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A B S T R A C T   

Saffron (Crocus sativus L.) is a geophyte plant belonging to the Iridaceae family and it is appreciated for its red 
dried stigmas used as cooking spice and flavouring agent. Effects of crop cycle length and mother corm 
dimension, as well as their interaction, have been evaluated on the flowering (morphological traits of flowers, 
days to flowering, flowering interval and flower production), quantitative traits (stigma and daughter corm 
yield), vegetative development (leaf and daughter corm traits) and qualitative characteristics (coloring, bittering 
and aromatic powers) of spice. A two-year field study (2017–2019) was conducted to compare annual and 
biennial crop cycle of saffron using three corm dimensional classes (D1: 2.0–2.5 cm, D2: 2.6–3.5 cm and D3: 
3.6–4.5 cm) according a split-plot design with 3 replications. The results showed that the corms of D3 class, 
planted in annual crop cycle, produced flowers with the highest stigma length (42.2 mm), and dry weight of 
stigmas (7.4 mg), stamens (11.4 mg) and tepals (40.7 mg). The highest number of flowers per m2 (311.8) and 
stigma yield (20.7 kg ha− 1) were found when corms belonging to D2 class were planted in biennial crop cycle, 
meanwhile the highest daughter corms production (35.9 t ha− 1) was obtained when corms belonged to D3 class 
were planted in annual crop cycle. Number of daughter corms per m2 with a horizontal diameter from 3.1 to 4.5 
cm and weight from 10.1 to > 25 g decreased as increasing the crop cycle length. In biennial crop cycle, corms of 
D1 class produced more daughter corms belonged to 3.1–3.5 cm diameter class and to 15.1–20 g weight class 
compared to D2 and D3 classes. Regarding to the spice quality, coloring and bittering powers were positively 
influenced by biennial crop cycle. According to International Standardization Organization (ISO 3632) refer
ences, the maximum values of color (306.3 A1 %

1 cm 440 nm) and taste (116.2 A1 %
1 cm 257 nm) were reached in spice 

obtained from “biennial crop cycle x D2 class” interaction. No significant effect of all experimental factors on 
aromatic power was found. It was concluded that the evaluation of combination between crop cycle length and 
corm dimension is necessary in the saffron management in order to achieve the optimum yield of stigmas and 
corms, to improve the qualitative traits of spice and to enhance the by-products as corms of D1 class.   

1. Introduction 

Saffron is known as the most world expensive spice because it re
quires manual labor during the harvesting and processing of Crocus 
sativus L. flowers. It is used mainly in food, medicinal and cosmetic 
sectors due to its presence of bioactive compounds which play an 
important role in human health (Bagur et al., 2018; Mzabri et al., 2019). 

Saffron is widely cultivated in different environments, especially in 
Iran, India, Afghanistan, Morocco, Greece, Spain and Italy, over a total 

area of about 122 thousand hectares (Cardone et al., 2020a). C. sativus 
belongs to Iridaceae family and since it is a sterile plant, it propagates 
vegetatively only through daughter corms during every annual biolog
ical cycle (Grilli Caiola and Canini, 2010). The biological cycle of saffron 
lasts about 240 days and involves five major stages: sprouting (Sep
tember-October), flowering (October-November), leaf development 
(October-April), growth and multiplication of daughter corms 
(November-April), and dormancy (May-August) (Lopez-Corcoles et al., 
2015). 
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The crop cycle length of saffron is very different in each cultivation 
country and it can be annual or pluriannual: 1 year [Italy (Abruzzo, 
Tuscany and some regions of South Italy)], 3–4 years [Spain and Italy 
(Sardinia and Sicily)], 5–6 years (Morocco), 6–8 years (Iran), 10–12 
years (Greece) and 10–15 years (India) (Husaini et al., 2010; Cardone 
et al., 2020a). 

Generally, saffron corms are lifted maximum after 3 years to avoid 
the loss of flower and spice production due to overcrowding, competi
tion for water and nutrients, or diseases presence (Temperini et al., 
2009; Branca and Argento, 2010). Instead, in annual crop cycle, the 
corms are uprooted every year at the beginning of the summer, during 
the senescence phase, and replanted from the middle of August to 
middle of September (Cardone et al., 2020a). The positive aspect of 
annual crop cycle is the possibility to select the corms for dimension, 
separating those not able to flower with a horizontal diameter less of 2.5 
cm, and to check and eliminate the corms with diseases caused by fungi 
(Fusarium oxysporum f. sp. gladioli, Rhizoctonia violacea, Penicillium cor
ymbiferum), and the ones damaged by nematodes and rodents (Nehvi 
et al., 2010; Ahrazem et al., 2010). 

The choice of the crop cycle length plays a critical role in stigma and 
daughter corm yield. It depends mainly on the corm geographical origin 
and, climatic and pedologic conditions of cultivation site. It has been 
recommended to plant annually in rainy site using “Abruzzo” corm 
origin (Gresta et al., 2009), while for more years in dry site using 
“Sardinia” corm origin (Cardone et al., 2019), or on soil with sandy 
texture (Shajari et al., 2020). 

Some authors evaluated how the crop cycle length influenced the 
saffron productive parameters (European Saffron White Book, 2006; 
Branca and Argento, 2010). The highest number of flowers and stigma 
yield were recorded when the two-year crop cycle was adopted, whereas 
in the three-year treatment they decreased and declined drastically after 
four years (Temperini et al., 2009). 

Many studies showed the positive correlation between the spice yield 
and corm dimension (Amirnia et al., 2014; Khorramdel et al., 2015; 
Bayat et al., 2016; Fallahi et al., 2017) and some authors investigated 
this aspect focusing the attention on the influence both of the mother 
corm dimension and crop cycle length on saffron yield. In this regard, 
Branca and Argento (2010) suggested a biennial crop cycle using corms 
weighting more of 40 g to obtain the highest flower number and dry 
stigma yield. Douglas et al. (2014) reported that the stigma fresh weight 
and flower number per corm were higher in a three year management 
cycle, but the highest production of large and medium progeny corms 
was obtained in a two year management cycle using corms weighting 
38–53 g. 

Although there are many information available in literature 
regarding the influence of crop cycle length and mother corm dimension 
on stigma and corm yield, no studies have yet been conducted to eval
uate how the combination of these experimental factors mentioned 
above affects the morphological traits of flowers and the quality of 
saffron. 

Spice quality depends on different parameters as moisture content, 
total ash, presence of adulterans, flower residue or foreign matter, and 
mainly on the composition and content of three bioactive compounds, as 
crocin, picrocrocin and safranal (D’Auria et al., 2004). These latter are 
responsible for the yellow color, bitter taste and unique aroma, 
respectively. These secondary metabolites are spectrophotometrically 
determined according to specifications recommended by the ISO 3632 
normative at 440 nm (coloring strength), at 257 nm (the wavelength of 
picrocrocin maximum absorbance) and at 330 nm (the wavelength of 
safranal maximum absorbance) ISO 3632-1 (2011). Actually this 
normative is the most used and at the international level classifies 
saffron into three categories based on the specified physical and chem
ical parameters (Alonso et al., 2012) 

The quality of spice is influenced by many parameters, mainly by the 
pre- and post-harvest practices (Cardone et al., 2020a; Fallahi et al., 
2020) and represents an important requirement that allows to fetch a 

higher commercial value in the market and satisfy consumer preferences 
(Mohammadi and Reed, 2020). 

In saffron cultivation the farmer’s purposes are to increase the stigma 
yield, to obtain the spice with high qualitative traits and the daughter 
corms with large dimension. Therefore, the aim of the present investi
gation was to compare the effect of annual and biennial crop cycle 
during the same period, using three mother corm dimensional classes 
(D1: 2.0–2.5 cm, D2: 2.6–3.5 cm and D3: 3.6–4.5 cm), on morphological, 
quantitative and qualitative traits of saffron. 

2. Material and methods 

2.1. Site and experimental design 

Two consecutive field experiments were carried out for the 2017/ 
2018 and 2018/2019 seasons at experimental field of Muro Lucano, 
located in Potenza province, northwest of Basilicata region, Italy (40◦

45′ N, 15◦ 29′ E, 450 m a.s.l), using corms from Sardinia origin (San 
Gavino Monreale, Medio Campidano, Italy). Each experiment was ar
ranged in a split-plot (two factors—length of crop cycle and mother 
corm dimension—were applied in main plots and subplots, respectively) 
in a randomized complete block design (RCBD), and each experimental 
treatment was repeated three times. The length of crop cycle factor has 
two levels (annual and biennial) and mother corm dimension has three 
levels (D1: 2.0–2.5 cm, D2: 2.6–3.5 cm and D3: 3.6–4.5 cm). The corms 
belonging to D1, D2 and D3 dimensional classes have a mean weigh of 5, 
12, and 25 g, respectively. 

In detail, the trial was started in 2016 with annual planting of corms 
in order to have the biennial one in 2017. Thus, the biennial crop cycle 
was compared with annual one during the same period for two experi
mental years. 

The soil has a clay loam texture (39.5% of sand, 25.9% of silt and 
34.5% of clay), moderately calcareous (13.4 g kg− 1), with a slightly 
acidic pH (6.4), a low electrical conductivity (114.8 µS cm− 1) and a 
sufficient amount of organic matter (1.5 g kg− 1). 

Prior to saffron planting, the soil was prepared by incorporating a 
fertilizer N:P:K (12:12:17) (YaraMila, Yara S.p.A, Milano, Italy) and 
corms were dipped in 0.1% solution of prochloraz to avoid fungal dis
eases caused mainly by Fusarium oxisporum f. sp. gladioli. On September 
of each experimental year (2017/2018 and 2018/2019) corms were 
placed on rows 50 cm apart respecting a distance of 5 cm on the row and 
with a depth of 15 cm, achieving a density of 40 plants m− 2. 

Weed control was carried out by hand and no irrigation was applied 
during the whole crop cycle. 

During the flowering period of each year, between October and 
November, flowers were collected by hand, in the early hours of each 
day. Successively, the harvested flowers were taken to a ‘Vegetable 
Crops and Floriculture’ laboratory of the University of Basilicata, where 
stigmas were separated manually from the rest of flower and dried in a 
forced air oven at low temperature (40–45 ◦C for 24 h). Dry stigmas were 
stored in closed glass jars in suitable condition (room temperature of 19 
± 3 ◦C) and kept in the dark until qualitative analysis which were carried 
out at biochemical laboratory of the Institute of Methodologies for 
Environmental Analysis of the National Council of Research. 

The following parameters were recorded on 10 plants per each 
experimental thesis: length of stigmas and stamens (mm); fresh and dry 
weight of stigmas, stamens and tepals (mg); number of harvested flowers 
per corm and per m2, stigma yield (kg ha− 1), leaf number per plant and 
leaf length (cm). At the end of crop cycle, during senescence phase, the 
corms were lifted from the soil and number of daughter corms for 
mother corm, daughter corm mean weight (g), total daughter corm 
weight (g plant− 1), daughter corm horizontal diameter (cm), replace
ment corm yield (t ha− 1) and the date of senescence were recorded. 

To allow the flower formation the conditions of corm storage were: 
room temperature of 25 ± 2 ◦C and darkness. For each crop cycle, cli
matic data were collected by using a weather station equipped with 
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temperature and relative humidity probes (CS500-L- modified version of 
Vaisala’s 50Y Humitter, Campbell Scientific Inc, Utah, USA) and with a 
TE525 precipitation sensor (Texas Electronics, Texsas, USA) to measure 
the rainfall. Collected data were recorded by a CR 10x data-logger 
(Campbell Scientific Inc, Utah, USA) in 2017/2018 and 2018/2019. 

2.2. Spectrophotometric analysis of saffron extract 

To determine the saffron quality, samples of spice produced in 2017 
and 2018 were analyzed in triplicate according to the ISO 3632 
normative (ISO 3632-1, 2011), which is the internationally accepted 
reference specification used at commercial level. 

As reported in our previous study (Cardone et al., 2020b), 500 mg of 
powdered samples were passed through a 0.5 mm sieve, transferred into 
a 1000 mL volumetric flask with 900 mL of distilled water. The obtained 
aqueous solution was stirred for 1 h in the dark and then brought to 
1000 mL with distilled water. This extract was diluted (1:10 v/v) with 
deionized water and filtrated with polytetrafluoroethylene (PTFE) filters 
(15 mm diameter and 0.45 μm pore size). The results of the ISO 3632 
(ISO 3632-1, 2011) parameters were expressed as values of 440 nm or 
coloring strength, values of 330 or aroma strength, and values of 257 or 
flavor strength, using an UV–Vis spectrophotometer (Ultrospec 4000, 
Amersham Pharmacia Biotech, Milan, Italy) according to the following 
equation: 

A1%
1cm (λmax) =

(D*20, 000)
(100 − H)

(1)  

where: D is the absorbance at 257, 330 and 440 nm; 20,000 is dilution 
factor of the total extract considering the amount of saffron sample; H is 
the moisture and volatile matter content, expressed as a mass fraction. H 
was determined, placing 2.5 ± 0.001 g of each saffron samples in an 
oven from 103 ± 2 ◦C for 16 h and it was calculated as the percentage of 
the initial weight of the sample according to the formula: 

H = (m0− − m1)*(100 /m0)% (2)  

where: m0 is the mass, in grams, of the saffron portion before drying and 
m1 is the mass, in grams, of the dry residue. 

2.3. Statistical analysis 

Before performing analysis of variance (ANOVA), Shapiro-Wilk (p ≤
0.05) and Levene (p ≤ 0.01) tests were applied to test normality and 
homogeneity of variances, respectively. The obtained data were then 
submitted to ANOVA with subsequent comparison of the means using 
the Student–Newman–Keuls (SNK) test at P ≤ 0.05. 

Data were subjected to factorial analysis of variance, considering 
crop cycle length, mother corm dimension and experimental year as 

sources of variation. All statistical procedures were computed using the 
software RStudio: Integrated Development for R, version 1.0.136 ((R 
Core Team, 2020). 

3. Results and discussion 

3.1. Climatic data 

Climate parameters (monthly rainfall, mean, maximum and mini
mum air temperature) from September to May, when the growth of the 
saffron occurred, are reported in Table 1. 

The climate of Muro Lucano site is subhumid, according to the De 
Martonne climatic classification (Bove et al., 2005). The average annual 
rainfall of two experimental years is 678.1 mm, the average annual air 
temperature is 10.5 ◦C, the minimum air temperature is 6.2 ◦C and the 
maximum air temperature is 16.0 ◦C (Table 1). In detail, the first 
experimental year was rainier and colder than the second one. In 
2017/2018 rainfall was more concentrated during the vegetative period, 
from December to May, with 452.8 mm. Meanwhile, the second exper
imental year was characterized by higher rainfall and temperatures 
during the flowering period (October-November) compared to the first 
one (Table 1). 

3.2. Effect of crop cycle length and corm dimension on flower traits in two 
years 

The ANOVA results showed significant effects of crop cycle length 
and corm dimension, as well as their interaction, on most of the flower 
traits. No significant effects of crop cycle length on tepal dry weight and 
of corm dimension on stigma and stamen length were found (Table 2). 

With respect to the crop cycle length, the annual cycle produced 
bigger and heavier flowers with longer stigmas and stamens compared 
to biennial one (Table 2). Consequently to this result, 161 and 147 
flowers were needed to obtain 1 g of dried stigmas in biennial and 
annual crop cycles, respectively (Table 2). 

During the biennial crop cycle, a greater crop density increased the 
intraspecific competition between plants which reduced the availability 
of resources, such as water, nutrients, and solar radiation (Craine and 
Dybzinski, 2013). Competition for resources and growing space among 
plants could have generated abiotic stress for plants producing smaller 
and lighter flowers characterized by shorter stigmas (Cardone et al., 
2019). 

Considering the single effect of corm dimension on flower traits, D3 
class showed the highest values (Table 2). In particular, all flower traits 
increased as increasing the dimension of mother corm, except for the 
stigma and stamen length. Big corms have more carbohydrate reserves 
which positively affected the morphological traits of flower. In this re
gard, Amirnia et al. (2014) reported that the corms with a weight of 12 g 

Table 1 
Monthly minimum, mean and maximum air temperature and total rainfall recorded during two growing seasons (2017/2018 and 2018/2019) in Muro Lucano.   

Sep Oct Nov Dec Jan Feb Mar Apr May Mean (Sep-May) Mean (Dec-May) 

2017/2018            
T.min (◦C) 11.9 8.3 4.8 1.6 3.4 1.0 3.6 8.9 11.3 6.1 5.0 
T.mean (◦C) 16.3 13.1 8.3 4.6 6.5 4.0 7.1 13.5 15.4 9.9 8.5 
T.max (◦C) 22.1 19.1 12.5 8.1 10.5 8.3 11.3 19.2 20.8 14.7 13.0 
Rain (mm) 107.8 60.6 93.8 99.2 56.4 99.8 104.4 53.2 39.8 715.0 452.8 
2018/2019            

T.min (◦C) 14.6 11.4 7.2 2.0 0.5 1.8 5.0 5.4 8.8 6.3 3.9 
T.mean (◦C) 19.9 16.2 10.6 6.3 4.1 6.8 9.7 12.1 13.0 11.0 8.7 
T.max (◦C) 26.6 24.3 17.6 13.2 9.0 13.6 15.0 17.9 18.5 17.3 14.5 
Rain (mm) 26.2 120.6 130.6 35.2 116.8 37.2 53.4 37.8 83.4 641.2 363.8 

Two-year average 13.2 9.9 6.0 1.8 2.0 1.4 4.3 7.2 10.1 6.2 4.5 
18.1 14.6 9.5 5.5 5.3 5.4 8.4 12.8 14.2 10.5 8.6 
24.4 21.7 15.1 10.7 9.8 11.0 13.2 18.6 19.7 16.0 13.8 
67.0 90.6 112.2 67.2 86.6 68.5 78.9 45.5 61.6 678.1 408.3  
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showed an increasing of fresh and dry weight of stigmas and flowers, 
compared to corms weighing 6 g. Similarly to this study, Branca and 
Argento (2010) also observed that the stigma dry weight increased from 
0.0034 g in small corms (<20 g) to 0.0052 g in big corms (>40 g). 

The results reported in Fig. 1A-D demonstrated the significant 
interactive effects of experimental factors on some morphological traits 
of flower. The highest stigma length, dry weight of stigmas, stamens and 
tepals were obtained by corms belonged to D3 class, planted in annual 
crop cycle. In contrast, the lowest values of stigma length and stigma dry 

weight were obtained by corms belonged to D3 class planted in biennial 
crop cycle (Fig. 1A-B), and the lowest values of stamen and tepal dry 
weight were found in D1 corms planted in annual crop cycle (Fig. 1C-D). 

Among the morphological traits of saffron flower, stigma dry weight 
is the most important parameter that influences the stigma yield. The 
mean value of the stigma dry weight between annual and biennial crop 
cycle was in accordance with study of Temperini et al. (2009), who 
reported a mean value of 7.1 mg flower− 1. Both in 2017 and 2018, no 
significant differences were found in flower traits, except for stamen dry 

Table 2 
Effect of crop cycle length (C), corm dimension (D), and their interaction on flower traits of saffron in two years.  

Experimental 
factors(1) 

Stigma length 
(mm) 

Stigma fresh 
weigh (mg) 

Stigma dry 
weight (mg) 

Stamen length 
(mm) 

Stamen fresh 
weight (mg) 

Stamen dry 
weight (mg) 

Tepal fresh 
weight (mg) 

Tepal dry 
weight (mg) 

Crop cycle length 
(C)         

Annual 39.8 39.1 6.8 23.5 48.6 9.3 305.0 34.1 
Biennial 36.8 35.8 6.2 19.4 31.1 8.8 271.1 33.3 
Significance(2) * * * * ** * * ns 
Corm dimension 

(D)         
D1 37.7 34.7 b 6.2 b 20.5 33.0 b 8.3 b 255.8 b 29.6 b 
D2 39.1 39.7 a 6.6 a 21.7 42.0 ab 8.9 ab 292.5 a 34.6 ab 
D3 38.3 38.0 a 6.7 a 21.9 44.5 a 10.0 a 315.8 a 37. 0 a 
Significance ns * * ns * * ** ** 
Year (Y)         
2017/2018 38.6 37.3 6.6 21.8 40.8 9.6 296.7 34.2 
2018/2019 38.1 37.6 6.4 21.0 38.9 8.5 279.4 33.2 
Significance ns ns ns ns ns * * ns 
Interactions         
C × D * * ** ns ** * ** * 
C × Y ns ns ns ns ns ns ns ns 
D × Y ns ns ns ns ns ns ns ns 
C × D × Y ns ns ns ns ns ns ns ns  

(1) Mean values followed by a different letter are significantly different at P ≤0.05, according to SNK test. 
(2) *, Significance at P ≤0.05; **, significance at P ≤0.01; ns, no significant difference. 

Fig. 1. Interactive effect of “crop cycle length × corm dimension” on the stigma length (A), dry weight of stigmas (B), stamens (C) and tepals (D); different letters 
above columns indicate significant differences at P ≤ 0.05, according to SNK test. 
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weight and tepal fresh weight (Table 2). However, the values of these 
traits were higher in the first experimental year (2017/2018) compared 
to ones obtained in the second experimental year (2018/2019). The 
flower dimension could be favored by the climatic conditions recorded 
in the first experimental year, such as lower air temperature during 
flowering period (10.7 ◦C) compared to that registrated in the second 
experimental year (13.5 ◦C). Low temperatures could have contributed 
to decrease the dark respiration rate of plants and so the increase in 
flower traits according to study of Shin et al. (2001). 

3.3. Effect of crop cycle length and corm dimension on saffron yield in 
two years 

Table 3 shows that the crop cycle length and corm dimension 
significantly influenced the flowering time, production of flowers and 
spice. In general, the flowering occurred after 41 days from the corm 
planting. In detail, the flowering started before in biennial crop cycle 
and from corms belonging to D2 and D3 classes (Table 3). 

The positive correlation between horizontal diameter and weight of 
corms with flowering and spice yield has been reported in many studies 
(de Juan et al., 2009; Renau-Morata et al., 2012; Amirnia et al., 2014; 
Koocheki and Seyyedi, 2015; Khorramdel et al., 2015; Bayat et al., 2016; 
Fallahi et al., 2017). Gresta et al. (2008) studied the effect of mother 
corm on saffron traits in Mediterranean environment and reported that 
the big corms (dimensional class: 3.5–4.5 cm) produced the highest 
saffron yield and replacement of progeny corms. Koocheki et al. (2016) 
found the maximum flower number and stigma yield when corms 
weighting more of 10 g were planted because of the greater food reserve 
content in large corms compared to small corms. 

Large corms of D2 and D3 classes have more flower buds and the 
ability to produce more flowers already in the first cultivation year. 

In general, the highest number of flowers per m2 was recorded by 
corms belonged to D3 class and by corms planted in biennial crop cycle 
(Table 3). The number of flowers per m2 observed in the biennial crop 
cycle was significantly higher by three times in comparison with that 
one recorded in the annual crop cycle (Table 3). 

The highest stigma yield was observed in the biennial crop cycle and 
in corms belonged to D3 and D2 classes, while the lowest spice pro
duction was recorded in annual crop cycle from corms belonged to D1 
dimensional class (Table 3). 

The earliness of flowering, flowering interval, flower number and 
stigma yield were significantly affected by interaction between crop 
cycle length and corm dimension (Table 3). The earliest and widest 
flowering occurred in corms of D3 class planted in a biennial crop cycle 

in both the experimental years (data not shown). Probably the earliness 
of flowering observed in biennial crop cycle can be attributed to factors 
such as soil temperature and humidity which have stimulated the 
growth of saffron plants (Molina et al., 2005). 

Stigma yield is a complex parameter determined by the interaction of 
different factors, mainly by corm geographical origin and dimension, 
environmental conditions (Douglas et al., 2014; Cardone et al., 2019), 
physical and chemical properties of soil (Cardone et al., 2020b), culti
vation methods (Renau-Morata et al., 2012), planting density (Rezva
ni-Moghaddam et al., 2013), fertilization (Jami et al., 2020; Koocheki 
and Seyyedi, 2015; Ghanbari et al., 2019) and irrigation (Cardone et al., 
2020a). The significant and positive effect of crop cycle length on stigma 
yield has been reported in literature by some authors (Temperini et al., 
2009; Branca and Argento, 2010). 

Stigma yield increased by 72.5% from annual to biennial crop cycle 
(Table 3) and this ratio is in according with findings of Goliaris Goliaris 
(1999), who showed that the stigma yield in Greece varied from 3 kg 
ha− 1 in the first year and 10 kg ha− 1 in the second year. Temperini et al. 
(2009) reported stigma yields values of 7.2 and 15.2 kg ha− 1 for the one- 
and two-year cycle treatments, respectively. Higher values were ob
tained in a three year-research of McGimpsey et al. (1997), who reported 
that saffron production increased from 0.2 g m− 2 in the first year to 1.66 
g m− 2 in the second production year in New Zealand. 

Significant interactive effects of crop cycle length and corm dimen
sion on the flower production and stigma yield were found (Fig. 2A and 
B). The highest flower production (311.8 m− 2) (Fig. 2A) and spice yield 
(20.7 kg ha− 1) were noted in “biennial crop cycle × D2 class” interaction 
(Fig. 2B). 

All corm dimensional classes produced an increase of spice produc
tion from annual to biennial crop cycle: D1 class showed an increasing of 
yield from 0.45 kg ha− 1 to 7.01 kg ha− 1; D2 class exhibited an increasing 
of yield from 2.95 to 20.72 and D3 from 8.26 to 14.60 kg ha− 1 (Fig. 2B). 

3.4. Effect of crop cycle length and corm dimension on saffron quality in 
two years 

Besides to stigma yield also the quality is an important factor which 
influences the economic value of this spice. Many authors have studied 
the effect of corm geographical origin (Cardone et al., 2021; Macchia 
et al., 2013), climatic conditions (air temperature, light radiation, pre
cipitation, altitude) (Zarinkamar et al., 2011; Cardone et al., 2019), 
physical and chemical soil properties (Cardone et al., 2020a), fertiliza
tion (Caser et al., 2019), planting method (Yarami and Sepaskhah, 
2016), drying methods (Pardo et al., 2002; Tong et al., 2015; Chen et al., 

Table 3 
Effect of crop cycle length (C), corm dimension (D), and their interaction on flowering and saffron yield in two years.  

Experimental factors(1) Days to flowering (d) Flowering interval (d) Flower number per corm Flower number per m2 Stigma yield (kg ha-1) 

Crop cycle length (C)      
Annual 44.3 12.4 0.82 54. 9 3.9 
Biennial 38.2 20.6 3.30 220.2 14.1 
Significance(2) * ** ** ** ** 
Corm dimension (D)      
D1 45.2 a 7.2 b 0.79 b 53.3 b 3.7 b 
D2 39.4 b 20.3 a 2.67 a 178.0 a 11.8 a 
D3 39.0 b 22.1 a 2.72 a 181.3 a 11.4 a 
Significance * ** ** ** ** 
Year (Y)      
2017/2018 40.5 15.8 2.03 135.2 8.9 
2018/2019 42.0 17.2 2.10 139.9 9.1 
Significance ns ns ns ns ns 
Interactions      
C × D * ** ** ** ** 
C × Y ns ns ns ns ns 
D × Y ns ns ns ns ns 
C × D × Y ns ns ns ns ns  

(1) Mean values followed by a different letter are significantly different at P ≤0.05, according to SNK test. 
(2) *, Significance at P ≤0.05; **, significance at P ≤0.01; ns, no significant difference. 
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2020) and storage conditions (Maggi et al., 2010) on the main bioactive 
compounds which contribute to quality, but no data are reported on the 
effect of crop cycle length (annual vs biennial) and its combination with 
corm dimension on spice quality. 

Table 4 shows the qualitative classification of the spice samples 
examined in this study according to the ISO 3632–2, (2010), ISO 3632-1, 
(2011). Qualitative traits (color and taste) were significantly and posi
tively influenced by crop cycle length (P ≤ 0.01), except for the aromatic 
power. The highest values of coloring (A1 %

1 cm 440 nm) and bittering 
(A1 %

1 cm 257 nm) powers were recorded in spice obtained from corms 
planted in biennial crop cycle (Table 4). 

Generally, secondary metabolites play a major role in the adaption of 
plants to the environment and in overcoming stress conditions (Akula 
and Ravishankar, 2011). Koocheki et al. (2016) reported that the 
maximum contents of crocin and picrocrocin were obtained under stress 
condition such as no irrigation treatment. The biennial crop cycle has 
probably favored the diffusion of abiotic and biotic stress conditions 
determining the increase of secondary metabolites, such as crocin and 
picrocrocin, which contributed to improve the spice quality. Also the 
decrease of macroelements availability into the soil could have favored a 

greater accumulation of secondary metabolites. In this context, (Yarami 
and Sepaskhah, 2016) found that the lowest level of fertilizer (cow 
manure) increased the coloring power of spice. 

This finding is consistent with our previous observations (Cardone 
et al., 2019), which showed that the spice with highest coloring power 
was obtained during the second cultivation year. 

No significant effect of mother corm dimension on spice quality was 
found (Table 4). This result is in agreement with study of Gresta et al. 
(2008), who found no correlation between two corm dimensions (big 
corms with horizontal diameter of 3.5–4.5 cm and small corms with 
horizontal diameter 2.5–3.5 cm) and ISO values. Similarly, Koocheki 
et al. (2016) observed that crocin and picrocrocin were not affected by 
three sizes of mother corm (≤5 g, 5.1–10 g and >10 g). The same authors 
indicated that safranal did not depend on other factors, as mother corm 
weight and cultivation year. 

Significant interactive effects were found for the coloring and bit
tering powers (Fig. 3A and B). The “biennial crop cycle x D2 class” 
combination obtained the highest coloring (306.3 A1 %

1 cm 440 nm) and 
bittering (116.2 A1 %

1 cm 257 nm) powers of spice, while the lowest values 
of these qualitative parameters were obtained by “annual crop cycle x 

Fig. 2. Interactive effect of “crop cycle length × corm dimension” on the flower number (A) and stigma yield (B); different letters above columns indicate significant 
differences at P ≤ 0.05, according to SNK test. 

Table 4 
Effect of crop cycle length (C), corm dimension (D), and their interaction on saffron qualitative traits in two years.  

Experimental 
factors(1) 

Qualitative traits  

A1 %
1 cm 

(3) (440 
nm)  

ISO (4) reference (crocetin 
esters) 

A1 %
1 cm 

(5) (257 
nm)  

ISO (6) reference 
(picrocrocin) 

A1 %
1 cm 

(7) (330 
nm)  

ISO (8) reference 
(safranal) 

Crop cycle length 
(C)       

Annual 280.53 I 107.57 I 23.68 I 
Biennial 304.84 I 114.53 I 24.55 I 
Significance(2) **  **  ns  
Corm dimension (D)       
D1 287.85 I 108.85 I 24.02 I 
D2 294.38 I 112.36 I 24.29 I 
D3 295.82 I 111.94 I 24.04 I 
Significance ns  ns  ns  
Year (Y)       
2017/2018 283.76 I 109.59 I 23.06 I 
2018/2019 301.61 I 112.51 I 25.17 I 
Significance **  ns  ns  
Interactions       
C × D *  *  ns  
C × Y **  ns  ns  
D × Y ns  ns  ns  
C × D × Y ns  ns  ns   

(1) Mean values followed by a different letter are significantly different at P ≤0.05, according to SNK test. (2) *, Significance at P ≤0.05; **, significance at P ≤0.01; ns, 
no significant difference. (3) Absorbance of 1% aqueous saffron extract at 440 nm. (4) ISO reference for crocetin esters: I category A1 %

1 cm ≥ 200, II category A1 %
1 cm ≥ 170, 

III category A1 %
1 cm ≥ 120. (5) Absorbance of 1% aqueous saffron extract at 257 nm. (6) ISO reference for picrocrocin: I category A1 %

1 cm ≥ 70, II category A1 %
1 cm ≥ 55, III 

category A1 %
1 cm ≥ 40. (7) Absorbance of 1% aqueous saffron extract at 330 nm. (8) ISO reference for safranal: I, II and III category A1 %

1 cm minimum 20 and maximum 50. 

L. Cardone et al.                                                                                                                                                                                                                                



Scientia Horticulturae 288 (2021) 110393

7

D1 class” interaction (Fig. 3A and B). 
The coloring power of spice was significantly influenced by the 

experimental year (P ≤ 0.01) (Table 4). During the second experimental 
year (2018/2019) the corms produced a spice characterized by higher 
values of coloring and bittering powers (Table 4). Higher air mean 
temperature recorded during flowering period in 2018/2019 (9.3 ◦C) 
compared to one of the first year (6.6 ◦C) favored the accumulation of 
secondary metabolites as crocin and so the increasing of spice color 
(Cardone et al., 2019). Aromatic power was not influenced by experi
mental factors and their interaction (Table 4). 

In general, all samples belonged to first qualitative category ac
cording ISO 3632 references. This result confirms what is reported in our 
previous study (Cardone et al., 2019), showing that the pedoclimatic 
conditions of Basilicata environment are suitable for saffron cultivation 
and for obtaining a spice with high quality. 

3.5. Effect of crop cycle length and corm dimension on leaf and daughter 
corms traits in two years 

Table 5 shows that crop cycle length and corm dimension influenced 
significantly the leaf and daughter corm traits. No significant effect of 
cultivation year was found for all traits, except for leaf length and total 
daughter corm weight (Table 5). 

Daughter corm multiplication occurs after flowering period, from 
middle of November to April, reaching the maximum values in March 
and April (Renau-Morata et al., 2012). This stage can be affected by 
environmental conditions such as temperature, rainfall and humidity 
(Renau-Morata et al., 2012; Rahimi et al., 2017), mother corm dimen
sion and origin (Bayat et al., 2016), planting densities (Koocheki et al., 
2014) and agronomic practices (Seyyedi et al., 2018). 

The highest values of leaf length and total daughter corm weight 
were obtained in 2017/2018 cycle (Table 5) due to higher rainfall 
(452.8 mm) compared to that recorded in 2018/2019 cycle (363.8 mm) 
(Table 1). The increasing of leaf length in the first cultivation year 
allowed a greater accumulation of reserves and weight in daughter 
corms (Renau-Morata et al., 2012). 

Leaf number of the plants developed from corms planted in biennial 
crop cycle was increased by two folds as compared to those planted in 
annual crop cycle (Table 5). This finding is due to the increase of 
daughter corms and their buds during the previous crop cycle of saffron 
in according to literature (Douglas et al., 2014; Lopez-Corcoles et al., 
2015). 

The highest daughter corm number per mother corm, and the lowest 
daughter corm horizontal diameter and yield were obtained in the 
biennial crop cycle (Table 5). A negative correlation between daughter 
corm number and diameter was also found in others studies (Gresta 
et al., 2008; Douglas et al., 2014; Khorramdel et al., 2015). 

As shown in Table 5, the increasing of mother corm dimension was 

resulted as rising of leaf number, daughter corm number per mother 
corm and daughter corm yield. 

Leaf number of plants developed from corms of D3 class was 
increased by three folds as compared with corms belonged to D1 class 
(Table 5). These results are in agreement with Renau-Morata et al. 
(2012) who indicated that the number of leaves increased from 29 in 
corms with a weight of 6–12 g to 53 in corms with a weight of 30–36 g. 
By contrast, leaf length, daughter corm mean weight and horizontal 
diameter decreased with increasing mother corm dimension (Table 5). 

Significant interaction between experimental factors was found for 
all traits regarding the growth of leaves and daughter corms (P ≤ 0.05; P 
≤ 0.01). The highest leaf number per plant (93.2) was recorded when 
corms of D3 class were planted in biennial crop cycle (data not shown). 

The significant interactions for the horizontal diameter, mean and 
total weight, and yield of daughter corms were reported in Fig. 4A–D. 
The “annual crop cycle x D1 class” interaction showed the highest 
daughter corm mean diameter (3.4 cm) and unitary weight (19.7 g) 
(Fig. 4A and B). 

Daughter corm yield of D3 class decreased from 35.95 t ha− 1 in 
annual crop cycle to 26.17 t ha− 1 in biennial crop cycle and conse
quently the daughter corm diameter decreased from 2.60 cm to 1.60 cm, 
obtaining so more small corms not able to produce flowers in the suc
cessive crop cycle (Fig. 4B–D). These findings suggest that the planting 
of D3 corms in biennial crop cycle showed the worst performance in 
terms of daughter corm production. These results are in agreement with 
Koocheki et al. (2019), who reported that the percentage of replacement 
corms with a weight of more than 6 g increased when large mother 
corms (8–12 g) were planted for two years. 

These results are in contrast with Husaini et al. (2010) who suggests 
that saffron fields should be lifted after every 4–5 years in Kashmir 
because the maximum corm yield (16.1 t ha− 1) was reached after 4 
years. This contrasting result is due probably to the lack of evaluation of 
interaction between mother corm dimension and crop cycle length. 

To make a better evaluation of daughter corm production, a distri
bution (n m− 2) in six categories according to diameter and weight was 
reported in Tables 6 and 7. 

“Annual crop cycle × D3 class” interaction, followed by “Annual crop 
cycle × D2 class”, resulted as the best agronomic management in terms 
of daughter corms production with a diameter from 3.1 to 4.5 cm 
(Table 6). This suitable daughter corms multiplication of D2 and D3 
classes allowed to obtain the increase of flower number and stigma yield 
during the biennial crop cycle (Fig. 2A and B). Although D3 class ob
tained the highest number of harvested daughter corms per m2 with a 
diameter of 4.1–4.5 cm and weigh greater than 25 g (Table 7), produced 
less flowers than D2 class. This result could be due to fact that corms of 
sufficient size to flower produced from D2 corms would have mostly two 
main buds, while those from D3 corms, produced from auxillary buds, 
might have a lower percentage of corms with more than one bud. 

Fig. 3. Interactive effect of “crop cycle length × corm dimension” on the coloring (A) and bittering (B) powers; different letters above columns indicate significant 
differences at P ≤ 0.05, according to SNK test. 
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Similar results have been observed by three-year study of Koocheki 
et al. (2019) who showed that the highest number of large daughter 
corms (>9 g) has been obtained by planting medium size mother corms 
(6–8 g) and lifting at the end of the first growing season. Torricelli et al. 
(2019) also found that the lifting and selection of daughter corms at the 
end of annual crop cycle, typical phases of Abruzzo region (Italy), 
allowed to obtain bigger corms. 

Increase in crop cycle length and mother corm dimension enhanced 
the number of daughter corms per m2 with a diameter from 0.1 to 2.5 cm 

and weight from 0.1 to 10 (Tables 6 and 7). Saffron corms with these 
characteristics are not able to flower because the minimum diameter to 
obtain one flower corm− 1 is greater than 2.5 cm (Kumar et al., 2008; 
Cardone et al., 2020a). In biennial crop cycle, D1 class was resulted as 
the most productive in terms of daughter corms with a diameter from 3.1 
to 4 cm and a weight of 15.1–20 g (Tables 6 and 7). 

From an economic point of view, the purchase of flowering corms in 
the first year of saffron cultivation represents one of the major inputs. 
Other costs are related to the planting, lifting and cleaning of the corms, 

Table 5 
Effect of crop cycle length (C), corm dimension (D), and their interaction on leaf and daughter corms traits in two years.  

Experimental 
factors (1) 

Leaf number 
per plant 

Leaf length 
(cm) 

Daughter corm number 
per mother corm 

Daughter corm 
mean weight (g) 

Total daughter corm 
weight (g plant-1) 

Daughter corm 
horizontal diameter 
(cm) 

Daughter corm 
yield (t ha-1) 

Crop cycle 
length (C)  

Annual 32.6 44.9 3.9 13.9 40.5 2.9 26.7 
Biennial 66.8 45.9 10.0 3.9 28.8 1.9 19.1 
Significance(2) ** ns ** ** * ** * 
Corm dimension 

(D)        
D1 25.7 c 46.6 a 3.0 c 12.5 a 23.1 c 2.8 a 15.2 c 
D2 46.4 b 46.5 a 6.1 b 8.0 ab 33.9 b 2.3 ab 22.3 b 
D3 77.1 a 43.3 b 11.9 a 6.4 b 47.1 a 2.1 b 31.1 a 
Significance ** * ** * ** * ** 
Year (Y)        
2017/2018 49.9 47.3 6.7 9.3 36.8 2.4 24.3 
2018/2019 49.5 43.6 7.3 8.6 32.6 2.4 21.5 
Significance ns ** ns ns * ns Ns 
Interactions        
C × D ** * ** ** ** ** ** 
C × Y ns ns ns ns ns ns Ns 
D × Y ns ns ns ns ns ns Ns 
C × D × Y ns ns ns ns ns ns Ns  

(1) Mean values followed by a different letter are significantly different at P ≤0.05, according to SNK test. 
(2) *, Significance at P ≤0.05; **, significance at P ≤0.01; ns, no significant difference. 

Fig. 4. Interactive effect of “crop cycle length × corm dimension” on the daughter corm diameter (A), unitary (B) and total weight (C), and yield (D); different letters 
above columns indicate significant differences at P ≤ 0.05, according to SNK test. 
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which often occur manually in small companies. Therefore, to amortize 
these costs, it is recommended to adopt a two-year cycle using corms 
with a minimum diameter of 2.0–2.5 cm and a maximum of 2.6–3.5 cm. 

4. Conclusion 

In saffron market, the most gain comes from the sale of spice and 
daughter corms. The price of spice depends mainly on its qualitative 
traits and that of daughter corms depends on their diameter. This study 
demonstrated that the evaluation of combination between crop cycle 
length and corm dimension is necessary in the saffron agronomic man
agement and it can be taken into account in order to achieve optimum 
saffron yield and quality. 

The highest saffron yield and quality were found when D2 dimen
sional class (2.5–3.5 cm) was used for biennial crop cycle, meanwhile 
the highest daughter corms production was obtained when corms 

belonged to D3 class (3.6–4.5 cm) were planted in annual crop cycle. 
Regarding the qualitative parameters, coloring and bittering powers 

increased in biennial crop cycle, meanwhile aromatic power was not 
influenced by saffron cycle length. Considering the high nutritional 
aspect of vegetables observed under biotic (presence of weeds or path
ogens) and abiotic stress conditions (low macronutrient and micro
nutrient availability) (Kyriacou and Rouphael, 2018), further studies are 
necessary to evaluate the nutritional quality of this spice obtained under 
different crop cycles, determining mineral, protein, lipid and vitamin 
content and phytochemical concentrations as carotenoids and 
flavonoids. 

In addition, the effect of experimental factors on saffron by-products 
such as tepals, stamens and little corms (D1 class), is noteworthy. Big 
flowers with heavier tepals and stamens, produced by D3 corms in 
annual crop cycle, can be use to maximize the profitability because of 
their importance in pharmaceutical and cosmetic industries. 

Table 6 
Number of harvested daughter corms per m2 in different diameter classes in relation to crop cycle length (C), corm dimension (D), and their interaction in two years.  

Experimental factors (1) 0.1-2 cm 2.1-2.5 cm 2.6-3 cm 3.1-3.5 cm 3.6-4 cm 4.1-4.5 cm 

Crop cycle length (C)       
Annual 52.1 30.6 17.2 24.4 22.4 8.7 
Biennial 266.0 106.0 22.8 5.6 1.6 0.0 
Significance(2) ** ** * ** ** ** 
Corm dimension (D)       
D1 60.0 c 32.6 c 8.4 b 11.3 b 8.7 b 4.7 ab 
D2 130.9 b 52.0 b 25.5 a 17.4 a 13.5 a 3.2 b 
D3 286.2 a 114.2 a 26.2 a 16.3 a 13.8 a 5.2 a 
Significance ** ** ** * * * 
Year       
2017/2018 145.1 56.5 24.9 14.8 12.1 5.7 
2018/2019 173.0 76.1 15.1 15.3 11.9 3.0 
Significance ** ** ** ns ns * 
Interactions       
Annual × D1 13.3 e 4.7 e 4.7 d 13.3 c 14.7 a 9.3 a 
Annual × D2 46.7 d 33.7 d 20.7 b 27.3 b 25.0 a 6.3 b 
Annual × D3 96.3 c 53.3 c 26.3 ab 32.7 a 27.7 a 10.3 a 
Biennial × D1 106.7 c 60.6 bc 12.1 c 9.3 cd 2.8 c 0.0 c 
Biennial × D2 215.2 b 70.4 b 30.3 a 7.5 d 2.0 c 0.0 c 
Biennial × D3 476.0 a 175.0 a 26.0 ab 0.0 e 0.0 d 0.0 c 
Significance ** ** ** ** ** **  

(1) Mean values followed by a different letter are significantly different at P ≤0.05, according to SNK test. 
(2) *, Significance at P ≤0.05; **, significance at P ≤0.01; ns, no significant difference. 

Table 7 
Number of harvested daughter corms per m2 in different weight classes in relation to crop cycle length (C), corm dimension (D) and their interaction in two years.  

Experimental factors (1) 0.1-5 g 5.1-10 g 10.1-15 g 15.1-20 g 20.1-25 g > 25 g 

Crop cycle length (C)       
Annual 56.7 35.9 19.9 17.6 16.3 9.1 
Biennial 316.8 59.6 6.1 1.6 0.0 0.0 
Significance(2) ** * ** ** ** ** 
Corm dimension (D)       
D1 58.2 c 28.5 c 8.7 c 7.7 b 7.0 b 5.3 a 
D2 151.1 b 42.7 b 13.3 b 12.0 a 9.8 a 3.2 b 
D3 351.0 a 72.0 a 17.0 a 9.0 ab 7.7 b 5.2 a 
Significance ** ** ** * * * 
Year (Y)       
2017/2018 171.5 44.1 13.3 8.2 8.8 5.9 
2018/2019 202.0 51.4 12.6 10.9 7.6 3.2 
Significance * * ns * ns * 
Interactions       
Annual × D1 13.3 e 6.7 e 4.7 d 10.7 c 14.0 b 10.7 a 
Annual × D2 49.7 d 39.0 d 21.0 b 24.0 a 19.7 a 6.3 b 
Annual × D3 107.0 c 62.0 b 34.0 a 18.0 b 15.3 b 10.3 a 
Biennial × D1 103.0 c 50.4 c 12.7 c 4.8 d 0.0 c 0.0 c 
Biennial × D2 252.5 b 46.5 c 5.5 d 0.0 e 0.0 c 0.0 c 
Biennial × D3 595.0 a 82.0 a 0.0 e 0.0 e 0.0 c 0.0 c 
Significance ** * ** ** ** **  

(1) Mean values followed by a different letter are significantly different at P ≤0.05, according to SNK test. 
(2) *, Significance at P ≤0.05; **, significance at P ≤0.01; ns, no significant difference. 
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Furthermore, the tepals represent a very important part of the flower 
from ornamental point of view too. Corms belonged to D1 class, with a 
horizontal diameter between 2.0 and 2.5 cm, are more suitable for 
biennial crop cycle as they obtained the lowest percentage of daughter 
corms with a diameter from 0.1 to 2 cm and a weight from 0.1 to 5 g. In 
this way, these latter corms can be valorized by their planting in a 
biennial crop cycle, avoiding the buying of corms. 
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