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Introduction

The state of Jammu and Kashmir comprises the egtremstern part of the
Himalayas (32.44 °N and 74.54 °E), with altitudegiag from 200 to 7,000 m amsl. The
valley of Kashmir (temperate zone) is approximatel km long and 32 km wide with
an altitude range of 1,524-2,286 m amsl. Annuatipi&tion varies from 700 to 1,500
mm. The temperature remains generally low, varyiog -10 °C during winter to 30 °C
during summer, with a yearly average of around @3%Generally, soil in rice growing
areas is clay loam with a neutral pH. The economiyJammu and Kashmir is
predominantly agrarian, rice being the staple feod the most important food crop
occupying an area of almost 140 thousand hectarkere are many well-known
landraces of rice in Kashmir, noted for their umgqualities, peculiar taste and texture
after cooking, early maturity and cold tolerancéh&lt Green Revolution made its impact
in India, the state of Jammu and Kashmir did ngtbahind. Some introductions from
China like China-1039, China 1007 and locally bredieties like K-39, Jehlum and
Chenab spread to every nook and corner of the #tabeigh vigorous political and
infrastructural support by way of different Govposisored schemes. As a result, faster
replacement of indigenous low yielding landracesnigdern High Yielding Varieties
(HYVs) took place in the sixties and the entireerarea of Kashmir valley got covered
under a few varieties. China 1039 and China 1002 wWes most popular varieties during
60s and 70s; K39 was the dominant rice variety f8ffa to mid 90s; while Jhelum took
over as the most popular variety for the decadéenbewy from mid 90s. This variety has
an excellent cooking quality and is most prefemedn today, but due to its susceptibility
to blast there has been a decline in its arearderao save farmer’s interests a blast
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tolerant variety Shalimar Rice-1 was released i0520y the State Varietal Release
Committee for the valley basin irrigated areas asKmir. This was followed by release
of Shalimar Rice-2 and Shalimar Rice-3 in 2012 hbot which are blast tolerant and
have good cooking quality, while the former is faked for its good straw yield and the
latter for early maturity.

However narrow genetic base increases the vuldgyalof rice production
system to biotic/abiotic stresses and has resitgdeld stagnation. Among the biotic
stresses rice blast is the most damaging diseasashmir, while low temperature ranks
first amongst the abiotic factors limiting rice gdrection. Further, climate change is also a
potential threat to rice production owing to eratse/ fall in temperature, and change in
the dynamics of pests and diseases. These nualiteord food security related issues
demand the immediate attention of rice breedershaémtéchnologists. Locally available
rice germplasm is a valuable repository of traitsalw could help address most of these
concerns effectively. Novel gene pools could beegated from the characterized
germplasm and donors for yield, quality and reerstato biotic and abiotic stresses
identified. Besides, there are some quality riceeti@s which when cultivated properly
can boost the farm income substantially.

Collection, conservation and documentation of rickiodiversity- how and why?

The advent of Green Revolution had an overwhelnmmggact on rice production
in Kashmir, as was elsewhere in the country. In6196e International Rice Research
Institute (IRRI) released the first high yieldinggea variety in the Philippines. In the
subsequent decade, Dr Shangloo, Senior Rice BreatldRice Research Station,
Khudwani introduced Chinese high yielding varieti@z., China 1039, China 1007,
China 988 and China 972 in selected pockets of iasvalley. However in a matter of
few years these varieties and the rice varietiegldped by the station through crossing
programme viz., K-60, K-65 and K-39 (most populatinost completely replaced
hundreds of the traditional rice landraces preuipuasltivated by the farmers. The new
rice varieties had a higher harvest index (graiavetratio), and the benefit of delivering
significantly higher yields when combined with acgmanying management practices,
including irrigation, weedicide and fertilizer apgation. These high yielding varieties
spread in favourable environments, where the nlatumd infrastructural setting allowed
for such practices. In unfavourable environmentsyhich irrigation and mechanization
were not possible or agrochemicals were not availdhe cultivation of the traditional
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landraces persisted. These marginal areas (uplanements, high altitude belts, very
cold areas, etc.) could serve as a repositorydfjgmous rice germplasm/ landraces. One
such niche area is the ‘Sagam’ belt of Anantnagdridis which continues to grow
aromatic landracesamadandMushk budiji

Waking up to the loss of original indigenous vaesgtof agri-horticulture crops a
‘National Agricultural Technology Project on Sust@ble Management of Plant
Biodiversity (1995-2005)" was undertaken by sciststiof SKUAST-K under leadership
of Professor Shafig A. Wani. Under this projectotak 1911 germplasm accessions,
which were under cultivation before the introductiaf improved or imported varieties,
were collected. The collected biodiversity includéd2 accessions in cereals, 38 in
pseudo cereals, 28 in millets, 71 in oilseeds isgs) 377 in vegetable crops, 21 in spices
and condiments, 13 in fodder crops, 204 medicindl@omatic plants, 55 in fruit crops
and 4 in others. The university deposited 1447 géasm specimens with the National
Gene Bank for storage and handed over 557 germpdasmssions to the Germplasm
Handling Unit of the National Bureau of Plant Gen&esources (NBPGR), New Delhi
for long term storage. For collection of rice getagm, expeditions were undertaken by a
team of rice experts and scientists to collect e germplasm from different areas,
amongst which Tral (Wagad, Shikargah), Pahalgamte{@at, Puhri-pajal, Khayar
Hapath-nard), Shopian (Balpora, Ganapora, Shadim&atampora), Badgam (Khan
sahab, Chadoora), Kupwara (Nagri malpora), Rajand Uri were the prominent ones.
Nearly 100 existing landraces of rice were colldaad assigned accession numbers, for
conservation and maintenance in the seed bankcat Research & Regional Station,
Khudwani.

Currently most of the rice fields in Jammu & Kashm@ie occupied by merely a
small number of high yielding rice varieties, of ialh K-39, Jehlum, Chenab, Shalimar
Rice 1, Rambir Basmati are the prominent ones. Wreisd is no different than rest of
India and other Asian regions. In India the mosiely grown rice varieties are Swarna,
Samba Mahsuri, Sona Masuri, Jaya, Ratna etc. lippines almost half of the rice area
is devoted to four of the most widespread HYVs, Gadia one single IRRI variety
(IR66) accounts for around 90 percent of the rimaaand in Pakistan only four HYVs
are planted on 99 percent of the country’s ricéd$ie This illustrates the immense
‘genetic erosion’ that has occurred in farmersldie since the onset of the Green
Revolution.
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At present, five hundred and eighty germplasm agoas, indigenous and exotic,
are being maintained as three row material at MmoriResearch Centre for Field Crops
(erstwhile Rice Research & Regional Station), Khadiw Almost all these accessions
were characterized for different agro-morphologicaits, diseases resistance score (leaf
blast, panicle blast) and aroma in a period of figars viz 2008-13 by the lead author. A
systematic and exhaustive morphological charaetioiz of the landraces was done,
while the molecular characterization is under pssc&arious population parameters viz.
range, mean, skewness and kurtosis from the daraed have shown wide range of
variability. The germplasm bank at MRCFC Khudwarimiains some well adapted
exotic introductions (includingsoshigon, Chengshi, Koshihikari, and Cheolwean 32,
Kunusa rexand some indigenous introductions (likeera, Dullar, Bahrigu dhanfrom
other rice growing regions of India. It also maingasome international blast differentials
(like C101-LAC, C101-A51, C101-PKT, C105-TTP-4-1;RIL 10, RIL 29, NP 125,
USEN, Tadukan, Shia-tai-tsau, HR 12, CO 39 etc)cwhare being used in the
development of blast tolerant rice genotypes.

Table 3.1: Type of rice biodiversity stored in Seed Bank &GFC, Khudwani

S.No. Type of accession Number

1. Land races 92

2. Aromatic landraces 7

3. Pigmented / Coloured rice types 15
4, Released varieties 15

5. Old and obsolete varieties 72

6. Rare germplasm/ Basmati/ Fine grained 53
7. Exotic cold tolerant/ temperate lines 397
8. Japonica types 57

9. CMS lines and their maintainers 6
10. Blast differentials 18

Sometimes the same accession falls in more thanaiagory,while some do not fall in any category
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Fig. 3.1 Biodiversity of rice, as depicted through a rangenorphological variability.
Why are landraces important?

1. Genetic and agronomic value

The local varieties are a repository of divers@mege some of which are of
practical importance in the changing socio-economag well as edaphic/climatic
conditions. While all high yielding varieties in &amir are white, mostly with medium
bold grains, local rice varieties often exhibitmiendous morphological diversity. The
colour of the outer layer (pericarp) can range friolack/purple to red and brownish to
white. In our study on landraces in Kashmir, thairgmweight - as characterized by the
thousand kernel weight - varied between 15 andraghg, while the HYVs varied only
between 22 and 34 grams. In fact, more than 90%obud2 identified landraces
cultivated in the area are no longer under culiivatThe findings of a recent study,
conducted somewhere else, are presented hereidtralie the importance of conserving
and exploring the ‘genetic value’ of landraces. Ajon quantitative trait locus for
phosphorus-deficiency tolerancPupl was identified almost a decade back in the
traditional austype Indian rice variety ‘Kasalath’. The locus wsegquenced anBupl:
specific protein kinase gene located, which wasnttg named as phosphorus-starvation
tolerance 1RSTOL) gene. It is important to emphasize that this gerabsent from the
rice reference genome and other phosphorus-stanvatiolerant modern varieties.
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Fig 3.2.Local biodiversity of rice as depicted by the dié‘Bc;a of panicle type, grain 'Eype,
grain colour, awn type etc.

The over-expression fSTOL1in such varieties significantly enhances earlyt roo
growth and grain yield in phosphorus-deficient dmjil enabling plants to acquire more
phosphorus and other nutrients. The absence ofsgé&@ePSTOLland submergence-
tolerance gen&UB1Afrom modern rice varieties underlines the valugradiitional rice
germplasm.

2. Socio-economic and cultural value

Rice is not only the dominant staple food, but asointegral part of culture in
rural Kashmir. Some landraces have a special alltualue, for example scented
landracesMushk budjiandKamadhave traditionally been served on particular oores
like marriage ceremonies and festivals. These tresieised to be sold as ‘food for the
royal families’ in the local markets of Srinagarridg the times of Maharajas, which
could only be afforded by the affluent and rich figes owing to their 4-5 times higher
market price. These landraces are highly valued @vepresent times and are served to
distinguished visitors and dignitaries. Some ree tiypes calledZag are used for the
preparation of snacks lik&azul batéfor pregnant ladies owing to their higher nutréi
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value, while some are preferred for preparatiormoinchies like Bate laayg ‘Mur-
murei and ‘Chewrei. The varieties’ names in the local language ofteitect the rice’s
appearanceK@aw kreer, Laer beoul, Nika katwor, Shala kewmell Mushk budji,
Mushkand), colour gag, Safed Khuch, Bari safed, Kaw kreer, Khuch,safgd, Safeed
braz, Safed cheehacultivator's name Aziz beoul, Begum, Qadir baig, Rehman bhatti,
Noormireg etc. Many varieties are characterized by a vpecic taste, and their seeds
are exchanged among neighbours/relatives, or #ieddor eating purposes in the form
of roasted rice, locally calledBayel tamul The long grained basmati type varieties are
cooked asKashmiri pulad and served along with dry fruit and raisins ire ttamous
Kashmiri cuisine locally called asWazwan The loss of biodiversity therefore would
also imply a fading rural culture.

ax

Fig. 3.3.Popular landraces of rice in Kashmir (central twe scented, and outer two are red rice types)
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3. Health value

The taste, texture and organoleptic value of reggethd on many factors. Rice is a
starchy staple food which provides almost 90 pdrodérdietary energy to an average
Kashmiri. It is a part of their culture, and evenparties, conventions, get-togethers rice
iIs an indispensible component of their dishes. Maypcan ever be even imagined
without ‘baté (cooked rice)! Starch properties of the tradiabmarieties are therefore an
important factor determining the choice of varigtier different occasions. Varieties
differ widely in the proportion of starch compositifractions of amylose (consisting of
linearly linked glucose molecules) and amylopectioemposed of glucose molecules
with branched links). The waxy rice varieties cghgf amylopectine only, and have a
sticky texture because these absorb less water apoking. On the other hand, rice
landraces with more than 25% amylose content absunte water and have a fluffy
texture after cooking. Higher proportion of amylose further associated with low
glycemic index (slow starch digestion) and longeelihg of satiation after ingestion. On
the other hand fast digestion can cause a sensdtlumger shortly after the ingestion of
waxy rice and is considered unfavourable becagskenig term consumption can induce
type Il diabetes (i.e. non-insulin dependent diabein adults. There is a prompt and
pronounced increase of the blood glucose level igh lglycemic index) after the
ingestion of rice (especially waxy rice), similar that caused by white bread or pure
glucose. Therefore in some parts of Jammu & Kaslsogh waxy varieties are used for
the preparation of sweet/salty snadkieéthay chavalTaehe) by cooking them and then
cooling before consumption. Some varieties areepredl for the preparation of bread
(Tomul tschot Cooling after cooking has been shown to subistiywslow down starch
digestion due to physiochemical changes in thelststructure (retrogradation) (Frei and
Becker, 2003). Besides starch composition manyrdtwtors specific to these varieties
viz., physiochemical starch structure or the sizthe starch granules, also contribute to
delayed starch digestion.



Fig. 3.4.Agricultural biodiversity shapes food culture (addtmiri salted ric&aeher generally served at
Sufi dargahgb) Sweetashmiri pulaoserved withWazwan (c) Bate laaysld by local vendors as snacks
for children (d) Cooked pigmented rice byajjar family

4. Grain nutritional value

Another aspect that makes rice landraces attradsvehe wide range in
palatability, texture, and nutritional value dep@gdupon their genetic makeup. With the
advent of high yielding varieties and large scalepdion of the rice milling technology
the spread of vitamin B-deficienchdriberi) has become more common, due to the loss
of vitamins through the removal of rice bran. Earliarmers used to process their rice
manually and remove only the fibrous hull. Rice wan consumed as ‘brown rice’ that
included the bran layer. The ‘nutritional diversiof rice bran added value to the rice
bowl, because bran is more diverse in its commwsiéind contains protein, lipids, fibre,
vitamins, and minerals. The major vitamins predanthe rice bran are vitamin E-(
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tocopherol) and the B-vitamins (thiamin, riboflavand niacin) while the major minerals
are phosphorus, potassium, and magnesium. It eargl practice nowadays to process
rice grain by additionally removing the bran layem the endosperm to obtain milled
rice. This is done due to the consumers’ preferebce it takes away the nutritive ‘value’
from nutritionally rich landraces, making them ar pvith other landraces or varieties. A
study on Philippine rice landraces has suggestad ttieir average lipid content is
significantly higher than that of the HYVs colledt'om the same area. The lipid content
of HYVs (brown rice) ranged between 2.0 - 2.1%, levhis average value for the
landraces was 2.3%, with some individual varietiasing 3.2% lipid content. Similar
study needs to be undertaken on landraces of KagRnei and Becker, 2004).

Similarly, higher levels op-carotene are generally found in pigmented (coldure
rice varieties (Frei and Becker, 2004). Such lacesaof Kashmir with coloured pericarp
viz., brown gag, Khuch, Khuch niver, Mir zag, Niver, Mir sa@s 10, GS 44, GS 51,
GS 52, GS 80, GS 83, GS 224, GS 268, GS 289, G&8840), purple Purple rice,
black ¢Zager, Kaw kreér are only cultivated in remote areas maintainindnigher
diversity of rice genotypes. Carotenoids being datuble, such varieties generally
possess higher lipid content too. From a nutriigp@int of view this is favourable
because it ensures the supply of unsaturated dattds necessary for the transformation
of B-carotene into vitamin A. As with vitamins, minesdlke iron and zinc are chiefly
located in the bran of the rice grain. Generaligniand zinc contents tend to be higher in
aromatic and coloured (red and black) rice varsetigan in colourless varieties and
ordinary HYVs (Kennedy and Burlingame, 2003; Grégo2002).

5. Disease management value

Magnaporthe griseathe causal agent of blast disease, is a seriatiogen of
graminaceous species and is best known as thel agesd of the rice blast disease. The
disease is a serious production constraint for incthe northwestern Himalayan region
of India, comprising the states of Jammu and Kasghditranchal and Himachal Pradesh
(Sharmaet al, 2002). The disease is endemic to most rice grgpwreas of Jammu and
Kashmir due to prevailing blast-conducive environtaé conditions during the crop
season. Although, chemical control of the diseaseavailable, it is economically
expensive for resource poor farmers and is enviastaily undesirable.
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Since host resistance offers cost effective andfeeodly method for disease
management, a study in China has demonstrated hassification of rice varieties is
able to significantly reduce rice blast infestat{@hu et al, 2000). Genetic diversity is a
defence against diseases and pests owing to tkenme of diverse genes and genetic
components, which give selective advantage to tiveseties under heavy selection
pressure imposed by diseases. The rice blast digsasne of the major diseases in
Kashmir, which exists as a combination of pathogeaces. Therefore, rice resistance
genes often remain effective only for a few yeafsagricultural production, before
succumbing to new pathogenic races. In the Chirstsey diversification as a pest
management strategy was so successful that fanwenes able to abandon the use of

Fig. 3.5.Pigmented rice ty!
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fungicides in just two years. Similar results welgained in Philippines, where more
than 50 rice landraces were cultivated in two ughlarunicipalities, and there were no
reports of any rice pest infestation, except raitd hirds (Frei and Becker, 2004). A
preliminary study with this purpose was conductedMRCFC, Khudwani wherein rice
germplasm was screened for blast tolerance undeperate conditions of Kashmir
valley. Field experiments were laid at Khudwani to recosdhctions of 580 rice
genotypes against blast disease under natural taomgliwith high prevalence of blast
disease. Each test entry was sown in two rows 288hcm long and 20 cm apart. After
every 10 test entries local susceptible varidjughk budj)i was planted and entire
nursery was surrounded on all sides by two rowsthef susceptible variety. Two
observations on leaf blast severity were recordetiOadays interval starting from 25
DAS. The first observation on neck blast incidenezs recorded when heading was
completed in test entries and second between mdkdaugh stage. Evaluation was made
by the standard evaluation system of rice on Ogdesd’he highest grade expressed by
each entry out of ten plants scored was consideseats reaction against the disease. The
promising test entries with tolerance to blast acarease prospects of producing rice
organically. The entries along with their scores emumerated in the table.

Table 3.4.Screening of rice germplasm for blast resistantievitng IRRI Standard
Evaluation System 2003

S. Particulars Disease Accessions
No. score
1 Leaf Blast Resistant entries 1 GS-51, 90, 99, 197, 232, 299
(at booting and Heading 5 GS-6. 198, 237, 283, 294
stage)
3 GS-55, 56, 59, 61, 62, 63, 64, 70, 71, 91, 9398, 97, 98,
155-178, 180, 181, 182, 183, 185, 188, 189, 195, 231,
238
2 Neck Blast Resistant 1 GS-10, 54, 62, 70, 93, 97, 99, 101, 110, 112, 114, 119,
entries 123, 124, 125, 127, 128, 129, 131, 132, 133, 135-145,

. 146, 147, 155-162, 176, 178, 188, 190, 195, 197
(at maturity)

2 GS-32, 37, 46,50, 52, 55, 56, 71, 75, 82, 9099, 96, 98,
102-109, 113, 115, 117 122, 130, 144, 148, 149, 163,
166, 167, 169, 170, 173, 179, 182, 187, 198

3 GS-27, 44, 94, 95, 150, 152, 164, 168, 171,172, 177,
181, 185, 186
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Fig. 3.6 Lead author showing to visitors the severity B in aMushk udjiplot
at MRCFC, Khudwani.
Initiatives in biodiversity management of rice

1. Purification of scented local landraces

Kashmir is well known for the cultivation of somacal scented landraces grown
in different agroeclogical niches and maintainedfdoyners since time immemorial. Of
the aromatic cultigend/ushk budjiandKamadare in great demand due to their excellent
cooking and eating qualities. Earlier, in absericklast infestation these varieties would
yield grain of 3.0-3.5 t/ha in farmers field. Hovesythe yields declined drastically due to
their vulnerability to virulent races of rice blaglathogen Nlagnaporthe grisea
Therefore, these varieties were thrown out of eation, except in some small isolated
pockets where these varieties are being grown @plex mixtures. These varieties fetch
5-6 times higher price in local markets than thenewnly grown high yielding varieties.
In view of this an attempt was made at MRCFC, Khadwto purify the farmers bulks
and identify superior pure lines @®flushk budjiand Kamad with good quality and
agronomic attributes to boost the income of farmgifsy five single plant selections of
Mushk budjiand 64 single plant selections Kkahmadwere chosen from the farmers’
fields in kharif 2008 and threshed separately to raise the headwtqorogeny during
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kharif 2009. Based on yield, disease and quality traBspromising progenies dflushk
budji and Kamad were selected for further evaluation durikigarif 2010. Out of 16
Mushk budjipure line selections made from 55 single planéd®ns collected from
different areas of Kashmir valley, three selectiorese finally found to be at par with
each other in terms of grain yield and aroma antevedosen for seed multiplication,
while oneKamadline was selected for its seed multiplication. iDgrkharif 2011 these
lines were multiplied to produce nucleus seed, ewdluated for agro-physiological
characters and distinguishing morphological desargp Duringkharif 2012 these were
being multiplied for distribution among farmers.eMushk budjiseed was distributed at
MRCFC Khudwani amongst the farmers of Sagam, Kakgrmnd Batengu; while in
districts of Budgam, Kulgam, and Pulwama it wadritisgted to farmers through the
respective Krishi Vigyan Kendras (KVKSs).

However, no success could be achieved in idengfynblast tolerant genotype
amongst these accessions and blast resistanaestdins a challenge.

2. ldentification & evaluation of local red rice type land races

As discussed earlier, a fruitful outcome of germplacharacterization was that some of
the promising nutritive red rice types having cotul pericarp were identified for
evaluation, molecular intervention and biofortifica. Preliminary evaluation of the 13
major red rice types vizZag Kupwara Zag Uri Zag, Mir Zag, Khuch Mir Sagi and
some other accession§$% 51, GS 80, GS 83, GS 224, GS 268, GS 289, ©§S3véds
also completed for yield and agronomic traits inakh2011 & 2012. The biochemical
and mineral contents (Iron & Zinc) of these lanésaare being determined using modern
techniques.

1 ik

Fig.3.7. Evaluation, purification and selection of best ggpe from Zag Mushk budgiand Kamad at MRCFC,
Khudwani
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Table 3.3.Evaluation of promising selections

S. No. Single plant Plant Panicle Panicle 1000 seec Grain yield Aroma
selection height length wt. (g) wt. (g) per plant (g) (1-3
code (cm) (cm) scale)
1. KhS-1 116 234 4.11 28.04 42.0 3
2. KhS-2 123.5 24.9 4.01 26.12 36.6 3
3. KhS-3 125.5 24.4 3.78 27.30 32.0 3
4, KhS-4 124.6 24.5 3.16 28.15 32.0 3
5. KhS-5 128.5 23.2 2.84 32.71 30.0 3
6. KhS-6 128.0 23.3 3.17 26.08 31.3 3
7. KhS-7 118.7 23.0 3.83 33.31 31.3 3
8. KhSs-8 118.3 24.8 3.80 38.39 32.0 3
9. KhS-9 128.7 23.3 3.15 26.50 30.0 3
10. KhS-10 123.7 234 3.00 33.76 30.0 3
11. KIS-1 127.5 225 3.60 29.10 30.0 3
12. KIS-2 113.2 24.0 3.50 31.40 42.6 3
13. BS-1 123.5 23.7 3.47 28.94 36.6 2
14. BS-2 111.0 23.0 2.70 39.92 40.0 2
15. BS-3 120.2 20.2 2.78 26.22 33.3 2
16. BS-4 123.2 23.8 2.98 27.64 36.5 2
17. Kmd-1 123.2 20.6 2.63 24.92 43.3 2
18. Kmd-2 127.6 214 2.90 27.28 333 2
Check Farmers bulk
i. Mushk budji
. Kamad

The way forward: what do we need to do?

Rice is cultivated in different agro-ecological i@t of J&K, comprising sub-
tropical area > 1000 m amsl of Jammu region; mttuadle areas (1000 to <1650 m amsl)
of Poonch, Rajouri and Doda districts; temperateadley basin area (1650 to 1900 m
amsl) and cold high altitude areas >1950 to 240@msl) of mountainous terrain of
Kashmir. Nearly 10-12% of total rice cultivated aref the valley falls in the higher
altitude region. The population of this region Bvie harsher climate and difficult hilly /
mountainous terrain. The farmers in this regiof gtiow old non-descript varieties /
cultivars which have poor yield potential and aresceptible to Paddy blast. Low
temperature and very short summer months redude arel affect nutrient availability /
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mobilization rate from the soil. These challengesiditritional and food security need to
be addressed, but at the same time weightage egaal measure needs to be given
towards the conservation and utilization of riceeje diversity. This can be done using
a multi-pronged strategy involving the following:

1. Conservation and rejuvenation

Most of locally adapted aromatic and non aromatie genotypes have evolved
as a consequence of natural and human selectiohamn highly adapted to specific
ecological niches carrying the genes for adaptshiiarly maturity and cold tolerance.
These genotypes, having evolved under specificogaml niches of Kashmir carry
combined adaptive traits for such difficult ecolmajiregime, and are not much amenable
to high input agriculture. Therefore, these need cbonserved/maintained, and
periodically cultivated for evaluation under resmipoor and marginal conditions of far
flung areas.

Conservation should aim to preserve all of the gewariation that is available in
a population, and is best insured by seed rejui@nat an environment as similar as the
native habitat of the population. On the contraegaluation should aim at the
identification and isolation of obviously useful rggypes, involving selection and
purification in the process. Splitting of originstbbcks into pure lines, and repeated seed
increase cycles, are adjuncts of evaluation an@atton. Conservation maintains the
germplasm inputs, while evaluation and utilizatiorake these conservation efforts
worthwhile. The dynamics of any crop needs to baéeustood prior to initiating any on-
farm conservation and utilization programme. Thevemtional approach so far has been
to transfer technologies generated elsewhere ttatheers. But such an approach has not
only been less efficient in the adoption of thehtemlogies by the farmers, but has also
led to replacement or erosion of local genetic weses. This raises the question of how
to generate relevant and farmer preferred techredopgvhile attempting to conserve,
manage and utilize the rice diversity at commulatel.

Can Participatory Plant Breeding be a guiding ppilec for redesigning /
revitalizing the landraces to suit modern times? Aan Participatory Varietal Selection
help in conserving the landraces in pure form whardhey fit farmers’ criteria and
consumers’ preferences.
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2. Participatory plant breeding and participatory vari etal selection

There is a serious concern among the farmers, tstenpolicymakers and
environmentalists regarding continuous erosioneasfegic biodiversity. When uniformity
becomes the cause of genetic vulnerability, gertiersity is the only insurance against
it. In the era of climate change complex biotic afbotic stresses shall cause the high
yielding varieties succumb and lose their compaeaticonomic advantage. The crisis is
further expected to deepen in scope as well assit{e when pressure due to population
increase and urbanization causes shrinkage irarez as well as shift in rice cultivation
towards newer areas with untested soil types, réiffte climatic patterns, and new
pathogenic interactions. Under these circumstargaes Jocal landraces be a part of the
solution?

Although many landraces are preserved by breedessad banks, farmers do not
have access to these for cultivation. Moreoversgmation in seed banks does not allow
these landraces to adapt to changing environmeetihgs and changing agricultural
practices. In order to address both these issuésraet the challenges (discussed in
above paragraph), systematic screening of theegksice types by local farmers of an
area, through Participatory Varietal Selection (PV&n lead to useful site-specific
introductions. PVS will also generate wealth ofommfhation about the (a) farmer
preferred traits, and (b) trade-off between traitd)yich can then be followed by
Participatory Plant Breeding (PPB) for incorporgtisuch useful traits/genes into the
existing varieties and landraces. This would engigeetic diversity on ground, and
guarantee sustained levels of high productivity.

3. Value addition and promotion of domestic / internatonal trade

Many landraces, mostly gaponica background, are known for their superior
agro-morphological and quality traits like tastepraa, texture, coloured aleurone, early
maturity and cold tolerance. Notable among themMushk budji Kamad Nun beoul
Laer beou) Zag andKhuch While their collection, characterization and camvation in
hot spots of the valley is important from genetanp of view, their purification and
commercialization is of special importance from thamers’ perspective of livelihood
security. Therefore, there is an urgent need towadige to these landraces by enriching
them with minerals and micronutrients like iron,nai etc, and promote their
commercialization as ‘speciality rices’.



44

Further, scientific studies on aromatic rice of Ka& have not given ample
attention to their domestic trade in the past, dedpe fact that scented rice varieties
have competitive international price and the state earn foreign exchange from them.
Recently, Mr. Ghulam Hassan Mir, Hon’ble Minister fAgriculture has shown some
interest in promotion and revival of these vargti@he Ministry of Commerce,
Government of India, has permitted exportRznbir Basmati of Jammu & Kashmir to
USA, Jordan and Saudi Arabia so that the farmerthefstate could get benefited. In
order to further the cause it is important for faemers, scientists, policymakers and
environmentalists to understand the pattern of dwimerade of aromatic rices at the
micro level to address the basic issues of prorgotineir cultivation, production and
export. The marketing and price-spread patterrssahatic rices of Jammu and Kashmir
like Mushk budji Kamad Ranbir basmati have to be examined and poli@grwentions
suggested with regard to their production and tredéhe state. A beginning in this
direction was made last year (Kharif 2012) by sgttup demonstrative plots &fushk
budji andKamadon an area of 0.8 ha in Sagam, and cultivatedtsl farmers under the
guidance of SKUAST-K.

4. Production of organic rice

The continuous cultivation of only a few selecerarieties has led to the loss of
genetic diversity of landraces. Although many laaes are preserved in seed banks
these are not accessible to the farmers. Ensuremgtg diversity requires that rice
landraces are cultivated continuously, and not irfored in seed banks. In view of a
preferred shift towards organic cultivation, anch&amers’ readiness to pay higher price
for organically cultivated rice, the scope of ttawhal rice landraces has increased
tremendously. Earlier HYVs enjoyed a distinct adage, owing to their being fertilizer
responsive, but under organic cultivation thesekamend to lose the yield advantage.
Therefore on-farm cultivation of landraces orgaltycahall not only be a profitable
economic enterprise for the farmer but would aleadl to their conservation and
adaptation. This process would be dynamic, i.e.lénelraces would get subjected to
continuous selection by the farmers, and would treuallowed to develop and evolve.

The challenges in production of organic rice wohtvever be in the form of
‘paddy blast’ and ‘weed growth’, both of which acarrently controlled by chemical
intervention.
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5. Promotion of brown rice

As rice bran contains up to 20 percent lipids, thekes brown rice susceptible to
rancidity. In earlier times, rancidity due to theg=e lipids was prevented by removing
the hull shortly before its consumption, and thustgrting it from oxidation. Rice (with
bran) could then be stored for about one year,owitteading to rancidity. Rice bran is
characterized by high nutritional value. It conginigh proportion (nearly 80%) of
unsaturated fatty acids, which are known to haweedlcholesterol lowering effects. The
major unsaturated fatty acids in rice are oleic §ai monounsaturated acid) and linoleic
acid (an essential polyunsaturated fatty acid), twede are not synthesized in humans
and therefore need to be taken from outside. Thpgks play important roles in cell
membrane function and functioning of the nervousteay. The consumers’ preference
for milled rice has further reduced the availapilif iron and zinc substantially in their
diet. The variability in mineral content among differeite landraces of Kashmir is quite
pronounced, with zinc content ranging between 30r8fkg and iron content between
16-55 mg/kg. The range of zinc and iron contenthigh yielding varieties of Kashmir is
23-58 mg/kg and 32-76 mg/kg, respectively.

The current prevalence of milled rice on the markeuces the rice’s nutritional
value and essentially turns it into a simple cayloate food. Therefore, in addition to
developing more nutritious varieties, awarenesshef benefits of eating brown rice
should be raised among rice consumers. Such a oechlapproach would ultimately
result in a sustainable enhancement of the eskantigent supply in rice-based diets.

6. Gene mining using genomics and biotechnological apmaches

Rice is a diverse crop that grows in different gstmms. Genomics-based
strategies for gene discovery, coupled with thedasion of transgenes by genetic
transformation, have accelerated the identificabbrcandidate genes from this broad
genetic diversity. It is therefore important to Exp landraces as well as wild rice
species, and characterize their genes for furtiser rather than storing them in gene
banks. Current gene revolution has broadened tlopesdor the application of
biotechnology in rice, across ecosystems and gerwrriers. In order to prevent
biopiracy policymakers should look into the potahtiuse of biotechnology in
safeguarding intellectual property rights of rieggnfiers and scientists by promotion of
finger-printing technologies for molecular charaidation of rice germplasm.
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With accumulation of genes from a few elite parkertaes in the current
generation rice varieties, the genetic base hasalad leading to comparatively lower
genetic gains over the existing high vyielding vi@e® The primary attention of
converging genes for yield and yield componenttdraieeds to be diversified. Grain
quality and physiological traits like cold tolera&pcthermosensitivity, source-sink
relationship and harvest index, lodging resistaregter nutrient absorption, efficient
number of productive tillers per hill, etc. havet m@en explored biotechnologically to
generate meaningful results for higher and sudbéenerop yields in rice under Kashmir
conditions.

7. Combining high yields with high nutritional value through molecular breeding
and biotechnology

The immense genetic diversity in rice landraceseiected by their multiplicity
of nutritional characteristics. Suitable rice véae exist for enhancing the supply of
various nutrients, including protein, essentialdgy certain minerals, and to some extent
B- carotene also. The diversity of such favourablgritional characteristics is not
represented in most of the widespread HYVs curyeptevailing in Kashmir. These
HYVs have been developed mainly to optimize thengjtetive yields, and not the
nutritional value. The high nutritional quality dte landraces can form a solid base for
changing priorities in rice breeding, putting meraphasis on the grain nutritional value.
In order to meet the targets of nutritional seguaihd food security, biotechnology and
molecular breeding techniques, like marker-assisteglection, marker-assisted
backcrossing, and genetic transformation need tcermeloyed for accelerating the
development of more nutritious rice varieties. Corrg high yields and high grain
nutritional value thus appears to be possible thindhese molecular interventions.
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CHAPTER 6

Participatory Seed Production of Cold and Blast Tolerant HighAltitude
Rice

S. NAJEEB, G. A. PARRAY, M. ANWAR BHAT SHAFIQ A. WNI AND AMJAD M.
HUSAINI
Mountain Research Centre for Field Crops, Khudwamantnag—192 202 (SKUAST-K)
*Directorate of Research, SKUAST-K, Shalimar, Sramag&K

Seed of improved crop varieties =
greatly increase the productivityl
profitability and sustainability of agriculturg
production systems in developing countri® - =
(Cromwell, 1997). However, in many Puﬂlﬁaroif \
developing countriegarmers have limited ' SEEBFRODUC‘I’]ON;
access to seeds of modern high yield
varieties because of constraints in productifs
and distribution (Cromwelkt al, 1992). In
many countries of Asia and Africa, despite subsafinding for strengthening of seed
supply organizations, the formal sector only sugsph small proportion of the seed that is
sown. Most is supplied in the informal seed supplgtem made up of a net work of
farmers and small scale merchants (Witcombe, 20I0 principal seed source for most
farmers is seed saved on farm from the previouselsawhile most of the remainder
comes from off farms local sources (Franzehal, 1996; Tripp, 1997).

Since the formal sector has failed to supply aiSaant proportion of the seed
that is sown, many projects and agencies have ptiehto develop local seed supply
systems that depend on action by local communifiesajor constraint to this approach
is the very high transaction cost of deliveringdsé@ marginal rural areas that make it
unprofitable (Wiggins and Cromwell, 1995).

Jammu and Kashmir is a small state with highly digeagro ecological
conditions and socio economic and cultural sgstirwhich favour the use of many,
diverse varieties and crop species. Hill agrigeltin particular relies on indigenous
knowledge, local inputs and resources and a divensge of crop landraces. Inspite of
much investment in agricultural research and exenshe adoption of modern varieties
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is relatively low in hills and mountains (LARC, 189 Chemjonget al, 1995).
Centralized plant breeding and popularization progne has had little success in
providing a choice of varieties to these areas articularly in higher altitude regions,
local landraces cultivation is still unmoved.

Our particular interest in seed production follofeom the experience that high
yielding, early maturing and cold tolerant rice iety K-332 was liked by the farmers
because of resilience to blast, besides, otherat#simorphoagronomic traits. Although,
we had developed and employed efficient ways tovelelseed of the variety to few
farmers through FLDs. Hence we began to assist deselopment of local farmer
groups of mountain ecology of Kashmir to estdbassustainable means of delivering
seed of the variety with the objective to bridtee wide gap between the great demand
and non- significant supply.

Farmer’'s management of on farm biodiversity is gy ¥l/namic process. Farmers
rarely use new varieties to replace their existangp genetic resources altogether,
particularly in risky marginal areas: rather thegydanew material to their existing
varieties portfolio. So the likelihood thatpaor , formal sector seed supply to farmers
in  marginal areas would result in large scaleedsreplacement of existing crop
genetic resource base is remote (Joshi and Witep093; Cromwell and Almikinders,
2000). A limitation to mainstreaming the use oftggratory plant breeding has been the
lack of uptake by the formal seed sector to distelseeds (Caccarelli and Grando 2007).
The majority of participatory crop improvement pragymes have relied on farmer’s
seed production to exchange and disseminate \ewi@llmekinders and Elings 2001).
Mainstreaming of the programme has been constlaiby limited linkages among
local or Community based seed (CBS) organizationss the national seed distribution
system for released or unreleased varieties adatweto both strengthen farmer to farmer
seed systems and link CBS with local seed entnepirs ( Devkotaet al, 2008). In
Nepal, the formal seed sector contributes less 3% of the total demand of rice seed
( Baniyg 2003) , while the seed disseminated throughitiiermal seed system follow
a diversity of seed exchange net works dependmgdifferences in ecological and
cultural differences ( Subeét al, 2003). The strengthening of the capacity ocfl
seed producers group was key to the success efgrbwing demand for the seed
developed through client oriented Breeding iffecent districts of Nepal with similar
rice production domains (Gyawadit al, 2010).



66

Two alternate years 2009 and 2011 proved highlpdeaable for rice blast in
Kashmir valley in general and high altitude agrdegy in particular. Farmers lost
everything to blast and could not harvest a siggéen. The reasons for the occurrence of
leaf blast were due to prolonged deployment of &aghvarieties usually low yielding
and highly susceptible to blast. Majority of thernfi@rs whose crop completely
succumbed to blast visited the High Altitude Rias®arch Sub- Station, Larnoo located
in District Anantnag (2280 m amsl) with the requést the seed free of cost. Few
farmers who had planted the seed of variety K-382ived from the research station
where able to harvest a very good produce althdagturable season for blast epidemic.
The variety K-332, despite being released in 1999'still surpassing all the entries
developed and under development in station triads leas been found far more superior
to otherwise elite introductions from IRTON and [RC nurseries (INGER
material).Farmers who harvested a very good prodaceted that the variety is the ray
of hope for booming the rice production scenariswth ecology.

High altitude irrigated ecology of Kashmir rangibgtween 1950-2300 m amsl
encompasses an area of 10-12 % of rice grown dréee state (14-15,000 ha) can give
additional 40-50,000 tons of rice if brought undbe said variety. Due to lack of
adequate land/ farm resources with the Universitynhiass multiplication of the cold
tolerant variety, it was felt to multiple the samehe farmer’s field. Consequent of this,
University took the initiative in 2011 for seed mplication and popularization through
participatory mode of seed production in the fasheeld. The 12 g foundation seed of
K-332 produced duringharif 2011 was distributed to more than 100 at villagenoo
(Dist. Anantnag) farmers through Panchayati Rajtitutes (PRIS) comprising Six
compact blocks of more than 5 ha each. It is wwthmention here that majority of the
farmers under such ecology are small and margimalda hold on an average 2-3 kanals
and at the most 4 kanals of land. The crop was toi@d at different stages of growth
and farmers forbade the welcome even during roggejeration for maintaining the
purity standard. A bumper crop was harvested byahaers with a yield of 5-6 tons/ha.
It was expected that more than 500 g seed candeeiqgd but being the subsistence type
of farming, only 20% of the produce was sparednayfarmers towards the seed pool and
major portion retained as household food grain isigcand finally in totality 10 t (100q)
seed was procured through this community developpragramme leading towards self
sufficiency and livelihood security (Table 6.1).el'Beed after processing is ready for
further distribution on the same pattern durkingrif 2013 and it is expected that by the
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end of year 2014 the demand for seed productiohifgr altitude irrigated ecology could
be overcome to a great extent.

Table 6.1.Participatory seed production programme of coldreoit high altitude variety
K-332

. . Actual quantit
Seed quantity Quantity of seed vatquantity

Year Area covered . procured from
made available produced (q) .
farmers field (q)
2011 6 kanals 30 kg 12.0 12.0
2012 300 kanals (15 ha) 12 kg 800 130
2013* 120 ha (2400 kanals) 100q 5000 1500

*Figures expected ikharif 2013

Possible outcome and impact of the programme

v Enhancement of seed replacement rate particularlthé area where the modern
varieties have yet to make its dent because oboo¢her factors.

v Additional tonnage of yield could be easily prodiidhat would lead towards self
sufficiency, sustainability and livelihood security

v" Increase in production can make the opportunitydigersification for risk covering,
more economic gain and after all mental satisfactmthe farmers to keep growing
rice as remunerative enterprise.
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