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Introduction

INDIA o
Seventh largest country
in the world.
Area: 4.4 million sq. km.
Total population: 1.26 ~
Billion.
* 4th Largest Economy in .
the world in PPP. ’,!!_ ,ﬂ% N;;ﬁif "i” .J ;‘R Jﬁ- |4
- GDP Growth rate of =~ = = T
7.3%- Highest in the
world. .
« Enormous diversity in
agroclimatic regions & &
edaphoclimatic __
conditions.




Quinoa Introduction in India

With respect to population

 Population: predicted to rise to 1.53 billion by 2030.

e 23.6% of Indian population, or about 276 million
people, lived below $1.25 per day (World Bank 2011).

e India is 20th amongst leading countries with a serious
hunger situation (Global Hunger Index Report 2015).
 India: ranked 67 among the 80 nations having the

worst hunger situation.
« Widespread malnutrition and protein deficiency.

With respect to agriculture

e Salinity and alkalinity: 6.73 million ha of land.

e Acidity: 25 million ha of land is having pH below 5.5
and 23 million ha fall under the pH range of 5.6 - 6.5.

e Drought: Dryland area of 228.3 million hectares
(about 69.6% of total area).




History of Quinoa Research in India

1990s: Research on quinoa was initiated at the National
Botanical Research Institute (CSIR-NBRI), Lucknow.

Lucknow: 26.5°N, 80.5°E, 120 m asl

2000: Research intensified as part of a coordinated
effort by different departments, namely genetics and
plant breeding, lipid chemistry, plant pathology,
experimental taxonomy and biomass biology.

Germplasm: United States Department of Agriculture
(USDA) and IPK Gatersleben, Germany.



 Assess the potential of quinoa as a n alternative crop
for marginal lands.

Parameters of research

 Cytological studies and karyotyping.
e Nuclear DNA content and genome size.
e Floral structure and Breeding system.

e Field Trials & Breeding- Genetic diversity
(morphological and molecular), phylogenetic analysis,
correlation and path analysis.

e Nutritional studies.
 Pathology

« Phytoremediation



[I] Cytological studies and karyotyping

. Class1cal cytogenetic studies involving 7 accessions.
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e Symmetry index (TF%): 43.9% (PI 584524, most asymmetrical)
to 47.4% (CHEN 58/77, most symmetrical).

morphologically similar in all the accessions
being median (m) or median-submedian (msm).

 First chromosome: either m or msm with arm ratios varying
between 1.18-1.56, while 4th, 9th and 18t! pairs were the most

 One satellite pair:

conserved in being median in the accessions studied.




Results

Table 1. Karyotype arrangements in 9 taxa of Chenopodium species.

Taxa 2n No. of Ratio of Maximum Symmetry Karyotypic Class.
satellite longest/  r-index index® formula (Stebbins
pairs shortest X+SE 1958)

X+SE

C. quinoa P1 587173 36 1(2)° 2.1240.04 1.58(7)*+0.05 44.7 4M+9m+5msm 1b

C. quinoa P1 584524 36 1(8) 1.67+0.02 1.86(10)+0.02 43.9 6M+4m+6msm+2sm  1la

C. quinoa P1 596498 36 1(2) 1.64+0.02 1.64(8)+0.04 44.7 4M+6m+8msm la

C. quinoa P1 510537 36 1(12) 2.11+0.03 1.56(14)+0.04 46.2 5M+8m+5msm 1b

C. quinoa CHEN 71/78 36 1(8) 1.73+0.06 1.68(5)+0.05 44.8 7M+4m+7msm la

C. quinoa CHEN 58/77 36 1(3) 2.13+0.04 1.50(1)+0.02 47.4 10M+7m+1msm 1b

C. quinoa CHEN 33/84 36 1(2) 2.45+0.02 1.64(3)+0.04 46.2 IM+6m+3msm 1b

C. berlandieri subsp. 36 1(3) 1.63+0.03 1.58(3)+0.02 44.1 4M+6m+8msm 1a

nuttalliae Pl 568156

C. bushianum Ames 54 2(3,18) 2.65+0.03 1.86(26)+0.04 45.1 8M+12m+5msm+2sm 1b

22376

aSsymmetry index (TF%)= (total sum of short arm length/total sum of
chromosome length)x 100.

bPNumber within parenthesis denotes the chromosome in order of decreasing
size.
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Figure 1. Idiograms of (a) C. quinoa Pl 587173, (b) C. quinoa Pl 584524, (c) C. quinoa Pl
596498, (d) C. quinoa Pl 510537, (e) C. quinoa CHEN 71/78, (f) C. quinoa CHEN 58/77, (g)

C. quinoa CHEN 33/84, (h) C. berlandieri subsp. nuttalliae Pl 568156, (i) C. bushianum

22376.



Karyotypic studies

e C. quinoa (4x) showed minor but consistent
differences in the arm ratio of various chromosomes
within the complements of different accessions.

* Quinoa chromosomes could be arranged in 18 pairs
that suggest its allotetraploid nature.

« Karyotype of C. berlandieri subsp. nuttalliae (4x) was
basically similar to that of C. quinoa.

 C. bushianum (6x) was distinctly different from the
above two species in showing highest ratio between
longest and shortest chromosomes.



[II] Nuclear DNA content

Microdensitometry- wavelength of 565 nm.

DNA content in 21 accessions of quinoa and 2 accessions of C.
berlandieri subsp. nuttalliae, along with several other species.

C. quinoa: 1.02-fold variation in 4C DNA amounts (Pachytene
stage) ranging from 6.34 to 6.47 pg.

C. berlandieri subsp. nuttalliae: 5.79 to 5.90 pg.

DNA amount of C. berlandieri subsp. nuttalliae: 8.31% less than
the mean DNA amount of C. quinoa.

The significant differences in DNA amounts of C. quinoa and C.
berlandieri subsp. nuttalliae show that both of them have
evolved in widely separated geographical areas subsequent to
their independent origin.

Small genome size: Species are evolutionarily flexible, allowing
them to colonize new and more diverse environments.



[III] Floral structure and breeding system

 Quinoa: Gynomonoecious i.e. the female and perfect flowers are
present on the same individual.

* Floral structure: Flowers can be divided into 5 types based on
their being hermaphrodite or female, presence or absence of
perianth and size.

I. Terminal hermaphrodite flower
II.Lateral hermaphrodite flower
III.Chlamydeous female flowers-large
IV.Chlamydeous female flowers-small
V.Achlamydeous flowers-small



Results

10 types of flower clusters or glomeruli

- Termumal bermapheshee

- Laicrul hermaphnadic

- Chberpdoen el lagpe
- Chberpdorm lemalearall.
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lal:jm.

i i s i
T H

Breeding implications: The ones having low frequency of hermaphrodite

flowers can be used in breeding programs as the quinoa flowers being
rather small are not amenable to emasculation.



[IV] Genetic variability- Morphological, Biochemical and
Molecular

Genetic variability and interrelationships among morphological
and quality traits

27 germplasm lines of Chenopodium quinoa and 2 lines of C.
berlandieri subsp. nuttalliae



Results

Mean performance of 29 lines for 12 morphologmcal trails in Chenspodium

Germplasm lines Origin Days o Days o Pl Lenf Primary bformene Inflorescency’  Seed 1000 seed Dy Havest Seed
flowering matnrity hieight ares hranchesf length {cm)  plant ] weight (2] weight! mdex yield
fem) {em?) plme fmm) plmt (g) ¥
. quimoa CHEN 5877 - TRES 117.67 4541 1571 1656 293 41.19 158 181 631 a7 2.1
. quimoa CHEN &7778 Poma, Pem T4.55 119,44 SAS 612 16,70 171 9143 134 078 575 074 375
C. quinaa (HEN 71778 Bolvia . 13147 4633 26.4 15.44 339 127.73 197 285 7.21 143 .
. quimoa (HEN 3384 - 10155 144,00 4233 LR 16,96 242 13.85 157 el IR 140 133
C. quinsa CHEN 8™ Coza, Pera BAOD 12147 86T 1747 27l 100 17718 221 357 10.47 132 M
. quimoa (HEN 9291 Colombia ELE2 12322 7149 2469 14,06 2325 6411 201 370 1021 ik 235
C. quimoa CHEN T81 = RS 133578 12356 2204 ZR.00 409 141.55 09 365 ZR.00 141 983
C. quimna PY 61 4938 Omra, TLOD 109,53 1.z? 567 100 1La7 1167 L73 187 1.1 L0 032
Bolvia
C. quimea PI 47408 La Paz, TLS 109,55 1767 B3 B.55 084 14.65 17 257 1.2 L19 0.47
Balivia
. quimoa FI 478414 La Paz, LA 134,11 TROR 2153 W55 L&D 106 4% 181 it 14.00 125 A0
Balvia
. quimaa FI 596498 Cozan, Pera ELTT 12900 A5ET 2082 17.33 247 053 203 J0R 19,89 079 393
. quimoa Ames 13219 La Pax, Rl 129,98 5394 1175 19.21 264 114,66 2006 354 1508 073 20
Bolvia
. quimoa Ames 13719 New Mexim, 5221 12028 11552 it ] M 247 9500 215 365 R} 099 953
USA
. quimoa P SE7173 Jajy, o 1] 125.78 10103 3091 16.74 2325 6550 201 409 15.47 n&1 307
Arpemtna
C. quimaa PI 510532 Pern BALAT 157.11 14403 221 25.55 224 13822 151 125 5189 029 168
. quimoa PI 61 48R3 Jajy, LR 10983 5489 1233 2189 341 4589 173 137 305 na7 100
Arpemtna
C. quimna PT SE4524 Chile EL33 127.00 11589 29564 25.00 251 13755 158 3 .86 020 A0
. quimoa Ames 22156 Chile BL5S 126,00 JLL R 2616 L4 L&D B5.55 193 351 17.21 121 5005
C. quimaa fmes 13762 New Mexiom, ] 132 44 12372 500 0 431 136 44 183 275 3521 094 B50
USA
. quimna PI 614881 Jajy, L1 177.22 11300 25100 M55 301 1422 205 pd=t 2416 134 825
Argemtina
. quimoa PI 510537 Pern B 124.00 10000 1439 25.44 144 136,00 178 27 13.m2 132 4.5
. quimaa PI 510547 Pera EL1I 131.78 AT 16402 14.11 208 68.92 182 I3 1247 133 4.7
. quimoa Ames 22158 Chile B2 13111 8027 2325 214 3RS 4029 195 317 127 LI& 485
. quimea FI 510536 Fera TLTR 11522 3105 .42 17.53 1L.79 2103 193 ol 138 128 047
C. quinaa FI 478410 La Paz, Baolivia ELT7 12678 10110 172 6l 0940 11835 L&D 253 .00 043 313
. quimoa PI 433252 Chile EL0D 13000 10866 2301 L9 454 ™2 177 228 1311 109 356
C. guinog Ames 21909 Orora, Bolivia 8255 15244 B244 2587 2.0 212 132 r2 123 331 15.97 LIS A8
C. berlandien suhsp Mexica L35 163,33 13944 2144 3574 47 114.78 158 128 2894 026 20
mufgallar P 568155
C. berlandien subsp Mexica RS 15233 13544 1353 X1 477 o353 65 137 15.05 (i 232
mufiallar P 568156
Mem 4 SE. ELTL LIS 12051+ 251 RETGL AT IRIS L0144 20624 108 2644024 BRSS9 L7881 18442003 26010015 1637224 101 L 006 406 052
CD {(5%:) 241 504 1390 2 221 049 1599 il 030 458 w12 1106
CD {1496) 16 93 1876 397 208 A& 21.57 08 041 6.8 017 1.43

[N .82 0.4 367 4275 i ) 4962 47 4R 1141 3197 TiES FLI6 [




Results

Mean performence of 29 lnes for 4 quality trails n Che nopodizm

Germplem lines Cirigin Tevi ] chkerophyll (mgfeh Leal carolenoid (mgilke) Seed carienodd (mgdop) Seed provieing (96
. quimoa CHEN 5877 - LB K9 K3 1.73 1322
L. qguinoa CHEN &7 TH Pumsy, Peru L7 5LIE 3.2 21102
£ guinoa CHEM 71078 Balivi 1.52 53480 3.5 1937
. gumoa CHEN 33784 - (L55 230L23 1.6 1592
. quimoa CHEN 5479 Cuno, Peru 112 414.73 230 1554
£ gueinoa CHEN 920491 Columbiz 168 521.83 2i0 13893
£ gurinoa CHEN 781 - 192 h32 Al 330 1731
. gumoa Pl &14938 Crurn, Bolivia 1L1& 33R13 254 1783
L. quinoa Pl 4THA0E La Pax, Bolivia 112 A30E 274 1523
. gueinoa P 47R414 La Pxx, Balivia 1.5a SHR.23 F -] 1784
. gumoa Pl 596498 Cuzpca, Peru 165 55107 268 150
O oguimoa Aomes 13219 La Pxx, Boliviz 1.32 421108 e 1255
C. quinoa Ames 13719 Mew Mexion, LISA 135 ahh 13 1.75 17.71
. guinoa PI 5E7173 Jujuy, Argenting 185 SR{L43 38 14 56
. gumoa PL 510532 Peru 1.34 483,13 21k 1451
. quinoa Pl 6148583 Jujuy, Argentine 1.25 d34.67 315 1945
L. quinoa Pl 584524 Chile 204 .50 287 13081
L guinoa Ames 22156 Chile 1.5& ol 1LE3 28] 1424
L gumoa Ames 13762 Mew Menon, LISA 1.l 519,90 2iH 1547
L. quinoa Pl &1455] Jujuy, Argentine 142 d481.23 333 1389
. gueinoa PL 510537 Peru 1.5 511L.77 i I 1978
£ gueinoa PL 5 10547 Peru .22 41630 235 k43
O gumoa Aomes 22158 Chile L& 414.63 2.4 150
. gumoa PL 510536 Peru 1LiEr ITLED 254 Ak39
. gueinoa PL 47H4 1k La Pxx, Balivia 143 AB0LOT 147 1308
. guinoa Pl 433232 Chile 1.51 479.47 213 1423
O gumoa Ao 2] 909 Crura, Bolivia 1.55 ST 315 1620
L. berlandien subsp. Mlex icon 117 Akl 552 1328
nufafiiae Pl 568155
L. berlandien subap. Ml dcn 1.2 52850 473 1482
nufaliiae Pl 558156

Mean +5E. 143 == (ks 408 4 1837 283 £0L1s 1522 4= (.47
D {59 k12 37.a2 32 9%
OO {195 ik 1& SILTS k44 129

Y 2307 20r42 3150 15 94



Seed yield: 0.32 to 9.83 t/ha, higher yields being shown by four
Chilean, two US, one Argentinian and one Bolivian accessions.
Seed protein:12.55-21.02% with an average of 16.22 %.

Seed carotenoid: 1.69-5.52 mg/kg

Leaf carotenoid: 230.23-669.57 mg/kg.

Genetic gain: Highest for dry weight/plant, followed by seed
yield and inflorescence length.

All morphological traits except days to flowering, days to
maturity and inflorescence length exhibited significant positive
association with seed yield.

Path analysis: 1000 seed weight had highest positive direct
relationship with seed yield (1.057), followed by total chlorophyll
(0.559) and branches/plant (0.520).

Total chlorophyll: exerted strongest direct positive effect (0.722)
on harvest index, followed by seed yield (0.505) and seed protein
(0.245).
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Results

Molecular diversity

RAPD and directed amplification of minisatellite DNA (DAMD) markers- 55 accessions
of 14 species of Chenopodium (23 of quinoa)

Figure 1. Gel profiles of the Chenopodium accessions amplified with RAPD primer OP-N09 (a) and DAMD primer HBV (5). The lanes

indicated by “Marker™ contain low range DNA ruler as molecular weight marker and the lane “Control” 1s negative control without adding

template DNA 1in the PCR reaction. The other lanes are marked with the accession numbers as in Table 1. All profiles were resolved 1n
1.5% agarose gels in 0.5x TBE at constant voltage.




Results
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The first cluster joins all the
accessions of C. quinoa with C.
berlandieri subsp. nuttalliae, one C.
album (4x) from Mexico and three
north Indian 2x accessions of C.
album.

The other clusters comprises mainly
6x accessions of C. album and
Chenopodium giganteum forming
two subclusters.

Cluster analysis of the combined RAPD and DAMD data.



Evaluation of quinoa for foliage yield

Rationale for study

Grazing lands have become rare in the Indo-Gangetic Plains.

Small farmers depend on wild grasses and plants along with hay for
feeding the livestock.

Thus both inadequate availability and inadequate nutritive quality of
forage are a major constraint to livestock production in this region.

Experiment

An accession containing low saponin was used to ascertain up
to what extent can foliage yield and quality of foliage be
influenced by varying the sowing dates and row spacing for
high quality foliage production in C. quinoa.

Split-plot design in each experiment.

Sowing date as the main plot and row spacing and final harvest
dates as subplots.

Plot size for each subplot was 4 m2.

Inter-row spacing: 15, 20 and 25 cm.



Results

Effect of sowing date and row spacing on the foliage yield (t/ha)

Year 1 Year 2

15 30 15 20 5 20
MNov. MNov. Dec. Nov. Dec. Dec

Spacing (15 cm)
I harvest 241 274 289 224 274 332
IT harvest 388 313 288 234 313 283
III harvest 423 214 212 435 292 218
IV harvest 1.87 207 164 344 267 150
Total harvest 12.39 10.08 953 1237 11.46 983

Mean 310 252 238 309 286 246
SE+ +0.57 +0.25 +0.31 +40.50 +0.10 +0.39
Spacing (20 cm)

I harvest 282 430 320 205 410 3.02
II harvest 467 510 303 282 383 286
11T harvest 421 201 2.04 405 315 224
IV harvest 248 202 156 322 282 148

Total harvest 14.18 1343 9.83 1214 13.90 9.60

Mean 354 336 246 303 347 240
SE+ 1053 +0.79 4039 +0.42 4029 +0.35
Spacing (25 cm)

I harvest 267 624 316 254 228 317

II harvest 6.27 683 305 247 452 303
Il harvest 7.20 254 201 385 361 210
IV harvest 285 205 153 368 307 153
Total harvest 1899 17.66 975 1254 1348 9.83
Mean 475 441 244 313 337 246
SE+ +1.16 £1.23 +0.40 +036 +047 +0.40




Results

Effect of sowing date and row spacing on the foliage yield (t/ha)

Leaf carotenoid (mg/g) Leaf protein (g/100 g)
Year 1 Year 2 Year 1 Year 2

15 Nov. 30Nov. 15Dec. 20Nov. 5Dec. 20Dec. 15 Nov. 30Nov. 15 Dec. 20Nov. 5 Dec. 20 Dec.

Spacing (15 cm)
I harvest 0.80 0.94 1.05 0.74 0.87 1.02 3.81 3.86 3.51 3.71 3.78 3.36
1T harvest 1.02 1.14 0.99 0.93 1.15 1.16 3.86 3.88 3.39 3.76 3.83 3.38
11 harvest 1.12 1.18 0.93 1.15 1.26 1.01 3.90 3.94 3.49 3.90 3.97 3.29
IV harvest 1.01 0.97 0.78 1.03 1.09 091 3.84 3.85 3.60 3.87 3.96 352
Mean 0.99 1.06 0.94 0.96 1.09 1.02 3.85 3.88 3.50 3.81 3.88 3.39
SE+ +0.07 +0.06 +0.06 4009 +0.08 +0.05 +0.02 +0.02 +0.04 +0.04 +0.05 +0.05

Spacing (20 cm)
T harvest 0.75 0.92 1.01 0.77 0.84 0.90 3.55 3.60 3.50 3.59 3.61 3.32
11 harvest 0.83 1.09 1.01 0.96 1.08 1.12 3.60 3.70 3.53 3.65 3.67 3.56
I harvest 0.89 1.08 0.89 1.12 1.18 0.97 3.68 3.79 3.34 3.80 3.89 3.46
IV harvest 0.82 1.02 0.77 0.98 0.99 0.79 3.65 3.75 3.51 3.82 3.78 3.39
Mean 0.82 1.03 0.92 0.96 1.02 0.94 3.62 3.71 3.47 3.71 3.74 343
SE+ +0.03 004 +0.06 +0.07 +0.07 +0.07 003 +0.04 +0.04 +0.06 +0.06 +0.05

Spacing (25 cm)
I harvest 0.65 0.85 0.98 0.72 0.83 0.93 3.43 3.48 345 3.35 3.45 3.35
I harvest 0.73 1.07 0.99 0.90 1.05 1.09 3.52 3.61 352 3.46 3.52 3.50
1™ Harvest 0.89 1.12 0.87 1.07 1.06 0.94 3.59 3.70 3.32 3.36 348 345
IV harvest 0.77 0.99 0.76 0.89 0.97 0.82 3.60 3.51 3.48 3.52 3.59 344
Mean 0.76 1.01 0.90 0.89 0.98 0.94 3.53 3.57 3.44 3.42 3.51 343

SE+ +0.05  £0.06 +0.05 +0.07 +0.05 +0.05 +0.04 +0.05 +0.04 +0.04 +0.03  +0.03




Pathology: Downy mildew infestation

Pathogen: Peronospora farinosa (Fr.) Fr. f. sp.chenopodii

Experiment

27 accessions of quinoa were assessed for degree of resistance and
classified into disease reaction classes based on epidemiological
parameters, i.e. severity index, AUDPC and rate.

Methods for quantification of disease epidemic based on AUDPC.

Model 1- AUDPC estimated over the entire season utilizing weekly
severity data.

Model 2- AUDPC estimated on only two assessment dates, first at the
start of epidemic and second at the peak severity stage of epidemic.

Results

* 4 accessions namely PI 510532, CHEN 67/78, Ames 22158 and CHEN
7/81 could be ideal source for the introgression of resistance genes in
high yielding but downy mildew disease susceptible accessions through
backcross breeding or molecular approaches.

« Method 2 was more suitable for quantification of disease epidemic in
Indian conditions.



Current state of quinoa in India

Rice and Wheat are staple food crops in India.

For India: Quinoa is a cash crop that has wide nutritional
ramifications.

If India grows Quinoa at 1 percent of annual production area
of rice and wheat, the yield will be 2 million tonnes.

Economic value: could be about $10 billion (Rs 60,000 crore).

India needs several million tonnes of quinoa a year to meet
the requirement of its diabetics, cardiac patients and
malnourished children.

India has 130 agro-climatic zones and several of them can be
suitable for quinoa.



Current state of quinoa in India

Andhra Pradesh

PROJECT ANANTHA

« Ananthapuramu district- Drought affected.

* Quinoa: good alternative to the groundnut crop which has
become unsustainable due to decreasing rainfall.

e Quinoa was grown both at Hyderabad and in Ananthapuramu
district.

« Experiments resulted in emergence of an Indian specific variety
which is known as ‘Project Anantha Quinoa’.

e The crop has been successfully harvested by a farmer in
Ananthapuramu district and being successfully grown by 47
other farmers.

« A quinoa processing facility is being developed in Anantapur
which provide for manufacturing of value added products.




Current state of quinoa in India

Uttar Pradesh

« Bundelkhand region- Severely drought prone.
 Last few years:
Normal rainy days: Reduced from 52 to 24 days annually.
Rainfall: Reduced from 800-900 mm to 400-450 mm annually.
Food grain production: Reduced from 15 % to 7%.
Wheat production: 2012-13- 23.87 quintals per hectare
2014-5- 11.28 quintals per hectare
« Around 18 lakh people have migrated from Bundelkhand over
the years.
e Since 2003, 3,500 farmers are estimated to have committed
suicide in the region.

« In 2015, Organic Wellness Products Ltd distributed seeds of the
crop to over 500 farmers of Bundelkhand villages.

« Sowing: November; Harvesting: March.

e Goal: 1500 MT of Quinoa in 2015-16 and aim of 5000 MT in
2016-17.



Current state of quinoa in India

Rajasthan

e Private entrepneurs: First planted quinoa on outskirts of Jaipur,
later in Jaisalmer and Pokhran.

« The state will start cultivation of quinoa with Government
initiatives.

 Bhilwara and Chittorgarh districts have been identified.

« Government aims to increase the farmer’s income by more than
20% by cultivating quinoa.

« Buyback guarantee scheme for quinoa in cooperation with
export companies.

Uttarakhand

2013: Uttarakhand government signed a horticulture research
agreement with Peru to grow quinoa in the state.

Maharashtra; Himachal Pradesh, Jammu and Kashmir
(Laddakh region)



Quinoa in India

ORGANIC
INDIA

e .-'.- e,

LERTIFIED ORGANIC

QUINOA

*COMMPLETE PROTEIN
*WHOLE GRAIN -~ GLUTEN FREE
CEHOLESTEROL FREE
500 = FASY TO MEIPARE

Rs. 599/500 g Rs. 299/500 g

GROWN IN INDIA

N Free
achine

Powerhouse of Protein &
FibrgAOn!y plant food that
Provides high contents of
all essential amino acids

Hat WA in its protein.




Future Directions

(i) Invoking the interest of farmers: Disseminating information
to producers regarding the benefits of the crop in terms of
income generation and nutritional security.

(ii) Educating farmers: regarding cultivation, cultural practices,
agronomy and pathology of the crop.

(iii) Seed availability: free or subsidized high-quality seeds.
(iv) Building a suitable marketing infrastructure.
(v) Initiation of participatory research: most importantly crop

stability and selection of genotypes suited to different
agroclimatic conditions.



Indian model of quinoa development

Cultivation

« Should be favoured initially for marginal lands.

Consumption

e« As a supplement in wheat flour for general population,
especially the protein undernourished.

e Mid Day Meal Scheme.
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