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Abstract: The role of nitrogen (N) in inducing salt stress tolerance in plants is not well understood,
and the question is more complicated in saffron (Crocus sativus L.), which is sensitive to both nitrogen
rates and salinity. The present study was conducted to investigate the effects of different N (0, 50 and
150 kg ha~1) supplies on saffron growth and ions concentration in shoots under several salt stress
levels (0, 3, 6 and 9 dS m~1). Salinity negatively affected plant growth assessed by leaves number,
leaves length, shoot dry weight, corms number and corms weight. Moreover, there was a clear direct
correlation between higher salinity value and less plant growth. Different effects due to salinity
and nitrogen were evident in terms of the number and length of leaves during the growing season
from day 60 after first irrigation (DAF) and achieved a peak after 90 DAF. Salt stress also affected
the ions balance, as Na*, Cl~ and Ca?* were enhanced and K* was reduced, thereby damaging the
plants. Nitrogen partially mitigated the negative impacts of salinity on plant growth and ions balance,
although this compensatory effect was observed when nitrogen supply was set at 50 kg N ha~!. For
example, in 2019-2020, the losses in shoot dry weight due to 9 dS m~! salinity amounted to 47%, 44%
and 54%, at 0, 50 and 100 kg N ha™! respectively, thus indicating a less negative effect of salinity at
50 kg N ha~l. Moreover, at 100 kg N ha~! the negative effect of salinity was stronger for six and
nine dSm~1. Our findings suggested that the optimum N supply (50 kg N ha~1) strengthened the
plant under non-saline and moderately saline (6 dS m~!) conditions, and consequently improved
salt tolerance.

Keywords: chlorine; corm; leaf; potassium; salt; sodium

1. Introduction

Saffron (Crocus sativus L.) stigma is the most expensive spice in the world. It is obtained
from saffron plants that are cultivated in arid and semi-arid climates [1]. As saffron needs
small amounts of water, it could be suitable for sustainable agriculture in regions with
limited high-quality water resources. Plant growth and yield, as well as the spice quantity
and quality decrease after approximately four—five years. This reduction is due to an
increasing competition for water and nutrients as a result of saffron intensive cultivation [2].
The water sources used to irrigate saffron fields recently have experienced increasing
electrical conductivity, and, consequently, salinity [3].
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Soil salinity affects irrigated agricultural land by 20-50%, with an approximate annual
economic loss of more than 12.6 billion USD. The impact of salt stress on plants can
be categorized into two phases: osmotic stress and ion toxicity. As NaCl is the most
prevalent salt, plants prefer its accumulation compared to other elements available in
low concentrations, such as potassium ions. Moreover, most of the plants are capable of
excluding sodium and chloride ions from roots when water is absorbed from the soil. Ion
toxicity occurs when an over-accumulation of salt occurs in the plant cytoplasm, thereby
inhibiting photosynthetic activity, protein synthesis, and other developmental processes.
While osmotic stress is dealt with osmotic tolerance, on the other hand, ionic stress is
dealt with Na* exclusion and tissue tolerance [4,5]. Although it is believed that saffron
is a salt-sensitive crop [6], there is some evidence that this plant is suitable for growth in
lightly or moderately saline soil, whereas carbonate deficiency can be a limiting growth
factor [7-10]. Sepaskhah and Kamgar [11] proved that the vegetative growth of saffron
is not sensitive to water salinity and found a low vegetative growth reduction even at a
salinity value of 4 dS m™!. Some researchers consider that saffron is capable of producing
acceptable yields under severe salt stress conditions [9].

Some approaches can be explored for reducing the negative impact of salinity on
saffron growth and yield, such as: (i) selecting a salinity tolerant population; (ii) leaching the
soil to prevent salts accumulation; and (iii) managing nutrients supply. The most important
nutrient for the better growth of saffron and higher yield and quality is nitrogen [12], and
almost 20-80% of saffron productivity depends on soil fertility, and, in particular, nitrogen
availability [13]. Saffron is a low nutrient-demanding crop; nevertheless, about 10 kg of N
are subtracted from the soil for each kilogram of harvested dry biomass [14]. A supply of
about 100 kg N ha~! is considered the optimum amount to increase saffron yields; however,
in some fields up to 100 kg ha~! ammonium phosphate with the first irrigation, and
100 kg ha~! urea as a split, are used [7]. The optimum nitrogen supply is more important
in saffron compared with other plants, as a higher N rate promotes vegetative growth and
reduces stigma yield. Ensuring the balance between vegetative and reproductive growth
is one of the most important aims in saffron fertilization [15]. Amiri [15] stated that N
uptake is high in the first year and markedly increases in the second year; and consequently,
increases the flowering rate as well as the length of the flowering period.

Some experimental evidence has demonstrated that saffron can be cultivated with
brackish or semi-saline water, however, this feature has been neglected in the literature,
which contains little information about the salinity tolerance of saffron. On the other hand,
there is no general consensus about the effect of N in saline conditions, and it is not totally
understood whether N improves salinity tolerance or intensifies the negative effect of salt
stress. Therefore, our research was designed to answer these two questions: (1) What is the
salt tolerance threshold of saffron? and (2) Can increasing nitrogen levels improve salinity
tolerance of saffron? To fill this gap in the research was the main aim of this study, where
the response of Crocus sativus L. to various salt stress conditions at different N supply in a
controlled environment was evaluated.

2. Materials and Methods
2.1. Experimental Design and Procedures

This research aimed at evaluating the effects of nitrogen and salinity on Crocus sativus L.
was conducted in the Research Greenhouse of the National Salinity Research Center at
Yazd during the plant growing seasons of 2018-2019 and 2019-2020. Yazd, as one of the
driest cities in Iran, has a hot desert climate (BWh in Képpen climate classification), with a
yearly precipitation amount of 49 mm and 23 days of precipitation [16]. In this region, sum-
mer temperatures are very frequently above 40 °C in blazing sunshine with no humidity
(Figure 1). The study investigated four different salinities of irrigation water: 0 (as control),
3,6 and 9 dS m~!; and three nitrogen supply rates: 0 (as control), 50 and 100 kg N ha~!.
The treatments were set in a factorial experiment based on a completely randomized design
(CRD) with three replications.
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Figure 1. Long-term average (1950-2020) of climatic properties including daily mean temperature,
precipitation, relative humidity and mean monthly sunshine hours in Yazd. The black columns show
the life cycle of saffron in this experiment.

Saffron corms are obtained through asexual reproduction [17], and the corms needed
for this experiment were Tortbat ecotypes obtained from Tortbat Heydarieh, one of the
most important saffron production regions in the world. Five uniform corms were sown
in 15 L pots on 20 October 2018, and filled with soil, washed sand and cow manure with
2:1:1 weight ratio. Prior to any experiment, soil samples (Table 1) and cow manure (Table 2)
were tested, and their physico-chemical properties were evaluated. In the growing season
of the second year, the first irrigation was performed on 18 October 2019 with the related
salinity treatments.

Table 1. The physico-chemical properties of the soil used for the experiments.

EC.

FC K P N

(dS m-1) Texture (%) PWP (%) pH (mg kg1) (mg kg1) (%) OM (%)
1.23 Sandy loam 22.40 7.60 7.13 180.10 12.23 0.06 0.44
ECe.: Electrical conductivity of saturated soil extract, FC: field capacity, PWP: permanent wilting point, pH: soil
reaction, K: potassium, P: phosphorous, N: nitrogen, OM: organic matter.
Table 2. The chemical analysis of the cow manure used to fill the pots.
EC pH ocC N P K Ca Fe Mn Zn Cu
(dSm~1) (%) (mg kg~1)
2.90 7.41 48.32 11212.0 467.21 945.50 46.12 2546.30 285.22 218.60 26.83

EC: Electrical conductivity, pH: soil reaction, OC: organic carbon.

Different salinity values were obtained by diluting the water of a natural saline well
with distilled water. The chemical properties of the well water are presented in Table 3. The
electrical conductivity (EC) of the obtained solutions was checked with a portable EC-meter.
Salinity treatments were applied gradually to avoid sudden shock to the plants. The EC of
drainage was monitored during the experiment to control the soil salinity. About 40% of
nitrogen supply (46% N) was added to the pots in terms of urea with the first irrigation
for each year of investigation (20 October 2018 and 18 October 2019). The remaining N
was applied during the experiment in two steps: the first addition of 30% after flowering
(20-22 days after sowing) and the second addition of a further 30% at the maximum leaf
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growth (135-138 days after sowing). Irrigation was performed at 100% field capacity (FC)
according to a 25% leaching fraction. For this purpose, the amount of water to reach 100%
of the field capacity (22.4%) was calculated by continuous weighing of the pots.

Table 3. The chemical properties of the used saline water for preparing the salinity treatments.

EC pH HCO;~ Cl- S042- Ca?t Mg?* Na* K*
(dSm-1) (meq L-1)
14.79 7.77 3.44 103.22 30.11 11.30 30.43 95.66 0.66

EC: Electrical conductivity.

2.2. Samplings and Measurements

The length and number of leaves were measured four times during the growing sea-
sons. The length and number of the leaves of all five plants in 2018 and five randomly
selected plants in 2019 were measured. Saffron plants were cultivated after flowering
as long as the leaves dried out (i.e., 25 April 2018 and 23 April 2019). At the end of the
experiments in both years, the dried leaves were harvested to measure the dry weight and
ions concentration (sodium, potassium, chlorine, calcium, and magnesium). Dry weight
was obtained after keeping the samples in the oven at 70 & 2 °C for 48 h. The concentration
of sodium (Na*) and potassium (K*) were measured with a flame photometer [18], concen-
tration of chlorine (Cl1~) was obtained with titration method [19] and spectrophotometry
was used for measuring calcium (Ca?*) and magnesium (Mg2+) concentrations [20]. In
the second year, the corms were removed from the soil and their weight and number
were calculated.

2.3. Statistical Analyses

Data in a factorial set were subjected to analysis of variance (two-way ANOVA), and
the means were separated using the least significant difference (LSD) test at a 5% probability
level, or the standard error values (+SE). The statistical analyses were conducted by SAS
software version 9.1.

3. Results
3.1. Leaf Growth

Although the leaf number in all the salinity, as well as nitrogen supply, conditions was
increased over the time in both years, significant differences were noticed by comparing
the two investigated conditions (Figure 2). Actually, no significant difference was evident,
except for 9 dS m~! of salinity and all nitrogen supply rates 30 days after the first irrigation
(DAF) in 2018-2019, whereas, differences were significant from day 60 after DAF, and
remarkable at day 90 after DAF. High salinity levels were significantly responsible for
decreasing the number of leaves, so the highest leaf number was obtained by the control
test with the lowest amount of salinity (9 dS m~ level). Nitrogen supply had less of an
effect on leaf growth; however, the leaf number per plant was significantly higher at a
50 kg ha~! nitrogen supply rate compared to 0 and 100 kg ha~! for almost all the salinity
conditions (Figure 2). A similar trend of the effects due to salinity level and nitrogen supply
on leaf number was also observed in the following year, 2019-2020 (Figure 3); therefore,
trends were almost the same for the two years. The highest leaf number (5.3 plant~?!) in
2018-2019 was obtained at day 120 after DAF with 50 and 100 kg N ha~! supply rates and
in non-saline conditions (Figure 2). The highest leaf number (5.7 leaf plant’l) in 2019-2020,
was obtained at day 120 after DAF with 50 and 100 kg N ha~! nitrogen supply and at
3 dS m~! salinity level (Figure 3).
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Figure 2. The effect of different nitrogen supply rates (0-100 kg N ha~!) on leaf number of saffron
(Crocus sativus L.) under varied salinities (0-9 dS m~1) in 2018-2019. The average with overlap had
no significant difference based on standard error (£SE).
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Figure 3. The effect of different nitrogen rates supply (0-100 kg N ha~!) on leaf number of saffron
(Crocus sativus L.) under varied salinities (0-9 dS m~1) in 2019-2020. The average with overlap had
no significant difference based on standard error (+SE).

Compared to the leaf number, the effect of salinity and nitrogen supply rates was
more pronounced on leaf length (Figures 4 and 5). In 2018-2019, leaf length did not change
remarkably from 30 to 60 days after DAF in all the tests, whereas, a significant increase in
leaf length was evident at days 90 and 120 after DAF (Figure 4). In 2019-2020, the fast leaf
growth phase started earlier and a significant increase in leaf length was observed at day 60
after DAF (Figure 5). The leaf length increased with increasing nitrogen supply rates in all
salinity conditions, except in 9 dS m~!. Maximum and minimum leaf lengths were obtained
with 100 and 0 kg N ha~! nitrogen supply rates, respectively. At 9 dS m~!, the effect of
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nitrogen supply was less evident when compared to other salinity levels. In fact, salinity
levels of 6 and 9 dS m ™! caused a significant decrease in leaf length. On average, leaf length
under 6 and 9 dS m~! salinity levels were shorter compared to non-saline conditions by
27.7% and 43.6% in 2018-2019 and by 33.4% and 61.8% in 2019-2020, respectively.
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Figure 4. The effect of different nitrogen supply rates (0-100 kg N ha~!) on leaf length of saffron
(Crocus sativus L.) under varied salinities (0-9 dS m~1) in 2018-2019. The average with overlap had
no significant difference based on standard error (£SE).
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Figure 5. The effect of different nitrogen rates (0-100 kg N ha~!) on leaf length of saffron
(Crocus sativus L.) under varied salinities (0-9 dS m~1) in 2019-2020. The average with overlap
had no significant difference based on standard error (+SE).

3.2. Shoot and Corm Growth

In both years, saffron shoot dry weight was significantly affected by nitrogen supply
rates and salinity conditions (Figure 6). Salinity was associated with a significant decrease
in shoot dry weight, whereas nitrogen was associated with a significant increase. The loss
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in shoot dry weight due to salinity depended on plant growth stress. Salinity levels of
3, 6 and 9 dS m~! were responsible for a decrease in shoot dry weight of 27.3%, 50.2%
and 71.6% in 2018-2019 and of 13.0%, 34.0% and 50.8% in 2019-2020, respectively. The
opposite effect due to nitrogen supply resulted in percentages not closely related to those
obtained under salinity conditions. In 2018-2019, for example, shoot dry weight in 50 and
100 kg N ha~! supply rates was significantly higher compared to non-N supply, as the
increase amounted for 35.8% and 36.0%, respectively (Figure 6). The use of a moderate
nitrogen supply rate (50 kg N ha~!) mitigated the negative effect due to salinity stress
on shoot dry weight, thus saffron tolerance was significantly higher under a moderate
nitrogen supply rate. The amount of shoot dry weight loss due to 9 dS m~! salinity in 0,
50 and 100 kg N ha~! supply rates in 2019-2020 was 47.0%, 44.8% and 54.4%, respectively,
thus proving a less negative effect of salinity in 50 kg N ha~!.
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Figure 6. The effect of different nitrogen supply rates (0-100 kg N h~!) on shoot dry weight in
2018-2019 and 2019-2020, and on corm number and weight (+SE) of saffron (Crocus sativus L.)
in 2019-2020 under varied salinities (0-9 dS m~'). The average with overlap had no significant
difference based on standard error (+SE).

Salinity had a negative effect on the number and dry weight of corms (Figure 6), as
3, 6 and 9 dS m~! salinity levels were responsible for a decrease in corms numbers of
19.9%, 54.9% and 74.0%, and in corms dry weight of 22.8%, 66.3% and 85.3%, respectively,
when the results were compared with non-saline conditions. Nitrogen showed a conflictual
effect on saffron corms (Figure 6), as the corms number and dry weight increased at
50 kg N ha~! supply rate and decreased at 100 kg N ha~! supply rate compared to non-N
supply conditions. On average, 50 kg N ha~! increased the corms number and dry weight
by 23.0% and 33.7%, respectively, and 100 kg N ha~! decreased the corms number and dry
weight by 9.5% and 13.4%, respectively. A positive effect due to a moderate nitrogen supply
was observed in both non-saline and saline conditions. The effect of nitrogen supply under
non-saline and mild salinity conditions was more pronounced than under severe salinity
conditions. Actually, nitrogen supply did not significantly increase the corms growth in
severe salinity conditions (Figure 6).

3.3. Ions

Salinity conditions were responsible for the increase of sodium (Na*) and chlorine
(Cl7) ions concentration and the decrease of that of potassium (K*) ion in saffron leaves
in both years (Figure 7). The Na* and CI~ concentrations were significantly higher in
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2019-2020 than 2018-2019, whereas K* concentrations was higher in 2018-2019 than
2019-2020. Salinity levels of 3, 6 and 9 dS m~1 increased the Na* concentration by 1.92,
2.91 and 4.21 holds in 2018-2019 and 1.67, 2.92 and 3.58 holds in 2019-2020, respectively
(Figure 7). The Cl~ concentrations in saffron plants under 3, 6 and 9 dS m~! salinity
levels were higher than in non-saline conditions by 1.75, 3.73 and 3.76 holds in 2018-2019
and by 1.74, 3.23 and 3.96 holds in 2019-2020, respectively. Salinity levels higher than
3 dSm™! caused a decrease in K concentration (Figure 7), for example 6 dS m~! salinity
was responsible for a decrease in K* concentration of 60.0% and 89.3% in 2018-2019 and
2019-2020, respectively. Furthermore, 9 dS m~! induced a decrease in K* concentration of
63.7% and 90.8% in 2018-2019 and 2019-2020, respectively.

2018-19 00 B50kg/ha m100 kg/ha 2019-20
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- . '
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Figure 7. The effect of different N supply rates (0-100 kg N h~!) on sodium (Na™), potassium (K*)
and chlorine (C17) of saffron (Crocus sativus L.) in 2019-2020 and 2019-2020 under in varied salinities
(0-9 dS m~1). The average with overlap had no significant difference based on standard error (+SE).

A supply rate of 50 kg N ha~! had no effect on the Na* and Cl~ concentrations
(Figure 7), while that of 100 kg N ha~! was responsible for a decrease of Na* and Cl~
concentrations. Moreover, supply rates of 50 and 100 kg N ha~! increased K* concentration
with no significant difference between the different rates. A supply rate of 50 kg N ha~!
induced a decrease by 36.3% and 22.9% of Na* concentration and by 24.6% and 18.2% of
CI™ concentration in 2018-2019 and 2019-2020, respectively (Figure 7). The ratio between
Na™ and K* (Na/K) was affected by salinity and nitrogen supply in accordance with their
effect on Na* and K* concentrations (Table 4). Salinity significantly increased the Na/K
ratio in both years, while the effect of 3 dS m~! salinity on this ratio was not significant in
2019-2020. In both years, nitrogen supply was responsible for a decrease of Na/K ratio:
the highest and lowest Na/K ratio were obtained with no-N supply and 100 kg N ha~!
supply rate, respectively (Table 4).
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Table 4. The effect of different N supply rates (0-100 kg ha—!) and different salinity conditions (ECj,,
0-9 dS m~!) on Na/K ratio, as well as Ca>* and Mg?* concentration in saffron (Crocus sativus L.)
shoot in 2019-2020 and 2019-2020.

Na/K Ca (mg kg™1) Mg (mg kg~1)
N (kg ha—1) 2018-2019 2019-2020 2018-2019 2019-2020 2018-2019 2019-2020
0 151 a 251 a 659 a 721 a 301 a 361 a
50 095 b 147 b 689 a 745 a 337 a 329 a
100 0.66 ¢ 115 ¢ 626 a 763 a 356 a 408 a
ECiw (dSm™1)
0 032 D 045 C 604 B 66.8 B 327 A 372 A
3 064 C 082 C 626 B 71.0 B 333 A 350 A
6 121 B 234 B 614 B 711 B 33.7 A 365 A
9 198 A 323 A 788 A 883 A 327 A 377 A

The means with similar letter in each column have no significant differences based on LSD 0.05.

The interaction of salinity and nitrogen supply on Na* and Cl~ concentrations of
saffron leaves showed that the effect of salinity was more evident under the highest N
supply rates (Figure 7). In 2018-2019, for example, an increase in Na* concentration due to
9 dS m~! salinity was associated with an increase of about four-fold and five-fold in Na*
concentration under non-N and 100 kg N ha~! supply rates, respectively. These values
were 2.6- and 4.2-fold higher for C1~ concentrations in 2019-2020, respectively. In all salt
stress conditions, no significant difference was observed between non-N and 50 kg N ha~!
supply rates (Figure 7), thus showing that salinity reduced the positive effect of N supply
on Na* and Cl~ concentrations. The supply rates of 50 and 100 kg N ha~! increased
K* concentration in all the saline conditions as well as non-saline (Figure 7), however,
no significant difference was observed between the two N supply rates. The highest K*
concentrations in 2018-2019 and 2019-2020 were 16.95 and 17.43 mg g’l, respectively,
observed for 50 kg N ha~! under non-saline condition.

Nitrogen had no significant effect on Ca?* and Mg?* concentrations in saffron leaves
in both years (Table 4). The effect of salinity on Mg?" concentration was not significant,
whereas affected the Ca?* concentration. The highest and the lowest Ca?* concentrations
in both years were observed in non-saline and 9 dS m~! conditions, respectively. However,
no significant differences were found between 0, 3 and 6 dS m~! in both years. The Ca?*
concentration in 9 dS m~! was significantly higher compared to non-saline condition, thus
accounting for an increase by 30.5% in 2018-2019 and 32.2% in 2019-2020 (Table 4).

4. Discussion

Although both parameters, leaf number and leaf length of saffron, were affected by
salinity and nitrogen supply, leaf length was more sensitive. The leaf number did not
change considerably and varied between three to six leaves per plant. It seems that the leaf
number is genetically influenced and almost constant, having no direct relationship with
environmental conditions. Behnia et al. [13] observed a positive trend between leaf growth
and fresh flower weight as well as stigma yield and concluded that an optimum number of
leaves has a positive effect on flower production, however, beyond that might have little or
no effect.

However, both parameters showed lower numbers in salt-stressed plants. Leaf length
coupled with the leaf number determine the final leaf area. In plants such as saffron that
do not present a true stem, the role of the leaves is more prominent. The daughter corms
of saffron formed on mother corms without roots, and so saffron plants rely on the leaves
through photosynthesis and the absorption of nutrients from rainfall for vital activities
during March and April [21]. A high number of leaves, and significantly long leaves,
provide a large leaf area and consequently affect the plant’s ability to photosynthesize.
Therefore, in addition to directly reducing photosynthesis, salinity can also reduce the
photosynthetic assimilations in saffron by reducing leaf area.
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The effect of N supply on leaf length was evident: leaf length increased with increases
in N supply rates. The effect of N on vegetative growth in plants is well demonstrated in
the literature. Importantly, high N supply rates at 9 dS m~! were responsible for a decrease
in leaf number and a reduction in the positive effect of N on leaf length. Such results
indicate that in high salinity conditions, high N supply rates not only do not result in a
positive effect on leaf growth but can also have a detrimental effect. Although excessive N
rates in general increase plant biomass and soil acidification, plant litterfall with high N/P
ratios which can aggravate ecosystem-level P limitation [22].

Shoot dry weight decreased under salt stress conditions and increased with an increase
in the N supply rate. It was previously discussed that salinity reduced leaf number and
length, which in turn directly reduced shoot dry weight, although salt stress conditions may
also reduce single leaf weight. In one research study, a decrease in the number, length and
area of leaves of Crocus sativus L. [23] was associated with a salt stress level of 3 g NaCl L1
and higher. In this research, 1 g NaCl L~! salinity not only had no significant effect on leaf
growth, but also increased leaf number, length, and area.

According to the previous results of this research, N supply increased leaf length,
which could also result in an increase of the dry weight of saffron shoot. However, N
supply also was responsible for enhancing the growth of a single leaf directly by increasing
the cell number and elongation. Behnia et al. [13] reported relevant saffron growth as a
result of N supply rates of 100 kg N ha~! at Birjand and 50 kg N ha~! at Ghaen. Unal
and Cavusoglu [24] also reported that the highest and the lowest leaf growth rates were
obtained from calcium ammonium nitrate and no fertilizers additions, respectively.

Nitrogen was more effective at low and medium salinity levels than at high salinity
levels. The N effect decreased with increasing salinity; thus 100 kg N ha~! had a negative
effect on shoot dry weight in 9 dS m~!. Furthermore, the effect of 50 kg N ha~! in severe
salinity conditions had no significant effect on shoot dry weight. By managing N supply
and salinity, the growth of saffron shoots can be maximized, as an organ of the saffron that
has been neglected. A considerable number of dry leaves are left in the saffron field at the
end of each growing season, about twice the number of fresh flowers [10,13]. Saffron leaves
as forage are comparable with other crops in terms of crude fiber, N-free extract, ether
extract, ash, and total digestible nutrients [8,10,13]. Saffron shoots are mainly composed of
leaves and do not have a real stem.

Salt stress significantly reduced the corms number and weight, and this decrease
was dependent on the increase of salinity levels. Even the lowest level of salt stress (i.e.,
3 dS m~!) significantly decreased the corms number and weight. Mzabria et al. [23] showed
that 1 g NaCl L~! (about 2 dS m~!) had no significant effect on corm growth, however, 3
and 5 g NaCl L~! (about 6 & 10 dS m~!) significantly decreased the corms number and
weight. Interestingly their results showed that salinity level increased the number of small
diameter corms and decreased the diameter of corms. Research has proved that large corms
have a strong relationship with large yields [25]. In other research it was shown that 1, 2,
and 3 dS m ™! salinity levels reduced saffron corm growth. The decrease in the diameter of
daughter corms in salt-stressed plants could be explained by the small amount of reserves
stored in corms at the vegetative stage due to a reduction in photosynthesis [23]. The large
corms are associated with enhanced precocity, flowering density, and large daughter corms
for the following season [25].

At all levels of salinity stress, the corms number and weight were the highest at
50 kg N ha~!. The balanced supply of nutrients, especially nitrogen, for saffron, plays a
direct role in increasing the growth of daughter corms during the current growing season
and the following year’s yield [26,27]. Nitrogen is one of the necessary elements to increase
the saffron corm growth and flower yield, and as a mobile element, it can be transferred
from the shoot to the corms, especially at the end of the season [22,28]. Therefore, the
amount of nitrogen uptake in saffron in response to fertilizer applications is important [27].

The effect of N on the corms growth decreased with increasing salinity level, thus
differences among N supply rates were not significant in severe salinity conditions (i.e.,
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9 dS m™1). Ghoreishi et al. [29] found that N foliar application at low salinity levels
and solid N in high salinity conditions increase saffron yield. Nitrogen has a double
effect on the saffron growth and yield. On the one hand, the use of a low N supply rate
inhibits saffron growth and reduces the corm growth as well as stigma yield. On the other
hand, excessive N supply rates can increase vegetative growth, delay maturation, increase
disease susceptibility, reduce storage capability, and also lead to reduced flower and corm
yield [29,30]. Saffron production in saline and semi-saline conditions complicates this
equation: does nitrogen increase yield or suppress stigma yield by stimulating vegetative
growth? Saffron reacts very differently to N supply in these situations [17]. Since the uptake
of N by roots can be hampered at high salinity conditions, a great attention is needed in
finding the optimal nitrogen supply rates under salt stressed saffron plants, especially
under high saline conditions [1].

The results of this research showed that salt stress enhanced the concentration of Na*
and Cl™ in leaves and decreased the concentration of K*. These changes were correlated
with salinity stress levels, thus the increase in Na*™ and CI™~ concentrations and the reduc-
tion in K* concentrations were intensified with increasing salinity levels. Our findings
are in accordance with those from other authors [3,6,10,31,32]: for example, Yarami and
Sepaskhah [32] showed that increasing salinity levels from 0.5 to 3 dS m ™! significantly
enhanced the saffron leaf concentration of Na*, CI~ and decreased K* concentration by
about 4.0-, 1.5- and 1.3-fold, respectively. Toxicity due to an accumulation of Na* and C1~
decreased the uptake of essential nutrients like N, P and K from soil [33].

High Na* and low K* concentrations in saline conditions resulted in high Na/K ratio
in plant tissues. Furthermore, Na/K ratio in plants increased when sodium adsorption ratio
(SAR) of soil increased [32,34]. A K* reduction uptake due to Na* increase is a competitive
mechanism and occurs regardless of whether the soil solution is dominated by Na* salts of
Cl~ or SO42~ [33].

The effects of salinity on Ca** and Mg?* concentrations were less evident than those
of other ions: only 9 dS m~! salinity level significantly increased Ca** and salinity had
no significant effect on Mg?* concentration. Yarami and Sepaskhah [32] also reported an
increase by 1.4 holds in Ca* concentration of saffron leaf in response to the highest salinity
level. Pirasteh-Anosheh et al. [35] showed that 10 dSm™! salinity reduced Ca®* concentra-
tion in roots and had no significant effect on Ca?* concentration in shoots. Their results
agreed with those found from this study about the effect of salinity on Mg?* concentration:
no significant effect of salt stress on Mg?* concentration of shoot and root occurred.

N application decreased Na* and C1~ concentrations and increased K* concentrations,
whereas had no effect on the concentration of Ca?* and Mg?*. Under saline conditions, the
effect of N was less pronounced, and differences among different rates of N supply were
minimum. Enhanced N, P and K concentrations as a result of N applications in saffron
fields were reported by Kirmani et al. [36]. Maintaining the balance between vegetative and
reproductive growth is one of the most important aims of saffron fertilizer management.
One of the main measures for increasing the cultivation efficiency is the use of existing
sources, and for increasing the yield per area, the use of integrated nutrient supply and
management practices that also help to restore and sustain soil fertility [36,37].

5. Conclusions

Saffron is much more sensitive to N supply rates than other plants, because high
N rates in the first season can stimulate vegetative growth and as a result, the yield is
reduced or even close to zero. The sensitivity of saffron to N is more complicated in saline
conditions. Salt stress had a negative effect on the saffron growth and worsened the ions
balance to the detriment of the plant. The role of Na*, CI~ and K* were more important
than other ions. N supply at optimum rate (50 kg ha~!) improved the growth; however,
higher rates had a negative effect. Under moderate salinity conditions (up to 6 dSm™1!),
50 kg N ha~! strengthened the plant and thus increased salinity tolerance, whereas, at
higher salinity rates (i.e., 9 dS m~'), medium and high nitrogen rates (i.e., 50 and 100 kg
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ha’l) either had no effect or negative effects on saffron. Therefore, according to the results
from this research work, high amounts of N supply should be avoided in saline conditions
and a supply of 50 kg N ha~! approximately is recommended. More research is needed to
clarify the molecular and physiological mechanisms of the nitrogen-salinity interaction,
to examine the effect of other nutrients on improving the salt tolerance of saffron, and to
monitor the status of nitrogen and other elements in saline soils.
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