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ABSTRACT

The saffron, from the Iridaceae family and an autumn-flowering geophytes, is one of cormous plants. The biggest obstacle
in the development of this plant, production having the most economic value as one of the medicinal and aromatic plants,
is the insufficient bulbous used for propagation. Bacterial isolates showing capacity to grow in nitrogen-free conditions,
for hormones production (IAA, GA,) and to solubilise phosphate as microbial fertilizer were used to reproduce the
corms of saffron plants. Thus, the disappearance of saffron from the species that are under threat of extinction can be
prevented and the continuation of the species can be provided by its widespread propagation as an ornamental plant. In
this study, a total of ten treatments; (1) Achromobacter xylosoxidans strain TV-42A, (2) Brevibacillus choshinensis strain
TV-53D, (3) Myroides odoratus strain TV-85C, (4) Bacillus megaterium strain TV-87A, (5) Colwellia psycrerytreae
strain TV-108G, (6) Kluyvera cryocrescens strain TV-113C and (7) Bacillus GC group B strain TV119E, (8) Control
(untreated bacteria or hormones) (9) Control 2 [100 mg L' /BA (indole-3 butyric acid)] and (10) Control 3 [100 mg L'
GA, (gibberellic acid)] were tested to see their effects on the plant growth and development parameters of saffron. The
number of cormlet, average cormlet diameter (mm), cormlet length (mm), cormlet weight (g), macro and micro plant
nutrients (N, K, P, Mg, S, Ca, Na, Fe, Mn, Zn, Cu, Pb, B and Cd) contents of corms were determined in greenhouse
assays. Some of the bacterial applications gave growth and yields of saffron equal to or higher than the hormones
applied. Bio-fertilizers used in organic farming, increase in plant growth and development of saffron were concluded to
have positive effect.
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OZET

Safran, stisengiller (/ridaceae) familyasindan ve sonbaharda ¢igek agan, soganli bitkilerden biridir. Ekonomik degeri
yiiksek, tibb1 ve aromatik bitkilerden biri olan bu bitkinin iiretiminin gelistirilmesinde en biiyiik engel tohumluk olarak
kullanilan soganlarin yetersizligidir. Safran bitkisinin kormlarinin cogalmasida mikrobiyal giibre olarak azot fiksasyonu
yapabilme, fosfati ¢ozebilme ve hormon (IAA, GA,) iretebilme 6zelliine sahip bakteri izolatlarinin kullanimi
hedeflenmistir. Boylece, nesli tehlike altinda olan tiirlerden olan safranin yok olmasi dnlenebilir ve bir siis bitkisi olarak
tiretiminin yayginlastirilmasiyla tiirlerin devami saglanabilir. Bu ¢alismada, toplam on uygulama (1) Achromobacter
xylosoxidans strain TV-42A, (2) Brevibacillus choshinensis strain TV-53D, (3) Myroides odoratus strain TV-85C, (4)
Bacillus megaterium strain TV-87A, (5) Colwellia psycrerytreae strain TV-108G, (6) Kluyvera cryocrescens strain TV-
113C and (7) Bacillus GC group B strain TV119E, (8) Kontrol (bakteri ve hormon uygulamasiz) (9) Kontrol 2 [100 mg
L' IB4 (indole-3 butyric acid)] ve (10) Kontrol 3 [100 mg L' GA, (gibberellic acid)] safranin bitki biiylime ve gelisim
parametreleri izerindeki etkilerini belirlemek i¢in test edilmistir. Sera kosullarinda, yavru korm sayisi, yavru korm ¢ap1
(mm), yavru korm uzunlugu (mm), yavru korm agirligi (g) ve kormlarin makro ve mikro (N, K, P, Mg, S, Ca, Na, Fe,
Mn, Zn, Cu, Pb, B ve Cd) besin igerikleri belirlenmistir. Safranin biiylime ve verim degerleri, bakteri uygulamalarinin
bazilarinda hormon uygulamalarindan daha yiiksek veya esit sekilde elde edilmistir. Organik tarimda kullanilan biyo-
giibrelerin, safranin bitki bilyiime ve gelisimini artirmasi lizerine olumlu bir etkiye sahip oldugu sonucuna varilmstir.

Anahtar Kelimeler: PGPR; GA,; IBA; Safran; Yavru korm

1. Introduction

Crocus sativus L. (saffron) belonging to Iridaceae
family show spread in tropical and subtropical
regions of the northern hemisphere of the world.
This species has been cultivated for 4300 years
(Escribano et al 2000). It is a perennial herbaceous
plant cultured corm in many countries bordering
the Mediterranean Sea especially in Italy, Spain,
Greece and Turkey as well as in Japan, China, Iran
and Azerbaijan (Vurdu et al 1997).

Saffron name is generally used both for the plant
and spice. Saffron is known to be economically
very important. The plant has been used by humans
for centuries due to its smell, colour and curative
effects (Tarantilis & Polissiou 1997; Lozano et al
1999; Carmona et al 2006). In the year of 1000
BC, saffron was rumoured to be used to paint the
mummies that were stored in coffin-shaped crates or
mummification in Egypt. Firstly, saffron was used
as a hair dye in Romans and as a perfume later on
(Basker & Negbi 1983).

C. sativus is to be grown in semi-arid climate
having hot and dry winds, which are similar to habitat
of the Mediterranean maquis and North America
chaparral vegetation (similar to the Mediterranean
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maquis vegetation). Plants can survive cold
winters and they may remain under snow until -10
°C in a short period of time (Chichiricco 1984;
Amirghasemi 2001).

The Crocus genus includes approximately 80
species worldwide. There are about 32 species of
Crocus genus in Turkey (Vurdu & Giiney 2004).
Some species also include subspecies between 2
and 10. A part of Crocus species bloom in autumn
and some of them bloom in spring period. About
30 of these species are grown as ornamental plants
(ipek et al 2009). Saffron cultivation area is limited
in Turkey. Saffron has been cultured in an area
of 1.5 ha in Karabiik in Turkey (Kara 2010). The
product obtained cannot even meet the domestic
consumption. Therefore, Turkey needs the saffron
corm. Some Crocus species are produced from
both corm and seeds. But, Crocus sativus L. can
only be produced from corm (Chichiricco 1984).
Saffron flowers are sterile; i.e., the plant is not able
to set viable seed. The pollen of Saffron sterility
is auto triploid (2n= 24) (Chichiricco 1984). The
propagation of corms is necessary because of the
triploid nature of Crocus sativus L. (Warburg 1957).

Corms with 2-3 cm diameter have the best
production of flowers and corms. Corm measurements
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are important in terms of the relationship between
flower number and weight of stigmas.

Modern agriculture is faced with increasing
difficulty of growing worldwide, the decline in
soil productivity and product quality, and due to
rising consumer demand. Therefore, there is need
for new and highly effective fertilizer to protect the
ecological balance of nature. In this regard, plant
growth-promoting bacteria (PGPR) could have a
very important role.

Benefits of PGPRs on plants are the inclusion
biocontrol, biological N, fixation, phosphorus
solubilisation, production of siderophore and/or
production of phytohormone encouraged directly
to improve plant growth by means of bacteria (Mia
et al 2012; Turan et al 2014). Bacteria are also
encouraging to improve plant growth such as to
suppress plant pathogens by indirect means (Kotan
& Sahin 2002; Dobbelaere et al 2003; Sahin et al
2004; Cakmake¢i et al 2006). Therefore, PGPR
application is stated to increase the plant growth and
yield as well as on improving the soil quality.

PGPRs produce phytohormones plant growth-
promoting compounds- as auxins, cytokinins and
gibberellins (Saikia et al 2006). Auxin causes cell
expansion and growth, encourages cell elongation,
tissue growth and root formation (Grunewald et al
2009). Auxin is an effective substance in cell volume
and fraction (meristem formation). Therefore, it is
effective in growth and development. In addition,
it is used to end the dormancy in the some plants
(Budak et al 1994; Kaynak & Ersoy 1997; Kaynak
& Memis 1997). Various development processes,
such as stem elongation, control various aspects of
seed germination, including dormancy break and
mobilization of endosperm reserves, are influenced
by endogenous gibberellins. Moreover, gibberellins
influence the transition from juvenile stage to mature
stage, induction of flowering, sex determination
and fruit set establishment in the reproductive
development (Taiz & Zeiger 2004).

Saffron cultivation area is limited in Turkey.
Turkey has lost importance in saffron trade. The
product obtained cannot even meet the domestic

consumption. Therefore, Turkey needs the saffron
corm. Saffron has several beautiful flowers and carries
the perennial property due to corm. Because of this
feature, the use of saffron as an ornamental plant in
flower beds, among the grass, balconies and terraces,
in the regulation of the roof garden will be of great
importance in terms of providing the continuation
of the species. There are few studies using PGPR as
plant growth promoting agent in the cultivation of
saffron (Sharaf-Eldin et al 2008; Parray et al 2013)
around world and there is no study in Turkey. The
aim of this study was to evaluate the plant growth
parameters and corm formation on saffron by using
PGPRs (Achromobacter xylosoxidans strain TV-42A,
Brevibacillus choshinensis strain TV-53D, Myroides
odoratus strain TV-85C, Bacillus megaterium strain
TV-87A, Colwellia psycrerytreae strain TV-108G,
Kluyvera cryocrescens strain TV-113C and Bacillus
GC group B strain TV119E) and hormones (indole-3
butyric acid and gibberellic acid) treatments in
saffron in greenhouse assays.

2. Material and Methods
2.1. Materials

2.1.1. Plant material

Atotal of 150 corms of saffronused in the experiments
were obtained from the Safranbolu Directorate of
District Food, Agriculture and Livestock, Karabiik,
Turkey. The corms were selected free of wounds and
rots, and as homogeneous as possible in size (2.0
to 2.5 cm). They were stored at 1-4 °C until using.
The study was conducted under the natural light in
greenhouse condition at the Faculty of Agriculture
at Atatirk University. Temperatures inside the
greenhouse were determined as 1542 °C at night and
daytime temperatures were determined as 27+2 °C.
Treated corms were planted on July 28, 2012 then
the harvest was made on 08 May 2013.

2.1.2. PGPR bacteria and hormones

All of the bacterial strains (Achromobacter
xylosoxidans ~ strain ~ TV-42A,  Brevibacillus
choshinensis strain TV-53D, Mpyroides odoratus
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strain TV-85C, Bacillus megaterium strain TV-87A,
Colwellia psycrerytreae strain TV-108G, Kluyvera
cryocrescens strain TV-113C and Bacillus GC group
B strain TV119E) were obtained from the culture
collection unit in the Department of Plant Protection,
Faculty of Agriculture at Atatiirk University (Table
1). These non-pathogenic bacterial strains had been
isolated from the rhizosphere and phyllosphere of
wild and traditionally cultivated plants growing
in Erzurum and Van Cities located in the Eastern
Anatolia Region of Turkey (Kotan et al 2005;
Erman et al 2010). The identity of all bacterial
strains used in this study was confirmed according
to fatty acid methyl esters (FAME) analysis by
using Sherlock Microbial Identification System
(Microbial ID, Newark, DE, USA) (Miller 1982).
Bacterial cultures were grown on nutrient agar (NA;
Difco™) for routine use, and maintained in Luria
Broth (LB; Difco™) with 15% glycerol at -80 °C for
long-term storage. In the previous studies, all strains
used in this study were determined that they showed
capacity to grow in N-free conditions, for hormones
production (IAA, GA,) and to solubilise phosphate
(Table 1) (Ekinci et al 2014; Kotan et al 2014;
Turan et al 2014). In addition, the effectiveness of
the commercially available indole-3 butyric acid
(IBA; Indole-3 butyric acid/SIGMA/anhydrous,
molecular weight 203.2 g) and gibberellic acids
(GA, molecular weight 346.38 g) of hormones with

the effectiveness of selected bacteria was used to
compare and was aimed to determine the degree of
activity.

2.2. Method

2.2.1. Corms surface disinfection with sodium
hypochlorite

Corms were surface disinfected to avoid the
presence of any saprophytic and/or pathogenic
microorganisms on the corm surface. Corms
disinfection was performed by dipping the corm for
3 min. in 3% sodium hypochlorite and washing four
times in sterilized and distilled water (sdH,0). The
corms were left to dry on sterile filter paper sheets
overnight in the laminar flow hood to be used in
further studies.

2.2.2. Media and growth condition

Tryptic Soy Agar (TSA, Oxoid) and Tryptic Soy
Broth (TSB, Oxoid) medium were used in the
experiments. All bacterial isolates were incubated in
TSA at 27 °C for 24 h. After the incubation period,
a single colony was transferred to 500 mL flasks
containing TSB, and grown aerobically in the flasks
on a rotating shaker (150 rpm) for at 27 °C for 48
h (Merck KGaA, Germany). Bacterial suspension
was then diluted in sdH, O to a final concentration of
1x108 cfu mL! with a turbidimeter.

Table 1- Bacterial strains, their host, nitrogen fixation (N) and phosphate-solubilising activity (P) properties
and hormones (IAA, GA)) production (ng mL™") (Ekinci et al 2014; Turan et al 2014)

Cizelge 1- Kullanilan bakteri izolatlarinin izole edildikleri bitki, azot fiksasyonu ve fosfat ¢6zebilme ozellikleri ve

hormon (144, GA,) iiretimi (ug mL")

Bacterial strains Isolated from N P G4, 144

Achromobacter xylosoxidans TV-42A Poaceae sp. S+ W+ 299.532 1.402
Brevibacillus choshinensis TV-53D Taraxacum sp. S+ S+ 362.206 1.140
Myroides odoratus TV-85C Sugar beet - - 243.893 0.324
Bacillus megaterium TV-8TA Sugar beet + - 262.163 0.608
Colwellia psychrerytreae TV-108G Poaceae sp. + - 166.856 0.000
Kluyvera cryocrescens TV-113C Allium sp. + 171.620  10.325
Bacillus GC group A TV-119E Poaceae sp. W+ + 290.349 0.509

+, positive; S+, strong positive; W+, weak positive; -, negative
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2.2.3. Coating procedure of the bacteria on the
corms

The bacteria were grown in TSB as described
above. Absorbance of the bacterial suspensions
was measured spectrophotometrically at 600 nm
and properly diluted to 1x10® CFU mL"' in sdH,O.
Approximately, 0.2 g of sucrose (10 mg mL") was
added to each Erlenmeyer flasks, and the surface-
sterilized corms were soaked separately in this
suspension. The corms were incubated in the
flasks by shaking at 80 rpm for two hours at 28
°C to coat the corms with the bacteria. As controls
applications, untreated bacteria and hormones (100
mg L' IBA and 100 mg L' GA,) were used in this
study. Concentration of the hormone was prepared
at the rate of 100 mg L' with drinking water. After
then, the corms were soaked in these solutions for
two hours to coat the corms with the hormones and
untreated bacteria. After shaking, the corms were
taken out and air-dried on sterile Whatman filter
paper sheets overnight in the laminar flow hood.

2.2.4. Greenhouse studies

In the study, there were 10 treatments: (1)
Achromobacter xylosoxidans strain TV-42A, (2)
Brevibacillus choshinensis strain TV-53D, (3)
Myroides odoratus strain TV-85C, (4) Bacillus
megaterium  strain  TV-87A, (5) Colwellia
psycrerytreae  strain  TV-108G, (6) Kluyvera
cryocrescens strain TV-113C, (7) Bacillus GC
group B strain TV119E, (8) Control 1 (untreated
bacteria or hormones), (9) Control 2 (only IBA
treatment) and (10) Control 3 (only GA, treatment).
Research was established in a complete randomized
design with 3 replications and each replication have
5 plants. For each application, 5 saffron corms were
planted. A total of 150 corms were used, and the
study was conducted under greenhouse conditions.
Experimental soil composed of 1:1:1 ratio of soil,
sand and farmyard manure. Treated corms were
planted in black pouch having 3 litres volume.
During the study period, considering the humidity
and temperature values of greenhouse, irrigation was
performed according to the irrigation requirement of
the saffron plant.

2.2.5. Evaluation of the results

Vegetative growth of saffron plant such as the
number of days between planting and emergence,
emergence ratio (%), number of stems (number
plant'), number of leaf (number plant'), the
thickness of root collar (mm), number of cormlet,
average cormlet diameter (mm), cormlet length
(mm) and cormlet weight (g) of saffron plant were
determined. Macro and micro nutrient (N, K, P, Mg,
S, Ca, Na, Fe, Mn, Zn, Cu, Pb, B and Cd) contents
of corms were also determined. Plant samples were
oven-dried at 68 °C for 48 h and were then ground.
Potassium (K), Ca and Mg were determined after
wet digestion of dried and ground sub-samples in
a H,SO,-Se-Salicylic acid mixture. Phosphorus
(P) was determined spectrophotometrically by the
vanadomolybdophosphoric-yellow method (Lott et
al 1956). Potassium (K) and Ca were determined
by flame photometry, and Mg, Cu, Fe, Mn, Na, Zn,
Pb, B and Cd were determined by atomic absorption
spectrometry using the methods of AOAC (1990).
Boron was determined, after dry-ashing of plant
samples, spectrophotometrically at 550 nm by the
curcumin method (Odom 1992).

2.3. Statistical analysis

Data treated by the analysis of variance by using
the SPSS version 17.0 statistical software package
(SPSS Inc., Chicago, IL, USA). For the significance
level, 5% has been set to be the maximum acceptable
limit to be considered as a significant result.

3. Results

The emergence dates of saffron subjected to
different treatments were given in Table 2. The
treatments affected the emergence dates of saffron.
The earliest emergence date was obtained from M.
odoratus TV-85C and C. psycrerytrea TV-108G
bacterial strains as 48-53 days (Table 2). Emergence
of plant continued from the 1** week of September to
the 2™ week of October.

The resulting effects of the treatments on
emergence ratio and some morphological values
of saffron plant were given in Table 3. According
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Table 2- The effect of different treatments on
saffron-emergence dates

Cizelge 2- Farkli uygulamalarin safran ¢ikag siirelerine
etkisi

Number of days
Treatments between planting
and emergence
A. xylosoxidans TV-42A 50-54
B. choshinensis TV-53D 48-60
M. odoratus TV-85C 48-53
B. megaterium TV-87A 49-60
C. psychrerytreae TV-108G 48-53
K. cryocrescens TV-113C 50-54
Bacillus GC group A TV-119E 51-65
Control 1 (untreated) 50-58
Control 2 (100 mg L' IBA) 51-58
Control 3 (100 mg L' GA)) 52-65

to these results, there were no significant (P>0.05)
differences in terms of IBA, GA, and all bacterial
treatments when compared to the control treatment
on emergence ratio (%). However, emergence ratio
in GA, treatment (86.67%) was found low according
to the other treatments. It was found that emergence
ratio was approximately the same to the bacteria
treatments and IBA treatment.

The effects of the all bacterial treatments on the
number of saffron stems was significant (at P<0.001)
according to the control 3 (100 mg L' GA,). The
average number of stem of all applications was
2.65 number plant!. Minimum number of stem
(1.70 number plant') was obtained from the GA,
treatment. The maximum number of stems wre
obtained from 4. xylosoxidans TV-42A. The increase
in A. xylosoxidans TV-42A application as the
control 1, 2 and 3 were 73.9%, 60.0% and 135.3%,
respectively. B. choshinensis TV-53D, M. odoratus
TV-85C, B. megaterium TV-87A, Bacillus GC group
A TV-119E, control 1 (untreated) and control 2
(100 mg L' IBA) were located in the same group.
There were no significant (P>0.001) differences in
terms of IBA, GA, and bacterial treatments when
compared to the untreated control treatment on the
number of saffron leaf. The highest number of leaf
were obtained from A. xylosoxidans TV-42A (17.20
number plant?), C. psychrerytreae TV-108G (16.63
number plant') and K. cryocrescens TV-113C (15.60
number plant?). Average number of leaf was 14.39
number plant'. There were no significant (at P>0.05)
effects of treatments on the thickness of root collar.
According to the control treatment, the maximum
thickness of root collar (2.75 mm) was obtained from
C. psycrerytreae TV-108G bacteria treatment.

Table 3- The effects of the bacteria and hormones treatments on the emergence ratio and some morphological

values of saffron plant

Cizelge 3- Bakteri ve hormon uygulamalarinin safran bitkisinin ¢ikis orant ve kimi morfolojik ézelliklerine etkisi

Treatments Emergence Number of stems ~ Number of leaf The thickness of
ratio (%) (number plant”) (number plant”) root collar (mm)

A. xylosoxidans TV-42A 100.00+0.00 4.00+0.20 a 17.20+0.72 a 2.32+0.36

B. choshinensis TV-53D 93.33+11.54 2.47+0.12 ¢ 14.80+0.20 cd 2.57+0.19

M. odoratus TV-85C 93.33£11.55 2.40+0.00 ¢ 12.40+0.60 f 2.42+0.10

B. megaterium TV-87A 93.33+11.55 2.334+0.08 ¢ 13.80+0.00 def 2.61+0.13

C. psychrerytreae TV-108G 100.00-+0.00 3.00+0.00 b 16.63+1.38 ab 2.75+0.22

K. cryocrescens TV-113C 93.33+11.55 3.20+0.00 b 15.60+0.80 bc 2.44+0.01

Bacillus GC group ATV-119E  100.00+0.00 2.60+0.20 ¢ 13.00+0.60 ef 2.49+0.18

Control 1 (untreated) 100.00+0.00 2.30+0.30 ¢ 12.40+1.00 2.62+0.07

Control 2 (100 mg L' IBA) 100.00+0.00 2.504+0.30 ¢ 14.00£1.20 def 2.59+0.30

Control 3 (100 mg L' GA,) 86.67+23.09 1.70+0.30 d 14.10+1.10 cde 2.52+0.33

Average 96.00+9.68 2.65+0.62 14.39+1.76 2.53+0.22

F-values 0.61ns 31.60%** 11.16%** 0.95ns

ns, non-significant; ***, significant at P<0.001; difference between the means with same letter in a column is not significant
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The effects of the treatments on the number
of cormlet, cormlet diameter, cormlet length and
cormlet weight of saffron plant were given in Table
4. As shown, the bacteria except B. megaterium
TV-87A and hormones treatments significantly
(P<0.001) increased the number of saffron cormlets
according to control 1 (untreated). When the values
obtained in the yield are compared with the value
before planting, a reduction is observed. The
maximum number of cormlet was obtained from
A. xylosoxidans TV-42A (2.8 number plant') and
K. cryocrescens TV-113C (2.4 number plant?!)
application. Cormlet diameter (mm) and cormlet
length (mm) were found significant (P<0.001) in
bacteria and hormones treatments when compared to
the control 1. Also, effect of bacteria and hormones
treatments on cormlet weight (g plant') was
found significant (P<0.05). The maximum cormlet
diameter, cormlet length and cormlet weight were
obtained from B. megaterium TV-87A. However,
this application was in the same group with control
1 (untreated) treatment.

The treatments had significant effects on P, Ca, S,
K, Mg (at P<0.001) and N (at P<0.01) (Table 5). The
maximum P (1.98%) and K (1.85%) were found in B.

megaterium TV-87A treatment while the maximum
(1.80%) total N was found in K. cryocrescens
TV-113C bacteria treatment. The maximum Mg
(0.21%) was determined in Bacillus GC group
TV-119E treatment. K. cryocrescens TV-113C,
Bacillus GC group TV-119E bacteria treatments and
GA, treatments were in the same group and it was
concluded that there were no significant differences
among these treatments (Table 5).

The treatments had significant effects on Fe,
Na, Mn, Zn, Cu, Pb, Cd and B nutrient elements
at P<0.001. The maximum total Na (225.25
mg kg') was found in B. choshinensis TV-53D
bacteria treatment while the maximum Fe (157.08
mg kg') and Zn (54.60 mg kg') were found in
B. megaterium TV-87A bacteria treatment. The
maximum (35.20 mg kg') total Mn was obtained
from B. megaterium TV-8TA bacteria treatment,
but there was no significant difference between it
and the control. According to control 1 treatment,
the maximum (52.80 mg kg') total Cu and the
maximum (8.80 mg kg') total Pb were obtained
from control 2 (100 mg L' IBA) treatment.
According to the control treatment, the maximum
(21.32 mg kg') total B was determined in

Table 4- The effects of the bacteria and hormones treatments on some morphological values of saffron

corms

Cizelge 4- Bakteri ve hormon uygulamalarinin safran kormlarmin kimi morfolojik ozelliklerine etkisi

Treatments Number of cormlet  Cormlet diameter ~ Cormlet length Cormlet weight
(number plant”) (mm) (mm) (g plant”)
A. xylosoxidans TV-42A 2.80+0.40 a 10.05+0.61 de 7.51+1.01d 0.77+£0.10 b
B. choshinensis TV-53D 2.10+0.10 be 11.0340.79 cd 8.42+0.85 cd 1.37+0.20 a
M. odoratus TV-85C 2.30+0.30 be 11.23+0.28 bed 8.28+0.45 cd 1.2840.13 a
B. megaterium TV-87TA 1.40+0.00 e 12.80+0.99 a 10.00+0.03 a 1.50+0.20 a
C. psychrerytreae TV-108G 2.20+0.20 be 12.44+1.53 ab 9.69+0.33 ab 1.3840.34 a
K. cryocrescens TV-113C 2.40+0.35 ab 11.2140.65 bed 8.38+0.61 cd 1.18+0.02 a
Bacillus GC group ATV-119E  1.60+0.00 de 8.87+0.13 ¢ 8.69+0.48 be 1.33+£0.30 a
Control 1 (untreated) 2.30+0.30 be 12.42+40.47 ab 9.98+0.81 a 1.28+0.14 a
Control 2 (100 mg L' IBA) 1.90+0.10 cd 11.67+0.49 abc 9.89+0.08 a 1.21£0.14 a
Control 3 (100 mg L' GA) 1.60+0.20 de 12.32+0.08 abc 9.98+0.71 a 1.44+0.28 a
Average 2.05+0.46 11.40+1.32 9.08+1.03 1.27+0.26
F-values 10.02%** 8.44%** 6.74%** 2.97*

*, significant at P<0.05; *** significant at P<0.001; difference between the means with same letter in a column is not significant
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Table 5- Macronutrient concentrations of saffron corm (%)

Cizelge 5- Safran kormlarina makro besin elementi konsantrasyonlart (%)

Treatments N P K Ca S Mg

A. xylosoxidans TV-42A 1.60+0.10 ab 0.24+0.02e¢ 1.56+0.04c 0.62+0.03 f 0.51£0.02d 0.33£0.02 b
B. choshinensis TV-53D 1.70+£0.10 ab 0.24+0.01 ¢ 1.44+0.08d 0.62+0.02 f 0.42+0.05e¢ 0.37+0.02 a
M. odoratus TV-85C 1.60+0.20 ab 0.25+0.02¢ 1.66+0.03b 0.68+0.03 ¢ 0.43+£0.02¢  0.36+0.02 ab
B. megaterium TV-87A 1.60+0.10 ab 0.28+0.01 e 1.85£0.02a 0.70£0.01 e 0.49+0.01d 0.38+0.01 a
C. psychrerytreae TV-108G 1.30+0.10 ¢ 0.17+£0.01 f 1.12+0.02e¢ 0.37+0.02g 0.35£0.01 f  0.25+0.02 cd
K. cryocrescens TV-113C 1.80+0.10a 1.98+0.02a 0.29+0.03 f 1.50+0.03 ab 0.67+0.02a 0.20+0.01d
Bacillus GC group ATV-119E  1.70+£0.10 ab 1.66+0.08 d 0.24+0.02 f 1.47+0.03b 0.63=0.02b 0.21+0.01d
Control 1 (untreated) 1.60+0.10 ab 1.85+0.04 b 0.24+0.01 f 1.42+0.03c¢ 0.62+0.01 bc 0.20+0.02 d
Control 2 (100 mg L' IBA) 1.50+£0.10 b  1.76+£0.03 ¢ 0.26+0.02 f 1.52+0.02a 0.69+£0.01a 0.21+0.02d
Control 3 (100 mg L' GA,)  1.60+0.10ab 1.77+0.04 ¢ 0.26+0.01 f 1.20+0.02d 0.59+0.01 ¢  0.19+0.03 d
Average 1.60+0.16 1.02£0.80  0.89+0.67  1.01+0.44  0.54=+0.11 0.27+0.08
F-values 4.10%* 1725.00%**  1240.68*** 986.45%**  90.96%** 53.33%%*

** significant at P<0.01; *** significant at P<0.001; difference between the means with same letter in a column is not significant

A.  xylosoxidans

TV-42A Dbacteria treatment.

However, M. odoratus TV-85C and B. megaterium
TV-87A treatments and A. xylosoxidans TV-42A

Table 6- Micronutrient and heavy metal concentrations of saffron corm (mg kg")

Cizelge 6- Safran kormlarina mikro besin elementi ve agir metal konsantrasyonlart (mg kg')

treatment were in the same group. The maximum
(1.91 mg kg') total Cd was determined in the
control 3 (100 mg L' GA,) treatment (Table 6).

Treatments Na Fe Mn zZn Cu Pb B cd

A. xylosoxidans 187.31+£0.69 151.70+1.67 28.88+0.65 48.38+0.94 10.95+0.08 0.15+0.01 21.32+0.80  0.17+0.02
TV-42A d c c b f a g

B. choshinensis 225.2543.28 128.70+0.33 30.81+0.17 47.45+1.56 11.06+0.83 0.47+0.02 17,.26+0.28 0.35+0.01
TV-53D a g be b c b e

M. odoratus TV-  182.78+1.20 139.04+0.97 31.08+1.01 48.98+0.42 12.64+0.43 0.37+0.01 20.54+0.55 0.22+0.01
85C e d b b f e a fg

B. megaterium 206.40+2.92  157.08+0.19 35.20+£1.58 54.60+1.03 11.20+0.89 0.40+0.01 21.00+0.78  0.16+0.01
TV-87A b b a a d a g

C. psychrerytreae  191.73+3.59 185.64+1.34 14.40+0.96 27.38+0.99  7.20+0.39  0.07+0.01 13.34+0.81  0.2940.01
TV-108G c a d e g c ef

K. cryocrescens 145.01+1.08 139.54+0.49 13.53£1.00 22.96+0.16 34.31+£0.53 0.68+0.01 10.25+0.53  1.72+0.12
TV-113C g d d f b d cd
Bacillus GC group 150.1542.85 132.36+1.53 14.38+1.60 27.32+0.43 43.45+0.56 0.87+0.02 10.36+0.71  1.67+0.10
ATV-119E f f d e a d d
Control 1 138.48+1.57 135.00+£3.01 12.88+0.68 33.18+0.60 39.50+0.53 0.67+0.02 10.16+0.58  1.85+0.04
(untreated) h e d c b d ab
Control 2 (100 mg 144.00+1.64 139.00+2.03  14.08+1.5 31.08+1.01 52.80+0.24 0.88+0.02 10.34+0.25  1.80+0.05
L'IBA) g d d d a d be
Control 3 (100 mg 132.34+0.74 121.00+0.91 14.28+1.30 26.85+1.16 45.20+1.15 0.69+0.01 10.34+0.50 1.91+0.01
L' GA) 1 h d e b d a
Average 170.35431.27 142.91+£17.66 20.95+8.94 36.82+11.30 26.83+17.14 0.53+£0.27 14.49+4.82 1.01+0.79
F-values 639.62%%% 449 43%** 94 82FF*k AR [1¥¥*  23]7.43%** ]072.2%¥*¥*  ]99.73*¥*¥*  689.959%**

*** significant at P<0.001; difference between the means with same letter in a column is not significant
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4. Discussion

There are several PGPR inoculants presently
commercialized that seem to promote growth
through at least one mechanism; improved nutrient
acquisition  (Biofertilizers) or phytohormone
production (Biostimulants). In this study, a total of
seven bacterial strains and hormone applications
were tested to see their effects on plant growth
promoters of saffron.

There has no information on the number of
stems per plant so far. The number of stem is an
important character of which there was a very close
relationship between the number of stem and the
number of corm per plant. As a matter of fact, Ipek
et al (2009) reported the same finding. Deo (2003)
indicated that the large bulb had between 5-11
leaves. The average number of leaves was the same
with the findings and the treatments had enhancing
effect on the parameter. It is considered that there
may be closely related to the number of leaves and
the number of stems.

Frank (1986) stated that bulbous plants blooming
in autumn are usually blooming in the second year.
Soheilivand et al (2007), reported that Iranian
origin saffron bulbous bloomed in the second year.
Saffron bulbous of our research were not bloomed
in the first year. Findings of our research were in
accordance with these findings. As a matter of fact,
the aim of our study was to get a large number of
quality corms and to investigate the availability of
the resulting quality corms as well as an ornamental
plant. Based on the obtained results, we can
interpret that the use of these bacterial isolates in
the cultivation of ornamental plants may be one of
the important tools for decreasing the maintenance
cost and achieving sustainability in the landscapes.
Benschop (1993) determined that Crocus sativus is
the most important specie bloomed in autumn and
Crocus species is used as a garden plant and pot.
After all other flowering plants seeding in October,
they bloom bright-coloured flowers with a darker
purple colour from light pastel mauve (Willard
2002). Flowers are similar to lilies and they are at
size of tulips (Safranbolu 2015).

Bacterial inoculations increased the plant nutrient
element content. The plant nutrient elements Pb,
Cd, S and Ca that obtained from GA, application
were excluded. The highest content of K, Mg, Mn,
Zn and B were obtained from B. megaterium TV-
87A bacterial application. Furthermore, maximum
cormlet diameter, cormlet length and cormlet weight
values were obtained from this application. Corm
diameter is the most important factor affecting the
yield (Cavusoglu & Erkel 2005). Also, the highest
content of N, P and S were obtained from K.
cryocrescens strain TV-113C bacterial application.
Increasing the mineral content may be explained
by organic acids plant growth hormones and amino
acids production by plant and bacterial inoculations
(Table 1). In the study of Turan et al (2014), B.
megaterium TV-87A inoculation increased the plant
growth parameters such as fresh shoot weight, dry
shoot weight, root diameter, root length, fresh root
weight, dry root weight, plant height, stem diameter,
leaf areca and chlorophyll contents of cauliflower
transplant. Except for indole acetic acid (IAA), the
values of abscisic acid (ABA), gibberellic acid (GA)
and salicylic acid (SA) increased in the applications
by some ratio compared to the control.

Many publications have been previously
documented on plant growth promoting bacteria
(Erman et al 2010; Ekinci et al 2014; Turan et al
2014). However, the effects of the PGPR and
hormones treatments on plant growth and formation
of corm in saffron cultivation has not been enough
studied. Sharaf-Eldin et al (2008) studied the effect
of B. subtilis FZB24 on saffron (Crocus sativus
L.) corms under ex-vitro conditions in Egypt and
reported that inoculation of B. subtilis FZB24
significantly increased the leaf length, flowers
per corm, weight of the first flower stigma, total
stigma biomass and significantly decreased the
time required for corms to sprout and the number
of shoots. In addition, Parray et al (2013) stated that
some important plant growth promoting bacteria
as B. subtilis and Pseudomonas ssp., showed 1AA
production, phosphate solubilisation production and
siderophore production can be used as biofertilizers
and application of these rhizobacterial strains
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may provide some benefit to saffron growers by
speeding corm growth (earlier shoot emergence)
and increasing stigma biomass. The present study
showed that some of the bacterial application
increased the plant growth parameters of saffron.
These results are in agreement with the previous
literature reports on bacteria. To our best knowledge,
there is no investigation on the effects of PGPR on
plant growth and quality of saffron in Turkey. For
this reason, our study is one of the first of its kind
in Turkey.

However, P, Ca, S, Mg, Mn, Cu, Pb and Cd
content of the plants applied bacteria decreased
whereas the uptake of K, Na, Fe, Zn and B slightly
increased (Table 5 and 6). In recent years, the
heavy metals pollution resulting from industrial
and agricultural activities has emerged as a major
problem. It was reported to be significant in the
level of the metal products as Mn, Cu, Cd, Pb and
Hg (Saharan & Nehra 2011). Contamination of soil
with Cd can negatively affect biodiversity and the
activity of soil microbial communities (Chen et al
2003). In this study, bacteria applied plants reduced
Cu, Cd, P, Ca, S and Pb concentration while the
Na, Fe, Zn, Mn, K, Mg and B were abundantly
present as compared to control. The presence of
these bacteria in the soil as biofertilizers can protect
the plant from metal toxicity and stimulate plant
growth. In addition, Mayak et al (2004) reported
that A. piechaudii having ACC deaminase activity
significantly increased the fresh and dry weights of
tomato seedlings grown in the presence of NaCl.
The bacterium reduced the production of ethylene in
tomato seedlings, which was otherwise stimulated
when seedlings were challenged with an increase in
salt concentrations.

In conclusion, the main objective was to achieve
the most and best quality corm by using some
hormones and PGPR improving the quality, growth
and the yield of saffron product. The results were
statistically evaluated. From these results, it could
be concluded that the tested bacterial strains have
some important plant growth promoting traits that
can be used as biofertilizers and application of
these bacterial strains may provide some benefit to

saffron growers by speeding corm growth (earlier
shoot emergence), and increasing the stem and leaf
biomass and number of cormlet and cormlet weight.
In conclusion, the bacteria treatments used in
research were determined as significant in terms of
plant development and corm of saffron. The bacterial
strain tested in this study may be a potential to be
used as a biofertilizer in sustainable and organic
common vetch production. The bacterial bio-
formulations used in organic farming increase plant
growth, and the development of saffron complete
that positive affect. Saffron blooms several beautiful
flowers and carries perennial feature due to the
corm. Because of these properties, saffron can be
used as ornamental plant in rock gardens, in flower
beds, in grass, in balconies and terraces and in the
regulation of the roof garden. Use of these bacterial
isolates in the cultivation of ornamental plants may
be one of the important tools for decreasing the
maintenance cost and achieving sustainability in the
landscapes. The effects of the PGPR and hormones
treatments on plant growth and formation of corm in
saffron cultivation has not been studied enough. Our
study is one of the first of its kind in this sense. The
bacteria treatments used in this study had significant
effects on plant development and corm of saffron.
Further, it is thought that further investigation
should be made by using different bacterial breeds.
Further similar study will be useful with more
material. Results should be transferred into practice
and converted into economic benefits by sharing
with employees in the crop production sector.
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