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Abstract 
 
 The effect of Bacillus subtilis FZB24® on saffron (Crocus sativus L.) was studied 
using saffron corms from Spain and the powdered form of B. subtilis FZB24®. Corms were 
soaked in water or in B. subtilis FZB24 spore solution for 15min before sowing. Some corms 
were further soil drenched with the spore solution 6, 10 or 14 wks after sowing. Growth and 
saffron stigma chemical composition were measured. Compared to untreated controls, 
application of B. subtilis FZB24 significantly increased leaf length, flowers per corm, weight 
of the first flower stigma, total stigma biomass; microbe addition also significantly decreased 
the time required for corms to sprout and the number of shoot sprouts.  Compared to the 
controls picrocrocin, crocetin and safranal compounds were significantly increased when the 
plants were soil drenched with the spore solution 14 weeks after sowing; in contrast crocin 
was highest in untreated controls. Results of this study suggest that application of B. subtilis 
FZB24® may provide some benefit to saffron growers by speeding corm growth (earlier shoot 
emergence) and increasing stigma biomass yield by 12%. While some treatment conditions 
also increased saffron chemical composition, these were generally not the same treatments 
that simultaneously improved growth yields and thus, more study is required. 
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Saffron (Crocus sativus L., Iridaceae) is the world's most expensive spice selling for over 
$2000/kg. Saffron is composed of the dried, dark-red stigmas of Crocus sativus L., and is 
currently used mainly for flavoring and coloring food. This spice is also being investigated for 
therapeutic use as an anticancer agent [1], but its low productivity, 6 kg saffron/hectare from 
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about 900,000 flowers, limits availability. Recent studies also show saffron has other health 
benefits including in learning and memory processes [2], as an agent for anti-depression, anti-
tussive, anti-oxidant and for neuroprotection [3], [4], [5], [6]. 
 
The main chemical constituents of saffron are crocin, crocetin, picrocrocin, and safranal (Fig. 
1). Picrocrocin is the bitter principle in saffron which during storage of the stigma spice 
slowly breaks down to give the characteristic aroma of saffron [7]. Acid hydrolysis of 
picrocrocin gives rise to safranal [7]. Crocetin and crocin are carotenoids and responsible for 
the red-orange color of the stigmas [7]. Crocin, a C44 glycoside [di (β-D gentiobiosyl) ester 
of crocetin] is the most promising for use in cancer therapy [7], [8]. Although picrocrocin, 
crocetin, and safranal also show antitumor potential, compared to crocin they do not have the 
breadth of activity and higher doses are sometimes required to effect a therapeutic response 
[7], [8]. Crocetin also seems to have a hypolipaemic effect and may be useful in preventing 
atherosclerosis [7]. 
 
The development of biological products based on beneficial micro-organisms can extend the 
range of options for maintaining the health and yield of field crops. For example, plant growth 
promoting rhizobacteria (PGPR) such as Rhizobium, Frankia, Streptomyces, Bacillus, 
Pseudomonas, and mycorrhizal fungi have attracted special attention due to their beneficial 
activities [9]. The nutrient rich rhizosphere of roots is naturally colonized by many beneficial 
PGPR and also by pathogenic bacteria and fungi; these microbes can have either a positive or 
negative effect. Several Bacillus strains belonging to the B. subtilis/amyloliquefaciens group 
(FZB13, FZB14, FZB24, FZB37, FZB38, FZB42, FZB44, FZB45) isolated from soil by FZB 
Biotechnik GmbH (Berlin, GDR) have been shown to colonize plant roots to provide not only 
protection against some soil-borne fungal plant diseases, but also to stimulate growth and crop 
yields [10], [11], [12]. Studies on the mode of action of these PGRP strains [13], [14] have 
shown the mechanism of action is less connected with induction of plant resistance by 
elicitation, but more a hormonal stimulation of plant growth. These bacterial strains release 
metabolites that are, for example, precursors of auxin [15], [16]. In another instance, Idriss et 
al. [17] demonstrated that extracellular phytase secreted by plant roots can contribute to the 
plant-growth-promoting effects of Bacillus amyloliquefaciens FZB strains. 
 
Here we report the effect on growth and yield of the four main secondary metabolites of 
saffron (Fig. 1) by a specific strain, FZB24®, of Bacillus subtilis normally used as a biocontrol 
agent. The long term goal of this work is to provide saffron growers with simple production 
technology that is environmentally safe for producing more high quality saffron. 
 
Materials and Methods 
 
Experimental design 
Corms of Crocus sativus L. (Iridaceae) of Spanish origin were provided by Professor J-A 
Fernández, (Biotechnology IDR, University of Castilla-La Mancha, Albacete, Spain). The 
Bacillus subtilis, strain FZB24® was provided by Dr. H. Junge (ABiTEP GmbH, Germany). 
Plants were grown in a greenhouse at Worcester Polytechnic Institute (Worcester, MA, USA) 
in plastic pots 10x10x14 cm containing potting substrate (Pro-Mix BX, Premier Horticulture 
Inc., Red Hill, PA, USA) to a depth of 8.5 cm at 25±2/18±2 °C. Corms were sown at a soil 
depth of 6-7 cm and watered as needed. Fertilizer was applied about once a month as ½ 
strength Hoagland’s nutrient solution [18], ~150-200 mL/pot. The experimental design was 
laid out using a complete randomised block design (CRB) with three replications per 
treatment per each of two successive seasons. There were five experimental treatments per 
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each of two growing seasons beginning August 18 of 2004 and then 2005: T1 (C) untreated 
control, saffron corms were soaked in water for 15 min before sowing; corms of treatments 
two, three, four, and five (T2, T3, T4, and T5) were soaked in B. subtilis FZB24 spore 
solution at 2g/1000 mL water for 15 min before sowing, and then corms of T3, T4 and T5 
were also soil drenched with FZB24® spore solution at 2g/10 L after 6, 10 or 14 wks of 
sowing, respectively. 
Growth measurements, harvest and stigma sample preparation 
Starting from the sowing date the following parameters were measured: days to sprout, when 
~1-3 mm shoots first appeared above the soil surface (Fig. 2); number of sprouts and leaf 
length after 16 wks; number of flowers/corm; FW of stigma yield [g]/1st flower; and total 
stigma FW [g]/corm. The major saffron chemical constituents, crocin, crocetin, picrocrocin, 
and safranal, were also extracted from stigmas and assayed. Saffron flowers were harvested as 
soon as they appeared and before the six petals fully opened (Fig. 3). Saffron stigmas were 
excised the same day that flowers were harvested; only the red part (portion above line in Fig. 
4B) which is grade one saffron was separated, dried at 60°C, weighed and then extracted and 
analyzed spectrophotometrically. Stigmas from all flowers harvested from one corm were 
pooled for analysis and data from three corms were averaged. 
Saffron extraction and analysis 
To extract and assay the four chemical constituents of saffron, the procedure of Souret and 
Weathers (2000) was used [19]. To minimize product destruction, extraction was performed 
in the dark at 4°C. Ten milligrams of dry stigmas were ground in a micro-homogenizer 
(Fisher-Scientific, Pittsburg, PA) with 0.5 mL of chilled 80% ethanol, prepared from high-
purity ethyl alcohol. After 5 minutes, the solution was transferred into a 15 mL centrifuge 
tube, centrifuged at 6,000 x g for 10 minutes and the supernatant decanted into a 1.5 mL 
eppendorf tube. The pellet was washed twice with 0.5 mL of 80% ethanol, and then 
centrifuged at 8,000 rpm in a micro-centrifuge for 10 minutes. All supernatant fractions were 
pooled and spectroscopic analysis was done immediately. 
 
Determination and quantification of the saffron secondary products extracted from the stigmas 
were performed using a Hitachi V-200l VV - Vis double-beam spectrophotometer (Tokyo, 
Japan). The four key pigments, crocin, picrocrocin, crocetin, and safranal, were measured at 
their absorption maxima; quantities were determined from their respective extinction 
coefficients. Standard crocetin and safranal were obtained from Sigma-Aldrich Chemical Co. 
(St. Louis, MO); no standards for crocin or picrocrocin are to our knowledge commercially 
available. The absorption maxima and extinction coefficients are: crocin, 443 nm, 89,000 1 
mol-1 cm-1; picrocrocin, 250.5 nm, 10,1001 mol-1 cm-1; crocetin, 424 nm, 30,328 1 mol-1 cm-1; 
safranal, 311 nm, 9,280 1 mol-1 cm-1 [19]. 
Statistical analysis 
Data were statistically analysed using CoStat Version 3.03, an interactive statistics program 
for computers. F-test and the least significant difference (LSD) were used for the comparison 
between treatment means at 5% probability level [20]. 
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Results and Discussion 
Plant growth–promoting rhizobacteria, most of which are Pseudomonas and Bacillus species, 
are applied to a wide range of agricultural crops to enhance growth by promoting seedling 
emergence, plant biomass, and/or disease control [21]. In this study one of these beneficial 
species, B. subtilis FZB24®, was tested for its effect on the growth and quality of saffron 
composition.  
Effects on saffron growth 
The overall pattern of growth responses to the group of 5 treatments was successfully and 
precisely replicated in two seasons of growth for all of the experimental treatments (Table 1). 
Differences were observed, however, between treatment groups. Compared to the controls, 
application of B. subtilis to saffron corms significantly increased leaf length, flowers per corm, 
weight of the first flower stigma, and total stigma biomass; it also significantly decreased the 
time required for corms to sprout. In contrast, the number of shoot sprouts significantly 
decreased beyond that of the untreated controls (Table 1). The beneficial effects of B. subtilis 
on saffron corm growth also differed depending on how the corms were treated with the 
microbe. For example, although the microbe stimulated faster shoot emergence from the soil, 
this only occurred under the T2 conditions, where corms were soaked in the B. subtilis spore 
solution 15 min before sowing. The T2 treatment also significantly maximized leaf length, the 
number of flowers produced by each corm, and stigma biomass in the first flower beyond that 
of the controls (Table 1). Similar stimulation of shoot growth was observed by others when B. 
subtilis was applied to tomatoes (Lycopersicon esculentum Mill.) [22]. Although there were 
longer shoots produced, the number of shoots sprouting per corm was not increased by any of 
the bacillus treatments. The mechanism of growth stimulation by plant growth–promoting 
rhizobacteria is unknown, however, Bacillus species do produce plant growth hormones, 
namely gibberellic acid and an auxin, indole-3-acetic acid (IAA) [13], [14], [21]. It is possible, 
therefore, that these compounds may be the agents stimulating the observed saffron growth. 
Effects on stigma chemical composition: 
Although improved growth is important, the chemical composition of the saffron stigmas is 
also critical because it impacts the value of the spice crop. The quantity of crocin, picrocrocin, 
crocetin and safranal compounds extracted from the stigmas of the flowers in the plants 
treated with different treatments of B. subtilis FZB24® spore solution are presented in Table 2. 
The data show that all four compounds were significantly affected by the treatments and that 
the pattern of yield for these compounds was precisely replicated in the second season of 
growth for all of the experimental treatments (Table 2). Again, however, the differential 
application treatment protocols used in this study affected the chemical composition of 
saffron stigmas. Compared to the controls picrocrocin, crocetin and safranal compounds were 
significantly increased when the plants were soil drenched with the B. subtilis FZB24® spore 
solution 14 weeks after the sowing date (T5). Crocin yield, on the other hand, was highest in 
the untreated controls. Interestingly drenching saffron plants with the B. subtilis spore 
solution 6 weeks after sowing (T3) yielded the lowest amount of all four compounds. This 
suggests that at this point in the development of the plant, the saffron biochemical pathway is 
particularly sensitive to addition of this microbe to the soil and this warrants further 
investigation. Unfortunately the treatment conditions (T2) that yielded the best growth of 
saffron, produced only modest improvements in a few of the saffron constituents (Table 2). 
The chemical composition of the stigmas from the controls was not much different from those 
extracted and measured in a previous study that used the same analytical method [23]. Taken 
together these data show that although one can use B. subtilis to maximize growth, including 
stigma biomass production, those same conditions will not necessarily translate into better 
quality saffron as assessed by chemical analysis. 
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In conclusion, the results of this study suggest that application of B. subtilis FZB24® may 
provide some benefit to saffron growers by speeding corm growth (earlier shoot emergence) 
and increasing stigma biomass yield by 12%. The specific conditions which stimulated 
growth did not, however, also produce the highest levels of crocin, crocetin, picrocrocin, and 
safranal. The beneficial effects of B. subtilis on saffron plant growth and its spice chemical 
constituents have proved to be more complex and less predictable than expected. If B. subtilis 
is to prove useful in saffron agriculture, then future studies must determine the balance that 
must be established whereby both growth and stigma chemical quality can be simultaneously 
improved. 
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Figure Legends: 
Fig. 1 Structures of the main chemical constituents found in saffron spice. 
Fig. 2 Saffron sprouts first emerging form the soil. 
Fig. 3 Saffron flower just before full opening and at time of stigma harvest. 
Fig. 4 Saffron flower at full opening and isolated stigmas. A, fully opened flower with 
showing stigma and stamens. B, excised full stigma; black line shows point at which 1st grade 
stigmas are excised for assay. C, several 1st grade stigmas excised from full stigmas and just 
before extraction. 
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