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Influence of photosynthetic bacteria and Biochar 

on the growth, yield and quality of broccoli 
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Abstract 

The increase in use of chemical fertilizers and non-renewable resources in agriculture is increasing the 

environmental concerns. In this report we reviewed the work concerning the use of biochar for soil 

amendment and photosynthetic bacteria (Rhodopseudomonas palustris) as biofertilizer targeting the 

growth, yield and quality parameters on the crop broccoli (Brassica oleracea var italica). The experiment 

was carried out in a Randomized block design consisting of 10 treatments each replicated thrice using 

only biochar, photosynthetic bacteria and vermicompost to find out the best combination of bichar and 

PSB. Among the treatments T2 had the best overall growth, yield and quality and lowest was reported on 

T0 (Control). 
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Introduction 

Biochar is a fine-grained porous substance that resembles charcoal produced by natural 

burning. However, biochar is produced by the combustion of biomass under oxygen limited 

conditions at high temperatures (from 600 to 1000°C) in a gasifier. Biochar is unlikely to have 

a major role as a fertilizer but, because of its structure, it can be expected to increase water-

holding capacity, and be a good habitat for microbes and plant nutrients. (Ty et al. 2012) 

Photosynthetic bacteria are currently being used in various applications which include water 

purification, bio-fertilizers, animal feed and bioremediation of chemicals among many others. 

They are used in the treatment of polluted water since they can grow and utilize toxic 

substances such as H2S. 

Photosynthetic bacteria (PSB) is being classified into three type, namely Purple sulfur bacteria 

(family Chromatiaceae), Purple non-sulfur bacteria (family Rhodospirillaceae) and Green 

Sulfur Bacteria (family Chlorobiaceae) In the context of Agriculture, Rhodospririllaceae, a 

family of Purple non-sulfur bacteria is being mostly used as Bio-fertilizer.  

Rhodopseudomonas palustris is one of the phototrophic purple non-sulfur bacteria (PNSB) 

that belong to the class α-proteobacteria. This bacterium is widely distributed in various 

aquatic ecosystems as well as in sediments, moist soils, natural wetlands, and paddy fields. 

They can improve soil fertility, enhance plant nutrition availability and uptake, and support the 

health of plants. (Wong et. al. 2014) [15]. 

 

Materials and Methods 

The experiment was carried out on September 2017 to February 2018 on SHUATS 

experimental field consisting of 10 treatments viz T0 (Control), T1 (PSB 50L/ha + Biochar 

20t/ha), T2 (PSB 100L/ha + Biochar 30t/ha), T3 (PSB 150L/ha + Biochar 50t/ha), T4 (PSB 

50L/ha + Biochar 30t/ha), T5 (PSB 100L/ha + Biochar 50t/ha), T6 (PSB 150L/ha + Biochar 

20t/ha), T7 (PSB 50L/ha +Biochar 50t/ha), T8 (PSB 100L/ha + Biochar 20t/ha), T9 (PSB 

150L/ha + Biochar 30t/ha). 

Photosynthetic bacteria were procured from Japan and biochar was made from the rice husk by 

the process of pyrolysis. Vermicompost at 20 tons/ha was applied.  

Biochar was applied before transplanting by incorporating on the soil and PSB was diluted 

with 66,600 liters/ha of water and applied to the crop weekly during the irrigation.  

A 35 days old seedling of broccoli was transplanted to a plot size of 3m2 with a spacing of 

50cm×50cm accommodating 9 plants per plot. 

The parameters relating to growth were recorded at 30, 60 and 90 days after transplanting and 

the days of first visible head of broccoli from the day of transplanting was noted for recording 



 

~ 3723 ~ 

Journal of Pharmacognosy and Phytochemistry 
days to head initiation. Yielding attribute and yield were 

measure to make a critical analysis of the crop as affected by 

different treatments. 

The technique of representative sample was adopted for 

recording the observations on various morphological 

characters in broccoli. At every observation, five plants from 

each plot were randomly selected and tagged. The 

observations were recorded from these samples. 

 

Results and Discussion  

Results regarding the influence of biochar and PSB on 

growth, yield and quality of broccoli have been recorded, 

interpreted in the light of impact of different treatments 

during the experimentation, as well as relevant discussion 

have been presented under following heads: 

 

Growth Parameters 

The treatment T2 (PSB 100L/ha + Biochar 30t/ha) observed 

maximum at all successive stage of growth (30, 60 and 90 

DAT) with plant height (21.2cm, 41.63cm and 65.83cm), 

number of leaves (7.8, 23.53 and 32.47), leaf width (7.43cm, 

15.53 cm and 20.42cm), leaf area (154.64 cm2, 391.29 cm2 

and 588.09cm2), leaf area index (6.17, 15.28 and 23.49) and 

days to head initiation at 71.07 days fallowed by T9 (PSB 

150L/ha + Biochar 30t/ha). This findings are similar to 

Upadhyay et al. (2014) [8] and Trupiano et al. (2017) [6]. 

Biochar improved the broccoli growth parameters due to 

improvement of soil, better water holding capacity, increase 

in organic matter and retaining nutrients. PSB improved the 

soil fertility as it significantly increased the Nitrogen, 

Potassium and Phosphorus level in the soil. It was found that 

the treated treatments gave better growth over the control. 

 

Yield Parameters 

The treatment T2 (PSB 100L/ha + Biochar 30t/ha) observed 

maximum weight of the head (499.37g) and maximum head 

diameter (16.55 cm) closely followed by T9 (PSB 150L/ha + 

Biochar 30t/ha). It is evident from the table 2. that maximum 

head yield per plot (4.49 kg) and maximum head yield per 

hectare (14.98 t/ha) was recorded in T9 (PSB 150L/ha + 

Biochar 30t/ha) fallowed by T9 (PSB 150L/ha + Biochar 

30t/ha). These similar findings were recorded by Upadhyay et 

al. (2014) [8] and Trupiano et al. (2017) [6]. It was found out 

that biochar and PSB increased the yield as compared to the 

control. 

 

Quality Parameters 

The significantly higher total soluble solids (8.59°Brix) was 

recorded T2 (PSB 100L/ha + Biochar 30t/ha) fallowed by T9 

(PSB 150L/ha + Biochar 30t/ha) (8.24°Brix). The maximum 

vitamin C (91.55 mg/100 gm of fresh broccoli head) was 

recorded in T2 (PSB 100L/ha + Biochar 30t/ha) fallowed by 

T9 (PSB 150L/ha + Biochar 30t/ha) (83.62 mg). Whereas 

minimum findings are associated with T0 (Control) as 

presented by the table. 

 
Table 1: Influence of Photosynthetic bacteria and Biochar on the growth parameters on broccoli. 

 

Treatment Treatment combination 
Plant height (cm) Number of leaves 

30DAT 60 DAT 90DAT 30DAT 60DAT 90DAT 

T0 Control 9.87 5.1 10.13 18.47 21.03 36.77 

T1 PSB 50L + Biochar 20t/ha 13.6 5.87 10.47 19.93 24.87 39.89 

T2 PSB 100L + Biochar 30t 21.2 7.8 23.73 32.47 41.73 65.83 

T3 PSB 150L + Biochar 50t 16.27 6.8 22.07 29.87 40.8 62.3 

T4 PSB 50L + Biochar 30t 15.53 6.17 18.97 29.87 36.37 56.62 

T5 PSB 100L + Biochar 50t 14.4 6.13 17.87 29.8 35.83 55.81 

T6 PSB 150L + Biochar 20t 14.17 6.07 15.9 28.87 35.57 51.69 

T7 PSB 50L +Biochar 50t 13.95 6 15.4 25.33 35.2 49.65 

T8 PSB 100L + Biochar 20t 17.63 7 22.53 31.13 40.87 63.75 

T9 PSB 150L + Biochar 30t 19.1 7.2 23.53 31.4 41.63 65.25 

 F-test S S S S S S 

 S.Ed (±) 1.72 0.47 1.10 2.28 2.38 1.75 

 C.D at 5% 3.62 0.99 2.31 4.80 4.99 3.68 

 
Table 1.1: Influence of Photosynthetic bacteria and Biochar on the growth parameters on broccoli. 

 

Treatment Treatment combination(/ha) 
Leaf width (cm) Leaf area (cm2) 

30 DAT 60 DAT 90DAT 30DAT 60DAT 90DAT 

T0 Control 4.43 115.4 242.59 316.08 6.59 13.82 

T1 PSB 50L + Biochar 20t 5.53 124.05 281.11 384.56 8 14.73 

T2 PSB 100L + Biochar 30t 7.43 154.64 391.29 588.09 15.53 20.42 

T3 PSB 150L+ Biochar 50t 6.38 147.85 374.66 575.12 11.25 17.68 

T4 PSB 50L + Biochar 30t 6.37 138.57 344.55 487.29 10.87 17.55 

T5 PSB 100L + Biochar 50t 6.07 135.92 339.64 469.25 10.55 15.37 

T6 PSB 150L + Biochar 20t 5.77 131.49 313.69 461.88 9.83 15.21 

T7 PSB 50L +Biochar 50t 5.63 129.25 291.25 440.22 9.1 14.37 

T8 PSB 100L + Biochar 20t 6.4 149.79 380.66 585.9 11.61 19.04 

T9 PSB 150L + Biochar 30t 6.83 150.79 382.64 586.65 12.13 19.73 

 F-test S S S S S S 

 S.Ed (±) 0.41 4.52 37.16 27.11 1.40 0.48 

 C.D at 5% 0.85 9.50 78.07 56.96 2.95 1.01 
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Table 1.2: Influence of Photosynthetic bacteria and Biochar on the growth parameters on broccoli. 

 

Treatment Treatment combination 
Leaf area index Days to head 

initiation (days) 30 DAT 60 DAT 90 DAT 

T0 Control 4.61 89.53 9.68 12.63 

T1 PSB 50L/ha + Biochar 20t/ha 4.96 86.2 11.24 15.36 

T2 PSB 100L/ha + Biochar 30t/ha 6.17 71.07 15.64 23.49 

T3 PSB 150L/ha + Biochar 50t/ha 5.91 73.3 14.96 22.96 

T4 PSB 50L/ha + Biochar 30t/ha 5.53 79.2 13.76 19.48 

T5 PSB 100L/ha + biochar 50t/ha 5.41 78 13.56 18.76 

T6 PSB 150L/ha + biochar 20t/ha 5.24 77.67 12.56 18.45 

JT7 PSB 50L/ha + biochar 50t/ha 5.15 77.27 11.64 17.59 

T8 PSB 100L/ha + biochar 20t/ha 5.97 72.27 15.2 23.43 

T9 PSB 150L/ha + biochar 30t/ha 6.01 71.53 15.28 23.45 

 F-test S S S S 

 S.Ed (±) 0.19 0.84 1.48 1.08 

 C.D at 5% 0.39 1.76 3.12 2.28 

 
Table 2: Influence of Photosynthetic bacteria and Biochar on the yield parameters on broccoli 

 

Treatment symbol Treatment combination Head weight (g) Head yield per plot (kg) Head yield(t/ha) Head diameter (cm) 

T0 Control 195.74 1.76 5.87 12.82 

T1 PSB 50L/ha + Biochar 20t/ha 235.71 2.12 7.07 12.95 

T2 PSB 100L/ha + Biochar 30t/ha 499.37 4.49 14.98 16.55 

T3 PSB 150L/ha + Biochar 50t/ha 343.63 3.09 10.3 16.01 

T4 PSB 50L/ha + Biochar 30t/ha 299.65 2.97 9.9 15.8 

T5 PSB 100L/ha + biochar 50t/ha 293.18 2.81 9.39 15.4 

T6 PSB 150L/ha + biochar 20t/ha 330.07 2.69 8.98 15.2 

T7 PSB 50L/ha + biochar 50t/ha 313.18 2.63 8.79 14.96 

T8 PSB 100L/ha + biochar 20t/ha 358.03 3.22 10.73 16.09 

T9 PSB 150L/ha + biochar 30t/ha 468.82 4.22 14.06 16.13 

 F-test S S S S 

 S.Ed (±) 9.75 0.09 0.29 0.18 

 C.D at 5% 20.48 0.18 0.61 0.38 

 
Table 3: Influence of Photosynthetic bacteria and Biochar on the quality parameters on broccoli 

 

Treatment symbol Treatment combination Head TSS (ºbrix) VIT. C (mg/100g broccoli fresh head) 

T0 Control 5.64 79.95 

T1 PSB 50L/ha + Biochar 20t/ha 6.13 80.56 

T2 PSB 100L/ha + Biochar 30t/ha 8.59 91.55 

T3 PSB 150L/ha + Biochar 50t/ha 8.3 85.42 

T4 PSB 50L/ha + Biochar 30t/ha 7.21 81.57 

T5 PSB 100L/ha + biochar 50t/ha 7.2 81.19 

T6 PSB 150L/ha + biochar 20t/ha 7.17 80.94 

T7 PSB 50L/ha + biochar 50t/ha 7.1 80.57 

T8 PSB 100L/ha + biochar 20t/ha 8.27 83.56 

T9 PSB 150L/ha + biochar 30t/ha 8.24 83.62 

F-test  S S 

S.Ed (±)  0.11 1.92 

C.D at 5%  0.24 4.02 
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