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INVESTIGATION OF SALINITY STRESS AND POTASSIUM LEVELS

ON MORPHOPHYSIOLOGICAL CHARACTERISTICS OF SAFFRON

Z. Avarseji, M. Kafi, M. Sabet Teimouri, and K. Orooji

Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

� A greenhouse research experiment was conducted to investigate the effect of salinity stress and
potassium (K) fertilization on biomass accumulation of roots and shoot of saffron plants. Treat-
ments were four levels salinity in the form of sodium chloride (NaCl; 3.4, 6.4, 9.4 and 12.4 dS
m−1) and three levels of potassium (50, 100, and 150 % of Hoagland’s nutrition solution base).
Results indicated that higher levels of potassium significantly controlled the negative effects of NaCl
on length and number of roots as well as fresh weight and number of leaves per plant. Increase in
salinity and potassium levels caused a reduction in leaf water content, and enhancement in elec-
trolyte leakage. It seems that in the presence of salinity increasing 50% extra potassium (Based on
Hoagland’s nutrient solution) in the rhizosphere of saffron can improve damaging effects of NaCl
up to 9.4 dS m−1 of soil solution.

Keywords: relative water content, electrolyte leakage, root/shoot dry matter, biomass
production

INTRODUCTION

Soil salinity stress is an important restriction to crop productivity, particu-
larly in the arid and semi-arid areas of the world (Sabet Teimouri et al., 2007).
It is estimated that about one-third of world’s cultivated land is affected
by salinity (Kaya et al., 2002). Extension of saffron cultivation to marginal
lands and saline areas is one of the most considerable land use changes in
Khorasan, Iran during last 25 years (Abrishami, 1997). Flowers are the eco-
nomic yield of this plant, in which their initiation occurs underground
(Negbi, 1999; Sadeghi, 1996). So, any environmental stress in the soil can
affect the economic yield of saffron. Local farmers in the Khorassan province
mainly use the fresh water for saffron irrigation, but the recently drought,
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300 Z. Avarseji et al.

water shortage and extension of saffron cultivation to salty lands make farm-
ers use the brackish water resources for saffron irrigation.

High salt concentration in the root medium, reduce or stop root growth
(Wu et al., 2009). But with potassium increment at the root zone, roots min-
erals uptake and root growth will be improved (Kaya et al., 2001). They also
reported that increasing salt concentration without potassium, prevented
from plant growth and it cause reduction in fresh weight and relative wa-
ter content and in parallel increased electrolyte leakage, but in presence
of potassium the morphophysiological traits of cucumber were significantly
compare control. The goal of this study was to investigate ameliorative effect
of potassium supplement at different salinity levels to find out if saffron can
tolerate the brackish soils and waters.

MATERIALS AND METHODS

Plant Material and Salt Treatments

The experiment was conducted at the green house of Faculty of Agricul-
ture, Ferdowsi University of Mashhad, Iran, under a temperature of 16–22◦C
and 70–75% relative humidity, from September 2008 to January 2009. Corms
were obtained from Sarayan native population in South Khorassan province.
This experiment was arranged in a completely randomized block design.
Treatments were factorial combinations of two factors: 1) 4 sodium chloride
(NaCl) levels of 3.4, 6.4, 9.4 and 12.4 dS m−1 and 2) and three potassium
(K) levels of 50, 100 and 150 % of Hoagland’s nutrient solution base, of
which 100% of potassium content (electrical conductivity of 3.4 dS m−1)
of Hoagland’s nutrient solution was considered as the control. Corms were
planted at the washed sand bed and to avoid osmotic shock, NaCl was intro-
duced gradually. The diameter and the depth of the pots were 30 cm and
15 cm, respectively. The extra water was collected from the bottom of the
pots and returned to the pots to prevent salinity lost. Corms were planted
at a depth of 7 cm. Applications of Hoagland’s solution and watering of
pots were arranged in such a way that the sand was always moisturized. The
electrical conductivities of the solutions were determined with a conductivity
meter (Model, 470, Jenway Limited, Staffordshire UK).

Plant Growth Analysis

Shoots were harvested after 120 days from planting and transferred to
the refrigerator immediately to prevent physiological changes. Roots and
corms were gently washed and separated into corms and roots, then roots
number, root length, root volume, root fresh and dry weight and corms
fresh weight were measured. Traits measured for the above-ground portions
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Salinity and Potassium on Saffron Characteristics 301

of saffron were leaf number, length, fresh and dry weights, this plant would
not produce any stem.

Electrolyte Leakage

For measurement of electrolyte leakage, 0.5 gram of leaves was sub-
merged in distilled water at 22◦ C for 24 hours to determine electrolyte
leakage (EC1). For determining electrolyte leakage of dead cells, leaves were
put in the bain marie at 100◦ C for one hour, and after 24 hours electrolyte
leakage were measured (EC2). Electrolyte leakage percent was calculated as
follows (Karlidag et al., 2009):

Electrolyte leakage percent = (EC1/EC2) × 100

Relative Water Content (RWC)

Leaf RWC was estimated following the methods of Cameron et al. (1999).
Leaf samples (1 g) were saturated in 100 mL of distilled water at 22◦ C for
24 h and the turgid weight of leaf samples was recorded. Afterwards the
samples were packed in paper bags and oven dried at 70◦ C for 24 h to
measure the dry weight. RWC was calculated using the following formula:

RWC = (FW − DW)/(TW − DW) ∗ 100

where FW is the fresh weight, DW is the dry weight and TW is the turgid
weight of plant tissues.

Statistical Analysis

The data were subjected to one way analysis of variance using Minitab
statistical software version 13 (Minitab, State College, PA, USA). Means were
compared by least significant differences test at the 1% level.

RESULTS

As the roots are the first organ that expose to salinity, it is expected to
be severely affected in response to salt stress conditions (Table 1). Salin-
ity caused an increase in both leaves and roots number per plant up to
9.4 dS m−1 (P ≤ 0.01) (Tables 1 and 2). By raising salinity level from 9.4
to 12.4 dS m−1, leaves and roots number were decreased about 0.5% and
5.9%, respectively. Results also indicated that there is a positive relation-
ship between leaf and root number and rate of potassium application to
the root medium (P ≤ 0.01) (Table 1). The interaction between salinity and
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302 Z. Avarseji et al.

TABLE 1 Main effects of different levels of salinity and potassium on saffron shoot growth parameters

Leaf Leaf Leaf Leaf Sheath Sheath Sheath
number length fresh weight dry weight length fresh weight dry weight

Treatment per plant (cm) (g/p) (g/p) (cm) (g/p) (g/p)

K1 = 50% 24.9 c 31.1 b 4.5 b 1.48 v 6.8 a 4.43 a 0.49 b
K2 = 100% 25.7 b 30.9 b 4.0 c 1.44 c 6.5 b 4.25 b 0.57 a
K3 = 150% 28.2 a 32.1 a 4.9 a 1.53 a 6.4 c 4.47 a 0.53 ab
LSD∗ (0.01) 0.75 0.61 0.01 0.01 0.001 0.10 0.07
S1 = 3.4 (dS/m) 24.8 c 31.7 b 5.1 a 1.41 c 6.6 b 5.36 a 0.55 a
S2 = 6.4 (dS/m) 25.9 b 30.5 c 5.2 a 1.53 b 6.4 c 4.01 c 0.52 b
S3 = 9.4 (dS/m) 27.2 a 35.1 a 4.8 b 1.68 a 6.7 a 4.37 b 0.56 a
S4 = 12.4 (dS/m) 27.1 a 28.1 d 2.9 c 1.33 d 6.4 c 3.79 d 0.49 c
LSD (0.01) 0.50 0.40 0.1 0.03 0.04 0.07 0.01

∗Means were compared by least significant differences test (LSD) at the 1% level.

potassium levels on these traits was also significant (P ≤ 0.01) and the highest
leaves and roots number were gained at salinity level of 9.4 dS m−1 and potas-
sium level of 150% and the lowest root number were counted at no salinity
and potassium levels of 50% while the lowest leaf number was recorded at
control (Hoagland’s nutrient solution). Salinity and potassium interacted to
increase roots and leaf number simultaneity (Tables 3 and 4).

Results from interaction of salinity and potassium rates showed that at
the salinity level of 12.4 dS m−1 and potassium level of 150%, the length
of leaves and root declined 14.6% and 42.6% compare to control, respec-
tively (Tables 3 and 4). This result may be related to lowered turgor and cell
osmotic adjustment to maintain cellular solute concentration, and conse-
quently cells became smaller (14). Longest root was recorded at 6.4 dS m−1

and potassium level of 100% and longest leaf length was gained at salinity
level of 9.4 dS m−1 and potassium level of 150%.

TABLE 2 Main effects of different levels of salinity and potassium on saffron root parameters

Root Root fresh Root Root dry Root Root
Source of number Root length weight dry weight weight/shoot volume volume/root
variation per plant (cm) (g/p) (g/p) dry weight (Cm3/p) dry weight

K1 = 50% 168.5 b 16.2 b 6.77 c 0.59 c 0.30 b 7.23 b 0.084 b
K2 = 100% 189.6 a 23.4 a 7.84 b 0.63 b 0.31 b 7.93 a 0.080 c
K3 = 150% 211.1 a 16.7 b 8.24 a 0.70 a 0.35 a 8.01 a 0.089 a
LSD∗ (0.01) 23.6 0.61 0.36 0.03 0.01 0.13 0.01
S1 = 3.4 (dS/m) 148.8 b 20.7 b 8.47 a 0.61 b 0.31 bc 8.86 a 0.068 c
S2 = 6.4 (dS/m) 199.8 a 24.6 a 7.91 b 0.72 a 0.35 a 8.14 ab 0.088 ab
S3 = 9.4 (dS/m) 209.6 a 16.9 c 7.93 b 0.71 a 0.32 b 7.51 b 0.096 a
S4 = 12.4 (dS/m) 200.8 a 13.0 d 6.14 c 0.53 c 0.30 c 6.38 c 0.085 b
LSD (0.01) 15.7 0.41 0.24 0.02 0.01 0.83 0.01

∗Means were compared by least significant differences test (LSD) at the 1% level.
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Salinity and Potassium on Saffron Characteristics 303

TABLE 3 Interacted effects of different salinity and potassium levels on saffron shoot growth
parameters

Leaf Leaf Leaf fresh Leaf dry Sheath Sheath Sheath
Source of number length weight weight length fresh weight dry weight

variation per plant (cm) (g/p) (g/p) (cm) (g/p) (g/p)

K1S1 23.3 h 32.4 c 5.1 c 1.47 d 6.5 c 5.26 b 0.37 f
K1S2 25.7 f 30.4 e 6.3 a 1.76 a 6.1 f 4.51 e 0.60 b
K1S3 23.0 i 32.4 c 3.8 g 1.27 g 6.4 d 4.35 f 0.52 d
K1S4 27.7 e 29.3 2.8 i 1.44 e 7.1 a 3.60 0.47 e
K2S1 21.7 j 31.4 e 4.4 e 1.21 h 6.6 c 4.90 c 0.61 b
K2S2 24.0 g 29.3 f 4.2 f 1.43 e 6.8 b 3.41 j 0.51 d
K2S3 29.0 c 34.6 b 4.5 e 1.68 b 6.4 d 4.55 d 0.61 b
K2S4 28.0 d 28.1 g 3.1 h 1.44 e 6.3 e 4.12 h 0.58 c
K3S1 29.3 b 31.2 e 5.7 b 1.54 c 6.8 b 5.90 a 0.66 a
K3S2 28.0 d 31.9 d 4.9 d 1.40 f 6.4 d 4.11 h 0.45 e
K3S3 29.7 a 38.3 a 6.3 a 1.08 j 6.4 d 4.21 g 0.56 c
K3S4 25.7 f 26.8 h 2.8 i 1.10 i 5.9 g 3.66 i 0.45 e
LSD∗ (0.01) 0.25 0.20 0.1 0.01 0.1 0.03 0..03

∗Means were compared by least significant differences test (LSD) at the 1% level.

Sheath length is a trait under control of planting depth (10), and nor-
mally is not affected by salinity and drought stress but in this experiment
it was affected by given treatments (P ≤ 0.01) (Table 1). With potassium
increment, sheath length was decreased but leaf numbers were increased,
though sheath diameter increased subsequently and as a result of that, sheath
length and strength were decreased (Table 1). Sheath dry weight is function
of sheath length and leaf number and results indicated that with salinity

TABLE 4 Interacted effects of different salinity and potassium levels on saffron root growth parameters

Root Root Root fresh Root Root /shoot Root Root
Source of number length weight dry weight dry volume volume/root
variation per plant (cm) (g/p) (g/p) weight (Cm3/p) dry weight

K1S1 108.7 h 19.3 c 7.62 f 0.56 f 0.31 e 8.30 b 0.068 i
K1S2 217.7 c 17.6 e 7.31 g 0.73 b 0.31 e 8.30 b 0.088 d
K1S3 167.0 f 15.6 g 6.35 i 0.59 e 0.33 cd 5.50 e 0.107 a
K1S4 180.7 e 12.4 j 5.79 j 0.49 h 0.25 g 6.80 d 0.072 h
K2S1 153.3 g 12.3 j 8.24 e 0.58 e 0.32 de 8.93 ab 0.065 j
K2S2 161.0 f 41.4 a 7.09 h 0.72 b 0.37 ab 7.47 c 0.097 c
K2S3 205.0 d 16.8 f 8.38 d 0.65 d 0.28 f 8.57 b 0.075 g
K2S4 239.0 b 14.2 i 7.63 f 0.56 f 0.28 f 6.77 d 0.083 e
K3S1 184.3 e 21.4 b 9.56 a 0.68 c 0.31 e 9.33 a 0.073 h
K3S2 220.7 c 14.8 h 9.35 a 0.69 c 0.38 a 8.67 b 0.080 f
K3S3 256.7 a 18.3 d 9.05 c 0.90 a 0.34 c 8.47 b 0.106 a
K3S4 182.7 e 12.2 j 4.99 k 0.55 g 0.36 b 5.57 e 0.099 b
LSD∗ (0.01) 7.9 0.2 0.12 0.01 0.01 0.42 0.001

∗Means were compared by least significant differences test (LSD) at the 1% level.
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304 Z. Avarseji et al.

extension they were decreased but with potassium increment sheath fresh
weight was increased that might be due to the positive effects of potassium
on leaf tissue water content.

Growth Indices

Root and leaf fresh weight of saffron reduced 27.5% and 42.2% compare
to control at highest salinity level but high potassium level increased their
fresh weight (Table 1). Roots and leaves dry weights were increased up to
9.4 dS m−1 salinity level but further increases in salinity up to 12.4 dS m−1

caused a decline in their dry weights. However, roots and leaves dry weights
were increased at high level of potassium application. Highest root and
leaves dry weight were recorded at salinity level of 9.4 dS m−1 and 150%
potassium and lowest dry weight of roots were gained at highest salinity and
lowest potassium level, while, the lowest leaf dry weights were recorded at
high level of salinity and potassium (Tables 3 and 4).

Root/shoot dry weight were significantly affected by given treatments
(P ≤ 0.01) (Table 1).

As it is presented in Figure 1, salinity increase caused clear reduction in
shoot dry weight. When potassium level was extended from 50% to 100%
shoot dry and fresh weights were significantly increased (Tables 1 and 2).
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FIGURE 1 Interaction effect of salinity and potassium levels on root to shoot dry weight ratio. (K =
potassium content of Hoagland solution, K1 = 50% potassium, K2 = 100% potassium, K3 = 150%
potassium) (Color figure available online).
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FIGURE 2 Interaction effect of salinity levels (dS/m) on A) percent of root density and B) root volume
(cm3/ plant) of saffron. (K = potassium content of Hoagland solution, K1 = 50% potassium, K2 = 100%
potassium, K3 = 150% potassium) (Color figure available online).

Root volume is a function of root fresh weight, root length, diameter and
number. It decreased as salinity increased (P ≤ 0.01) (Figure 2). Root length
and fresh weight were negatively affected as salinity increased (P ≤ 0.01)
(Table 2). With potassium extension, root volume tended to increase but
not in significant manner (Figure 2b). As salinity increased root number were
increased but length, dry and fresh weight were decreased thus promoted
root volume showed decline (Table 2).

By increasing the concentration of salt, root density (dry weight of
roots/roots volume) increased, and this increment was more at higher level
of potassium (Figure 2a). The maximum value of this ratio was observed
at salinity level of 9.4 dS m−1 and potassium level of 50% and 100%. The
possible reason might be reduction of root volume at high level of salinity.
Although application of high potassium level leads to higher root volume
but there was no significant differences between salinity of 9.4 and 12.4 dS
m−1. At sever salt stress root dry weight respond more negatively compare
with root volume though, root density would decreased.

Relative Water Content and Electrolyte Leakage

Electrolyte leakage increased significantly in response to extended salin-
ity rate (P≤ 0.01) (Figure 3a). It seems that with NaCl increasing, low osmotic
pressure and cell membrane permeability increased (Greenway and Munns,
1980). Increasing the potassium level from 50% to 100% increased leaf EL
and RWC and then significantly reduced when potassium level reached to
150% (P ≤ 0.01) (Figures 4a and 4b). This result may be related to ame-
liorative effect of potassium on cell integrity and prevention of protoplasm
leakage out of the cell (Karlidag et al., 2009).

At higher salinity levels and low potassium rate at 50% result in decreas-
ing of RWC and EL (Figures 4a and 4b)., but with potassium rate extension
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306 Z. Avarseji et al.

FIGURE 3 The effects of different levels of A) salinity and B) potassium on leaf relative water content
(RWC) of saffron.

to 150% and because of osmotic balance and keeping cell membrane in-
tegrity, this parameter was decreased which are in agree with other results
(Siddiqui et al., 2008).

FIGURE 4 The effects of different levels of A) salinity and B) potassium on leaf electrolyte leakage (EL)
of saffron.
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Salinity and Potassium on Saffron Characteristics 307

FIGURE 5 The interaction effects of different levels of salinity and potassium on leaf relative water
content (RWC) and electrolyte leakage (EL) of saffron, under salinity stress and potassium conditions.

The EL levels increased at highest level of salinity (P ≤ 0.01), but with in-
creasing potassium level at root zone more than potassium level of Hoagland
nutrition solution it was decreased (Figures 5a and 5b). The highest and low-
est EL reading values were recorded at 12.4 dS m−1 and 100% potassium and
at 3.4 dS m−1 and 150 % K, respectively (Figure 4b). There was a positive
relation between RWC and EL (R2 = 74%) (Figure 6).

In this experiment the flowers emerged only at 9.4 dS m−1 and 150% K,
but since they were little it was not mentioned at the results. Other treatments
also had flowers but they could not come out of the sheath.

DISCUSSION

Saffron is an important medicinal and aromatic crop in Iran. Its culti-
vation has extended to marginal and saline land and there is no enough
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FIGURE 6 Regression between leaf relative water content (%) and electrolyte leakage (%) of saffron,
under salinity stress and potassium conditions.
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308 Z. Avarseji et al.

investigation on saffron response to salinity and its interaction with potas-
sium.

Salinity stress has influenced growth parameters (root and leaf number,
root, leaf and sheath length, sheath dry weight). Increasing potassium con-
centration in nutrient solution in the presence of NaCl salinity enhanced
the possibility of K+ absorbance, and therefore alleviates the adverse saline
effects (Zheng et al., 2008). Considering ameliorative effect of potassium
on osmotic balance of root cells and its media, potassium uptake increased
to adjust cell osmotic potential against negative effect of sodium. Similar
results were earlier reported by Siddiqui et al. (2008). Although high salinity
level restrict potassium uptake but this restriction is less at high potassium
levels (Cramer et al., 1985). At root membranes, Ca2+ could dislocated by
high levels of Na+, though it cause changing at root membrane integrity and
selectivity for K+ uptake (Cramer et al., 1985, 1990(. Possibly potassium, by
adjusting ionic balance, keeps cells resistant to protoplasm leakage and by
more mineral uptake, resulting in higher weight of plant organ particularly
at roots. Root/shoot dry weight were significantly increased by salinity and
potassium rates, Therefore, increasing in root/shoot dry weight either be-
cause of increment of root dry weight or decrement of shoots dry weight
could be an indicator of salinity stress resistance (Abrishami, 1997). The
best salinity stress resistance of saffron in this experiment was recorded at
potassium level of 150%.

As shown in Figure 3, leaf relative water content in saffron is lower than
50%, which is pretty lower than many other crops that have a RWC around
80%. Saffron is a plant that grows during cold season and for adaptation and
resistance to freezing, keeps its leaf RWC at low level but it was increased
by increasing salinity level. Furthermore, to maintain osmotic balance at
salt stress conditions plants need to accumulate osmolites and water-soluble
organic substances that results of this process to balance the excess Na+

accumulated by increasing water absorption and thus increased RWC. High
concentrations of minerals in cells may lead to more water absorption to
prevent cells from plasmolysis and consequently RWC was increased. Other
studies reported that salt increasing causes RWC decrement (Al-Karaki, 2000;
Kaya et al., 2002; Shi et al., 2006; Sabet Teimouri et al., 2007) but application
of potassium compound result in decreasing RWC compare to absence of
potassium (Sabet Teimouri et al., 2007). Parida and Das (2005) reported
that the relative water content, water potential and osmotic potential of
plants become more negative with an increase in salinity which is not in
agreement with our results. RWC increment could be occurs as a result of
gradual adaptation of leaf cells against salinity (Sabet Teimouri et al., 2007).
Positive correlation between RWC and potassium levels shows potassium
enhancement role on controlling salinity damaging effects.

It was revealed that with increasing salinity over each potassium range,
EL was increased. “Na+ may interfere with the function of potassium as a
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Salinity and Potassium on Saffron Characteristics 309

cofactor in different reactions and it seems contributed with the structural
and functional integrity of membranes” (Kurth et al., 1986) that it may cause
an increase in EL. It seems that potassium levels can improve the damag-
ing effects of high salinity. Our result is in agreement with other findings
which reported 85% EL increasing in strawberry and cabbage when salinity
increased (Kaya et al., 2003; Wu et al., 1998). Results of this experiment
showed the trend of RWC and EL were similar, although other reports
showed opposite trend between RWC and EL. Possibly our results show a
relation between keeping cell integrity and preventing of cell electrolyte
leakage and also represent if cell integrity continues maximum RWC could
maintain without cell destroying by turgor pressure.

In this experiment changing in potassium concentration in Hoagland’s
nutrient solution performed by variation in potassium containing com-
pounds such as potassium nitrate and potassium phosphate. Therefore,
increased phosphorus levels reduced electrolyte leakage and increased nitro-
gen lead to maximize water absorption by roots. Thus, the resultant increased
nitrogen, potassium and phosphorus might extend salt resistance and growth
and ultimately increase plant cumulative dry weight. Extra potassium nitrate
at the root zone of saffron may lead to replacing nitrate with chlorine and
consequently diminished negative effects of extra chlorine.

In summary our results showed that if the salinity of irrigation water is
not more than 9.4 dS m−1, with salinity alleviation agents like potassium, the
saffron cultivation could be conducted with saline water irrigation. Results
of this experiment showed that although salinity imposed negative effect
on root and shoot growth but stressed plants with increasing of solutes
accumulation, kept osmotic potential high and maintained cell turgor (Saied
et al., 2005). Although morphophysiological traits that were measured at
this experiment were reliable indicators of saffron growth capability but for
evaluating economic yield of saffron which is mainly start from second year
after cultivation, it needs that this experiment conduct under natural saline
condition at least for three successive years.
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