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ABSTRACT 

The objective of this study was to investigate the effects of biofertilizers and nutrition through a nutrient solution (base 
Hogland) on quantitative and qualitative characteristics of Begonia semperflorens (two varieties, sprint rose and senator 
deeprose). The factorial experiment was carried out based on randomized complete block design (RCBD), with twenty 
treatments in three replications. Treatments include: nutrient solution (base Hogland), Pseudomonas fluorescens strain 169, 
Azotobacter chroococcum strain 12 and compound Pseudomonas and Azotobacter with different percentages of chemical 
fertilizer and two varieties of Begonia. Non-inoculated with nutrient solution and bio-fertilizer were considered as control. 
The results showed that the highest leaf area (36.69 mm2) was observed in Pseudomonas and Azotobacter and 75% of the 
nitrogen treatment. Maximum shoots fresh weight (117.18 gr) and maximum shoots dry weight (4.12 gr), were seen at the 
treatments of Pseudomonas and Azotobacter and 75% of the Nitrogen and Phosphorus. Most phosphorus in shoots (0.34%) 
was related to the treatments of Pseudomonas and Azotobacter and 100% phosphor and the highest chlorophyll of leaves 
(13.12 mg per gr of fresh weight) were related to the treatments of Azotobacter and 100% Nitrogen. Treatments of 
Pseudomonas and Azotobacter and 75% phosphor with 41.38 mg per gr of fresh weight, had the highest amounts of 
anthocyanins of petals. Overall, treatment of Pseudomonas and Azotobacter and 75% nitrogen, and then base Hogland 
treatment were the best treatments. Thus, it was shown that Pseudomonas and Azotobacter combination with reduced doses 
of nutrient solution, led to significant improvement of quantitative and qualitative characteristics of Begonia. In addition, 
two varieties of Begonia (senator deeprose and sprint rose) in response to similar treatments, showed different reactions. 
 
Keywords: Azotobacter, begonia, root inoculation, Pseudomonas.  
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Table 1. Details of built solutions. * 
Applied treatments Solution type Solution Number 

2 - 6 - 10 - 20 Hoagland standard solution as a basic solution S1 
7 - 19 Hoagland solution without N S2 
8 - 12 Hoagland solution with 50% of N S3 
9 - 15 Hoagland solution with 75% of N S4 
3 - 18 Hoagland solution without P S5 
4 - 13 Hoagland solution with 50% of P S6 
5 - 16 Hoagland solution with 75% of P S7 

14 Hoagland solution containing 50% N and 50% P S8 
17 Hoagland solution containing 75% N and 75% P S9 
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Table 2. The amounts of macronutrients (meq.L-1). 
 SO4

2- H2PO4
- NO3

- Cl - PO4
3- K + Ca2+ Mg2+ H+ NH4

+ 
S1 2 1 3 0 0 0 2 2 0 1 
S2 2 0 0 3 6 0 4 2 4 0 
S3 2 2 1 2 0 0 2 2 0 2 
S4 2 1 3 1 0 2 2 2 0 1 
S5 2 0 4 1 0 2 2 2 0 1 
S6 2 1 4 0 0 1 2 2 0 2 
S7 2 1 4 0 0 1 2 2 0 2 
S8 2 1 2 2 0 1 2 2 0 2 
S9 2 1 4 1 0 2 2 2 0 2 
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Table 3. The amounts of micronutrients in solutions (mg.L-1). 
Microelements salt  mg.L-1 
H3BO3 1.5 
CuSO4, 5H2O 0.25 
ZnSO4, 7H2O 1 
MnSO4, H2O 2 
(NH4)6Mo7O24, 4H2O 0.05 
Na-Fe EDTA 10 
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Figure 1. The effect of chemical and biofertilizers treatments on Shoot fresh weight of two varieties of begonia. 
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Figure 2. Mean comparison interaction effect of chemical and biofertilizers treatments and cultivar on shoot dry 

weight of begonia. 
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Figure 3. Mean comparison interaction effect of chemical and biofertilizers treatments and cultivar on leaf area of 

begonia. 
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Figure 4. Mean comparison interaction effect of chemical and biofertilizers treatments and cultivar on flower 

chlorophyll of begonia. 
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Figure 5. Mean comparison interaction effect of chemical and biofertilizers treatments and cultivar on flower 

anthocyanins of begonia. 
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Figure 6. Mean comparison interaction effect of chemical and biofertilizers treatments and cultivar on phosphorus 

content begonia. 
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Figure 7. Mean comparison interaction effect of chemical and biofertilizers treatments and cultivar on potassium 

content of begonia. 
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Table 4. Results of variance analysis effect of chemical and biofertilizers treatments and cultivar on quantitative and 

qualitative characteristics of begonia. 
Mean of squares 
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0.41 * 0.1 ns 0.003 ns 0.0003 * 0.066 ns 0.26 ns 35.24 ns 0.25 ns 0.065ns 2 Block 
637.2 ** 346.2 ** 3.99 ** 0.096 ** 0.15 ns 21.79 ** 33930.3 * 3.07 ns 1.79 ** 1 Cultivar (C) 
380.2 ** 5.57 ** 0.091 ** 0.004 ** 0.62 ** 0.94 ** 825.71 ** 1.80 * 0.023 ns 19 Chemical and biofertilizers treatments (T) 
20.75 ** 1.35 ** 0.092 ** 0.002 ** 0.08 ns 0.56 ** 838.3 ** 1.74 ns 0.017 ns 19 T×V 

2.35 0.34 0.006 0.0002 0.083 0.18 210.63 1.11 0.023 7 Error 
4.64 5.11 2.25 4.84 8.63 13.51 15.75 14.11 8.41  CV (%) 

ns �*  b
+#+ 6' ** �Q��1+ �8)- 4!L@  ���� Q��1+ S�	%0� aME �� ��� 4!L@5  �1  Y��.  
ns, *, ** non significantly difference and significantly difference at 5% and 1 % probability level, respectively. 
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Table 5. Mean comparison effect of chemical and biofertilizers treatments on leaf area, shoots fresh & dry weight, N, 

P, K, chlorophyll and anthocyanin of begonia. 
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19 d 9.76 h 3.47 c 0.24 h 2.15 b 2.59 d 69.23 d 5.5 ac 86.83 a T1 
40.12 ab 11.62 be 3.59 ab 0.33 ad 3.20 a 3.5 ab 94.26 ab 8.45 a 76.33 a T2 
34.19 bc 10.47 eh 3.53 bc 0.27 fg 3.23 a 2.93 cd 76.14 c 6 b 70.17 a T3 
30.35 c 10.42 fh 3.56 bc 0.30 df 3.40 a 2.96 cd 76.4 c 5.8 b 78.17 a T4 

32.12 bc 10.34 gh 3.56 b 0.31 cf 3.61 a 2.89 cd 76.85 c 5.94 b 70.17 a T5 
40.16 ab 10.28 gh 3.51 bc 0.32 ae 3.68 a 3.02 cd 79.59 c 5.92 b 58.17 a T6 
39.31 ab 12.26 ac 3.52 bc 0.29 eh 3.38 a 2.83 cd 78.37 bc 6.24 b 59.33 a T7 
41.11 a 12.42 ac 3.50 bc 0.31 ae 3.51 a 3.04 ad 99.23 c 6.74 b 72.5 a T8 

39.17 ab 12.78 ab 3.51 bc 0.33 ac 3.44 a 3.09 bd 94.29 ae 6.43 b 66.33 a T9 
30.16 c 13.12 a 3.55 bc 0.31 ae 3.60 a 2.99 cd 95.48 ac 6.14 b 68.33 a T10 
28.96 c 11.73 bd 3.53 bc 0.32 ae 3.14 a 3.04 cd 88.08 ac 7.2 ab 64 a T11 
26.63 c 12.1 ad 3.53 bc 0.31 ad 3.14 a 3.4 ad 110.28 ab 7.11 ab 70.67 a T12 
28.44 c 11.80 bd 3.57 b 0.33 ae 3.22 a 3.42 ad 97.48 ac 7.52 ab 67.17 a T13 
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38.01 b 11.35 cf 3.60 b 0.32 ad 3.54 a 3.74 ac 96.41 ac 8.22 ab 72 a T20 
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)T2  �(6���  !:=8�)T3)e�-8@��8E )Pseudomonas fluorescens �((T4 )e�-8@��8E  �50  Y��  �(#123T5 )e�-8@��8E  �75  Y�� #123( �T6 )e�-8@��8E 
 �100  Y�� (#123 �T7 )#%&�'8+A� )Azotobacter chroococcum �((T8 )#%&�'8+A�  �50  Y�� �.�#%
- �(T9 )#%&�'8+A�  �75  Y�� (�.�#%
- �T10 )#%&�'8+A�  �100  Y�� 

(�.�#%
- �T11 E)e�-8@��8  �#%&�'8+A� �(T12 )e�-8@��8E  �#%&�'8+A�  �50  Y�� (�.�#%
- �8& �T13 )e�-8@��8E  �#%&�'8+A�  �50  Y�� (#123 �T14 )e�-8@��8E  �
#%&�'8+A�  �50  Y��  � �.�#%
-50  Y��  �(#123T15 )e�-8@��8E  �#%&�'8+A�  �75  Y�� �.�#%
-( �T16 )e�-8@��8E  �#%&�'8+A�  �75  Y�� (#123 �T17 )e�-8@��8E  �
#%&�'8+A�  �75  Y��  � �.�#%
- �8&75  Y��  �(#123T18 )e�-8@��8E  �#%&�'8+A�  �100  Y�� �.�#%
- �(T19  � e�-8@��8E)#%&�'8+A�  �100  Y��  �(#123T20 

)e�-8@��8E  �#%&�'8+A�  �100   Y�� � �.�#%
-100  Y�� .(#123  
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level. 
T1 (control), T2 (Hoagland), T3 (Pseudomonas), T4 (Pseudomonas & 50% P), T5 (Pseudomonas & 75% P), T6 (Pseudomonas & 100% P), T7 (Aztobacter), T8 
(Azotobacter & 50% N), T9 (Azotobacter & 75% N), T10 (Aztobacter & 100% N), T11 (Pseudomonas & Azotobacter), T12 (Pseudomonas & Aztobacter & 50% 
N), T13 (Pseudomonas & Aztobacter & 50% P), T14 (Pseudomonas & Aztobacter & 50% N & 50% P), T15 (Pseudomonas & Aztobacter & 75% N), T16 
(Pseudomonas & Aztobacter & 75% P), T17 (Pseudomonas & Aztobacter & 75% N & 75% P), T18 (Pseudomonas & Aztobacter & 100% N), T19 
(Pseudomonas & Aztobacter & 100% P), T20 (Pseudomonas & Aztobacter & 100% N & 100% p). 
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Table 6. Mean comparison effect of cultivar on some traits of begonia. 
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30.73 b 13.18 a 3.75 a 0.28 b 3.3 a 3.62 a 108.96 a 7.31 a 87.33 a Sprint rose 
35.34 a 9.72 b 3.38 b 0.34 a 3.72 a 2.77 b 75.33 b 7.63 a 51.55 b Senator deeprose 
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In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level. 
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Table 7. Correlation coefficients between the evaluated traits of begonia.  
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        1 Leaf number 
       1 -0.46* Leaf area (cm2) 
      1 0.83** 0.71 ** Shoots fresh weight (g) 
     1 -0.89* 0.83** 0.6 * Shoots dry weight (g) 
    1 0.3 ns -0.06 ns 0.06 ns -0.25 ns N (%) 
   1 0.28 ns -0.61* -0.54* 0.56* -0.58* P (%) 
  1 -0.32 ns 0.11 ns 0.58* 0.65* -0.58* 0.61* K (%) 
 1 0.57* -0.42 ns 0.04 ns 0.76** 0.83** -0.7** 0.68** Total chlorophyll (mg.g-1  F.W.) 
1 0.14 ns -0.04 ns 0.48 ns 0.24 ns ns -0.35 -0.20 ns 0.31 ns -0.33 ns Total anthocyanin (mg.g-1 F.W.) 

ns �*  �**  b
+#+ 6'-)Q��1+ �8 4!L@ ��� Q��1+ �  S�	%0� aME �� ��� 4!L@5  �1  Y��.  
ns, *, ** non significantly difference and significantly difference at 5% and 1 % probability level, respectively. 
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