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Abstract
The effects of irrigation water salinity on growth, chlorophyll contents, proline and nutrients accumulation and K/Na
ratio in three walnut cultivars was investigated. Three irrigation water salinity levels with electrical conductivities of 1,5, 3,
and 5.0 dS/m and tap water as a control treatment were used in a randomized design with four replications. Irrigation
practices were realized by considering the weight of each pot. Sodium, clor, prolin, K/Na and Ca/Na ratio of leaf were
increased under salinity conditions. But growth of plant and chlorophyll a, chlorophyll b content were decreased under
saline condition. There were significant differences between in irrigation water salinity levels in proline and chlorophyll a,
chlorophyll b, Na content. But there were not any significant differences in LRWC (%). Results showed that, regarding
fresh shoot weight, dry shoot and root weight, there were significant differences between cultivars, but chlorophyll a,
chlorophyll b,
total chlorophyll, proline accumulation and leaf relative water content (LRWC) there weren’t any
significant differences between cultivars. Kaman 1 and Bilecik walnut cultivars showed higher accumulation of proline
than Kaman 5 but was not observed significant difference between them.

Introduction
Salinity stress has become an important problem
regarding agricultural production in many regions of the
world especially in arid and semi-arid regions. In Turkey,
salinity and sodicity poses a problem for almost 1,5
million hectares of agricultural area. The negative effects
of salinity stress on plants are explained as ion toxicity
(Na+, Cl-); osmotic stress and nutritional disorders
(Greenway & Munns, 1980; Lewitt, 1980a; Munns &
Termaat, 1986; Yeo et al., 1991; Marschner, 1995).
Studies on the effects of salinity stress on plants have
primarily focused on growth, proline accumulation,
chlorophyll content, K/Na, Ca/Na ratio, Na+ and Claccumulation. It has been stated that genotypes with a
high proline accumulation and chlorophyll content, high
K/NA ratio and low Na+ and Cl- accumulation are more
tolerant to salt (Mane et al., 2011). Walnuts are accepted
to be highly sensitive to salt in soil and irrigation waters.
Thus, genotypes tolerant to salt are important for walnut
growing. The fact that there are cultivars regarding salt
tolerant even for the same species shows that salt
tolerance is determined by a genetic system. Researches
indicates that for each 1,0 dS/m increase in average root
zone salinity above 1,5 dS/m, the tree growth rate and
yield declines by 18 to 21 percent (Fulton et al., 1988).
Paradox rootstocks are widely used in walnut production
in recent years. In regions where black line disease is
observed, Juglans regia rootstocks are sometimes
preferred over paradox rootstock. However, there is a
limited supply of documentation regarding the salt
tolerance of J. regia rootstocks. J. regia is more sensitive
to salt in comparison with J. hindsii and Paradox
rootstocks. Comparisons between rootstocks are primarily
based on salt accumulation in scion and signs of leaf
toxicity. In leaf content 0, 3% chlorine, 0, 1% sodium and
300 ppm boron are accepted to be excessive levels in
walnut leaf (Caprile & Grattan, 2011).
The objective of this study is to determine the salt
tolerances for three walnut cultivars (J. regia) and to
examine the changes in parameters (vegetative growth,

proline accumulation, chlorophyll content Na+, Claccumulation, K/Na ratio, Ca/Na ratio) that may be used
for salt tolerance in walnuts.
Materials and Methods
The one year old seedlings of Bilecik, Kaman 1 and
Kaman 5 walnut cultivars were used. The plants were
planted in pots with dimensions of 45 cm x 60 cm.
Sodium chloride (NaCl), magnesium sulfate (MgSO4) and
calcium chloride (CaCl2) were used in salt application.
The plants in the control group were watered using tap
water with constant salinity. In the experiment 4 different
irrigation water salinities were used (ECw= 0, 3 dS/m
(control), ECw=1, 5 dS/m, ECw = 3 dS/m Ew= 5 dS/m).
The irrigation water amounts were determined by adding
the leaching amount to the water consumed by the plants
(Ünlükara et al., 2008). The plants were irrigated for a
total of 11 times during the months of May-July. Leaf
analyses were carried out at the end of July.
The determination of the effects of salt on growth:
Different salt concentrations were applied to the plants in
the pots and fresh & dry root weights along with fresh &
dry shoot weights of plants were measured both at the end
and the beginning of the experiments.
Determination of the effects of salt on chemical
constituents: Chlorophyll analysis was determined
according to Withan et al., (1971), proline analysis
according to Bates & Walderen, (1973) and leaf relative
water content (LRCW %) according to Barr &
Weatherley (1962). Analyses for K, Ca and Na content
was carried out via flame photometry, for Mg atomic
absorption spectrophotometer was used, P was analyzed
using calorimetric method whereas N was analyzed via
the Kjeldahl method. The results were given as (%) in dry
matter. Dry leaf samples were extracted in a 0,1 N acid
concentration for chlorine analyses and chlorine content
was read in Sherwood MK II chloride Analyzer 926,
calculations were carried out according to Taleisnik &
Grunberg (1994).
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Statistical analyses: The applications were carried out as
4 repetitions for each cv. and as 5 plants for each
repetition. The results were analyzed via the SPSS
statistics software (Standard version 11.0).

of Kaman 5 and Bilecik cultivars. The effects of salt
applications on the fresh & dry shoot and root weights of
Kaman 1 and Kaman 5 cultivars were determined to be
statistically significant. A statistical significant was
determined the fresh and dry weights of plants in between
the control group and the plants on which salt doses of 1,
5 dS/m, 3 dS/m and 5 dS/m were applied (Table 1).
Depending on the 5 dS/m salt application, weight losses
of 59,41%, 42,49%, 28, 88% and 51,95% were
determined in the fresh root weight, dry root weight, fresh
shoot weight and dry sooth weight respectively according
to control (Table 1).

Results
Development parameters: It has been determined that
depending on the increasing salt concentration, the fresh
& dry root and fresh & dry shoot weights of cultivars
decrease. The fresh & dry root and fresh & dry shoot
weight losses observed in Kaman 1 cv. depending on salt
concentrations have been determined to be less than those

Table 1. Effects of salt on fresh and dry weight of shoot and root (g/plant) of different walnut culivars.
Çeşit

Bilecik

Kaman 1

Kaman 5

Treatments
(dS/m)

Fresh root
weight (g)

%

Fresh shoot
weight (g)

%

Dry root
weight (g)

%

Dry shoot
weight (g)

%

Control

80,00

0

235,67

0,0

179,61

0,0

56,07a

0,0

1,5

55,86

-30,20

170,48

-27,7

135,15

-24,8

35,33cde

-37,0

3

51,57

-35,5

155,26

-34,11

121,71

-32,23

33,55b

-40,10

5

25,71

-67,87

133,16

-43,48

99,09

-44,82

15,41e

-72,54

Control

42,86

0

121,05

0

94,95

0

26,10cde

0

1,5

40,86

-4,66

95,66

-20,97

69,77

-26,52

19,52e

-25,28

3

30,43

-29,17

83,21

-31,29

63,69

-32,94

25,89cde

-0,76

5

23,07

-46,15

81,60

-32,61

63,05

-33,57

18,55e

-28,73

Control

66,57

0

192,29

0

154,64

0

37,65bc

0

1,5

56,14

-15,76

188,48

-1,97

146,88

-4,98

41,60b

10,34

3

50,57

-24,02

172,55

-10,24

140,06

-9,37

32,48bcd

-13,79

5

37,86

-43,09

108,30

-43,68

82,78

-46,44

25,52de

-32,36

LSD

Cultivars

ns

LSD

ns

12,42

Bilecik

259,89

-

53,28 a

-

133,88 a

-

35,08 a

-

Kaman 1

238,02

-

34,30 b

-

72,86 b

-

22,51 b

-

Kaman 5

273,96

-

52,78 a

-

131,09 a

-

34,31 a

-

6,21

-

LSD

Treatments
(dS/m)

Ns

ns

9,30

26,89

Control

372,99 a

0

63,14 a

0

143,06 a

0

41,25 a

0

1,5

268,42 b

-28,04

59,52 b

-5,73

117,26 ab

-18,03

30,83 b

-25,26

3

236,38 b

-36,62

44,19 b

-30,01

108,48 bc

-24,17

30,64 b

-25,72

5

151,38 c

-59,41

28,88 c

-54,26

81,63 c

-42,94

19,82 c

-51,95

9,159

-

26,03

49,889

6,83

Different letters indicate a significant at 0.005 level of probability as evaluatde by ANOVA(LSD) test

Chlorophyll content and proline accumulation:
Decrease in chlorophyll content was determined as a
result of depending on the increasing salt applications.
The greatest leaf chlorophyll a content was determined in
Kaman 1 cv whereas the greatest chlorophyll b content
was determined in Kaman 5 cv. The chlorophyll a and
chlorophyll b content of cultivars was not statistically
significant (Table 2). The chlorophyll a and chlorophyll b
content decreased 38, 27% and 32, 32% respectively as a
result of the 5 dS/m salt application in accordance with
the control application.

The proline content depending on salt applications was
determined to be between 6, 14 mg/kg (control)–10, 19 mg/kg
(5 dS/m). The proline content increased with increasing salt
application. Statistically significant differences regarding
proline accumulation were determined between the control, 1,
5 dS/m salt application and 3 dS/m and 5 dS/m application.
The highest proline accumulation was determined in Kaman 1
cv (8, 96 mg/kg), whereas the lowest proline content was
determined in Kaman 5 cv (7, 74 mg/kg). A statistically
significant difference in terms of proline accumulation was not
determined among cultivars (Table 2).
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The effects of different salt concentrations on the leaf
relative water content (LRWC %) of plants:
Depending on the increasing salt applications, the
decreasing LRWC% value was determined to be between
74,432% (Control) – 66,921 (3 dS/m). The lowest LRCW
(%) value was determined in the Kaman 1 cv (% 67, 30)
whereas the highest LRCW (%) value was determined in
Bilecik cv. (% 79, 67) (Table 2).
The effects of different salt concentrations on the
nutrition accumulation: The nutrition contents of leaves
obtained for different irrigation water salinity
concentrations are given in Table 3. The Na+ ion content
of leaf increased in salt application. The average Na+
content was determined to be 15450 ppm for the Bilecik
cv., 15125 ppm for the Kaman-1 cv. and 12750 ppm for
the Kaman-5 cv. The Kaman 5 cv. displayed less Na+ ion
accumulation in comparison to the Bilecik and Kaman 1
cultivars. The average leaf Cl- content was determined to
be 15493 ppm for the Bilecik cv., 10385 ppm for the
Kaman 1 cv. and 11357 for the Kaman 5 cv. The lowest
Cl- ion accumulation was determined in the Kaman 1 cv.
(Table 3). The leaf K+ increased as salt concentrations
increased (except 1, 5 dS/m dose). The K+ contents were
determined to be 0, 78%, 1, 22% and 1, 64% for the
Kaman 1, Kaman 5 and Bilecik cultivars respectively.
The K/Na values of the examined cultivars were
determined to be between 0, 66 (Kaman 1)-1, 21 (Bilecik)
and the Ca/Na ratio to be between 2, 02 (Bilecik)-2, 28
(Kaman 5). The K/Na and Ca/Na ratios decreased in
general depending on salinity stress. The soil salinity
values were determined to be 2,77 (dS/m), 4,72 (dS/m),
7,64 (dS/m) and 10,39 (dS/m) respectively depending on
the control 1,5(dS/m), 3(dS/m) and 5(dS/m) salt
applications. Statistically significant differences were
observed between the salt applications in terms of the soil
salinity value.
Discussion
This study was carried out in order to determine the
tolerance to salinity stress of three different walnut
cultivars, to examine the changes that occur in the plants
depending on the salinity stress and to test on walnuts the
criteria that are accepted as salt tolerance indicators. In
plants there are differences between the limit values
damaged by salt. Walnuts are accepted to be highly
sensitive to salt in soil and irrigation waters. As a result of
our study, the salt accumulation in the soil varied between
4, 72 (dS/m) - 10, 39 (dS/m). These values show that
sufficient salinity stress has been obtained in the research
material. As a matter of fact, Fulton et al., (1988) have
stated that salinity values >4, 8 dS/m according to the root
region salinity classification cause excessive damage in
walnut cultivation. The unfavorable conditions that are
frequently observed in environments with salinity stress are
accepted to be the decrease of water consumption due to
the low water potential at the root region, the accumulation
of Na+ and Cl- ions enough to cause toxicity, the
imbalances that arise during nutrition intake and transfer
and especially the K+ and partially Ca++ deficiencies
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(Munns & Termaat, 1986; Marschner, 1995). The reactions
of plants to salt vary depending upon the time of exposure
to salt, the growth period of the plant, salt concentration,
climate and soil properties (Greenway & Munns., 1980).
Salinity stress may cause the death of the plant as well as
hinder growth depending on tolerance, may cause chlorosis
and necrotic stains and also decrease yield and quality
(Hasegawa et al., 1986; Mer et al., 2000).
The first reaction to salt in glycophyte plants occurs in
leaves. The intensity of the necrosis observed under
conditions that hinder growth and development in salinity
stress conditions can be used as a parameter for the salt
tolerance of plants. Defoliation is frequently observed
under increasing salinity stress conditions (Hasegawa et al.,
1986; Okubo & Saturatarini, 2000). In the cultivars
examined in our study, the first necrosis related with
increasing salinity stress has been observed in mature
leaves. Chlorosis starting from the leaf tips and moving up
to the leaf stalk has later become necrosis. Defoliation has
been observed after August in plants in especially the
5dS/m salt application. Similar results regarding necrosis
intensities have been obtained for all three walnut cultivars.
It has been stated that depending on increasing
salinity levels, decrease in vegetative growth parameters
have been observed in plants (Sixto et al., 2005;
Pessarakli & Touchane, 2006). Decrease in root, stem and
shoot developments, fresh & dry stem and root weights;
leaf area and number; chlorophyll amount and yield have
been observed in plants subject to salinity stress. It is
stated that when a plant is subject to salinity stress for a
long period, ion toxicity and water deficiency in mature
leaves and carbohydrate deficiency and related signs are
observed in young leaves (Greenway & Munns, 1980;
Munns & Termaat, 1986; Cramer et al., 1988; Gasim,
1998; Shannon & Grieve 1999; Chookhampaeng, 2011).
The decrease in vegetative development and plant
weight under salinity stress is explained by the stasis in
cell division and cell elongation depending on the
decrease of osmotic potential in plant cells due to the
increasing salt concentrations in the soil and the
decreasing water potential. Under salinity stress
conditions the stomas close and photosynthesis slows
down. Plant growth may completely come to a stop in
case stress conditions continue (Ashraf, 1994). According
to the findings of our study, significant decreases have
been observed in the fresh & dry total plant weights
depending on the increasing irrigation water salinity. For
instance, according to the control group application
decreases of 42, 94% and 51, 95% have been observed
respectively in the dry root and dry shoot weights in the
5dS/m salt application.
When plant development is taken into account, it has
been determined that Kaman 1 cv. is affected from
salinity stress less than Bilecik and Kaman 5 cultivars.
Decreases in plant development depending on increasing
salt concentrations were determined in the Mateur
pistachio cv. grafted on Pistacia vera L. and Pistacia
atlantica L. rootstocks at salt concentrations of ECw=5
dS/m and ECw=12 dS/m and the reactions of different
rootstocks to salinity stress have been determined (Mehdi
et al., 2010).
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There are differences in the salt exclusion methods of
plant species and cultivars. Plants may keep salt away by
salt exclusion mechanism and may pump Na+ out of their
cells. Another exclusion indicator is the dilution of salt
with rapid growth (Levitt, 1980 b; Lauchli, 1986). In our
study the leaf Na+ content increased depending on the
increasing salt concentrations. According to the control
application increase of 90, 04% - 198, 50% were observed
in the Na+ ratios for 1, 5 dS/m and 5 dS/m salt
applications respectively. The Na+ content of the cultivars
were determined to be between 12750 ppm (Kaman 5) –
15450ppm (Bilecik). It is stated that plants which contain
low amounts of Na+ in their roots and other regions under
salt conditions may be accepted to have salt tolerance
(Greenway & Munns, 1980; Akram et al., 2007).
Accordingly, it can be stated that the Kaman 5 cv. is more
tolerant to salinity stress since it accumulates less Na+ in
comparison with the other 2 cultivars.
Another important factor for the salinity stress
tolerance is chlorine accumulation. In our study high Clion accumulation was observed in plant leaves depending
on increasing salt concentrations. According to the control
application the Cl- content increased by 81, 82%-209,
12% for the 1, 5 dS/m and 3 dS/m salt applications
respectively. The average Cl- accumulation in the
cultivars was determined to be between 10385 ppm
(Kaman 1) – 15493 ppm (Bilecik) (Table 3). Less Claccumulation was determined in Kaman 1 and Kaman 5
cultivars in comparison to the Bilecik cv. It can be stated
that in general there is a greater tendency for salt
tolerance in genotypes which accumulate less Cl- ions
under salinity stress or those that can keep Cl- ions away.
In terms of Cl- accumulation it was determined that
Kaman 1 and Kaman 5 cultivars were more tolerant to salt
than the Bilecik cv. Irregular changes were observed in
the Mg++ and P content depending on the increasing salt
concentrations, however regular decreases were observed
in the N content. General increases were observed in K+
and Ca++ content depending on increasing salinity stress.
The potassium content increased by 38, 88% in the 5
dS/m salt application in comparison to the control group.
Even though the highest Na+ content was determined in
the Bilecik cv. with the highest K+ content, a potassium
content of 1, 22 % was observed in the Kaman 5 cv.
which has the lowest Na+ (Table 3). The findings of our
study were similar to those of Lotfi et al., (2009)
regarding the increase of K+ content in walnuts under
salinity stress. Levitt (1980b) stated that in environments
with high amounts of NaCl the Na+ ion intake is more and
the K+ ion intake is decreased due to competition.
The increase of Na+ and Cl- content in strawberries
under salt conditions may prevent K+ intake. It has been
determined that the Rapella strawberry cv. K+ content is not
affected by salt application (Awang & Atherton, 1994).
It is stated that K/Na and Ca/Na ratios play an
important role in the measurement of salt tolerance (Yu et
al., 1978; Muhammed et al., 1987; Heimler et al., 1995;
Lopez & Satti 1996; Maathuis & Amtmann, 1999). It is
emphasized that for optimum yield efficiency the K/Na
ratio of the plant cytoplasm should be lower than 1
(Greenway & Munns, 1980). In our study significant
decreases were observed in the K/Na and Ca/Na ratios
depending on increasing salt concentration. As a matter of
fact the K/Na ratio decreased by % 48, 76 - % 95, 38 in
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other applications in comparison with that of the control
group. It was also determined that the Ca/Na ratio
decreased by % 42, 42- % 67, 21 in other applications in
comparison with the control group. The K/Na ratio was
determined to be greater than 1 for Bilecik and Kaman 5
cultivars, whereas it was determined to be smaller than 1
for the Kaman 1 cv. The decrease in the K/Na and Ca/Na
ratios with the decreasing K+ and Ca++ content depending
on the increasing Na+ content under salinity stress
conditions is a common result of many studies. As a
matter of fact Al-Karaki (2000) has stated that the
exclusion ability from high Na+ accumulation and high
amounts of K/Na and Ca/Na in leaves increase salt
tolerance in tomato.
Decrease in total chlorophyll content may be
observed due to ion accumulation and functional
disorders observed during stoma opening and closing
under salinity stress. (Seemann & Critchley (1985);
Aranda & Syvertsen (1996); Molazem et al., (2010);
Nawaz et al., (2010). Another reason for the decrease of
chlorophyll content under salt conditions is stated to be
the rapid maturing of leaves (Yeo et al., 1991). Decrease
in chlorophyll content under salinity stress is observed
more in salt sensitive genotypes in comparison to
cultivars with low tolerance (Khan et al., 2009). In our
study, a statistically significant decrease in the
chlorophyll a and chlorophyll b content was observed
depending on increasing salt concentrations in
comparison to the control application. In the 5 dS/m salt
application decreases in the chlorophyll a and chlorophyll
b of % 38, 27 and % 32, 32 were observed respectively in
comparison to the control group.
The tolerance to Na+ of plants under salt conditions
(NaCl), the prevention of the replacement of Mg++ with
Na+ and the continuous increase of chlorophyll amount is
accepted as an important indicator of salt tolerance
(Katsuhara et al., 1990; Demiroğlu et al., 2001). It is
stated that plants with high chlorophyll content under
salinity stress are more tolerant to salt. In our study, no
statistically significant difference regarding chlorophyll
content was found between cultivars. However, the
highest chlorophyll a content was determined in Kaman 1
cv. whereas the highest chlorophyll b content was
determined in Kaman 5 cv. Plants make changes in the
cell and tissue levels in order to decrease the effect of
stress factor.
Plants synthesize proline under arid and salinity
stress conditions in order to protect themselves and to
regulate their physiological status (Edreva, 1998). Hence,
it can be stated that plants and their cultivars which
synthesize large amounts of proline are more tolerant to
stress conditions (de Lacerda, et al., 2003; de Lacerda, et
al., 2005; Mehdi et al., 2010; Demiral & Türkan, 2005).
According to the findings of our study, proline content
increased with increasing salt concentration. The proline
increase ratios of salt applications in relation with the
control application were determined to be between 24, 59
% - 65, 96 %. A statistically significant difference was not
found between the proline content of cultivars; however
the highest proline content of 7, 74 g/kg was determined
in the Kaman 5 cv. In a study they carried out on wheat,
Kong et al., (2001) have determined higher proline
synthesis ratios in salt tolerant cultivars in comparison to
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those of salt sensitive cultivars. It has been determined in
a study carried out on tomatoes that the proline synthesis
amount of salt tolerant genotypes is greater than that of
the salt sensitive plants (Perez- Alfocea et al., 1993).
The shoot and leaf water concentrations of plants
under optimum conditions is significantly greater than
those of plants under high salinity conditions (Hester &
O’leary, 2003). The water intake of plants is limited based
on salinity. Under these conditions plants try to overcome
water stress by increasing the concentrations of their
intracellular osmotic compounds.
Leaf relative water content is a criterion that is
frequently used to define the water content of plants
(Schonfeld et al., 1988). It is thought that plants with high
leaf relative water content have a more stable osmotic
balance (Morgan, 1984). The relative water content
decreases under salinity stress conditions (Srivasta et al.,
(1998); Katerji et al., (2003); Kaya et al., (2003).
The leaf relative water content depending on salt
applications was determined to be between 44.43
(control) – 66. 92 (3 dS/m). A statistically significant
difference was not determined between the leaf relative
water content of cultivars; however the highest the leaf
relative water content was determined in the Bilecik cv. In
our study, the leaf relative water content decreased with
increasing salinity in accordance with literature.
Conclusion
In our study, when the proline accumulation,
chlorophyll content, K/Na ratio and Na++ and Claccumulation amounts are taken into account, it was
determined that the Kaman 5 cv. is more tolerant to
salinity stress in comparison with the other two cultivars.
The proline accumulation and total chlorophyll content,
K/Na ratio and Na accumulation may be used as tolerance
parameters while determining the salt tolerance of walnut
genotypes.
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