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C4 rice research : New hope for Bangladesh

Intematlonal Rice Research Institute (IRRI) has been
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Agrlculture Minister Matia Chowdhury talks to IRRI DG Dr Matthew Morell
during her recent IRRI visit

conducted basic research to
improve the productivity of

rice  through  changing
physiological processes
under C4 rice project.

Photosynthetic capacity of
C4 plant species is quite
high. Therefore, to improve
multifold productivity of
rice, the genes from maize
i and sorghum is being used
=] to covert rice to CA4.
Recently, C4 rice
consortium  declared to

overcome a key step
towards  gratifying  the
See Page 4

BRRI develops six new rice varieties

On 27 December National Seed Board (BRRI) has
released six BRRI developed rice varieties such as BRRI
dhan81, BRRI dhan82, BRRI dhan83, BRRI dhan&4,
BRRI dhan85 and BRRI dhan86. These varieties have
been released lately as the NSB recommended to
cultivate in farmer’s level throughout the country.

In total, BRRI has developed nine rice varieties
including one hybrid in 2017. The varieties are: 1. BRRI
hybrid dhan6 for Aman season that yields 6.5 ton/ha, 2.
BRRI dhan79 as submergence and stagnant flood
tolerant rice, 3. Jasmine type aromatic T. Aman rice
variety BRRI dhan80, 4. BRRI dhan81 for favourable
Boro ecosystem, which is popular local variety Jira type,
5. BRRI dhan82 as short duration T. Aus rice developed
from pure line selected from NERICA-10, 6. BRRI
dhan83 is moderately drought tolerant at seedling stage
having grain colour similar to local popular variety
Kataktara for broadcast/direct seeded/upland Aus rice
ecosystem, 7. BRRI dhan84 is highly zinc enriched (27.6
ppm) variety for Boro season, 8. BRRI dhan85,a T. Aus
variety for greater Comilla region and 9. BRRI dhan86
has been developed by Biotechnology Division using
anther culture method for favourable Boro season.
Among them, the characteristics and specific needs of
the most recently developed six rice varieties are as
follows:

See Page 2
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5] *ﬂ*ﬂrb ((S1c) BRRI dhan81 (Boro)
e S MR Ao A § 4Ry @ Weet = Plant stature of BRRI dhan81 is similar to
©(F TSl GFF (BT BRRI dhan28 but culm is stronger and leaf is

thicker than that of BRRI dhan28

= Plant height is 100 cm

= 1000 grain weight is 20.3 g and amylose
content is 26.5%

= Relatively higher protein content (10.3%) in grain
= Contains all the premium quality traits except
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aroma. Its grain size and shape is long-slender. It
can be acceptable in the domestic market as the
substitute of Jira and it can be an exportable item
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as it is a basmati type variety.

= Growth duration is 140-145 days

= Yield 6.0-6.5 t/ha but this variety has potential to
produce 8.0 t/ha yield under appropriate cultural

management.

BRRI dhan82 (T. Aus)

= NERICA10-7-PL2-B (BRRI dhan82) has been
selected as pure line from NERICA10

Plant height is 110 cm, tiller per hill: 10-12
Grain size and shape is medium bold

1000 grain weight is 23.84 g

Amylose and protein content in grain is 27.0%
and 7.6 % respectively

Cooked rice is non-sticky and tasty

It matures 4-5 days earlier than BRRI dhan48
= Growth duration: 100-105 days, Yield: 4.5-5.5 t/ha

See Page 3
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= T. Aman rice can be cultivated after harvesting
BRRI dhan 82 as it is a short duration variety.

BRRI dhan83 (B. Aus)

* BRRI dhan83 is moderately drought tolerant at
seedling-stage and it can be direct seeded.

= Plant height 100-105 cm and flag leaf semi-erect

= Reddish coloured grain, similar to that of local
variety Kataktara

= Grain is medium bold, white and cooked rice is
non-sticky and tasty

* Amylose content in grain is 26.0%

= [t can produce 4.0-5.3 t/ha yield per ha, which is
one ton higher than BRRI dhan43

= Growth duration: 100-105 days.

BRRI dhan84 (Boro)

= High zinc enriched variety

= Plant height is 96 cm and flag leaf dark green

= Grain is medium bold, pericarp red and cooked
rice non-sticky and tasty

= 1000 grain weight is 22.8 g

= Amylose and protein content in grain is
25.5% and 8.3% respectively

= This variety contains 27.6 ppm zinc in grain ,
which is 10-11 ppm higher than that of regular
rice

= [t has 10.0 ppm Fe in grain, whereas regular
rice contains 5-6 ppm Fe only.

= Growth duration: 140-145 days

= Yield: 6.0-6.5 t/ha, potential to produce 8.0 t/ha
grain yield under favourable environmentand
appropriate cultural management.

BRRI dhan85 (T. Aus)

= Short duration variety having flag leaf erect
and narrow

= Plant height 110 cm and can withstand water
stagnation

= Grain is medium slender, white and cooked
rice non-sticky and tasty

= 1000 grain weight is 22.3 g

= Amylose content in grain 18 26.0%

= This variety can grow in low lying areas
because of its water stagnation tolerant ability

= [t is suitable to cultivate in some eastern areas
including Comilla and Chittagong.

= Growth duration: 108-110 days, yield: 4.5-5.5 t/ha

BRRI dhan86 (Boro)
= Short duration anther cultured variety
= Plant height is 95 cm, which is shorter than
that of BRRI dhan28 and can withstand lodging
= Grain is medium slender, white and cooked
rice is non-sticky and tasty
It has awn on the tip of panicle
1000 grain weight is 22.8 g
Amylose content in grain: 25.0%, protein: 10.1%
Growth duration: 140-145 days
Yield: 6.0-6.5 t/ha however, it has potential to
produce 8 t/ha grain yield under appropriate
cultural management.
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dream from C3 to C4 rice. After publication of the
news about C4 rice research progress in mass media,
honourable Agriculture Minister felt keen interest to
C4 rice. Therefore, to include Bangladesh into C4 rice
research and to see the field level research
advancement  honourable Agriculture  Minister
decided to visit IRRI. In this context, C4 rice research
has created a new hope among the rice scientists of
Bangladesh.

Agriculture Minister’s IRRI visit. On 28
November Agriculture Minister Matia Chowdhury
visited International Rice Research Institute (IRRI)
headquarters in the Philippines. The other Bangladeshi
delegates of the visit included Executive Chairman of
Bangladesh Agricultural Research Council Dr Bhagya
Rani Banik, BRRI Director General Dr Md Shahjahan
Kabir and Executive Director of Krishi Gobeshona
Foundation Dr Wais Kabir. Dr Robert Coe, working
for the C4 Rice center in IRRI, briefed the Minister
focusing mainly on the last seven years’ research
findings. However, research on C4 rice has been
continuing over the last 22 years. The Minister
expressed her keen interest on C4 rice and wishes for
greater success of this research. She said, this sort of
basic research would bring blessings for future
generations. Objectives of the visit were to observe
current progress of C4 rice research and how IRRI’s
modern agricultural technologies secure Bangladesh
rice sector to fight against the adverse effect of climate
change. During the discussion with IRRI scientists and
while visiting C4 rice laboratory and screen house, the
Minister requested IRRI to create avenues for the
inclusion of Bangladeshi rice scientists in the ongoing
‘C4 Rice Project’. IRRI Director General Dr Matthew
Morell assured the Minister about the strengthening of
IRRI-Bangladesh collaboration in return. Mentioning
the Minister as a ‘fighter’ on behalf of farmers of
Bangladesh” Dr Morell said, ‘We really need to
redouble our current efforts to repay the trust and
expectations.’

What is C4 rice and why we need it. Plants can
be divided in to three types based on photosynthetic
pathway ie C3, C4 and CAM (Crassulacean Acid
Metabolism) (Fig. 1). Among the plants on the earth,
85% comprises C3, 5% has C4 and the rest 10% has
CAM pathway. C4 photosynthetic pathway has
evolved from C3 over millions of years. In general, C4
pathway evolved for high temperature and water
limited-arid and semi-arid environments. On the other
hand CAM has evolved for desert environment. The
basic differences between C3 and C4 photosynthesis is
the presence of Kranz-anatomy in the bundle sheath
cell and photosynthesis is completed into two different
types of cell in C4 plant (Fig. 1). In Figure2, C3 and C4
plant leaf and the presence of Kranz-anatomy into C4
and anatomical differences, here in C4 leaf bundle
sheath cells having chlorophyll are arranged like
flower bookie around vascular bundle known as

See Page 5
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Kranz-Anatomy. Not only the above mentioned
anatomical differences between C3 and C4, but there is

also differences about the efficiencies of CO, fixation
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Fig. 1. C3, C4 and CAM
photosynthesis system
in plants

enzymes. In C3 plant,
CO, is first fixed into a
compound with three
carbons (C3) by the
photosynthetic ~ enzyme
ribulosebisphosphate
carboxylase/oxygenase
(RuBisCo). But RuBisCo
in C3 plants catalyzes
with oxygen at
temperatures above 30°C
reducing CO, fixation and
photosynthetic efficiency,
which is called
photorespiration (rather
than photosynthesis).

In C4 system,

Fig. 2. Presence of Kranz-anatomy
and distribution of chloroplasts in
the C3 (4) and C4 (B) leaf
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phosphoenolpyruvate

carboxylase (PEPC) enzyme first fixes carbon atom
and it has no affinity to oxygen and sensitivity to
temperature, therefore it is more efficient. On contrary
C4 plant due to its Kranz-anatomy within bundle
sheath cell, minimizes photorespiration and fixes CO,
in hotter and dryer environments more efficiently that
eventually results in 30-50% yield increase. Also C4
plant displays greater water use efficiency as it has the
pores in the leaves (stomata) partially closed during
the hottest part of the day and in water deficit
condition. Moreover C4 plant has 30% increased
nitrogen use efficiency as the plant needs lower
amounts of RuBisCo enzymes for the same amount of
CO, fixed (enzymes contain
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C3 plants vs C4 plants

Fig. 3. C3 and C4 leaf with presence of Kranz-anatomy and
anatomical differences

15% nitrogen). Therefore,
y| rice scientists are dreaming
to transform C3 rice to C4
rice.

The achievement of
C4 rice is very crucial since
the present C3 rice is unable
to feed the ever-increasing
population as statistics say
/| each day about 26,000
people are dying worldwide
from hunger-related causes.
To worsen the scenario, the
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rice production area is
continually being reduced by expansion of cities and
industries. Moreover, the increasing demand for
biofuels will turn in competition between grain for fuel
and grain for food, resulting food price hike. Also the
world especially Bangladesh is on the verge of another
cruel reality, the climate change, which is likely to
make the atmosphere even hotter and drier. In this
light, now there is a growing body of scientific opinion
that C4 rice is one of the options to cope with future

See Page 6
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need. We need C4 rice as it may produce 30-50% more
yield utilizing more nitrogen and it can cope with high
temperature and dry environment.

The C4 rice project. To great relief of mankind,
Dr John Sheehy, a plant physiologist in IRRI, first
conceived the dream of C4 rice back in 1995. The
research was started after Bill and Melinda Gates
Foundation awarded a grant of $11.1 million in 2008
to fund C4 rice research. Currently the ‘C4 Rice
Project’ is a multi-billion mega endeavour, which is
now in Phase-III (2015-2019) and is coordinated by
Professor Jane Langdale at the University of Oxford.
Scientists and researchers from 18 research groups and
12 institutions in eight countries are in collaboration
with the project. The Institutions are: Australian
National University (Australia), University of Toronto
(Canada), Chinese Academy of Sciences (China), Max
Planck Institute of Molecular Plant Physiology and
Heinrich Heine University (Germany), International
Rice Research Institute (IRRI) (the Philippines),
Academia Sinica Institute of Molecular Biology
(Taipei), University of Cambridge and University of
Oxford (UK), Donald Danforth Plant Center,
Washington State University, and University of
Minnesota (USA).

Research progress. To date about 11 genes related
to C4 photosynthetic pathway inserted into rice
through the leadership of IRRI. Again all these 11
genes pooled into single genetic background of IR64
through conventional hybridization. By inserting 11
genes into IR64 resulting only 5% increase of carbon
fixation like C4 pathway. On the other hand, at the
University of Oxford a single maize gene
(GOLDEN2-like gene) into rice leaf gave proto-Kranz
anatomy, an initial step in the evolutionary trajectory
from C3 to C4. Recently, Social Science Division of
IRRI published a paper on the progress of C4 rice and
estimated projected cost for the development and
release of GM-C4 rice in 13 Asian countries by 2035.
The overall projection showed around $106 million for
R&D and $18.8 million for regulatory and compliance
cost.
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US AID TEAM VISITS BRRI

A seven-member team of the United States Agency for
International Development (USAID) visited BRRI on 8§ Nov 2017.
The team headed by Mr David H Moore, General Counsel of the
USAID attended a discussion meeting held at the VIP conference
room of the institute. BRRI Director General Dr Md Shahjahan
Kabir presided over the meeting while BRRI Director
(Administration and Common Service) Dr Md Ansar Ali delivered
a presentation about BRRI. Dr Tamal Lata Aditya, BRRI Director
(Research) also spoke on the occasion. Later on, the visiting team
observed BRRI Biotechnology laboratory and some of the
research fields. Mr David Moore expressed satisfaction after
learning about BRRI’s current research activities as well as its
achievements in ensuring food security of the country.

Measures to prevent rice neck blast disease

Neck blast is a devastating fungal disease. This disease
symptom appears at the base of panicle after flowering.
It is severe mostly in Boro season.

® Brownish or blackish lesions
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Neck blast affected rice field

appear at the base of the panicle.
of the
panicle are also infected. Base

Sometimes branches
of the infected panicle get rotten
and and eventually break down.
® High fluctuation of day and
night temperatures, drizzling,

&1 cloudy sky with prolonged dew
" in the morning and windy
weather are favourable of this
The of the
pathogen of this disease are

disease. spores
mainly disseminated by air.

* |t is very difficult to identify
primary symptoms of the disease. Crops get damaged
when farmers are able to recognize the disease.
Therefore preventive measures should be taken.

* If the favourable environments (drizzling and
cloudy sky with prolonged dew) is prevailed at split
booting stage of the rice crop, fungicides such as trooper
75WP (54 g/bigha) or nativo 75WG (30 g/bigha) or
recommended fungicides under trycyclazole or strobin
group should be applied twice at 5-7 days interval in the
late evening. For each bigha (33 decimal) 67 liter water
should be applied. Conserving water in the field at initial
stage of the disease reduces its spreading.
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¢ Seminar held in BRRI during October to December 2017
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Speaker Topic Date
Dr Muhammad Ali Siddiquee |Current trends in RBO research | 12 Oct
CSO and Head activities in Bangladesh.
GQN Division
BRRI
Dr Md Mozammel Haque | Greenhouse gas emissions and | 19 Oct
SSO net ecosystem carbon budget
Soil Science Division from major cropping patterns
BRRI in Bangladesh
Dr Kim Young Jung Prospective and strategies of 07 Dec
KOICA Adviser at BRRI paddy production

mechanization in Bangladesh

Dr Abidur Rahman
Associate Professor
Department of
HRTELE0 SigTess CRISPR and its application in
Faculty of revealing domain specific 26 Dec
Agriculture and Coordinator function of gene
International Affair Section
United Graduate
School of Agricultural Sciences
IWATE University, Japan
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