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Germplasm is the basis of all plant improvement programmes. The collected
landraces of rice possessed high probability of the useful genes for efficient
application in the breeding programmes to develop high yielding varieties with
quality and resistance to biotic and abiotic stresses. Those landraces needs to be
conserved ex situ or in situ. In the rice repository of Uttar Banga Krishi
Viswavidyalaya, Pundibari has about 200 landraces collected from West
Bengal, Assam and Manipur. Every Kharif season, they are being cultivated and
seeds are collected to conserve since 2008. High variability has been observed
among those varieties. Some special characteristics also have been identified
during characterization and ex situ conservation of those landraces, such as,
long and white sterile lemma, double and triple kernelled spikelets. Important
landraces were used as donor in rice improvement. A number of desirable
mutants, recombinant lines and somaclones have been have been developed
which are in different yield trials. Some pure lines also have been isolated from
the collected famers’ varieties.
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Introduction
The creation of rice repository is the most
important for crop important. India harbours
thousands of local land races of rice. As a cause of
land and agro-climate diversities, a large diversity
of rice genotypes are present in India. Assam and
adjoining states is the primary centre (The
Hindustan Centre of Origin, which includes
Myanmar, Assam, Malaya Archipelago, Java,
Borneo, Sumatra and Philippinese) of origin of rice.
Rice landraces are repository of precious characters
and need further care for its conservation,
characterization and utilization in plant breeding.
Huge number of scented and non-scented
traditional Farmers’ Varieties (FVs) of rice are
available in Indian subcontinent. Some cultivars are
being extensively grown in specific problem
oriented areas. Most of the FVs are tall, lodging
susceptible, low yield potential and highly
photoperiod-sensitive.There is strong need that the
local germplasm of scented and non-scented rice to
be collected, preserved and characterized in detail
for subsequently utilization of the FVs for rice
improvement. The modern high yielding rice
varieties were developed following conventional
breeding tools, such as pureline selection,
hybridization and backcross selection using locally
adopted high yielding genotypes. The numbers of
parental lines used for rice improvement are
extremely limited leading to creation of narrow
genetic base. Genetic similarity in crop is
undesirable in respects of susceptibility of the crop
to disease or insect pest epidemics. A new important
source for the introduction of new trait or
development of new plant type is the existence of
genetically diverse gene pool of scented and nonscented rice in our country. Little effort has been
taken to use the local landraces of scented rice for
their improvement. Considering the importance of
aromatic rice in the international market, and the
biotic and abiotic tolerance ability of non-scented rice,
in this endeavour about 200 FVs have been collected,
characterized and few important FVs have been
utilized for rice improvement.

also collected from southern part of West Bengal,
Assam and few were from Manipur. Basic
information about FVs were gathered from the
particular individual conserving or cultivating
farmer. To obtain complete distinctive features of
individual cultivar, the FVs were characterized
following the Table of Characteristics in the
"Guidelines
for
Conduct
of
Test
for
Distinctiveness, Uniformity and Stability on Rice
(Oryza sativa L.)" published by PPV&FRA (2007),
Government of India. The collected FVs were
grown in the University Research Farm, Pundibari,
situated at 2619′N latitude, 9923′E longitude and
at a height of 43 MSL following the standard
package of practices for FVs as described by Roy
(2015).
Ex situ conservation
About 200 FVs are being conserved ex situ by
cultivating during every Kharif season at Rice
Repository, Uttar Banga Krishi Viswavidyalaya,
Pundibari, Cooch Behar, West Bengal.
Utilization in rice improvement
The important FVs were used as donor for rice
improvement, such as, Tulaipanji used in mutation
breeding, Kalo Nunia used for development of
somaclonal variation, Nilachal, Kalo Nunia, Bhog
Jeera-1 were used for development of recombinants
etc.

Results and Discussion

Characterization
The FVs were characterized as per the Table of
Characteristics in the "Guidelines for Conduct of Test
for Distinctiveness, Uniformity and Stability on Rice
(Oryza sativa L.)" published by PPV&FRA (2007),
Government of India. Considerable variations were
reported for yield and yield attributing characters
(Roy, 2013; Roy et al., 2013; Roy and Surjec, 2016;
Roy et al., 2016; Mahato et al., 2017; Debbarma and
Roy, 2017; Surje et al., 2018; Surje et al.,
2019).Genetic variations were also observed for grain
quality parameters (Mandal et al., 2021).The FVs
were found to be nutritionally unique and having high
nutritive value. Kataribhog, Sadanunia, Chakhao were
identified as promising in terms of resistant starch
Material and Methods
content, amylose content, glycemic index and
Collection and Characterization
The collected FVs mostly belong to northern part of antioxidant content. Kataribhog had low glycemic
West Bengal. A considerable number of FVs were index (45.72%) and it was lower than the
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recommended concentration (Mandal et al., 2021).
Regular intake of rice with high glycemic index is
associated with risk of type II diabetes, obesity,
coronary heart disease and other chronic conditions
(Choi et al., 2012). High genetic variability had
been reported for number of tillers per plant, days
to 50% heading, plant height, number of panicle per
plant, panicle length, number of filled grain per
panicle, spikelet sterility (%), test weight, grain
dimension (length, breadth and thickness) and grain
yield. Notable variation was also observed in FVs
in terms of qualitative characters (Roy, 2013;
Mahato et al., 2017; Surje et al., 2018; Surje et al.,
2019), such as panicle shape (compact, loose,
erect), awning (awnless, short to long awned), husk
colour, (straw, golden, golden brown, purple black),
grain shape (long slender, short slender, medium
slender, long bold and short bold), lodging
(susceptible and tolerant) and aroma (non-aromatic,
strong aromatic, mild aromatic).
Ex situ conservation
All the collected FVs are being conserved ex situ by
cultivating during every Kharif season. For crop
cultivation, standard package of practices
compatible to the humid tropic of Tarai Zone for
FVs as described by Roy (2015) is being followed.
Seedlings are raised in the puddle condition during
second week of June. Thirty days old seedlings are
transplanted (singles seedling per hill) in four lines
of 6 m length for each traditional cultivars. Row to
row and plant to plant spacing were 30 and 20 cm,
respectively. Stringent roguing is done during all
the critical stages to keep the cultivars genetically
pure. FVs are being conserved ex situ since 2009 at
Rice
Repository,
Uttar
Banga
Krishi
Viswavidyalaya, Pundibari, Cooch Behar, West
Bengal, India (figure 1). It is worthy to mention that
flood during September-October, 2020 in
Alipurduar district completely destroyed the field
of traditional rice, Jasoya. The seed of this cultivar
was not available to the farmers due to the flood.
During 2013, this variety was collected from Tarai
Research Society, Alipurduar and is being
conserved ex situ at Uttar Banga Krishi
Viswavidyalaya, Pundibari. When it was come to
the notice of the Communicating Author of this
article about the non-availability of seeds of Jasoya,
500 g of seeds was supplied to the farmer of
Alipurduar for reviving the cultivation of the

traditional cultivar, Jasoya at farmers’ field. This is
a successful and unique example of importance of
conservation of rice cultivars, reviving of the
cultivar and saved the cultivar from extinction.
Utilization in rice improvement
Pure Line Selection: About 40 pure lines were
isolated from Kalo Nunia (Roy, 2013). Few of them
are performing well. Uttar Sugandhi (IET 24616) is
pure line isolated from Kalo Nunia (table 1 &
figure 2) performed well in multi-locational trials
conducted by Indian Institute of Rice Research,
Hyderabad (Anonymous, 2014 & 2015). Uttar
Sugandhi has been submitted to West Bengal State
Variety Release Committee for release for
cultivation in West Bengal. It is photoperiod
sensitive, long duration rice variety bearing
medium slender grains with strong aroma. Yield is
about double (3.5 t/ha) of the parental cultivarKalo Nunia (1.5 t/ha). Another pure line selection,
IET 25439 performed well in AICRIP trials (ASGIVT, 2015-16). It ranked first at Ambikapur in CG
(7627 kg/ha), fifth at Pundibari in West Bengal
(3469 kg/ha). Its overall mean was 3671 kg/ha
(Anonymous, 2015).
Recombination Breeding: A number of crosses
have been made using FVs, such as Kalo Nunia,
BJ-1, Kalo Nunia/Anjali, Kalo Nunia/IR 64, Kalo
Nunia/UBKVR 124, Kalo Nunia/ Pusa Basmati
1637, Kharadhan/MTU 1010, Nilachal/MTU 7029
etc. The promising recombinant derived from those
crosses are under different stages of yield trials.
IET 28102 developed from the cross in between
Bhog Jeera-1 and Gontra Bidhan-1 (Table 1)
performing well in AICRIP trials (Anonymous, 2019).
It is a medium duration rice variety (120 days, seed to
seed) with long slender grains and the yield potential
is 6.50 t/ha. It is tolerant to leaf blast, neck blast,
sheath rot, stem borer. UBKVR-190 (Nilachal/MTU
7029) also performed well in IVT-Boro. Some other
promising recombinant lines are IET 28102, IET
28840, IET 24610, UBKVR-154, UBKVR-156,
UBKVR 132 and UBKVR 144 (table 1).
Mutation Breeding: Mutation induced variability is
an important method in plant breeding to create nonexisting desirable genotype(s) for crop improvement.
In this endeavour, gamma radiation was used to create
variability for improving plant type and yield
attributing traits in a local aromatic cultivar,
Tulaipanji. Eight desirable mutants were
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Table 1:The variety of advance lines developed using FVs as donor
Crop improvement tools
Pure line selection
Recombinants

Mutation Breeding
Somaclonal Variations

Cultures/varieties
Uttar Sugandhi (IET 24616)
IET 25439
IET 28102
UBKVR-154
UBKVR-156
IET 28840
UBKVR 132
UBKVR 144
IET 24610
TP3-2 (IET 28104)
UBKVR-143
TC 5-1, TC 4/4, TC 4/5, TC 4/7

identified from M4 generation. All those eight
mutants induced from Tulpanji were photoperiodinsensitive, non-lodging, and semi-dwarf with high
yield potential and retained the aroma (Roy et al.,
2018). Mutants TP3-2, TP3-4 and TP3-6 showed
high increase in yield (> 89%) over the control
cultivar, Tulpanji. As the mutants were photoperiod
insensitive, they may be recommended for
cultivation for both Boro and Kharif seasons after
necessary trials and demonstrations. TP3-2 (IET
28104) is medium duration, medium tall, medium
slender grains, aromatic, golden yellow husk
colour, tolerant to common diseases and insect
pests and moderate yield potential (3.3 t/ha)
(Anonymous, 2014). Another non-aromatic
Tulaipanji mutant, UBKVR-143 is also performing
well in the station trial (Figure 3). It is of medium
duration, medium tall, non-aromatic, spikelet
sterility is very low, short bold grains, tolerant to
common diseases and insect pests, high yield
potential (5.5-6.0 t/ha).
Somaclonal Variation: The aromatic FVs of rice
possess very low combining ability with the
modern high yielding varieties and consequently
development
of
transgressive
segregants.
Accordingly, the need was felt to develop suitable
genotype(s) using biotechnological tools (Figure 4).
Somaclonal variations created through seed derived
callus induction and regeneration of plantlets. Thus,
somaclonal variation may be considered as
alternative breeding tool for improvement of
aromatic FVs of rice. The somaclones isolated by
Roy (2020), such as, TC 4/8, TC 5-1, TC 4/4, TC
4/5, and TC 4/7 showed high yield advantage over
Kalo Nunia ranging from 27.21% to 54.78% (Roy,

Parents
Pure line selection from Kalo Nunia
Pure line selection from Kalo Nunia
Bhog Jeera-1/Gontra Bidhan-1
Nilachal/MTU 7029
Nilachal/MTU 7029
Nilachal/MTU 7029
Bhog Jeera-1/Gontra Bidhan-1
Kalo Nunia/Anjali
Kalobhog/PB-1
Tulaipanji mutant
Tulaipanji mutant
Somaclones of Kalo Nunia

2020). Thus, plant tissue culture technique may be
recommended for creation of genetic variability in
rice as a biotechnological tool. In vitro response of
traditional indica rice, namely Black Burma, Black
Jeera, White Jeera, Tulaipanji, Kalobhog and
Badsha Bhog were studied (Roy et al., 2011). The
analysis of variance showed significant differences
among the varieties for callus-ability, plantlet
regeneration and number of plantlets per culture.
Inoculated seeds germinated on the medium within
3-4 days after inoculation. Light, yellow globular
calli were found to be initiated at mesocotyle region
of germinating seeds. On tenth day after seed
implantation on callus maintenance medium,
observations were recorded in respect of callus
induction. Highest percentage of callus induction
was reported in Tulaipanji and White Jeera when
MS medium was supplemented with 2 mg/L of 2,4D and 0.5 mg/L NAA, followed by Black Jeera.
The calli of White Jeera were fragile, compact and
fast growing. Black Burma had lowest response
towards callus induction. Callus induction ranged
from 6.20 to 100.00% among the indigenous
genotypes considered for this experiment. Calli
become more fragile in regeneration medium,
particularly the calli of White Jeera. Embryogenic
callus started to regenerate in second week of
inoculation on the regeneration medium. Highest
percentage of plantlet regeneration was also observed
in White Jeera followed by Black Jeera. Embryogenic
responsive calli produced roots and shoots
simultaneously in the regeneration medium. White
Jeera had given rise an average of 32.38 plantlets per
callus. The study suggested that the callus induction
and plantlet regeneration were genotype specific. It
was found that traditional scented cultivars also have

117
Environment Conservation Journal

Conservation and successful utilization of landraces for rice improvement

Figure 1: Rice repository at Uttar Banga Krishi Viswavidyalaya and traditional cultivar, Jasowa

Figure 2: Uttar Sugandhi. A) Field view; B) Undehusked rice; C) Dehusked rice

Figure 3: Mutation breeding
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Figure 4: In vitro development of plantlets from an indica local rice, Kalo Nunia involving mature seed embryos
and the performance of somaclones at field (A) Stereomicroscopic view of callus proliferation on callus
maintenance medium (MS + 1 mg L-1 2,4-D). (B) Embryogenesis, producing roots and shoots simultaneously in
regeneration medium (MS + 1 mg L-1 kinetin + 1 mg L-1 BAP + 0.5 mg L-1 NAA). (C) Regenerated plantlets in
culture tubes. (D) S0 plant after hardening on earthen pot in net-house. (E) S2 plants in the field. (F) S4 somaclonal
of population of TC4/8 derived from Kalo Nunia

high in vitro response towards plantlet regeneration
via callus formation. The findings of this study may
be used in genetic transformation of those local
land races of aromatic rice subsequently massmultiplication of transgenic derived from those
cultivars.
Floating Rice: FVs, viz., Betho, Kauka, Singara etc.
are submergence tolerant rice (Roy et al., 2013).
Those cultivars are being maintained by Mr. Harendra
Nandi of Salsalabari, Alipurduar district (Figure 5A).

Betho (Figure 5A-E), Kauka (Registration No. 96 of
2020), Singara have been registered as Farmers’
Varieties under Protection of Farmers Rights
Authority, New Delhi. Floating rice are being
cultivated in low-laying areas, particularly in Cooch
Behar, Jalpaiguri and Uttar Dinajpur districts of West
Bengal.Those floating rice are direct seeded without
sprouting on a marginal ploughed field. It germinate
with the grass. Conversely, at onset of monsoon, the
water level rises and the plant height also increases by
elongation of internode. Upper part of those rice
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Figure 5: Floating rice. A) Mr. Harendra Nandi of Salsalabari, Alipurduar district; B&C) Field view of
floating rice; D) Branching of Betho; E) Height of Betho

Figure 6: Special characters of FVs. A) Double kernelled rice- Jugal; B) Long sterile lemma- Ramee Galee
(arrowheads are the long sterile lemma); C) Black rice- Sadabhat Kalo; D) Purpled leaf blades and leaf
sheath- Nilachal; E) Clustered panic- Thuri
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plants remain floating on the surface of the water
during entire season (Figure 5B&C). After
withdraw of the monsoon rain, the plants fall down
and initiate branching from the upper nodes (Figure
5D).
Drought Tolerance: Water stress is the most
important abiotic stress for low productivity of rice
in rain-fed environments. Early tolerance ability of
plant to drought is expected to be maintained
throughout the productive life. Ausdhan, such as
Bitti (Roy et al., 2013) are generally drought
tolerant. They are being cultivated purely under
rain-fed condition. In some parts of northern
districts of West Bengal the traditional, Ausdhan
are dibbled during March-April in the revenue
forest areas or in plantations. In another study,
Kashiyabinni, Jhagrikartik and Garu Chakua were
found to be tolerant and Kashiyabinni as highly
tolerant (Debbarma, 2018).
Lodging Tolerance: Lodging trait of FVs of rice is
an important criterion for determination of grain
yield and their acceptability among the rice farming
community. Boichi and Seshaphal were identified
as highly lodging tolerant (Debbarma and Roy,
2017). Majority of the FVs were noted to be
susceptible to lodging and the reason for
susceptibility was their height and weak culm.
Lodging susceptibility was recurrent in irrigated
condition than the normal terminal drought
condition or drought situation created by spraying
of potassium iodide along with normal irrigation
(Debbarma and Roy, 2017). Consequently, the
reduction in yield was more in the drought situation
created by spraying of potassium iodide along with
normal irrigation (20.62%) than the normal
terminal drought (18.66%). It was observed that in
most of the cases lodging caused remarkable yield
loss.
Medicinal Use: Exact medicinal properties of the
FVs are not known, but few FVs are being used in
preparation of traditional medicine. Shri Ramesh
Roy of Ramsahi, Jalpaiguri district of West Bengal
cultivates the FV Sati which is being procured by a
traditional medicine practitioner and he uses the
powder of this rice as the carrier material for pills
of traditional medicine.
Special Characters
Multi-kernelled Rice Spikelets: Rice bears single
kernelled spikelets. Very rarely multi-kernelled

spikelets are reported. In India, the cultivar Jugal
had multiple (2-3) kernels per spikelet (Figure 6A).
The ratio of single, double and triple kernels per
spikelet in Jugal was 54, 42 and 4%, respectively
(Roy and Surje, 2016; Saha et al., 2020). This was
also studied by Chakrabarty et al. (2012) and they
found similar ratio of single, double and triple
kernels per spikelet. Jugal had medium bold grain,
straw coloured lemma and palea, and brown kernel.
Long Sterile Lemma: Sterile lemmas of rice are
usually much smaller in size than the fertile lemma.
They do not bear flower, hence they had been
named as “sterile lemma” (Figure 6B). The sterile
lemmas of Rami Gelee most of the time exceeded
fertile lemma and palea by length (Roy and Surje,
2016). The average length of the sterile lemma was
9.09 mm, whereas the length of fertile lemma was
8.67 mm. The colour of the fertile lemma of Rami
Gelee was simple white or off-white. Grain was
long bold, lemma and palea colour was dark brown,
and colour of the kernel was brown.
Black Rice: Dehusked rice of Sadabhotkalo
(Figure 1C) and Chakhao Poiterin were dark purple
to black and cooked rice also black. It has a dark
purple to black bran layer. Genotypes with red or
purple bran layer are being cultivated since ancient
time in Asia (Ahuja et al., 2007). Coloured rice,
black rice in particular is reported to be effective
sources of antioxidants and their consumption is
encouraged (Yawadio et al., 2007; Anggraini et al.,
2015). Black rice contains comparatively high
anthocyanin, such as, cyaniding-3-O-glucoside and
peonidin 3-O-glucoside in the pericarp layer
leading to dark purple color (Ryu et al., 1998).
Anthocyanin rich rice is known for their bioactive
properties and accepted as health-enhancing
substances for their antioxidant activities, antiinflammatory accomplishment, anticancer property,
anti-atherogenic execution, and anti-hypoglycemic
effects (Wang and Stoner, 2008). Coloured rice is
also having low sugar, high fibre and plant
compounds that combat heart disease and cancer
(Sutharut and Sudarat, 2012).
Clustered Panicle: Rice pedicel bears one spikelet
in a panicle. In the repository of FVs in the Rice
Repository of Uttar Banga Krishi Viswavidyalaya,
Narkeldari and Thuri showed more than one
spikelet borne in a pedicel (Roy et al., 2013). This
feature resulted high grain density in a panicle
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(Figure 1E). This result also corroborated with the
findings of Chakrabarty et al. (2012), but the local
name of that particular FV was Khejurchari.
Purpled Leaf and Leaf Sheath: The colour of
fully opened leaves and leaf sheath of Khara dhan
(Figure 1D) and Nilachal are deep purple (Roy et
al, 2013; Roy and Surje, 2016). However, the detail
of its importance in photosynthesis and other
activities yet to be studied. Sakamoto et al. (2001)
studied about the purple locus of rice and they
stated that the purple leaf (Pl) locus of rice affects
regulation of anthocyanin biosynthesis.

derived from pre-breeding programme, landraces
have been used as donor for development of high
yielding varieties. Different breeding tools, like
pure line selection, recombinant breeding, mutation
and plant tissue culture technique have been
implemented. Uttar Sugandhi (IET 24616) have
been developed from Kalo Nunia through pure line
selection. Few desirable recombinants, namely IET
28102, IET 28840 and IET 24610 have been
developed using traditional rice cultivars.
Photoperiod insensitive variety, IET 28104 has
been developed using mutation. Desirable
somaclonal variants also isolated from Kalo Nunia.
In nutshell, the landraces of rice have great
Conclusion
Conservation of rice landraces has furthermost potentiality in rice improvement.
practical utility in crop improvement. Uttar Banga
Krishi Viswavidyalaya is conserving about 200 rice Conflict of interest
landraces collected from West Bengal and The authors declare that they have no conflict of
adjoining states. Those collected landraces have interest.
been characterized and based on the information
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