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Abstract

Saffron as one of the most precious spices and medicinal plants, is highly valued for its
bioactive compounds. Quantity and quality in spices and medicinal plants can be improved by the
plant nutrition. In this field study the sole and integrated application of various fertilizers types
and arbuscular-mycorrhizal fungus (AM), Glomus mosseae with respect to the flower-related
traits, corm properties, quality, bioactive compounds and antioxidant activity of saffron at Kerman
region, Iran was examined over a three years period. The fertilizer treatments comprised control
(non-amended soil); 20 Mg ha compost; 10 Mg ha™* compost+ 8 Mg ha* biochar and chemical
fertilizers. In each fertilizer treatment, planting bed was inoculated or non-inoculated with AM.
The results showed that during the first flowering period (2015-16), neither AM nor fertilizer types

affected flowering. Inoculation with AM particularly in the application of fertilizer treatments
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through positive effects on different corm properties during the vegetative growing seasons of
2015-16 and 2017-18, improved flower-related traits in the next flowering periods of 2016-17 and
2017-18. Picrocrocin and safranal content as well as total phenolic content and total flavonoid
content in tepals were considerably enhanced by organic amendments and chemical fertilizers
compared with the control. While the total phenolic content in stigmata was reduced by AM-
inoculation, the total flavonoid content and antioxidant activity of stigmata and tepals were not
significantly influenced. Principal Component Analysis clearly discriminated the integrated
nutritional treatments from the sole ones based on flower-related traits and corm properties which
were positively related with integrated treatments. Organic amendments were characterized by a
higher total phenolic content and antioxidant activity in stigmata. Chemical fertilizers alone or in
AM-inoculation associated with quality attributes and total flavonoid content in tepals. Research
findings confirmed that the integrated application of mycorrhizal fungus, organic, and chemical

fertilizers significantly influences the overall production of saffron.

Keywords: Apo-carotenoids, Arbuscular-mycorrhizal fungus, Chemical fertilizer, Corm, Organic

amendments, Saffron.

1. Introduction

Saffron (Crocus sativus L.) as a perennial crop is commonly grown in arid and semi-arid
regions of Iran (Behzad et al., 1992a; Behnia et al., 1999; Kafi et al., 2002). The dried stigmata of
saffron are considered as the world’s most precious spice. It is commonly used as a seasoning,
fragrant, flavouring, and colouring agent because of its unique colour, taste, and aroma (Gresta et

al., 2008b; Melnyk et al., 2010; Zeka et al., 2015). In addition to the seasoning properties, saffron
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has also been demonstrated to have different health benefits due to its bioactive compounds and
antioxidant potential (Melnyk et al., 2010; Karimi et al., 2010; Baba et al., 2015).

Considering the biological and agricultural aspects of saffron such as the flowering in autumn,
well adaptability to harsh-environmental conditions and low water and fertilizer requirements, this
valuable plant has been introduced for low-input farming systems and sustainable agriculture
(Gresta et al., 2008b). Moreover, saffron is considered as a particular crop for organic farming
since mineral fertilizers and chemical weed control are usually not applied in growing areas
(Siracusa et al., 2011).

Saffron is grown as a perennial crop, therefore maintaining long-term soil fertility is necessary
to gain the high production and profitability per unit area. Saffron yield is highly affected
by organic and chemical fertilization (Behzad et al., 1992a, b; Behnia et al., 1999; Jahan and
Jahani, 2007; Koocheki and Seyyedi, 2015) and beneficial micro-organisms (Aimo et al., 2010).
Carbon sequestration through increase in soil organic matter and improved nutrient retention
capacity, along with the increment of under-ground biomass, can enhance saffron productivity
(Husaini, 2014). Compost, biochar, and arbuscular-mycorrhizal fungi as well as different types of
organic amendments are widely used for nutrition of organically grown crops to improve soil
health, fertility, agronomic performance and increase agricultural productivity (Fischer and Glaser,
2012; Cavagnaro, 2015; Agegnehu et al., 2017).

Although the application of manure and composted manure is more common in saffron
cultivation areas (Gresta et al., 2008b), chemical fertilizers, especially N fertilizers, have also led
to significant increase in corm and stigmata yield (Behzad et al., 1992a, b). In order to compare
organic and chemical fertilizer types, Koocheki and Seyyedi (2015) applied different types of

fertilizers (cattle manure compost 25 Mg ha* and chemical fertilizer (N 300 kg ha* + P 100 kg ha”
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1. They examined nutrient use efficiency and yield of saffron and stated that applied organic and
chemical fertilizers increased the flower number, dry stigmata yield, and corm properties
significantly. However, the manure application was more efficient.

Biochar is a carbon-rich organic substance produced by pyrolysis from biomass under
minimal presence of oxygen. Biochar is generally beneficial to soil and enhances the availability
of nutrients and consequently improves crop growth and health (Schulz and Glaser, 2012;
Agegnehu et al., 2016). A number of studies show the combined application of compost and
biochar resulted in C sequestration, soil fertility, and improvement of the plant growth and yield,
compared with biochar, alone (Fischer and Glaser, 2012; Schulz and Glaser, 2012; Agegnehu et
al., 2016). For instance, Schulz and Glaser (2012) compared the effects of biochar, compost, and
inorganic fertilizers on infertile sandy soil and reported that the effects of compost (5% by weight)
and the combination of compost and biochar (2.5% + 2.5% by weight) on oat (Avena sativa L.)
plant growth and soil fertility in greenhouse production was significantly higher than biochar.
Agegnehu et al. (2015 and 2016) indicated that addition of organic treatments 10 Mg ha* biochar;
25 Mg ha* compost; 2.5 Mg ha?* biochar + 25 Mg ha* compost on-site mixed, and 25 Mg ha* co-
composted biochar and compost along with fertilizers significantly improved plant nutrient
availability as well as peanut and maize yield.

Arbuscular mycorrhizal fungi have revealed a mutualistic symbiotic association with most of
the plant species which play a crucial role in host-plant growth and productivity via improving
nutrient acquisition (Cavagnaro, 2015). For instance, Aimo et al. (2010) investigated the saffron
growth inoculated with Glomus and revealed that inoculated soil significantly enhanced saffron
yield and corm diameter. Mycorrhizal fungi-inoculated ornamental plants have been reported to

stimulate flowering and increase the flower number (Perner et al., 2007; Gaur and Adholeya,
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2005). Biomass and bulb dry weight in onion were also positively affected by inoculation with
mycorrhiza (Charron et al., 2001; Mohamed et al., 2014).

Saffron quality depends fully on the content and composition of the metabolites responsible
for red colour, bitter taste, and aroma (crocin, picrocrocin, and safranal, respectively). These traits
are influenced by fertilization with organic (Rezaian and Paseban, 2006) and foliar application of
(Rabani-Foroutagheh et al., 2013) fertilizers and inoculation with the beneficial microorganisms
(Aimo et al., 2010).

In addition to the apo-carotenoids, some scientific studies have found that saffron stigmata
and tepals contain other bioactive compounds such as phenolic and flavonoid compounds and also
exhibit antioxidant activity (Karimi et al., 2010; Baba et al., 2015; Sanchez-Vioque et al., 2012;
Zeka et al., 2015; Tuberoso et al., 2016). In particular tepals of saffron, as a major saffron by-
product, are potentially new sources of phytochemical and bioactive compounds since they are
usually discarded as useless floral bio-residue in saffron growing areas.

The current study was aimed to evaluate the effects of different organic and chemical
fertilizers along with arbuscular-mycorrhizal fungi inoculation on the flowering, yield, quality,

bioactive compound content, and antioxidant activity of saffron.

2. Materials and methods
2.1. Site description and experimental design

A field examination was established at the research field of Shahid Bahonar University
(30.1440° N; 57.0715°E and 1774m altitude) of Kerman, Iran, during three growing seasons of
2015-16 (first year), 2016-17 (second year), and 2017-18 (third year). Regional meteorological
records (precipitation and air temperature data) of the research site was obtained from

Meteorological Laboratory of Kerman, Iran (Fig. 1). Pre-planting composite soil samples were
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randomly taken based on Estefan et al. (2013) from 10 points across the trial site from the depth
of 0-10 cm, sieved (2 mm mesh), air dried, and analysed. The soil texture was sandy-loam (55%
sand, 32.2% silt and 12.8% clay). The chemical characteristics of the soil are given in Table 1.
The experiment evaluated eight treatments comprising inoculated (+AM) and non-inoculated
(-AM) planting bed with mycorrhizal fungus (G. mosseae) with four different fertilizer treatments.
The latter included a control (C), cattle manure compost (COM) applied at 20 Mg ha, cattle
manure compost + biochar (COM+B) applied at 10 + 8 Mg ha, and chemical fertilizers (CF)
which involved the application of 250 kg urea and 66 kg triple superphosphate during the 2015-
16 to 2016-17 growing seasons. During the 2017-18, flower-related traits were measured and
measurements for the vegetative growth was not a part of the aims of this experiment, therefore

fertilizers didn’t apply during this year.

2.2. Compost, biochar, and mycorrhizal fungus inoculum

Cattle manure compost was provided by the organic farm of Zahra Rosewater Co (EA11075),
Kerman, Iran. Biochar was purchased from Beshel Activated Carbon Industry,
Qaemshahr, Mazandaran, Iran. The preparation procedure of applied biochar was followed by the
method explained by Ghafourian (2016). Briefly, the feedstock (cellulosic raw materials of forest
biomass and wood wastes) converted to the biochar under anaerobic conditions as follows: (i)
evaporation of existing water of feedstock at 110°C for 2 hours; Increasing the temperature to
270°C for 4 hours for removing of volatile compounds; carbonization and formation of a porous
structure; (ii) nano-materials production at atemperature of 900-1050°C using 4 bar steam pressure
in a rotary kiln; (iii) finally, biochar was mixed with nanoporous carbon (9:1 w/w) in an electric

mixer for 20 minutes. Some chemical characteristics of compost and biochar are provided in Table
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1. Commercially available mycorrhizal fungus (Glomus mosseae) inoculum was added to the

planting rows in each +AM treatment (250 g m2; 120 spores g) at planting time.

2.3. Experimental set-up

During the first growing season, after plowing and field leveling, the soil was amended with
organic and chemical fertilizers and mixed into the upper 10 cm of the soil profile. Chemical
fertilizers were applied five times for urea (10 December 2015; 4 March 2016; 8 October 2016; 7
December 2016, and 5 March 2017) in equal split doses of 50 kg urea ha™ and for P (triple
superphosphate) totally at a rate of 66 kg ha™ at the beginning of the first two growing seasons.

Saffron mother corms (4-8 g weight) were planted manually in 10-15 cm depth at 50 corms
m2 density on 18 October 2015, in each experimental plot (14.4 m?, 0.2 m row-spacing and 0.1 m
corm-spacing). Daughter corms were maintained during the experiment to evaluate the annual increasing

in flowering and corm properties and providing conditions exactly similar to the saffron fields for more

valid recommendation for growing areas of saffron. First irrigation was applied immediately after
planting. Irrigation was performed 5 times after first irrigation, on 1 November 2015 (to improve
bud emergence), 10 December 2015 (after flowering), 26 January 2016, 4 March 2016 (after
weeding), 16 April 2016 (supplementary irrigation) during the first growing season. In the second
growing season, due to suitable rainfall distribution, a four interval irrigation was conducted: on
8 October 2016 (first irrigation), 7 December 2016 (after flowering), 5 March 2017 (after weeding
and chemical fertilizers application), and on 9 April 2017, respectively. The first irrigation at the
beginning of the third growing season was performed on 7 October 2017. Other agronomic

practices were conducted uniformly for each plot during the growth period.

2.4. Plant sampling and measurements
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Flowering of saffron started 23, 20, and 18 days after first irrigation in the first, second, and
third growing season, respectively. In all three-growing seasons, whole flowers per plot were
manually picked up daily after sunrise, during the flowering period. Stigmata were manually
separated from the flowers. Flower samples were air-dried in the shade afterwards and flower-
related traits including flower number (FN), flower dry weight (FDW), dry stigmata weight to
determine stigmata yield (SY), and stigma length (SL) (including the red parts) were measured
immediately by a Scale (AEL-40SM, Shimadzu, Japan; 10° g accuracy). Daughter corms were
harvested in a 1.8 m for each nutritional treatment on 4 May 2016 and 20 April 2017, for the first
and second growing seasons, respectively. Corm-related properties such as corm number (CN),
unitary corm weight (UCW), and corm yield (CY) (on the basis of dry weight) were determined.

Dry stigmata were kept in the dark at room temperature until further analyses.

2.5. Root mycorrhizal fungus colonization

The percentage of mycorrhizal root colonization was determined based on the method
described by Phillips and Hayman (1970) with slight modification. Briefly, after washing root
samples with tap water and rinsing by distilled water, roots were cleared in KOH 10% (w/v) for 4
days at room temperature and thereafter acidified in 15% HCI for 5 minutes. Samples were then
stained 15 minutes with 0.05% trypan blue and finally de-stained and stored in lactoglycerol (1: 1:
1 glycerol, lactic acid, distilled water). Twenty-five randomly selected root segments (1-cm length)
were examined for root colonization intensity (%) according to the grid-line intersect method

(McGonigle et al., 1990).

2.6. UV-vis spectrophotometry analysis
Saffron’s colour, bitter taste, and aroma strength were measured based on the 1SO 3632 trade

standard (ISO/TS 3632, 2003). The absorbance of an aqueous extract (E* w/v) was read at 440,

8
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257, and 330 nm, using a SPUV-26 UV/Vis spectrophotometer (SCO Tech, Germany) with a 1
cm cuvette. In each nutritional treatment and year, the expressed values of the crocin, picrocrocin,
and safranal are the average values of three replications and two reads per replication. The results
were expressed according to the following equation (Lage and Cantrell, 2009):

E}*=(D x 10000) / (m x (100 - H)) (1)

Where: D is the absorbance values at 257, 330, and 440 nm; m is the initial weight of the used

sample (in grams); H is the mass fraction (moisture and volatile content of the sample).

2.7. Total phenolic and flavonoid contents

Extraction was performed using 250 mg of dried and ground samples of tepals and stigmata
and 10 mL of 80% (v/v) methanol and shaken slowly (110 rpm) for 8 h. After filtration, the
resulting extract was stored in the dark condition at a temperature of 4°C until further analyses.

The Folin-Ciocalteu method was adapted for determination of total phenolic content (TPC) in
the extract (Tohidi et al., 2017). In summary, 0.5 mL of each sample was mixed with 2.5 mL of
diluted Folin-Ciocalteu’s reagent (1:10) and incubated for 5 min at room temperature. Then, 2 mL
of 7.5% sodium carbonate solution (w/v) was added. The mixture after shake incubated in a hot
water bath at 45°C for 15 min. Finally, absorbance was measured at 765 nm using a SPUV-26
UV/Vis spectrophotometer (SCO Tech, Germany), against a blank. The results were expressed as
mg of gallic acid equivalent (GAE)/g sample dry weight (DW).

The total flavonoid content (TFC) was assessed according to the aluminum chloride
colorimetric assay described by Tohidi et al. (2017). Briefly, 0.5 mL of methanolic extract was
mixed with 0.3 mL of 5% NaNO: solution. The mixture was incubated in the dark for 6 min at
room temperature. Thereafter, 0.6 mL of 10% AICIz was added and stored for 5 min. Afterward,

3 mL of NaOH 1M was added and the final volume was made to 10 mL with distilled water. The
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absorbance was read at 510 nm after 15 min incubation. The TFC values were expressed as mg of

quercetin equivalent (QE) per g DW.

2.8. DPPH radical scavenging activity

Methanolic DPPH solution 0.5 mM (1.5 mL) was added to 0.75 mL of prepared 50, 100, and
300 pg/ mL extract concentrations (Parejo et al., 2003). The same concentrations of ascorbic acid
were used as a positive control. After 20 min of reaction, absorbance of the solution was measured
at 517 nm against the 80% methanol as the blank. After calculation of the percentage of inhibition
(Eq. 1), a linear regression model was established based on decolorization and sample extract

concentration in order to determine the 1Cso (50% inhibitory concentration).

Inhibition (%)=[(Acontrol - Asampie) / Acontrol] x 100 (2)

Where Asample is the absorbance values of the plant extract/ascorbic acid and Acontrol is the

absorbance values of the control.

2.9. Statistical analysis

Collected data were subjected to analysis of variance (ANOVA) followed by the Least
Significant Difference test (LSD; P<0.05 probability level) using SAS software version 9.1 (SAS,
Cary, NC, USA). Results were presented as mean values + standard error (SE). Principal
component analysis (PCA) was performed to determine the relationship between studied traits and
nutritional treatments as well as to check for similarities among the nutritional treatments, using

XLSTAT 2016 (Addinsoft, New York, NY, USA).

3. Results

3.1. Root mycorrhizal colonization

10



226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

The root colonization rate was significantly affected by AM-inoculation, fertilizer types, and
interaction effect of AM-inoculation and fertilizer types. In non-inoculation plots, colonization
rate was not significantly altered by different fertilizer types while, application of compost and on-
site mixed compost and biochar contributed to enhancement in root colonization rate, significantly

in AM-inoculated plots (Fig. 2).

3.2. Flower-related traits

Significant fertilizer x mycorrhiza x year interaction was recorded in flower number (FN),
flower dry weight (FDW), and stigmata yield (SY) (Table 2). All fertilizer treatments significantly
increased the flower-related traits in the second and third year of the experiment when inoculated
with AM whereas in the first year neither AM nor fertilizer types affected the flower-related traits
significantly (Table 2). In the second and third year, the higher average of FDW and SY per m?
were recorded in COM+AM and resulted from a considerably greater FN per m? (on average 1.23
and 4.33 g m?, 128.3 and 493.5 mg m?, and 33 and 116.1 FN m?, respectively). Saffron plants
inoculated with AM especially when integrated with COM, COM+B, and CF showed higher
flower-related traits compared with the control (e.g., for SY: 52, 66, 61, and 60% in AM,
COM+AM, COM+B+AM, and CF+AM, respectively) and non-inoculated plants, resulted in
higher performance in inoculated plots (Table 3). In non-inoculated treatments, differences in FN
and SY traits were observed only in the third year (Table 2).

Opposed to the first year results which revealed no significant differences between the
inoculated and non-inoculated plants, mycorrhizal fungus inoculation significantly increased all
flower-related traits compared with non-inoculation in the second and third years (Tables 2 and 3).

Inoculation with AM significantly increased SL (Table 3). In addition to the FN, SY, and FDW,

11
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year induced a significant increase in SL by 14.3 and 24.3% for 2016-17 and 2017-18 compared

with the 2015-16, respectively (Table 3).

3.3. Corm properties

Fertilizer type x year interaction was statistically significant (P<0.01) for the corm number
(CN) m™. During the first year, although significant differences were observed for organic
amendments in comparison with no amended soil, the differences were more evident in 2016-17
when compost treatment produced significantly greater CN (more than 1000 corm m2), followed
by COM+B and CF on average 37.5, 26.6, and 8.8%, respectively compared with the control (Fig.
3).

The interaction effect of fertilizer types, mycorrhizal fungus inoculation and year on corm
yield of saffron is presented in Fig. 4. Results showed that CY responded differently to studied
experimental factors. Despite gaining the highest CN under application of compost in both years,
the highest CY (4.6 kg m?) were obtained from CF inoculated by AM at the end of the second
growing season (Fig. 4) mainly due to increase in unitary corm weight (UCW) (Table 3). Amended
plots with COM, COM+B, increased CY by about 60% compared with the control in AM-
inoculated plots (Fig. 4). Chemical fertilizers application significantly increased UCW by 25%
than to control while COM and COM+B did not show any significant differences with control due
to higher CN per unit area (Table 3).

Results of ANOVA showed that no significant interaction between AM-inoculation and year
(results not shown). As seen in Table 3, although no positive effect of AM inoculation was
observed in CN, through significant raise (24%) of UCW it showed enhanced CY per m? by 33%.

Moreover, UCW was increased by 36% in 2016-17, than 2015-17 (Table 3).

3.4. Picrocrocin, safranal, and crocin contents

12
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Fertilizer types had a significant influence on the picrocrocin and safranal content while these
quality aspects were not affected by mycorrhizal inoculation, years, and their interaction effects
(Table 4). Picrocrocin content ranged between 68 and 93. The results generally indicated
that picrocrocin content was significantly higher in CF that in COM, COM+B, and control. There
was no statistically significant difference between the organically grown stigmata and control with
respect to the picrocrocin content (Table 4).

Table 4 shows that significant increases (13-15%) in safranal content were found for organic
and chemical fertilizer treatments as compared with the control. Crocin content ranged from 218-
219 across experimental treatments that resulted in non-statistically significant differences

between experimental factors (Table 4).

3.5. TPC, TFC, and antioxidant activity

Results revealed that total phenolic content of stigmata was significantly affected by
mycorrhizal inoculation x fertilizer type and mycorrhizal inoculation x year interaction effects
(Fig. 5). Inoculation with mycorrhiza significantly decreased TPC by 13, 11, and 6.5 percent for
COM, COM+B, and CF, respectively. Inoculation of unamended plots didn’t affect significantly
the TPC (Fig. 5A). Generally, TPC of stigmata was higher in control compared with COM+B and
CF in which a reduction of 12% and 23% respectively (Table 5). Whilst inoculation had no effect
on TPC in 2016-17, reduced TPC (19%) in 2017-18, significantly (Fig. 5B) which resulted in
significant decrease of TPC by 9% in 2017-18 and 8.5% in inoculated plants (Table 5).

Stigmata TFC varied with different fertilizer treatments, year as well as their interaction at
P<0.01 (Table 5). The highest value of TFC was observed in fertilizer treatments in 2016-17 while
in 2017-18, COM+B and control were higher. The maximum mean value of TFC in stigmata was

observed for the COM+B treatment (Table 5). Except for the control condition which showed no

13
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difference for both growing seasons, TFC was significantly higher (21%) in the first growing
season in fertilizer treatments than in the second year (see Table 5).

Significant fertilizer type x year interaction (P<0.05) was found for TPC, TFC, and
antioxidant activity of tepals extract (Table 5). Whereas, there was no significant difference in ICso
mean values in the 2017-18, fertilizer treatments led to an increase in antioxidant activity compared
with control in 2016-17 (Table 5). This trend was similar for TFC in tepals. Total flavonoid content
was not affected by amending the fertilizers in 2017-18 while chemical fertilizer treatment resulted
in higher TFC levels in 2016-17 (Table 5). Organic and chemical fertilizer treatments in spite of
improving the TPC in 2016-17, showed no significant difference compared with control in 2017-
18 (except for CF that showed significantly lower TPC compared with control) (Table 5). In
general, improving effects of fertilizer treatments were observed on TPC and TFC of tepals and
stigmata.

Stigmata and tepals ICso were not statistically different between the fertilizer types, AM-
inoculation, nor was the interaction effect (Table 5). Furthermore, fertilizer types did not influence
scavenging activity which might be due to variation in TPC and TFC in fertilizer treatments in
interaction with other factors such as years and mycorrhizal inoculation (Table 5 and Fig. 5).
Nonetheless, antioxidant ability was significantly affected by the growing season (Table 5). ICso
values for stigmata and tepals in 2017-18 were, approximately 10% and 18% higher than in 2016-
17, respectively. The higher amounts of TPC and TFC in 2016-17 is possibly the reason for the

differences between years (Table 5).

3.6. Principal component analysis
Standardized data were subjected to PCA to clarify the relationship between the studied

attributes and nutritional treatments. A two-dimensional PCA scatter plot (based on two first PCs)

14
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was constructed (Fig. 6). The two first PCs comprised 74% of the total variance. As depicted, the
first PC explained 51% of the total variation and is positively and strongly correlated with flower
and corm related traits as well as safranal content. High positive scores in the first dimension were
observed for integration treatment of fertilizers and mycorrhizal fungus inoculation. They
represent a high agronomic performance area. The first PC was negatively correlated with TPC
and antioxidant activity in stigmata. Compost and compost+ biochar was characterized by higher
TPC and antioxidant activity in stigmata. Therefore, PC1 discriminated the integrated nutritional
treatments from non-integrated, on the basis of most of the traits. The second PC, which explained
23% of the variance, was positively and strongly correlated with tepals TFC as well as picrocrocin
and crocin contents. Treatments in this area (CF and CF+AM) present the highest apo-carotenoids

contents and tepals TFC (Tables 4 and 5).

4. Discussion

Saffron roots were colonized to a higher level in AM-inoculation plots under organic
nutritional treatments (Fig. 2) which can be due to different properties as well as slow rates of
nutrient mineralization of organic amendments (Cavagnaro, 2015; Lehmann et al., 2011). These
results are supported by literature which documented that root colonization rate can be positively
affected by different types of organic amendments, biochar (Blackwell et al., 2010; Vanek and
Lehmann, 2015) and compost (Roldan et al., 2006; Cavagnaro, 2015).

This experiment clearly showed that the highest variations in flower-related traits and corm
properties in saffron were found among the growing seasons. During the corms-formation at first
growing season of saffron, new daughter corms will be produced and grow and thereby caused an
increment in flower production in the next year (Gresta et al., 2008a; de Juan et al., 2009). In the

first growing season, flower-related traits were not affected by fertilizer types and AM-inoculation

15


http://sd.samidoc.com/science/article/pii/S0038071706002148#!

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

(Tables 2 and 3). Flowering occurs in saffron before vegetative growth or with leaf emergence
simultaneously, in Iranian cultivation areas (Kafi et al., 2002). At this time, the vegetative growth
and new corm production have not yet been started. Accordingly, growth and corm formation have
not affected by different nutritional treatments. Therefore, any difference can be due to the
variation in the mother corms behaviour. According to the obtained results, application of organic
amendments and chemical fertilizers in this study had a positive effect on the flower production
and yield of saffron in the second and third years, especially when incorporated together with
mycorrhiza (Table 3). Such results can be due to the positive effects of the nutritional regimes on
growth and daughter corms development during the vegetative growing seasons of 2015-16 and
2017-18 (Figs. 3 and 4). The application of farmyard manure has been reported to enhance the
saffron stigmata yield in comparison with chemical fertilizer (Jahan and Jahani, 2007; Koocheki
and Seyyedi, 2015). The increase in saffron yield by application of chemical fertilizers has been
also reported (Behzad et al., 1992a, b; Behnia et al., 1999).

While quality attributes were not affected by the years, the highest antioxidant ability was
measured in 2016-17 as revealed by DPPH-radical scavenging activity. This can be mainly due to
a higher amount of total phenolic and flavonoid compounds (Table 5).

Results indicated an increase of SY by 111% in 2016-17 and 78% in 2017-18 in AM-
inoculation alone (AM) while AM-inoculation in COM, COM+B, and CF fertilizer treatments
induced increase of SY by 194, 154, and 152% in 2016-17 and 228, 188, and 169% in 2017-18,
respectively, compared with the control (Table 2). This improvement in flower-related traits could
be explained by the improvement of corm properties at the end of the previous years (e.g. for CY:
21, 68, 51, and 50% in the end of 2015-16 and 9, 60, 57, and 83% in the end of 2016-17, for AM,

COM, COM+B, and CF compared with control, respectively) (Fig. 4). Higher CN, UCW, and
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thereby CY resulted in higher flower production that increases FDW and SY per unit of the surface
as discussed above. These relationships also clearly explained by PCA analysis (Fig. 6). It has
been reported that flower production in saffron was increased by 168% in the inoculated with M,
compared with non-inoculated (Aimo et al., 2010).

Synergistic effects of AM fungi and organic amendments as well as chemical fertilizers on
the flower and corm related traits of saffron have not been well investigated. Some studies have
reported improvement of plant performance in combined either application of organic amendments
or chemical fertilizers and AM-inoculation. Improvement of lettuce yield with combined
application of biochar and mycorrhiza fungi compared with each individually has been
documented by Hammer et al. (2015). Organic amendment (cattle manure) together with Glomus
intraradices also resulted in higher yield in tobacco (Wang et al., 2012). Furthermore, it has also
been reported that N fertilizer enhances root and shoot biomass of alfalfa (Medicago sativa) plants
inoculated with different Glomus species (Liu et al., 2017). Similarly, another study reported that
the dry weight of onion bulbs and maize were obtained from NPK and NK respectively when
inoculated with mycorrhizal fungi (Mohamed et al., 2014).

The response in flower related traits depend mainly on FN m? (Tables 2 and 3), therefore FN
is arguably the most important trait which directly affects FDW and SY m?. Principal component
analysis (Fig. 6) points out that the strongest positive linear relationship was observed between FN
and SY which confirms the above results. Similar relationships have been documented by Gresta
et al. (2009).

Improvement in FN and therefore FDW and SY of saffron in integrated nutritional treatments
are directly related to the positive effects of organic amendments on saffron CN as well as AM-

inoculation on UCW which produces more CY (Table 3 and Figs. 3 and 4). Corm yield per unit
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area involves multiplying the number of corms and unitary corm weight. Fertilizer treatment and
AM-inoculation positively affected CN per area unit and UCW, respectively, supporting the CY
improvement (Table 3 and Figs. 3 and 4). Compost and compost + biochar gave the highest CN
and CY in the first year whereas, in the second year, maximum CY was related to CF due to
increasing the UCW. In the first year, both physical and nutritional properties of compost resulted
in increasing the number and growth of corms. In the second year split and adequate values of
chemical fertilizers although were not led to the maximum CN but with a rise in UCW, increased
CY per unit area (Table 3 and Figs. 3 and 4). Higher CN in organic amendments is related to
improvements in soil physical properties which led to significant improvements in buds emergence
and early growth of saffron (Ghanbari and Khajoei-Nejad, 2017). Since buds are meristematic
points which produce new replacement corms, the enhancement of bud emergence of saffron
mother corm leads to more number of replacement corms (Behdani et al., 2016). Furthermore,
AM-inoculation influenced significantly (24%) the UCW in both years of the experiment caused
a greater CY by 33%, as compared with the non-inoculation (Table 3). Aimo et al. (2010) stated
that a significant increase in the diameter of the saffron corm in inoculation with mycorrhizal fungi
(genus Glomus). Similar results were also reported in inoculated bulbs of onion plants (Charron et
al., 2001; Mohamed et al., 2014).

Saffron quality greatly depends on the variety, growing conditions and nutritional status (Lage
and Cantrell, 2009; Gresta et al., 2009; Siracusa et al., 2011; Rezaian and Paseban, 2006; Rabani-
Foroutagheh et al., 2013). The average values for picrocrocin, safranal, and crocin were in the
range of 68-93, 39-45, and 217-219 (category ), respectively (Table 4). These ranges are similar
to other studies. For instance, the values of picrocrocin, safranal, and crocin in saffron stigmata

were reported between 52-78, 36-50, and 117-350, respectively, depending on corm provenances
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and environmental conditions (Gresta et al., 2009; Lage and Cantrell, 2009). In another study
picrocrocin, safranal, and crocin values of saffron in different fertilizer treatments were between
65-69, 38-42, and 161-178 (category Il) (Rezaian and Paseban, 2006).

Except for a few number of studies, the roles of organic and chemical plant nutrition on saffron
quality have not been very well studied. According to the current results, fertilizer types improved
the picrocrocin and safranal content but did not cause any significant effect on crocin content in
saffron stigmata (Table 4). These observations are suggesting that nutritional status in parallel with
increased plant growth, play an important role in the improvement of saffron quality. Rezaian and
Paseban (2006) reported that crocin and picrocrocin contents increased by application of 25 Mg
ha! cow manure compared with the control while the safranal concentration was decreased.
According to the findings of Rabani-Foroutagheh et al. (2013), the crocins content of saffron can
be improved by bio-fertilizers but safranal and picrocrocin contents were decreased with
application of bio-fertilizers and concluded that crocin increase could be due to higher elements
amounts of bio-fertilizers. It seems that changes in apo-carotenoids content in saffron in addition
to the fertilizer type, depended on other factors in each experiment.

Total phenolic content ranged in this study between 2.5-5.7 and 4-6 mg GAE/g DW in tepals
and stigmata, respectively (Table 5). Total flavonoid content ranged between 0.48-1.3 and 2.9-4.5
mg QE/g DW in tepals and stigmata, respectively. Values of I1Cso varied from 223 to 271 and 235
to 263 pg/ mL for tepals and stigmata, respectively (Table 5). These ranges are similar to other
studies conducted regarding saffron tepal (Sanchez-Vioque et al., 2012; Tuberoso et al., 2016) and
stigmata (Karimi et al., 2010; Baba et al., 2015).

AM-inoculation reduced the TPC in stigmata in different fertilizer treatments, as well as in

2017-18 compared with 2016-17 (Fig. 5). Additionally, all the agronomic-related traits negatively
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correlated with TPC, denoting that an increase in corm yield and FN, SY, and SL negatively
affected the TPC (Fig. 6). These relationships might be due to the dilution effect (Onofrei et al.,
2017). The increase in FN, SY, and SL in inoculated plots led to reduction of bioactive compounds
per unit weight. Principal component analysis (Fig. 6) clearly confirmed the negative relationships
between flower-related traits and bioactive compounds particularly with TPC in stigmata. Onofrei
et al. (2017) reported that addition of nitrogen-based fertilizers due to increase in plant growth
cause a decrease in phenolic compounds in Calendula officinalis L.

Strong fertilizer type x year variation was uncovered in TFC in stigmata which indicated the
different effects of the fertilizer treatments in studied years. These results finally led to
significantly higher TFC in COM+B as well as in 2016-17 compared with 2017-18 (Table 5). In
tepals, the highest TPC and TFC were reached in organic amendments and chemical fertilizers,
respectively, in 2016-17 while in 2017-18, bioactive compounds were not influenced by the
fertilization (Table 5). Likewise, as a result of these trends, antioxidant activity in tepals was only
improved by the fertilization in 2016-17, while no effect was observed for 2017-18 (Table 5).
Principal component analysis results established positive and direct associations between bioactive
compounds and antioxidant activity (Fig. 6). Therefore, the results confirmed that the antioxidant
activity in saffron tepals and stigmata may be influenced by the bioactive compounds. Positive
relationships between total phenolic and flavonoid contents with antioxidant potential are well
documented (Karimi et al., 2010; Zeka et al., 2015; Baba et al., 2015).

In the current study distinct effects of organic and chemical fertilizers in combination with
AM-inoculation on the levels of bioactive compounds and antioxidant activity levels in saffron
were determined. In some other industrial and medicinal plants, the effects of different types of

fertilizers have been studied on bioactive compounds and antioxidant activity. For instance, the
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application of different organic and chemical fertilizers alone and in combination resulted in higher
antioxidant activity in Pelargonium graveolens L’Hér. leaf extracts (Pandey and Patra, 2015).
Pandey et al. (2016) reported a similar finding on the antioxidant activity in basil (Ocimum
basilicum L.). Similarly, Emami Bistgani et al. (2018) reported that antioxidant activity in Thymus
daenensis improved by different types of organic amendments and chemical fertilizers. In another
study conducted by Onofrei et al. (2017), the highest of total phenolic, total flavonoid contents and
antioxidant activity were obtained in plants fertilized by different ecological foliar fertilizers
depending on the harvest date. Oloyede et al. (2014) recommended the application of a moderate
rate of chemical fertilizers (135-180 kg ha NPK) than those that higher supplied for producing
the highest amounts of total phenolic and total flavonoid contents which provided optimal

antioxidant activity in pumpkin fruit.

5. Conclusion

Obtained data clearly point out that variations on almost all saffron flower and corm
parameters were observed among the years. Results also demonstrated that saffron stigmata and
corm yield are strongly affected by AM-inoculation particularly when combined with organic
amendments and chemical fertilizers. Integrated fertilization treatments through improving plant
growth and daughter corm development in the first year had a significant positive effect on flower
number and thereby stigmata yield in the following years. Moreover, organic and chemical
fertilizer application positively influenced the aroma and flavour indicators of saffron.
Furthermore, the treatments can be partly effective in improving the production of bioactive
components in saffron particularly in tepals. The PCA based on the flower-related traits and corm

characteristics provided criteria to discriminate amongst sole and integrated nutritional treatments
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depending on the required improvements. These approaches will help to enhance the production

of saffron.
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648 Tablel

649  Chemical analysis of the soil and used compost and biochar

Soil Compost Biochar
pH (Hz20) 7.34 (1:5) 8.83 (1:5) 8.75(1:10)
pH (CaCly) 7.27 (1:5) 8.2 (1:5) 7.75 (1:10)
EC (dSm?) 1.18(1:5) 5.38 (1:5) 0.001 (1:10)
Organic carbon (%) 0.4 8.8 19.1
Organic matter (%) - 15.1 32.9
CaCOs (%) 225 - -
CEC (Cmol(+) kg'h) 20 - -
N (%) 0.053 0.8 0.3
Available P (mg kgt 6.2 0.19 0.05

650 pH: Potential of Hydrogen; EC: Electrical Conductivity; CEC: Cation Exchange Capacity
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Table 2

Effect of different fertilizer types (F) and mycorrhizal fungus inoculation (AM) interaction on flower number, flower dry weight, and stigmata yield of saffron in

growing seasons of 2015-16, 2016-17, and 2017-18.

Fertilizer Inoculatio  Flower number (m?) Stigmata yield (mg m2) Flower dry weight (g m?)

types n 2015-16 2016-17 2017-18 2015-16 2016-17 2017-18 2015-16 2016-17 2017-18
-AM 2.13+0.14 2 11.7+0.399 39.1+1.27°¢ 6.25+ 0232 43.6+1.33¢ 151+ 8.1f 0.059+ 0.0046 @ 0.40£0.0279 1.46+0.035¢

Contrel +AM 1.99+ 0.06 @ 23.0£1.89¢ 70.2£2.70° 6.14+ 0572 92.0£9.89° 268+ 12.24 0.056+ 0.00318  0.85+0.054¢ 2.69+0.174°¢
-AM 2.36£0.16 2 13.1+0.679 47.5+0.324¢ 6.76+0.382 49.5+2,091 193+3.0°¢ 0.064+0.0073%  0.49+0.024¢ 1.72+0.035¢

con +AM 2.39£0.14 2 33.0£186% 116+£0.872 7.12£0.22% 128.3+6.82 493+ 7.32 0.070+ 0.0057 @ 1.23+£0.047% 4.33+£0.070?
-AM 2.39+0.202 13.5+1.199 455+ 3.80¢ 7.42+0.31% 54.3+6.66¢ 191+ 16.4 ¢ 0.074+0.00832  0.46+0.0489 1.74+0.137¢

coMrB +AM 2.34+0.20° 27.9+0.10° 94.9+3.49° 7.15+0.452% 110.8+1.69° 434+ 239" 0.072+0.0083%  0.98+0.019° 3.68+0.174°
-AM 2.11+0.14 @ 15.3+0.749 48.3+1.21¢ 6.41+0.38% 59.1+1.81¢ 206+ 10.7 ¢ 0.061+0.00552  0.51+0.004¢ 1.82+0.091¢

F +AM 2.16x0.202 26.6+2.15% 94.1+4.04° 6.46+0.69% 110.0+2.5° 406+ 18.2 ¢ 0.069+0.00452  0.94+0.041° 3.55+0.215°

Source of variation

FxAMXY P< 0.0001 P< 0.0001 P=0.0001

For each trait in each year, means + standard errors (n = 3) with the same letter are not significantly different at P<0.05 according to LSD test.

COM: compost; COM+B: compost + biochar; CF: chemical fertilizers; +AM: inoculated and —~AM: non-inoculated with mycorrhizal fungus; Y: Year
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Table 3

Flower-related traits and corm characteristics of saffron as affected by main effects of experimental factors

Flower Flower dry Corm Unitary corm
Experimental number weight Stigmata yield ~ Stigma length  number Corm yield weight
factors (m?) (g m?) (mg m?) (cm) (m?) (kg m?) @
Fertilizer types
Control 24.7£5.86° 0.921+0.227¢ 94+ 22.6° 2.04+0.0462 467+86¢ 1.52+0.331¢ 3.02+0.209°
COM 35.7£9.58 2 1.32+0.3582 146+ 41.02 2.11+0.0452% 623+ 124+% 1.98+0.445° 3.18+0.257
COM+B 31.1+7.86" 1.17+0.308 " 134+ 36.22 2.10£0.0462 580+ 112° 1.97+0.450° 3.20+0.232%
CF 31.4+7.83" 1.16+ 0.299 ° 132+ 34.12 2.11+0.0542 508+ 94°¢ 2.22+0.53028 3.78+0.3472
P-value < 0.0001 <0.001 <0.001 ns < 0.0001 < 0.0001 ns
AM-inoculation
-AM 20.2+3.11° 0.738+0.118° 81+13.1° 2.06+0.032° 538+752 1.65+ 0.253° 2.94+0.141°
+AM 41.2+6.74% 1.54+ 0.258 2 172+29.42 2.12+0.0352 551+73¢2 2.19+£0.35228 3.64+0.2112
P-value < 0.0001 <0.0001 <0.0001 <0.01 ns <0.0001 < 0.0001
Years
2015-16 2.23+0.037° 0.066+0.002° 6.71+0.144°¢ 1.85+0.011¢ 201+4.25° 0.52+0.028° 2.79+0.160°
2016-17 20.5+ 1.63° 0.73+0.061° 81+6.63" 2.11+0.015° 888+24.6% 3.33+0.1502% 3.80+0.165°?
2017-18 69.5+5.70 2 2.62+0.2182 293+ 26.0% 2.30+0.0192 - - -
P-value <0.0001 <0.0001 < 0.0001 <0.0001 <0.0001 <0.0001 < 0.0001

according to LSD test.

with mycorrhizal fungus
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For each experimental factor, means + standard errors with the same letter are not significantly different at P<0.05

COM: compost; COM+B: compost + biochar; CF: chemical fertilizers; +AM: inoculated and —~AM: non-inoculated
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Table 4

Comparison of picrocrocin, safranal, and crocin contents obtained in different fertilizer types. Values are average of

2016-17 and 2017-18.

Picrocrocin @ Safranal Crocin?
Fertilizer types

E3y E3o Eilio
Control 68.2+ 1.45P 39.1+0.936 P 218+ 0.563 2
Compost 749+ 121" 45.1+1.082 218+ 0.634 2
Compost+Biochar 68.9+ 1.51° 43.7£0.8412 218+ 0.5152
Chemical fertilizers 93.1+1.86°2 44.6+ 0.8652 219+ 0.814 2
P-value <0.0001 <0.05 ns

Means + standard errors (n = 12) with the same letter are not significantly different at P<0.05 according to LSD test.

2 The values were obtained based on 1SO 3632 procedure
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Table 5

saffron tepals and stigmata obtained in different experimental factors.

Comparison of total phenolic content (TPC), total flavonoid content (TFC), and DPPD radical scavenging activity of

Experimental

TPC (mg GAE/g DW)

TFC (mg QE/g DW)

DPPH (ICs0) (Hg/mL) @

factors Tepals Stigmata Tepals Stigmata Tepals Stigmata

Fertilizer types (n = 12)

Control 3.20+0.249¢ 551+0.184° 0.86+0.062° 3.36+0.045° 252+4.97% 266+5.622

COM 4.75£0.343%  5.45+0.2092 0.86+0.060° 3.48+0.191° 247+ 6.92% 266+5.41°2

COM+B 4.44+0.165%® 4.86+0.214° 0.69£0.076 ¢ 4.07£0.177? 248+ 6.512 263+4.94%2

CF 3.96+0.320°  4.26+0.137°¢ 1.04+0.080% 3.51+0.210° 247+ 7532 264+2.74%?

P-value <.01 <.01 <.01 <.01 ns ns

AM-inoculation (n = 24)

-AM 4.16£0.2408 5.26+0.1542 0.84+£0.0652% 3.53+0.147%? 249+ 4228 247+291%2

+AM 4.02+0.213%  4.79£0.167° 0.89+0.0412 3.68+0.109° 248+ 4.852% 250+3.302

P-value ns <.0001 ns ns ns ns

Years (n = 24)

2016-17 4.49+0.263* 5.24+0.121° 0.83+0.0662 4.02+0.084 2 228+ 1.45° 237+1.65°

2017-18 3.69+0.143°  4.80+£0.194° 0.90£0.0392 3.18+0.106° 269+ 1392 260+2.39°

P-value <.0001 <.01 ns <.0001 <.0001 <.0001

Year x Fertilizer types (n = 6)

2016-17 Control ~ 2.53+0.099¢ 5.47+0.200 0.77£0.073° 3.44+0.030¢ 236+£2.07° 238+2.69
COM 5.75+0.2562  5.91+0.107 0.79£0.027°  4.00+ 0.059 b 226+3.10° 239+2.03
COM+B  4.86+0.073°> 5.00+0.139 0.48+0.067¢ 4.51+0.087° 227£0.92°¢ 235+3.78
CF 4.83+0.241  4.58+0.042 1.28+0.064% 4.15+0.038 223+2.22° 237+4.82

2017-18 Control ~ 3.88+0.285°¢  5.55+0.329 0.95+0.091° 3.27+0.071¢% 268+ 1.47% 259+4.28
COM 3.75£0.227¢  5.00+ 0.315 0.94+0.114% 2,96+ 0.221 ¢ 269+3.912 259+ 5.07
COM+B 4.03+0.216°¢ 4.73+0.419 0.90+0.056° 3.63+0.230 « 269+ 24428 259+ 6.57
CF 3.10+0.3079  3.94+0.196 0.81+0.035° 2.88+0.177f 271+ 3.36% 263+ 3.86

P-value <.0001 ns <.0001 <.01 <.05 ns
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Means + standard errors with the same letter are not significantly different at P<0.05 according to LSD test.



671 COM: compost; COM+B: compost + biochar; CF: chemical fertilizers; +AM: inoculated and —AM: non-inoculated

672  with mycorrhizal fungus; ICso: 50% inhibitory concentration; # Ascorbic acid 1Cso: 119.7 pg/ mL.
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Fig. 1. Regional meteorological records of the study site during the three growing seasons at Kerman, Iran
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x year (B) on total phenolic content in saffron stigmata. Values are mean + SE, (n = 6 and n = 12, respectively).
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40



5
TFC (T)
4 E440
3 CF+AM
([ ]
2
ucw
Control
- 1 °
S Ic50 (T)
® ‘ ‘
S sLcY
g 1 CoMe
SY
2 TPC (S) E330 o
® ° COM+AM
CoOM+B COM+B+AM
3
TPC(T)
4 CN
-5
5 4 3 2 1 0 1 2 3 4 5
639 PC1 (50.65 %)
690 Fig. 6. PCA scatter plot of the first two principal components based on the measured traits for the nutritional
691 treatments. COM: compost; COM+B: compost + biochar; CF: chemical fertilizers; +AM: inoculated with

692 mycorrhizal fungus; FN: flower number: FDW: flower dry weight: SY: stigmata yield; SL: stigma length; CN: corm
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695 concentration; T: tepals; S: stigmata.
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