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Executive Summary

Modern agriculture highly relies on chemical fertilizer. Long-term use of chemical fertilizer impairs soil biology
and causes environment pollution. Loss of soil health is directly related to crop production. Breaking rice yield
ceiling needs healthy and productive soil. In this context, to restore soil biology and improve rice yield, BRRI soil
science division with the support of competitive research grant (CRG), has updated BRRI developed biofertilizer,
and named “Bio-organic fertilizer”. The carrier material of the prepared biofertilizer was combination of
vegetable waste/ degradable kitchen waste (80%), rice husk biochar (15%) and rock phosphate (5%).
Consortiums of ten (10) plant growth promoting bacteria (PGPB) were added with carrier material. The
microorganisms involved were categorized as free-living N,fixing bacteria, phosphate solubilizing bacteria (PSB)
and indoleacetic acid (IAA) producing bacteria. Rock phosphate (5%) was incorporated in this product as an
alternate of TSP fertilizer for rice production. Incorporated phosphate solubilizing bacteria were able to ensure
bio-available P from rock phosphate during crop growing period. The beneficial bacteria added in this
biofertilizer were indigenous and isolated from favorable and unfavorable rice ecosystem (drought, saline and
acid soil). Production technology ensured a safe and environment friendly decomposition of kitchen
waste/kaccha bazaar vegetable waste to be recycled in the soil. The chemical composition of the developed
biofertilizer was tested at the laboratory and found to be safe for the environment. The developed biofertilizer
was applied at T. Aman rice grown in 2017 at BRRI farm Gazipur, BRRI R/S Rajshahi, BRRI R/S Barisal, and at
farmers’ fields of Rajshahi, Pirojpur, Kuakata, and Kishoreganj. It was also tested in the research stations and
farmers field at Boro rice grown in 2017-18. The results of the research stations and farmers’ field proved that
application of biofertilizer @ 2 t ha™ in T. Aman and Boro season fulfilled the requirement of 25-30% urea and
eliminate 100% TSP fertilizer requirement for rice production, and gave statistically similar or higher (5 to 20%)
grain yield as compared to full (100%) chemical NPK fertilizer depending on soil types. The biofertilizer was
suitable for wide range of soil including saline soil (6-8 ds/m). The research result also proved that application of
biofertilizer improved soil biology. In a nut shell application of bio-organic fertilizer 2 ton ha™ improved soil
biology, rice yield and save 30% urea-N and 100% TSP fertilizer use for rice production in Bangladesh.
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CRG Sub-Project Completion Report (PCR)

A. Sub-project Description

1. Title of the CRG sub-project: Up-scaling of biofertilizer for improvement of soil health and rice yield in
Bangladesh
Implementing organization: Bangladesh Rice Research Institute
Principal Investigator (Full address with phone and e-mail): Dr. Umme Aminun Naher, Principal
Scientific Officer, Soil Science Division, Bangladesh Rice Research Institute, Mobile: 01913151914
Co-principal investigator (Full address with phone and e-mail): Md. Imran Ullah Sarkar, Scientific Officer,
Soil Science Division, Bangladesh Rice Research Institute, Mobile: 01721715998

4. Sub-project budget (Tk): 2879000 Tk.

4.1 Total: 2879000 Tk.
4.2 Revised (if any): 2879000 Tk.

5. Duration of the sub-project:

5.1 Start date (based on LoA signed): May 2017
5.2 End date: 30 September 2018

6. Justification of undertaking the sub-project:

7. Rice production in Bangladesh is based on chemical fertilizer and pesticide, which impaired soil quality,
ecosystem biodiversity and causes environmental pollution. Loses of biodiversity is related to
deterioration of soil health as nutrient cycling is directly related to microbial activity. Microorganisms
play major roles in nutrient transformation and element cycling and influence the availability of these
nutrients for plant uptake. Wetland rice ecosystem can harbor a diverse group of plant growth
promoting bacteria (PGPB). PGPB, which efficiently colonize the root endosphere has been shown to fix
nitrogen (Hurek et al., 1997). It has been reported that inoculated rice plants can get similar benefit
(Chalk, 1991). The transfer of fixed N, varied from 1.5 to 21% (Sherestha & Ladha, 1996).There are also
strong evidences that soil bacteria are capable of transforming soil P to the forms available to plant.
Microorganisms enhance the P availability to plants by mineralizing organic P in soil and by solubilizing
precipitated phosphates. The production of hormonal substances by the bacteria can alter root
morphology, increase extended surface area and enable plants to absorb more nutrients from the soils.
The growth and colonization of the bacteria on plant roots can be influenced by several soil chemical,
physical and biological factors. The availability of C, N or P can limit bacterial growth in aquatic
systems.The correction of nutrient deficiency in all types of soil is based on short- term management,
but if we consider soil health, breaking yield ceiling and sustainable rice production, we need to improve
paddy soil biology. It is true that genetic potential of a high yielding variety will express its performance
only if the soil is healthy and productive. Unfortunately, yield is plateau even with so many improved
rice varieties. However, not much work has been reported to improve soil health by restoring biological
properties of paddy soil for breaking yield ceiling. In this context, BRRI has developed a biofertilizer with
combination of vegetable waste, rice husk biochar and rock phosphate (5%). The beneficial bacteria
added in this biofertilizer were isolated from AEZ-28 soil (favorable ecosystem). However, for all types of

1



10.
11.

soil it needs to add some potential bacteria from stress environment such as saline and drought prone
area (unfavorable ecosystem). The developed biofertilizer (1 t ha™) already tested in Aus rice 2015 and
Boro rice in 2016 at BRRI Farm Gazipur. The findings showed that it was able to produce comparable
yield with full chemical fertilizer. Moreover, it saved 30% N, and 100% chemical P fertilizer for rice
production. Up-scaling of this biofertilizer with some potential bacteria obtained from unfavorable
ecosystems and dissemination of this biofertilizer may improve rice soil biology and rice yield all over
the country.

Sub-project goal: Improvement of paddy soil biology and rice yield

Sub-project objective (s):

i) to identify beneficial rice associated bacteria from selected saline and drought prone paddy soils

ii) to upscale biofertilizer with beneficial microorganisms and its assessment for the improvement of
soil health and paddy yield.

Implementing location (s): Gazipur, Rajshahi, Barisal

Methodology:The study was comprised of two steps to fulfill the objectives of the project - in the first

phase potential bacteria were isolated and characterized for the improvement of existing biofertilizer.

In second phase, biofertilizer was tested in research station and applied to the farmer’s field (farmer’s

participation).

Improvement of biofertilizer
The study was done for isolation and characterization of plant growth promoting bacteria from
different rice soils of Bangladesh to improve the existing BRRI developed biofertilizer.

Experiment 1: Isolation and characterization of free living N, fixing and phosphate solubilizing bacteria
Specific objectives:

i) To isolate and bio-molecular characterize the free-living N, fixing and phosphate solubilizing bacteria
from favorable and un-favorable rice ecosystem

ii) To improve biofertilizer prepared with potential bacterial strains

Soil sample collection:

Soil samples were collected from 10 locations of each Gazipur (AEZ 28), Rajshahi (AEZ 11), Lalmonirhat
(AEZ 2), Srimongol (AEZ 20), Barisal, and Kuakata (AEZ 13), for isolation of free living N, fixing and
phosphate solubilizing bacteria. Soils were collected from rice field (0-15 cm depth) and preserved in
4°C temperature until analysis. Soil samples were collected randomly and replicated four times for
analyses of each property.

Soil chemical properties: Soil properties such as soil reaction, soil organic matter, total macro and
micro nutrient contents were determined following methods provided in Fertilizer Recommendation
Guide, 2012.



Soil biological properties

Culturable total bacteria, fungus and actinomycetes population were determined in Nutrient Agar,
King’s B agar, Potato dextrose agar, Actinomycetes agar, and Anaerobic agar plate. Total population was
enumerated following ‘total plate count method’. In brief, approximately 10 g soil sample was added
into 95 ml sterile distilled water and shacked in a mechanical shaker for 10 minute. About one ml of
solution was added with nine ml sterile distilled water and a series of dilution were prepared up to 10™°
dilution. Exactly 0.1 ml of solution from each dilution was spread on respected media plate and
incubated for 3 days at 28°C temperature. Total population was counted and expressed as Cfu g* soil
dry weight.

Plate: Total population count in Nutrient Agar medium
Isolation of Free-living N, fixing bacteria: Free living N, fixing bacteria were isolated from selected
paddy soils of different AEZ’s in N-free media according to the protocol of Naher et al (2009).The
population was counted after 3 days of incubation following ‘Total plate count method’. The media
composition was (g/l): 5 g Malic acid, 0.5 g K;HPO,4, 0.2 g MgS0.. 7 H,0, 0.1 g NaCl, 0.02 g CaCl, and
0.5% bromothymol blue in 0.2 N KOH (2 ml), 1.64% Fe-EDTA solution (4 ml), and 20 g agar (pH 7.2).

Plate: Free living N,fixing bacteria grown in N-Free medium

Isolation of phosphate solubilizing bacteria (PSB): Phosphate solubilizing bacteria were isolated in
Pikovskaya media plate according to Panhwar et al (2012). The media inoculated with the isolates were
incubated for 3 days and observed for the formation of yellow zone around the colony due to the
utilization of tricalcium phosphate present in the medium. Media composition was (g/l) glucose 10, tri-
calcium phosphate 5, ammonium sulphate 0.5, sodium chloride 0.2, magnesium sulphateheptahydrate
0.1, potassium chloride 0.2, ferrous sulfate heptahydrate 0.002, manganese (ll) sulfate dehydrate 0.002,
bromophenol blue (2.4 mg/ml), agar 20, and finally adjusted at pH 7.0.



Plate: Phosphate solubilizing bacteria grown in Pikovskaya medium

Determination of N, fixing activity by production of ammonia: Total N was determined from broth
culture following distillation method. The isolated strains that were capable to grow only on N-free
medium were cultured in N, free broth without adding bromothymol blue at 30°C for 7 days on a rotary
shaker (120 rpm). The bacteria culture was then centrifuged 4000 x g for 5 minutes and filtered through
0.22um filter paper. The filtrate was used to determine total N by distillation method (Naher et al.
2012).

Determination of P solubilizing activity: P solubilizing activity was determined in National Botanical
Research Institute’s Phosphate growth medium (NBRIP) broth culture following Nautiyal, (1999); Mehta
and Nautiyal (2001). The isolated bacterial strains were cultured in NBRIP broth containing tri-calcium
phosphate (TCP) for 5 days. Exactly, 2 ml of samples were taken for P determination. The samples were
first allowed to sediment for 15 minutes and were then centrifuged at 4000 x g for 5 minutes. The
supernatant was filtered through 0.22 pm filter paper and kept at -20°C until analysis. The available P
was determined using the procedure described by Murphy and Riley (1962).

osprate sollBliRiRabActe

Plate: P solubilizing activity determination in broth culture
Determination of indoleacetic acid (IAA) production: Isolates were inoculated in nutrient broth with
addition of tryptophan (2 mg ml™) and incubated at 28 + 2°C for 3 days. The culture was centrifuged at
7000 rpm for 7 min and 1 ml of the supernatant was mixed with 2 ml of Salkowsky’s reagent. The I1AA
concentration was determined by using spectrophotometer at 535 nm.

Plate: Indoleacetic acid (IAA) production by the bacteria




Identification of bacteria: Potential bacteria were identified using molecular techniques (16S rRNA
gene amplification and sequencing using appropriate primers). Pure culture was send to National
Institute of Biotechnology for identification of strain (s). The following primers were used to identify
respective bacteria:

Typesof Strain Primer

Forward primer Reverse primer
PSB 5-AGA GTT TGATCC TGG CTC AG-3 3- ACG GCT ACCTTG TTA CGA CTT-5
N, - fixing 8 F, 5’-AGA GTT TGA TCC TGG CTC AG-3’ | 1492R, 5-GGT TAC CTT ACG ACT T-3’

Formulation of biofertilizer

Biofertilizer was prepared from a consortium of locally isolated 10 bacteria and organic carrier material
(bio-degradable kitchen waste). Rock phosphate (5%) was incorporated in this product, which act as an
alternate of TSP fertilizer for rice production. The microorganisms involved in this biofertilizer were
grouped as free-living N, fixing bacteria, PSB and IAA producing bacteria. Organic residues added were
vegetable and kitchen wastes (80%), and 15% biochar of chitadhan. About 3.0 ton of biofertilizer was
prepared toexecute 12 farmers’ field demonstrations and three research station’s experiments.

Biofertilizer

A flow di’a_gram showing preparation of

Waste material,

Rock phosphate
Bacteria and Biochar
incubated added in Plastic
For 3 daysin 2.5% Container
Molasses

Rock Phosphate

Mixing every week
And decomposition for
3 months

Diagram : Formulation of Biofertilizer



Design of experiments and methods of data analyses: Data generated from soil physical, chemical and
biological properties were analyzed for ANOVA following completely randomized design (CRD) and means of
replicated samples were separated using DMRT statistical tool.

Evaluation of biofertilizer in the research stations:
In the second step prepared biofertilizer was applied to the research stations (Gazipur, Barisal and Rajshahi) and
farmers field of Kisorgonj, Rajshahi, Patuakhali, Borguna, Dakope and Kuakata. For research station, following
experiment were conducted;
Experiment: Effect of biofertilizer on rice yield and soil biology

Specific objectives:

i) to evaluate efficacy of biofertilizer to promote rice plant growth and yield and to find
appropriate dose of chemical fertilizer

iii) toimprove soil biology

Treatments:

Location: BRRI, Gazipur

-1
T = Control, T = NPKS, T = 100% NKS, T = Biofertilizer @ 2t ha + 100% NKS,
2 3 4

1
1 1

T =75% NPKS, T = Biofertilizer @ 2t ha + 75% NKS, T = Biofertilizer @ 2t ha + 75% NKS, T = Biofertilizer @ 2 t
5 6 7 8
-1

ha
Locations: BRRI Barisal R/S, and Rajshahi R/S

-1 1

T = Biofertilizer @ 2t ha T = NPKS, T = Biofertilizer @ 2t ha + 75% NKS, T = Control.
1 2 3 4

Design of the experiment:
Randomized complete block design (RCBD) with 3 replications.

Data collection: Indicators of plant growth promotion such as plant height, tiller number, panicle number, filled
grain, grain and straw yield were recorded. Soil samples were collected after harvesting crop. Soil chemical and
biological properties were recorded.

Demonstration of biofertilizer in the farmer’s field (Application of technology):

Prepared biofertilizer was evaluated in the farmer’s field of Rajshahi, Barishal and Kishoreganj. Farmer’s field
was surveyed and demonstration was set up with the farmer’s participation in T. Amanin 2017. A number of
four farmers were selected from each location.

Treatments: T,=BF + NKS (70%), T,- Farmers’ practice



Data Collection: Indicators of plant growth promotion such as plant height, tiller number, panicle number, filled
grain, grain and straw yield were recorded. Soil samples were collected before and after harvesting crop. Soil
chemical and biological properties were recorded.

Farmers’ opinion/ impact study: Questionnaire form was prepared about biofertilizer and data was collected

from all locations for farmer’s opinion about the biofertilizer.

12. Results and discussion:
All the experiments were conducted to achieve the objectives of the sub project. The results are described
below as per subproject objectives in this section

Isolation and characterization of free living N, fixing and phosphate solubilizing bacteria

To enrich biofertilizer with potential strains from favorable and unfavorable ecosystem a total number of 50 soil
samples were collected from Lalmonirhat, Patuakhali and Gazipur soil. Twenty five strains were isolated and
selected for N, fixing, phosphate solubilizing and indoleacetic acid production. Isolated strains were capable of
fixing N, and solubilizing insoluble P (Table 1). The N, fixing ability of the isolated strains was varied from 100 to
1600 ppm. The highest N, fixation was found in SL1, strain isolated from Lalmonirhat followed by SGA4.
Phosphate solubilizing ability was varied from 300-1300 ppm. The highest P solubilizing activity was found in SL5,
strain isolated from Lalmonirhat soil. It is known that indoleacetic acid (IAA) booster plant root growth (Biswas
et al., 2000; Naher et al., 2015). Extensive root architecture is able to capture nutrient from distant soil area and
increased plant growth and development (Glick, 2005). Isolated bacteria were tested for IAA production in the
presence of tryptophan and found that the highest IAA (0.28%)was produced by the strain S29, isolated from
Patuakhali soil (Fig. 1a).Strains isolated from Gazipur soil produced 110 to 500 ppm IAA (Fig. 1b).



Table 1. N,- fixing and Phosphate solubilizing capacity of isolated strains from Gazipur, Patuakhali,
Lalmonirhat, and KomolganjSreemongolsoil.

Strains P(ppm) N(ppm) **N-free media *PSB media
SG1 600 700 + +
SG2 1000 300 + +
SG3 800 400 + +
SG4 1200 800 + +
SG5 700 400 + +
SG6 800 300 + +
SG7 600 800 + +
SG8 600 400 + +
SG9 400 300 + +
SG10 600 600 + +
SG11 1000 700 + +
SG12 700 300 + +
SG13 700 300 + +
SG14 800 700 + +
SG15 100 300 + +
SP29 800 700 + +
SP30 100 300 + +
SL1 1600 500 + +
SL2 400 700 + +
SL3 100 1200 + +
SL4 1100 800 + +
SL5 100 1300 + +
SL6 200 700 + +
SL7 600 800 + +
SL8 1000 600 + +
SK1 100 800

*Phosphate solubilizing bacteria, **N, fixing bacteria, SG1-SG15 denotes strains isolated from Gazipur soil, SP29-
SP30 denotes strains isolated from Patuakhali (saline soil), SL1-SL8 denotes strains isolated from Lalmonirhat
(acid soil). SK1, strain isolated from Komolganj, Sreemongol (acid soil).

Identification of potential strain and its special features

Among the isolated strains, seven (7) potential strains were selected for molecular identification (16S rRNA gene
amplification and sequencing using appropriate primers) based on their N, fixation, phosphate solubilization and
indoleacetic acid production capabilities. Pure isolates were sent to Institute of Bioscience for identification. The
strain identification with location is given in Table 2 and scientific classification is given in Table 3a & b. The DNA
sequencing of the strains is given in the appendix-1.
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Figure 1a & b: IAA producing ability of the bacteria strains isolated from favorable and unfavorable ecosystem

Table 2: Identification of the potential (PGPB) strains from different location

Strain ID Strain % *similarity
SL2 (Lalmonirhat) Bacillus mycoides 97

SL3 (Lalmonirhat) Proteus sp 100

SK1 (Komolgonj) B cereus 95

SG16 (Gazipur) B subtilis 97

SL4 (Lalmonirhat) B pumilus 97

SP1 (Patuakhali) Paenibacillussp 97

SG11 (Gazipur) Paenibacilluspolymyxa 94

*NCBI Blast Nucleotide Sequence

Bacillus mycoides: Bacillus mycoides isolated from Lalmonirhat soil. B. mycoides is an ammonifying bacterium,
and can convert peptone (protein, organic N) into NHs. This strain was able to solubilize phosphate and produce
IAA. In water, NH; becomes NH,. B. mycoides found in common pesticides and are used to inhibit the growth of
harmful bacteria and fungi. There seems to be no negative effects on humans or the environment.

Proteus sp: It was isolated from Lalmonirhat soil. It is high N, fixing (0.13%) bacteria, it produces indoleacetic

acid. This strain produces urease enzyme.



Paenibacilluspolymyxa: Paenibacilluspolymyxa was isolated from Gazipur soil. It is known as phosphate
solubilizing bacteria. It can fix N, and produces IAA. These bacteria are used as bio-pesticide. It has major role in
formation of soil aggregate as it produces exopolysaccharides.

Bacillus cereus: It is a N, fixing (0.36%), phosphate solubilizing (0.11%), urease and IAA producing bacteria. It
was isolated from Lalmonirhat.

Bacillus subtilis: Bacillus subtilis was isolated from acid soil of Komolganj, Sreemongol. It is phosphate
solubilizing, N, fixing, IAA and exopolysaccharides producing bacteria. Exoplysaccharide producing bacteria have
role in formation of soil aggregates. This PGPB is also used as a fungicide.

Bacillus pumilus: Bacillus pumiluswas isolated from saline soil of Patuakhali. It is IAA producing, N, fixing and
phosphate solubilizing bacteria, it is also capable to produce exopolysaccharide. This PGPB isused as fungicide.
Bacillus sp. Isolated from red terrace soil of Gazipur. This strain produces high amount of IAA (0.40%) and fixes
0.14% of N. Among the isolated bacteria it is the most potential bacteria.

Table 3a.Scientific classification of the isolated strains
Kingdom: Bacteria

Division: Firmicutes Bacteria Firmicutes
Class: Bacilli Proteobacteria Bacilli

Order: Bacillales Gammaproteobacteria Bacillales
Family: Bacillaceae Enterobacteriales Paenibacillaceae
Genus: Bacillus Morganellaceae Paenibacillus
Species: mycoides Proteus polymyxa

Paenibacilluspolymyxa

Bacillus mycoides Proteus sp

Table 3b.Scientific classification of the isolated strains

Kingdom: Bacteria
Division: Firmicutes Firmicutes Firmicutes
Class: Bacilli Bacilli Bacilli
Order: Bacillales Bacillales Bacillales
Family: Bacillaceae Bacillaceae Bacillaceae
Genus: Bacillus Bacillus Bacillus
Species: B. cereus B. subtilis B. subtilis

10



Bacillus pumilus

Bacillus subtilis

Bacillus cereus

Production of Biofertilizer

Biofertilizer was prepared from a consortium of locally isolated 10 bacteria, among them seven were
molecularly identified and rests of the 3 were identified by morphological characteristics as Bacillus. The
microorganisms involved in this bio-organic fertilizer are grouped as free-living N, fixing bacteria, PSB and IAA
producing bacteria. Organic carrier materials (kitchen wastes), rock phosphate (5%), and 15% biochar of
chitadhan were incorporated in this biofertilizer. Added rock phosphate acted as an alternate of TSP fertilizer for
rice production. Carrier materials were added in a closed chamber and kept for 3 months to be rotten. Bacteria
inoculumn was prepared in 2.5% molasses solution and added in the rotten carrier material. Mixed carrier
material and the inoculum were kept for 1 month until it become dry. This biofertilizer can be applied at 40-50%
moisture. But for preservation 20% moisture is the best. The biofertilizer is easy to prepare, user friendly and
reduce environment pollution as properly waste management policy followed.

Rock Phosphate Rice husk biochar

Plates: PSB NFB 2.5% Molasses incubation Prepared biofertilizer

The chemical composition of prepared biofertilizer is given in Table 4.
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Special features of the biofertilizer (Biofertilizer): Biofertilizer reduced

1. About 25-30% urea fertilizer use in rice production
2. 100% TSP fertilizer use
3. Add Cto the soil as15% Biochar added
4. Improve soil biology with beneficial soil bacteria
5. Environment friendly and easy to prepare
Table 4. Composition of Biofertilizer
Parameters Content
color Dark grey
Moisture 20%
Physical condition Non granular
Odor No foul odor
pH 7.2
OC(%) 25
N (%) 1.4
P (%) 1.04
K (%) 0.91
S (%) 0.35
Zn (%) 0.03
Cu (%) 0.006
Pb (ppm) 0.01
Cd (ppm) 0.67
Cr (ppm) 27.0
As (ppm) 11.50
N, fixing Bacteria(cfu g-1) 6 x 10°
PSB(cfu g-1) 8 x 10°

On research station trial (T. Aman):

BRRI Gazipur:

The experimental plot located at the East block (East-bide) of BRRI farm Gazipur. Soil was clay loam in texture
having 1.40% organic carbon, 0.14% total N, 5.65 ppm available P, 0.12 meq /100g soil exchangeable K, and 22
ppm available sulfur. Transplanted Aman rice grown in 2017, eight (8) treatments were used to find out the best
chemical fertilizer doses need to be applied with biofertilizer. The highest grain yield was obtained in
Tstreatment (BF + NKS 100%) which was statistical similar to the full dose of chemical (T,) and other reduced
chemical fertilizer doses (Table 5). The lowest grain yield was obtained in the fertilizer control treatment. The
omission of TSP fertilizer and reduction of chemical fertilizer up to 25% did not reduce grain yield and
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statistically similar grain yield was recorded with 2 t/ha biofertilizer application and chemical fertilizer applied

treatment. Similar trend of straw yield was recorded.

Table 5: Effect of biofertilizer on plant growth and yield at BRRI, Gazipur (variety BRRI dhan71)

Treatment Tiller m™ Panicle m? Grain Yield (t ha™) Straw yield (t ha™)
T, 145 b 142 b 3.18d 3.48 ¢

T, 184 a 177 a 3.99ab 4.37 ab

Ts 171a 166 ab 3.80 abc 4.05 abc

Ta 188 a 180 a 4.06 a 463 a

Ts 176 a 171 a 3.73 bc 4.02 abc

Te 185 a 177 a 3.87 abc 4.36ab

T, 183 a 178 a 3.75 abc 4.04 abc

Ts 173 a 169 a 3.57c 3.69 bc

CV (%) 4.83 5.36 2.97 6.93

T,=control, T,= NPKS (100%) **, T;= NKS (100%), T,=BF + NKS (100%), Ts= NPKS (75%), Te= BF+ NKS (75%), T,=
BF*, Te= Soil inoculation, * BF 2 t ha™, **NPKS kg/ha@ 67-10-41-10
Date of seeding: 20/6/2017, Date of transplanting: 27/7/17, Date of harvest: 26/10/17

Effect of biofertilizer application on plant nutrient uptake

Biofertlizer supplemented abundant nutrient to the plant. The nutrient uptake in the grain and straw proved
that there was no hidden hunger, although 25% less chemical NPK fertilizer was applied. The analytical data also
proved that applied rock phosphate in biofertilizer was sufficient to replace 100% TSP fertilizer. In the plant, the
highest Nuptake was recorded in T¢(83.49 kg/ha) and it was statistically similar to T, Ts andT, treatments which
proved that biofertilizer was able to supplement 25% N in rice production (Table 6). In case of P and K uptake
similar trend was observed. Nutrient uptake in straw also proved that there was sufficient amount of available
nutrient in the biofertilizer applied treatment. The significantly high amount of total N uptake was recorded in Tg
and T, treatment which proved the contribution of biological fixed N, in these treatments. P uptake also proved
5% rock phosphate was adequate for rice production.

Table 6. Effect of biofertilizer application on nutrient uptake in BRRI BRRI dhan71 at Gazipur

Treat Nutrient Uptake (kg/ha) Total Nutrient Uptake (kg/ha)
Grain Straw
N P K N P K N P K
T, 353c¢ | 8.11d 6.59c 21.87b 3.55d 45.17b 57.12c | 11.66d 51.76 ¢
T, 51.7 a 11.81ab | 9.59ab 30.59ab |5.35a 76.62 a 82.28b | 17.17a 86.22 a
Ts 47.8ab | 11.25abc | 7.85abc | 30.44ab 4.44 be 61.72ab | 78.26b | 15.7 abc 69.56 abc
T, 55.81a | 12.43a 10.18a 31.33ab | 5.20ab 75.83 a 87.15a | 17.63a 86.01 a
Ts 41.7bc | 9.50 cd 8.91abc | 27.19ab 3.95cd 56.84ab | 68.9bc | 13.45cd 65.75 abc
T 51.7 a 11.37abc | 8.87abc | 31.53a 4.95 ab 75.43 a 83.49a | 16.32ab 84.30 ab
T, 36.7c 10.00bcd | 7.74bc 25.95ab 442 bcd | 52.68ab | 62.65¢c | 14.42 bc 60.4 abc
Ts 346c¢c | 8.00d 6.62c 22.29ab | 3.63cd 48.15ab | 56.95c |11.64d 54.77 bc
cv 6.52 6.76 10.05 11.91 6.78 16.99 6.45 5.3 15.21
(%)
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T,=control, T,= NPKS (100%) **, T3= NKS (100%), T4,=BF + NKS (100%), Ts= NPKS(75%), Te= BF+ NKS (75%), T;=
BF*, Tg= Soil inoculation, * BF 2 t/ha, **NPKS kg/ha@ 67-10-41-10.

BRRI R/S Rajshahi

BRRI Rajshahi soil contained 1.04% organic carbon, 0.11% total N, 32.36 ppm available P, 0.11 meq/100 g soil
exchangeable K, and 22.50 ppm available sulfur. Four treatments were used in T. Aman season (Table 7).The
highest grain yield (3.94 t/ha) was obtained in T; treatment (BF + NKS, 75%) which was statistically similar to
100% NPKS applied treatment (T,). However, statistically similar grain yield was also obtained with full dose of
chemical fertilizer treatment (T,) and biofertilizer treatment (T;). The highest straw yield (5.51 t/ha) was
obtained with chemical fertilizer treatment (T,) and it was statistically similar to biofertilizer treated plot (T,).
Research findings also proved that biofertilizer (T,) alone produced statistically similar yield with full dose of
chemical fertilizer, i.e, in BRRI Rajshahi soil, 2 t/ha biofertilizer was enough to replace chemical fertilizer in T.

Aman rice season.

Table 7: Effect of biofertilizer on plant growth and yield at BRRI, R/S Rajshahi (variety BRRI dhan71)

Treatment Tiller/m? Panicle/m? Grain Yield (t/ha) Straw yield (t/ha)
T, 178 a 165 3.40b 5.30a

T, 176 a 173 3.61ab 551a

T3 182 a 171 3.94a 4.54b

T, 150 b 144 1.90c 4.07 b

CV (%) 6.37 7.62 7.15 6.31

T1=BF (2 t ha), T,= NPKS (100%)*, T3= BF+ NKS (75%), T4= Control, *NPKS kg t ha™ @ 67-10-41-10
Date of seeding: 7/7/17, Date of transplanting: 20/8/17, Date of harvest: 24/11/17

Effect of biofertilizer application on plant nutrient uptake

Plant nutrient uptake is given in Table 8. In the grain the highest amount of N uptake was observed in T;
treatment where 25% less urea fertilizer was applied. However in the straw sample the highest amount of N
uptake was observed in the biofertilizer applied treatment (T;). The highest P uptake in grain and straw was
found in both T, and T; treatments which proved rock phosphate was bio available. In the straw sample the
highest P uptake was found in T; sample. Total N uptake was the highest in the T; (BF+ NKS, 75%) followed by T,
(BF, 2 t/ha) treatment. Total P and K uptake was also high in T3 treatment.

Table 8: Effect of biofertilizer on plant nutrient uptake at BRRI, R/S Rajshahi (variety BRRI dhan71)

Treat Nutrient Uptake (kg ha™) Total Nutrient Uptake (kg ha™)
Grain Straw
N P K N P K N P K
T, 54.16b 11.16ab 11.06b 34.81a 4.29b 62.57 b 88.97 ab 15.36b 73.63 b
T, 50.42c 11.39a 10.88b 32.22b 4.25b 67.61ab | 81.82 bc 15.64b 78.48 b
T3 68.18a 12.96 a 14.54a 27.98c 4.88a 71.03 a 96.16 a 17.84a 85.57 a
Ts 49 c 9.20b 11.45b 25.02d 3.48b 52.64c 75.44 c 12.68c¢ 64.09 c
CV (%) 12.54 9.71 12.92 16 14.68 4.5 6.59 13.08 4.56

T,=BF (2 t/ha), T,= NPKS (100%)*, Ts= BF+ NKS (75%), T,= Control, *NPKS kg/ha@ 67-10-41-10
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BRRI R/S Barisal

The soil fertility status of Barisal R/S (Charbodna) was poor, having organic C content of 0.74%, total N, 0.7%,
available P, 5.75 ppm, exchangeable K, 0.08 meq/100 g soil and available sulfurl2 ppm. Four treatments were
used in this study. The highest grain yield (3.94 t/ha) was obtained in BF+ NKS 75% (Ts) which was statistically
similar to NPKS 100% (T,) treatment (Table 9). The lowest grain yield was found in control plot. The highest
straw yield was also obtained in T, treatment. In Barisal soil only biofertilizer application produced considerable
grain yield.

Table 9: Effect of biofertilizer on plant growth and yield at BRRI, R/S Barisal (variety BRRI dhan71)

Treatment Tiller/m? Panicle/m’ Grain Yield (t/ha) Straw yield (t/ha)
Ty 178 a 165 3.40b 5.30a

T, 176 a 173 3.61ab 5.51a

T3 182 a 171 3.94a 454 b

Ta 150 b 144 1.90c 4.07b

CV (%) 6.37 7.62 7.15 6.31

T,=BF* (2 t/ha), T,= NPKS (100%) **, Ts= BF+ NKS (75%), T,= Control, * (2 t/ha), **NPKS kg/ha@ 67-10-41-10.
Date of seeding: 7/7/17, Date of transplanting: 20/8/17, Date of harvest: 24/11/17.

Effect of biofertilizer application on plant nutrient uptake

Nutrient uptake is given in Table 10. The highest amount of grain NPK uptake was found in T3 (BF+ NKS 75%)
treatment. In the straw sample highest amount of N uptake was recorded with chemical fertilizer (T,) and
biofertilizer treatment (T;). Total N and K uptake was statistically similar in T;, T, andTstreatments.

Table 10: Effect of biofertilizer on plant nutrient uptake at BRRI, R/S Barisal (variety BRRI dhan71)

Treat Nutrient Uptake (kg ha™) Total Nutrient Uptake (kg ha™)
Grain Straw
N P K N 3 K N 3 K
T 37.28c | 7.76b |1066a |32.72a |5.79b 61.32ab | 70.00a | 13.55b 7198 a
T, 41.58b |898ab | 10.80a |31.52a |6.68a 62.29a | 73.09a | 15.65ab | 73.08a
Ts 4846a |11.21a | 12.48a |20.46b |6.25ab |54.14b |68.92a | 17.47a 66.62 a
Ta 15.81d |4.51c [6.32b |19.89b |3.70c 3490c |3571b |8.21c 41.22 b
CV (%) |5.93 9.02 17.68 6.52 6.93 7.36 4.22 10.97 8.44
T:=BF* (2 t ha™), T,= NPKS (100%) **, T5= BF+ NKS (75%) , T2= Control, * (2 t ha™), **NPKS kg ha'@ 67-10-41-10.

BRRI Gazipur

BRRI R/S Rajshahi
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Pictures: Experimental trial at different BRRI Gazipur, BRRI R/S Rajshahi and BRRI R/S Barisal

Demonstration of biofertilizer in the farmer’s field (Application of technology):
Prepared biofertilizer was evaluated in the farmer’s field of Rajshahi, Barisal and Kishoreganj. Farmer’s field was

surveyed and demonstrations trials were done with the farmer’s participation in T. Amanrice grown in 2017.
Four farmers were selected from each location.

Farmer’s field demonstration trial at Rajshahi

Two locations at Poba and one location each at Godagari and Durgapur were selected for farmer’s field
demonstration trial. The demonstration trial result of Rajshahiis given in Table 11. At Poba, one trial was
conducted on Golam Ambia’s field. The soil of his field contained 1% organic C, 0.09% total N, 26.21 ppm
available P, 0.10 meq /100 g soil exchangeable K and 12.12 ppm available sulfur. The result of demonstration
trial showed 6.25% vyield increase in Ty (BF+NKS, 70%) application field compared to full chemical fertilizer
treatment (T,). The second trial was conducted on Ibne Khalid’s field at Poba. The soil contained 1.0% organic C,
0.1% total N, 24.12 ppm available P, 0.14 meq/100g soil exchangeable K and 12.11 ppm available sulfur. The
result showed 13% yield increase due to biofertilizer application with 30% reduced chemical fertilizer. The trial
at Godagari was damaged due to a sudden stormspell just 3 days before crop harvest. Even thoughthere was a
yield increment in biofertilizer applied plot (T;).The 4th trial was conducted at Durgapur, Md. Alamgir’s field. The
organic C of his field soil was 1.10%, total N, 0.10%, available P, 35 ppm, Exchangeable K, 0.14 meq/100 g soil
and available sulfur 13.14 ppm. About 9% yield increment was found in this field trial at T; treatment.

Table 11: Farmer’s demonstration field trial at Rajshahi (Rice variety: BRRI dhan71)

Farmers’ name | Location Date Treat | Tillerm 2 | Panicle m ™ | Grain Yield | Straw yield
(tha™) (tha™)

Golam Ambia Poba Transplanting: T, 247 220 4.25 5.79
31/7/17 T, 248 228 4.01 5.70
Harvest: 4/11/17

Shadat Hossain | Godagari | Transplanting: Ts 250 172 231 3.66
31/7/17 T, 244 164 2.06 3.02
Harvest: 4/11/17

Md. Alamgir Durgapur | Transplanting: T, 152 145 4.07 4.29
11/8/17 T, 122 114 3.72 4.54
Harvest: 5/11/17

Ibne Khalid Poba Transplanting: T, 180 169 3.64 3.67
31/7/17 T, 172 169 3.22 3.79
Harvest: 6/11/17

T,=BF+NKS (70%), T,- Farmers’ practice (NPKS kg/ha@ 67-10-41-10).
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Picture: Farmer’s demonstration field trial at Rajshahi

Farmer’s field demonstration trial at Kuakata, Najirpur, and Borguna

The field demonstration result is given in Table 12. Shadiul Islam’s field was selected for the demonstration trial
at Kuakata. The field soil was poor in nutrient content, organic C (0.68%) total N (0.07%) and available P (5.31
ppm). The sulfur content was 24.06 ppm and exchangeable K was 0.24 meq/100 g soil. In this soil application of
biofertilizer with 30% reduced chemical fertilizer (T,) gave 10% yield increment. The selected Nazirpur farmer’s
field was submerged prone saline soil. At the seedling stage, field was submerged for 18 days. BRRI dhan52 was
cultivated in this field. The field of Elias Mir had low in organic C (0.78%), total N (0.07%), available P (5.12 ppm),
exchangeable K (0.26 meqg/100 g soil) and available sulfur (26.31 ppm). However 3% higher yield was obtained in
T, treatment. Borguna farmer’s field soil was also low in organic C (0.81%), total N (0.08%), available P (6.00
ppm), exchangeable K (0.25 meq/100 g soil) and available sulfur (26.02 ppm). BRRI dhan54 was cultivated and
got about 10% yield increment in T; treatment. Md. Kabul Sheikh at Najirpur also cultivated BRRI dhan52 and
crop was submerged for 18 days at seedling stage. His field soil contained 0.78 % organic C, 0.08% total N, 5.01
ppm available P, 0.25 meq/100g soil exchangeable K and 25.13 ppm available sulfur. About 14% yield benefit
was recoded in T, treatment.

Table 12: Farmer’s field demonstration trial at Kuakata, Borguna and Najirpur

Farmers’ name | Location | Variety Date Treat | Tiller | Panicle | GrainYield | Straw
m? m? (tha™) yield
(tha™)
Shahidul Islam Kuakata | BRRI Transplanting: T, 256 248 3.85 4.37
dhan49 | 18/8/17 T, | 305 247 3.49 4.92
Harvest: 17/11/17
Elias Mir Nazirpur | BRRI Transplanting: T, 336 252 4.63 5.82
dhan52 | 7/9/17 T, | 350 300 4.49 5.61
Harvest: 5/12/17
Md. Al- Amin Borguna | BRRI Transplanting: T, 352 339 5.66 4.72
dhan54 | 5/8/17 T, 327 309 5.14 5.55
Harvest: 17/11/17
Md. Kabul Seikh | Nazirpur | BRRI Transplanting: T, - - 3.89 -
dhan52 | 19/8/17 T, - - 4.52 -
Harvest: 2/12/17

T1=BF+NKS (70%), T,- Farmers’ practice (NPKS kg/ha@ 67-10-41-10).
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Picture: Farmer’s demonstration field trial at Kuakata, Borguna and Najirpur

Farmer’s field demonstration trial atKotiadiKisorganj

Four field trials were also conducted at Kotiadi Kisorganj (Table 13). Md. Samsuddin cultivated BRRI dhan71.Field
soil contained organic C (1.15%),total N (0.12%), available P (22.31 ppm), exchangeable K (0.11meq/100 g soil)
and available sulfur (12.56 ppm). Yield was recorded 4.66 t/ha (T,) with biofertilizer + 30% reduced NKS fertilizer
and 4.38 t/ha in only chemical fertilizer (T,) applied treatment. The demonstration field soil of Jwel Rana
contained organic C (1.20%), total N (0.11%), available P (22.11 ppm), exchangeable K (0.13 meq/100 g soil) and
available sulfur (13.13 ppm). BRRI dhan75 was cultivated and about 11% vyield benefit was recorded in (T,)
treatment. Robi Mian also cultivated BRRI dhan75 and about 10.67% yield increment was obtained in same (T,)
treatment. Field soil of this demonstration contained organic C (1.13%), total N (0.11%), available P (21.20 ppm),
exchangeable K (0.12 meq/100 g soil) and available sulfur (12.56 ppm). The field soil of Abul Kalam contained
organic C (1.11%), total N (0.11%), available P (21.20 ppm), exchangeable K (0.12 meq/100 g soil) and available
sulfur (12.13 ppm).BRRI dhan49 was cultivated in this soil and about 3% yield benefit was obtained in T, plot.

Table 13: Farmer’s field demonstration trial at Kotiadi Kisoregonj

Farmers’ name | Date Variety | Treat | Tillerm ™ | Paniclem? | Grain Yield | Straw yield
(tha™) (tha™)

Md. Samsuddin | Transplanting: BRRI T; 342 283 4.66 5.49
5/8/17 dhan71 T, 323 222 4.38 4.68
Harvest: 31/10/17

Jewel Rana Transplanting; BRRI T, 172 133 3.08 4.07
5/8/17 dhan75 T, 161 127 2.77 3.77
Harvest: 9/11/17

RobiMian Transplanting: BRRI T, 273 236 3.42 3.32
5/8/17 dhan75 T, 288 239 3.09 2.81
Harvest: 9/11/17

AbulKalam Transplanting: BRRI T, 284 281 4.53 5.33
5/8/17 dhan49 T, 290 278 4.66 5.56

Harvest: 27/11/17

T1=BF+NKS (70%), T,- Farmers’ practice (NPKS kg ha’@ 67-10-41-10).
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Picture: Farmer’s field demonstration trial at Kotiadi Kisorganj

On research station trial (Boro season)

In the Boro season of 2017-18, three field trails were conducted at BRRI Gazipur, BRRI R/S Cumilla and BRRI R/S
Barisal.BRRI dhan58 was cultivated in all three locations. In Gazipur soil the highest yield (6.04 t/ha) was
obtained in T, treatment (chemical fertilizer) which was statistically similar to (6.04 t/ha) T; treatment where BF
+ 70% reduced NKS fertilizer was used. The grain yield trend was similar in Cumilla R/S. The highest grain yield
was obtained in T; (8.67 t/ha) and it was statistically similar to T, (8.31 t/ha) treatment. At Barisal R/S statistical
similar grain yield was obtained in T, T, and T; treatments. The lowest grain yield was recorded in control
treatment.

The yield trend of three research station revealed a significant effect of biofertilizer on grain yield (Figure 2).
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Figure 2: Effect of biofertilizer on rice yield at Gazipur, BRRI R/S Cumilla and BRRI R/S Barisal (variety BRRI
dhan58) at Boro 2017-18. *NPKS kg/ha@ 120-15-60-10

Farmer’s field demonstration trial at Amtali, Barguna and Dacope, Khulna (Boro season)
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At Amtali, Barguna site, application of biofertilizer @2 t ha™ (dry weight basis) along with 30% reduced urea and
100% removal of TSP fertilizer increased panicle number (9%), filled grain/panicle (17%) and rice yield about 1
t/ha (22.3%) compared to full chemical fertilizer of BRRI dhan67 (Figure 3). Whereas, in Dacope, Khulna site,
biofertilizer increased panicle number (20%), filled grain per panicle (1%), and also rice yield by 1 t/ha (15.3%)
compared to balanced chemical fertilizer of BRRI dhan67 (Figure 3).

Above findings from Amtali and Dacope showed that biofertilizer was capable of improving rice yield in saline
soil where irrigation water salinity varied from 0.65-2.53 dS/m with the corresponding soil salinity raged from
6.59-8.96 dS/m.
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Figure 3: Effect of biofertilizer on rice yield at Amtali, Barguna and Dacope, Khulna (variety BRRI dhan67) at
Boro 2017-18.
T,=BF+NKS (70%), T,- Farmers’ practice (NPKS kg/ha@ 140-20-80-10 kg ha™).

Effect of biofertilizer application on soil biology

Microbial activity is an indicator of soil health. We determined the microbial populations of the experimental soil
and farmers’ field soil after establishment of the experiment. Study report showed that application of
biofertilizer significantly increased free living N, fixing and phosphate solubilizing bacteria population which
indicated survival of the applied bacteria in the field condition (Table 14 to Table 19).

On research station trial (BRRI Gazipur)

Application of biofertilizer along with or without chemical fertilizer significantly increased free-living N, fixing
(NFB) and PSB population compared to control and chemical fertilizer applied plot (Table 14). The highest NFB
population was found in Tg (Soil inoculation) treatment and it was statistically similar to other biofertilizer
applied plot. The lowest NFB population was found in the control treatment. The highest PSB population was
also found in Tg (Soil inoculation) treatment which was statistical similar to T, T; andT, treatments. Result
showed that application P nutrient increased survival of applied PSB via biofertililizer.

BRRI R/S Rajshahi

Initial soil microbial population and after harvest is given in Table 15. Application of biofertilizer increased NFB
population compared to chemical fertilizer and initial soil. The population of PSB and NFB was also increased
compared to initial soil.
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Table 14. Effect of biofertilizer and chemical fertilizer on soil microbial population at BRRI, Gazipur

Free living N,-fixing Phosphate
Treatment | Total bacteria Fungus Actinomycetes bacteria solubilizing bacteria
T1 3.3x10’a 4.4x10%abc 2.0x10%ab 3.2x10% 1.9x10%bc
T2 2.0x10’a 3.6 x10°bc 2.7x10%ab 4.1x10%b 2.1x10%abc
T3 3.0x10’a 4.8x10%abc 3.4x10%a 4.5x10%ab 2.0x10%abc
T4 2.6x107a 3.2x10°c 1.3x10%b 5.3x10%ab 2.4x10%b
T5 2.2x107a 7.1x 10°a 2.2x10%ab 3.5x10%b 1.8x10%c
T6 2.4x10"a 6.0x10°ab 1.2x10% 6.3x10% 1.8 x 10%c
T7 2.2x10’a 5.0x10%abc 1.0x10%b 6.6x10% 1.7 x10%
T8 1.2x10%a 5.6x10%abc 2.5x10%ab 6.7x10% 2.5x10%
Initial soil | 4.0x10° 4.6x10° 1.0x10" 4.0x10° 1.4x10"
cv 41.68 29.39 52.62 36.85 13.79

T,=control, T,= NPKS (100%) **, Ts= NKS (100%), T.=BF + NKS (100%), Ts= NPKS (75%), Te= BF+ NKS (75%), T,=

BF*, Tg= Soil inoculation, * BF 2 t/ha, **NPKS kg/ha@ 67-10-41-10.

PSB= Phosphate sloubilizing bacteria, NFB= Free- living N, fixing bacteria.

Table 15. Effect of biofertilizer and chemical fertilizer on soil microbial population at BRRI R/S Rajshahi

Treatment Total Fungus Actinomycet Free living N,-fixing Phosphate solubilizing
bacteria es bacteria bacteria

T 2.13x10" b | 4.06x10°> a | 4.62x10 3.51x10%a 2.94x10%a

T, 1.47x10"b | 2.82x10° a | 2.86x 10 2.06 x 10" 2.68 x 10"a

Ts 6.08x10"a | 1.09x10° b | 1.65x 10 3.11x 10%b 2.64 x 10%a

Ta 2.09x10" b | 1.09x10° b | 1.09x 10 1.83 x 10% 1.59 x 10°b

Initial 1.47 x 10’ 1.65 x 10° 1.62 x 10* 1.80 x 10* 1.74 x 10*

population

CV (%) 28.86 36.52 72.56 48.15 13.93

T,=BF (2 t/ha), T,= NPKS (100%)*, T3= BF+ NKS (70%), T4= Control, *NPKS kg/ha@ 120-15-60-10
BRRI R/S Barisal
The population of PSB and NFB was significantly increased due to application of biofertilizer in Barisal farm

(Charbodna). The increased bacteria population due to application of biofertilizer indicates the improvement of

soil biology. The applied NFB strains were capable to fix atmospheric N, and continuous supply of N ensured
higher yield compared to chemical fertilizer. The soil biology of BRRI R/S Barisal farm (Charbodna) is described in

Table 16.
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Table 16. Effect of biofertilizer and chemical fertilizer on soil microbial population at BRRI R/S Barisal

Treatment Total Fungus Actinomyc Free living N,-fixing Phosphate solubilizing
bacteria etes bacteria bacteria

T 1.96 x 10’ 3.29x10°a | 4.35x10° 8.03x 10°a 2.35x10a

T, 1.77 x 10’ 1.53x10® b | 3.55x10° 1.87 x 10°b 5.10 x 10°b

T; 1.80x 10’ 1.68x10° b | 4.26x10° 8.09 x 10°a 1.13 x 10%a

Ts 1.18 x 10’ 9.31x10°b | 1.86x 10’ 1.37x 10%b 3.34x10°b

Initial 1.82x 10’ 2.73x10° 1.82 x 10? 1.55 x 10* 3.82x10°

population

CV (%) 54.83 40.17 91.73 37.7 70.51

T,=BF (2 t/ha), T,= NPKS (100%)*, Ts= BF+ NKS (70%), Ts= Control, *NPKS kg/ha@ 120-15-60-10

Farmer’s field demonstration trial at Kotiadi, Kisoregonj

Application of biofertilizer increased PSB and NFB population at the field of Jwel Rana, Robi Mia and
Samsuddin’s compared to Abul Kalam (Table 17). It was also noticed that lower yield was obtained in
biofertilizer applied plot compared to chemical fertilizer application at Abul Kalam’s field.

Table 17. Effect of biofertilizer and chemical fertilizer on soil microbial population at Farmer’s field
demonstration trial (Kotiadi, Kisoregonj)

Farmers’ Treatme | Total Fungus | Actinomycetes | Free living N,-fixing Phosphate
Name nt bacteria bacteria solubilizing bacteria
T, 5.4x10° | 3.6x10° 3.6x10? 1.4x10° 8.0x10*
Jewel Rana T, 3.6x10° | 1.8x10° 3.6x10? 1.4x10* 6.6x10°
T, 9.6x10° 1.6x10° 1.5x10° 1.9x10* 7.8x10°
Abul Kalam T, 6.6x10° | 1.6x10° 1.6x10? 1.1x10* 9.0x10*
T 1.9x10° | 1.6x10° 1.6x10? 9.8x10" 3.2x10"
Robi Mia T, 1.5x10° | 1.5x 10° 1.5x10? 9.0x10° 3.3x10°
T 3.2x10° | 1.6x10° 1.6x10? 9.7x10* 4.9x10"
Samsuddin T, 1.6x10° | 1.6x10° 1.6x10? 6.5x10° 3.3x10°

T,=BF+NKS (70%), T,- Farmers’ practice (NPKS kg/ha@ 67-10-41-10).

Farmer’s field demonstration trial at Rajshahi region

At Rajshahi, application of biofertilizer increased PSB and NFB population of Md. Alamgir, Golam Ambia and
Shadat Hossain field. The data obtained are given in Table 18. Among the tested field soil, the soil biology of Md.
Alamgir’s field was comparatively good than other three farmers.
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Table 18. Effect of biofertilizer and chemical fertilizer on soil microbial population at Farmer’s field
demonstration trial (Rajshahi region).

Farmers’ Total Fungus | Actinomycetes Free living N,- Phosphate
Name Treatment | bacteria fixing bacteria solubilizing bacteria
Md. T, 1.7x10° | 2.6x10° 7.9x10° 5.6x10" 5.5x10*
Alamgir T, 1.3x10®° | 3.2x10° 2.1x10° 1.8x10* 6.4x10°

lbne T, 5.5x10° | 6.9x10° 1.4x10* 1.4x10* 2.2x10"
Khalid T, 2.4x10° | 3.5x10° 3.5x10" 2.4x10* 2.0x10"
Golam T 6.7x10° | 3.4x10° 2.2x10* 1.6x10* 8.5x10"
Ambia T, 4.2x10° | 2.1x10° 1.1x10* 1.3x10* 1.2x10°
Shadat Ty 8.7x10° | 2.4x10° 2.5x10" 2.8x10" 9.8x10*
Hossian T, 5.2x10° | 2.7x10° 1.6 x10* 1.9x10* 6.2x10°

T,=BF+NKS (70%), T,- Farmers’ practice (NPKS kg/ha@ 67-10-41-10).

Farmer’s field demonstration trial at Barisal region

Apparently, status of soil biology was good in Barisal region compared to other soil. The high number of total

bacteria was recorded in Elias Mir field. A considerable number of NFB and PSB was population also found in all

tested sites. Application of biofertilizer also increased the desired bacteria population. Population of bacteria

and other microbes were given in Table 19.

Table 19. Effect of biofertilizer and chemical fertilizer on soil microbial population at Farmer’s field
demonstration trial (Barisal region).

Farmers’ Total Fungus | Actinomycetes Free living N,- Phosphate

Name Treatment | bacteria fixing bacteria solubilizing bacteria

Kabul T 9.6x10" | 3.6x 10° 1.8x10? 9.0x10° 6.4x10"

Seikh T, 6.8x10" | 1.8x 10° 3.6x10° 3.6x10" 3.2x10*

Elias Mir | T4 1.4x10° | 4.8x 10° 1.4x10° 3.2x10° 1.5x10°

T, 1.4x10° | 1.6x 10° 1.8x10° 8.0x10" 2.3x10°

AlAmin | T, 4.8x10" | 1.2x 10° 3.7x10? 7.4x10° 4.0x10°

T, 6.5x10" | 1.2x 10° 9.8x10° 9.8x10" 5.8x10°

Sahidul | T, 6.0x10" | 1.8x 10° 1.8x10° 1.5x10° 4.0x10°

Islam T, 9.6x10° | 3.6x 10° 1.8x10? 1.6x10° 3.6x10°

T,=BF+NKS (70%), T,- Farmers’ practice (NPKS kg/ha@ 67-10-41-10).

Farmers Field Day and Farmers Opinion

A field day and crop cut was arranged at Poba Rajshahi farmer’s field (Golam Ambia). Head BRRI R/S Rajshahi,
Agricultural Extension Officer and Field assistants were present in that program. A total number of 60 farmers
participated in the program; among them 40 was male and 20 female. In front of farmers and participants crop
cut was done and yield data were recorded.
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Picture: Farmer’s field day at Rajshahi

A questioner was prepared to get farmers opinion about the uses of biofertilizer. Survey was conducted at
Rajshahi, Pirojpur and Kishoreganj. The farmers opinions were ranked as ‘good’, ‘fair’ and ‘Bad’ (Table 22), and
result expressed as percentage. The overall reaction about odor of biofertilizer was good, all of the farmers were
happy to use biofertilizer as they got yield benefit. For easy application, 2-5% farmers demanded granular form
biofertilizer. The farmers were willing to use this biofertilizer in future. If price would be within 10 taka then they
would be interested to apply in their field.

Table 20. Farmers Opinion (%) about the applied biofertilizer

Questions Rajshahi Najirpur, Pirojpur Kishoreganj
Good | Fair Bad Good Fair Bad | Good | Fair | Bad
Odor 100 0 0 100 0 0 100 0 0
User friendly 98 2 0 100 0 95 5 0
Yield Benefit 100 0 0 100 0 0 99 1 0
Intend to use if product is available 100 0 0 100 0 0 100 0 0
Market price 10 tk/kg 100 0 0 100 0 0 100 0 0

13. Research highlight/findings (Bullet point — max 10 nos.):

e Twenty eight potential plant growth promoting bacteria (PGPB) were isolated from favorable and
unfavorable (saline and acid soil) ecosystem (Lalmonirhat, Rajshai, Barisal, Patuakhali, Kuakata, and
Gazipur).lsolated PGPB strains were able to fix N, (100-1600 ppm), solubilize P (300-1300ppm) and
produce IAA (0.003-0.028%) in broth culture.

e Among them seven were identified using 16S rRNA gene sequencing as;Bacillus mycoides(acid soil),
Proteus sp. (acid soil),Bacillus cereus (acid soil), Bacillus Subtilis (favouable ecosystem), Bacillus pumilus
(acid soil), Paenibacillus sp. (saline soil),and Paenibacilluspolymyxa(favorable ecosystem).

e Three ton biofertilizer was prepared with isolated 10 potential PGPB strains. Degradable Kitchen/
chaccha bazar waste material, 15% biochar (chitadhan), and 5% rock phosphate were used as carrier
material of the biofertilizer. Prepared biofertilizer was applied to the research stations and farmers field
for validation.

e The biofertilizer application saved 25-30% chemical N fertilizer (Urea) for rice production
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o Biofertilizer completely eliminate (100%) TSP fertilizer use in rice production and promoted natural

source of rock phosphate for rice production in Bangladesh (5% rock phosphate is the active ingredient

of the biofertilizer).

e The post soil analyses data (after harvesting of crop) proved applied biofertilizer improved soil biology

with free-living N, fixing and phosphate solubilizing bacteria.

e Biofertilizer tested in different farmer’s field at Rajshahi, Barisal, Kishoreganj, Dacope, Khulna and

Amtoli, Barguna proved that rice yield increased by 2 to 20% at different locations with30% reduced
chemical N and without (100%) TSP fertilizer.

B. Implementation Position

1. Procurement:

Description of equipment and PP Target Achievement Remarks
capital items Phy (#) Fin (Tk) Phy (#) Fin (Tk)
(a) Office equipment
1. Scanner 1 10000 1 13500 100 (%)
2. Printer 1 20000 1 16400 100 (%)
(Price re-fixed as
per BRRI
Procurement
committee)
(b) Lab &field equipment Lump 643265 Lump 592640
1. Chemicals, media and lab 100 (%)
Glassware 100 (%)
2. Identification of Bacteria 7 30000 7 30000 (As per BRRI
Procurement
committee)
(c) Other capital items
1. Bioreactor 1 420000 1 416000 100 (%)
2. Rice Straw Grinder 1 150000 1 149000 100 (%)
(As per BRRI
Procurement
committee)
3. Establishment/renovation facilities: Not eligible
Description of facilities Newly established Upgraded/refurbished Remarks
PP Target Achievement PP Target Achievement
4. Training/study tour/ seminar/workshop/conference organized:
Description MaleNumbserrzi;::;artlupa%tal Duration (Days/weeks/ months) Remarks
(a) Training - - -
(b) Workshop 45 20 65 1 day Honorable PD of

the NATP was the
chief guest
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C. Financial and physical progress

Figin Tk
Total Fund Actual Balance/ | Physical Reasons
Items of expenditure/activities approved received | expenditure | unspent | progress for
budget (%) deviation
A. Contractual staff salary 444690 444690 444690 0 100 -
B. Field research/lab expenses and supplies 1194452 1021277 1021277 0 100 -
C. Operating expenses 200576 198571 194326 4245 100 Bank
operation
D. Vehicle hire and fuel, oil & maintenance 177603 173103 173103 0 100 -
E. Training/workshop/seminar etc. 140100 133100 133100 0 100 -
F. Publications and printing 85000 73000 5000 68000 0 PCR cost
return to
BARC,
NATP-2
G. Miscellaneous 41679 39939 39939 0 100 -
H. Capital expenses 594900 594900 594900 0 100 -

D. Achievement of Sub-project by objectives: (Tangible form)

Specific objectives of
the sub-project

Major technical activities
performed in respect of the set
objectives

Output(i.e. product
obtained, visible,
measurable)

Outcome(short term
effect of the
research)

i) To Isolate and bio-
molecular
characterize of free-
living N, fixing and
Phosphate
solubilizing bacteria
from favorable and
unfavorable rice

Twenty eight PGPB strains were
isolated and characterized from
saline, acid and barind soil

Capability of N, fixation,
phosphate solubilisation and
IAA production of isolated
PGPB were determined

Report, Data, isolated
strains were preserved in -
56°C refrigerator

Data, Report

Twenty eight
potential PGPB strain
were isolated which
could be used as
biofertilizer

Potentiality of
indigenous PGPB

ecosystem were determined
Molecular identification of Gene sequencing,
seven potential PGPB Reporting Seven strains were
identified using
molecular tool
ii)To improve About 3 ton of Biofertilizer was | Biofertilizer Biofertilizer was

biofertilizer with
potential bacterial
strains

prepared using 10 potential
strains

applied to the
research station and
farmers field
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iii) to evaluate
efficacy of
biofertilizer to
promote rice plant
growth and yield and
to find

appropriate dose of
chemical fertilizer

Three field experiments were
conducted at BRRI Gazipur,
BRRI regional station Rajshahi
and Barisal.

Twelve demonstrations were
conducted at the farmer’s field
of Borguna, Kuakata, Pirojpur,
Kisorganj, and Rajshahi.

Crop yield data, report,
leaflet, reporting at News

paper

Field evaluation of

biofertilizer

performed and

following outcome

documented:

Biofertilizer

e Capable to reduce
30% urea use

e Eliminate 100%
TSP use for rice
production

e Promote rock
phosphate for rice
production

e Improved rice
yield 5-10%

iv) to improve soil
biology

Population of total bacteria,
free-living N, fixing bacteria,
phosphate solubilizing bacteria,
fungus and actinomycetes were
determined

Plant nutrient uptake and soil
chemical properties was
analyzed

Data, Report etc

Biochemical
properties of field
soil (initial and after
crop harvest) were
analyzed

Social impact of
biofertilizer was
surveyed

E. Materials Development/Publication made under the Sub-project:

Number of publication

Remarks (e.g. paper title, name of

Publication Under Completed and journal, conference name, etc.)
preparation published
Technology bulletin and leaflet - 2 1.*“Bio-organic fertilizer for rice

production-Urea and TSP saving
technology”published in BRRI
Newsletter, July-September 2017.

2. Leaflet: 4 sca qra-rfifsie
e IR ol @ Bt
ef&-

3. Poster: Bio-organic
fertilizer: A green technology
to improve soil health

and rice yield

Journal publication

Information development

Biofertilizer for rice production with
30% reduced urea and without TSP
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Daily Star (26/09/2017)
Daily Observer (27/9/2017)
Daily Ittefaq (26/09/2017)
Jonokontho (29/9/2017)
The Sun(01/10/2017)
Jai-Jai DIN (01/10/2017)

Other publications, if any - News at daily
news paper

ounewNR

F. Technology/Knowledge generation/Policy Support (as applied):

i Generation of technology (Commodity)

Biofertilizer (BRRI bio-organic biofertilizer)

It is a green technology to reduce 30% urea and eliminate 100% TSP fertilizer use in
rice production. Application of biofertilizer @ 2 ton/ha increased 5-20% rice yield and
improved soil health.

ii. Generation of new knowledge that help in developing more technology in future

/ e Promote rock phosphate for rice cultivation \

e Use of indigenous plant growth promoting bacteria (PGPB) to improve crop
productivity and soil health

e Appropriate technology to manage and recycle kitchen waste and improve soil
organic carbon sequestration

e Way to reduce greenhouse gas emission due less use of chemical fertilizer use

- )

iiii. Technology transferred that help increased agricultural productivity and farmers’ income

[ BRRI Bio-organic fertilizer ]

iv. Policy Support

[ Biofertilizer for sustainable rice production ]
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G. Information regarding Desk and Field Monitoring

i) Desk Monitoring[description & output of consultation meeting, monitoring workshops/seminars etc.):
Monitoring team Date(s) of visit Total visit till Remarks
date (No.)
Internal Monitoring by 16" May, 2018 1 Highly
Technical Division/ Unit, BARC Satisfied
Internal Monitoring by 12" August, 2017 2 Highly
Technical Division/ BRRI 5t March, 2018 Satisfied
iii) Field Monitoring (time& No. of visit, Team visit and output):
Monitoring team Date(s) of visit Total visit till Remarks
date (No.)
Visitors: 3 Highly
1) Director General BRRI 18™ July, 2017 (BRRI Gazipur) Satisfied

2) Director Research
BRRI
3) Field visit by Agriculture Officer

5™ November 1017 (Rajshahi)

6™ November 2017
(PobaRajshahi)

Signature of the Principal Investigator

Counter signature of the Head of the

organization/authorized representative
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Appendix
B. mycoides

>SL2 F

CATGGATAACAGATACCATGTTAGTCGGAGGTAGCACAGAGGGACTTGGC
CCCTCGGGAGAAGAGTGGCGCGCGGGTGAAAAGTGTGGGGGTCTCTGCCC
TATAGGGGGGGACCCCTGTGGAAAGGGGGGCTAATCCCGCATAACCTCAC
AAGCCCAAAGGGGGGCCCCTTCGGCCCTCTCTCTCTCGGAAGCCCCCATG
GGGTTTTATCTAGTGGGGGGGGAAGTGCCCCCCCTAGGCCAATACCCCTA
TGTGGTCTGAGAAGAAGACCCCCCACTGTGGCTCTGACACACGCCCCACA
CTCCTACGGGGGGCAGCAGGGGAAAATTTTGCACAGGGGGCGCACCCCTG
GTGCCCCCGTGCCGCGTGTAAGAAAAAGGTCTTCGGTTTGAAAAGTTTTT
TCCGCGGGGAAAAGGGGGGCGCGTATAATCCCCGCGCCTAGTGACTTCCC
CCGCAAAAAAAGCCCGGTATATCTCCGTGCCCACCCCCGCGATAATACGG
AGGGCGCGCGCGTTACTCGATTTTACGGGGCGTAACGCACACGCGGGGGG
TCTGTTAACACATATGAAAACTCCCCGGGTTACCTCTGGACACCGTTTTT
AACTGTCGCGCGTTTGATTCTCGAAGGGGGGGGGGTAAAAACTCCATGTG
TCGGGGGAAATGCGTGAAGAGTTCTGGGAAAAAACCCCTGTGGGCAAGCG
GGCCCCCCCCTGGAGCAGAAGAATTGACCGCTTCATGGCAAAAAAGCGGG
GGGGGGCGAAAAAGGGGGTATTAAGACCCCCGTGGGGTAACCCCCAGCCC
CCCGTAAAAGAAGTTTGTCCCTTTTTGGGAGGGGGTTTTTCCCCCCTTGG
AAAGGAGGGGGGTTTTTCCCGAGCAAAAAAACCGGTTTTTAAACCCCCCA
ACCCCCCCCGTGGGGGGGAAACCACCCCCCCCCCAGGGGTTTAAAAAATC
CCCCAAAATTAATTTTTTGGGGGGGGGGEGEGEGEGECGGGAAAAAAAAAGGGGT
GGGTGAGAAAAACCGTGGGGGGTTTTTAATTATTCTCTCCAGAAGCGCAC
CAGCGCGCGCAAAAAAAAAAAAAACCTCTTAATACTCCTATATCTCTTTT
GTGTGAGACACTACTCCGCCGCGAGGGAAGAATATTTCTTCTCAAGAAGA
AAGAGTAGATATGTGTGTGTGGGTGCCCCTTCTCTCTTTCGGGAG

>SL2 R
GCCTAACTACTATGGTGAGCGCCCTCCCGAAGGTTAAGCTACCTACTTCT
TTTGCAACCCACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGA
ACGTATTCACCGTGGCATTCTGATCCACGATTACTAGCGATTCCGACTTC
ACGGAGTCGAGTTGCAGACTCCGATCCGGACTACGACGCACTTTGTGAGG
TCCGCTTGCTCTCGCGAGGTCGCTTCTCTTTGTATGCGCCATTGTAGCAC
GTGTGTAGCCCTACTCGTAAGGGCCATGATGACTTGACGTCATCCCCACC
TTCCTCCGGTTTATCACCGGCAGTCTCCTTTGAGTTCCCGACCGAATCGC
TGGCAACAAAGGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATT
TCACAACACGAGCTGACGACAGCCATGCAGCACCTGTCTCAGCGTTCCCG
AAGGCACCAATCCATCTCTGGAAAGTTCGCTGGATGTCAAGAGTAGGTAA
GGTTCTTCGCGTTGCATCGAATTAAACCACATGCTCCACCGCTTGTGCGG
GCCCCCGTCAATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGC
GGTCGACTTAACGCGTTAGCTCCGGAAGCCACTCCTCAAGGGAACAACCT
CCAAGTCGACATCGTTTTACGGCGTGGACTACCAGGGTATCTAATCCTGT
TTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTCGTCCAGGGGGCCG
CCCTTCGCCACCGGTATTCCTCCAGATCTCTACGCATTTCACCGCTACAC
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TGCAATTCTACCCCCCTCTACGAGACTCAAGCCTGCCAGTTTCAAATGCA
GTTCCCAGTTAAGCCCGGGGATTTCACATCTGACCTTACAGACGACTGGC
GTGCGCTTTACGCCAAGTAGTCGAATTACGCTGGCACCCTCCGTATTACC
GCGGCTGTCTGACGGAGGTTAGCTGATGCCTTTCCTACGCTG

Proteus sp:

>SL3 F
GGGGGGTTCGGACTACCATGCAAGTCGAGCGGTAACCAAGGTGCTTGGCC
CCGTTGCCGGAGAGCGGGGCGGGGGTGAAAAGTGTGGGGAAAAGTGCGTG
GGGGGGGGGGAACTCCTGTGGAAAGGGGCTATTACCCCGTATAGTGTCAC
GAGCCCAAAGGGGGGCCTCTTCGGCTCTTTTGCCCTCATATGCGCCCATG
GGGTTTTATATTAGGGGGGGGAAAGCGTCTCCTCTGCGACAATACCCCTA
TGGGGTGAGAGAAGAAGACCCCCCACTGTGGCTGTGACACGGGCCCCACA
CCCCCAGGGGGGGCCACTGGGGAAAATTTTGCAAAGGGGGCGCGCCTGTG
GTGCCCCTGTGCCGTGTGTAAAAAAAGCCTTTTCGGTGTGAAAAACTTTT
TCCGGGGGGAAAAGGGTTGAGAGTTAAAACCCCTCCGATTGTGGTTTCCC
CCGCAAAAAAAACCCCGTATATCCCCGCGCCCACCCGCGGTATTTTGGAG
AGGGCGCGCGCTTTTCGCAGTTTCAGGGGGCATAAAGCACACACGCGGTC
TCTTAAAATCGCATGTGTAATCCCCCGCGGTCTCCCTGGGGAACTGTGTT
TTTCAACTGTGGGGGTATAGACTTGTATAGGGGGGGGAGAAATTCCCGGG
TGTCGCTGAAATGTGCATAGAACTGTAGGAAAAATACGGGGGGGAAAAGC
GGGCCCCCCCGTGCAAAAAACATCAGGCCTCTACGGGTGAAAAAACTGGG
GGGAGCAAAACAAGGAGGAATAATACCCCCTGGGGGGACCCCCCeCeceC
AAAACAATGGTTCTCCCATTTTGGGGGTTGGTGGCCCCCTTTTTGGGGGG
GGGGGTTTTTCCCGGGGAATAAAAACGGTTTAAAACCCACCCCCCCCCCC
GGGGGAAAAAACCCCCCCCCCCCACGAGTTTTAAAACTCCCTAAATGAAG
AATTTTGGGGGGGGGGGGGCGCCAAACAAAAAAAGCGGTGGGAAGAAAAC
AGAGGGGGGTTTTTATAATATTTCTCAGAGAGACACACACGCGGAGAGAA
AAAACACACTCTATACACACATATCTCTTCTGTTTACACATCCTCACACA
AAAGAGAAAATATTTTCTCTCTCCCAAGAAAAGTGTGAGTTGTTTGTGGG
CTCCTTCTCTCTCTGTGGGGAGAGAACATACTCACTCTCTGTCGTGTGA

>SL3 R
GCCCTAACTACTATGGTAAGCGCCCTCCCGAAGGTTAAGCTACCTACTTC
TTTTGCAACCCACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGG
AACGTATTCACCGTAGCATTCTGATCTACGATTACTAGCGATTCCGACTT
CATGGAGTCGAGTTGCAGACTCCAATCCGGACTACGACGCACTTTATGAG
GTCCGCTTGCTCTCGCGAGGTCGCTTCTCTTTGTATGCGCCATTGTAGCA
CGTGTGTAGCCCTACTCGTAAGGGCCATGATGACTTGACGTCATCCCCAC
CTTCCTCCAGTTTATCACTGGCAGTCTCCTTTGAGTTCCCGGCCGGACCG
CTGGCAACAAAGGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACAT
TTCACAACACGAGCTGACGACAGCCATGCAGCACCTGTCTCAGAGTTCCC
GAAGGCACCAATCCATCTCTGGAAAGTTCTCTGGATGTCAAGAGTAGGTA
AGGTTCTTCGCGTTGCATCGAATTAAACCACATGCTCCACCGCTTGTGCG
GGCCCCCGTCAATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGG
CGGTCGACTTAACGCGTTAGCTCCGGAAGCCACGCCTCAAGGGCACAACC
TCCAAGTCGACATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGT
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TTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTTGTCCAGGGGGCCC
GCCTTCGCCACCGGTATTCCTTCCAGATCTCTACGCATTTCACCGCTACA
CCTGGAATTCTACCCCCCTCTACAGACTTCTAGCCTGCCAGTTTCGAATG
CAGTTTCCCAGTTGAGCCCCGGGGATTTCACATTCCGACTTTGGACAGAC
GCTGCGTGGCGCTTTACGCCCAGGTATTTCGGATTACGCTGCCACCCTCC
GGTATTACCGCGCTGCTGGCACGAGATAGCGTGCTCTTCTGCGGTCGAAC
GTCAAATCG

Bacillus cereus

>SK1 F
GATCGTGACAGTTTATACATGTTCGTCGTTCGTGAGATAGCCGTACGTGC
TCCCGAGAATGATTAGTTTCGGCCGGGTGAGTAACAGGAGGCGTACCTGC
CTGTAAGACTGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAGTTC
CTTGAACCGCATGGTTCAAGGATGAAAGACGGTTTCGGCTGTCACTTACA
GATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGG
CGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT
CGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCAAGAGTAACTGCTTGCA
CCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGG
GCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGG
GGAGGGTCATTGGAAACTGGGAAACTTGAGTGCAGAAGAGGAGAGTGGAA
TTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGC
GAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGG
AGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGC
TAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGC
ACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACG
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAATTCGAAGCAACGCG
AAGAACCTTACCAGGTCTTTGACATCCTCTGAACAACCCTAGAGGATAGG
GCTTTCCCTTCGGGGGACAGAGTGACAGGGTGGTTGCCATGGTTTGTCGT
TCAGCTCGCGTCGTTGAGAATGGTTGGGATTAAAGTTTCCCGGCCAAAAC
CGCT

>SK1_R
GGGCTTACCTCTCCTCCGTCCCTCTGAGCCCTGACAGACTCTACCGTGTT
TTAAAGAAGCTTTCTCTACTGGGGCCGGATGAAACGCTAACAAGGCCCGG
GAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCT
TCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGG
GATTGGCTAAACCTTGCGGTCTCGCAGCCCTTTGTTCTGTCCATTGTAGC
ACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCA
CCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATG
CTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACAT
CTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTCTGTCCCC
GAAGGGAAAGCCCTATCTCTAGGGTTGTCAGAGGATGTCAAGACCTGGTA
AGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCG
GGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGG

33




CGGAGTGCTTAATGCGTTAGCTGCAGCACTAACGGGCGGAAACCCCCTAA
CACTTAGCACTCATCGTTTACGGCGTGACTACCAGGGTATCTAATCCTGT
TCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCG
CCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACG
TGGAAATTCCACTCTCCTCTTCTGCCCTCAAGTATCCAAGTTTCCAATGA
CCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAACGCTGCG
AGCCCTTTACGCCCCATAATTCGAACAACGCTGCCAACTACGATTACGCG
CTGCTGGCACGTAATGACCTGCTTTTCGGTTAGTACCGTCAAGGTGCAGC
ACTACTTGGACGTGGTCTTCTACACAAAAGCTTACGGATCCGGAAATCTT
AAACATCACCACCCGGGGGTTTCCGGCTCTGACTTGTCTCAATG

Bacillus subtilis

>SB16_F
CCTTGTCCGGCTACTATACATGCAAGTCGAGCGAATGGATTAAGAGCTTG
CTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCC
CATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATT
TTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGG
ATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGC
AACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGG
ACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTC
GTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCA
CCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGC
GCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGT
GGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAA
TTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGC
GAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGG
AGCAAACAGGGATTAGATACCCTGGTAGTCCACGCCGTAACGATGAGTGC
TAGTGTAGAGGGTTCCCGCCCCTTTAGTGCTGAAGTACCGCCATTAGCAC
CTCCCGCCTGGGAAGTACGCCGCAGCCTGAACCTCAATGATTGGACGGGG
CCGCACAGCGGTGGAGCATGTGCTATTCGAAGCACGCGAGACTACAGCCT
GAATCCGTGAACTAGGAATGGCCTC

>SB16_R
TCTGAATCACCTATAGGCGGCTGGCTCCAAAAAGGTTACCCCACCGACTT
CGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGG
GAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCT
TCATGTAGGCGAGTTGCAGCCTACAATCCGAACTGAGAACGGTTTTATGA
GATTAGCTCCACCTCGCGGTCTTGCAGCTCTTTGTACCGTCCATTGTAGC
ACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCA
CCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTTAATG
ATGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACAT
CTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTCTGCTCCC
GAAGGAGAAGCCCTATCTCTAGGGTTTTCAGAGGATGTCAAGACCTGGTA
AGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCG
GGCCCCCGTCAATTCCTTTGAGTTTCAGCCTTGCGGCCGTACTCCCCAGG
CGGAGTGCTTAATGCGTTAACTTCAGCACTAAAGGGCGGAAACCCTCTAA
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CACTTAGCACTCATCGTTTACGGCGTGTCTACCAGGGTATCTAATCCTGT
TTGCTCCCCACGCTTTCGCGCCTCAGTGTCAGTTACAGACCAGAAAGTCG
CCTTCGCCACTGGGTGTTCCTCCATATCTCTACGCATTTCACCGCTACAC
ATGGAAATTTCCACTTTCCTCTTCTGCACTCAAGTCTCCCAGGTTTCCAA
ATGACCCTCCACGGATGAGCCGTGGGGCTTCACATCAGACTAAGAAAACA
ACTTGGCCGCCGCTTACGCCCGATATCGATTACGGCTGCCACTACGTATA
ATCGGGCTGCTGGATCACGTAGTAATCCTGAGATGAGGGCT

Bacillus pumilus

>SL4 F
GGTAGAGCAGACTATACTGCAGTCGAGCGGAGTTGATGAGAGTGCTTGCA
CCTCTGATGCTTAGCGGCGGACGGGTGAGTAACACGTAAGCAACCTGCCT
GTAAGATCGGGATAACTACCGGAAACGGTAGCTAAGACCGGATAACTGCT
TTCCTTGCATGAGGGAAGCATGAAACACGGAGCAATCTGTGGCTTACGGA
TGGGCCTGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCG
ACGATGCGTAGCCGACCTGAGAGGGTGAACGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGA
CGCAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCG
TAAAGCTCTGTTGCCAGGGAAGAACGCCAAGGAGAGTAACTGCTCTTTGG
GTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGGGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGC
GCGCAGGCGGTTTTTTAAGTCTGGTGTTTAATCCCGAGGCTCAACCTCGG
TTCGCACCGGAAACTGGGAGACTGGAGTGCAGGAGAGGAAAGTGCAATTC
CACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAA
GCGACTTTCTGGCCTGTAACTGACGCTGAGCGCGAAAGCGTGGGGAGCAA
ACAGGATTAGATACCCTGTAGTCCACGCCGTAAACGATGAATGCTAGTGT
AGGGGTCGATACCCTGTGCGAGTTAACACAGTAGCATCGCTGGGGAGTTA
CGCCTCGCAGAGTGAACTCAAAGATGACGGGACCCGCCAGCATGGGGTAT
GGGGTATCGAGCACCGGGAGAACCTAACAGCCTGGAACTCGCTGACGTAG
TAGCTCCTCGAAGGTACGGTGTCATGTGCCCACCTGTTCTGATTGGTTAT
CGCCAG

>SL4 R
GTCATCAATCTTACGGCGGCTGGCTCCTTGCGGTTACCTTCCGACTTCGG
GTGTTGTAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGACCCGGGAA
CGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCAATTCCGACTTCA
TGCAGGCGAGTTGCAGCCTGCAATCCGAACTGAGACCGGCTTTTCTAGGA
TTGGCTCCGGATCGCTCCTTCGCTTCCCGTTGTACCGGCCATTGTAGTAC
GTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCGCC
TTCCTCCGGTTTGTCACCGGCAGTCAACTTAGAGTGCCCAGCTTCACCTG
CTGGCAACTAAGTTCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACAT
CTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACCTCTGTCCC
GAAGGAAAGGCTTATCTCTAAGCCGGTCAGAGGGATGTCAAGACCTGGTA
AGGTTCTTCGCGTTGCTTCGAATTAAACCACATACTCCACTGCTTGTGCG
GGTCCCCGTCAATTCCTTTGAGTTTCACTCTTGCGAGCGTACTCCCCAGG
CGGAATGCTTACTGTGTTAACTTCGGCACCAAAGGGTATCGAAACCCCTA
ACACCTAGCATTCATCGTTTACGGCGTGGACTACCAGGTATCTAATCCTG
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TTTGCTCCTCACGCTTTCGCGCTCAGCGTCAGTTACAGGCAGAAAGTCGC
CTTCGCACTGTGTCTCACATCTCTACGCATTTCACCGCTACACGTGGATC
ACTTTCTCTCCTGCACTCAGTCTCAGTCGGTGCGACGAGTGACCTCGATA
ACACGACTAAAACGCTGGCGCGGCTACGCATATCCGAAGCTTGGCCTCAG
ATACCGGGCTGCTGACGAATAGCGGGCTTTTTCAGACGTACAGACAATTC
TCCTGGTTCTGGCACAGCTCAGATCG

Paenibacillussp

>SP1 _F
GCTATTGAGGACTATACTGCAGTCGAGCGGAGTTGATGAGAGTGCTTGCT
CCTCTGATGCTTAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCT
GTAAGATCGGGATAACTACCGGAAACGGTAGCTAAGACCGGATAACTGCT
TTTTTTGCATGAGGGAAGCATGAAACACGGAGCAATCTGTGGCTTACGGA
TGGGCCTGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCG
ACGATGCGTAGCCGACCTGAGAGGGTGAACGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGA
CGCAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCG
TAAAGCTCTGTTGCCAGGGAAGAACGCCAAGGAGAGTAACTGCTCTTTGG
GTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGGGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGC
GCGCAGGCGGTTTTTTAAGTCTGGTGTTTAATCCCGAGGCTCAACCTCGG
TTCGCACCGGAAACTGGGAGACTGGAGTGCAGGAGAGGAAAGTGGAATTC
CACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAA
GCGACTTTCTGGCCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCA
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAACGATGATGCTAGGGT
TAGGGGTTTCGATACCCTTGTGCCGAAGTTACACAGTAGCATTCGCTGGG
GAGTACGCTCGCAGGGTGAAACTCAAAGGATGACGGGGACCGCACAGCAG
TGGAGTATGTGGTTATCGAGCACGCGAGAACTACATCTTGACATCCTCTG
ACGCTAAGATAGCTTCTTCGACAGAGTAACGTGGTGCATGTGTCGTCAGC
TCTGTCCTGGAAGTTGGTAGTTCCGCACGAGGCAACCGTTGACTTATGCC
GCAGTGACATGGACCTAAGTAACTGCCGTTCAACCGGAAGCGCATAGCTC
AAA

>SP1 R
GCTCCCTTCTTCTCGGCGGCTGGCTCCTTGCGGTTACCTCACGACTTCGG
AAGTTGTAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGACCCGGGAA
CGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCAATTCCGACTTCA
TGCAGGCGAGTTGCAGCCTGCAATCCGAACTGAGACCGGCTTTTCTAGGA
TTGGCTCCGGATCGCTCCTTCGCTTCCCGTTGTACCGGCCATTGTAGTAC
GTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCGCC
TTCCTCCGGTTTGTCACCGGCAGTCAACTTAGAGTGCCCAGCTTCACCTG
CTGGCAACTAAGTTCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACAT
CTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACCTCTGTCCC
GAAGGAAAGGCTTATCTCTAAGCCGGTCAGAGGGATGTCAAGACCTGGTA
AGGTTCTTCGCGTTGCTTCGAATTAAACCACATACTCCACTGCTTGTGCG
GGTCCCCGTCAATTCCTTTGAGTTTCACTCTTGCGAGCGTACTCCCCAGG
CGGAATGCTTACTGTGTTAACTTCGGCACCAAGGGTATCGAAACCCCTAA
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CACCTAGCATTCATCGTTTACGGCGTGTACTACCAGGTATCTAATCCTGT
TTGCTCCCCACGCTTTCGCGCCTCAGCGTCAGTTACAGGGCCAGAAAGTC
GCCTTTCGCACTGGTGTTCCTCCACATCTCTACGCATTTCACGCTACACG
TGAGTCACTTTCCTCTCCTGCCCTCAGTCTCCAGTTCGGTGGCGACGAGT
GAGCCTCGGAATAACACCAGACTAAAAACGCTGGCGCGCTTTAGCATATC
GACACGCTTGCCATACGATTACCGCGCCTGCTGACGTATAGCCGGGCTTC
TCTCAGTACGTACAAAGAACGTAGTCTCTGGTCTTTCGGTGCACGACTTA
CGATCGCAACT

Paenibacilluspolymyxa

>SGI11_F
CGGGAGGGGGGGTCTATACTGCAGTCGAGCGATGGATAAGAGCTTGCTCT
TATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATA
AGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGA
ACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGG
ACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACG
ATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGA
AAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAA
AACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTT
GACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGC
GCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAG
GGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCC
ATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAG
GCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCA
AACAGGATTAGATACCCTGGTAGTCACGACCGTAAACGATGAGTGCTAGT
GTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTACGCATTCAGCACTCGGC
TGGGAAGTACTGTGCAGCTGAAACTCAAGAACTGGACGGGGCCTGCATCA
GTCGGGATGTAACATGTGCTAATCGCAGGACTGCGTAGACCGTACAGTCT
GACGTCGCTTG

>SGI11 R
TGTGTATCACCTTAGGCGGCTGGCTCCAAAAAGGTTACCCCACCGACTTC
GGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGG
AACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTT
CATGTAGGCGAGTTGCAGCCTACAATCCGAACTGAGAACGGTTTTATGAG
ATTAGCTCCACCTCGCGGTCTTGCAGCTCTTTGTACCGTCCATTGTAGCA
CGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCAC
CTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTTAATGA
TGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATC
TCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTCTGCTCCCG
AAGGAGAAGCCCTATCTCTAGGGTTTTCAGAGGATGTCAAGACCTGGTAA
GGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGG
GCCCCCGTCAATTCCTTTGAGTTTCAGCCTTGCGGCCGTACTCCCCAGGC
GGAGTGCTTAATGCGTTAACTTCAGCACTAAAGGGCGGAAACCCTCTAAC
ACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGT
TTGCTCCCCACGCTTTCGCGCCTCAGTGTCAGTTACAGACCAGAGAGTCG
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CCTTCGCCACTGGGTGTTCCTCCATATCTCTACGCATTTCACGCTACACA
TGCAATTCCACTTTCATCTCTGCACTCAAGTCTCCAGTTCCAATGACCCT
CCACGGTGAGCGTGGGCTTTCACATCATACCTACAAACACTGCGCGGCGC
TTAACGTCAATCAGTCAGGAATAACCTGGCCACCTACGTATAACGCGGCT
GGCTGCCGTAGCTAGCTTGACTTCCTTGAGTATAACGGTTAACCCG
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RICE FARMING

A green way
to cut cost

»»> BRRI developed new

=1 bio-organic fertiliser

== » Toeliminate TSP use, cut urea
use by 30pc

~. » Toease burden of fertiliser
subsidy

» To help keep environment green

REAZ AHMAD

Bangladeshi scientists have developed the perfect blend of decomposable
waste, biochar, friendly bacteria and rock phosphate to make two most-
used chemical fertilisers in the country's paddy fields largely unnecessary.

A group of soil scientists at the Bangladesh Rice Research Institute (BRRI)
yesterday said use of the newly developed bio-organic fertiliser would
eventually eliminate 100 percent usage of triple super phosphate (TSP) and
reduce urea usage for rice production by 30 percent.

Not only would this help reduce the use of chemical fertiliser, it would
significantly cut the government's yearly fertiliser subsidy of Tk 9,000 crore.

It would also help keep the environment clean and green as it would use
kitchen waste and cut down carbon emission.

The Soil Science Division of BRRI successfully field-tested the efficacy of
this bio-organic fertiliser on paddy in all three rice-growing seasons -- Boro,

SEE PAGE 10 COL 1
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A green way 1o cut cost

FROM PAGE |
Aus and Aman,

The tests were done over the last one
year at BRRI'S compound and the
fertiliser s now on trial at farmers
fields in Barisal, Patuakhali, Rajshahi
and Kishoregan)

(Umme Aminun Naher, a BRRI prin-
cipal scientific officer (PSO) and mas-
termind behind the bio-organic ferti
lser,told The Daily Star vesterday that
theblendhas 10 beneficial bacteria,

About 15 percent of it is biochar
(charcoal used as a soil amendment)
and five percent rock phosphate, she
said, adding that the rest was decom-
posable household vegetablewaste.

She said their trials had shown that
the use of bio-organic fertliser did not
have any impact on rice yields and was
at par with production level achieved
through chemical fertiliser usage.

Naher pointed outthat the feriliser
would help reduce carbon emissions,
Greenhouse gasses are emitted during
chemical fertliser production and its
use,shesaid.

Research revealed that the produc-
tion of one kg of urea and TSP fertliser
emits about six kg of CO2 in the air,
said the Unesco-[STIC (Intemational
Science, Technology and Innovation

Centre for South-South Cooperation)
award-winning scientist,

She said, "We are using the same
tock phosphate, which is a key ingredi-
entin TSP, but in our process the bene-
ficial bacteria make the rock phos-
phate soluble. Other bacteria that we
are using help compost waste, fix
nitrogen from the air and help the
paddy plant grow.

The biocharis produced by burning
rice husk, she added.

Neither Naher nor Jatish Chandra
Biswas, the head of the BRRI Soil
Science Division, could give a clear
ideaon the costof the fertiliser.

They, however, said the cost of
production should be much lower
than chemical fetilisers as "we are
using household wastes, cheap
biochar and bacteria and litle amount
of rock phosphate, which is available
in the marketfor Tk 5 perkg'.

They said the fertiliser would add
organic matter and beneficial
microbes to maintain soil health. Soil
quality would increase with direct
application of carbon via biochat

Research findings indicate that
application of chemical fertlisers fora
long time decreases the populations of
free-living nitrogen fixing bacteria

organismsthat solubilise phosphate as
well asotherbeneficial bacteria,

Md Imran Ullah Sarkar and Afsana
Jahan are the two other soil scientists
of the BRRI team that developed the
fertiliser after several years of research,
Lab tests and field trials

Jatish told The Daily Star that to
move forward with the product, BRI
would first make a patent application.
Once they had the patent, they would
provide interested enterprises with the
technology so that the fertiliser
teached all farmersin thecountry,

The decomposing process of the
waste, bacteria, biocharand phosphate
would generate a considerable amount
of biogas and peaple would be able to
tap into it, once it is produced com-
mercially onalarge scale, he said.

BRRI Director General Md Shahjahan
Kabirtold The Daily Star yesterday thatas
a first step, BRRI would soon approach
the Gazipur City Corporation to go for
bio-organic feriliser production.

"We are (BRRI headquarters)
located in Gazipur and we will
approach the local city authorities to
make the bestuse of the decomposable
waste collected each day. Thatwill have
a demonstrative effect on other places
inthe country," said Kabr
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i0-organic fertilizer
for rice production

A new technology to reduce Urea and TSP use

M A Kashem

Research Institute has developed an

environment friendly Bio-organic fertil-
izer for growing rice, using decomposable
vegetable waste from household and kacha
bazar, rock phosphate (5%), and rice husk
biochar (15%) along with a consortium of
locally isolated 10 beneficial bacteria. Use of
this biofertilizer will reduce 30% use of urea
and eliminate 100% use of TSP fertilizer for
rice production. The efficacy of this bio-
organic fertilizer on rice has been tested at
field level in Boro, Aus and T. Aman seasons.
The application rate of this bio-organic fertil-
izer for rice cultivation in Aus season is
lton/ha while in T. Aman and Boro it is 2
ton/ha, The study result showed that there is
no significant yield reduction by applying
this bin-organic fertilizer while it reduces the
use of 100% dose of TSP and 30% of urea fer-
tilizers. Every year the government has to
subsidize a huge amount of money for urea
and TSP fertilizers.

Moreover, fertilizer production and uses
emits greenhouse gases. Research results
revealed that production of one kg urea and
1 kg TSP fertilizer emits about 6 kg CO2 in
the air. The main raw material of TSP and
DAP production is rock phosphate, which is
cheap and market price is only five taka per
kg. Rock phosphate cannot be used directly
in cultivation of rice and other short dura-
tion crops because of its low solubility. A
group of environment friendly bacteria liv-
ing in the soil known as phosphate solubiliz-
ing bacteria can solubilize rock phosphate
rapidly and make it available to the plants.
Application of this bio-organic fertilizer will
reduce 30% use of urea and full dose of TSP
in rice cultivation and also reduce the envi-
ronment pollution using the wastes from

Soil science division of Bangladesh Rice

)‘*ﬂﬁu I v
A partial view of the BRRI developed new bluo-orgamc fertlllzer

household kitchen and vegetable market
places as organic matter in rice cultivation,
Moreover, it will maintain soil health by
adding organic matter and beneficial
microbes to the soil. This biofertilizer will
increase soil quality by adding carbon direct-
ly in soil as it contains 15% biochar, a sort of
carbon. Research findings indicate that the
populations of free living nitrogen fixing
bacteria, phosphate solubilizing bacteria as
well as other beneficial bacteria are decreas-
ing due to long term sole application of
chemical fertilizers. These bacteria play vital
role in supplying nutrients to the plant and
soil nutrient cycling. Application of this bio-

organic fertilizer will increase these benefi-
cial bacteria population in the soil.

This environment friendly technology will
reduce the urea and TSP production and use or
import cost as well as contribute largely in
increasing rice vield with sustaining soil
health. Dr Umme Aminun Naher, Dr Jatish
Chandra Biswas, Md Imran Ullah Sarkar and
Afsana Jahan all are scientist from Soil Science
Division, BRRI have played their role in devel-
oping this environment friendly technology.

The writer is a Technical editor and head of
PPRD at Bangladesh Rice Research
Institute.
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Bio-organic Fertiliser for

A new technolog

Rice Production

y to reduce

urea and TSP use

Rice Research Institute has developed

an environment friendly Bio-organic
fertiliser for growing rice, using decompos-
able vegetable waste from household and
kacha bazar, rock phosphate (5%), and rice
husk biochar (15%) along with a consor-
tium of locally isolated 10 beneficial bacte-
ria. Use of this biofertiliser will reduce
30% use of urea and eliminate 100% use of
TSP fertiliser for rice production. The effi-
cacy of this bio-organic fertiliser on rice
has been tested at field level in Boro, Aus
and T. Aman seasons. The application rate
of this bic-organic fertiliser for rice culti-
vation in Aus season is lton/ha while in T.
Aman and Boro it is 2 ton/ha.

The study result showed that there is no
significant yield reduction by applying this
bio-organic fertiliser while it reduces the
use of 100% dose of TSP and 30% of urea
fertilisers. Every year the government has
to subsidise a huge amount of money for
urea and TSP fertilisers. Moreover, fertilis-
er production and uses emits greenhouse
gases. Research results revealed that pro-
duction of one kg urea and 1 kg TSP fertilis-
er emits about 6 kg CO2 in the air. The main
raw material of TSP and DAP production is
rock phosphate, which is cheap and market
price is only five taka per kg. Rock phos-
phate cannot be used directly in cultivation
of rice and other short duration crops be-
cause of its low solubility. A group of envi-
ronment friendly bacteria living in the soil

S OIL science division of Bangladesh

b b 2 D #

A partial view of the BRRI developed new bio-organic fertiliser

Date: 01.10.2017

BRRI Director General Dr Md Shahjahan Kabir, BRRI Director (Research) Dr Md Ansar Ali along

with the concerned scientists are visiting the experiment field of newly developed bio-organic

fertiliser at BRRI premises recently.

known as phosphate solubilizing bacteria
can solubilize rock phosphate rapidly and
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make it available to the plants. Application
of this bio-organic fertiliser will reduce
30% use of urea and full dose of TSP in rice
cultivation and also reduce the environ-
ment pollution using the wastes from house-
hold kitchen and vegetable market places as
organic matter in rice cultivation. More-
over, it will maintain seil health by adding
organic matter and beneficial microbes to
the soil. This biofertiliser will increase soil
quality by adding carbon directly in soil as
it contains 15% biochar, a sort of carbon.

Research findings indicate that the popu-
lations of free living nitrogen fixing bacte-
ria, phosphate solubilizing bacteria as well
as other beneficial bacteria are decreasing
due to long term sole application of chemi-
cal fertilisers. These bacteria play vital role
in supplying nutrients to the plant and soil
nutrient cycling. Application of this bio-or-
ganic fertiliser will increase these benefi-
cial bacteria population in the soil. This en-
vironment friendly technology will reduce
the urea and TSP production and use or im-
port cost as well as contribute largely in in-
creasing rice yield with sustaining soil
health. Dr Umme Aminun Naher, Dr Jatish
Chandra Biswas, Md Imran Ullah Sarkar
and Afsana Jahan all of whom are scientists
from Soil Science Division, BRRI have
played their role in developing this environ-
ment friendly technology.

M A Kashem, Technical Editor and Head,
PPRD, BRRI.
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Bio-organic fertilizer: A green technology to improve soil health
and rice yield

Umme Aminun Naher, Md. Imran Ullah Sarkar, Afsana Jahan, Jatish C. Biswas, Md. Rafiqul Islam
Bangladesh Rice Research Institute, Gazipur-1701

Introductio

Rice production in Bangladesh is chemical fertilizer and pesticide based, which impaired soil quality, ecosystem biodiversity, and causes environment pollution. Loses of biodiversity
is related to deterioration of soil health as nutrient cycling is the direct contribution of microbial activity. In this context, to restore and improve soil health, a biofertilizer developed

and named as “Bio-organic fertilizer” with of waste/ kitchen waste (80%), rice husk biochar (15%), rock phosphate (5%) and consortium of (10)
plant growth promoting bacteria. Rock phosphate (5%) was incorporated in this product, which acts as an alternate of ferti llzer for rice prndntnou. Appllt jon of 1-2 ton ha 1
improved rice yield and soil biology . Methodolog i
Microorganisms added: = = o
Phosphate solubilizing Bleall m = < SEAATT: TN : . . | — |Physical condition
bacteria are able to ensure |B fycoides Lakmonihat 001 007 0.04 ! (rrmprep——r
bio-available P from rock |Proteus sp Lamonihat 001 013 001 Rockphosphate | [ogor
phosphate. The beneficial (B cerens Laimenihat 036 008 0.11 Bacteria and Biochar wdie
bacteria added in this [B subtis Komolganj  0.01 008 004 in:ubated_ added in Plastic
biofertilizer are indigenous g 1 Pamakhai 003 004 008 For3daysin 2.5% Container pH 72
and isolated from < 2 Molasses — | OC(%) 25
Paembacillus sp  Gazipur 003 007 011

favorable and unfavorable |, i 55 i ol B N (%) 14
rice ecosystem (drought, |Pacibacillus o 2 P (%) 1.04
saline and acid soil). The | Polmyxa K (9 001
microorganisms involved in |Bacilus sp Kuakata 035 007 010 § (%6) :
this bio-organic fertilizer |Bacilus sp Komeolganj  0.02 006 0.08 5(%) 0.35
are grouped as free-living |Baciius sp . 030 010 011 Zn (%) 0.03
Nafixing bacteria, Geipmr : Cu (%) 0.006
phosphate solubilizing Special Feature of the Bio-organic fertilizer: Pb (ppm) 0.01
bacteria  (PSB)  and # Reduced 25-30%use ofurea (9341 N,0 Y?) " cd 067
indolescetic acid  (1%4) g Eliminate 100% use of TSP (5.39m. 1 CO, YY) # i ik bt 8 il o
producing bactaria ® Add C to the soil (15% Biochar) | RS | 3 1onths L) )

gl ®#Increaserice yield by 0.5-1tha (it bt As(ppm)

Application rate: Aus N, fixing Eac]gm(cﬁ] gl

Applied during lastland preparation pSE efi g

The developed biofertilizer being tested since the year 2016 to 2018 in Aus, Aman and Boro seasons at BRRI farm Gazipur, BRRIR/S Rajshahi. BRRI R/S Barishal, BRRI R/S Cumilla, and at farmers’ fields nfR.agshnlu.

Pirojpur, Kuakata, Kishoreganj, Barguna and Dacope. Theresuils of the research stations and farmers field proved that application of bio-organic fertilizer in Aus, T. Aman and Boro season fulfill 25-30% urea and 100%

TSP fertilizer i forrice d gave i similar or higher grain yield (0.5-1 tha) compared to full (100%) chemical fertilizer and improved soil biclogy. Bio-organic fertilizer improved rice

yield in saline soil (8 ds/m). It is estimated that application ofbm-orgnmc fertilizer did not increase additional cost. Effect lnm,p.,‘ on plant growth and yield at BRRI,
R - > o hahi .

#Improve soil biology

dhan
Treat  Gazipur

Grain Yield(t/ha)
469b  658b  5.84a :
604a  83lab 633 xR 3 s 2 198ab 4.09 b 554a

179b 387 b 5.26 ab

s88a 8672 60a y N 2122 4442 5552

281c 3.29¢
179 b

i .h \
Effect of bio-organic fertilizer on plant growth and yield at Farmer’s ficld
Location: Kuakata, Amtoli, Najirpur

Md. Al- Barguna
Amin

|Kabul  Nazirpur
Sheikh

Effectof Bio-organic on plant growth and yield at Farmer’s
field Location: Katiadi, Kishoreganj(T. Aman 2017)

Samsuddin BRRI ¥ F g
dhan71 : : User friendly
: Yield benefit

Jewel Rana BRRI Willing to use if product available 100

dhan75s

RobiMian BRRI
dhan7s

Abul BRRI
Kalam dhan49

Total Fungus  Actimomycetes  Free bving Phosphate
Performance of Bio-organic fertilizer over chemical fertilizer for Boro rice (BRRI dhan67) cultivation at Amtoli , backrin: TNtk baiceia) W stiubilfziag |Pecteria
Barguna and Dacope,Khulna at Boro, 2018 196x107 329x10°a 4353107 203x10* 2355104
177x107 153x10°b  355x10° 187x10* 5.10x 10°
180x107 168x10°b  4.26x 107 209x 104 L13x10%
1L18x107 931x10°b  1.86x10° 837x10° 334x10°
Management i Yield Plant Panicle/ Filled Yield iti 154x107 273x 10° 182x 107 155x 10* 382x 108
grain/panicle  (tha) height m® grain/panicle  (t/ha) .
(cm)
Bio-organic fertilizer + 70% NK

Full chemical fertilizer
(N-P-K-S @ 140-20-80-10 kg ha)

onclusion:
Bio-organic fertilizer is a eco-friendly biofertilizer formulated for rice production. It is tested in ; )
different agro-ecological zones of Bangladesh. Study result proved that application of 1-2 tha'! @ Bangladesh Rice Research Instiute

< 15 iget i 5 o 2 . ‘ @ PIU-BARC, NATP phase-2 (PID 707)
biofertilizer improved crop yield and soil biology. It is also applicable in the saline soil. ° ization for Women in Scionce for the Develaping Workl
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Pictures: Reaserch Station trial at Boro 2017-18

Pictures: Field visit by Director Research, Extension personal and Head BRRI R/S Rajshahi
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Pictures: Harvest at Najirpur, Pirojpur
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