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ABSTRACT  
This study was conducted to evaluate the effects of two composts (waste compost and vermicompost) and two PGPRs (Barvar
Nitroxin®) on the total yield and yield components (leaf, 
strains of Pseudomonas and Bacillus species
performed in the Research Greenhouse of
application of vermicompost significantly promote higher total yield and yield components. Also, significantly higher yield w
saffron treated with combination of Barvar-2
of vermicompost with Barvar-2® and Nitroxin
fresh and weight. There were no significant correlations between yields of saffron and dry or fresh weight of the corms. The 
experiment emphasized that application of vermicompost, PGPRs or their combination would be a practical way to achieved higher yield in 
saffron. 
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 Saffron (Crocus sativus L.), the world’s most expensive s
Iridaceae (Iris Family). The genus includes
used as winter, spring or autumn displays of their ornamental flowers in landscaping. Saffron is an autumn
flowering perennial plant derived from 
stigmas. It is a sterile triploid form (mutant) not capable of producing seeds. Saffron grows well in areas that 
have cold winters and warm summers. Saffron crocus grows to 20
with three vivid crimson stigmas, which are the distal end of a carpel
crops being cultivated in arid and semi
of many countries. Iran is one of th
approximately 90% of the world production of saffron. 
Province, which is located at an elevation of around 1000 m.a.m.s.l 
for its antigenotoxic effect [32], antioxidant activity 
antidepressant remedy [43], and anticancer properties 
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This study was conducted to evaluate the effects of two composts (waste compost and vermicompost) and two PGPRs (Barvar
) on the total yield and yield components (leaf, corm, petal and stigma) of saffron at 3 different flowering stages. Barvar

species, while Nitroxin®contains strains of Azetobacter and Azospirillum
performed in the Research Greenhouse of Tehran Municipality, Tehran, Iran in 2012. The results of this experiment indicated that 
application of vermicompost significantly promote higher total yield and yield components. Also, significantly higher yield w

2® and Nitroxin®. Finally, the best synergistic effects of treatments were obtained in combination 
and Nitroxin®. Total yield had positive and significant correlations with petals, stigmas and leaves both 

fresh and weight. There were no significant correlations between yields of saffron and dry or fresh weight of the corms. The 
that application of vermicompost, PGPRs or their combination would be a practical way to achieved higher yield in 
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INTRODUCTION 

L.), the world’s most expensive spice, is a species of flowering plants
ris Family). The genus includes over 90 perennial species growing from corms. Most species are 

used as winter, spring or autumn displays of their ornamental flowers in landscaping. Saffron is an autumn
flowering perennial plant derived from C. cartwrightianus by extensive artificial selection for obtaining longer 

is a sterile triploid form (mutant) not capable of producing seeds. Saffron grows well in areas that 
have cold winters and warm summers. Saffron crocus grows to 20–30 cm and bears up to four flowers, each 

vivid crimson stigmas, which are the distal end of a carpel [23]. Saffron is one of the most important 
semi-arid climates [3]. It is a prized culinary spice, widely used in the cuisine 

of many countries. Iran is one of the major saffron producing countries in the world. Iran now accounts for 
approximately 90% of the world production of saffron. Saffron is intensively cultivated in Southern Khorasan 
Province, which is located at an elevation of around 1000 m.a.m.s.l [26,4]. Saffron has a long medicinal history 

, antioxidant activity [12], antidiabetic activity [38]
, and anticancer properties [1]. Higher saffron flower yield is greatly dependent o
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various abiotic and biotic practices like irrigation, improving soil condition through supplementation of organic 
and inorganic fertilizations and management of pests and diseases. It is well known that maintaining a balance 
between vegetative and reproductive growth is the major aim in achieving high yield in saffron [7]. Shahandeh, 
[37] pointed out the key role of chemical properties of soil including organic content, available phosphorus, 
mineral nitrogen, exchangeable potassium and C/N ratio in obtaining higher yield in saffron. Literature review 
indicated that vermicompost is a suitable source of nutrients for field crops [27]. The Earthworm 
Eiseniafetida,is responsible for the favourable physical and biological properties of vermicompost used on 
various crops. Higher yield and productivity in cereals and legumes[40], ornamental and flowering plants, and 
vegetables [15,6] have been attributed to vermicompost. Suthar [40]investigated effects of vermicomposted and 
composted farmyard manure (FYM) with a combination of different levels of NPK fertilization on garlic plants. 
He reported that application of vermicomposted FYM was better than composted manure for some plant 
parameters such as length of root, shoot and leaf. He showed that vermicomposted FYM had more 
micronutrients such as Cu, Fe, Mn, and Zn, attributed to presence of worm-processed material in vermicompost. 
High water absorption and high nutrient holding capacities of vermicompost positively influenced plant growth 
and development. Addition of macro and microelements, vitamin B12 and Nitroxin®, all found in the 
vermicompost, also induced plant growth and development (Edwards, 1988). In contrast, application of 
chemical fertilizer showed a lack of some beneficial characteristics of the vermicompost.Azotobacter, 
Azospirillum, Pseudomonas, Acetobacter, Burkholderia and Bacilli are examples of beneficial bacteria within 
organic fertilizers [19]. These microorganisms are called Plant Growth Promoting Rhizobacteria (PGPR). 
PGPRs establish around root systems and help plants with nutrient absorption. They improve soil structure, 
reduce diseases and environmental pollutants [21], promote plant growth through induction of resistance against 
pathogens [36,39], mineralize organic matter [10], and facilitate nutrient availability for plants [1]. This 
experiment was conducted to evaluate effects of solid urban waste-compost, vermicompost and two kinds of 
biological fertilizers (Nitroxin® and Barvar-2®) on total yield and yield of saffron components (leaf, corm, petal 
and stigma) in three different flowering stages in order to optimize growth and development of saffron for 
higher yield. 

MATERIAL AND METHODS 
 
 This experiment was conducted at the Research Greenhouse of Tehran Municipality, region one, Tehran, 
Iran. The experiment was conducted during the year 2012. Waste compost and vermicompost were obtained 
from the compost producing Centre of Tehran Municipality. Growing mix was prepared by mixing 30% of 
waste compost or vermicompost with 70% of regular topsoil. Two kinds of Plant Growth Promoting 
Rhizobacterias (PGPRs), Nitroxin® and Barvar-2® were obtained from a biotech institute called Mehr-Asia. 
Barvar-2® contains bacterial strains of Pseudomonas and Bacillus species; thesedegrade insoluble phosphoric 
compounds using secretion of organic acids and phosphates acids, respectively [11]. Nitroxin® contains 
bacterial strains of Azetobacter and Azospirillum species, which are involved in nitrogen fixation [19]. Saffron 
Corms of cultivar “Shadni” from TorbatHeidarieh with diameter of 3-5 cm were received from Agricultural 
Research Center of Southern Khorasan Province for this experiment. The corms were disinfected with benomyl 
(Methyl [1-[(butylamino) carbonyl]-1H-benzimidazol-2-yl] carbamate) before conducting the experiment. The 
corms were sprayed with Nitroxin® and Barvar-2® in a shaded area and kept for 20 min before planting. After 
20 min, the corms were planted 10 cm deep and 5 cm apart in a raised flowerbox with dimensions of 
53L×20W×16H.Fresh and dry weights were measured with a digital scale with accuracy of 0.0001. To measure 
the dry weight of petals, stigmas and leaves, the samples were put in an oven for 2-4 h at 50-60 C°. To measure 
the dry weight of corms, the samples were placed in an oven for 12 h at 70-80 °C. Data on dry and fresh weights 
of stigmas and petals were collected in three stages of flowering (Oct. 11-second stage, Oct. 31-third stage and 
Nov.20-fourth stage). However, data of dry and fresh weights of leaves and corms were collected at the end of 
flowering stage (Nov, 20, 2012-fourth stage). The experiment used a factorial arrangement of treatments, with 
randomized complete block design with three replicates and six samples for each replication. The first factor 
was PGPRs and the second factor was compost type, so that final treatments were: T1: compost, T2: 
compost+Barvar-2®, T3: compost + Nitroxin®, T4: compost+ Barvar-2® + Nitroxin®, T5: vermicompost, T6: 
vermicompost+Barvar-2®, T7: vermicompost+ Nitroxin®, T8: vermicompost+ Barvar-2®+ Nitroxin® and T9: 
control (no fertilizer). The statistical analysis was performed using SAS v.9 (Statistic Analysis System) 
software. Analysis of variance was performed on all data sets and if it was significant for any properties, 
Duncan’s test was used to separate the means (P= 0.05). Combined analysis of variance was performed to 
investigate differences among flowering stages. 
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Fig. 1: Effect of combination of compost and PGPRs on petal fresh weight (I) and dry weight (II) of saffron. V: 

vermicompost, VB: vermicompost+ Barvar-2® , VN: vermicompost + Nitroxin®, VBN: vermicompost+ 
Barvar-2®  + Nitroxin®, Z: solid waste compost, ZB: waste compost + Barvar-2® , ZN: solid waste 
compost + Nitroxin®, ZBN: solid waste compost + Barvar-2®  + Nitroxin®. Means followed by a 
different letter differ significantly at P = 0.05. 

 

 
 
Fig. 2: Effect of combination of compost and PGPRs on stigma fresh weight (I) and dry weight (II) of saffron. 

V: vermicompost, VB: vermicompost+ Barvar-2® , VN: vermicompost + Nitroxin®, VBN: 
vermicompost+ Barvar-2®  + Nitroxin®, Z: waste compost, ZB: Solid waste compost + Barvar-2® , ZN: 
solid waste compost + Nitroxin®, ZBN: solid waste compost + Barvar-2®  + Nitroxin®. Means followed 
by a different letter differ significantly at P = 0.05. 

 
Table 1: Mean comparison of some properties of saffron treated with compost, vermicompost and two kinds of PGPR using Duncan’s 

multiple range test (P<0.05). 
Treatme

nts 
Petal fresh weight (mg) Petal dry weight (mg) Stigma fresh weight(mg) Stigma dry weight (mg) 
1 2 3 1 2 3 1 2 3 1 2 3 

V 270.1a 275a 277.4a 4.78a 4.85a 4.85a 30.68a 30.6a 30.35a 11.66a 11.37a 10.12a 
Z 233.4b 250.7b 242.4a 4.11b 4.29b 4.12b 20.52b 22.75b 21.65b 7.66b 8.48b 7.39b 

Control 150.2c 155.6c 159.6c 2.98c 3.1c 3.85c 12.3c 12.1c 13.1c 3.12c 3.2c 3.09c 
B 233.7c 243.6c 248.2b 4.05c 4.15c 4.19c 21.89c 24.51b 23.09c 8.25c 8.28b 7.37b 
N 252.4b 263.7b 235.2b 4.61b 4.83b 4.63b 27.55b 26.34b 27.67b 9.39b 8.57b 7.22b 

BN 328.5a 327a 352.1a 5.27a 5.35a 5.31a 35.29a 34.96a 35.35a 15.86a 15a 15.01a 
Control 186.6d 198.1d 186.2c 3.72d 3.71d 3.87d 17.08d 17.19c 17.39d 5.07d 492c 4.5b 
V: vermicompost, Z: waste compost, B: Barvar-2® , N: Nitroxin®, BN: Barvar-2® + Nitroxin®. Within columns, means followed by a 

different letter differ significantly at P = 0.05 
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Table 2: Mean comparison of some properties of saffron treated with compost, vermicompost and two kinds of PGPR using Duncan’s 
multiple range test (P<0.05). 

treatment Leaf fresh weight (g) Leaf dry weight (g) corm fresh weight(g) corm dry weight (g) 
     

V 5.21a 2.62a 12.13a 8.25a 
Z 3.6b 1.86b 9.58b 5.57b 

Control 1.9c 1.1c 5.6c 3.1c 
     

B 4.08b 2bc 9.9c 6c 
N 4.58ab 2.37ab 11.1b 7.25b 

BN 5.29a 2.79a 12.62a 8.56a 
control 3.1c 1.55c 8.7d 4.98c 

V: vermicompost, Z: waste compost, B: Barvar-2® , N: Nitroxin®, BN: Barvar-2® + Nitroxin®. Within columns, means followed by a 
different letter differ significantly at P = 0.05 

 
Table 3: Mean comparison of yield in saffron treated with compost, vermicompost and two kinds of PGPR using Duncan’s multiple range 

test (P<0.05). 
Treatment Yield () 

V 27.61a 
Z 19.02ab 

Control 9.41b 
 

BN 38.24a 
N 21.36b 
B 21.31b 

Control 10.26c 
V: vermicompost, Z: waste compost, B: Barvar-2® , N: Nitroxin®, BN: Barvar-2® + Nitroxin®. Within columns, means followed by a 

different letter differ significantly at P = 0.05 
 
Table 4: Mean comparison of stigma dry weight of saffron in three flowering stages. 

Flowering stage Stigma dry weight (mg) 
Second 9.37 a 
Third 9.42 a 
fourth 8.44 b 

Within columns, means followed by a different letter differ significantly at P = 0.05 
 
Table 5: Pearson correlations between yield and its components in saffron. 
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        1 Petal fresh weight 
       1 0.87**  Petal dry weight 
      1 0.98**  0.86**  Stigma fresh weight 
     1 0.84**  0.84**  0.93**  Stigma dry weight 

    1 0.08ns 

ns

 0.1
47 

0.152ns 

ns

 0.2
62 

Leaf dry weight 

   1 0.9**  0.10 0.24ns 0.213ns 0.239ns Leaf fresh weight 
  1 -0.45**  -0.38* 0.56* 0.59**  0.6**  0.45**  Corm dry weight 
 1 -0.19ns 0.89**  0.79**  0.11ns 0.35* 0.39* 0.3ns Corm fresh weight 
1 0.24ns 0.22ns 0.45**  0.72**  0.63**  0.69**  0.69**  0.68**  Yield 
 * and**  mean  P < 0.05 and P < 0.01, respectively and nsmeans non-significant difference 

 
Results: 
Petal fresh and dry weight: 
 As shown in Table and Figure 1 (I & II), results indicated that application of composts and PGPRs 
increased fresh and dry weight of petals in all three stages of flowering compared with control. In the compost 
treatment, vermicompost enhanced fresh and dry weight of petals significantly by 270.1, 275, 277.4 mg and 
4.78, 4.85, 4.85 mg respectively. Combination of Barvar-2®and Nitroxin® (PGPRs) significantly enhanced fresh 
and dry weight of petals by 328.5, 327, 352.1 mg and 5.27, 5.35, 5.31 mg respectively. Combination of 
treatments indicated that maximum fresh and dry weight of petals was obtained with application of 
vermicompost+Barvar-2®+Nitroxin®.while minimum fresh and dry weight of petals was obtained with 
combination of waste compost and Nitroxin® by194.51,192.62,192.5 mg and 4.13, 4.3, 4.13 mg respectively in 
all three stages of flowering.Combination of waste compost + Barvar-2®and application of waste compost 
privacy decreased dry weight of petals by 3.61, 3.65, 3.66 mg and 3.55, 3.58, 3.6 mg respectively. 
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Stigma fresh and dry weight:  
 As shown in Table 1 and Figures 2 (I & II), results indicated that application of compost and PGPRs 
significantly enhanced fresh and dry weight of stigmas in all three stages of flowering compared with control. 
Vermicompost treatment enhanced fresh and dry weights of stigmas significantly by 30.68, 30.6, 30.35 mg and 
11.66, 11.37, 10.12 mg, respectively. Combination of Barvar-2®and Nitroxin® significantly enhanced fresh and 
dry weights of stigmas by 35.29, 34.96, 35.35 mg and 15.86, 15 and 15.01 mg, respectively.Result indicated that 
combination of wastecompost + Barvar-2®and waste compost + Nitroxin® by 15.70, 15.77, 15.67 mg and 21.45, 
21.59, 21.58 mg, respectively and application of waste compost privacy significantly decreased fresh weights of 
stigma in all three stages of flowering compared with application of vermicompost by 15.76, 15.42, 15.75 mg, 
respectively.Therewere no significant differences between application of waste compost and 
vermicompostaloneor Combination of waste or vermicomposthaving Barvar-2®.Results indicated that the 
combination of vermicompost or waste compost with Barvar-2®+Nitroxin® significantly enhanced dry and fresh 
weight of stigma. 
 
Leaf fresh and dry weight:  
 As shown in Table 2, results indicate that application of composts and PGPRs significantly enhanced fresh 
and dry weight of leaves compared with control. In the composts treatment, vermicompost enhanced fresh and 
dry weight of leaves significantly by 5.21 g and 2.62 g, respectively. Combination of Barvar-2®and Nitroxin® 
significantly enhanced fresh and dry weight of leaves by 5.29 g and 2.79 respectively.  

 

Corm fresh and dry weight: 
 As shown in Table 2, results indicate that application of composts and PGPRs significantly enhanced fresh 
and dry weight of corms compared with control. In composts treatments, vermicompost enhanced fresh and dry 
weight of corms significantly by 12.13 g, and 8.25, respectively. Combination of Barvar-2®and Nitroxin® 
significantly enhanced fresh and dry weight of corms by 12.62 g and 8.56 g, respectively. 
 
Total yield: 
 Results have shown that the highest yield among saffron plants (Table 3) grown in waste 
compost,vermicompost and those treated with PGPRs were obtained with those plants that were grown in 
vermicompost (27.61), or with combination of barvar2 and Nitroxin® (38.24). There was no significant 
difference between yields with Barvar-2® or Nitroxin®, and the lowest yield was seen in both experimental 
controls.  
 
Combined analysis of variance: 
 Combined analysis of variance indicated that there were no significant differences among flowering stages 
for dry and fresh weight of petals and fresh weight of stigmas, however it was significant for dry weight of 
stigmas (P<0.05) (Table 4). The stigma dry weight was highest in second and third stages of flowering (9.37 and 
8.44 g), while the lowest was in fourth stage (8.44 g) (Table 4). 
 
Correlation studies: 
 To understand the possible mechanisms involved in enhancing yield and its components in saffron, Pearson 
simple correlations were compared among growth parameters. The results indicated that total yield of saffron 
was significantly correlated with petal fresh weight (r= 0.69** ), petal dry weight (r=0.69** ), stigma fresh weight 
(r=0.69** ), stigma dry weight (r=0.63** ), leaf dry weight (0.72** ) and leaf fresh weight (0.45** ). There was no 
significant correlation between yield of saffron and dry and fresh weight of corm (Table 5).  
 
Discussion: 
 Abiotic signals, such as temperature, light, water and nutrients and biotic signals, such as pests (weeds, 
insects and diseases) greatly affect plant growth and development. Some microorganisms such as bacteria and 
fungi may be harmful as diseases or beneficial to plants health, growth and development. Beneficial bacteria are 
commonly called Plant Growth Promoting Rhizobacteria (PGPR) and they form a symbiotic relationship with 
plants by colonizing their roots. These bacteria provide necessary nutrients for plants by synthesizing particular 
elements (nitrogen-fixers), facilitating the uptake of certain nutrients from the soil, or increasing plant resistance 
to diseases. The purpose of this investigation was to evaluate the effects of composts (waste compost and 
vermicompost) and PGPRs (Barvar-2®and Nitroxin®) on saffron yield at 3 different flowering stages. The 
results have shown that the addition of waste compost and vermicompost to the soil significantly increased the 
saffron yield in contrast to regular soil used as control. Augmentation with composts had positive and 
significant correlation with fresh and dry weight of stigmas, petals and leaves. This experiment indicated that 
application of waste compost resulted in significantly increased weights of growth parameters of saffron 
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compared with control, however the size of increase was lower than in the vermicompost treatment. It seems the 
greater increase of growth parameter weights in the waste compost treatment could be attribute to itsorganic 
matter content.Application of waste compost increased dissolving of microelements and finally caused higher 
absorption of these elements [8]. The highest values of these growth parameters were associated with 
vermicompost, attributed to higher nutrients in this kind of compost [22]. The earthworms, which are present in 
vermicompost, are accountable for improvement of the soil structure, organic matter processing and nutrient 
cycling [16,9]. The results of this research have supported the works of Atiyeh et al. [6], who reported the 
positive effects of vermicompost on growth of various crops. Other factors such as optimal electrical 
conductivity (EC) and appropriate nutrients in vermicompost were associated with higher yield of saffron. 
Treatments of the saffron corms using PGPRsBarvar-2®and Nitroxin®) also resulted in improved yield 
compared to control. Higher values were obtained for the fresh and dry weight of stigmas, petals and leaves. 
The PGPRs, investigated in this experiment had different strains of Azotobacter, Azospirillumand Pseudomonas. 
Pseudomonas strains play significant role insolubilisation of phosphate.Azotobacter andAzospirillum strains 
conduct nitrogen fixation. In fact, nitrogen fixation requires a bulk of the absorbed phosphate from soil to 
produce ATP, which is required by the plant for atmospheric nitrogen fixation. Dey et al. [14] reported that 
there is a positive and significant correlation between available soil phosphorus with pod and haulm yield in 
peanut. Similar results were reported by other authors. Also, higher yield could be attributed to production of 
some plant growth regulators such as indole acetic acid, [31], gibberellic acid [28], and cytokinins [42], which 
are involved in plant growth and development. In this study application of combined treatments of compost with 
PGPRs increased saffron yield more than individual treatments. This synergistic effect of both treatments 
resulted in both improved physical condition of the soil as well as higher nutrients availability. The results 
comply withGoman and El -kholy pointed out the synergistic effects of PGPRs with vermicompost on 
mungbean. These findings also supported the work of Sahni et al. who found that combination of vermicompost 
with antagonistic strains of Pseudomonas syringae increased plant biomass in chickpea. According to this 
experiment, there were significant positive correlations between saffron yield and fresh and dry weight of 
stigmas, petals and leaves, however there were no correlations with fresh and dry weight of saffron corms. It 
appears that application of vermicompost and PGPR increased yield of saffron by increasing the fresh and dry 
weights of the in the growth parameters. The results of this experiment showed that the yield of saffron 
increased when the saffron corms were treated with vermicompost and PGPRs. Higher yield was achieved with 
combination of vermicomposts and mixture of biological microorganisms like Azotobacter, Azospirillumand 
Pseudomonads species. Simple waste compost was not quite as effective as vermicompost. In conclusion 
application of organic matters with PGPRs would be an environmentally friendly way to sustainably increase 
saffron yields. 
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