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Abstract

Saffron’s color, taste and odor result from the chemicals crocin, picrocrocin and safranal, respectively. Hence, in addition to
quantitative yield, secondary metabolites content are known as crucial factors for a successful saffron production. Moreover, enhancing
resources efficiency, especially water and nitrogen, is becoming increasingly important for agricultural improvement in arid and semi-arid
regions. Thus, the effects of irrigation levels and corm planting on crocin, picrocrocin and safranal content, water use efficiency (WUE) as
well as nitrogen use efficiency (NUE) of saffron were investigated as a two-year field experiment based on a randomized complete block
design arranged in split-plot with three replicates. The irrigation levels (100, 75 and 50% of saffron water requirement) and corm planting
pattern (50, 100, 200 and 300 corms m™) were allocated to main and sub-plots, respectively. Based on the results, crocin and picrocrocin
content increased with decreasing irrigation levels. The highest WUEs (WUE based on dry stigma yield) was obtained when 50% of saffron
water requirement was supplied. However, the lowest WUE (WUE based on daughter corms yield) and NUE: (NUE based on daughter
corms yicld) were obtained when 50% of saffron water requirement was applied. Irrespective of irrigation levels, WUEs, WUEc and NUEc
increased with increasing the planting density. The results demonstrated that although relatively severe water stress increases WUEs and

secondary metabolites in saffron stigmas, it could decrease WUE and NUEc through affecting daughter corm growth.
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Introduction

Saffron (Crocus sativus L.) is a sterile geophyte plant
growing in arid and semi-arid regjons of the world (Sepaskhah
and Kamgar-Haghighi, 2009). The medical aspects of saffron
are primarily related to its secondary metabolites, such as
crocin, picrocrocin and safranal, found in stigmas (Escribano ez
al., 1996; Tamaddonfard et al, 2014; Talaei et al, 2015).
Crocin, picrocrocin and safranal are responsible for color, taste
and odor of saffron, respectively (Lage and Cantrell, 2009;
Srivastava ez al., 2010). Hence, in addition to quantitative yield
(flower or corms weight) (Koocheki ez 4/, 2014; Khorramdel e
al., 2015), qualitative yield (secondary metabolites content) is
known as a crucial factor in successtul saffron production
(Omidi ez al.,2009; Koocheki ez al., 2016).

Water use efficiency (WUE) is defined as yield of
marketable crop produced per unit of water used in
evapotranspiration (Dong ez al,, 2011). It is generally believed
that in the future, water availability will become increasingly
scarce, particularly in arid and semi-arid regions, due to rapid
urbanization, higher population growth and expanding areas of
irrigation (Abbaspour and Sabetraftar, 2005; Chiew ez 4/,
2011; de Souza and Costa da Silva, 2014). Hence, enhancing
WUE is becoming increasingly important for agricultural

improvement in these regions (El-Hendawy ez 4., 2008; Barati
etal,2015).

According to saffron’s irrigation schedule, an optimal
irrigation schedule consists of five to six irrigation rounds
(Koocheki ez al, 2014; 2016). These irrigation rounds are
usually performed in mid-summer (for flowering induction), in
early October (for flowering acceleration), in November (after
flower picking and leaves appearance), in December (after
winter weeding), in March and finally in April (supplementary
irrigation for optimum daughter corm growth). However, in
some arid and semi-arid regjons, saffron fields are irrigated only
once (in October), mainly due to water shortage, causing a
significant reduction in flower and corm yields (Kafi ez 4/,
2002; Koocheki ez al,, 2014). Hence, in spite of being a crop
compatible with arid and semi-arid regjons, with low water
requirements (Alizadeh ez 4., 2009; Sepaskhah and Kamgar-
Haghighi, 2009; Yarami e# 4/, 2011), water shortage is the
most important challenge in sustainable saffron production
(Yarami and Sepaskhah, 2015). Therefore, it is critical to
determine the amount of water by which saffron can produce
maximum yield.

In addition to WUE, more attention should be paid to
nitrogen use efficiency (NUE) as an important index in saffron
sustainable production (Koocheki and Seyyedi, 2015).
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Nitrogen use efficiency, which is defined as the ratio of the crop
yield to the total input of N applied, is split into acquisition and
physiological efficiency (Lea and Azevedo, 2006; Salvagiotti ez
al., 2009). Due to being a perennial species, at least in field
conditions (Kumar ez 4/, 2009; Babaei ¢z al,, 2014), as well as
having dynamic N allocation among leaves or underground
organs (Ourry ez al., 1988; Dordas, 2009), it appears that NUE
in saffron is more complicated than within other annual plants
(Koocheki and Seyyedi, 2015).

Optimum planting pattern based on mother corms density
is one of the most factors affecting daughter corms behavior,
resulting in more flower yield and of better quality (Kumar ez
al., 2009; Koocheki ez al,, 2011; 2014). Dense corm planting
pattern can increase saffron production, especially during early
years (Koocheki e# al., 2011, 2012 and 2014). Accordingly, it
was hypothesized that dense corm planting pattern would
increase WUE and NUE. Therefore, this experiment was
aimed to study the crocin, picrocrocin and safranal content,
WUE and NUE in response to different levels of saftron water
requirement (SWR) and corm planting patterns.

Materials and Methods

Site description

Two-year field experiment was carried out during 2012-
2013 and 2013-2014 growing seasons, at experimental station of
Faculty of Agriculture, Ferdowsi University of Mashhad
(latitude: 36'15" N; longitude: 5928'E; elevation: 985 m). The
study site was classified in semi-arid regjon located in Northeast
of Iran. Monthly rainfall and average temperature during both
growing scasons are given in Fig, 1. The soil was clay (US system)
and alkaline in reaction (pH 8.16). The soil (0-30 cm) has bulk
density 129 g em?, EC 1.13 dS m'; organic carbon 0.54%;
available N 18 mgkg; available P mgkg'; available K 165.19 mg
kg'; clay, sand and silt, 49.80, 18.23 and 31.79%, respectively.

[ Total rainfall
100 -

335

Experimental design and field management

The experimental design was a randomized complete block
arranged in split-plot with three replicates. The irrigation levels
(100, 75 and 50% of SWR equal to no water stress, mild water
stress and relatively severe water stress) and corm planting
pattern (50, 100, 200 and 300 corms m?) were allocated to the
main and sub-plots, respectively.

SWR  was calculated according to total potential
evapotranspiration values in the first (523 mm) and second (640
mm) year of the experiment, respectively (Yarami ez 4/, 2011).
More information about determination of SWR and irrigation
schedule is given in Table 1.

Before mother corms (4-6 g) planting, composted cattle
manure (25 ton ha™) was mixed into the soil and then plots were
established. The plots were 2.5 x 1.5 m in size and 0.5 m apart.
Composted cattle manure (N 1.65%; P 0.41%; K 0.87%; organic
carbon 2836%) was applied just in the first year of the
experiment as the level of soil organic carbon was low (0.54%).

Mother corms plantingwas done on 17* of June 2012. Inter-
row distance for each density was 20 cm. Irrigation (Table 1) was
performed using polyethylene irrigation network equipped with
counter. During both years of the experiment, weeds were
controlled manually when required.

Flower and corm measurements

In the first year, flowers were manually picked up from mid
to late of November 2012 and dried stigma yield was measured.
Stigmas were dried (Fig 2) in an oven at 30°C for 48 h. At the
end of first growing season, daughter corm yield was determined
usinga 0.5 x 0.5 m quadrate per plot. The rest of the daughter
corms were devoted for the second year. In the second year,
flowers were manually picked up from early to late of November
in 2013. Other measurements were performed same as in the
first year of the experiment.
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Fig. 1. Monthly rainfall and average temperature during both growing seasons (from June 2012 to May 2014)

T

Fig. 2. Saffron stigmas after drying. Stigmas were dried in an oven at 30 °C for 48 h
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Table 1. Determination of saffron water requirement (SWR) and total amount of applied water (TAAW ) in the first and second years of the experiment

Irrigation TAAW (mm) to plots
Growth Crop rate SWR
Irrigation frequency 30-year average precipitation (mm) Irrigation times coefficien 100%of  75%of  S0%of
g Perenmgmm) Teent owr swr
of total)
First 441 (from first to second irrigation) 8 of August 2012 Initial 041 1.051 5498 5057 3793 2529
Second 13.94 (from second to third irrigation) 8% of October2012 Initial 041 1051 54.98 41.04 30.78 2052
Third 26,05 (from third to fourth irrigation) 167 of November2012 ~ Middle 093 2385 12472 98.67 74.00 4934
Fourth 96.11 (from fourth to fifth irrigation) 17% of December 2012 Middle 093 2385 12472 2861 2146 1431
Fifth 57.55 (fifth first tosixth irrigation) 3% of March2013 Middle 093 2385 12472 67.17 50.38 3359
Sixth 71.70 (from sixch irrigation toharvest) 4™ of April 2013 Final 029 744 38.89 - - -
Total (first year) 269.76 100 523 28606 21455 143.03
First 441 (from first to second irrigation) 8% of August 2013 Initial 045 1032 66.06 61.65 4624 30.83
Second 13.94 (from second to third irrigation) 8 of October2013 Initial 045 1032 66.06 5212 39.09 26,06
Third 26,05 (from third to fourth irrigation) 16%of November2013 ~ Middle 1.05 2408 15413 12808 96.06 6404
Fourth 96.11 (from fourth to fifth irrigation) 20% of December 2013 Middle 1.05 2408 15413 5802 4352 29.01
Fifth 57.55 (fifth first tosixth irrigation) 16% of March 2014 Middle 1.05 2408 15413 9658 7244 4829
Sixth 7170 (from sixth irrigation to harvest) 4% of April 2014 Final 031 7.11 4550 - -
Total (second year) 269.76 100 640 39645 297.34 19823

SWR was calculated according to Kc coeficients at initial, middle and final growth stages in the first and second years of the experiment, respectively.

Determination of crocin, picrocrocin and safranal

In the first and second year, crocin, picrocrocin and safranal
were measured based on ISO 3632 trade standard (ISO/TS
3632, 2003), using UV-vis spectrometric method. Crocin (440
nm), picrocrocin (257 nm) and safranal content (330 nm) were
expressed as direct readings of the absorbance of 1% aqueous
solution of dried stigma sﬁon (Lage and Cantrell, 2009).

Determination o

WUE (water use efficiency) was calculated as follows:

WUEs= Dry stigma yield (gha") / Total water use (mm)
(o) WUEc= Daughter corm yield (kg ha™) / Total water use

mm

The total water used (TWU) was measured using the
following equation (Dongez /., 2011):

TWU=P+I1+4W

Where: P is the precipitation (mm), /is the irrigation (mm),
AW is the soil moisture change (mm).

Due to plots design, there was no surface water runoff under
the conditions of this experiment. The soil water drainage below
the crop root zone (mm) and capillary water rise to the root zone
(mm) were considered to be negligible.

Determination of NAE and NUE

Nitrogen concentration (g kg') in daughter corms (plus
corm tunics) and aerial part was measured based on Kjeldal
method (AOAC, 2000). On the basis of dry stigma and
daughter corms yields, nitrogen acquisition efficiency (NAE)
and nitrogen use efficiency (NUE) were calculated using the
following equations (Brennan ez al, 2014; Koocheki and
Seyyedi, 2015):

NAE (%) = (N# / Na) x 100

NUE; (gg') =SY/ Na

NUEc(gg') = CY/ Na

Where: Ntis gN in the total plant m?, Nz is gN applied m?,
SYis g dry stigma yield m? and CYis g daughter corms yield m™.

Applied N was determined by the sum of following
resources: 1- initial N content into soil before establishment of
the trial (based on soil bulk density at the depth of 30 cm), 2-N

added by composted cattle manure, and 3- N content in mother

corms (Table 2).

Statistical analysis

Analysis of variance (ANOVA) and Duncan’s multiple
range tests were performed using SAS 9.3 software (SAS, 2011).
Saffron traits were analyzed as split-split plot arrangement in
time. The irrigation levels, corm planting density and harvestin,
(in the first and second year) were consicired as first, second any
third factors, respectively.

Results and Discussion

Flower quality

Although the effect of irrigation levels on crocin and
picrocrocin content was signiécant, safranal content was
not affected by irrigation levels (Table 3). In addition, the
effect of planting density and harvesting year were not
significant on above mentioned compounds (Table 3).

Interestingly, crocin and picrocrocin content increased
with decreasing SWR levels. In other words, the highest
crocin and picrocrocin content was observed under
relatively severe water stress (50% of SWR) condition
(Table 4).

The mechanism of saffron organic compound
synthesis in response to water stress is not fully
understood. As mentioned eatlier, crocin and picrocrocin
are the most important compounds found in saffron
stigmas (Tarantilis ez al,, 1995; Escribano ez al., 1996), so
that higher amounts of these compounds leads to an
increase in the quality of saffron (D’Auria ez al., 2004;
Srivastava e al., 2010; Koocheki ez 4l., 2016). On the
other hand, it has been reported that the quantity of
essential oils and secondary metabolites in plants would
increase in response to drought stress (Singh-Sangwan ez
al., 1994; Reddy ez al., 2004). In addition, an increase in

Table 2. N content (g m?) in saffron mother corms (4-6 g)

Averageweight N concentration in Planting N contentin
of mother mother corms density mother corms
corm (g) (gkg") (cormm™) (gm?)
S 1270 S0 318
S 12.70 100 635
5 1270 200 12.70
5 12.70 300 19.05
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Table 3. Analysis of variance for the studied traits of saffron

S.0.V df Crocin Picrocrocin Safranal WUEs WUEc NAE NUE;s NUEc
Block 2 69.67 ns 7.39 ns 0.49 ns 3.16* 85.83 ** 64.54** 0.0000014 * 38.88 **
Irrigation (0] 2 13789.51 ** 1418.15* 4.61 ns 44,55 ** 2213.76** 4114.38 ** 0.0000030 ** 2426.94 **
Error [ 4 66.48 16.50 6.36 0.615 31.01 30.95 0.0000002 1545
Planting density (D) 3 6141 ns 7.58 ns 20.79 ns 159.76 ** 4024.60 ** 942.64** 0.0000518 ** 1135.66 **
IxD 6 95.45 ns 29.63 ns 4.38 ns 3.85* 191.32* 103.84 ** 0.0000001 * 95.16**
Error I1 18 85.72 9.30 6.75 0.92 21.26 12.71 0.0000004 11.68
Harvesting or year (H) 1 120.07 ns 5.01 ns 6.70 ns 0.18 ns 227.66 ** 272556 ** 0.0000103 ** 725.36**
IxH 14.71 ns 0.02 ns 15.33 ns 5.93 ** 183.69 ** 165.40 ** 0.0000014 * 85.40 **
DxH 3 108.72 ns 8.85ns 6.83 ns 16.88 = 97.77 ** 29.25* 0.0000056 ** 36.03**
IxDxH 6 179.45 ns 10.42 ns 7.26 ns 1.17 ns 1.93 ns 4.39 ns 0.0000002 ns 2.86 ns
Error 11 24 104.52 27.20 11.02 0.86 4.79 7.38 0.0000003 2.26
CV (%) - 4.46 6.55 8.97 17.27 16.50 6.70 14.24 16.07

The asterisks *, ¥, or ns indicate statistical differences at p <0.05, p <0.01, or non-significant, respectively. WUES: water use cfficiency (WUE) based on dry stigma
yield; WUEC: WUE based on daughter corms yield; NAE: nitrogen acquisition efficiency; NUES: nitrogen use efficiency (NUE) based on dry stigma yield; NUEC:

NUE based on daughter corms yield.

Table 4. Effects of irrigation, planting density and harvesting (year) on studied traits of saffron

UV-visible WUEs WUEc
Experimental treatments Cr(r)(_:in Picrocrocin Safrra_r_lal (gha'! (kg ha N:} E NUES NUEC
(E;;) (E:ls-::) (E_s;) ) mm) (%) (sg") (sg")

Irrigation (percentage of water requirement)
50 251.05a 87.67 a 37.29a 6.66a 26.66 ¢ 2548 ¢ 0.0032 b 13.19¢
75 233.68b 78.71b 37.24a 5.50b 44.63a 49.12a 0.0038 a 3143a
100 203.67 ¢ 72.37 ¢ 36.51a 3.94c 29.77b 47.05b 0.0039 a 29.64b
Planting density (corm m™)
50 232.00a 79.08 a 37.80a 2.00d 19.33d 32.50d 0.0016 ¢ 16.64d
100 22949 a 80.22a 37.76a 375¢ 24.04 ¢ 36.67 ¢ 0.0029 b 1991 ¢
200 228.72a 80.06 a 35.50a 7.44b 39.23b 44.80 b 0.0051a 28.38b
300 227.66a 78.97 a 36.99a 8.26a 52.14a 4824 a 0.0050 a 34.07 a
Harvesting (ycar)
First harvest (first year) 230.76a 79.85a 37.32a 531a 3191b 3440b  0.0033b 21.58b
Second harvest (second year) 228.18a 79.32a 36.71a 5.4la 35.46a 46.70a  0.0040a 27.93a

Values followed by the same letter were not significandy different at p < 0.05 (DMRT). WUES: water use efficiency (WUE) based on dry stigma yicld; WUEC: WUE
based on daughter corms yield; NAE: nitrogen acquisition cfficiency; NUES: nitrogen use efficiency (NUE) based on dry stigma yield; NUEC: NUE based on

daughter corms yield.

protein content, peroxidase and superoxide dismutase
activity, in response to drought stress, has been
documented by Maleki ez al. (2011). Consequently, it
seems that increase in crocin and picrocrocin synthesis in
response to drought stress is a compatibility mechanism in
saffron.

Interaction between irrigation and planting pattern

Irrespective of irrigation levels, WUEs, WUEc, NAE,
NUEs and NUEc increased with increasing planting
density (Table 5). For instance, in full irrigated plants
(100% of SWR), an increase in planting density from 50
to 300 corms m™” increased WUEs and NUEc by 4 and 2
times, respectively.

As mentioned above, dense corm planting pattern not
only improved flower yield during early years, but also
promoted sustainable production of saffron (Koocheki ez
al.,2011; 2016). According to the literature, an increase in
planting density can be a good approach to deal with water
loss in arid regions (Stroosnijder ez al., 2012). Hence, it
seemed that dense planting pattern can increase NUE in
saffron through more N uptake and help to reduce water
loss.

In each level of planting density, the highest WUEs
was obtained when 50% of SWR was applied (Table 5).
This might be due to flowering adaptation mechanisms to

drought stress (Sepaskhah, 2009). In other words, drought
stress is an incentive factor for flowering which in turns
resulted in maximum WUZEs.

Regardless of the planting density, the lowest and
highest WUEc were obtained when saffron plants were
irrigated with 50 and 75% of SWR, respectively. Under
same conditions, in terms of planting density, the lowest
NAE, NUEs and NUEc were recorded when 50% of
SWR was applied (Table 5). For example, when 50 corms
m” were cultivated, a reduction in irrigation water from
100 to 50% of SWR decreased NAE by 41.98%.

It appeared that mild water stress (supplying 75% of
SWR), stimulated daughter corms growth through
increasing root growth and better nutrients uptake,
especially N. In other words, a slight reduction in water
availability would increase corm yield per unit of available
water. Nevertheless, considering the sensitivity of saffron
to water shortage (Sepaskhah and Yarami, 2009; Renau-
Morata et al., 2012; Yarami and Sepaskhah, 2015), sever
stress would negatively affect daughter corm growth,
NAE, NUEs and NUEc. In this regard, Renau-Morata et
al.(2012) observed a decrease in the photosynthetic rate of
saffron under water stress. Motalebifard ez 4/ (2013)
showed that water deficit stress caused a significant
reduction in tuber numbers, yield and WUE of potato
(Solanum tuberosum L. cv. Agria)).
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Interaction between irrigation and harvesting (year)

The results revealed that when 75 and 100% of SWR was
applied, more WUEs, WUEc, NAE, NUEs and NUEc were
registered in the second year rather than the first year of the
experiment (Table 6). For instance, in full irrigated plots,
NAE in the second year increased by 32.6% compared with
the first year (Table 6).

Saffron is a plant that propagates by mean of corms,
which are renewing each year. Above and underground
organs grow more from year to year (Kumar et al, 2009;
Koocheki ez al., 2014), thus more nutrients are absorbed from
the soil over the time (Koocheki e 4/, 2016). Moreover,
higher growth of aerial part and roots cause lower water loss.
According to the previous figures, developed above ground
organs stimulate root growth and in turns improve plant
capability to uptake water and nutrients. Therefore increasing
plant density would increase WUE in crops (Sani ez 4/., 2008;
Stroosnijder ez al., 2012).

Interaction between planting density and harvesting (year)

From the results obtained, when 50, 100 and 200 corms
m” were cultivated, more WUEs, WUEc, NAE, NUE; and
NUEs were recorded in the second year compared w1th the

first year (Table 7). However, when 300 corms m™ were
cultivated, more WUEs and WUEc were recorded in the first

year compared with the second year (Table 7). This might be
due to more small corms, formed at the end of the first year,
in 300 corms m™treatment. In this regard, Koocheki ez 4/.
(2012) found that an increase in planting density up to 400

corm m™ increased the ratio of small daughter corms to total
daughter corm. It has been reported that there is a positive
relationship between corm size and flowering ability (Gresta
et al., 2008; Douglas ez al., 2014). Therefore, small corms
formation in the first year and less flower production in the
second year may be considered as the main reasons for

reduction of WUEs and WUECc in saffron.

Correlation between water consumption and N uptake

There was a positive and significant correlation between
WUEc and NAE (Fig, 3A), WUEc and NUEs(Fig 3B) and
WUEc and NUEc &1g 3C). These results suggested that
effective approaches for increasing WUEc can be practiced
through stimulating daughter corms growth and more N
uptake from the soil, which improve flower yield per each
unit of absorbed N. From the other point of view,
considering the key role of N in stimulating vegetative
growth, daughter corms formation and flower production
(Chaji ez al., 2013), it seems that higher NUE causes less soil
evaporation and more saffron yield per unit of consumed
water.

Table 5. Interaction effects of irrigation and planting density on studied traits of saffron

Irrigation Phaning UV-visible
(percentage of density Crogin Picrocfocin Saﬁ'a_nal WlUES ; WIIJEC ; NAE (%) NUEs (gg") NUEc(gg")
war (= e L
requirement) (et ( 440 ) ( 15 30
50 25227(486)  8823(431) 3782(320) 238(060)hi  1599(213)h  2203(28l)g  00014(00005)d  924(145)f
% 100 24608(420)  8938(653) 3737(256) 469(079)ef  1861(293)gh  2248(612)g  00026(00005)bed 1026 (250)ef
200 25404(576)  8827(655) 3566(458) 920(159)ab  2883(L12)def  2693(391)f  00045(00010)a  I1415(170)c
300 25182(981)  8481(425) 3833(309) 1035(319)a  4321(592)c  3048(377)f  00045(00011)a  19.09(214)d
50 23902(5.11)  7950(196)  3794(386)  218(092)hi  2442(569)efy  3749(971)e  00018(00008)bed 2018 (545)d
s 100 23748(402)  7698(086)  3774(309)  372(L18) fg 2980890)de  4225(1171)cd  00029(00010)be 2330 (7.84) cd
200 2963(363)  7799(286) 3587(163) 767(184)c  S701(974)b  5877(940)a  00054(00015)a  3974(782)a
300 2858(598)  8037(224) 3742(242) 84L(LI9)be  6729(5.12)a  5796(940)a  00053(00006)a 4249 (429)a
50 20471(1580)  €951(5.19) 3765(272)  146(039)i  1758205)h  3797(902)de  00017(00006)cd 2051 (427)d
0 100 20490(1858) 7431(196) 38.18(330) 282(076)gh  2370(406)f5  4527(1017)bc  00031(00011)b  2617(67 1
200 20248(1630)  7393(169)  3498(064) S546(064)de  3185(362)d  4870(672)b  00054(00009)a  3125(48
300 20258(893)  7175(503)  3522(193)  603(L11)d  4593(476)c  S628(727)a  00053(00005)a 4063 (3 40)

Values followed by the same letter were not significandy different at p < 0.05 (DMRT). Values in the parenthesis indicate standard deviation (+) of means. WUEs:
water use cfficiency (WUE) based on dry stigma yicld WUEc: WUE based on daughter corms yield; NAE: nitrogen acquisition efficiency; NUEs: nitrogen use
cfficiency (NUE) based on dry stigma yicld; NUEc: NUE based on daughter corms yield.

Table 6. Interaction effects of irrigation and harvesting (year) on studied traits of saffron

Irrigation UV-visible
(percentage of Harvesting Cro€i_n Picrocgc_)cin Safranal WIUES ; WLIJEC : NAE (%) NUE:s (gg) NUEc (gg")
water (year) (E‘h) (i'-_:-":) (E1 ) (gha’ mm) (kgha mm)

requirement) 440 =257 330
fé:‘ h“v)“t 25280(710)  8797(555) 3704(416) 7.09(443)a 2685(1314)d  2214(440)e  00031(00017)b  1203(462)e

50 Scondh
ccond harvest 24930(631)  8738(557)  3754(251)  622(305)b  2647(995)d  2881(407)d  00034(00015)b  1434(396)d
(second year)

- Firscharvest BAOT(G1S)  TS94RTT)  3846(27)  494(25)c  9690093)b O ?“4) 00033(00019)b 2653 (11.69)c
Second harvest 23329(703)  7847(201)  3602(157)  605S263)b  4957(1792)a  S765(978)a  00044(00017)a  3632(991)a

100 Firstharvest 20541(1265)  7264(490)  3645(336) 391(247)d  29.18(1356)c  4046(861)c  00034(00019)b  26.17(948)c
Secondharvest  20193(1623)  7211(327) 3657(182) 397(162)d  3035(934)c  5365(736)b  00043(00015)a  33.11(694)b

Values followed by the same letter were not significantly different at p < 0.05 (DMRT). Values in the parenthesis indicate standard deviation () of means. WUEs:
water use cfficiency (WUE) based on dry stigma yield, WUEc: WUE based on daughter corms yield; NAE: nitrogen acquisition efficiency; NUEs: nitrogen use
cfficiency (NUE) based on dry stigma yicld; NUEc: NUE based on daughter corms yield.
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Table 7. Interaction effects of planting density and harvesting (year) on studied traits of saffron
Planting , UV-_visble
density H?”Cif)“‘g Crocin Pieroctocin Saftanal (glgfj mE; N (kg‘;iyrffm 5y NAE(Y) NUE; (gg") NUEC (gg")
o) ) E)  Egp)
First harvest
gy B0 TII050  BWGA) 100 17210 AGEIe 000100 135405)e
50 Second
havest  23044(2083)  7825(834)  3661(228)  251(063)e  2145(625)f  3890(1098)c  00022(00004)  1973(743)d
(second year)
Fitharvest  23412(1298)  7974(693) 3789(350)  330(LI8)de  1962(290)f  2892(944)d  00023(00003)c  1494(559)e
100 f;cr‘v’:i D486(2698)  S070(883)  I64220)  419(104)d 28460774 4442(1340b  00035(00009)d  24870057)c
Firtharvest ~ 22865(2338)  79.87(744) 3526(342)  680(208)c  3741(1214)d  3904(1210)c  00043(00008)cd  2524(1044)c
200 i:j:i 28792542)  8025(776)  3574(188)  809(200)b  4106(1651)c  S056(1641)a  00059(00008)a  3152(1336)b
Fistharvest ~ 22671(2530)  7987(831) 3714(360)  966(267)a  5340(10.18)a  4354(121b  00055(00005)ab  3257(1079)b
300 i:i:i 2861(2000)  7808(505)  3684(166)  686(188)c  S089(1436)b  5294(1602)a  00046(00009)bc  3558(1240)a

Values followed by the same letter were not significantly different ac p < 0.05 (DMRT). Values in the parenthesis indicate standard deviation (+) of means. WUES:
water use cfficiency (WUE) based on dry stigma yield; WUEC: WUE based on daughter corms yield; NAE: nitrogen acquisition efficiency; NUES: nitrogen use
cfficiency (NUE) based on dry stigma yield; NUEC: NUE based on daughter corms yield.
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Fig. 3. Relationship between WUEc and NAE (A), WUEcand NUEs, (B) and WUEc
and NUEc (C) WUEc: water use efficiency based on daughter corms yield; NAE:
nitrogen acquisition efficiency; NUE;: nitrogen use efficiency (NUE) based on dry stigma
yield; NUEc: NUE based on daughter corms yield.

Conclusions

Generally, the results demonstrated that dense
planting pattern can be an effective approach for
increasing WUE and NUE in saffron production.
Furthermore, the results indicated that although relatively
severe water stress increases WUEs and secondary
metabolites in saffron stigmas, it could decrease WUEc,
NAE, NUE;s and NUEc through affecting dauEhter corm
Erowth. Considering the positive relationship found

etween WUEc and NAE, WUEc and NUEg, as well as
between WUEc and NUEc, it can be stated that the
crucial factors affecting daughter corms growth can lead to
more efficient use of water and nitrogen in saftron crop.
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