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ABSTRACT 
Effect of Bacillus subtilis (0, 102, 105, 106, 108 cfu/ml) was studied on saffron (Crocus sativus L.) ecotypes Natanz 
and Zanjan during 2017-2019 via a factorial experiment based on randomized complete blocks design in three 
replicates. Number of leaves per corm, average length of leaves, flowers, petals and sepals, stigma fresh and dry 
weights, fresh and dry flower yield, number of flowers per plot, total phenol and anthocyanin in petals and the 
amount of nitrogen, phosphorus and potassium were measured. All morphophysiological were significantly affected 
due to B. subtilis treatment. The highest and the lowest fresh and dry weight of stigma was observed in 108 cfu/ml 
(41.44 mg and 7.13 mg) and no treated samples (32.91 mg and 6.14 mg), respectively. The maximum stigma fresh 
and dry weight was observed in Natanz ecotype. The highest amount of nitrogen, phosphorus and potassium was 
recorded in 108 cfu / ml (5.55 %, 2061ppm 66.75 and 7540.8 ppm, respectively) and the lowest in control (3.25 %, 
1314.42 ppm and 4339.8 ppm, respectively). The highest amount of nitrogen and phosphorus was observed in Zanjan 
ecotype. According to the results, utilizing the B. bacteria in a proper concentration as a bio fertilizer can be 
considered beneficial towards optimal growth indices in saffron. 
 
Keywords: Bacillus bacteria, bio-fertilizer, saffron, stigma yield. 
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 Y�?D1. !�&�$G> ��('&# � �(�&	&
 j�> 9-�'% �*�a&a�* �* :	-30 �18��  1%.  
Table 1. Physical and chemical properties of research farm soil to a depth of 30 cm. 

Soil 

texture 

Percentage of components 
TNV 

(%) 

Available 
K 

(ppm) 

Available 
P 

(ppm) 

Available 
N 

(%) 

OC 

(%) 

Soil 

pH 

EC 
(ds m-

1) 
Clay 

(%) 
Silt 

(%) 
Sand 

(%) 
Clay loam 32.9 49.5 17.46 14.34 326 14.37 0.09 1.42 8.15 5.96 

  

 Y�?D2.  �@?8��� ��'&% � �%� A&C8�&% ��b8.  
 p41\% Y$G# ��)1398-1396(.  
Table 2. Mean of temperature and rainfall in different seasons of Zanjan (2017-2019). 

Year Season 
Mean temperature 

(°C) 
Max temperature 

(°C) 
Min temperature 

(°C) 
Rainfall 
(mm) 

Abs. max  

temperature 
(°C) 

Abs. min  

temperature 
(°C) 

2017-2018 

Autumn 10.2 17.7 2.6 10.7 25.5 -4.2 

Winter 4.9 11.3 -1.4 38.2 18.7 -9.7 

Spring 14.7 22.1 7.2 37.5 28.0 1.0 

Summer 24.3 34.4 14.2 0.5 38.3 9.7 

2018-2019 

Autumn 10.5 16.5 4.4 30.8 24.0 0.2 

Winter 2.4 8.4 -3.7 37.2 14.8 -10.3 

Spring 13.4 20.8 6.1 51.4 27.2 -1.5 

Summer 23.1 33.1 13.2 0.0 38.0 8.2 
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 c��+ :( XpH 2��&	�  ��M- ZJD �� �� =�&@ �

�%# ��$%  1]&� ?&�$* �� � ?MM+ c(�'#� �� 2'1M�$1
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 mI��  0$% ?&�$*) ?8�Glick, 1995; Han & Lee, 
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 ?M(�	8 ?&�$* A&8�P =��% c&Q .� �� A&M&+$1&�

)Nieto & Frankenberger, 1989 .(Omidi et al. 

(2009)  �Naghdibadi et al. (2015)  l(�18 ��

 �� �� "-. t � ��?;* 9+ ?8� + ��&� �$> !�a&a�*

./#�( c(�'#� ( "[# $&�) = "[# �1[(. �$+ � ���+   

  

 
 g�
1. /i4K g��a1%  0� A&C8�&% 9[(�a%t � ��?;*  � ,&*$+� � 2 1+�� p41\% 2�� �� "-. /i4K) �2 1+�� p41\% 2��

B1=0, B2= 102, B3= 105, B4= 106, B5= 108)  
Figure 1. Mean Comparison interaction effect of different bacterial concentrations and ecotype on the number of 

leaves saffron (Different concentrations of bacteria B1=0, B2= 102, B3= 105, B4= 106, B5= 108) 
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 g�
2. /i4K � ,&*$+� �Y�� g��a1%  0� A&C8�&% 9[(�a%t � Y$X A&C8�&% 2��  � 2 1+�� p41\% 2�� �� "-. /i4K) 2��

 �2 1+�� p41\%B1=0, B2= 102, B3= 105, B4= 106, B5= 108(  
Figure 2. Mean comparison interaction effect of year, different bacterial concentrations and ecotype on the saffron 

average leaf length (Different concentrations of bacteria B1=0, B2= 102, B3= 105, B4= 106, B5= 108) 
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 B��'@ :<XParray et al. (2013)� Bacillus 

subtilis 1�� Y�?M(� ?&�$* ��'&% A( 1]&� �� ?&�� O&

)360 �4&%�4&% �� 7 @2 1+��  (�� 9� /<[8 ( 1&�  2��

�%  bM% 2 "��'(� !�;��_% :<X �$X A&	� .�� @

2 1+�� 9+ ?
 =?��]% '<� = (. 2��  � =?
 7�b8� 2��

 ?
� j �%Pseudomona fluorescence �Bacillus 

subtilis  �Azotobacter chroocccum  cM* `(� 
 ��

 Y$X 2�$
) ?8��� c(�'#� �� 9n��&@Piri et al., 2016 .(

 ?&�$* O( �* g&�� 9� �F�	1W� �P g(F� .�  C(� ��(

2 1+�� `�$* A&� <&D �$%�$� A(� 9+ /�� =�&@ �� ��

) /�� =�$�  0$% t � $	8 � ?
� � �$� m( [*  �de 

Souza & Mac Adam, 2002.(  

  
Y�?D 3 ./i4K  0� 58�(��� 9('b* l(�18��� "-. ��()$�$('&#$#�$% !�"� �> �  � 5&4&1�$� 3$4&��� 2 1+�� p41\% 2�.  

Table 3. Results of variance analysis effect of different concentrations of Bacillus subtilis on some traits of 
morphophysiological of Crocus sativus L. 

Mean of squares 
df Source of variations Number  

of  
flower 

Stigma 
dry 

weight 

Stigma 
fresh 

weight 
Sepal 
length 

Petal 
length 

Flower 
length 

Average 
leaf length 

Number of 
leave 

673.40ns 0.06ns 0.16ns 0.03ns 1.20ns 0.68ns 6.47ns 42.51*
 

2 Replication 
1809259.35** 

3.45ns 4192.70** 
507.50** 

177.46** 
639.35** 

285.14** 
1233.06** 

1 Year 
1080.80ns 0.51* 

1.88ns 0.27ns 0.91ns 3.39* 
1.78ns 1.51ns 2 Year× Rep 

87020.41** 
3.61** 

7.94ns 0.10ns 0.03ns 141.92** 
1.15ns 2406.66** 

1 Ecotypes 
41072.35** 

1.60** 
134.85** 

2.92* 
58.94** 

153.11** 
159.57** 

1252/01** 
4 Bacteria 

64323.75** 
0.58* 

97.84** 
2.73ns 0.13ns 60.72** 

5.89* 
0.26ns 1 Year×Ecotypes 

34788.55** 
1.44** 

7.95* 
1.04ns 8.13** 

1.15ns 38.81** 
7.15ns 4 Year×Bacteria 

1916.79ns 1.08** 
12.41** 

2.26* 
0.62ns 1.81ns 2.89* 

176.00** 
4 Ecotypes × Bacteria 

2060.45ns 0.51* 
7.23* 

2.80ns 2.38ns 14.35** 
6.32** 

2.76ns 4 Year×Bacteria×Ecotypes 
2333.17 0.14 2.43 0.87 1.91 0.92 0.93 11.16 36 Error 
22.25 5.79 4.17 2.98 3.82 1.55 2.80 6.92 - CV. (%) 

ns :** � * ��$<8 V&* * 9�  !��"*�M;% ���  � !��"*�M;%  d_� �� ���5  �1 .?��� 
ns, *, **: non-significantly difference and significantly difference at 5% and 1% of probability level, respectively.  

  
Y�?D 3. /i4K  0� 58�(��� 9('b* l(�183$4&��� 2 1+�� p41\% 2�� �� "-. ��()$�$('&#$#�$% !�"� �> �  � 5&4&1�$�.  

Table 3. Results of variance analysis effect of different concentrations of Bacillus subtilis on some traits of 
morphophysiological of Crocus sativus L. 

Mean of squares 
df Source of variation 

K P N 
Petals 

anthocyanin 
Petals 
phenol 

Yield of dry 
flower 

Yield of fresh 
flower 

996843.17* 4100.002ns 0.28ns 0.0008ns 9.94ns 0.29ns 0.35ns 2 Replication 
29400322.00** 726000.00** 131.42** 3.79* 3330.89** 155.55** 19102.00** 1 Year 

49980.50ns 6000.00ns 0.06ns 0.20ns 7.69* 0.32ns 0.14ns 2 Year× Rep 
8953700.03** 253014.03** 0.20ns 9.60** 3857.45** 17.09** 3030.99** 1 Ecotypes 

19560675.53** 954096.75** 9.69** 7.41** 182.26** 0.39ns 128.15** 4 Bacteria 
66651.33ns 80666.66** 0.77** 1.76** 2937.62** 13.75** 2893.56** 1 Year×Ecotypes 

1983300.75** 8916.66ns 1.07** 0.14ns 20.72** 0.19ns 77.16** 4 Year×Bacteria 
605767.34ns 89729.84** 0.08ns 0.39** 2.48ns 0.52* 10.43** 4 Ecotypes × Bacteria 
316680.08ns 31083.33** 0.16ns 0.13ns 7.48* 0.33ns 11.60** 4 Year×Bacteria×Ecotypes 

321386.7 7481.09 0.10 0.08 2.51 0.16 2.42 36 Error 
9.38 5.18 7.27 7.34 5.09 19.52 7.30 - CV. (%) 

ns�M;% !��"* �$<8 V&* * 9� :** � * � �M;% !��"* � ���  d_� �� ���5  �1 .?��� 
ns, *, **: non-significantly difference and significantly difference at 5% and 1% of probability level, respectively.  

  
 Y�?D4.   0� A&C8�&% 9[(�a% � ,&*$+� �Y��/i4K 1+�� p41\% 2�� � 5&4&1�$� 3$4&��� 2 �� "-. ��()$�$('&#$#�$% !�"� �> �.  

Table 4. Mean comparison effect of year, ecotype and different concentrations of Bacillus subtilis on some traits of 
morphophysiological of Crocus sativus L. 

Treatment 
Leaf 

number  
Average leaf  
length (cm) 

Flower  
length (cm) 

Petal length  
(mm) 

Sepal length  
(mm) 

Stigma fresh 
weight (mg) 

Stigma dry 
weight (mg) 

Year        
First year 43.73b 32.22b 58.81b 34.46b 28.43b 29.03b 6.36a 

Second year 52.80a 36.58a 65.34a 37.90a 34.25a 45.75a 6.84a 

Ecotypes        
Natanz 54.60a 34.27a 60.54b 36.16a 31.30a 37.75a 6.85a 

Zanjan 41.93b 34.54a 63.61a 36.20a 31.38a 37.02a 6.36b 

Bacteria        
0 cfu/ml 33.08d 28.80e 56.65e 33.16d 30.70b 32.91e 6.14c 

102 cfu/ml 46.25c 33.13d 61.01d 35.37c 31.11ab 35.30d 6.48b 

105 cfu/ml 48.75c 35.15c 62.54c 35.96c 31.22ab 37.93c 6.51b 

106 cfu/ml 52.00b 36.85b 64.07b 37.30b 31.82a 39.36b 6.76b 

108 cfu/ml 61.25a 38.09a 66.12a 39.11a 31.86a 41.44a 7.13a 

A&C8�&% �$1�  � ���M;% !��"* �j 1]% k W O( gI�?W �� 2��1W� d_� �� 2��� Y�	5 .?8��?8 ?���  
* In each column, means with similar letters are not significantly different at 5% probability level. 
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 9%��� Y�?D4 .  0� A&C8�&% 9[(�a% � ,&*$+� �Y��/i4K � 5&4&1�$� 3$4&��� 2 1+�� p41\% 2��  !�"� �> �

�� "-. ��()$�$('&#$#�$%.  
Continued table 4. Mean comparison effect of year, ecotype and different concentrations of Bacillus subtilis on some 

traits of morphophysiological of Crocus sativus L. 
K 

(ppm) 

P 

(ppm) 

N 

(%) 

Petals  

anthocyanin (mol/gFw) 
Petals phenol  

(mg/g FW) 
Number  

of flower 
Yield of  

dry flower  (g/m2) 
Yield of  

fresh flower (g/m2) Treatment 

        Year 

5339.83b 1557.97b 2.87b 3.79a 38.58a 43.40b 0.46b 3.50b First year 
6739.83a 1777.97a 5/83a 4.29a 23.68b 390.70a 3.68a 39.19a Second year 

        Ecotypes 

6426.1a 1603.04b 4.29a 3.64b 23.11b 255.13a 2.60a 28.45a Natanz 
5653.5b 1732.91a 4.41a 4.44a 39.15a 178.97b 1.53b 14.23b Zanjan 

        Bacteria 

4391.8e 1314.42e 3.25e 2.95e 25.09e 148.42c 1.79b 17.13d 0 cfu/ml 
5225.8d 1533.47d 3.76d 3.75d 30.09d 179.42c 2.02ab 20.08c 102 cfu/ml 

6058.4c 1627.15c 4.36c 4.01c 31.76c 225.33b 2.12ab 21.17bc 105 cfu/ml 

6982.4b 1803.18b 4.86c 4.45b 33.30b 229.33b 2.14a 22.24b 106 cfu/ml 
7510.8a 2061.66a 5.55a 5.05a 35.39a 302.75a 2.27a 26.09a 108 cfu/ml 

A&C8�&% �$1�  � �� gI�?W �� 2��% k W O(�M;% !��"* �j 1]W� d_� �� 2��� Y�	15 .?8��?8 ?���  
* In each column, means with similar letters are not significantly difference at 5% probability level. 
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B2= 102, B3= 105, B4= 106, B5= 108(  
Figure 3. Mean Comparison interaction effect of year and different bacterial concentrations on the petal length 

saffron (Different concentrations of bacteria B1=0, B2= 102, B3= 105, B4= 106, B5= 108) 
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Figure 4. Mean Comparison interaction effect of ecotype and different bacterial concentrations on petal anthocyanin 

content saffron (Different concentrations of bacteria B1=0, B2= 102, B3= 105, B4= 106, B5= 108 
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Figure 5. Mean Comparison interaction effect of year and different bacterial concentrations on N and K saffron 

(Different concentrations of bacteria B1=0, B2= 102, B3= 105, B4= 106, B5= 108) 
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