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Abstract: An experiment was carried out in a greenhouse to study the effect of 
aqueous extracts of Crocus sativus L. by­products on tomato plants. Three con­
centrations of tepals and corms were used by fertigation: 1 g/L, 2 g/L, and 3 
g/L. The aqueous extract of the stigmas was used as a foliar application at 0.6 
g/L. The experiment was carried out in a completely randomized block with 
three repetitions for each concentration. The concentration of tepal extract at 3 
g/L significantly (p≤0.05) increased the plants’ height, the chlorophyll a, b con­
tent in the leaf. The same results were observed for the foliar treatment with 
stigmas; however, there was no effect of tepal extract on the carotenoid con­
tent. On the other hand, the concentration 2 g/L of the corms extract had a 
positive impact (p≤0.05) in the chlorophyll b content while the concentration of 
3 g/L increased the plant’s height, the chlorophyll a (p≤0.05). Current results 
indicate that Crocus sativus by­products could improve certain physiological 
aspects of the recipient plants and be new and natural biostimulants. 
 
 
1. Introduction  
 
     Saffron (Crocus Sativus L.) is a stemless, bulbous perennial plant that 
belongs to the Iridaceae family (Taylor et al., 2008). Moroccan surfaces 
grown from saffron are about 1000 ha, mainly in the mountains of the 
AntiAtlas. This production area takes more and more importance in other 
regions (Lage and Cantrell, 2009). In the production of saffron, for each 
kilogram of spices produced, about 53 kg of tepals are made (Maggi et al., 
2012), and 90% of the total fresh weight corresponds to the by­products 
composed of tepals, which are generally discarded as waste (Menghini et 
al., 2018). Hundreds of corms too small for flowering to be replanted are 
dumped to obtain only 1 kg of dry stigmas (Smolskaite et al., 2011). 
However, this biomass is a potentially significant source of bioactive com­
pounds. Many researchers have focused their attention on valuing saffron 
by­products to increase crop profitability, such as floral bio­residues and 
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corms (Lahmass et al., 2018). The enhancement of 
these properties of saffron floral bio­residues was 
evaluated on the antioxidant activity (Sanchez­
Vioque et al., 2012), the anti­inflammatory activity 
(Amin and Hosseinzadeh, 2015), the antifungal and 
cytotoxic activity (Zheng et al., 2011), and antibacter­
ial activity (Shadmehri et al., 2019). On the other 
hand, the tepals are used in many industries, as 
active ingredients in various food (Tuberoso et al. 
2016), in cosmetic formulations (Natalia et al., 2019), 
and as a potential resource of natural color thanks to 
the high content of anthocyanins for food applica­
tions, and biomedical (Shadmehri et al., 2019). 
Bioactive components of corms include proteogly­
cans and saponins, which have shown antifungal and 
antioxidant activity (Rubio­Moraga et al., 2011). In a 
preliminary study, saffron stigmas showed a biostim­
ulant and antifungal effect on the tomato plant 
(Khoulati et al., 2019). The applied treatments signifi­
cantly improved plant height and positively affected 
the tomato fruit quality after enhancing the sec­
ondary metabolites’ content. 
     These bioactive molecules of tepals and corms are 
supposed to have an effect biostimulant on recipi­
ents’ plants. Therefore, the current study was 
planned to confirm the use of tepals and corms 
extract as a biostimulant on the morphological pho­
tosynthetic pigment parameters of tomato seedlings. 
The study will promote Crocus sativus L. by­product 
and produce new and natural biostimulants of plant 
growth. 
 
 
2. Materials and Methods 
 
Plant material 
     Tomato cultivar was sown in plastic trays until 
germination, at a temperature of 27°C ±2, 70% rela­
tive humidity, photoperiod of 16 h/8 h light/dark. At 
four leaves emergence, the seedlings were trans­
ferred to plastic pots (33x18 cm) containing 60% 
sand, 35% peat (Floragard 50/50, v/v), and 5% gravel 
and maintained at the optimum temperature (28/ 
20°C, day/ night) and natural daylight under green­
house in the northeast of Morocco (34°50’33” N, 
2°10’18” W). The containers are placed on 100 cm 
apart rows and 60 cm within rows. There was no fer­
tilizer application, and all the plants received the 
same volume of irrigation water. 
     One week later, the first treatment is applied. 
Tepals and corms extracts at three different concen­

trations (1 g/L, 2 g/L, and 3 g/L) were used both as 
fertigation with a 200 mL volume by one plant and 
0.6 g/L used foliar application by the saffron stigmas. 
Distilled water was taken as a control treatment. 
Each replicate set contained three seedlings, and the 
experiment had three replications in a completely 
randomized trial. After one week from the first appli­
cation, the treatments were repeated, keeping the 
same concentration and method as the first applica­
tion. One week after the second application, and 
when the biostimulant effect was visually observed, 
samples were collected to determine the morpholog­
ical and photosynthetic pigment indices. 

Aqueous extract preparation 
     Saffron stigmas originating from Taliouine 
(Morocco) were purchased, milled, and conserved at 
­20°C until each use. The dried tepals were harvested 
during the 2019 production in the Tinissane region in 
the northeast of Morocco (34°50’33” N, 2°10’18” W). 
The tepals were milled and stored at ­ 20°C until each 
use. The corms were obtained from Taliouine and 
kept at ­20°C after drying. Before each application, 
the concentration of tepals and corms powder used 
for the study left 24 h in 1 L of distilled water for 
extraction in the dark for each concentration: 1 g/L, 2 
g/L, and 3 g/L. For stigmas foliar application, 0.6 g 
extracted in 1 L of the distilled water 24 h in the dark. 

Quantification of the main components of extracts 
­     The anthocyanin contents of tepals were mea­
sured according to the protocol explained by 
Ganjewala et al. (2008). The absorbance (Abs) of the 
samples was measured at 530 nm, and the results 
were expressed in milligram equivalent cyanidin 3­
glucoside by 100 grams of dry matter (mg CGE/100g 
DM). Flavonol’s contents were determined by mea­
suring the absorbance at 360 nm, and the results 
were expressed in milligram equivalent quercetin 3­
glucoside by 100 grams of dry matter (mg QGE/100g 
DM). 
­     The total polyphenol of tepals was determined 
using the Folin­Ciocalteu method (Velioglu et al., 
1998). The total polyphenols concentrations were 
expressed in milligrams of gallic acid equivalent to 
100 grams of dry matter (mg GAE/100 g DM). 
­     The content of crocin, picrocrocin, and safranal of 
saffron stigmas was determined following ISO 3632 
(ISO, 2003). 

Morphological indices of tomato seedling 
     Plant height was recorded using a measuring tape 
in cm. Shoot fresh weight was measured immediately 
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after rooting up the plants using an electronic bal­
ance. To determine the dry weight, samples were 
oven­dried for 24 h at 80 °C, and the value of the 
samples recorded in grams. 
 
Photosynthetic pigments 
     The chlorophyll content and carotenoid were 
determined by crushing 0.2 g fresh leaf sample in 20 
mL of 80% acetone and placed at room temperature 
for 48 h in the dark. A spectrophotometer was used 
to observe the absorbance at 663, 645, and 652 nm 
of the samples (Lichtenthaler, 1987). Chlorophyll a, b, 
and total chlorophyll calculated using the following 
formula: 
 

Chlorophyll a (Chl a) = (12.7 x Abs663) ­ (2.69 x Abs645) 
Chlorophyll b (Chl b) = (22.99 x Abs645) ­ (4.68 x Abs663) 

Total chlorophyll = Chl a + Chl b 
 
Total carotenoid content =   (1000 Abs470 ­ 1.82 Chla­85.02 Chlb) 

                                               198 
 
Statistical analysis 
     All figures and statistical analyses were performed 
using SPSS Statistics 17.0 software. The data were 
expressed as the mean ± standard deviation (SD) of 
triplicate independent experiments and analyzed 
using a one­way analysis of variance (ANOVA). 
p≤0.05 was treated to be statistically significant. The 
Student­Newman­Keuls (SNK) test was used to classi­
fy averages using different letters for significant dif­
ferences. 
 
 
3. Results 
 
The main components of extracts 
     The anthocyanins, flavonols, and polyphenols con­
tents of tepals were 43.66 ± 0.79 mg CGE/100 g DM, 
0.19 ± 0.21 mg QGE/100 g DM, and 672.73 ± 1.02 mg 

GAE/100 g DM, respectively. Total crocin, safranal 
and picrocrocin contents in the saffron sample are 
184.56 ± 2.19 mg/g, 4.89 ± 0.18 mg/g, and 62.43 ± 
0.37 mg/g, respectively. 
 
Morphological indices 
     Variations in the morphological data revealed the 
significant effect of tepals, corms, and stigma extracts 
on tomato seedling growth in terms of concentra­
tions used (Figs. 1, 2). For the application of tepal 
extracts by fertigation, the highest plant height was 
recorded for plants fertigated with 3 g/L followed by 
2 g/L. In contrast, the lowest values were observed in 

Fig. 2 ­ Tepal, corm, stigma extracts application to influence the tomato plant's plant height. The pictures were taken one week after the 
last treatment. 0 represents control treatment. A) treatment with petal extract by fertigation (2 g/L, 3 g/L). B) treatment with 
corm extract by fertigation (1 g/L, 2 g/L, 3 g/L). C) foliar application by saffron stigma extract at 0.6 g/L.

Fig. 1 ­ Saffron stigmas, tepals, and corms extracts affect the hei­
ght of the tomato seedling. Measurements were made 
one week after the last treatment. Data were recorded 
for a total of three plants by treatment replicated three 
times. The concentration of saffron was represented as 
0.6 g/L. The concentrations of tepals and corms are defi­
ned as 1 g/L, 2 g/L, and 3 g/L. 0: control. Bars represent 
averages and error lines one standard deviation. The dif­
ference in the letters indicates significant differences at 
p≤0.05 based on the SNK test. ***: the significative diffe­
rence at p≤0.001.



Adv. Hort. Sci., 2021 35(2): 207­213

210

control seedlings. Concerning the treatment of corms 
highest plant was recorded for plants fertigates with 
3 g/L followed by 2 g/L and 1 g/L compared to the 
control. However, the treatment by stigmas foliar 
application showed a significant difference at 
p≤0.001 compared to the control (Figs. 1, 2). Table 1 
represents fresh shoot weight, dry shoot weight, 
fresh root weight, and dry root weight. As compared 
to control, the fresh and dry weight of seedlings were 
increased with tepal application and reached a signif­
icant level at 2 g/L followed by seedlings applied with 
3 g/L. However, the same concentrations of applied 
tepal increased the weight of root fresh and root dry 
at 2 g/L, followed by 3 g/L. However, no effect of the 
application of the different concentrations of corm 
extract observed. 
 
Photosynthetic pigments 
     The effect of tepals and corms on the chlorophyll 
contents of tomato leaves is depicted in figure 3. As 
it can be observed, the various applications influ­
enced significantly enhanced the chlorophyll a, b, 
and total chlorophyll content. Concerning the use by 
tepal fertigation, the high value was recorded for the 
concentration of 3 g/L with an increase of 45.96 % for 
Chla and 28.71 % for Chlb, compared to the control. 
The application by corm fertigation at 3 g/L has 
increased Chla and Chlb concentrations of 37.12 % 
and 15.22 %, respectively (Fig. 3), compared to the 
control. On the other hand, the three corm extract 
concentrations significantly increased the carotenoid 
content (Table 1). However, no effect was observed 
on the carotenoid content after fertigation by the 
three different tepals (Table 1). 
     For foliar application by saffron stigmas, the Chla, 
Chlb, and carotenoid content significantly increased 
11.59 % for Chla, 56,84 % for Chlb, and 55,69% for 

Table 1 ­ Influence of tepal and corm application on the root and shoot weight of tomato plants and carotenoid leaves

The difference in the letters indicates significant differences at p≤0.05 based on the SNK test.  
* = significative difference at p≤0.05. 
FW= fresh weight.

Fig. 3 ­ Effect of tepal and corm extract on pigment system of 
tomato leaves. Data are the mean ± standard deviation 
of three replicates. The column followed by different let­
ters shows a significant difference at p ≤ 0.05 significance 
level between treatments according to the SNK test. FW= 
fresh weight. Chla= chlorophyll a; Chlb= chlorophyll b; 
Totalchl=: total chlorophyll. 0= control.letters are not 
significantly different, as determined by Tukey's test 
(P<0.05).

Application Concentration 
(g/L)

Root fresh 
 weight  

(g)

Root dry  
weight  

(g)

Shoot fresh 
 weight 

(g)

Shoot dry  
weight 

(g)

Carotenoid 
(mg/g FW)

Control 0 0.185±0.289 a 0.0192±0.004 1.72±0.135 a 0.132±0.017 2.431±0.108 a
Tepal 1 0.195±0.009 a 0.021±0.001 * 1.68±0.355 a 0.118±0.036 2.507±0.209

2 0.261±0.341 b 0.0323±0.005 * 2.641±0.564 b 0.218±0.046 * 2.703±0.335
3 0.212±0.013 a 0.0283±0.008 * 2.332± 0.156 ab 0.218±0.046 * 2.985±0.337

Corm 1 0.138±0.427 0.017±0.003 1.436±0.613 0.119±0.060 2.98±0.652 b
2 0.141±0.018 0.019±0.003 1.516±0.548 0.107±0.045 2.889±0.147 b
3 0.142±0.519 0.016±0.004 1.495±0.591 0.01±0.044 2.708±0.15 b
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2 g/L, and 3 g/L) are chosen to assess their effect by 
fertigation in some morphological and biochemical 
parameters of tomato seedling under greenhouse 
conditions in a completely randomized block. 
     The application of tepal, corm, and stigmas 
extracts has influenced the growth of the plant. Tepal 
has been reported as a protein source, fiber, fats, 
and essential minerals (K, Ca, and P) necessary for 
plants’ growth (Fahim et al., 2012; Khazaei et al., 
2016). Tepals are also rich sources of phenolic and 
biologically active compounds such as flavonoids 
(kaempferol, rutin, quercetin, luteolin, hesperidin, 
and bioflavonoids), tannins, and anthocyanins 
(Kanakis et al., 2006; Srivastava et al., 2010). The 
increased growth of tomato plants suggests that 
tepal extract may act as a promoter of plant growth 
with a 3 g/L concentration, which contains 1.308 mg 
CGE/L of anthocyanin and 20.181 mg GAE/L of 
polyphenol. Corms also are a rich source of phenolic, 
flavonoid, and especially saponin (Rubio­Moraga et 
al., 2013), likely to participate in increased growth 
characteristics of the treated plants in the results of 
current research. Saffron stigmas contain nitroge­
nous substances, anthocyanins, glycosides, monoter­
penes, aldehydes, flavonoids, vitamins, volatile oils, 
proteins, carbohydrates (Amin and Hosseinzadeh, 
2015). Also, some studies indicated the presence of 
micro­nutrients in saffron such as Zn, Mn, and certain 
amino acids (Priscila del Campo et al . ,  2009; 
D’Archivio et al., 2014), which favored the develop­
ment of the plant height and that the current results 
strongly corroborated with our previous study 
(Khoulati et al., 2019) with a concentration of 0.6 g/L, 
which contains 110.73 mg/L of crocin, 2.93 mg/L of 
safranal, and 37.45 mg/L of picrocrocin in the extract 
used in this study. 
     Photosynthesis is one of the primary processes of 
plant metabolism impacted by external conditions 
(Kalaji et al., 2017). Chlorophyll is a critical compo­
nent of photosynthesis which absorbs sunlight 
(Hörtensteiner and Kräutler, 2011). It occurs in 
chloroplasts as green pigments in all photosynthetic 
plant tissues (Mazumder and Paul, 2014). Chla, the 
primary photosynthetic pigment of photosystems I 
and II, converts the energy of light. Chlb is an acces­
sory pigment that absorbs light’s energy (Petit et al., 
2012). 
     On the other hand, carotenoids are also essential 
for plants because they protect the photosynthetic 
apparatus from light­mediated stress. Carotenoids 
participate in a wide range of physiological process­

carotenoid (Fig. 4, Table 1). However, no significant 
difference was reported from the different tepal 
extract concentrations on the carotenoid content 
(Table 1). The different concentrations of the corm 
extract participated in the increase of the Chla and 
Chlb content but not in the same way as the tepal 
extracts; the highest value in Chla in plants treated 
with 3 g/L of the extract corms is 12.73 mg/10 g FW 
and while the highest value in Chla in plants treated 
with 3 g/L of the tepal extract is 13.55 mg/ 10 g FW. 
However, a significant difference is observed in the 
carotenoid content of plants treated with extracts of 
corms, while this difference in carotenoid is absent in 
plants treated with tepal extracts. Chlorophyll con­
tent, especially Chlb of plants treated with the appli­
cation of stigmas extract at 0.6 g/L, increased. The 
carotenoid content also increased after treatment 
with the stigma extract.  
 

 
 
4. Discussion and Conclusions 
 
     The present study’s objective was to valorize the 
tepals, corms, and stigmas of Crocus sativus L. and 
take advantage of its bioactive components to use 
them as a biostimulant alternative to chemicals prod­
ucts. Therefore, three tepals and corm extract (1 g/L, 

Fig. 4 ­ Effect of saffron stigmas on pigment system of tomato 
leaves by foliar application.  Data are the mean ± stan­
dard errors of three replicates. ***= the significative dif­
ference at p≤0.001. *0 the significative difference at 
p≤0.05. FW= fresh weight. Chla= chlorophyll a; Chlb= 
chlorophyll b; Totalchl= total chlorophyll. 0= control.



quality performance and does not present risks for 
the user and the consumer. Besides, these results 
present an advantage for the farmer practicing the 
culture of Crocus sativus by recovering the waste 
which they throw before like tepals. 
     However, future research needed to explore the 
influence on the treated plants’ primary and sec­
ondary metabolites provides a platform to elaborate 
and study the biological activity of the extracts inside 
the treated plants to identify and later confirm the 
molecular patterns involved in the bioactive mecha­
nism of these extracts. 
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