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Importance of potato in Bangladesh

~N

(AConsumption as vegetable (around 9 million tons)
AAs seed (0.75 million tons)
AAs industrial raw materials (Chips and French Fries)
AEarning foreign currency by exporting ($13 million)
In 2016: 70000 tons (0.07 million tons)
kBy 2021: 500000 tons (0.5 million tons) /

= Consumption Seed ®Industry Export

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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Annual losses dueto unsold potato and post-harvestlosses
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Potato farmers lose Tk 2,500cr a year: FAO

Unsold surplus, post-harvest losses to blame

0000000
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Surplus production: 4-5
million tonnes
Losses: $290 to $400 million




Estimation of seed potato supply in Bangladesh

Total requirement of seed potato: 0.75 million tones

1%50
“5/:33% 3 1. Imported seed (1%)

’/ M 2. Private sector (5%)
25% [ 3. Public sector (3%)
O 4. Farmer's improved

seed potato (25%)

B 5. Farmer's unknown
quality seed
(66%)

Certified and disease free seed would be a potential solution.
Siddque et al. 2015




Potato growing areas of Bangladesh

Distribution of Potato

(Local + HYV)
Year 2007 - 08
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Variety wise land utilization

% Land utilization

Diamant

Asterix 30
Cardinal 15
Granola 5

Others 10



Status of Bangladesh in terms of potato production

Top 25 Potato Producing Countries

Source: FAOSTAT (Retrieval Date: January 5, 2019; Sweet potatoes are NOT included)

Top Potato Producing Countries Asia

Rank Country Potato Production in 2017 in tonnes
1 Bl china 99,205,600
Source: FAOSTAT (Retrieval Date: January 5, 2019)

2 == India 48,605,000
Rank Country Potato Production 2017 in tonnes 3 mm Russian Federation 29,530,000
1 - China 99 205 600 4 . | kraine 22,208,200
2 - g 48 605.000 5 BE= United States 20,017,400

6 I Germany 11,720,000
3 Il Bangladesh 10,216,000 - i -

7 Bangladesh 10,216,000
3 T Iran 5,102,340 -

T pr— T EATEREY
5 Turkey 4,800,000

9 = Netherlands 7,391,880
6 &l Pakistan 4,142,400

10 ] BFrance 7,342 200

7 Bl Kazakhstan 3,551,110 11 . elans 6414760
8 = Uzbekistan 2,793,690 12 5§ United Kingdom 6,218,000
9 k Nepal 2,691,040 13 = ran 5,102,340

14 Turkey 4,800,000
10 ® Japan 2150920

15 | Breru 4776290

16 B Algeria 4,606,400

17 | | S 4,416,660

18 B+0 Canada 4410830

19 I Egypt 4,325,480

20 Pakistan 4,142,400

21 E&3 Brazil 3,656,850

22 Bl Kazakhstan 3,551,110

23 B B Romania 3,116,910

https://www.potatopro.com/bangladesh/potat .. ...
O'Statl Stl CS 25 m— |izbekistan 2,793,690
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Constraints of potato culti

vation in Bangladesh

ALack of good q

ALack of high-y i el di ng

AHigh post-harvest spoilage
AHigh incidence of diseases:

High price of fertilizers

AlLack of credit facilities
Alnsect pest problem
AlLabour crisis

ALack of storage facilities

AMarketing problem

ALack of indigenous improved varieties

ALack of irrigation facilities and high cost

ual ity cert.i

varieties alt

Late blight

Source:Far merso6 Fi el d

fied

S € e (

Far mer
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Why potato late blightis a devastating disease in Bangladesh?

ANight temperature: 10 to 15°C
ADay temperature: 15 to 21°C
ARelative humidity: 90%
AFoggy weather and winter rains

Out break

Month
Min (°C)
Max (°C)
Min (°F)
Max (°F)




Impact of potato late blight

( )
A Irish potato faminein the 1840s

A Globalloss: 3 million hectares of potato crops (16%)

A Economiclosses: $6.7 billion [Haverkort et al. 2008]
g J

; | L2977 v -
ﬂ\ Economic losses: 2?7~ C Management issues \

A Amountof pesticides sprayed: ¢ Primary inoculum source?

36,500 tones per year i Decision support system
A Fungicides sprayed to control late (DSS) effectiveness?

blight of potato:100tones/year i Host resistance stability?
A Farmersspend to control late blight: I Fungicide efficacy?

About $10 million

. »

https://acibiolife.net/late-blight-resistant-gm-ge-potato-in-
bangladesh-now-a-reality/

Courtesy: http://www.apsnet.org



http://www.apsnet.org/
https://acibiolife.net/late-blight-resistant-gm-ge-potato-in-bangladesh-now-a-reality/

Common late blight management practice in Bangladesh
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X X X X

Amcozeb x  Oxivit
CoromilMz-72 x Unilax
DithaneM-45 x  Vitamyl
Mancozeb x Mz72

x Zhemetalax

Status of evaluation of chemical fungicides

Int. J. Sustain. Crop Prod. 3(2):10-15 (February 2008)

CONTROL OF LATE BLIGHT DISEASE OF POTATO BY USING NEW FUNGICIDES
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ABSTRACT
Rahman M. M. Dey T. K., Ali M. A., Khalequzzaman K. M. and Hussain M. A. 2008. Control of Late Blight Disease of Potato by
Using New Fungicides. Int. J. Sustain. Crop Prod. 3(2):10-15

An investigation was carried at Tuber Crops Research Sub-Centre (TCRSC), Bogra during 2002 and 2003
crop season to find out suitable fungicide(s) to combat the late blight disease of potato. Altogether 13
fungicides viz. Amcozeb, Coromil Mz-72, Dithane M-45, Filthane M-45, Mancozeb, Metaril, Melody
Duo, Oxivit, Ridomil gold, Secure, Unilax, Vitamyl Mz-72 and Zhemetalax were tested against the disease
in two consecutive seasons. All the fungicides significantly reduced the late blight incidence of potato over
control. Among the fungicides, Filthane M-45, Secure, Melody Duo, Ridomil gold and Metaril are highly
effective to minimize late blight and to increase yield of potato.

Key words: Late blight, fungicide. Potato




Genotypes of P. infestans in Bangladesh

Phenotypic and Genotypic Analysis of the Population of Population
Phytophthora infestans in Bangladesh Between 2014 and 2019 M ED F0isA2
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Abstract/Description

Shanta, 5.5.

Hossain. M.A In Bangladesh, the third largest producer of potatoes in Asia, late blight. caused by
Raha"’|=.n E HMS Phytophthora infestans, is the major constraint to production. Nevertheless, there is a lack of
Al |\"E_|1I:1Ll.d .ﬂ.. ' published information on the pathogen population. A collection of 69 isolates obtained from

Akhond. MAY samples of infected potato foliage collected in 2018-2019 varied significantly in their

5 aggressiveness to detached potato leaflets and tuber slices of cv. Diamant. On leaflets, most
isolates were highly aggressive, colonizing more than half the surface in 7 days. On tuber slices,
while some isolates were highly aggressive, those collected in 2019 were less so. There was a
significant effect of the locations from which the isclates were obtained on aggressiveness to
both leaflets and tuber slices, but aggressiveness to leaflets and to tuber slices was not

tslam. MR significantly correlated. All isolates were A2 mating type and either intermediate (38%) or
resistant (62%) in sensitivity to the fungicide metalaxyl. A subset of 24 isolates all had

Date mitochondrial DNA haplotype la. Samples of P. infestans DNA (124) from infected potato foliage

2022-09 obtained from Bangladesh (2014-2019) were genotyped by 12-plex SSR. The vast majority 0.014 0.073 0.132 0.191 0.25
(95%) were assigned to EU_13_A2, which was present in every year in which samples were | ]
collected. Numerous EU_13_A2 variants were identified, many specific to Bangladesh. Six

Language samples (from 2017 to 2019) had genotypes distinct from EU_13_A2 and with no close match to —

en known European lineages. It is concluded that the current P. infestans population of Bangladesh
is dominated by the aggressive lineage EU_13_A2, also deminant in India and Pakistan. The DISTANCE

Type implications of this for control of late blight are discussed.
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Assessment of metalaxyl resistance/sensitivity assay of P. infestans
Isolates on pea agar medium

s ‘ ™

X 100

Growth % of nonamended control plate=

Where,

R1 = Radial growth of the respective P.infestansisolate in control plate
R2 = Radial growth of the respective P.infestansisolate in metalaxylamended plate

- J

Intermediate [

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 ug/ml and 5 pg/ml concentration of metalaxyl.

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

Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 pg/ml metalaxyl, but
less than 40% of the nonamended control media at 100 pg/ml metalaxyl .

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

Daggett et al. 1993
15



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

Radial mycelial growth Radial mycelial

(mm) in tyreated?olates growth ir)1/ non- Sirorin (Poe! el Resi J di
Isolate ID Location Metalaxyl amended control Metalaxyl eS|staSnénr;§\r/r2e late

concentration (ug/ml) plates concentration (ug/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
Pi0O5 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
Pi0O7 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
Pil1 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
Pil4 2018 Rangpur 30.33 36 81 37.44 44.44 |
Pi15 2018 Rangpur 40.33 41.75 84.67 47.63 49.31 R
Pil6 2018 Rangpur 25 35 80 31.25 43.75 I
Pil7 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 225 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

Sensitive: Isolates exhibited growth less than 40% of nonamended control on both 5 pg/ml and 100 pg/ml metalaxyl.
Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 pg/ml metalaxyl, but
less than 40% of the nonamended control media at 100 pg/ml metalaxyl .
Resistant : Isolates exhibited growth 40% or more of nonamended control media with metalaxyl at 100 pg/ml.
Daggett et al. 1993



Table 1. c o n t ABskssment of metalaxyl resistance/sensitivity assay of P.
infestans isolates on pea agar medium

FElle fitieelie? Radial mycelial
growth (mm) in 1y Growth (% of control)
growth in non- . .
. treated plates Resistant/Intermediate/
Isolate ID Location amended control o
Metalaxyl lates Metalaxyl Sensitive
concentration (ug/ml) P concentration (pg/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

Sensitive: Isolates exhibited growth less than 40% of nonamended control on both 5 pg/ml and 100 pg/ml metalaxyl.
Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 pg/ml metalaxyl, but
less than 40% of the nonamended control media at 100 pg/ml metalaxyl .
Resistant : Isolates exhibited growth 40% or more of nonamended control media with metalaxyl at 100 pg/ml. 17
Daggett et al. 1993




c o0 n tABgkssment of metalaxyl resistance/sensitivity assay of P.
infestans isolates on pea agar medium

Radial mycelial growth Radial mycelial -
(mm) in treated plates growth in non- Sifoetitn (Foer Coir o)) : .
: Resistant/Intermediate/
Isolate ID Location amended oy
Metalaxyl Metalaxyl Sensitive
: control plates :
concentration (pg/ml) concentration (ug/ml)
100 5 100 5

Pi-49 2019 Rangpur 47 51.33 87.67 53.23 58.55 R
Pi-50.2019 Rananur 46 5033 2R A7 522383 5] 07 =]

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
\ﬁ-oc 2019 STHerpur 49.5 51 SH.07 50.40 BU.29 i —
Pi-63 2019 Munshiganj 48.83 49 85 57.45 57.64 R
Pi-64 2019 Munshigan] 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

Sensitive: Isolates exhibited growth less than 40% of nonamended control on both 5 pg/ml and 100 pg/ml metalaxyl.
Intermediate: Isolates exhibited growth greater than 40% of nonamended control media at 5 pg/ml metalaxyl, but

less than 40% of the nonamended control media at 100 pg/ml metalaxyl .
Resistant : Isolates exhibited growth 40% or more of nonamended control media with metalaxyl at 100 pg/ml. 18
Daggett et al. 1993



Status of evaluation of chemical fungicides

Article
Identification of potential chemical fungicides with diverse groups of active
ingredient for controlling late blight of potato in Bangladesh

Md. Huzzatul Islam'®®, Shafiqul Islam!, Md. Mostafa Masud', Mamuna Mahjabin Mita', Md. Shariful Islam’
and Md. Rashidul Islam'”

‘Plant Bacteriology and Biotechnologv Laboratory, Department of Plant Pathology, Bangladesh Agricultural
University, Mymensingh-2202, Bangladesh
“Department of Agricultural Extension (DAE). Khamarbari. Dhaka-1215, Bangladesh
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Abstract: Potato 1s the third important food crop in Bangladesh and Bangladesh ranked as third and seventh in
Asia and 1n the world, respectively. But potato production greatly affected by the late blight of potato caused by
an oomycete, Phvtophthora infestans (Mont.) de Bary worldwide. Application of need-based fungicides is the
key factor to control this disease and to avoid development of fungicide resistance in P. infestans. Experiments
were conducted in both i virre and in field condition to evaluate some selected chemical fungicides to identify
the best one to control the late blight disease of potato. The results of i1 vitro test revealed that all the fungicides
mhibited the growth of P. infestans by 94% over control. But the results of field experiment conceded that the
lowest late blight severity was found in Typ (Curzate MRB) (0.49%) followed by Ty (AcrobateMz) (0.32%), T3
(Micra) (0.59%), Ty (Xtramyl) (0.61%), Tz (Daconyl) (0.84%),. Ts (Secure) (1.28%), To {Sanoxanvl) (1.43%),. T,
(Unilax) (1.83%). Tz (TemperM) (2.38%) and T4 (Amiscore) (6.34%) at 71 DAP while the maximum late blight
severtty (95.33%) was observed in Tp (water as control). The highest yield was obtained in Ty (Curzate M8)
(25.94 t'ha) followed by Ts (AcrobateMz) (25.67 tha), Ts (Secure) (25.22 t'ha), Ty (Xtramil) (24 61 t'ha). Tz
(Micra) (24.61 t'ha) and T; (Sanoxanil) (23.67 t'ha) which were statistically similar and the lowest (8.39 t'ha)
yield was observed in T, (water as control). The highest Benefit Cost Ratio (BCR) was obtained from when
potato plants were sprayed with Ty (Curzate M8) (1.02) following by T (Xtramil) (0.99), Ty (Micra) (0.99), Ty
(AcrobateMz) (0.92), Ty (Sanoxanil) (0.90), Ts (Secure) (0.89), T, (Unilax) (0.80), T; (Daconil) (0.74), T,
(Amiscore) (0.71) and T, (TemperM) (0.44) compared to control Ty {(water as control) (-0.30). The results
indicated that application of these fungicides yielded a benefit of Tk. ranged by 0.44 to 1.02 over the investment
of Tk. 1.00. Therefore, identification of a number of potential chemical fungicides might be useful in the
alternate use of these fungicides against late blight of potato in the field

In vitro test:

all fungicidesinhibited the growth of P.
infestansby 94%over control.

Held experiment

lowest late blight severity was found at
71 DAP

T,0 (CurzateM8) (0.49%)

Ts (AcrobateM2 (0.52%)

Tg (Micra) (0.59%)

T, (Xtramyl) (0.61%)

T; (Dacony) (0.84%)

T (Secure) (1.28%)

Ty (Sanoxany) (1.43%)

T; (Unilax) (1.83%)

T, (TemperM) (2.58%)

T, (Amiscorg (6.34%)



Identification of potential fungicide(s) againstlate blight of potato

T,(Xtramil) Tg (Micra) To (Sanoxanll) T1o (Curzate M8)

In vitro growth inhibition of P. infestans by
some selected commercially available
fungicides on pea agar medium amended
with the fungicides.

Name

Unilax
Temper M

Daconil
Amiscore

Secure

Acrobat MZ

Xtramil

Micra

Sanoxanil

Curzate M8

Active ingredient

Metalaxyl + Mancozeb (8% +64%)
Propineb + Cymoxanil (70%+6%)
Chlorothalonil (50%)

Azoxystrobin + Difenoconazole
(20%+12.5%)

Fenamidone + Mancozeb (8% +64%)

Dimethomorph + Mancozeb
(9% +60%)

Cymoxanil + Mancozeb (8% +64%)

Cymoxanil + Mancozeb (8% +64%)

Cymoxanil + Mancozeb (8% +64%)

Cymoxanil + Mancozeb (8% +64%)

20

2g/L
2g/L

1.5
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ml/L
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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.
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Comparative efficacy of different potential fungicides available on the
market in Bangladesh against late blight of potato under field conditions

in 2017-2018

% Plant infection

Treatment % Late blight severity

Days after planting Days after planting
59 71 59 71

T, (Control) 100.00£0.00? 100.00 6.27+4.812 95.33+2.682
T, (Unilax) 42.20+19.45b 100.00 0.04+0.02° 1.83+0.55b
T, (Temper M) 52.87+25.18° 100.00 0.05+0.03° 2.58+1.12°
T4 (Daconil) 27.41+15.50° 97.50 0.027+0.01° 0.84+0.37°
T, (Amiscore) 45.40+17.00° 100.00 0.06+0.02° 6.34+5.39°
T5 (Secure) 36.99+14.61° 100.00 0.053+0.02P 1.284+0.67°
Te (Acrobat M2) 9.84+1.41° 97.54 0.01+0.01° 0.52+0.03°
T, (Xtramil) 33.19+7.58P 97.52 0.04+0.01° 0.61+0.12°
Tg (Micra) 34.17+13.44° 97.59 0.04+0.01° 0.59+0.42°
Ty (Sanoxanil) 30.33+13.38° 100.00 0.04+0.02° 1.43+0.34°
T, (Curzate M8) 9.05+2.14b 97.44 0.007+0.00° 0.49+0.17°
Level of

significance * NS * *

CV (%) 66.08 2.32 417.53 28.67

Data are the averages of three replications. Values with same letters in the same column are
statistically similar.
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Effect of different fungicides in reducing percent reduction of late
blight severity of potato under field condition at 71 DAP in 2017-2018
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6(Acrob

4
T f
A2 2

T4 (Sanoxanil) T, (Curzate M8

Effect of different fungicides in reducing the late blight severity of potato under
field condition. Photographs were taken at 71 DAP.
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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 No.of Yield (tha)
Days after planting (DAP) plantl tubers/
34 52 71 ets/hill  plant
T, (Control) 96.03 22.27+0.23®  53.00+0.409 71.23+0.38¢ 1.73  4.467 8.39+1.31¢
T, (Unilax) 95.24 25.03+0.44°¢  46.63+0.93" 82.17+0.12¢ 233  6.733 27.44+1 482bc
T, (Temper M) 96.83 24.60+1.05°  49.40+0.85" 89.30+0.152 1.73  5.000 23.11+2.95¢
T (Deconil) 97.62 25.03+0.39°¢  57.17+0.649¢  75.27+0.27¢ 2,00  5.600 26.72+2.36°¢
T, (Amiscore) 96.83 26.10+0.29°  59.17+0.15P¢ 86.13+0.33° 1.87  6.200 26.67+0.480¢
Ts (Secure) 97.62 26.13+0.66° 60.17+0.072> 83.37+0.43° 220  5.933 31.22+0.622b
Te (Acobat M2) 96.83 24.17+0.70°¢  5590+0.20°F  83.50+0.87¢ 2.07 5.867 31.67+0.962P
T, (Xtramil) 97.62 28.00+0.612  61.40+0.172 75.70+0.92¢ 1.73  4.800 31.11+1.112b
Tg (Micra) 97.62 23.10+0.589¢  5450+0.061 76.10+0.92¢ 227  6.067 31.11+2.4220
Ty (Sanoxanil) 96.83 25.370.49b¢  54.87+0.27° 82.07+0.22¢ 2.13  5.933 29.67+0.332b
T.o(Curzate M8) 96.03 26.10+0.55°  58.37+0.69%¢  82.63+0.27¢ 247  6.133 32.94+1.182
Level of significance NS * * * NS NS *
CV(%) 2.35 2.68 1.48 1.17 19.09 2254 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 Gross Production Costofthe Totalproduction Netreturn BCR
(t/ha) return cost treatment costwith (Tk./ha)

(Tk./ha) (Tk./ha) (Tk/ha) treatment

(Tk/ha)
To (Control) 8.39 125833.33 192500 0 192500 -62500 -0.35
T1 (Unilax) 27.44 411666.67 192500 7200 199700 211966.67 1.06
T, (Temper M) 23.11 346666.67 192500 8160 200660 146006.67 0.73
T; (Deconil) 26.72 400833.33 192500 7376 199876 200957.33 1.01
T, (Amiscore) 26.67 400000.00 192500 10560 203060 196940.00 0.97
Ts(Secure) 31.22 468333.33 192500 20800 213300 255033.33 1.20
T (Acobat M2) 31.67 475000.00 192500 20960 213460 261540.00 1.23
T, (Xtramil) 31.11 466666.67 192500 5360 197860 268806.67 1.36
Tg (Micra) 31.11 466666.67 192500 5600 198100 268566.67 1.36
To (Sanoxanil) 29.67 445000.00 192500 6720 199220 245780.00 1.23
Ty (CurzateM8)  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).
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Status of evaluation of chemical fungicides and potato
genotypes

Potato J. 37 (3 - 4): 99-102, 2010

PREVALENCE, EPIDEMIOLOGY AND
MANAGEMENT OF POTATO LATE BLIGHT
IN BANGLADESH

T.K. Dey, M. Hossain', M.S. Kadian?, S. Hossain!, M. Bonierbale® and A.A. Mahmud*

Abstract: Late blight (Phytophthora infestans) is the most potential disease threat to the potato production in Bangladesh.
Epidemiological studies indicate that the di pp in the first week of January when the day temperature range 14-19°C
and night temperature 9-14°C accompanied with foggy weather and heavy deposition of dew drops. The sporangial production
accelerated when temperature gradient ranged 15-20°C and low temperature (10-13°C) supports enormous production of zoospore.
Twenty races of P. infestans have been identified in the country. Initially simple races were predominant but in last five years
complex races have recorded. The complex races are predominant in the northern part of the country where winter sets earlier
and continues for longer period. Twelve CIP clones were tested for late blight ce at three locati in 2006-07 and
2007-08. CIP-393077.159 had moderate resistance to late blight under all three locations. Some of the clones yielded over 40t/ha
but were highly susceptible to late blight. The indiscriminate use of metalaxyl containing fungicides throughout the country
has developed metalaxyl resistant strain of P. infestans. Till now more than 30 fungicides such as mancozeb, phenylamides
copper, dimethomorph, chlorothalonil, pher d priopaneb have been registered in the country. The varieties Raja, Dheera
and BARI TPS-I having moderate resistance to late blight have also become susceptible. Biocontrol agents like Trichoderma
harzianum, T. viride, Penicillium sp., Chaetomium sp., collected from Phyllosphare have been tested against late blight. Some of
these proved effective against P. infestans when applied as prophylactic but were ineffective when applied as curative.

C Potential against P. infestans
x Biocontrol agents:
T. harzianum, T,
Chaetomium sp.

viride, Penicillium sp.

x  CIP Clones: Clone CIP 393077.159
x Fungicidal:

chlorothalonil, copper, dimethomorph,
mancozeb,phenylamides, phenomadone,
propineb

x Obtained
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EVALUATION OF SOME SELECTED POTATO GENOTYPES AGAINST LATE BLIGHT UNDER BANGLADESH CONDITION

MM Hasan, MS Islam’, EHMS Rahaman, M Hossain and MS Kadian
International Potato Center; South, West and Central Asia (SWCA) region
NASC Complex, DPS, Marg, Pusa Campus, New Delhi-110012, India

email: h.mohidul@cqiar.org
“Scientific Officer, Agricultural Research Station, BARI, Rangpur

ABSTRACT

Potato is an important source of food and income in the highlands of Bangladesh. Identification and use of superior genotypes
resistant to late blight with improved agronomic characteristics will enhance tuber yield and eventually improve livelihoods of
farmers. Three promising potato clones (quantitative resistance to late blight) obtained from the International Potato Center
(CIP) viz. LB3 (391058.175), LB6 (393280.64) and LB7 (393371.58) were evaluated against late blight disease under Bangladesh
conditions. Results revealed that disease infection, yield and yield contributing characters varied significantly among the tested
genotypes. Late blight infection ranged 20-90% in the field. Clones LB-7 and LB-3 showed promising results in respect to late
blight incidence together with better agronomic characteristics. Considering late blight infection and yield these two clones (LB-
3 and LB-7) could be selected in tuber crops research centre project of CIP for regional yield trial before releasing varieties.

Key words: Late blight, tuber and Potato

from International Potato

Center (CIP):

LB3 (391058.175), LB6 (393280.64) and LBY
(393371.58)
X Promising results: LB-3 and LB-7
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ABSTRACT
Tipu MMH, Shikha FS, Yasmin M, Sarker PR, Sultana R (2018) Screening of potato varieties and germplasm against late blight disease. nt.
J. Sustain. Crop Prod. 13(1), 1-4.

The study was conducted at Regional Agricultural Research Station, Jamalpur during 2014-2015 to find out resistant
or tolerant cultivars against late blight of potato caused by Phytopththora infestans. Seeds of a total 56 cultivars were
sown under natural epiphytotic condition. Out of fifty six germplasm 16 germplasm were found highly susceptible
and thirty two germplasm were susceptible against P. infestans. Four varicties were moderately resistant. The variety
LB-6 was found resistant to late blight. Germplasm Sarpo Mira, Bionica and LB-7 were found highly resistant against
P. infestans that can be used in breeding programme for the development of late blight resistant potato variety.

Key words: potato, late blight, phytophthora infestans, resistance
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RESEARCH EXPERIENCE ON POTATO LATE BLIGHT DISEASE G ety @AM
MANAGEMENT IN BANGLADESH

Authors
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Abstract

Potato is an important commercial crop in Bangladesh. Unfortunately, potato suffers from many desiructive diseases, of which late blight, caused by Phytophthora
infestans is the most important one. In Bangladesh, late blight causes serious yield loss in potato every year. Late blight was first reported in Bangladesh in 1922 In
recent years more than 300 vareties, 2050 germplasm lines and 250 true potato seed (TPS) progenies were evaluated for resistance to major diseases under field
conditions. Screening for late blight resistance was carried out under bath natural and artficial conditions. So far more than 200 germplasm (exotc and local) and
TPS progenies were screened through artificial inoculation. Of these only three lines (CIP-607, CIP-272 and CIP-616) were found to be tolerant to late blight. Some
of the field resistant TPS progenies are: TS-6 x TS-9, HPS-7/67, HPS-1I/13, TS-6 x TS, LM x 501, 501 x 9, 801000 and 300999. A set of 15 late blight resistant
germplasm lines received from CIP, Peru in 2005 was evaluated under natural conditions of which 6-7 were found to be resistant to the disease. Attempts were
made 10 develop late blight resistant transgenic potato varieties by ransforming the RB resistance gene into two commercial varieties. Twenty races of P. infestans
have so far been identified in Bangladesh. The frequency of races differed greatly with maximum occurrence of race 2. Existence of metalaxyl resistant strains of P.
infestans have been identified which might be due to indiscriminate spraying of metalaxyl (Ridomil) fungicide. Both fungicide management and farmer training with
farmer field schools are discussed.

x Moderately resistant:
Four varieties of germplasm
x Resistant to late blight:
LB6

x Highly resistant:
SarpoMira, Bionicaand LB7
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The GEOPOTATO project:
Control fungal disease In potato in Bangladesh

BEPOTATO

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 ResearchICCO'i
Bangladesh, AIST Bangladesh, mPower i
Bangladesh, Bangladesh Centre for Advanced

Studies, Terra Sphere i Netherlands



Bangladesh imports two blight-resistant (GM)
potato lines developed at Michigan State

University for a field trial

C Late blight-resistant 3R-gene

A agenetically engineered potato variety

A The Biotechnology Division of BARI and MSU

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

C The best performing GE lines 1 DIA-MSU-UB #1 and DIA-MSU-UB #2 will be
imported to Bangladesh for continued confined field trials.

C Bangladesh apart, the RB potato is being field-tested in Indonesiaunder the
same initiative by the Indonesian Agency for Agricultural Research and
Development (IAARD).

Source: Dhaka Tribune
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Assessment of field performance of some formulated bacterial and fungal
bioagents
Experimentallocation:Far me r 6 Sutikhalil 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)

Foliarspray: Spray @ 0.4% formulated bioagents for eighttimes
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



Selected bacterial and fungal bioagents used in this study

Lab Collection>

\_/ s o
X < —
\/'

Pseudomonas putida (BDISO64RanP) Bacillus subtilis BDISO36ThaR)

Lab Collection>

Trichoderma paraviridescens (BDISOF67R) T. erinaceum (BDISOF91R)
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-~ 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
j P. putida under stereo binocular microscope,
. G. Pure culture of B. subtulis,
" H. Growth inhibition of P. infestans by B. subtulis,
€ |. 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.

Fig. 2: Growth inhibition of P. infestans by bioagents with control. 33



B® Radial mycelial growth (mm)
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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
iIsolates 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.
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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.
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Without Curzate M8

B. btilis

With Curzate M8

P

P. putida 7 B. uilis T. erinaceum
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. 36



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
Days after planting (DAP) Late blight
61 65 severity over
control at 65 DAP
To 41.6748.332  73.33+13.022 0.00
T, 18.33+6.672>  33.33+8.33P¢ 52.34
T, 11.67+6.672  18.33+6.67°¢ 70.47
T, 11.67+6.672>  26.67+13.020¢ 60.78
T, 26.67+13.0230  33.33+8.33b¢ 52.34
Ts 33.67+16.33%  41.67+8.33b 43.57
Te 25.33+14.158>  33.33+8.33b¢ 54.68
T, 18.33+6.672>  33.33+8.33b¢ 46.78
Tg 11.67+ 6.673 25.00+ 0.00Pbc 63.45
Tg 14.67+ 2912 17.83+ 3.93bc 72.44
T1o 10.33+ 7.422 17.00+ 8.00P¢ 71.87
T4 3.67+ 1.33° 5.00+ 0.00¢ 92.69
Level of
significance * * -
CV (%) 85.15 49.40 -

T, = Water (Negative control)
T, = Tuber treatment + Foliar spray of formulated
T. paraviridescens
T, = Tuber treatment + Foliar spray of formulated
T. erinaceum
T; = Tuber treatment + Foliar spray of
formulated Pseudomonas putida,
T, = Tuber treatment + Foliar spray of formulated
Bacillus subtilis
Ts = Tuber treatment + Foliar spray of formulated
T. paraviridescens and P. putida
Tg = Tuber treatment + Foliar spray of formulated
T. erinaceum and P. putida
T, = Tuber treatment + Foliar spray of formulated
T. paraviridescens and Bacillus subtilis
Tg = Tuber treatment + Foliar spray of formulated
T. erinaceum and Bacillus subtilis
Ty = Tuber treatment + Foliar spray of formulated
T. paraviridescens, T. erinaceum P. Putida
and Bacillus subtilis
T,o= Tuber treatment + Foliar spray of Curzate
M8 (Cymoxonil + Mancozeb) and
T4, = Tuber treatment + Foliar spray of formulated T.
paraviridescens, T. erinaceum, P. putida and
B. subtilis with T,

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 conditionin 2018-2019

% Reduction of
Late blight

% Late blight severity
Days after planting

% Plant infection
Days after planting

Treatment severity over
48 59 71 48 59 71 control at 71 DAP
To 66.67+5.343b 100+0.02 100 1.50+0.38abc 69.33+£2.922 95.50+2.082 0.00
T, 70.09+9.862b 100+0.02 100 2.14+0.672ab 50.83+5.92b 90.50+1.80ab 5.05
T, 58.12+9.862P 100+0.02 100 1.34+0.38abc 47.50+3.69P 79.50£3.75b¢ 16.71
T3 67.52+9.402b 100+0.02 100 1.46+0.682abc 59.50+6.432>  91.00+3.21ab 4.74
Ta 71.12+7.31ab 100+0.02 100 1.60+0.382P 53.50+4.252 85.00+1.04ab 10.93
- 600647 A0ah 10040 03 100 29440 122 G0 1745 02ah 02 22.210ah 1970

Combined use of Bacterial and fungal bioagents along with Curzate M8 reduced
late blight severity by 89% whichwas 12% higherthan single use of Curzate M8.

T1o 1.71+1.71¢ 64.96+13.27b 100 0.00+0.00¢ 3.37+1.07¢ 21.30+6.33d 77.50
T4, 0.00+0.00¢ 29.91+2.26¢ 100 0.00+0.00¢ 2.43+0.62¢ 10.33+3.53d 89.16
Level of .
significance * * NS * * *
CV (%) 21.57 7.53 0.00 56.06 17.08 9.07
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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

T, = Water (Negative control)

T, = Tuber treatment + Foliar spray of
formulatedT. paraviridescens

T, = Tuber treatment + Foliar spray
of formulated T. erinaceum

T5; = Tuber treatment + Foliar spray

of formulated P. putida,

T, = Tuber treatment + Foliar spray
of formulated B. subtilis

Ts = Tuber treatment + Foliar spray of
formulated T. paraviridescens
and P. putida

Tg = Tuber treatment + Foliar spray of
formulated T. erinaceum and
P. putida

T,=Tuber treatment + Foliar spray of
formulated T. paraviridescens
and B. subtilis

Tg = Tuber treatment + Foliar spray
of formulatedT. erinaceum
and B. subtilis

Ty = Tuber treatment + Foliar spray of
formulated T. paraviridescens,
T. erinaceum P. Putida and
B. subtilis

T,0=Tuber treatment + Foliar spray
of CurzateM8 (Cymoxonil +

Treatments Germina Plant height (cm) No. of No. of Yield (t/ha)
tion (%) Days after planting (DAP) plantlet  tubers/plant
s/hill
34 52 71

To 92.86 31.48 42.30 58.53+1.22ab 3.27 6.07+0.663bc 7.22+0.720¢
T, 92.86 35.68 46.17 61.90+2.252b 3.00 5.47+0.18bc 6.44+0.45¢
T, 92.86 32.29 43.33 59.90+1.132b 2.67 4.20+0.46¢ 6.56+0.39¢
T, 92.86 33.99 43.63 58.10+2.072ab 3.53 6.60+0.81ab 6.28+0.20¢
T, 95.24 34.48 44.30 59.03+3.31ab 3.20 6.00+0.203abc 6.67+1.00¢
Ts 94.44 33.94 42.77 56.00+0.13p 2.87 5.47+0.48b¢ 7.22b+0.64¢
Te 94.44 33.96 45.00 61.57+1.18ab 2.73 4.40+1.00¢ 6.33+0.42¢
T, 92.86 34.09 44.73 60.70+2.773b 3.27 6.73+0.29ab 6.89+0.15¢
Tg 92.86 34.76 44.93 60.20+2.332b 2.53 5.07+0.33b¢ 6.89+0.40¢
Tq 92.86 34.11 44.36 62.73+1.672 3.40 6.93+0.07ab 10.06+1.2Qp
Tio 92.86 33.76 45.87 60.53+1.892b 3.20 7.53+1.172 18.67+2.602
T, 92.86 34.68 46.23 63.57+1.492 3.47 7.60+0.122 20.11+0.112

Level of

significance NS NS NS * NS * *

CV( %) 1.67 8.23 7.29 5.38 18.76 17.64 18.48

Mancozeb) and
T,, = Tuber treatment + Foliar spray

of formulated T. paraviridescens,
T. erinaceum, P. putida and
B. subtilis with T,

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
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Cost-benefit analyses of some selected bacterial and fungal bioagents used for
controlling late blight of potato under field conditionin 2018-2019

Treat Yield Gross Production Totalcostof Totalcostwith  Netreturn BCR
ment (t/ha) return cost the treatment treatment (Tk./ha)
(Tk./ha) (Tk./ha) (Tk/ha) (Tk/ha)

T, 7.22 115555.56 192500 0 192500 -76944 .44 -0.40
T, 6.44 103111.11 192500 9600 202100 -98988.89 -0.49
T, 6.55 104888.89 192500 9600 202100 -97211.11 -0.48
T, 6.28 100444.44 192500 9600 202100 -101655.56 -0.50
T, 6.67 106666.67 192500 9600 202100 -95433.33 -0.47
T, 7.22 115555.56 192500 9600 202100 -86544.44 -0.43
T, 6.33 101333.33 192500 9600 202100 -100766.67 -0.50
T, 6.89 110222.22 192500 9600 202100 -91877.78 -0.45
Tg 6.89 110222.22 192500 9600 202100 -91877.78 -0.45
T, 10.06 160888.89 192500 9600 202100 -41211.11 -0.20
T,, 18.67 280000.00 192500 13000 205500 74500.00 0.36
T, 20.11 301666.67 192500 22600 215100 86566.67 0.40

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

Bioagents Tk. 600/kg, Fungicide 8 kg/ha, Biaoents 16 kg/ha

Fungicide Tk. 1625/kg,
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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
Days after planting (DAP) (DAP)
61 65 61 65

To 81.67+6.672 100.00+0.002 0.00 0.00
T, 2.33+1.33¢ 10.33+7.42f 97.36 89.67
T, 58.33+8.33" 66.67+8.33P 26.90 33.33
Ts 6.67+1.67¢  33.33+8.33de 92.05 66.67
Ty 5.33+t2.60°  18.33+6.67¢f 93.82 81.67
Ts 5.33+2.60¢  15.00+5.00¢f 93.36 85.00
Te 5.00+0.00¢ 12.67+3.71f 93.80 87.33
T, 46.67+3.33¢ 58.33+8.33bc¢ 42.46 41.67
Tg 30.00+5.00¢ 53.33+3.33Pcd 62.34 46.67
Ty 2.03+1.51¢  20.00+2.89¢f 97.76 80.00
T1o 1.73+1.63¢  17.00+8.00¢f 98.16 83.00
Tn 1.70+1.65¢  15.00+2.89¢f 98.20 85.00
Tio 23.33+1.679 41.67+8.33¢d 71.23 58.33
Ti3 5.03+2.86°  33.33+8.33d° 94.22 66.67
Tia 2.03+1.51¢ 10.33+7.42f 97.38 89.67
Tis 0.70+0.30¢ 10.33+7.42f 99.16 89.67
Tig 0.40+0.30¢ 10.00+5.00f 99.56 90.00

Level of

significance ** ** - -

CV (%) 32.70 33.79 - -

T,= Water (Negative control)

T, = Tuber treatment + Eight sprays of Curzate M8
(Positive control)

T,=Tuber treatment + Eight sprays of formulated
Pseudomonas putida + Bacillus subtilis

T;= T,+ one spray of Curzate M8

T,= T,+two sprays of Curzate M8

Ts= T,+ three sprays of Curzate M8

Te= T, + four sprays of Curzate M8

T, = Tuber treatment + Eight sprays of formulated
Trichoderma erinaceum

Tg= T,+ one spray of Curzate M8

Ty= T7+ two sprays of Curzate M8

T,0= T,+three sprays of Curzate M8

Ty = T7+ four sprays of Curzate M8

T,, = Tuber treatment + Eight sprays of formulated

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

T,3=T,,*+0ne spray of Curzate M8

T,,=T,,+two sprays of Curzate M8 and

T,5= Ty,+three sprays of Curzate M8 and

T,6= Ty, + 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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T,= Water (Negative control)

T, = Tuber treatment + Eight sprays of Curzate
M8 (Positive control)

T, = Tuber treatment + Eight sprays of
formulated of P. putida + B. subtilis

T;= T,+ one spray of Curzate M8

T,= T, +two sprays of Curzate M8

Tg= T,+ three sprays of Curzate M8

Tg= T, + four sprays of Curzate M8

T, = Tuber treatment + Eight sprays of
formulated T. erinaceum

Tg= T,+ one spray of Curzate M8

Tg= T,+two sprays of Curzate M8

T,0= T,+three sprays of Curzate M8

T4, =T, + four sprays of Curzate M8

T,, = Tuber treatment + Eight sprays of

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

T,3=T,,+0ne spray of Curzate M8

T.4= Ty,+two sprays of Curzate M8 and

T,5=T,,+three sprays of Curzate M8 and

Tys T.6= Tq,+ 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 conditionin 2019-2020

Treatment % Severity % Reduction of Late blight
severityover control
Days after planting Days after planting
48 59 71 59 71
To 0.020+ 0.012 44.930+ 21.442 99.16% 0.602 0.00 0.00
T: 0.000+ 0.00¢ 0.007+ 0.003> 0.45+ 1.89f 99.91 99.54
T, 0.003+ 0.003¢d 4,513+ 2.89» 72.83+ 6.33> 80.29 26.57
T3 0.010+ 0.01» 0.197+ 0.07°  8.36% 0.6¢f 97.45 91.57
Ty 0.000+ 0.00¢ 0.147+ 0.06> 8.07+ 1.50¢f  97.54 91.85
Ts 0.000+ 0.004 1.817+ 1.75° 8.07+ 1.62¢f 97.01 91.87
Ts 0.000+ 0.00¢ 0.683+ 0.36> 2.76x 1.62f 92.56 97.20
T, 0.011+ 0.006° 1.400+ 0.29> 64.17+ 4.32°> 90.01 35.33
Tg 0.010+ 0.01» 1.343+ 0.19> 19.27+ 7.189¢  89.28 80.63
T, 0.000+ 0.00¢ 1.100+ 0.10> 18.83t 0.67d¢  88.24 76.65
Tio 0.000+ 0.00¢ 0.170+ 0.08° 9.00+ 0.58¢f  98.31 94.28
T 0.010+ 0.006° 0.183x 0.00>  5.26% 3.0¢f 98.20 94.69
LEP: 0.000+ 0.00¢ 0.773+ 0.36" 53.33+ 0.83c 89.38 46.20
Tis 0.007+ 0.007bc 0.050+ 0.01> 30.07+ 9.93¢  99.34 69.64
Tia 0.000+ 0.00¢ 0.390+ 0.16> 25.17+ 9.23¢  98.81 74.72
Tis 0.003+ 0.003cd 0.140+ 0.04> 6.07+ 3.47¢f  98.29 97.38
Ti6 0.000+ 0.00¢  0.083+ 0.04>  1.86+ 0.52f  99.63 98.13
Level of . - . i
significance
CV (%) 232.72 263.53 34.16 -

T,= Water (Negative control)

T, = Tuber treatment + Eight sprays of
Curzate M8 (Positive control)

T, = Tuber treatment + Eight sprays of
formulated of P. putida + B. subtilis

T;= T,+ one spray of Curzate M8

T,= T, +two sprays of Curzate M8

Tg= T,+ three sprays of Curzate M8

Te¢= T, + four sprays of Curzate M8

T, = Tuber treatment + Eight sprays of
formulated T. erinaceum

Tg= T,+ onespray of Curzate M8

Tg= T,+two sprays of Curzate M8

T,0= T,+three sprays of Curzate M8

T,, =T, + four sprays of Curzate M8

T,, = Tuber treatment + Eight sprays of

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

T,3=T,,*+0ne spray of Curzate M8

T,4=Ty,+two sprays of Curzate M8 and

T,5= T,,*+three sprays of Curzate M8

and

T,6= Ty, + 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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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 bioagentsin increasing growth
and yield parameters of potato under field condition in 2019-2020

Plant height (cm)

Treatments C—?-ermma Days after planting (DAP) No. of . No. of Yield (t/ha)
tion (%) plantlets/hill  tubers/plant
34 52 71
To 96.83 22.97+0.25h 54.33+0.95¢  71.97+0.54f9 2.23+.032 4.53 6.50+0.33¢
T, 96.03 26.10+0.55bf  58.37+0.69°d  76.17+0.74d 2.17+0.232 6.13 24.01+2.892
T, 99.21 25.20+1.2249  58.47+0.23Pd  73.23+0.24¢f 2.20+£0.062 4.60 8.78+0.98de
T3 96.83 26.37+£0.50pd  60.87+0.982c  72.03+0.64% 2.30£0.122 4.33 14.83+0.93b¢
Ty 98.41 27.67+0.45>  58.03+0.90bd  84.30+0.812 2.43+0.272 5.93 16.56+1.83°
Ts 96.83 27.50+0.66P 58.63+1.32ad  73.97+0.63¢ 2.23+0.122 6.00 16.50+0.44b
Ts 96.83 25.00+0.6199  61.23+0.392>  71.50+0.449 2.33+0.202 4.60 24.72+0.282
T, 98.72 24.60+£1.109  58.50+1.72bd  77.50+1.91d 2.46x0.022 6.00 11.39+1.00¢cd
Tg 99.21 29.53+0.52a 62.37+1.162 81.90+0.40° 2.43+0.182 5.73 13.33+1.73b
Ty 97.62 23.73+0.669"  58.27+1.56bd  76.03+0.68 2.47+0.152 5.07 13.72+1.39bc
T1o 97.62 26.43+0.57bd  56.73+2.24de  81.93+0.41° 2.30+£0.252 5.47 17.00+1.84b
Ty 98.41 26.97+0.79p¢  61.73+£0.972b  78.80+0.38¢ 2.17+0.172 6.07 23.83+£3.182
Tio 99.21 24.70+£0.90e9  58.10+1.27bd  77.50+0.76¢d 2.50£.062 4.60 11.11+1.47¢d
Ti3 97.62 24.63+0.94'9  57.20+0.44ce  71.73+0.63 2.30+0.122 5.33 12.50+1.73bd
Tia 99.21 26.30+1.04be  59.27+1.552d  78.40+0.47¢ 2.47+0.122 5.40 14.67+0.88c
Tis 97.62 25.53+0.52¢f  58.73+1.512d  78.43+0.23¢ 2.20+£0.312 5.80 15.78+1.18bc
T1q 97.62 24.97+£0.8349  56.57+0.58de  82.10+0.4QP 2.43+£0.032 6.07 24.78+£0.292
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 benefitanalyses 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 VYield Gross retun Production cost  Total cost of the Total cost with  Netretum (Tk./ha) BCR
(t/ha) (Tk./ha) (Tk./ha) treatment (Tk/ha) treatment
(Tk/ha)
To 6.50 110500.00 192500 0 192500 -82000.00 -0.43
T, 24.01  384166.67 192500 13000 205500 178666.67 0.87
T, 8.78 140444.44 192500 9600 202100 -61655.56 -0.31
Ts 14.83  237333.33 192500 11225 203725 33608.33 0.16
Ty 16.56  264888.89 192500 12850 205350 59538.89 0.30
Ts 16.50  264000.00 192500 14475 206975 57025.00 0.28
Te 24.72  395555.56 192500 16100 208600 186955.56 0.90
T, 11.39  182222.22 192500 9600 202100 -19877.78 -0.09
Tg 13.33  213333.33 192500 11225 203725 9608.33 0.05
Ty 13.72  219555.56 192500 12850 205350 14205.56 0.07
T1o 17.00  272000.00 192500 14475 206975 65025.00 0.31
T 23.83  381333.33 192500 16100 208600 172733.33 0.83
Tio 11.11  177777.78 192500 9600 202100 -24322.22 -0.12
T3 12.50  200000.00 192500 11225 203725 -3725.00 -0.02
Tia 14.67  234666.67 192500 12850 205350 29316.67 0.14
Tis 15.78  252444.44 192500 14475 206975 45469.44 0.22
T15 24.78 396444.44 192500 16100 208600 187844.44 0.90

Price: Potato Tk. 16.00/kg (Organic), Tk. 15.00kg (Inorganic), Fungicide Tk. 1625/kg, Bioagents Tk.
600/kg, Fungicide 8 kg/ha,Bioagents 16 kg/ha. Data are the averages ofthreereplications.
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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

T,= Water (Negative control)
T,= Tuber treatment + Eight sprays of
Curzate M8 (Positive control)

Days after planting (DAP) Days after planting T, = Tuber treatment + Eight sprays of
(DAP) formulated of P. putida + B. subtilis
61 65 61 65 T,= T,+ one spray of Curzate M8
To 88.33+6.672  100.00+0.002  0.00 0.00 T,= T, +two sprays of Curzate M8
T, 3.67+1.33¢ 11.67+6.67" 96.05 88.33 T5 T, + three sprays of Curzate M8
T, 66.67+8.33"  81.67+6.67°  33.92 18.33 Tg= T, + four sprays of Curzate M8
Ts 8.33+1.67°  41.6748.33%  90.76 58.33 T; = Tuber treatment + Eight sprays of
T, 8.33+1.67¢  21.67+1.67¢"  90.76 78.33 formulated T. erinaceum
Ts 6.67+1.67¢  20.00+5.00f  92.05 80.00 Tg= T+ one spray of Curzate M8
T 6.67£1.67¢ 150045000 9251 85.00 To= To*two sprays of Curzate M8
T, 58.33+8.33°  66.67+8.33b¢  42.69 41.67 T0Z Tr7++t?ree sprays Off g“rzatte ,\'\A"SS
T 33.33:8.33¢  58.33+8.33b¢  §0.23 41.67 v Ei;ﬁassrays o
To 3.67+1.33¢  23.33+1.67¢"  96.05 76.67 o ormulated P. putida, B. subtilis
Tio 2.33+1.33°  18.33+6.67°"  97.45 81.67 and T. erinaceum
Tu 2.03+1.51¢  13.33+1.67¢" 97.85 86.67 T,3= T,,+ One spray of Curzate M8
Tio 33.33+8.339  40.00+10.00%¢  62.57 60.00 T,,= To,+two sprays of Curzate M8 and
T3 15.004#5.00¢  33.33+8.339¢  83.27 66.67 T.5=T4,+ three sprays of Curzate M8
Tia 2.33+1.33¢ 11.67+6.67 97.08 88.33 and
Tis 1.00+0.00¢ 8.33+1.67f 98.85 91.67 T,6= Ty, + four sprays of Curzate M8
Tig 0.70+0.30¢ 6.67+1.67f 99.17 93.33
Level of Data are the averages of three replications. Values
significance * - . with same letters in the same column are statistically
CV (%) 32.70 33.79 i similar.
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Efficacy of formulated two bacterial and onefungal bioagentsinreducingthe
application frequency of chemical fungicide for controlling late blight severity of
potato under field condition in 2020-2021

Treatment % Severity % Reduction of Late
blight severityover
control
Days after planting (DAP) Days after planting (DAP)

48 59 71 59 71
To 0.030+0.0122  53.00+10.772  99.17+0.332 0.00 0.00
T: 0.000+0.000¢  0.03+0.003° 0.89+0.14f 99.93 99.10
T, 0.010£0.006°¢  4.24+2.18P 80.67+5.47¢  92.33 18.68
T3 0.013+0.009°>  1.22+0.052>  32.03+1.02d  97.43 67.69
Ty 0.003+0.003d 0.97+0.38>  17.00+1.16de  97.98 82.85
Ts 0.000+0.000¢ 0.58+0.79>  14.50+0.76de  98.85 85.37
Te 0.007+0.0007¢  0.40+0.27° 5.27+0.71¢f 99.14 94.68
T, 0.013+0.009°>  2.42+0.210°  51.50+2.08¢  95.07 48.06
Tg 0.000+£0.003¢  1.71+0.283¢  35.83+0.83¢  96.41 63.87
Ty 0.000£0.000¢  0.72+0.090°  16.67+1.649  46.59 83.19
T1o 0.013+0.009°>  0.46+0.052>  10.87+1.27¢f  99.03 71.65
T 0.003+0.003¢  0.43+0.030P 6.07+0.74¢f 99.08 93.88
T2 0.010+0.006°¢  0.75+0.038>  45.83+0.83¢  98.82 53.78
Ti3 0.003+0.003¢  1.23+0.253>  34.33+1.59¢  97.30 65.38
Tis 0.007+0.007¢  1.04+0.210>  15.00+1.16d9e  97.65 84.87
Tis 0.000+0.000¢  0.37+0.049>  12.87+1.27de  99.27 87.02
T1e 0.000+0.000¢  0.16+0.006P 3.80+0.23f 99.66 96.17

Level of
significance > > kel - -
CV (%) 232.72 263.53 34.16 - -

T,= Water (Negative control)

T, = Tuber treatment + Eight sprays of
Curzate M8 (Positive control)

T, = Tuber treatment + Eight sprays of
formulated of P. putida + B. subtilis

T;= T,+ one spray of Curzate M8

T,= T, +two sprays of Curzate M8

Tg= T,+ three sprays of Curzate M8

Te= T, + four sprays of Curzate M8

T, = Tuber treatment + Eight sprays of
formulated T. erinaceum

Tg= T,+ onespray of Curzate M8

Tg= T,+two sprays of Curzate M8

T,0= T,+three sprays of Curzate M8

T, = T, + four sprays of Curzate M8

T,, = Tuber treatment + Eight sprays of

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

T,3=Ty,+0ne spray of Curzate M8

T,,=T,*+two sprays of Curzate M8 and

T,5=Ty,+three sprays of Curzate M8

and

T,6= Ty, + 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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Efficacy of formulated two bacterial and one fungal bioagentsin increasing growth
and yield parameters of potato under field condition in 2020-2021

Plant height (cm)

Treatments C?ermma Days after planting (DAP) No. of . No. of Yield (t/ha)
tion (%) plantlets/hill tubers/plant
34 52 71
To 95.24 22.53+0.23h 53.90+1.16¢ 73.83+0.83¢ 2.17+0.092 4.27 6.33+0.10¢
T, 95.24 25.23+0.180F  57.90+0.40°¢  76.90+0.60¢d 2.30+0.152 5.07 23.39+1.072
T, 99.21 24.87+1.1199  57.33+0.59bc¢  75.73+0.50e 2.17+0.032 4.60 8.44+0.89de
Ts 96.03 25.87+0.03b-d 59.53+0.322 74.40+0.52f 2.30£0.122 4.13 14.11+0.78bc
Ty 98.41 26.43+0.54b 57.07+0.94¢ 80.27+0.412 2.47+0.132 5.27 15.67+1.26P
Ts 97.62 26.00+0.60P 57.53+0.72b¢  76.60+0.49¢cd 2.27+0.032 5.47 15.94+0.58
Te 97.62 24.53+0.3349 58.87+0.37P 75.93+0.18¢ 2.40+0.152 5.80 24.06+0.392
T, 99.21 27.73£0.652 59.77+0.902  78.53+0.72b¢ 2.33£0.152 5.47 11.06+0.81¢d
Tg 97.62 22.93+0.56h 57.07+1.07¢  76.37+0.39¢cd 2.43+0.032 4.87 12.61 +1.43bd
Tg 96.83 25.20+0.35bF  56.53+1.36°d4  78.97+0.42bc 2.40+0.122 5.40 13.50+1.42bc
T1o 98.41 25.60+0.57b-d 59.73+0.092 77.73£0.49¢ 2.37+0.122 5.47 16.28+1.22°
Ty 99.21 24.07+0.43f9 56.40+1.024 77.50£0.35¢ 2.50£0.152 4.40 23.03£3.162
T 98.41 23.87+0.529"  55.70+0.32de  75.37+0.12¢f 2.40£0.062 4.93 11.17+1.23¢cd
Ti3 97.62 25.27+0.84b 57.07+0.41¢  76.87+0.18¢d 2.43+0.032 5.20 12.50+0.960d
Tisa 99.21 24.77+0.1599  57.53+1.18bc  78.43+0.230c 2.30+0.152 5.53 14.56+1.13bc
Tis 96.83 24.27+0.87%9 55.93+0.6449e  79.33+0.38° 2.40+0.122 5.73 16.61+0.81°
T5 97.62 25.50+£0.80pd  55.69+0.46de  78.77+0.34bc 2.57+£0.092 5.53 24.61+0.292
Level of significance NS o ** * i NS o
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 VYield Gross retun Production cost  Total cost of the Total cost with  Netretum (Tk./ha) BCR
(t/ha) (Tk./ha) (Tk./ha) treatment (Tk/ha) treatment
(Tk/ha)
To 6.33 10133.33 192500 0 192500 -91166.67 -0.47
T, 23.39  374240.00 192500 13000 205500 168740.00 0.82
T, 8.44 135111.11 192500 9600 202100 -66988.89 -0.33
Ts 1411  225777.78 192500 11225 203725 22052.78 0.11
Ty 15.67 250666.67 192500 12850 205350 45316.67 0.22
Ts 1594  255111.11 192500 14475 206975 48136.11 0.23
Te 24.06  384888.89 192500 16100 208600 176288.89 0.85
T, 11.06 176888.89 192500 9600 202100 -25211.11 -0.12
Tg 12.61 201777.78 192500 11225 203725 -1947.22 -0.01
Ty 1350 216000.00 192500 12850 205350 10650.00 0.05
T1o 16.28 260444.44 192500 14475 206975 53469.44 0.26
Ti 23.03  368444.44 192500 16100 208600 159844.44 0.77
T 11.17  178666.67 192500 9600 202100 -23433.33 -0.12
T3 1250 200000.00 192500 11225 203725 -4912.00 -0.02
T4 1456  232888.89 192500 12850 205350 27538.89 0.13
Ti5 16.61 265777.78 192500 14475 206975 58802.78 0.28
Ti6 24.61  393777.78 192500 16100 208600 185177.78 0.89

Price: Potato Tk. 16.00/kg (Organic), Tk. 15.00kg (Inorganic), Fungicide Tk. 1625/kg, Bioagents Tk.
600/kg, Fungicide 8 kg/ha,Bioagents 16 kg/ha. Data are the averages ofthreereplications.

51



Host plant susceptibility —>

Inoculum pressure —y
38,4

Reduction of late
blight severity (%)

- H H 70DAP _l

68

I

Spray of chemical fungicide>

w2 wsd
¢

Sprays of chemical fungicide> @r @
& &
¥ ¥

Sprays of chemical fungicide >

ﬂlll[

&
Sprays of chemical fungicide » ﬂ
Formulated Bioagents [p» @L @ @ @

@

xﬁ'»

&5 ’3: .(l*
A A

dJae

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
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Publication

x Somepotential formulated bacterialbioagentsviz P putida
(BDIS®4RanP)and B. subtilis (BDIS@6ThaR),and fungal

e sustainability Py bioagents viz T paraviridicens (BDISO&/R) and T

erinaceum (BDISO#1IR), were evaluated under growth

Potentiality of Formulated Bioagents from Lab to Field: A - -

Sustalir'lablle Alternati‘!‘e for Minimizing the Use of Chemical Cham berand fl eld Cond it ons

Fungicide in Controlling Potato Late Blight . . . . .

Md. Huzzatul Islam ', Md. Mostafa Masud ¥, Muhtarima Jannat !, Muhammad Iqbal Hossain !, X BOth a rtlfl CI al I n OC u Iatl 0 n an d fl eld exp erl m ents reVeal e d

Shafiqul Islam 1 Md. Zahangir Alam 1, Francois ]. B. Serneels 309 and Md. Rashidul Islam 1-* . . . P
that eight spraysof thesebacterial (R putida and B. subitilis)

lant Pathalogy, Bangladesh Agricultural
m (M.H.L);

and fungal (T. erinaceun) bioagentswere found to be most
A effective at reducinglate blight severity by 99% up until 60
daysatfter planting(DAP)
X Thesebioagentscanreducethe sprayfrequenciesof Curzate
o M8 by 50% (four spraysinstead of eight) when applied
. together with this fungicide
x Economic analysis revealed that T6 (eight sprays of
formulated P putida + B. subtilis + four spraysof Curzate
M8) and T16 (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)),
x Indicatedthat the return ranged, by BangladeshiCurrency
(Taka)from 0.85to0 0.90 overthe investmentof Bangladeshi
Currency(Taka)1.00in these treatments




Conclusion

C Possibility of using these native formulated bacterial (P. putida and B.
subtilis) and fungal (T. erinaceum) bioagents can be an alternative iIn
controlling late blight severity of potato through minimizing the use of
chemical fungicides under the proper warning s