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ARTICLE INFO ABSTRACT

Article history: Saffron is a spice derived from the flower @bcus sativus L. Biofertilizers and
Received 4 January 2014 organic fertilizers are new alternatives to minefeaitilizers for increasing soil
Received in revised form 20 productivity and plant growth in sustainable agtice. Therefore, it is necessary to
February 2014 determine the effects of biofertilizers and orgafedilizers on valuable medicinal
Accepted 23 February 2014 plants such as saffron. To determine the effectsbiofertilizers Bacillus and
Available online 5 April 2014 Pseudomonas) and vermicompost application on growth and yieldsaffron Crocus

sativus L.) an experiment was conducted in Faculty of Agiture, Shahed University,
Tehran, Iran during 2012-2013 growing season iaralomized complete block design

Key words: with three replications and four fertilizer treamt® The treatments were control
Biofertilizer, Growth, (without any fertilizer), 10 ton per hectare verongpost, bacteria (mixture @&acillus
Saffron, Soil supplement, Yield. and Pseudomonas) and 10 ton per hectare vermicompost along witbtdvé. The

results showed that vermicompost and bacteria egtgih had great impact on saffron
growth and yield especially when these two fegilizwere mixed to each other, more
positive results were observed. According to oladiresults, combined application of
vermicompost and bacteria can be useful in orderettuction in application of
chemical fertilizer in agro-ecosystems which is @ods minimizing environmental
pollution and helping sustainable agriculture.
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INTRODUCTION

Saffron belongs to Iridaceae family and grows te3Mcm and bears up to four flowers, each withethre
vivid crimson stigmas (Kaft al., 2006) which are used mainly in various cuisiag® seasoning and colouring
agent. Saffron is native to Greece or Southwegtsid (Hill, 2004) and was first cultivated in Gree@VcGee,
2004). It is mostly distributed in Irano-Turaniagion with low annual rainfall, cold winters andt lsommers.
At present, saffron is cultivated in Iran and a feountries. Iran is leading country in saffron protion with
47200 ha cultivated area and 160 ton annual pramtu¢3.4 kg h# yield) (Kafi et al., 2006). The main saffron
production areas in Iran are located in Khorasans Bnd Kerman provinces.

Saffron grows and develops in friable, low-densitgll-watered, and well-drained clay-calcareousssoi
with high organic content (Deo, 2003) which promgt®d drainage. The soil organic content is a atusnil
property to guide agricultural applications anthistorically boosted via application of organic stamces such
as cattle manure, crop residue and other type mposts also includes the remains of microorgansnassoil
micro fauna (Koochaki and Gholami, 2006). Organattars affect crop growth and yield directly by glying
nutrients and indirectly by modifying soil physicptoperties that can improve the root environmemd a
stimulate plant growth (Bandyopadhyetyal., 2010).

Nowadays, low application of organic fertilizerschuas composts and uncontrolled use of chemical
fertilizers are the main reasons for soil degraaatdecrease of soil organic matter and ultimaietyeased
density of soils (Alidadet al., 2013). So, organic substances like vermicompastbe a good substitute for
chemical fertilizers to overcome their adverse @ffe(Joshiet al., 2013). Vermicompost is produced by
biodegradation of organic material through intdcacs of earthworms and micro-organistishas higher levels
of nutrition compared to the original materialsaomimposts that have been created from other mettioidsa
rich source of macronutrients, microelements, vitenenzymes and hormones that stimulating plaoivtyr
(Prabhaet al., 2007). Essential elements such as nitrogen,pbtooas, potassium and calcium in the form of
organic waste convert into available forms in thecpss of producing vermicompost (Ndegwa and Thomps
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2001). It has been shown that vermicompost stiraalatant flowering, increases the number and bisroas
the flowers (Arancoret al., 2008, Ramasamy and Suresh, 2011), as well asaises fruit yield (Singht al.,
2008).

Use of biofertilizers containing beneficial micrganisms instead of synthetic chemical are known to
improve plant growth through supply of plant nutteeand may help to sustain environmental health sail
productivity (O’'Connell, 1992). Nitrogen enters sgstems via atmospheric deposition or biologic&iogen
fixation. The latter pathway is mediated by prokdeg, so called diazotrophs (Furnkrahal., 2008). Various
bacteria belonging to very different phylogenetioups share the ability to reduce atmospheric tdl
ammonium via the enzyme nitrogenase. So far coraditie number of bacterial species mostly associattdd
the plant rhizosphere, have been tested and faubd beneficial for plant growth, yield and cromlify. They
have been called ‘plant growth promoting rhizobaaténcluding the strains in the genefa&inetobacter
Alcaligenes, Arthrobacter, Azospirillium, Azotobacter, Bacillus, Pseudomonas, Beijerinckia, Burkholderia,
Enterobacter, Erwinia, Flavobacterium, Rhizobium and Serratia (Sturz and Nowak, 2000; Sudhaketral.,
2000). Several species of rhizobacteria have atmntound to synthesize plant hormones and have bee
suggested to play a key role in stimulating plamwgh (Lindowet al., 1998; Beattie and Lindow, 1999). In
previous studies, it was found that rhizobacteoiala stimulate growth and increase yield (De Sétal., 2000;
Sudhakaret al., 2000; Esitkeret al., 2002, 2003; Zahiet al., 2004). However, not much is known about
promoting effects oBacillus andPseudomonas on growth and yield of saffron.

Organic farming of saffron is important due to neatl and edible consumption of this plant. Althbug
there has been little discussion about organicifagrof saffron, no comprehensive research has deer so
far studying the effect of concurrent use of vewomipost and plant growth promoting bacteria in saffr
cultivation. The key aims of the present study wkredetermine the result of vermicompost and bacter
treatments on growth, yield and morphological $rait saffron in comparison with conventional agftigre.

MATERIAL AND METHODS

A field experiment was conducted in Faculty of Agtture, Shahed University, Tehran, Iran during201
growing season (latitude: ‘F0 N; longitude: 51389 E; 1062 m altitude; rainfall: 160 mm; mean tempene
15.3C).

Before planting, five soil samples were collectaddomly at the depth of 30 cm and sent to laboyétor
determine chemical properties. Soil propertiesgaren in table 1. The experiment was laid out naadomized
complete block design with four treatments andeheplications. The treatments included controth{@ut any
fertilizer), 10 ton per hectare vermicompost, baatémixture ofBacillus and Pseudomonas) and 10 ton per
hectare vermicompost along with bacteria. Sampleseomicompost used in this study were chemically
analysed and the results of analysis were sumntaiizéable 2. Nitrogen was measured by Kjeldhalhoet
(Bremner and Mulvaney 1992), available phosphorysibhn (1970) method, potassium, magnesium and
sodium by flame photometer, Fe, Zn, Mn and Cu loynit absorption and organic carbon base on Neladn a
Sommers (1982) method.

The land was ploughed and then disked twice wighhiblp of tractor. After land partitioning saffroarms
were planted in the plots. Each experimental plas w0 m long and consisted of 8 rows spaced 0.part.a
There were 2 m gaps between the blocks, to prdag&sral water movement and other interferences. Hithe
planting method was chosen and five saffron coriitis the average weight 10-12 g were planted in dumié.
Distance of holes was 25 cm. Irrigation was perfednn a 10-day interval. Weeds were harvested ntignua
and herbicide was not used. Plants were proteogethst possible pest and diseases by usual appficat
methods.

Treatments were applied before flowering stage.mi@mpost was mixed into the soil at the certain
amount and bacteria were added into the irrigatiater (16 CFU). At harvest time, growth and yield related
traits were studied and data were collected. Athdaeere first analyzed by ANOVA to determine sigraht (<
0.05) treatment effects. Significant differencesne®n means were determined using Duncan’s multgrige
test (DMRT).

Table 1: Chemical properties of the soil

R Field TNV | SP o o P K Fe Zn Mn Cu
pH | dS.mf capacity | % 9 | OC% | N% mg.kg® | mg.kg® | mg.kg* | mg.kg' | mg.kg® | mg.kg
8 35 25.4 19.3 40 1.05 0.1 87 896 4.9 2.14 9.2 1.3

Table 2: Chemical properties of the vermicompost

. P K Fe Zn Mn Cu Mg 1
pH | dS.m' | O.C% N % mg.kg* | mg.kg' | mgkg* | mg.kg® | mg.kg® | mg.kg® | Meq.l* CaMeq.

85 | 6.21 175 2.24 1020 9340 75 37.85 30.5 6.12 8 11.| 5.2
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RESULTS AND DISCUSSION

Analysis of variance showed that the effect offérdlizer treatments was significant on all tragtscept for
lateral corm fresh weight (Table 3). In additiofi, laaf and flower related traits were affected fieytilizer
treatments except for leaf length (Table 3). Congpar of means on corm weight indicated that vermigost
application and mixture of fertilizers had the hégheffect on this trait (Figure 1). On the othandh, control
treatment was found as ineffectual treatment (gt Mother corm diameter increased due to appicaf
mixture and vermicompost treatments (Figure 2).il8ny, mother corm fresh and dry weight increased
account of vermicompost and mixture of fertilizéfggure 1). This is the first study demonstratihgtBacillus
andPseudomonas and vermicompost can increase growth and yiekhfiffon under organic growing conditions.
The plant growth and yield enhancement effectsamftdria and vermicompost used in this study onreaff
could be explained by this fact that vermicompaegth high water-holding capacity and proper suppfy
macro- and micro-nutrients has a positive effectommass production and subsequently the enhaneed p
growth. In addition, we found that the applicatmfrbacteria and vermicompost increased N, P andrikenit of
saffron leaves which provide the additional evidesapporting our findings. Availability of nitrogéncreases
growth and leaf area index of plant which in tunareases absorption of light leading to more drytenand
yield (Taleshiet al. 2011). Bacteria application had the lowest eff@ctdiameter of the corms (Figure 2).
Moreover, control treatment had little effect onther corm fresh and dry weight (Figure 1). Vermiquost
application through the improvement of biologicetidties of soil and mineral element absorptiomgAconet
al., 2004), caused more biomass production and flowerber. It has been reported that vermicomposhiugs
microbial activity due to presence of fungi, baeteand actinomycetes (Tomag¢t al., 1988).Bacteria
application significantly increased daughter coramber (Figure 3). Although daughter corm fresh dng
weight increased due to vermicompost applicatiomture of fertilizers led to decrease in this tidtgure 1).

Table 3: Analysis of variance on growth and yield relatedts

d. | com Mother corm Daughter corm Lateral corm
S.0.v ' . Diame | fresh Dry Fresh Dry Fresh Dry
f | weight ter weight weight Number weigh weight Number weight weight
Rephca 2 | ns ns ns ns ns ns ns ns ns ns
tion
Fertlllz * * * * * * * * *
ers 3 ns
Error 6 0.02 0.23 465837. | 662520.0 | 24131944 | 120753 | 1030327.| 18708854 | 4242618.| 178655
) ) 42 8 44 7.22 14 166 64 5.14
C.V (%) 16.37 19.42 22.64 37.81 49.90 34.92 75.35| 2.46 31.43 68.41
Leaf Flower Stigma
SOV d. | Len Widt area LAI Fresh Dry Number Fresh | Fresh Dry \I/:vreeisrk]lt/d
© f |gh |h yield yield yield | yield | yield ightdry
weight
l?;fl'ca 2 | ns ns ns ns ns ns ns ns ns ns ns
Fertiliz 3 ns * * *k * * * * * * *
ers
Eror | 6| 900( 2% | 153 | 0002 | 190242 | 120290 o463 654 | 260 | o012 |9??
C.V (%) 2% 3% |1211 | 883 | 1327 | 2016 1341 90| 1820 2674325
*, ** and ns significant at 0.01, 0.05 and no sfgaint, respectively
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Effect of control treatment on lateral corm numbad effect of mixture of fertilizers on lateral oodry
weight were the most effective treatments (Figuen@ 1). By contrast, vermicompost application dest@ted
the lowest effect on this trait. In general, migtwuf fertilizers and vermicompost application wknewn as the
best treatments while control treatment and bactgsplication had the lowest effect on these gtaive traits.
Leaf width, leaf area and leaf area index increadad to vermicompost application (Figure 4 and 5).
Earthworm casts have been shown to increase plantwetight (Edwards 1995). The substitution of
vermicompost in soil has always been associatedh witreasing germination, percentage and vyield of
vegetables even at low substitution rates and ieldgnt of nutrient supply in various experimenttiy@h et
al., 2000). Growth and development of plants is dughé presence of humic acids (Aran@rl. 2005) and
micro and macronutrients in vermicompost (Atiyatlal., 2002; Fernandez-Luque#ibal. 2010). The maximum
increase in plant height dflatricaria chamomomile was observed by (Hadt al. 2011) when vermicompost
was applied at the rate of 20 ton per hectare.

A A A
30 - 2

25, 1
20 A
15 9

10 4 B B B

Control Verm PGR Verm + PGR

m Leaf length (cm) m Leaf area (m?)

Fig. 4: Effect of biofertilizers and vermicompost on léafigth and leaf area
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Fig. 5: Effect of biofertilizers and vermicompost on ledtith and lead area index
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In similar studies, application of vermicompostrigeesed stem diameter bifium plant (Moghadanet al.
2012) and okra (Ansari and Kumar Sukhraj 2010)flfessh weight increased in control treatment whéaf
dry weight increased in control, mixture and vemnipost treatments, however there was no significant
difference between them (Figure 6). Bacteria apgibn led to the lowest values regarding theséstiait this
reduction was not statistically significant (Figue Generally, vermicompost and bacteria had thhdst and
the lowest effect on these traits, respectivelye Tésults revealed that flower fresh yield, flowember and
stigma dry yield increased due to mixture treatnveimte these traits decreased in control treatr(i€igure 7, 8
and 9). Similar results were found when stigmahrgield was measured, stigma fresh weight increased
because of mixture treatment and decreased duacteria application (Figure 10). Overall, mixtureatment
and vermicompost application had the most effeduemtitative traits related to the flowers. Intwady, Azarmi
et al.2009 reported that leaf dry weight and numbeeaf/és of tomato increased on vermicompost applitsiti
Vermicompost increased growth of various plantsabiee of high porosity, aeration, drainage, and mwate
holding capacity (Edwards and Burrows 1988), presearf beneficial microflora (Tomadt al. 1987), nutrients
such as nitrates, phosphates, and exchangeablancaod soluble potassium (Orozebal. 1996) and plant
growth regulators (Tomatt al. 1988).
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Conclusion:

It is clear from the present study that bioferélig and vermicompost successfully manipulate tbevir of
saffron, resulting in beneficial changes in yielthe highest biological and yield was obtained bipgid0 ton
vermicompost per hectare along with bacteria. Thasjbined application of vermicompost and bactesia be
helpful in developing of production and yield irffsan.
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