002). 
In southern Italy, it is a common practice to use saline waters for irri-

gation. Therefore, often, many field crops are cultivated in soils affect-
ed by salinity problems. This factor reduces the quality and yield of
these crops as tomato, leaf vegetables and artichoke. In Southern Italy,
artichoke represents one of the most important crops with cultivation
at about 17,000 ha and over 35% of national production.
Many trial results indicate the artichoke as a moderately salt toler-

ant species (Graifenberg et al., 1993; Francois, 1995; Cantore et al.,
2004; Bianchimano et al., 2005; Cantore et al., 2007) according to Mass
and Hoffman (1977) model, and pointed out negative effects of salini-
ty on absorption and translocation of Ca++ that is easily connected to
bud atrophy (Francois et al., 1991; Francois, 1995).
The water depletion fraction for water and/or salinity stress in arti-

choke crop is equal to 45% of total soil available water (Allen et al.,
1998). For this crop are not available literature data showing the opti-
mal water depletion fraction in saline conditions. Therefore, the aim of
this work is to evaluate the best watering regime in relation to the
salinity.

Materials and methods

Experimental site: climate and soil characteristics 
The research was carried out during two crop cycles (from July 2007

to May 2009) in open field at the experimental farm E. Pantanell locat-
ed in Policoro (MT) (40°10’20’’ N, 16°39’04’’ E) in southern Italy. This
site is 15 m above sea level and is characterized by sub-humid climate
according to De Martonne classification (Cantore et al., 1987), with
average annual rainfall of 560 mm distributed mainly during autumn
and winter, and a maximum temperature reaching in summer more
than 40°C. 
The soil is more than 1.2 m deep and is characterized as loam with

sand (2>Ø>0.02 mm) 40%, silt 37.1%, clay (Ø<2 µ)  22.9%; pH 7.7; total
N (Kjeldahl method) 1.67 g kg–1, available P2O5 (Olsen method) 26.7
mg kg–1, exchangeable K2O (ammonium acetate method) 227 mg kg–1,
organic matter (Walkley-Black method) 36.4 g kg–1, total limestone 15.0

g kg–1, active limestone 5.0 g kg–1; saturate paste extract electrical con-
ductivity (ECe) 0.95 dS m–1, ESP 1.9%; bulk density 1.25 kg dm–3; soil
moisture at field capacity (measured in situ) 31.5% and at wilting point
(-1.5 MPa) 15% of soil dry weight.

Treatments and cultural practices
Artichoke (Cýnara cardunculus [L.] subsp. scólymus Hayek) Violetto

di Provenza was irrigated with water having three salinity levels: 0.5 dS
m–1 i.e. fresh water used as control (S0), and 5 and 10 dS m–1, labelled
as S1 and S2, respectively, and three water scheduling regimes (irrigat-
ing at 20, 40 and 60% of available water depletion, and corresponding
to W1, W2 and W3, respectively. S1 and S2  salinity levels were obtained
by adding NaCl to the fresh water. A split plot experimental design with
three replicates was established with salinity levels as main factor and
the water regimes in the sub-plots of 20 m2. Irrigation was applied
when water lost by evapotranspiration (ETc) reached predetermined
levels (W1, W2 and W3) of available water depletion in the soil layer
explored by roots, with a watering volume able to restore 100% of water
lost. The crop evapotranspiration (ETc) was calculated by evapotran-
spirometric method, utilizing daily values of class A pan evaporation,
and the crop coefficients of artichoke reported by Boari et al. (2000)
and adjusted for saline treatments (Allen et al., 1998). 
In mid-July of the first year (2007) ovoli of artichoke were planted in

the field in rows 1 m apart with 1 m in the row. After the first crop cycle
(July 2007-May 2008), artichoke was resumed in mid-July 2008 by
abundant irrigation. The irrigation was performed by drip method, with
drip lines placed along each row, with in-line emitters located 0.30 m
apart and an emitter flow rate of 4 L h–1. Offshoot removal was per-
formed in November of each year keeping the two more vigorous shoots
per plant. At pre-plant and pre-resumption time fertilizer was spread
(180 and 80 kg ha–1 of N and P2O5) and incorporated into the soil. An
integrated crop pest management approach was used according the
Apulia Regional Law. Moreover, a hand weeding program was followed
during the growing periods. 

Climatic parameters
The main climatic parameters were provided by a standard weather

station located about 50 m from the experimental field and equipped
with pyranometer (CM 4, Kipp and Zonen, Delft, The Netherlands),
thermistor (E001, Tecno.El, Roma, Italy), hygrometer (C-83_N
Rotronic, Zurich, Switzerland), anemometer (VT 0805B, SIAP Bologna,
Villanova di Castelnaso, BO, Italy), class A pan (NovaLynx Corporation
Grass Valley, Auburn, CA, USA), and tipping bucket rain gauge
(Tecno.El), for measuring solar radiation, air temperature, relative
humidity, wind speed, evaporation and rainfall, respectively. The
weather data were collected by the electronic system operated through
a data-logger (Kampus, Tecno.El) connected via modem to a PC. 

Soil moisture and salinity
The soil moisture at depth 0-0.6 m was measured every twenty days

by gravimetric method in three places per plot, crosswise to the row at
0 - 0.25 - 0.5 m from the emitters.
ECe was measured monthly in situ at 0-0.6 m depth by the EC-probe

(Eijkelkamp Agrisearch Equipment) in three places per plot, crosswise
to the row at 0 - 0.25 - 0.50 m (from the emitters),. The measures were
performed with soil moisture at field capacity (one day after an abun-
dant rainfall or irrigation) (Rhoades and van Schilfgaarde, 1976).

Growth, yield, yield components and quality
Fifteen and seventeen harvests took place in the December-May

period, respectively in the 1st and 2nd crop cycle. 
All picked heads were selected into three classes (main secondary
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and heads of successive order - for processing) on which the following
observations were done: number and  weight of marketable and
unmarketable heads (including the atrophic one).
On a sample of 10 marketable heads for each class chosen randomly

the following quality traits were measured: edible part percentage
(after cutting off the waste bracts) and dry matter (DM) reached (after
about 48 hours) in a ventilated oven at 55°C of temperature, until a
constant weight.  

Statistical analysis 
Analysis of variance of the treatment effects on measured traits was

performed using the SPSS software package, the differences between
means were analyzed with the Student-Newman-Keuls test.

Results and discussion 

Climatic trend
Rainfall during the 1st crop cycle (July 2007 – May 2008) was irreg-

ular and resulted 40% lower than long-term average (337 against 543
mm), with monthly values fluctuating between 0 in August and 80 mm
in October. More than 90% of the total rainfall occurred in the October-
February period (Figure 1). Daily minimum temperature (Tmin)
ranged between -1.4 and 29.5°C and maximum one (Tmax) between
2.5 and 41.5°C. The lowest Tmin occurred in the middle of February and

the highest Tmax at the end of July (Figure 1).
In the 2nd crop cycle (July 2008 - May 2009), rainfall regime result-

ed irregular, with a total rainfall (687 mm) 15% higher than long-term
average. About 63% of total rainfall occurred between the middle of
November and the beginning of March (Figure 1), Tmin and Tmax
ranged between  -0.5÷29°C and 8.5÷40°C, respectively.

Soil salinity
During the first crop cycle, ECe of the soil layer from 0 to 0.6 m depth

increased in S1 and S2 treatments as a consequence of salts distrib-
uted by irrigation, whereas in the control treatment remained station-
ary with values ranging around 1 dS m–1 (Figure 2). ECe mean of the
whole crop cycle in the three salinity treatments (average of the soil
layer from 0 to 0.6 m, three watering regimes and three distances from
the emitter) was equal to 1.1, 4.3 and 7.8 dS m–1, respectively for S0, S1
and S2. The soil ECe raised increasing the distance between 0 to 0.5 m
from the emitters, but no difference was observed between the water-
ing regimes (data not shown). 
As a consequence of rainfall and irrigation distribution, ECe raised

in the saline treatments until September, decreased in October, and
raised progressively afterwards, reaching, at the end of crop cycle, 8.7
and 16.4 dS m–1 in S1 and S2, respectively (Figure 2). In the 2nd crop
cycle ECe remained steady around 1 dS m–1 in agreement with the first
year. Instead, in saline treatments the ECe trend was different respect
to the first crop cycle. At growth restarting ECe was high (7.8 and 15.7
dS m–1, respectively in S1 and S2), because of salts stored in the soil

Article

Figure 1. Daily minimum temperature (Tmin), maximum temper-
ature (Tmax) and rainfall during the first (2007-2008) and the
second (2008-2009) crop cycle of artichoke.

Figure 2. Soil ECe in the three salinity treatments (S0, S1 and S2),
of the layer 0-60 cm depth, during the artichoke crop cycle. Each
value represents the average between three watering regimes (W1,
W2 and W3), three distances from the emitter (0, 25 and 50 cm)
and three replicates. Vertical bars show ±SD.

Non
-co

mmerc
ial

 us
e o

nly



during the former crop cycle. During the summer period ECe increased
further, reaching 9.8 (S1) and 18.6 dS m–1 (S2) whereas, in the winter
period, dropped progressively until 2.4 (S1) and 3.1 dS m–1 (S2), as a
consequence of leaching promoted by rainfall (Figure 2). ECe mean of
the whole crop cycle in the three salinity treatments was equal to 1.0,
5.9 and 11.0 dS m–1 for S0, S1 and S2 respectively (Figure 2).

Yield and artichoke heads characteristics
The marketable yield was slightly different between the years. In the

2nd year, although the heads number was 3% higher than in the 1st one,
the yield was 3% lower in terms of weight because of 5% higher mean
weight in the 1st year. Within the classes of heads the number of that
for processing was 21% higher in the 2nd year in respect to the 1st one.

The difference between two years probably occurred due to different
soil salinity regimes during the crop cycles (Tables 1 and 2). 
As a whole, salinity and watering conditions affected marketable

yield and artichoke heads characteristics (Tables 1, 2, and 3). As a con-
sequence of the salinity increase from S0 to S2, the total heads yield
decreased in terms of number and weight from 125,100 to 94,700 n ha–1

and from 12.9 to 8.8 Mg ha–1, respectively. The higher reduction in
terms of weight is due to 10% reduction of head mean weight. These
results are in agreement with those of other authors that reported the
negative effect of salinity on artichoke head yield mainly in terms of
weight and number (Cantore et al., 2004; Bianchimano et al., 2005). 
Higher tolerance observed for number of heads in respect to their

weight is of great importance for the Italian market since the arti-
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Table 1. Effect of year, salinity and irrigation regime on artichoke marketable yield.

Treatments Heads (n. ha–1)¥103 Heads (Mg ha–1)
Main Secondary For processing Total Main Secondary For processing Total

Years 
2007-08 19.0 69.3 22.0 b 110.3 2.7 7.3 1.1 11.1
2008-09 19.6 67.7 26.7 a 114.0 2.7 6.9 1.2 10.8

Salinity 
S0 21.0 a 79.0 a 25.1 125.1 a 3.0 a 8.7 a 1.2 12.9 a
S1 18.9 b 73.9 b 23.9 116.7 b 2.7 ab 7.3 b 1.1 11.1 b
S2 18.0 b 52.6 c 24.1 94.7 c 2.4 b 5.3 c 1.1 8.8 c

Irrigation regime 
W1 19.8 73.4 a 24.5 117.7 a 2.8 7.8 a 1.2 11.8 a
W2 19.4 70.5 a 23.1 113.0 ab 2.7 7.2 ab 1.1 11.0 ab
W3 18.8 61.6 b 25.5 105.9 b 2.6 6.3 b 1.0 10.0 b

Significance
Y ns ns * ns ns ns ns ns
S * ** ns * * ** ns **

IRns * ns * ns * ns *
S·Y * ns ns ns ns ns ns ns
IR·Y ns ns ns ns ns ns ns ns
S·IR * * * * * ** ns *
Y·S·IR ns ns ns ns ns ns ns ns

Y, year; S, salinity; IR, irrigation regime; a,bvalues followed by different letters within columns are significantly different by SNK test, P<0.05;  ns,  F test not significant; *F test significant at P<0.05 and **P<0.01. 

Table 2. Effect of year, salinity and irrigation regime on heads mean weight and atrophic heads yield.

Treatments Heads mean weight (g) Heads atrophy (n. ha–1)¥ 103
Main Secondary For processing Main Secondary For processing

Years 
2007-08 142.9 a 104.0 49.3 a 0.0 b 0.0 0.0
2008-09 137.3 b 102.0 44.0 b 0.8 a 0.2 0.0

Salinity 
S0 143.4 a 110.4 a 47.1 0.0 c 0.0 0.0
S1 142.4 a 99.4 b 46.0 0.4 b 0.0 0.0
S2 134.5 b 99.1 b 46.8 1.2 a 0.3 0.0

Irrigation regime 
W1 141.0 105.3 a 47.2 0.4 0.0 0.0
W2 139.7 101.7 b 45.7 0.4 0.1 0.0
W3 139.6 101.9 b 47.0 0.4 0.2 0.0

Significance
Y * ns * * ns ns
S * * ns * ns ns

IRns * ns ns ns ns
S·Y ns ns ns * ns ns
IR·Y ns ns ns ns ns ns
S·IR ns ns ns ns ns ns
Y·S·IR ns ns ns ns ns ns

Y, year; S, salinity; IR, irrigation regime; a,b,cvalues followed by different letters within columns are significantly different by SNK test, P<0.05;  ns,  F test not significant; *F test significant at P<0.05 and **P<0.01. 
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chokes are sold by heads number instead of weight (Cantore et al.,
2004). The salinity levels influenced the main and secondary heads: i)
the main heads yield number and weight by 12 and 15%, respectively,
and ii) the secondary heads yield number and weight by 33 and 39%,
respectively. Moreover, some differences in salinity effect on artichoke
yield was observed for the two years. In particular, the main heads yield
number decreased with the salinity increase only in the  2nd year. This
could be explained by the fact that the main heads are the 1st one pro-
duced, and their differentiation had taken place when the soil salinity
was low in the 1st year and very high in the 2nd one. The rate of yield
reduction in relation to the soil salinity is similar to the results report-
ed in literature indicating artichoke as a moderately salt tolerant
species (Graifenberg et al., 1993; Francois, 1995; Bianchimano et al.,
2005; Cantore et al., 2007) and in accordance to Mass and Hoffman
(1977) model. The watering regime, as average of the salinity levels did
not affect total heads yield in W1 and W2 (on average 115,350 n ha–1

and 11.4 Mg ha–1), whereas in W3 it was reduced by 8.2 and 12.3% as
heads number and weight, respectively (Table 1). The effect of water-
ing regime occurred only for the secondary heads yield for which was
observed a reduction equal to 3% of mean weight.
Moreover, the effect of different watering regimes is related to the

variations in salinity level (Figure 3). Salinity tolerance decreased irri-
gating less frequently and watering regimes did not affect heads num-
ber and weight yield in S0. In S1, the best watering regimes were both
W1 and W2, whereas in S2 the best one was W1.
Nevertheless, in terms of total heads number yield, for S1 was

observed a decrease in W3 (-6.8%), while for S2 a decrease occurred in
W2 (-11.2%) and in W3 (-23.3%). In terms of heads weight yield, the
reduction occurred in W2 (-9.8 and -11.9%) and W3 (-16.4 and -25.7%)
for S1 and S2 salinity levels, respectively
In the second year was observed high incidence of head atrophy in

the main heads with high salinity levels. This effect occurred for the
negative influence of salinity on absorption and translocation of Ca++

that is easily connected to head atrophy (Francois et al., 1991; Francois,
1995), mainly at beginning of vegetative cycle, when high air tempera-
ture, low air humidity and the  high evaporative demand contribute to
a reduction of Ca++ translocation into the artichoke heads.
Salinity increased dry matter of edible part of heads, but that did not

occurred for the main heads produced in the 1st year when the soil
salinity was still low. Moreover, salinity reduced the percentage of the
edible part of heads.

Article

Table 3. Effect of year, salinity and irrigation regime on heads dry matter and edible part percentage.

Treatments DM (g kg–1 fw) Heads edible part (%) 
Main Secondary For processing Main Secondary For processing

Years 
2007-08 171.1 174.4 181.1 33.8 34.4 35.0
2008-09 175.5 176.6 176.6 33.6 34.0 35.4

Salinity 
S0 159.9 c 161.1 c 164.4 c 34.5 a 35.2 a 36.0 a
S1 170.0 b 172.2 b 176.6 b 34.0 a 34.5 ab 35.2 ab
S2 189.9 a 192.2 a 198.8 a 32.2 b 33.0 b 34.4 b

Irrigation regime 
W1 172.3 175.5 179.9 33.7 34.5 35.4
W2 174.4 177.7 182.2 33.5 34.2 35.0
W3 173.3 173.3 177.7 34.0 33.8 35.2

Significance
Y ns ns ns ns ns ns
S ** ** ** * * *

IRns ns ns ns ns ns
S·Y * ns ns ns ns ns
IR·Y ns ns ns ns ns ns
S·IR ns ns ns ns ns ns
Y·S·IR ns ns ns ns ns ns

Y, year; S, salinity; IR, irrigation regime; a,b,cvalues followed by different letters within columns are significantly different by SNK test, P<0.05;  ns,  F test not significant; *F test significant at P<0.05 and **P<0.01.

Figure 3. Heads yield per plant and per hectare: interaction
between salinity levels and watering regimes (W1, W2 and W3).
Vertical bars indicate ±SD.
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Conclusions

The results of this research confirm that the osmotic stress due to
the soil salinity interferes with water availability and that optimal
water depletion fraction in saline condition decreases and depends also
on the crop yield characteristics (Allen et al., 1998). These results
demonstrate that artichoke irrigated with saline water needs watering
more frequently, mainly to preserve heads weight yield. 
To preserve heads number and weight yield in the conditions of mod-

erate salinity (S1), the maximum water depletion fractions were 40
and 20% of total soil available water when irrigating by drip method.
Nonetheless, with high salinity (S2), maximum water depletion frac-
tion was 20% both for heads number and for weight yield. The lower
value (45%) of water depletion fraction for no water and/or salinity
stress, reported in literature (Allen et al., 1998), respect to the value of
60%, resulted in the control (S0) of this trial, can be ascribed to the dif-
ferent irrigation method and environmental conditions.
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