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ÁConsumption as vegetable (around 9   million tons)

ÁAs seed (0.75 million tons)

ÁAs industrial raw materials (Chips and French Fries)  

ÁEarning foreign currency  by exporting ($13 million)

In 2016: 70000 tons  (0.07 million tons)
By 2021: 500000 tons (0.5 million tons)

Importance of potato in Bangladesh

Consumption Seed Industry Export

90%
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Bangladesh is now the third

largest producer of potatoes in

Asia (after China and India); in

2020, it produced 9.6 million

tonnes on 0.5 million ha, which
represents 2.6% of world

production (FAOSTAT 2022).
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Surplus production: 4-5 

million tonnes

Losses: $290 to $400 million

Annual losses due to unsold potato and post-harvest losses



Estimation of seed potato supply in Bangladesh

Siddque et al. 2015

Total requirement of seed potato: 0.75 million tones

Certified and disease free seed would be a potential solution. 

5



Potato growing areas of Bangladesh
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Variety wise land utilization

Variety % Land utilization

Diamant 40

Asterix 30

Cardinal 15

Granola 5

Others 10
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Status of Bangladesh in terms of potato production

https://www.potatopro.com/bangladesh/potat
o-statistics 8

https://www.potatopro.com/bangladesh/potato-statistics


Constraints of potato cultivation in Bangladesh

ÁLack of good quality certified seed at Farmerôs level

ÁLack of high-yielding varieties at Farmerôs level

ÁLack of indigenous improved varieties  

ÁHigh post-harvest spoilage 

ÁHigh incidence of diseases: 

High price of fertilizers

ÁLack of irrigation facilities and high cost

ÁLack of credit facilities

ÁInsect pest problem

ÁLabour crisis

ÁLack of storage facilities

ÁMarketing problem

Source: Farmersô Field Survey, 2009 9

Late blight



Why potato late blight is a devastating disease in Bangladesh?

ÁNight temperature: 10 to 15ºC

ÁDay temperature: 15 to 21ºC

ÁRelative humidity: 90%

ÁFoggy weather and winter rains

Out break



Á Economic losses: ????

Á Amount of pesticides sprayed:

36,500 tones per year

Á Fungicides sprayed to control late

blight of potato:100 tones/year

Á Farmers spend to control late blight:

About $10 million

Impact of potato late blight

Courtesy: http://www.apsnet.org

Á Irish potato famine in the 1840s 

Á Global loss: 3 million hectares of potato crops (16%)

Á Economic losses : $6.7 billion  [Haverkort et al. 2008]

ÇManagement issues
ςPrimary inoculum source?   

ïDecision support system    

(DSS) effectiveness?

ïHost resistance stability?
ïFungicide efficacy?

https://acibiolife.net/late-blight-resistant-gm-ge-potato-in-

bangladesh-now-a-reality/

http://www.apsnet.org/
https://acibiolife.net/late-blight-resistant-gm-ge-potato-in-bangladesh-now-a-reality/
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Common late blight management practice in Bangladesh
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× Amcozeb
× CoromilMz-72
× DithaneM-45
× Mancozeb

× Oxivit
× Unilax
× Vitamyl
× Mz-72
× Zhemetalax

significantly reduced the 
late blight incidence of 
potato over control

× Filthane M-45
× Secure
× Melody Duo
× Ridomilgold
× Metaril

Status of evaluation of chemical fungicides
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Genotypes of P. infestans in Bangladesh



Representative photograph of Metalaxyl resistance/sensitivity assay of P. infestans isolates

on pea agar medium. After autoclaving, pea agar medium was amended with Metataf (25%

Metalaxyl) @ 100 µg/ml and 5 µg/ml concentration of metalaxyl.

Assessment of metalaxyl resistance/sensitivity assay of P. infestans

isolates on pea agar medium

Sensitive: Isolates exhibited growth less than 40% of nonamended control on both 5 µg/ml and 100 µg/ml metalaxyl.

Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 µg/ml metalaxyl, but

less than 40% of the nonamended control media at 100 µg/ml metalaxyl .

Resistant : Isolates exhibited growth 40% or more of nonamended control media with metalaxyl at 100 µg/ml.

Daggett et al. 1993
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Control

Resistant

Intermediate

100 µg/ml 5 µg/ml

Growth % of  non amended control  plate = 

Where,

R1 = Radial growth of the respective P. infestans isolate in control plate
R2 = Radial growth of the respective P. infestans isolate in metalaxyl amended plate

R2 

R1 
X 100



Isolate ID Location

Radial mycelial growth 
(mm) in treated plates

Radial mycelial 
growth in non-

amended control 

plates

Growth (% of control)

Resistant/Intermediate/
Sensitive

Metalaxyl
concentration (µg/ml)

Metalaxyl

concentration (µg/ml)
100 5 100 5

Pi01_2018 Panchagarh 33.17 36.75 84.33 39.32 43.57 I

Pi02_2018 Panchagarh 32.67 37.5 86.33 37.83 43.43 I

Pi03_2018 Panchagarh 33.83 39.75 86 39.34 46.22 I

Pi04_2018 Thakurgoan 26.83 53 89 30.14 59.55 I

Pi05_2018 Thakurgoan 26.83 50 88.67 30.26 56.39 I

Pi06_2018 Thakurgoan 26.5 51 88.67 29.88 57.51 I

Pi07_2018 Dinajpur 26.16 35 80.33 32.57 43.56 I

Pi08_2018 Dinajpur 26.83 52 89 30.14 58.42 I

Pi09_2018 Dinajpur 25.67 42.5 85.33 30.07 49.80 I

Pi10_2018 Nilphamari 40.83 45 87 46.93 51.72 R

Pi11_2018 Nilphamari 32 37.75 81 40.00 46.60 R

Pi12_2018 Nilphamari 33.33 52.33 87.67 38.02 59.69 I

Pi13_2018 Nilphamari 36 51.33 88 40.90 58.33 R

Pi14_2018 Rangpur 30.33 36 81 37.44 44.44 I

Pi15_2018 Rangpur 40.33 41.75 84.67 47.63 49.31 R

Pi16_2018 Rangpur 25 35 80 31.25 43.75 I

Pi17_2018 Kurigram 35 37.75 84.33 41.50 44.76 R

Pi18_2018 Kurigram 35 37.75 85 41.17 44.41 R

Pi19_2018 Kurigram 34 36 84.67 40.15 42.51 R

Pi20_2018 Kurigram 35 38 85.33 41.01 44.53 R

Pi21_2018 Bogura 22.5 49.25 85.67 26.26 57.49 I

Pi22_2018 Bogura 34.83 50 88.67 39.28 56.39 I

Pi23_2018 Bogura 36.83 50.33 88.67 41.54 56.76 R

Assessment of metalaxyl resistance/sensitivity assay of P. infestans isolates on 

pea agar medium

Sensitive: Isolates exhibited growth less than 40% of nonamended control on both 5 µg/ml and 100 µg/ml metalaxyl.

Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 µg/ml metalaxyl, but

less than 40% of the nonamended control media at 100 µg/ml metalaxyl .

Resistant : Isolates exhibited growth 40% or more of nonamended control media with metalaxyl at 100 µg/ml.

Daggett et al. 1993
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Isolate ID Location

Radial mycelial 
growth (mm) in 

treated plates

Radial mycelial 
growth in non-

amended control 

plates

Growth (% of control)

Resistant/Intermediate/

SensitiveMetalaxyl
concentration (µg/ml)

Metalaxyl

concentration (µg/ml)
100 5 100 5

Pi24_2018 Joypurhat 35 52.33 87 40.22 60.15 R

Pi25_2018 Joypurhat 35 42.25 82.33 42.51 51.31 R

Pi26_2018 Joypurhat 33 37 79.67 41.42 46.44 R

Pi27_2018 Naogoan 41.83 51 85.33 49.02 59.76 R

Pi28_2018 Naogoan 34.83 46 80.67 43.18 57.02 R

Pi29_2018 Jamalpur 26.5 49 88 30.11 55.68 I

Pi30_2018 Jamalpur 31.67 50 87.67 36.12 57.03 I

Pi31_2018 Jamalpur 24.5 46.75 85.33 28.71 54.78 I

Pi32_2018 Sherpur 45.33 47 88 51.51 53.40 R

Pi33_2018 Sherpur 48.33 49 84.33 57.31 58.10 R

Pi34_2018 Sherpur 36.5 42 80 45.62 52.5 R

Pi35_2018 Mymensingh 23.5 52 87 27.01 59.77 I

Pi36_2018 Mymensingh 21.5 44.67 85 25.29 52.54 I

Pi37_2018 Cumilla 26.67 32.5 79.67 33.47 40.79 I

Pi38_2018 Cumilla 29.83 51 87 34.29 58.62 I

Pi39_2018 Munshiganj 31.33 39 80 39.16 48.75 I

Pi40_2018 Munshiganj 26.83 35 79.67 33.68 43.93 I

Pi41_2018 Chandpur 35 37.75 86 40.69 43.89 R

Pi42_2018 Chandpur 32 46 87.33 36.64 52.67 I

Pi-45_2019 Dinajpur 43.67 48 88.33 49.43 54.33 R

Pi-46_2019 Dinajpur 42.17 48.75 88 47.91 55.39 R

Pi-47_2019 Dinajpur 42.83 52 88.67 48.30 58.64 R

Pi-48_2019 Rangpur 44 51 85.33 51.56 59.76 R

Table 1. contôd. Assessment of metalaxyl resistance/sensitivity assay of P.

infestans isolates on pea agar medium

Sensitive: Isolates exhibited growth less than 40% of nonamended control on both 5 µg/ml and 100 µg/ml metalaxyl.

Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 µg/ml metalaxyl, but

less than 40% of the nonamended control media at 100 µg/ml metalaxyl .

Resistant : Isolates exhibited growth 40% or more of nonamended control media with metalaxyl at 100 µg/ml.

Daggett et al. 1993
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Isolate ID Location

Radial mycelial growth 
(mm) in treated plates

Radial mycelial 
growth in non-

amended 

control plates

Growth (% of control)

Resistant/Intermediate/

SensitiveMetalaxyl
concentration (µg/ml)

Metalaxyl

concentration (µg/ml)
100 5 100 5

Pi-49_2019 Rangpur 47 51.33 87.67 53.23 58.55 R

Pi-50_2019 Rangpur 46 50.33 86.67 52.88 58.07 R

Pi-51_2019 Kurigram 46 52.33 87.67 52.85 59.69 R

Pi-52_2019 Kurigram 41 51.17 86.67 47.30 59.03 R

Pi-53_2019 Kurigram 45 49.75 85.33 52.53 58.30 R

Pi-54_2019 Gaibandha 44 49 79.67 55.23 61.50 R

Pi-55_2019 Gaibandha 38 45 88 42.61 51.13 R

Pi-56_2019 Gaibandha 47 52 83.67 56.17 62.15 R

Pi-57_2019 Mymensingh 50.33 51 85.33 58.98 59.76 R

Pi-58_2019 Mymensingh 51.83 52.33 86.67 59.80 60.38 R

Pi-59_2019 Mymensingh 41 47 81.67 50.20 57.55 R

Pi-60_2019 Sherpur 29.5 51 87 33.90 58.62 I

Pi-61_2019 Sherpur 33.5 51 88.33 37.92 57.73 I

Pi-62_2019 Sherpur 49.5 51 84.67 58.46 60.23 R

Pi-63_2019 Munshiganj 48.83 49 85 57.45 57.64 R

Pi-64_2019 Munshiganj 47.33 52 83.33 56.8 62.4 R

Pi-65_2019 Munshiganj 47.5 52 82.33 57.69 63.15 R

Pi-66_2019 Cumilla 40.5 52.33 87 46.55 60.15 R

Pi-67_2019 Cumilla 51.67 50.33 88.33 58.49 56.98 R

Pi-68_2019 Cumilla 50.83 49.33 87 58.42 56.70 R

Pi-69_2019 Chandpur 36 41 81.33 44.26 50.40 R

Pi-70_2019 Chandpur 37.83 46.5 85.33 44.33 54.49 R

Pi-71_2019 Chandpur 36 40.17 83.67 43.02 48.00 R

contôd. Assessment of metalaxyl resistance/sensitivity assay of P.

infestans isolates on pea agar medium

Sensitive: Isolates exhibited growth less than 40% of nonamended control on both 5 µg/ml and 100 µg/ml metalaxyl.

Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 µg/ml metalaxyl, but

less than 40% of the nonamended control media at 100 µg/ml metalaxyl .

Resistant : Isolates exhibited growth 40% or more of nonamended control media with metalaxyl at 100 µg/ml.

Daggett et al. 1993
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The results of metalaxyl sensitivity assay revealed that 62% (43 out of 69) 

isolates were metalaxyl Resistant and 38% (26 out of 69) were Intermediate
type
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Status of evaluation of chemical fungicides

In vitro test:
all fungicides inhibited the growth of P.
infestansby 94%over control.
Field experiment
lowest late blight severity was found at
71 DAP
T10 (CurzateM8) (0.49%) 
T6 (AcrobateMz) (0.52%)
T8 (Micra) (0.59%)
T7 (Xtramyl) (0.61%)
T3 (Daconyl) (0.84%)
T5 (Secure) (1.28%)
T9 (Sanoxanyl) (1.43%)
T1 (Unilax) (1.83%)
T2 (TemperM) (2.58%)
T4 (Amiscore) (6.34%)



Identification of potential fungicide(s) against late blight of potato

To (Control)   T1 (Unilax) T2 (Temper M)

T3(Daconil)    T4 (Amiscore)  T5 (Secure)  T6 (Acrobat MZ)

T7(Xtramil)        T8 (Micra)         T9 (Sanoxanil)  T10 (Curzate M8)

Name Active ingredient Do

se

Unilax Metalaxyl + Mancozeb (8%+64%) 2g/L

Temper M Propineb + Cymoxanil (70%+6%) 2g/L

Daconil Chlorothalonil (50%) 1.5 

ml/L

Amiscore Azoxystrobin + Difenoconazole

(20%+12.5%)

1 

ml/L

Secure Fenamidone + Mancozeb (8%+64%) 2g/L

Acrobat MZ Dimethomorph + Mancozeb

(9%+60%)

4g/L

Xtramil Cymoxanil + Mancozeb (8%+64%) 2g/L

Micra Cymoxanil + Mancozeb (8%+64%) 2g/L

Sanoxanil Cymoxanil + Mancozeb (8%+64%) 2g/L

Curzate M8 Cymoxanil + Mancozeb (8%+64%) 2g/L

In vitro growth inhibition of P. infestans by

some selected commercially available

fungicides on pea agar medium amended

with the fungicides.

A
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In vitro growth inhibition of P. infestans by some selected fungicides
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A: Radial growth inhibition (mm) of P. infestans by some selected fungicides and

B. Percent in vitro growth inhibition of P. infestans by some selected fungicides over

control.

B
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Treatment % Plant infection % Late blight severity

Days after planting Days after planting

59 71 59 71

T0 (Control) 100.00±0.00a
100.00 6.27±4.81a 95.33±2.68a

T1  (Unilax) 42.20±19.45b 100.00 0.04±0.02b 1.83±0.55b

T2  (Temper M) 52.87±25.18b 100.00 0.05±0.03b 2.58±1.12b

T3  (Daconil) 27.41±15.50b 97.50 0.027±0.01b 0.84±0.37b

T4 (Amiscore) 45.40±17.00b 100.00 0.06±0.02b 6.34±5.39b

T5 (Secure) 36.99±14.61b 100.00 0.053±0.02b 1.28±0.67b

T6 (Acrobat MZ) 9.84±1.41b 97.54 0.01±0.01b 0.52±0.03b

T7  (Xtramil) 33.19±7.58b 97.52 0.04±0.01b 0.61±0.12b

T8 (Micra) 34.17±13.44b 97.59 0.04±0.01b 0.59±0.42b

T9 (Sanoxanil) 30.33±13.38b 100.00 0.04±0.02b 1.43±0.34b

T10 (Curzate M8) 9.05±2.14b 97.44 0.007±0.00b 0.49±0.17b

Level of 

significance * NS * *

CV (%) 66.08 2.32 417.53 28.67

Comparative efficacy of different potential fungicides available on the 
market in Bangladesh against late blight of potato under field conditions

in 2017-2018

Data are the averages of three replications. Values with same letters in the same column are

statistically similar. 22
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To (Control)                         T1 (Unilax)                          T2 (Temper M)

T7(Xtramil)                             T8 (Micra)                                 T9 (Sanoxanil)                   T10 (CurzateM8)

T3(Daconil)                          T4 (Amiscore)                       T5 (Secure)                         T6 (Acrobat MZ)

Effect of different fungicides in reducing the late blight severity of potato under

field condition. Photographs were taken at 71 DAP.
24



Comparative efficacy of different potential fungicides available on the market in 

Bangladesh in increasing growth and yield contributing parameters of potato in 

2017- 2018 

Treatments Germination (%) Plant height (cm) No. of 

plantl

ets/hill

No. of 

tubers/

plant

Yield (t/ha)

Days after planting (DAP)

34 52 71
T0 (Control) 96.03 22.27±0.23e 53.00±0.40g 71.23±0.38e 1.73 4.467 8.39±1.31d

T1  (Unilax) 95.24 25.03±0.44bc 46.63±0.93i 82.17±0.12c 2.33 6.733 27.44±1.48abc

T2  (Temper M) 96.83 24.60±1.05c 49.40±0.85h 89.30±0.15a 1.73 5.000 23.11±2.95c

T3  (Deconil) 97.62 25.03±0.39bc 57.17±0.64de 75.27±0.27d 2.00 5.600 26.72±2.36bc

T4 (Amiscore) 96.83 26.10±0.29b 59.17±0.15bc 86.13±0.33b 1.87 6.200 26.67±0.48bc

T5 (Secure) 97.62 26.13±0.66b 60.17±0.07ab 83.37±0.43c 2.20 5.933 31.22±0.62ab

T6 (Acobat MZ) 96.83 24.17±0.70cd 55.90±0.20ef 83.50±0.87c 2.07 5.867 31.67±0.96ab

T7  (Xtramil) 97.62 28.00±0.61a 61.40±0.17a 75.70±0.92d 1.73 4.800 31.11±1.11ab

T8 (Micra) 97.62 23.10±0.58de 54.50±0.06f 76.10±0.92d 2.27 6.067 31.11±2.42ab

T9 (Sanoxanil) 96.83 25.370.49bc 54.87±0.27f 82.07±0.22c 2.13 5.933 29.67±0.33ab

T10 (Curzate M8) 96.03 26.10±0.55b 58.37±0.69cd 82.63±0.27c 2.47 6.133 32.94±1.18a

Level of significance NS * * * NS NS *

CV( %) 2.35 2.68 1.48 1.17 19.09 22.54 10.58

Data are the averages of three replications. Values with same letters in the

same column are statistically similar.
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Cost-benefit analyses of different fungicides available on the market in 

Bangladesh used for controlling late blight of potato in 2017-2018

Treatment Yield 

(t/ha)

Gross 

return 

(Tk./ha)

Production 

cost 

(Tk./ha)

Cost of the 

treatment 

(Tk/ha)

Total production 

cost with 

treatment 

(Tk/ha)

Net return 

(Tk./ha)

BCR

T0 (Control) 8.39 125833.33 192500 0 192500 -62500 -0.35

T1  (Unilax) 27.44 411666.67 192500 7200 199700 211966.67 1.06

T2  (Temper M) 23.11 346666.67 192500 8160 200660 146006.67 0.73

T3  (Deconil) 26.72 400833.33 192500 7376 199876 200957.33 1.01

T4 (Amiscore) 26.67 400000.00 192500 10560 203060 196940.00 0.97

T5 (Secure) 31.22 468333.33 192500 20800 213300 255033.33 1.20

T6 (Acobat MZ) 31.67 475000.00 192500 20960 213460 261540.00 1.23

T7  (Xtramil) 31.11 466666.67 192500 5360 197860 268806.67 1.36

T8 (Micra) 31.11 466666.67 192500 5600 198100 268566.67 1.36

T9 (Sanoxanil) 29.67 445000.00 192500 6720 199220 245780.00 1.23

T10 (Curzate M8) 32.94 494166.67 192500 13000 205500 288666.67 1.40

Price: Potato Tk. 15.00/kg, Fungicide Tk. 670-2600/kg & Tk.1230-2640/L, Dose:

Fungicide 8-16 kg/ha (on an average) and 4-6 L/ha (on an average).

26
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Ç Potential against P. infestans

× Biocontrol agents:

T. harzianum, T. viride, Penicillium sp.

Chaetomium sp.

× CIP Clones: Clone CIP 393077.159

× Fungicidal:

chlorothalonil, copper,  dimethomorph, 

mancozeb,phenylamides, phenomadone, 

propineb

× Obtained from International Potato

Center (CIP):

LB3 (391058.175), LB6 (393280.64) and LB7

(393371.58)

× Promising results: LB-3 and LB-7

Status of evaluation of chemical fungicides and potato 

genotypes
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× Moderately resistant:

Four varieties of germplasm

× Resistant to late blight:

LB-6

× Highly resistant:

SarpoMira, Bionicaand LB-7

× Tolerant to late blight:

CIP-607, CIP-272 and CIP-616

× field resistant TPS progenies:

TS-6 ĬTS-9, HPS-7/67, HPS-II/13, TS-5 Ĭ

TS, LM Ĭ501, 501 Ĭ9, 801000 and 

300999.

× Existence of metalaxyl-resistant 

strains of P. infestans

Evaluation of potato varieties and germplasms



Develops and implements a decision support service

(DSS) for an optimal control strategy of late blight in

potatoes.

Continuously measures and forecasts weather and

biomass growth of potato crops in relation to the late

blight disease cycle.

Provides farmers with timely preventive spray advice

Information based upon satellite data and using 

various models

Uses geo data to control late blight fungal disease in 

potatoes in Bangladesh.

Partners: Wageningen Plant Research ICCO ï

Bangladesh, AIS ïBangladesh, mPower ï

Bangladesh, Bangladesh Centre for Advanced 

Studies, Terra Sphere ïNetherlands

29

The GEOPOTATO project:

Control fungal disease in potato in Bangladesh
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Bangladesh imports two blight-resistant (GM) 

potato lines developed at Michigan State 

University for a field trial

Source: Dhaka Tribune

Ç Late blight-resistant 3R-gene

Á a genetically engineered potato variety

Á The Biotechnology Division of BARI and MSU

Ç Till now 10 3R-gene lines events have been selected as late blight resistant by 

MSU
Ç The best performing GE lines ïDIA-MSU-UB #1 and DIA-MSU-UB #2 will be 

imported to Bangladesh for continued confined field trials.

Ç Bangladesh apart, the RB potato is being field-tested in Indonesia under the 

same initiative by the Indonesian Agency for Agricultural Research and 

Development (IAARD).
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Experimental location: Farmerôs Field, Sutiakhali, Mymensingh

Experimental Design: RCBD

Treatment: Different  Formulated bacterial and fungal bioagents

Replication: 3

Application of the treatment: 

Tuber treatment: Drenching potato tuber pieces with 0.4% 

solution of formulated bacterial and fungal 

bioagents)

Foliar spray: Spray @ 0.4% formulated bioagents for eight times 

at 34. 41, 48, 53, 59, 63, 69 and 75 DAP

Data collection: Incidence and severity at 48, 59 and 71 DAP,

Plant height, No. plantlets/hill, No. of tubers/plant 

and yield

Assessment of field performance of some formulated bacterial and fungal 

bioagents



Selected bacterial and fungal bioagents used in this study

Pseudomonas putida (BDISO64RanP)      Bacillus subtilis (BDISO36ThaR) 

Trichoderma paraviridescens (BDISOF67R)  T. erinaceum (BDISOF91R) 

Lab Collection

Lab Collection

Islam et al. 2021
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A                            B                          C

D                            E                           F

G                            H                            I

J                             K                            L

M                            N                            O

Fig. 2: Growth inhibition of P. infestans by bioagents with control.

A. Negative control,

B. Positive control (Curzate M8),

C. Mycelia of P. infestans,

D. Pure culture of P. putida,

E. Growth inhibition of P. infestans by P. putida,

F. Deformation of mycelial structure of P. infestans by

P. putida under stereo binocular microscope,

G. Pure culture of B. subtulis,

H. Growth inhibition of P. infestans by B. subtulis,

I. Deformation of mycelial structure of P. infestans by B.

subtulis under stereo binocular microscope,

J. Pure culture of T. erinacium,

K. Growth inhibition of P. infestans by T. erinacium,

L. Deformation of mycelial structure of P. infestans by

T. erinacium under stereo binocular microscope

M. Pure culture of T. paraviridescens,

N. Growth inhibition of P. infestans by T. paraviridescens,

O. Deformation of mycelial structure of P. infestans by

T. paraviridescens under stereo binocular microscope.
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Fig. 3: In vitro growth inhibition (mm) of Phytophthora infestans by antagonistic

bacterial isolates (Lab collection): Radial mycelial growth(mm) of P. infestans

isolates and Percent reduction of radial mycelial growth of P. infestans.

BDISO64RanP: Isolates no. 64 of Rangpur from potato phyllosphere,

BDISO36ThaR: Isolates no. 36 of Thakurgaon from potato rhizosphere.

the growth of P.

infestans was

inhibited by 93.99%

over control by

both the bacterial
strains.
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Fig. 4: In vitro antagonistic assay between T. paraviridescens (BDISOF67R)/T. erinaceum

(BDISOF91R) and P. infestans: Radial mycelial growth (mm) of P. infestans and

Percent reduction of radial mycelial growth of P. infestans isolates. Photographs

and data were taken at 7 days after inoculation.

T. paraviridescens

inhibited the growth of P.

infestans by 46.0% and T.

erinaceum inhibited the

growth of P. infestans by

51.5% over control
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Fig. 8 A: Interactions effect among the bacterial and fungal bioagents, B. Growth of P. putida, B. subtilis

and T. erinaceum without Curzate M8 and C. Growth of P. putida, B. subtilis and T. erinaceum

with Curzate M8 usedfor controlling late blight of potato.

Without Curzate M8

With Curzate M8

P. putida + B. subtilis B. subtilis+ P. putida T. erinaceum + P. putida T. erinaceum + B. subtilis

P. putida B. subtilis T. erinaceum

P. putida B. subtilis T. erinaceum

A

B

C
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Efficacy of some selected bacterial and fungal bioagents in reducing late blight 

severity of potato under growth chamber in 2018-2019

Treatment % Severity (0.1-100) % Reduction of 

Late blight 

severity over 

control at 65 DAP

Days after planting (DAP)

61 65

T0 41.67±8.33a 73.33±13.02a 0.00

T1 18.33±6.67ab 33.33±8.33bc 52.34

T2 11.67±6.67ab 18.33±6.67bc 70.47

T3 11.67±6.67ab 26.67±13.02bc 60.78

T4 26.67±13.02ab 33.33±8.33bc 52.34

T5 33.67±16.33ab 41.67±8.33b 43.57

T6 25.33±14.15ab 33.33±8.33bc 54.68

T7 18.33±6.67ab 33.33±8.33bc 46.78

T8 11.67± 6.67ab 25.00± 0.00bc 63.45

T9 14.67± 2.91ab 17.83± 3.93bc 72.44

T10 10.33± 7.42ab 17.00± 8.00bc 71.87

T11 3.67± 1.33b 5.00± 0.00c 92.69

Level of 

significance * * -

CV (%) 85.15 49.40 -

T0 = Water (Negative control)

T1 = Tuber treatment + Foliar spray of formulated

T. paraviridescens

T2 = Tuber treatment + Foliar spray of formulated

T. erinaceum

T3 = Tuber treatment + Foliar spray of

formulated Pseudomonas putida,

T4 = Tuber treatment + Foliar spray of formulated

Bacillus subtilis

T5 = Tuber treatment + Foliar spray of formulated

T. paraviridescens and P. putida

T6 = Tuber treatment + Foliar spray of formulated

T. erinaceum and P. putida

T7 = Tuber treatment + Foliar spray of formulated

T. paraviridescens and Bacillus subtilis

T8 = Tuber treatment + Foliar spray of formulated

T. erinaceum and Bacillus subtilis

T9 = Tuber treatment + Foliar spray of formulated

T. paraviridescens, T. erinaceum P. Putida

and Bacillus subtilis

T10 = Tuber treatment + Foliar spray of Curzate

M8 (Cymoxonil + Mancozeb) and

T11 = Tuber treatment + Foliar spray of formulated T.

paraviridescens, T. erinaceum, P. putida and

B. subtilis with T10.

Data are the averages of three replications. Values with same letters in the same column

are statistically similar.
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Efficacy of some selected bacterial and fungal bioagents in reducing late blight 
infection and  severity of potato under field condition in 2018-2019

Treatment

% Plant infection % Late blight severity % Reduction of 

Late blight 

severity over 

control at 71 DAP

Days after planting Days after planting

48 59 71 48 59 71

T0 66.67±5.34ab 100±0.0a 100 1.50±0.38abc 69.33±2.92a 95.50±2.08a 0.00

T1 70.09±9.86ab 100±0.0a 100 2.14±0.67ab 50.83±5.92b 90.50±1.80ab 5.05

T2 58.12±9.86ab 100±0.0a 100 1.34±0.38abc 47.50±3.69b 79.50±3.75bc 16.71

T3 67.52±9.40ab 100±0.0a 100 1.46±0.68abc 59.50±6.43ab 91.00±3.21ab 4.74

T4 71.12±7.31ab 100±0.0a 100 1.60±0.38ab 53.50±4.25a 85.00±1.04ab 10.93

T5 69.86±7.40ab 100±0.0a 100 2.84±0.12a 60.17±5.83ab 83.33±3.18ab 12.75

T6 49.47±3.63b 100±0.0a 100 1.32±0.31abc 46.67±4.34b 86.00±1.50ab 9.93

T7 67.52±6.16ab 100±0.0a 100 2.37±0.87ab 56.83±2.92ab 93.67±0.44a 1.83

T8 74.36±6.78a 100±0.0a 100 1.71±0.65ab 57.50±8.40ab 84.17±8.35ab 12.15

T9 56.00±3.80ab 95.00±1.48a 100 1.60±0.15bc 47.50±0.88b 76.17±6.17c 27.07

T10 1.71±1.71c 64.96±13.27b 100 0.00±0.00c 3.37±1.07c 21.30±6.33d 77.50

T11 0.00±0.00c 29.91±2.26c 100 0.00±0.00c 2.43±0.62c 10.33±3.53d 89.16

Level of 

significance * *                    NS * * *

-

CV (%) 21.57 7.53        0.00 56.06 17.08 9.07

-

Combined use of Bacterial and fungal bioagents along with Curzate M8 reduced

late blight severity by 89% which was 12% higher than single use of Curzate M8.
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Efficacy of some selected bacterial and fungal bioagents in reducing late blight
severity of potato under field condition at 71 DAP in 2018- 2019.
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Efficacy of some selected bacterial and fungal bioagents in increasing growth and yield 

contributing parameters of potato under field condition in 2018-2019

Treatments Germina

tion (%)
Plant height (cm) No. of 

plantlet

s/hill

No. of 

tubers/plant

Yield (t/ha)

Days after planting (DAP)

34 52 71

T0 92.86 31.48 42.30 58.53±1.22ab 3.27 6.07±0.66abc 7.22±0.72bc

T1 92.86 35.68 46.17 61.90±2.25ab 3.00 5.47±0.18bc 6.44±0.45c

T2 92.86 32.29 43.33 59.90±1.13ab 2.67 4.20±0.46c 6.56±0.39c

T3 92.86 33.99 43.63 58.10±2.07ab 3.53 6.60±0.81ab 6.28±0.20c

T4 95.24 34.48 44.30 59.03±3.31ab 3.20 6.00±0.20abc 6.67±1.00c

T5 94.44 33.94 42.77 56.00±0.13b 2.87 5.47±0.48bc 7.22b±0.64c

T6 94.44 33.96 45.00 61.57±1.18ab 2.73 4.40±1.00c 6.33±0.42c

T7 92.86 34.09 44.73 60.70±2.77ab 3.27 6.73±0.29ab 6.89±0.15c

T8 92.86 34.76 44.93 60.20±2.33ab 2.53 5.07±0.33bc 6.89±0.40c

T9 92.86 34.11 44.36 62.73±1.67a 3.40 6.93±0.07ab 10.06±1.20b

T10 92.86 33.76 45.87 60.53±1.89ab 3.20 7.53±1.17a 18.67±2.60a

T11 92.86 34.68 46.23 63.57±1.49a 3.47 7.60±0.12a 20.11±0.11a

Level of 

significance NS NS NS * NS * *

CV( %) 1.67 8.23 7.29 5.38 18.76 17.64 18.48

Data are the averages of three replications. Values with same letters in the same column are

statistically similar. NS = Non-significant and * indicates the means were significant at 5% level of
probability 40

T0 = Water (Negative control)

T1 = Tuber treatment + Foliar spray of

formulatedT. paraviridescens

T2 = Tuber treatment + Foliar spray

of formulated T. erinaceum

T3 = Tuber treatment + Foliar spray

of formulated P. putida,

T4 = Tuber treatment + Foliar spray

of formulated B. subtilis

T5 = Tuber treatment + Foliar spray of

formulated T. paraviridescens

and P. putida

T6 = Tuber treatment + Foliar spray of

formulated T. erinaceum and

P. putida

T7 = Tuber treatment + Foliar spray of

formulated T. paraviridescens

and B. subtilis

T8 = Tuber treatment + Foliar spray

of formulatedT. erinaceum

and B. subtilis

T9 = Tuber treatment + Foliar spray of

formulated T. paraviridescens,

T. erinaceum P. Putida and

B. subtilis

T10 = Tuber treatment + Foliar spray

of CurzateM8 (Cymoxonil +

Mancozeb) and

T11 = Tuber treatment + Foliar spray

of formulated T. paraviridescens,

T. erinaceum, P. putida and

B. subtilis with T10.



Cost-benefit analyses of some selected bacterial and fungal bioagents used for 

controlling late blight of potato under field condition in 2018-2019

Treat

ment

Yield 

(t/ha)

Gross 

return 

(Tk./ha)

Production 

cost 

(Tk./ha)

Total cost of 

the treatment 

(Tk/ha)

Total cost with 

treatment 

(Tk/ha)

Net return 

(Tk./ha)

BCR

T0 7.22 115555.56 192500 0 192500 -76944.44 -0.40

T1 6.44 103111.11 192500 9600 202100 -98988.89 -0.49

T2 6.55 104888.89 192500 9600 202100 -97211.11 -0.48

T3 6.28 100444.44 192500 9600 202100 -101655.56 -0.50

T4 6.67 106666.67 192500 9600 202100 -95433.33 -0.47

T5 7.22 115555.56 192500 9600 202100 -86544.44 -0.43

T6 6.33 101333.33 192500 9600 202100 -100766.67 -0.50

T7 6.89 110222.22 192500 9600 202100 -91877.78 -0.45

T8 6.89 110222.22 192500 9600 202100 -91877.78 -0.45

T9 10.06 160888.89 192500 9600 202100 -41211.11 -0.20

T10 18.67 280000.00 192500 13000 205500 74500.00 0.36

T11 20.11 301666.67 192500 22600 215100 86566.67 0.40

Price: Potato Tk. 16.00/kg (Organic), Tk. 15.00/kg (Inorganic), Fungicide Tk. 1625/kg,

Bioagents Tk. 600/kg, Fungicide 8 kg/ha, Biaoents 16 kg/ha
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Efficacy of formulated two bacterial and one fungal bioagents in reducing the application 

frequency of chemical fungicide for controlling late blight of potato  under artificial 

inoculation in growth chamber in 2019-2020

Treatment % Severity (0.1-100) % Reduction of Late 

blight severity over 

control

Days after planting (DAP)

Days after planting 

(DAP)

61 65 61 65

T0 81.67±6.67a 100.00±0.00a 0.00 0.00

T1 2.33±1.33e 10.33±7.42f 97.36 89.67

T2 58.33±8.33b 66.67±8.33b 26.90 33.33

T3 6.67±1.67e 33.33±8.33de 92.05 66.67

T4 5.33±2.60e 18.33±6.67ef 93.82 81.67

T5 5.33±2.60e 15.00±5.00ef 93.36 85.00

T6 5.00±0.00e 12.67±3.71f 93.80 87.33

T7 46.67±3.33c 58.33±8.33bc 42.46 41.67

T8 30.00±5.00d 53.33±3.33bcd 62.34 46.67

T9 2.03±1.51e 20.00±2.89ef 97.76 80.00

T10 1.73±1.63e 17.00±8.00ef 98.16 83.00

T11 1.70±1.65e 15.00±2.89ef 98.20 85.00

T12 23.33±1.67d 41.67±8.33cd 71.23 58.33

T13 5.03±2.86e 33.33±8.33de 94.22 66.67

T14 2.03±1.51e 10.33±7.42f 97.38 89.67

T15 0.70±0.30e 10.33±7.42f 99.16 89.67

T16 0.40±0.30e 10.00±5.00f 99.56 90.00

Level of 

significance ** ** - -

CV (%) 32.70 33.79 - -

T0 = Water (Negative control)

T1 = Tuber treatment + Eight sprays of Curzate M8  

(Positive control)

T2 = Tuber treatment + Eight sprays of formulated 

Pseudomonas putida + Bacillus subtilis

T3 =  T2 + one spray of Curzate M8 

T4 =  T2 + two sprays of Curzate M8

T5 =  T2 + three sprays of Curzate M8

T6 =  T2 + four sprays of Curzate M8

T7 = Tuber treatment + Eight sprays of formulated

Trichoderma erinaceum

T8 =  T7 + one spray of Curzate M8 

T9 =  T7+ two sprays of Curzate M8 

T10 = T7+ three sprays of Curzate M8

T11  = T7 + four sprays of Curzate M8 

T12  = Tuber treatment + Eight sprays of formulated  

of P. putida, B. subtilis and T. erinaceum

T13 = T12+ one spray of Curzate M8

T14 = T12+ two sprays of Curzate M8 and 

T15 = T12+ three sprays of Curzate M8 and 

T16 = T12 + four sprays of Curzate M8

Data are the averages of three replications. Values with

same letters in the same column are statistically similar.
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T0 = Water (Negative control)

T1 = Tuber treatment + Eight sprays of Curzate

M8 (Positive control)

T2 = Tuber treatment + Eight sprays of

formulated of P. putida + B. subtilis

T3 =  T2 + one spray of Curzate M8 

T4 =  T2 + two sprays of Curzate M8

T5 =  T2 + three sprays of Curzate M8

T6 =  T2 + four sprays of Curzate M8

T7 = Tuber treatment + Eight sprays of 

formulated T. erinaceum

T8 =  T7 + one spray of Curzate M8 

T9 =  T7+ two sprays of Curzate M8 

T10 = T7+ three sprays of Curzate M8

T11  = T7 + four sprays of Curzate M8 

T12  = Tuber treatment + Eight sprays of 

formulated P. putida, B. subtilis and T. 

erinaceum

T13 = T12+ one spray of Curzate M8

T14 = T12+ two sprays of Curzate M8 and 

T15 = T12+ three sprays of Curzate M8 and 

T16 = T12 + four sprays of Curzate M8

Efficacy of formulated two bacterial and one fungal bioagents in reducing the application

frequency of chemical fungicides for controlling late blight severity of potato under

artificial inoculation in growth chamber condition in 2019-2020. Photographs were taken at

65 DAP.
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Efficacy of formulated two bacterial and one fungal bioagents in reducing the

application frequency of chemical fungicide for controlling late blight severity of

potato under field condition in 2019-2020

Treatment % Severity % Reduction of Late blight 

severity over control

Days after planting Days after planting

48 59 71 59 71

T0 0.020± 0.01a 44.930± 21.44a 99.16± 0.60a 0.00 0.00

T1 0.000± 0.00d 0.007± 0.003b 0.45± 1.89f 99.91 99.54

T2 0.003± 0.003cd 4.513± 2.89b 72.83± 6.33b 80.29 26.57

T3 0.010± 0.01b 0.197± 0.07b 8.36± 0.6ef 97.45 91.57

T4 0.000± 0.00d 0.147± 0.06b 8.07± 1.50ef 97.54 91.85

T5 0.000± 0.00d 1.817± 1.75b 8.07± 1.62ef 97.01 91.87

T6 0.000± 0.00d 0.683± 0.36b 2.76± 1.62f 92.56 97.20

T7 0.011± 0.006b 1.400± 0.29b 64.17± 4.32b 90.01 35.33

T8 0.010± 0.01b 1.343± 0.19b 19.27± 7.18de 89.28 80.63

T9 0.000± 0.00d 1.100± 0.10b 18.83± 0.67de 88.24 76.65

T10 0.000± 0.00d 0.170± 0.08b 9.00± 0.58ef 98.31 94.28

T11 0.010± 0.006b 0.183± 0.00b 5.26± 3.0ef 98.20 94.69

T12 0.000± 0.00d 0.773± 0.36b 53.33± 0.83c 89.38 46.20

T13 0.007± 0.007bc 0.050± 0.01b 30.07± 9.93d 99.34 69.64

T14 0.000± 0.00d 0.390± 0.16b 25.17± 9.23d 98.81 74.72

T15 0.003± 0.003cd 0.140± 0.04b 6.07± 3.47ef 98.29 97.38

T16 0.000± 0.00d 0.083± 0.04b 1.86± 0.52f 99.63 98.13

Level of 

significance
** ** ** -

CV (%) 232.72 263.53 34.16 -

Data are the averages of three replications. Values with same letters in the same column

are statistically similar.
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T0 = Water (Negative control)

T1 = Tuber treatment + Eight sprays of 

Curzate M8 (Positive control)

T2 = Tuber treatment + Eight sprays of

formulated of P. putida + B. subtilis

T3 =  T2 + one spray of Curzate M8 

T4 =  T2 + two sprays of Curzate M8

T5 =  T2 + three sprays of Curzate M8

T6 =  T2 + four sprays of Curzate M8

T7 = Tuber treatment + Eight sprays of 

formulated T. erinaceum

T8 =  T7 + one spray of Curzate M8 

T9 =  T7+ two sprays of Curzate M8 

T10 = T7+ three sprays of Curzate M8

T11  = T7 + four sprays of Curzate M8 

T12  = Tuber treatment + Eight sprays of 

formulated P. putida, B. subtilis

and T. erinaceum

T13 = T12+ one spray of Curzate M8

T14 = T12+ two sprays of Curzate M8 and 

T15 = T12+ three sprays of Curzate M8 

and 

T16 = T12 + four sprays of Curzate M8



T0 T1

T2 T3 T4 T5 T6                     

T7 T8 T9 T10 T11                     

T12 T13 T14 T15 T16                     

Efficacy of formulated two bacterial and one fungal bioagents in reducing the application

frequency of chemical fungicides for controlling late blight severity of potato under field

condition in 2019-2020. Photographs were taken at 71 DAP
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Efficacy of formulated two bacterial and one fungal bioagents in  increasing growth 

and yield parameters of potato under field condition in 2019-2020

Treatments
Germina

tion (%)

Plant height (cm)
No. of 

plantlets/hill

No. of 

tubers/plant
Yield (t/ha)Days after planting (DAP)

34 52 71

T0 96.83 22.97±0.25h 54.33±0.95e 71.97±0.54fg 2.23±.03a 4.53 6.50±0.33e

T1 96.03 26.10±0.55b-f 58.37±0.69b-d 76.17±0.74d 2.17±0.23a 6.13 24.01±2.89a

T2 99.21 25.20±1.22d-g 58.47±0.23b-d 73.23±0.24ef 2.20±0.06a 4.60 8.78±0.98de

T3 96.83 26.37±0.50b-d 60.87±0.98a-c 72.03±0.64fg 2.30±0.12a 4.33 14.83±0.93bc

T4 98.41 27.67±0.45b 58.03±0.90b-d 84.30±0.81a 2.43±0.27a 5.93 16.56±1.83b

T5 96.83 27.50±0.66b 58.63±1.32a-d 73.97±0.63e 2.23±0.12a 6.00 16.50±0.44b

T6 96.83 25.00±0.61d-g 61.23±0.39ab 71.50±0.44g 2.33±0.20a 4.60 24.72±0.28a

T7 98.72 24.60±1.10fg 58.50±1.72b-d 77.50±1.91d 2.46±0.02a 6.00 11.39±1.00cd

T8 99.21 29.53±0.52a 62.37±1.16a 81.90±0.40b 2.43±0.18a 5.73 13.33±1.73b-d

T9 97.62 23.73±0.66gh 58.27±1.56b-d 76.03±0.68d 2.47±0.15a 5.07 13.72±1.39bc

T10 97.62 26.43±0.57b-d 56.73±2.24de 81.93±0.41b 2.30±0.25a 5.47 17.00±1.84b

T11 98.41 26.97±0.79bc 61.73±0.97ab 78.80±0.38c 2.17±0.17a 6.07 23.83±3.18a

T12 99.21 24.70±0.90e-g 58.10±1.27b-d 77.50±0.76cd 2.50±.06a 4.60 11.11±1.47cd

T13 97.62 24.63±0.94fg 57.20±0.44c-e 71.73±0.63fg 2.30±0.12a 5.33 12.50±1.73b-d

T14 99.21 26.30±1.04b-e 59.27±1.55a-d 78.40±0.47c 2.47±0.12a 5.40 14.67±0.88bc

T15 97.62 25.53±0.52c-f 58.73±1.51a-d 78.43±0.23c 2.20±0.31a 5.80 15.78±1.18bc

T16 97.62 24.97±0.83d-g 56.57±0.58de 82.10±0.40b 2.43±0.03a 6.07 24.78±0.29a

Level of significance NS * * * * NS *

CV( %) 1.93 3.3 3.37 1.18 12.73 19.3 16.27

Data are the averages of three replications. Values with same letters in the same column are statistically similar.
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Cost benefit analyses of formulated two bacterial and one fungal bioagents in reducing 

the application frequency of chemical fungicide for controlling late blight of potato 

under field condition in 2019-2020

Treatment Yield 

(t/ha)

Gross return 

(Tk./ha)

Production cost 

(Tk./ha)

Total cost of the 

treatment (Tk/ha)

Total cost with 

treatment 

(Tk/ha)

Net return (Tk./ha) BCR

T0 6.50 110500.00 192500 0 192500 -82000.00 -0.43

T1 24.01 384166.67 192500 13000 205500 178666.67 0.87

T2 8.78 140444.44 192500 9600 202100 -61655.56 -0.31

T3 14.83 237333.33 192500 11225 203725 33608.33 0.16

T4 16.56 264888.89 192500 12850 205350 59538.89 0.30

T5 16.50 264000.00 192500 14475 206975 57025.00 0.28

T6 24.72 395555.56 192500 16100 208600 186955.56 0.90

T7 11.39 182222.22 192500 9600 202100 -19877.78 -0.09

T8 13.33 213333.33 192500 11225 203725 9608.33 0.05

T9 13.72 219555.56 192500 12850 205350 14205.56 0.07

T10 17.00 272000.00 192500 14475 206975 65025.00 0.31

T11 23.83 381333.33 192500 16100 208600 172733.33 0.83

T12 11.11 177777.78 192500 9600 202100 -24322.22 -0.12

T13 12.50 200000.00 192500 11225 203725 -3725.00 -0.02

T14 14.67 234666.67 192500 12850 205350 29316.67 0.14

T15 15.78 252444.44 192500 14475 206975 45469.44 0.22

T16 24.78 396444.44 192500 16100 208600 187844.44 0.90

Price: Potato Tk. 16.00/kg (Organic), Tk. 15.00/kg (Inorganic), Fungicide Tk. 1625/kg, Bioagents Tk.

600/kg, Fungicide 8 kg/ha, Bioagents16 kg/ha. Data are the averages of three replications.
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Efficacy of formulated two bacterial and one fungal bioagents in reducing the application 

frequency of chemical fungicide for controlling late blight of potato under artificial 

inoculation in growth chamber in 2020-2021

Treatment % Severity (0.1-100) % Reduction of Late 

blight severity over 

control at 65 DAP

Days after planting (DAP) Days after planting 

(DAP)

61 65 61 65

T0 88.33±6.67a 100.00±0.00a 0.00 0.00

T1 3.67±1.33e 11.67±6.67f 96.05 88.33

T2 66.67±8.33b 81.67±6.67b 33.92 18.33

T3 8.33±1.67e 41.67±8.33de 90.76 58.33

T4 8.33±1.67e 21.67±1.67ef 90.76 78.33

T5 6.67±1.67e 20.00±5.00ef 92.05 80.00

T6 6.67±1.67e 15.00±5.00f 92.51 85.00

T7 58.33±8.33c 66.67±8.33 bc 42.69 41.67

T8 33.33±8.33d 58.33±8.33bcd 60.23 41.67

T9 3.67±1.33e 23.33±1.67ef 96.05 76.67

T10 2.33±1.33e 18.33±6.67ef 97.45 81.67

T11 2.03±1.51e 13.33±1.67ef 97.85 86.67

T12 33.33±8.33d 40.00±10.00cd 62.57 60.00

T13 15.00±5.00e 33.33±8.33de 83.27 66.67

T14 2.33±1.33e 11.67±6.67f 97.08 88.33

T15 1.00±0.00e 8.33±1.67f 98.85 91.67

T16 0.70±0.30e 6.67±1.67f 99.17 93.33

Level of 

significance ** ** -

CV (%) 32.70 33.79 -

Data are the averages of three replications. Values

with same letters in the same column are statistically

similar.

48

T0 = Water (Negative control)

T1 = Tuber treatment + Eight sprays of 

Curzate M8 (Positive control)

T2 = Tuber treatment + Eight sprays of

formulated of P. putida + B. subtilis

T3 =  T2 + one spray of Curzate M8 

T4 =  T2 + two sprays of Curzate M8

T5 =  T2 + three sprays of Curzate M8

T6 =  T2 + four sprays of Curzate M8

T7 = Tuber treatment + Eight sprays of 

formulated T. erinaceum

T8 =  T7 + one spray of Curzate M8 

T9 =  T7+ two sprays of Curzate M8 

T10 = T7+ three sprays of Curzate M8

T11  = T7 + four sprays of Curzate M8 

T12  = Tuber treatment + Eight sprays of 

formulated P. putida, B. subtilis

and T. erinaceum

T13 = T12+ one spray of Curzate M8

T14 = T12+ two sprays of Curzate M8 and 

T15 = T12+ three sprays of Curzate M8 

and 

T16 = T12 + four sprays of Curzate M8



Efficacy of formulated two bacterial and one fungal bioagents in reducing the 

application frequency of chemical fungicide for controlling late blight severity of 

potato under field condition in 2020-2021 

Treatment % Severity % Reduction of Late 

blight severity over 
control

Days after planting (DAP) Days after planting (DAP)

48 59 71 59 71

T0 0.030±0.012a 53.00±10.77a 99.17±0.33a 0.00 0.00

T1 0.000±0.000d 0.03±0.003b 0.89±0.14f 99.93 99.10

T2 0.010±0.006cd 4.24±2.18b 80.67±5.47b 92.33 18.68

T3 0.013±0.009b 1.22±0.052b 32.03±1.02d 97.43 67.69

T4 0.003±0.003d 0.97±0.38b 17.00±1.16de 97.98 82.85

T5 0.000±0.000d 0.58±0.79b 14.50±0.76de 98.85 85.37

T6 0.007±0.0007d 0.40±0.27b 5.27±0.71ef 99.14 94.68

T7 0.013±0.009b 2.42±0.210b 51.50±2.08c 95.07 48.06

T8 0.000±0.003d 1.71±0.283b 35.83±0.83d 96.41 63.87

T9 0.000±0.000d 0.72±0.090b 16.67±1.64de 46.59 83.19

T10 0.013±0.009b 0.46±0.052b 10.87±1.27ef 99.03 71.65

T11 0.003±0.003d 0.43±0.030b 6.07±0.74ef 99.08 93.88

T12 0.010±0.006cd 0.75±0.038b 45.83±0.83d 98.82 53.78

T13 0.003±0.003d 1.23±0.253b 34.33±1.59d 97.30 65.38

T14 0.007±0.007d 1.04±0.210b 15.00±1.16de 97.65 84.87

T15 0.000±0.000d 0.37±0.049b 12.87±1.27de 99.27 87.02

T16 0.000±0.000d 0.16±0.006b 3.80±0.23f 99.66 96.17

Level of 

significance ** ** ** - -

CV (%) 232.72 263.53 34.16 - -

Data are the averages of three replications. Values with same letters in the same column

are statistically similar. 49

T0 = Water (Negative control)

T1 = Tuber treatment + Eight sprays of 

Curzate M8 (Positive control)

T2 = Tuber treatment + Eight sprays of

formulated of P. putida + B. subtilis

T3 =  T2 + one spray of Curzate M8 

T4 =  T2 + two sprays of Curzate M8

T5 =  T2 + three sprays of Curzate M8

T6 =  T2 + four sprays of Curzate M8

T7 = Tuber treatment + Eight sprays of 

formulated T. erinaceum

T8 =  T7 + one spray of Curzate M8 

T9 =  T7+ two sprays of Curzate M8 

T10 = T7+ three sprays of Curzate M8

T11  = T7 + four sprays of Curzate M8 

T12  = Tuber treatment + Eight sprays of 

formulated P. putida, B. subtilis

and T. erinaceum

T13 = T12+ one spray of Curzate M8

T14 = T12+ two sprays of Curzate M8 and 

T15 = T12+ three sprays of Curzate M8 

and 

T16 = T12 + four sprays of Curzate M8



Efficacy of formulated two bacterial and one fungal bioagents in  increasing growth 

and yield parameters of potato under field condition in 2020-2021

Treatments
Germina

tion (%)

Plant height (cm)
No. of 

plantlets/hill

No. of 

tubers/plant
Yield (t/ha)Days after planting (DAP)

34 52 71

T0 95.24 22.53±0.23h 53.90±1.16e 73.83±0.83g 2.17±0.09a 4.27 6.33±0.10e

T1 95.24 25.23±0.18b-f 57.90±0.40bc 76.90±0.60cd 2.30±0.15a 5.07 23.39±1.07a

T2 99.21 24.87±1.11d-g 57.33±0.59bc 75.73±0.50e 2.17±0.03a 4.60 8.44±0.89de

T3 96.03 25.87±0.03b-d 59.53±0.32a 74.40±0.52f 2.30±0.12a 4.13 14.11±0.78bc

T4 98.41 26.43±0.54b 57.07±0.94c 80.27±0.41a 2.47±0.13a 5.27 15.67±1.26b

T5 97.62 26.00±0.60b 57.53±0.72bc 76.60±0.49cd 2.27±0.03a 5.47 15.94±0.58b

T6 97.62 24.53±0.33d-g 58.87±0.37b 75.93±0.18e 2.40±0.15a 5.80 24.06±0.39a

T7 99.21 27.73±0.65a 59.77±0.90a 78.53±0.72bc 2.33±0.15a 5.47 11.06±0.81cd

T8 97.62 22.93±0.56h 57.07±1.07c 76.37±0.39cd 2.43±0.03a 4.87 12.61 ±1.43bd

T9 96.83 25.20±0.35b-f 56.53±1.36cd 78.97±0.42bc 2.40±0.12a 5.40 13.50±1.42bc

T10 98.41 25.60±0.57b-d 59.73±0.09a 77.73±0.49c 2.37±0.12a 5.47 16.28±1.22b

T11 99.21 24.07±0.43fg 56.40±1.02d 77.50±0.35c 2.50±0.15a 4.40 23.03±3.16a

T12 98.41 23.87±0.52gh 55.70±0.32de 75.37±0.12ef 2.40±0.06a 4.93 11.17±1.23cd

T13 97.62 25.27±0.84b-f 57.07±0.41c 76.87±0.18cd 2.43±0.03a 5.20 12.50±0.96bd

T14 99.21 24.77±0.15d-g 57.53±1.18bc 78.43±0.23bc 2.30±0.15a 5.53 14.56±1.13bc

T15 96.83 24.27±0.87fg 55.93±0.64de 79.33±0.38b 2.40±0.12a 5.73 16.61±0.81b

T16 97.62 25.50±0.80b-d 55.69±0.46de 78.77±0.34bc 2.57±0.09a 5.53 24.61±0.29a

Level of significance NS ** ** ** ** NS **

CV( %) 1.93 3.3 3.38 1.18 12.73 19.3 16.27

Data are the averages of three replications. Values with same letters in the same column are statistically similar.
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Cost benefit analyses of formulated two bacterial and one fungal bioagents in reducing 

the application frequency of chemical fungicide for controlling late blight of potato 

under field condition in 2020-2021

Treatment Yield 

(t/ha)

Gross return 

(Tk./ha)

Production cost 

(Tk./ha)

Total cost of the 

treatment (Tk/ha)

Total cost with 

treatment 

(Tk/ha)

Net return (Tk./ha) BCR

T0 6.33 10133.33 192500 0 192500 -91166.67 -0.47

T1 23.39 374240.00 192500 13000 205500 168740.00 0.82

T2 8.44 135111.11 192500 9600 202100 -66988.89 -0.33

T3 14.11 225777.78 192500 11225 203725 22052.78 0.11

T4 15.67 250666.67 192500 12850 205350 45316.67 0.22

T5 15.94 255111.11 192500 14475 206975 48136.11 0.23

T6 24.06 384888.89 192500 16100 208600 176288.89 0.85

T7 11.06 176888.89 192500 9600 202100 -25211.11 -0.12

T8 12.61 201777.78 192500 11225 203725 -1947.22 -0.01

T9 13.50 216000.00 192500 12850 205350 10650.00 0.05

T10 16.28 260444.44 192500 14475 206975 53469.44 0.26

T11 23.03 368444.44 192500 16100 208600 159844.44 0.77

T12 11.17 178666.67 192500 9600 202100 -23433.33 -0.12

T13 12.50 200000.00 192500 11225 203725 -4912.00 -0.02

T14 14.56 232888.89 192500 12850 205350 27538.89 0.13

T15 16.61 265777.78 192500 14475 206975 58802.78 0.28

T16 24.61 393777.78 192500 16100 208600 185177.78 0.89

Price: Potato Tk. 16.00/kg (Organic), Tk. 15.00/kg (Inorganic), Fungicide Tk. 1625/kg, Bioagents Tk.

600/kg, Fungicide 8 kg/ha, Bioagents16 kg/ha. Data are the averages of three replications.
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Sprays of chemical fungicide

Sprays of chemical fungicide

Sprays of chemical fungicide

Spray of chemical fungicide

Formulated Bioagents

34

Host plant susceptibility

Inoculum pressure

41 48 53 57 62 69 75DAP Harvesting
70DAP

Reduction of late 

blight severity (%)

50

97

92

80

68

A working model showing the spray schedule of formulated bioagents with chemical

fungicide in reducing the late blight of potato through minimizing the use of chemical

fungicide. Reduction of late blight sevirity (%) is the average of consecutive two years

results
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Publication

× Somepotential formulated bacterialbioagentsviz. P. putida
(BDISO64RanP)and B. subtilis (BDISO36ThaR),and fungal
bioagents viz. T. paraviridicens (BDISOF67R) and T.
erinaceum (BDISOF91R), were evaluated under growth
chamberand field conditions.

× Both artificial inoculation and field experiments revealed
that eight spraysof thesebacterial (P. putida and B. subtilis)
and fungal (T. erinaceum) bioagentswere found to be most
effectiveat reducinglate blight severityby 99% up until 60
daysafter planting(DAP)

× Thesebioagentscanreducethe sprayfrequenciesof Curzate
M8 by 50% (four sprays instead of eight) when applied
together with this fungicide.

× Economic analysis revealed that T6 (eight sprays of
formulated P. putida + B. subtilis + four spraysof Curzate
M8) andT16 (eight spraysof formulatedP. putida, B. subtilis,
and T. erinaceum+ four spraysof CurzateM8) performed
better in consecutivetwo years, applying less fungicidal
spraycomparedto T1 (eight spraysof CurzateM8 (Positive
control)),

× Indicated that the return ranged,by BangladeshiCurrency
(Taka),from 0.85 to 0.90 overthe investmentof Bangladeshi
Currency(Taka)1.00in thesetreatments



Conclusion

ÇPossibility of using these native formulated bacterial (P. putida and B.

subtilis) and fungal (T. erinaceum) bioagents can be an alternative in

controlling late blight severity of potato through minimizing the use of
chemical fungicides under the proper warning system.

ÇTherefore, monitoring of population changes should continue to avoid the

outbreak of the disease due to evolution and introduction of new genotypes

in the country.

ÇEfficacy of these formulated bacterial and fungal bioagents need to be

investigated in all potato growing areas of the country using all commercial
potato varieties under a suitable warning system.
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