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Abstract: Among all environmental factors, the temperature is considered one of the key elements that control the growth and 

development of saffron. This study was undertaken to investigate the effect of thermal forcing of corms on saffron growth and 

development. To this end, mother corms were collected at four different periods: late March (T2) , mid-April (T3) , late April (T4), and 

after leaf senescence (Control, T1) . The corms of each period were then pretreated at three successive temperature levels: at 25 °C for 

2 weeks, at 15 °C for 2 weeks and finally at 4 °C for 12 weeks. The results showed that the thermal pretreatment of corms had a 

significant effect on some saffron parameters. The flowers of the corms that underwent thermal treatment were later than those of the 

control. Similarly, the flower numbers and stigma yield were negatively affected by thermal forcing of corms. Overall, the thermal 

forcing of corms under the proposed regime was unfavorable for the growth and development of saffron. 
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1. Introduction 
The saffron crocus (Crocus sativus L.; F/ Iridaceae), is a 

sterile geophyte with autumnal flowering, which 

reproduces exclusively by vegetative means (Mzabri et 

al., 2017). It is cultivated for its red stigmas which, after 

drying, are the most expensive and valuable spice in the 

world (Zhang et al., 2019). More recently, the demand for 

stigmas has increased dramatically, especially with the 

discovery of new pharmacological applications, 

especially those based on cytotoxic and antitumor 

properties (Cavusoglu 2017; Mzabri et al., 2019). Saffron 

is adapted to various environmental conditions, it grows 

well in arid and semi-arid areas (Gresta et al., 2008) but 

it can also adapt to temperate and subtropical climates. 

Despite these characteristics, the average productivity of 

saffron in Morocco remains modest with a significant 

annual fluctuation, of which drought during the critical 

stages of this species is the main cause of this fluctuation. 

This is in addition to traditional anthropogenic practices 

that have not changed since ancient times. It is also 

worth noting that the large burden of workforce makes 

the production of saffron unprofitable despite its high 

price on the market. Flowering saffron lasts only 2-3 

weeks, and flower picking is required daily. For these 

reasons, research on the valorization of saffron 

production (Erkel 2005; Ipek et al., 2009) and the 

extension of harvest time (Molina et al., 2005; Erkel 

2005) are gaining importance. 

Some previous studies have reported that saffron 

production is affected by the characteristics of the 

growing area and the storage temperature of the corms 

(Turhan et al., 2010). Among all environmental factors, 

the role of temperature during the growth and 

development of saffron is very important (Ghorbani and 

Koocheki 2017; Agha-Hosseini et al., 2008). Similarly, 

spring temperatures had the greatest impact on saffron 

yield. In general, saffron does not need cold to lift 

dormancy of corms as in other geophytes (Dole 2003). 

On the other hand, flowering requires a warm-

intermediate temperature regime (Molina et al., 2005).  

High temperatures (23-27 °C) are required to break bud 

dormancy and for flower initiation, which takes place 

from early spring to mid-summer, depending on location 

(Greenberg-Kaslasi 1991; Molina et al., 2005). 
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Previous research has tested the thermal pretreatment 

effect of corms on saffron production (Gómez et al., 

2002). The same authors stated that storing bulbs at 30 

°C for 45 days increased the number of flowers compared 

to bulbs forced to germinate directly at 17/10 °C after 

leaf wilting. In this work, this is part of a series of 

experiments that aim at the agronomic valorization of 

saffron in the semi-arid region of Eastern Morocco. The 

effect of pre-treatment of corms with a new thermal 

regime on the harvest period, stigma yield and 

reproduction of corms was evaluated in the open field. 

 

2. Material and Methods 
This study was conducted at the Faculty of Science of 

Oujda during the year 2018-2019. The climatic data of 

the site showed that rainfall, average monthly 

temperature were respectively 226 mm, 18 °C 

respectively. The corms used in this trial were taken from 

the breeding squares within the experimental research 

station of the Faculty of Science of Oujda planted on 

21/09/2015. 

To study the effect of heat pre-treatment of the corms on 

the floral initiation of saffron, the corms were carefully 

unearthed at four different periods: late March (T2), mid-

April (T3), late April (T4) , and after leaf senescence 

(control, T1). The corms from each period were then 

placed in black plastic bags containing the same culture 

substrate before being incubated at 3 successive 

temperatures: 25 °C for 2 weeks, 15 °C for 2 weeks and 4 

°C for 12 weeks.  The control group, collected after leaf 

senescence (mid-May, T1), was kept in the dark at room 

temperature until planting. 

When filling the pots, the substrate composed of a 

mixture of peat and sand (2/3 and 1/3 v/v respectively) 

was prepared, and then the well-decomposed sheep 

manure was incorporated at a rate of 180 g / pot (30*35 

cm) equivalent to the dose recommended for saffron 

cultivation, i.e. 20-30T / ha.  On August 28, 2018, the 

corms that underwent the different treatments were 

planted, with a distance of 5cm between the corms (in all 

directions) and at a depth of 7cm.   

The first irrigation was carried out at the end of 

September, and then due to the favorable and sufficient 

rainfall during the month of October, no irrigation was 

carried out.  Subsequently, the plants were irrigated with 

a quantity of water equivalent to 100% ET0 (reference 

evapotranspiration) from the city of Oujda. 

When the flowers were opened, the stigmas were 

manually separated and dried in the shade to constant 

weight to determine the spice yield (mg). Then the first 

and last dates of flowering were noted in order to 

determine the total harvest period in the number of days 

of flowering. Then at the end of the growing cycle, the 

daughter corms were counted (corms/plant), weighed 

using a scale (g), and calibrated using a caliper 

(cm/daughter corm). 

The trial was conducted under a complete randomized 

block design with 4 treatments and 9 replicates, totaling 

36 pots, each containing five saffron plants for a total of 

180 plants. The treatments studied were: T1: control (no 

pre-treatment), T2: corms collected at the end of March, 

T3: corms collected mid-April, and T4: corms collected at 

the end of April. The significance of the differences was 

tested by the ANOVA. Where appropriate, mean 

separation was performed using the Duncan test at the 

5% significance level. 

 

3. Results  
3.1. Flowering Period  

Field observations show that thermal forcing of the 

corms has a very remarkable effect on the flowering date 

of saffron. The control corms flowered during the usual 

flowering period of this species under the climatic 

conditions of the eastern region of Morocco, namely 

between October and November. However, the flowers of 

the corms that underwent a heat treatment flowered late, 

the first flowers were observed on December 20, 25 and 

27 respectively for the treatments T2, T3 and T4, the 

flowering period spread until January (Table 1). 

 

Table1. The forcing effect of saffron corms on flowering dates 

Treatment Treatment Date of the first- last bloom 

October  November December  January February 

Control    

T2 (FM)    

T3 (MA)    

T4 (FA)    

 

3.2. Performance Parameters  

Yield is considered to be the result of the coordination of 

several components such as the number of flowers and 

the weight of stigmas. The results of the performance 

components are shown in Figure 2B, show that flower 

number and stigma yield were negatively affected by 

thermal forcing of corms. Comparison of means showed 

that the control had the highest number of flowers and 

therefore the highest stigma yield with respective 

averages of 0.85 flower / corm and 68.5 mg / 380cm2.  
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Figure 1. Aborted saffron flower observed in the T4 

treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2. Effect of thermal forcing of saffron corms on 

the flowering period (A), number of flowers and weight 

of stigmas (B) and aerial dry matter (C). The values are 

the averages of 9 replicates. ***= P ≤ 0.001. 

While T2 and T3 treatments showed the lowest values of 

these measured parameters. Similarly, the results 

showed that the T4 treatment (corms collected at the end 

of April) showed the abortion of some flowers (Figure 1) 

and a longer harvest period, i.e. 14 days compared to 

other treatments which recorded an average period of 9 

days. These results were confirmed by analysis of 

variance which revealed a highly significant difference 

between T4 treatment and other treatments in terms of 

precocity and harvest duration (P = 0.015). At the end of 

the crop cycle, before the total wilting of the leaves, the 

aerial dry matter of each treatment was measured. 

The highest values were recorded for the corms collected 

at the end of April (T4) with 1.4 g / pot, an increase of 

14% compared to the control. However, this observed 

difference was not statistically significant between 

different treatments (Figure 2C). 

3.3. Parameters of the Underground Part  

According to the results of the parameters of the 

underground part, the number, weight and diameter 

(Figure 3) of daughter corms were also affected by the 

different treatments applied. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Thermal forcing effects of the rudder horns on 

the parameters of the underground part. A. number and 

weight (g) of daughter corms; B. large daughter corms 

(%). The data are the average of 9 repetitions. **= P ≤ 

0.05. 
 

Thermal forcing induced an increase in the number of 

daughter corms produced regardless of the sampling 

period of the mother corms. In addition, the highest 
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number of corms was obtained in the case of T3 and T4, 

with respective values of 8 and 9 corms per plant.  While, 

despite this increase which was highly significant 

(p=0.01), the total weight of corms did not show a 

significant difference between treatments (p>0.05). The 

results also show that the percentage of large diameter 

corms varies according to the treatment applied. The 

control scored the highest percentage with a value that 

exceeded 30%. While the corms that underwent thermal 

forcing showed lower values than the control, a reduction 

of 22% was recorded in the T2 treatment (corms 

collected at the end of March). 

 

4. Discussion 
Saffron is an autumnal flowering plant whose production 

is affected by several environmental and anthropogenic 

factors. Several previous studies (Molina et al., 2005; 

Dror 1983; Plessner et al., 1990) have been used to 

define several methods to control flowering and 

vegetative reproduction of saffron Crocus. Corm storage 

temperature is one of the factors influencing saffron 

production (De Mastro and Ruta 1993; Molina et al., 

2004).  In this study, saffron corms were collected at four 

different periods: late March (T2), mid-April (T3), late 

April (T4), and after leaf senescence (control, T1). The 

corms from each period were then pre-treated at three 

temperature levels 25 °C for 2 weeks, 15 °C for 2 weeks, 

and 4 °C for 12 weeks. According to the data, the thermal 

pre-treatment of the corms had a significant effect on 

certain parameters of the saffron. The results showed 

that thermal forcing at different temperatures induced 

late flowering with a delay of almost two months 

compared to the control. These results are in agreement 

with those of (Molina et al., 2004) where the increase in 

cold storage duration induced a further extension of the 

flowering period but with a significant loss of saffron 

yield. 

It should be noted that despite the loss of yield, this new 

extension of the flowering period could be economically 

interesting. However, our results disagree with other 

spring-flowering bulbous species such as Crocus flavus 

(Wilkins 1985), Muscari, Iris (Gómez et al., 2002) which 

require a sequence of warm-cold-warm temperatures to 

flower (Wilkins 1985). C. sativus flowers best in a warm-

intermediate temperature sequence (Molina et al., 2004). 

Indeed, the direct storage at a low temperature of the 

corms acts on the precocity and extension of the saffron 

flowering season (Molina et al., 2005; Cavusoglu 2010; 

Mzabri et al., 2017; Hajyzadeh et al., 2017) which 

invalidates the results found in this trial. In addition, the 

results showed that flower number and stigma yield 

were negatively affected by the thermal forcing of the 

corms. This has been confirmed by most of the 

experiments that have studied the effect of corm forcing 

on the growth of saffron, where storage at low 

temperature led to a reduction in the number of flowers 

formed in saffron and thus a reduction in stigmas. 

Similarly, (Molina et al., 2004) found that the transfer of 

bulbs after floral initiation at a temperature below 15 °C, 

caused a drastic reduction in the number of flowers 

formed. While (Hajyzadeh et al., 2017) proved that corms 

stored in cold storage showed a better yield of saffron 

and had positive effects on all components of the plant. 

The reduction of yield parameters (number and size of 

flowers) due to low-temperature storage was closely 

dependent on the stage of development of the mother 

corms, storage conditions, and duration (Molina et al., 

2005). This is in perfect agreement with the results of the 

present research where corm forcing affected yield 

parameters differ depending on the stage of mother corm 

removal, where corm removal at the end of March 

resulted in flower abortion.  While (Amooaehaie 2007) 

elucidated that saffron corms removed after leaf wilting 

and stored at 2 °C for 60 days could be forced to flower 

from early November to late December with the same 

spicy saffron yield as non-cold stored corms. The forcing 

also influenced the parameters of the daughter corms, it 

induced an increase in the daughter corm produced but 

of small diameter. Similar results were found by 

(Çavuşoǧlu 2010; Mzabri et al., 2017) who reported the 

negative effects of cold storage on the weight and 

diameter of daughter corms in saffron. 

 

5. Conclusion 
The results of the present study highlighted the effect of 

forcing saffron corms with a new thermal regime on the 

agronomic parameters of the crop. This experiment 

aimed to stagger the saffron harvesting period in order to 

minimize the high demand for the workforce. The results 

showed that the thermal forcing of the corms whatever 

the harvesting period induced a late flowering coupled 

with a significant decrease in the yield of the spice. The 

effect on the subterranean part resulted in an increase in 

the number of daughter corms with a small diameter (< 

1.5cm). Nevertheless, a high number of corms, whatever 

their size, can be exploited as propagation material by 

nurserymen. 
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