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Abstract: Giving the local food systems a boost and conserving the associated indigenous knowledge possessed by the people of
the land is a crucial step towards achieving resilient food systems. The north eastern Indian state of Manipur extends from the
foothills of the Himalayan range and is the border to Myanmar. Owing to its unique geography of being located at the conflux of
the Himalayan and Indo-Burma biodiversity hotspots with a population dominated by the indigenous people, and the long
awaiting research attention towards it, the state becomes crucial to be considered for this study. Through an extensive
ethnographic data along with quantitative yield data collected over a span of two years from the farming communities, this paper
attempts to shed light on identified indigenous paddy cultivars that are potentially resilient to climate change alongside weaving
the indigenous knowledge possessed by the Meitei community.

IndexTerms - Adaptation, Climate Change, Food Security, Indigenous knowledge, Resilience.

I. LAND, AGRICULTURE AND FOOD

Land is the finite resource base which makes it possible to produce what we consume and with the
growing population which is projected to reach 9.8 billion people by the year 2050 (World Resources
Report, 2018), it is all the more crucial to manage it carefully. The current practice of more industrialized
forms of agriculture has disrupted the systems that keep Earth in the desirable Holocene state or a more
environmentally stable state (Rockstrém et al., 2009). Although land surface activities such as agriculture,
along with forestry and other land use are major contributors to global terrestrial greenhouse gas
emissions, accounting to about 23% of anthropogenic emissions (IPCC, 2019) of carbon dioxide (CO>),
methane (CHa) and nitrous oxide (N2O), land is also a major carbon sink. The total net land-atmosphere
flux of CO2 on both managed and unmanaged lands very likely provided a global net removal from 2007
to 2016 according to models (IPCC, 2018). However, with the increasing imbalance between the
emissions and sink process, agriculture and its allied sectors such as horticulture, fisheries, and forestry
have also become most vulnerable to the impacts of climate change, which in turn will affect the global
food systems. For instance, the horticulture sector gets affected by climate change with visible disruptions
in the natural synchronicity between temperature and photoperiod, leading to higher respiration rate,
altered rate of photosynthesis and other subsequent biological behaviour (Dixon et al., 2014; Malhotra,
2017). Climate change has become one of the greatest challenges in achieving food security.

Food systems encompass the entire range of actors and their interlinked value-adding activities involved
in the production, aggregation, processing, distribution, consumption and disposal of food products that
originate from agriculture, forestry or fisheries (Unger & Wooten, 2006; Rogers et al.2016). Following
the work of Berkes et al. in 2003, and that of Ericksen in 2008, food systems could be understood as
social—ecological systems, formed of biophysical and social factors linked through feedback mechanisms
(cited in Tendall, 2015). The emerging population will need to be fed and for that agricultural area needs
to be expanded to ensure food security, with the ultimate goal to achieve a sustainable food future. While
the higher atmospheric concentrations of CO. have a direct impact on C3 crops by increasing
photosynthesis and the efficiency of water use, the indirect impacts of climate change include reduced
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yield from agriculture and its allied sectors, lower production of natural resources, forest regeneration etc.
which in turn will have a negative impact on the livelihood of the people (Challinor &Wheeler, 2007).

Land not only supports agriculture it also protects the biodiversity thriving on it. The land is also home to
the indigenous people who possess vast knowledge that has been passed down through generations.
Almost 22% of the global lands are occupied by the indigenous people (UNESCO, 2020). They have
retained social, cultural, economic and political characteristics that are distinct from those of the dominant
societies in which they live. This knowledge in discussion or ‘indigenous sciences’ as termed by
Raymond Pierotti in his book Indigenous Knowledge, Ecology, and Evolutionary Biology (PFierotti,
2011) has been around since time immemorial; mostly developed through a long process of trial and error
by different traditional societies. There is a need to recognize that the ecosystems and the social systems
that use and depend on the natural resources are inextricably linked (Folke et al. 2010). This recognition
of an interlinked socio-ecological system is significant for ensuring that basic human needs are met on a
sustainable basis (Rai, 2007). The indigenous knowledge possessed by such communities has long been
working as a conservation measure for the natural environment and is a social process which is
inextricably linked to social and political institutions influencing resource management (Bates & Tucker,
2010).

This paper attempts to discuss steps towards identifying local paddy cultivars that are climate resilient and
indigenous knowledge associated with farming through the findings of a project that was taken up in the
remote north-eastern border state of Manipur, India.

Il. THE PADDY PEOPLE- THE MEITEIS AND THEIR RICE

The importance of rice in the Meitei culture is such that daily colloquial exchange starts with the question
chak charabra? whose nearest translation would mean “did you have your meal?”. The word Chak
translates to cooked rice in the native language of Meiteilon and it almost encompasses the definition of
food here. The reply to this question not only provide us with a mere line of greeting someone but more
so the cultural importance of food. As Murcott (1981) has rightly quoted Leach (1976) - “Food is an
especially appropriate mediator because when we eat, we establish, in a literal sense, a direct identity
between ourselves (culture) and our food (nature)”.

Following the indigenous belief that the land is home to various deities, the beginning of a cropping
season is marked by offering locally available fruits and flowers with a prayer to the lam lai or the gods of
the country-side who shade off into Nature Gods controlling the rain, the primal necessity of an
agricultural community (Hodson, 1908). These deities are believed to reside in the nearby forests and
hence, the need for acknowledging the presence of the spirit in all things living and conserving their
abode. The Meitei elders would determine the puddling time of the paddy field by leaving a banana
pseudostem in the soil. Once the pseudostem starts decomposing, the field is considered ready for
puddling. They adopt direct seeding of rice by priming with mud when there is lack of moisture in paddy
fields. In indigenous epistemology, a thing is understood only when it is understood with all aspects of
human experience, that is, the mind, body, emotion, and spirit (Kimmerer, 2002). Traditional practices are
related to cultural traditions and bio cultural dynamics and can regenerate local food systems while
increasing socio-environmental sustainability and resilience (FAO, 2009).

I11. AGRICULTURE IN MANIPUR
Like most places in India, the economy of the state of Manipur (geographical coordinates 24.6637° N,
93.9063° E) is predominantly agrarian. As per the 2011 census, the sector contributes a major share to the
total state domestic product and provides employment to about 22.13 percent of the population
(MANENVIS, 2021). The Imphal or Manipur River meanders through the Manipur valley in a NW-SE
direction and passes through a gorge flowing out of the state to join the Chindwin River in Myanmar.
Manipur covers a geographical area of 22347 sg. km and is divisible into a central valley and the
surrounding mountains (MASTEC, 2020). The valley accounts to 10% of the total area (2238 sq.km.)
which is inclusive of lakes, wetlands, barren uplands and hillocks. The traditional jhum or shifting
cultivation is practiced in the hills with paddy being the major field crop. The valley is oval shape with a
NNW-SSE orientation and has a gentle slope towards the South measuring 798 m above m.s.l. at the
extreme north and 746 m above m.s.l. at the southern end. Here, a more settled form of agriculture is
practiced.
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As per the ICAR data, the state has 0.18 million ha under rice cultivation, which covers both irrigated and
rainfed areas (ICAR, 2007) and which is also the staple crop. With the global consumption of rice
projected to increase by 69 Mt by 2029, it is expected to remain as Asia's staple food (FAO, 2020).
Although on a global scale, the probable aggregate effect of climate change on paddy production is
moderately low its regional impacts could be significant (Toriman et al., 2013). The summer ploughing is
carried out prior to the arrival of the south-west monsoon since most the agriculture is rainfed
(Ravindranath, et al. 2014). Although the state boasts of harbouring the largest freshwater lake in the
region and numerous rivers draining into it, water still continues to be a scarce resource, at times,
resulting in acute drought conditions (Business Standard, 2014; The Hindu 2016; The Northeast Toady,
2021). Local farmers who have achieved years of experience would closely observe daily changes in plant
physical characteristics such as colour, plant leaves, wilting symptoms, etc., on the whole and not for
individual plant and which also usually makes them know the location and timing of a host of significant
biological events (Inglis, 1993) thereby helping them decide on scheduling the irrigation. Their
experience also enables them to use precautionary strategies to protect against the possibility of
catastrophic loss in the event of a climatic shock and thus optimize management for average or likely
conditions, but not for unfavourable conditions (Avecedo et al., 2020).

IV. RESEARCH METHODOLOGY
The experiment comprised of both qualitative as well as quantitative part. More than 200 farmers from
more than 30 villages were the primary source of data during the initial phase of the project. These
villages/blocks/farmers were identified through the secondary data collected from the state agriculture and
allied departments/Krishi Vigyan Kendras (KVKs). Qualitative ethnographic data was obtained through
open-ended interviews describing the farmers lived experiences in their respective farmlands.
Additionally, close-ended questions were included to obtain yield data on potential indigenous paddy
cultivars. Purposive sampling method was adopted to select the farmers participating in the on-farm trials
(OFTs). Meteorological data was obtained from the ICAR Research Complex for the northeastern hills
(NEH) region, Manipur Centre, Imphal.

Accordingly, twenty-one potential paddy cultivars were examined during the on-station trial (OST) of the
cultivars in the Kharif season of 2019 at the College of Agriculture, CAU Imphal, Manipur. The cultivars
were transplanted during mid-August in a gross field area of 405m2 with a per plot area of 15m2. The
primary tillage was carried out with cultivator, followed by two cross ploughing and puddling with
rotavator. 50% of N and 100% of P and K were applied during puddling. The remaining 50% of N was
applied during active tillering stage. The average maximum monthly temperature recorded during the
cropping period was 28.7°C with an average rainfall of 123.8 mm.

Eight of them were further identified based on their yield performance. These eight cultivars comprised of
four upland cultivars viz. Takanu, Sangmare, Buthou, and Narnem and four shallow land cultivars viz.
Akhanphou, Kakchengphou, Thangjingphou, and Moirangphou. They were further standardized through
OST as well as in the farmers’ field through on-farm trials (OFT) during the Kharif season of 2020. The
sowing was done towards the end of July with an average maximum monthly temperature recorded at
27.5°C with an average rainfall received during the cropping period was 195.4 mm. Further OFTs were
conducted during the Kharif season of 2021 in thirty different villages from five districts under supervised
adoption of a recommended package of practices of paddy cultivation. Out of the five districts, four
districts belong to the valley while one district belongs to the hill. Six farmers from six different villages
from each districts were provided with paddy seeds and inputs of the eight cultivars (0.125 ha for each
cultivar) to be screened along with seeds of Tampha Phou (control variety) for conducting the OFTs. The
paddy cultivars were directly seeded during the first week of June, 2021 in all the villages with a
recommended dose of 60:40:40 NPK kg/ha along with one chemical and one mechanical weed control
practice. Average maximum monthly temperature recorded was 28.5°C with an average rainfall received
during the cropping period was 196.5 mm.

V. RESULTS
Differences in the mean yield of the paddy cultivars as compared to the control variety, Tampha Phou,
replicated in the five different districts are presented in Table 1 and Table 2.
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Yield of different local paddy cultivars under different districts of Manipur under rainfed conditions.

\V2, - TamphaPhou (control var.) R1— Imphal East
V, - AkhanPhou R, — Imphal West
Vs - KakchengPhou Sj - $;1?unt:]£ur

\VA - ThangjingPhou Rs— Churachandpur
Vs - MoirangPhouYenthik

Ve - Takanu

\V& - Narnem

Vs - Buthou

Vo - Sangmare

Table 1. Plant height, number of effective tillers and number of filled grains per panicle different local paddy cultivars

under different districts of Manipur under rainfed conditions.

Varieties Plant Height (cm) Effective tillers/plant Filled grains/panicle
V1 127.40 23.60 168.20
V2 124.60 15.80 113.00
V3 145.20 10.80 88.40
\2 136.40 11.60 89.80
Vs 138.60 14.20 104.60
Vs 131.20 4.40 36.60
V7 126.40 5.40 40.40
Vs 125.60 5.80 43.00
Vo 123.60 4.40 33.80
Sed 1.46 0.66 2.34
CD (p =0.005) 3.09 1.40 4.96

Table 2. Grain Yield, Straw Yield and Harvest Index of different local paddy

Manipur under rainfed conditions.

cultivars under different districts of

Varieties Grain Yield (Kg ha') Straw Yield (Kg hat) Harvest index
V1 5511.75 9739.19 0.57
\Z 3773.00 7000.03 0.54
V3 2987.25 8157.34 0.37
V4 3016.50 7662.95 0.39
Vs 3529.00 7786.55 0.45
Ve 1233.50 7056.21 0.17
V7 1376.75 7101.15 0.19
Vs 1490.00 7370.82 0.20
Vo 1154.25 6943.85 0.17
Sed 111.06 257.77 0.017
CD (p = 0.005) 235.44 546.46 0.036

VI. DISCUSSION

The data presented revealed that significantly higher grain yield (5511.75 kg/ha) was obtained from the
control variety, Tampha Phou (CAU R1) as compared to the local paddy cultivars. Tampha Phou is an
improved variety developed by the Central Agricultural University (CAU) located in Imphal, Manipur.
Among the shallow land cultivars, comparatively higher average grain yield was given by Akhan Phou
(3773.00 kg/ha) followed by Kakcheng Phou (3529.00 kg/ha), Thangjing Phou (3016.50 kg/ha) and
Moirangphou Yenthik (2987.25 kg/ha). The cultivars were grown in the valley where the soil is derived
from deep to very-deep alluvium and are poorly to moderately-drained. Due to the high humus content
(Department of Horticulture & Soil Conservation, 2021) they are slightly acidic and medium levels of
phosphate is available to the plants.

One anomaly of Thangjingphou at Lamlai (Imphal-East district) recorded a yield of 1160 kg/ha. The yield
variability under varied agro-ecology were also narrow in Akhan Phou (18%) and Kakcheng Phou
(19.4%) showing higher tolerance capacity to varied agro-ecosystem while the other two cultivars varied
above 30%.

The upland cultivars were cultivated in the hilly district of Churachandpur which is located at a distance
of 61.5km away from the capital city of Imphal. The soil in this part of the state is of the type Typic
Hapludults and is enriched with clay and organic carbon with high exchangeable Ca** and Mg?* content
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(Sahoo et al., 2020). Among the upland cultivars, highest yield was given by Takanu (1490.00 kg/ha)
which was on par with the yield given by Narnem (1376.75 kg/ha). Relatively lower yield of 1233.50
kg/ha and 1154.25 kg/ha was obtained from Buthou and Sangmare respectively. It is observed that there
is a higher yield of Tampha Phou, as compared to the yield of indigenous paddy cultivars. This
observation is also supported by the findings of Jyothi, et al (2019) and Phapuma et al. (2020) where they
have reported similar findings while studying the yield characteristics of indigenous paddy cultivars in
North and North Eastern regions of Thailand.

VII. CONCLUSION

The rapidly changing climate and its impact on the crop production have redirected us to look for
alternatives in our old and indigenous ways of identifying and growing crops. It is evident that the
indigenous cultivars possess the resilience to climatic stress and could perform well with the right inputs.
With advances in agricultural studies we are now able to discover more landrace paddy which have
immense potential to be adopted in varied agro-ecological sites and could provide us with future
alternatives in cases of food scarcity. Local crops are more likely to adapt to the changes in its
surroundings than crops which are sourced from outside the region. In the case of Manipur, it could be
well comprehended that the state is endowed with a rich natural resource base on which the majority of
the population depends on for their subsistence. This high dependence of the state on its natural resources
has rendered the region all the more vulnerable to the impacts of climate change.

The United Nations in 1986 has already recognized the significance of the indigenous people and they
are also the key players in the achievement of the sustainable development goals. It is through them that
the world could unlock the answers to combating climate change. Till date most of the research work is
challenged with the lack of the inclusion of the indigenous people and their associated knowledge on
land and the natural environment in general. The scientific community and the world would benefit
greatly with a more active involvement of the various research bodies with the indigenous communities.
Science will now have to mingle with the abstract and the abstract with science. However, this
involvement must be treaded carefully so that it does not lead to the over-exploitation of the newfound
untapped resources and the intellectual rights associated with a community. The sole purpose of this
exploration should not result in the molding of the entire ecological knowledge to our whims, an error
that has led the world to where it is now.
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