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ABSTRACT

The present floristic inventory revealed 8 (eight) new distributional records of grasses (family Poaceae) in 
Mizoram state from north eastern India. The state forms a significant part of both the Himalayan and the Indo-
Burma biodiversity hotspots. The present investigation is based on fresh survey and collection to generate a 
documentation of grasses in Mizoram. A list of species, names arranged in alphabetical order, with updated 
nomenclature, relevant citation, description, voucher nos., vivid illustrations, phenology, distribution, materials 
examined, notes and colour photographs are provided to alleviate identification.

Keywords: Flora, Grass, India, Mizoram.

Grasses, the members of family Gramineae Juss., 
nom. cons. (Poaceae Barnhart, nom. cons. et nom. 
alt.) are extremely distinctive from other flowering 
plants owing to their exceptional vegetative and 
floral morphology, habitat diversity and their 
immense economic significance. They have virtually 
colonized every terrestrial habitat covering one-fifth 
of the Earth's land surface (Shantz, 1954). The 
family is monophyletic [Grass Phylogeny Working 
Group (GPWG) 2001; Soreng et al., 2015] and 
presently includes of 771 genera c. 12,074 species 
belonging to 51 tribes and 12 sub-families worldwide 
(Soreng et al., 2015). 
Grasslands occupy about 3.9% of the total land area 
of India (Nair and Thomas 2001). Sampson et al. 
(2001) categorized India into two grass zones viz., 
(i)Temperate Himalayan zone with Indo-Gangetic 
plains and (ii)Tropical Peninsular zone, amid which 
Tropical Indian peninsular region shows highest 
grass diversity with 55% endemism among the total 
endemic grasses in India (Sampson et al., 2001). 
Poaceae is the largest angiosperm family in India, 
representing c. 263 genera, 1,300 species under 25 
tribes (Benjamin et al., 2012) among which c. 430 
taxa are endemic to the country (Jain, 1986). 
Published works on grasses of north east India 
includes accounts of Bor (1940), Shukla (1996), 
Ha j ra  and  Verma (1996) ,  No l t ie  (2000) , 
Bhattacharjee (2002), Sharma et al., (2002), 
Chowdhury et al., (2009), Barbhuiya et al., (2013), 
Baruah (2013) etc. Mizoram, the state under floristic 

investigations, lies between 21°57´– 24°30´ N 
latitude and 92°15´– 93°29´ E longitude, spreading 
over an area about 21,081 sq. km and sharing 
International boundaries with Myanmar and 
Bangladesh, forming a significant part of both the 
Himalayan and the Indo-Burma biodiversity 
hotspots. Floristic exertion of grasses in Mizoram 
have received slightest attention and are barely 
known from the sporadic reports by Gamble (l.c.), 
Hooker  (1897) ,  Bor  ( l . c ) ,  Gupta  (1972) , 
Bhattacharjee (2002) etc. Presently, the state 
consists of a total of 33 species of grasses (Shukla, 
1996) with few of additions (Lalchhuanawma & 
Lalramnghinglova, 2010; Barbhuiya et al., 2013; 
Kumar et al., 2013; Barbhuiya, 2014). 

MATERIAL AND METHODS

The present work includes conventional methods of 
morpho-taxonomic research conducted in the 
diverse localities of the study area during 2010 – 
2015. Collection and preservation of specimens 
were done following Smith (1971), Jain and Rao 
(1977), Van Balgooy (1987), Rao and Sharma 
(1990) and Singh and Subramaniam (2008). All the 
specimens were examined under Olympus SZ2-
ILST Microscope' and 'Nikon Stereo Zoom 
Microscope' and live photographs were taken with 
'Canon Power Shot SX50HS (50X optical zoom) 
camera'. The taxa were identified consulting 
taxonomic keys available in the standard Floras, 
monographs and revisions (Bor 1940, 1960; 
Sreekumar and Nair, 1991; Shukla 1996; Moulik 
1997; Veldkamp 1999; Kabeer and Nair 2009), 
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studying authentic herbarium specimens housed at 
ASSAM, CAL (herbaria acronyms according to 
Thiers, 2015) and matching with digital images of 
specimens including the type materials available 
from different herbarium databases. After critical 
study through dissections and review of literatures, 8 
species were found newly growing to the state of 
Mizoram. 

RESULT AND DISCUSSIONS

1. Brachiaria subquadripara (Trin.) Hitchc., 
Lingnan Sci. J. 7: 214. 1929. (1931); Bor, Fl. Assam 
278. 1940 & Grass. Burma Ceylon India Pakistan 
286. 1960; Mitra, Fl. Pl. E. India 192. 1958; Ohasi, Fl. 
E. Himalaya III: 353. 1975; Karthik. et al., Fl. Ind. 
Enum. Mono. 191.1989; Shukla, Grass. N.E. India 
314. 1996; Moulik, Grass. Bamb. Eastern India 2: 80. 
1997.  
Basionym: Panicum subquadriparum Trin., Gram. 
Panic. 145. 1826. 
Type: Mariana Islands, Chamisso s.n. (Lecto: Trin- 
0947.01; cited by Veldkamp, Blumea 41: 426 (1996). 
Voucher specimen no. : S. Pathak 48543 (CAL).

(Plate 1. Fig. A & B; Plate 2. Fig. A – L)
Annual; caespitose. Culms 20 – 54 cm; geniculate, 
semi prostrate to decumbent; dark greenish; 
furrowed at middle; surface at times faintly villous; 
nodes glabrous, lower nodes rooting from. Leaf 
blade 13 – 15 × 0.4 – 0.9 cm; narrowly ovate to 
lanceolate, acuminate, base somewhat semi 
amplexicaul; surface scabrid; margin serrulate; mid 
rib distinct with 3 – 5 pairs of lateral nerves on either 
side; ligule 0.7 – 1 mm, membranous with a rim of 
shiny, stiff, whitish hairs; sheath 4 – 9 cm, loose, 
terete, keeled, surface and margin densely villous, 
hairs tuberculate, margin hyaline, mouth long ciliate, 
hairs white. Panicle 2 – 7 cm; drooping. Racemes 2.5 
– 4.8 cm; 3 – 6 alternate to times sub whorled, borne 
along a central axis; axis 3 – 8 cm, unilateral, 
pubescent; rachis angular, pilose. Spikelets 3.7 – 4 × 
1 – 1.2 mm; solitary; obovate to elliptic, base 
tapering; gibbous; smooth. Glumes dissimilar; 
persistent. Lower glume 0.7 – 1 × 0.6 mm; ovate to 
cup shaped, sub acute; chartaceous; glabrous; 
greenish; 5 – 7 nerved, nerves dark green. Upper 
glume 3.6 – 4 × 1 – 1.2 mm; narrowly ovate to 
oblanceolate, apex acute; membranous; glabrous; 5 
– 7 nerved, nerves greenish brown. Florets 2, upper 
bisexual, lower empty. Lower lemma 3.5 – 3.6 × 1.2 
mm; oblanceolate, acute to faintly apiculate; 
membranous; glabrous; 5- nerved. Lower palea 2.9 
– 3 × 0.7 – 1 mm; oblong, acute; partly hyaline; 1- 
nerved. Upper lemma 3 – 3.4 × 0.7 – 1 mm; 
oblanceolate, acute; chartaceous; brownish; 

margins involute; surface indurate, rugulose; 1- 
nerved. Upper palea 2.7 – 3 × 1 – 1.1 mm; elliptic to 
oblong; sub-coriaceous; surface faintly indurate, 
rugose. Stamens 3; anther 1 – 1.2 mm, dark brown; 
filaments yellowish. Pistil 0.7 – 1 mm; ovary obovate 
to elliptic, glabrous; style 2, hyaline; stigma 2, 
plumose, purplish. Lodicules 2; 0.3 – 0.4 mm, 
truncate, partly hyaline.
Habitat: Edges of small cliffs. 
Flowering and fruiting: March – November. 
Distribution: Tropical parts of the world. INDIA: 
Assam, Bihar, Kerela, Uttar Pradesh, West Bengal 
and Mizoram (present study).
Specimen Examined: INDIA: Mizoram, Kolasib 
District, Kolasib road side, 887 m, 24°13′51.00" N – 
92°40′32.99" E, 12.05.2011, S. Pathak 48543 (CAL); 
Assam, 1885, Jiri, Fulertal, R.B. Majumdar 73500!; 
West Bengal, Griffith 2430 (CAL)!.
 Notes: Bor (1960) mentioned the inflorescence axis 
to be pubescent and not glabrous, in the key. Again, 
the species is not reported from any of the south 
Indian floras (Lija and Kumar, 2018). Therefore, the 
current collection forms the first report to the state.
2. Chloris virgata Sw., Fl. Ind. Occid. 1: 203. 1797; 
Hook.f., Fl. Brit. India 7: 291. 1896; Bor, Fl. Assam 
123. 1940 & Grass. Burma Ceylon India Pakistan 
468. 1960; Mitra, Fl. Pl. E. India 166. 1958; Karthik. 
et al., Fl. Ind. Enum. Mono. 197.1989; Noltie, Fl. 
Bhutan 3(2): 677 (plate. 7). 2000; Shukla, Grass. 
N.E. India 240. 1996. 
Type: WEST INDIES: Antigua, O.P. Swartz s.n. 
(Holo: S; Iso: BM).  
Voucher no. : S. Pathak 48521 (CAL).

(Plate 1. Fig. C)
Annual; tufted. Culm 34 – 55 cm; tufted; erect; 
surface smooth to faintly villous; internodes slightly 
flattened; lower nodes rooting. Leaf blade 5.5 – 14 × 
0.3 – 0.6 cm; linear to lanceolate, apex attenuate, 
conduplicate; scabrellate abaxially; margin finely 
serrulate; ligule 1 – 1.4 mm, membrane, faintly 
ciliate; sheaths 4 – 11 cm, strongly keeled, surface 
glabrous, striate, at times flabellate below, mouth 
bearded when young, sometimes uppermost 
sheaths bearded enclosing the spikes. Panicle 
composed of digitate spikes. Racemes 4 – 12; each 
9 cm; slightly slanting, digitate, spreading, unilateral, 
silky, pale brown or tinged pink to purple; rachis 
angular, scabrid. Spikelet 3.3 – 4 × 1.1 – 1.2 mm; 
sub-sessile; cuneate, laterally compressed; 
broadside to rachis; imbricate, 2- rowed. Glumes 
similar; persistent. Lower glume 1.6 – 2.4 × 1 mm; 
lanceolate, acuminate; membranous; 1- nerved; 1- 
keeled, keel scabrellate. Upper glume 2.1 – 2.2 × 1.2 
mm; oblong, apex setaceously attenuate; 1- nerved. 
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Florets 2; lower fertile. Lower lemma 3.5 – 4 × 1.3 
mm; oblanceolate, bifid at apex; chartaceous; 
margin densely ciliate with a spreading tuft of 2.5 – 
3.5 mm, silky hairs; 3 – 5 nerved; keel and flanks 
ciliate or glabrous; 1- awned; awn 13.6 – 15 mm, 
emerging from the sinus, straight. Upper lemma 2.7 
– 3 × 1.2 mm; oblong, clavate; scabrid, 1- awned; 
awn 10.2 – 12 mm, sub apical. Stamens 3; anther 0.4 
– 0.6 mm, yellowish purple. Pistil 1.7 – 2 mm; ovary 
oblong to lanceolate, brownish white; style short; 
stigma plumose, purplish. Lodicules 2; 0.9 – 1.1 mm, 
cuneate, fleshy. Caryopsis 0.7– 1 mm, oblong, 
trigonous, pale brownish. 
Habitat: Rocky slopes, at times on walls and edges 
of roof. 
Flowering and fruiting: March – end of April. 
Distr ibut ion: AFGHANISTAN, AUSTRALIA, 
BHUTAN, MYANMAR, NEPAL, PAKISTAN, SOUTH 
WEST ASIA. INDIA: Widely distributed all over the 
plains in Assam, Bihar, Orissa, Tamil Nadu, 
Karnataka, Maharashtra, West Bengal (Shukla, 
1996; Kabeer and Nair, 2009) and Mizoram (present 
study).
Specimen Examined: INDIA: Mizoram, Kolasib 
district, along Kolasib – Aizawl 54 highway, 385 m, 
24º13'52.00" N – 92º40'32.99" E, 03.04.2011, S. 
Pathak 48521 (CAL); Assam, 1867, Anderson 7643!; 
Maharashtra, Griffith 6000 (CAL)!.
Notes: Bor (1940) had included C. virgata in Flora of 
Assam, as it was reported by Jenkins, without 
providing any locality. Again, Shukla (1996) excluded 
it as no specimen was available to be examined. 
Consequently, the present collection forms the first 
record of the species from this vicinity.
3. Cynodon barberi Rang. & Tadul. in J. Bomb. Nat. 
Hist. Soc. 24: 846. 1916 & Handb. S. Ind. Grass. 194 
& 195. 1921; Bor, Grass. Burma Ceylon India 
Pakistan 469. 1960; Karthik. et al., Fl. Ind. Enum. 
Mono. 203.1989; Moulik, Grass. Bamb. India 2: 565. 
1997. 
Type: INDIA: Tamil Nadu, Tinnevelly District, 
Godavari, 1901 – 1902, Dr. C. A. Barber s.n. 
Voucher no. : S. Pathak 48572 (CAL).

(Plate 1. Fig. D; Plate 3. Fig. A – J)
Perennial;  caespitose. Culm 30 – 46 cm; 
decumbent; geniculate; greenish, glabrous; nodes 
glabrous, brownish, lower nodes rooting. Leaf blade 
4.6 – 6.5 × 0.3 – 0.4 cm; lanceolate, acute; margin 
cartilaginous, scabrid, involute; mid rib serrate near 
apex; ligule 0.3 – 0.4 mm, membranous, mouth long 
ciliate; sheath 5 – 9 cm, terete, keeled, mouth faintly 
bearded. Panicle composed of digitate, erect, 
spreading racemes. Racemes 4 – 7; each 3.7 – 6.5 
cm; rachis triquetrous, margin finely serrulate, base 
and nodes ciliate; peduncle 11 – 19 cm, faintly 

ribbed, apex hispid. Spikelets 2.5 – 3 × 0.4 – 0.6 mm; 
solitary; alternate; sub sessile; ovate to oblong, 
acute; yellowish green. Glumes unequal. Lower 
glume 1 – 1.5 × 0.4 – 0.5 mm; slightly curved; 
lanceolate, acuminate; chartaceous; greenish; 
prominently 1- nerved; 1- keeled, keel scabrid. 
Upper glume 1.8 – 2.1 × 0.5 mm; lanceolate, 
acuminate; chartaceous; greenish; almost hyaline; 
prominently 1- nerved; 1- keeled, keel scabrid. Floret 
single, bisexual. Lemma 1.9 – 2.5 × 0.5 – 0.7 mm; 
ovate to broadly lanceolate, apex retuse; 
chartaceous; greenish; margin involute; prominently 
3- nerved; clavellate hairs present on nerves; 1- 
keeled. Palea 1.5 – 2.3 × 0.3 – 0.4 mm; narrowly 
elliptic lanceolate, acuminate; chartaceous; 
greenish; margin infolded; 2- nerved; 2- keeled, 
keels ciliate. Stamens 3; anthers 0.9 – 1.2 mm, 
yellowish purple; filaments 0.3 mm. Pistil 1 – 1.7 mm; 
ovary oblong to elliptic, acute, brown; style hyaline; 
stigma plumose, purple. Lodicules 2; 0.1 – 0.3 mm, 
membranous, hyaline. 
Habitat: Slope of hair-pin bend. 
Flowering and fruiting: February – May.
Distribution: ASIA, MYANMAR, SRI LANKA. INDIA: 
Andhra Pradesh, Bihar, Gujarat, Karnataka, Kerala, 
Lakshadweep, Maharashtra, Meghalaya (CAL), 
Orissa, Rajasthan, Tamil Nadu, Uttar Pradesh, West 
Bengal (Kabeer and Nair, 2009) and Mizoram 
(present study). 
Specimen Examined: INDIA: Mizoram, Champhai 
District, Seil ing, 763 m, 23°43'32.46" N – 
92°51'19.22" E, 16.04.2011, S. Pathak 48572 (CAL); 
Maharashtra, 1899, A.T. Gage 124 (CAL)!; 
Meghalaya, Khasi Hills, G. Panigrahi 1218 (CAL)!, 
1961; Orissa, Rao 2076, acc. no. 524800 (CAL)!.
Notes: It was observed growing in a single patch 
along one of the hair-pin bends in Seiling. It was not 
observed growing elsewhere. 
4. Eragrostiella bifaria (Vahl) Bor, Ind. For. 66: 270, 
1940; Karthik. et al., Fl. Ind. Enum. Mono. 215.1989; 
Bor, Fl. Assam 107. 1940 & Grass. Burma Ceylon 
India Pakistan 494. 1960; Moulik, Grass. Bamb. 
Eastern India 2: 594. 1997. 
Basionym: Poa bifaria Vahl, Symb. Bot. 2: 19. 1791.
Type: INDIA (Oriental): Anon. (C).  
Voucher no. : S. Pathak 48482 (CAL).

(Plate 1. Fig. E)
Perennial; caespitose. Culm 54 – 60 cm; erect, 
lateral branches lacking. Leaf mostly basal; leaf 
blade 15 – 21 × 0.3 – 0.5 mm; filiform, linear to 
lanceolate, attenuate; margin entire, ciliate; mid rib 
prominent, multiple lateral nerves present; abaxial 
surface hispid; ligule 0.4 – 0.5 mm; ciliolate 
membrane, mouth ciliate, hairs 4 – 6 mm; sheath 4.3 
– 6 cm; glabrous, green. Spikes 17 – 22 × 1 – 1.3 cm; 
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terminal; erect with alternate, sessile compactly 
arranged, solitary spikelets; peduncle 15 – 19 cm; 
terete, triquetrous, finely scabrellate. Spikelets 0.7 – 
1.5 × 0.4 – 0.6 cm; comprising 12 – 28 fertile florets, 
with diminished florets at the apex; elliptic to oblong, 
acute, curved; laterally compressed; compact; 
breaking up at maturity; greenish white; rachilla 
persistent. Glumes similar; deciduous. Lower glume 
1.7 – 2 × 1.5 mm; broadly ovate, apex acute; 
glabrous, margin infolded; 3- nerved, nerves faint, 
green. Upper glume 1.9 – 2.1 × 1.4 – 1.7 mm; ovate 
to oblong, apex acute; cartilaginous; 3- nerved, 
central nerve prominent. Lemma 1.7 – 2.2 × 1.2 mm; 
oblanceolate; leathery; grayish green; margin white 
translucent, involute; 3- nerved, lateral nerves faint, 
may be absent. Palea 2 – 2.5 × 1.3 mm; ovate, apex 
entire; 2- nerved, 2- keeled, keels narrowly winged, 
ci l iolate. Caryopsis 0.5 – 0.6 mm; ovate, 
isodiametric, trigonous. 
Habitat: Along hill slopes.
Flowering and fruiting: December – May.
Distribution: AFRICA, AUSTRALIA, CHINA, 
SRILANKA, TROPICAL ASIA. INDIA: Andhra 
Pradesh, Bihar, Gujarat, Karnataka, Kerala, Madhya 
Pradesh, Maharashtra, Tamil Nadu (Kabeer & Nair, 
2009) and Mizoram (present study).
Specimen Examined: INDIA: Mizoram, Aizawl 
Distr ict,  Khatla, 238 m, 23°44'48.79" N – 
92°44'55.98" E, 18.04.2011, S. Pathak 48482 (CAL); 
Bihar, 1867, Griffith 555 acc. no. 519045 (CAL)!; 
Gujarat, 1995, Chatterjree 2015 (CAL)!. 
Notes: Shukla (1996) reported a single species i.e. 
E. leioptera (Stapf) Bor, from north eastern India. 
Neither any literature, nor herbarium collections has 
established the occurrence of any other species of 
Eragrostiella from this vicinity. Thus, the present 
collection is an addition in this region.
5. Eragrostis amabilis (L.) Wight & Arn., Cat. Indian 
Pl. 1834: no. 1777. 1834; Hook.f., Fl. Brit. India 7: 
317. 1896; Bor, Fl. Assam 99. 1940. 
Basionym: Poa amabilis L., Sp. Pl.: 68. 1753.  
Lectotype: SRI LANKA: Herb. Hermann 2: 59, no. 
46; (BM); designated by Veldkamp in Cafferty et al., 
Taxon 49(2): 254. 2000. 
Voucher no. : S. Pathak 48557 (CAL).

(Plate 1. Fig. F)
Perennial; caespitose. Culm 55 – 90 cm; geniculate, 
weak; node glabrous. Leaf blades 9 – 16 × 0.3 – 0.4 
cm; linear to lanceolate, apex acuminate; margin 
entire; surface scaberulous; mid rib prominent, flat, 3 
– 4 pairs of lateral nerves; ligule 2 mm, hairy rim, 
hairs white; sheath 4 – 4.8 cm, striate, mouth 
bearded, margin glabrous, smooth. Panicle 6 – 9 × 4 
– 4.3 cm; open; oblanceolate; axils of branches 
smooth to glandular ciliate. Spikelets 2 – 2.7 × 0.7 – 1 

mm; solitary; 4 – 8 flowered; ovate to elliptic ovate; 
pedicelled; pedicel 2 – 3.7 mm; rachilla deciduous. 
Glumes deciduous; similar. Lower glume 0.3 – 0.4 × 
0.2 mm; ovate to broadly lanceolate, apex sub acute; 
membranous; glabrous; margin entire; 1- nerved; 1- 
keeled, keel serrulate. Upper glume 0.5 – 0.6 × 0.3 
mm; broadly lanceolate, apex almost obtuse; 
membranous; glabrous; 1- nerved; 1- keeled, keel 
serrulate. Lemma 0.8 – 1 × 0.5 mm; broadly 
lanceolate, sub acute; almost chartaceous; 
greenish; 3- nerved; 1- keeled. Palea 0.7 – 1 × 0.3 
mm; obovate; 2- nerved; 2- keeled, keels densely 
ciliate. Stamens 3; anthers 0.3 – 0.4 mm, brownish 
purple; filaments white. Pistil 0.7 – 1 mm; ovary 
globose, glabrous; style 2; stigma 2, purplish green, 
plumose. Lodicules 2; 0.5 mm, hyaline. Caryopsis 
0.4 – 0.5 × 0.3 mm; obovate. 
Habitat: Edges of forest trails.
Flowering and fruiting: March – late October.
Distribution: ASIA, CHINA, MALAYSIA, SRI LANKA. 
INDIA: Andaman, Andhra Pradesh, Bihar, Himachal 
Pradesh, Jammu & Kashmir, Kerala, Madhya 
Pradesh, Maharashtra, Orissa, Rajasthan, Sikkim, 
Tamil Nadu, Tripura, West Bengal (Kabeer & Nair, 
2009) and Mizoram (present study).
Specimen Examined: INDIA: Mizoram, Kolasib 
District, forest edges along Kolasib road, 887 m, 
24°13′51.00" N – 92°40′32.99" E, 16.05.2011, S. 
Pathak 48557 (CAL); Sikkim,1963, D. B. Deb 31166 
(CAL)!; Tripura, 1957, D.B. Deb 6679 (CAL)!.
6. Eragrostis ciliaris (L.) R. Br., Narr. Exped. Zaire 
478. 1818; Hook.f., Fl. Brit. India 7: 314. 1896; Bor, 
Grass. Burma Ceylon India Pakistan 506. 1960; 
Karthik. et al., Fl. Ind. Enum. Mono. 216.1989; 
Moulik, Grass. Bamb. Eastern India 2: 598. 1997. 
Basionym: Poa ciliaris L., Syst. Nat. (ed. 10) 2: 875. 
1759.
Type: JAMAICA: Browne s.n, (LINN-87.66); 
designated by Hitchcock, Contr. U.S. Natl. Herb. 12: 
121. 1908.
Voucher no. : S. Pathak 48523 (CAL).

(Plate 1. Fig. G – H)
Annual; tufted. Culm 90 – 127 cm; geniculately 
ascending; surface smooth, greenish brown; node 
glabrous, brownish. Leaf blade 1 – 2.5 × 0.2 cm; 
linear to narrowly oblanceolate, apex acuminate; 
flat; loosely involute; glabrous; scabrellate at apex; 
abaxial surface sparsely tuberculate hairy; mid rib 
prominent; ligule 0.3 mm; composed of a row of fine, 
white hairs; sheath 1.5 – 1.9 cm, faintly keeled at 
apex, compressed, ribbed, margin membranous, 
surface sometimes tuberculate hairy, mouth faintly 
ciliate. Panicle 2.4 – 3.1 × 0.8 cm; densely spiciform; 
linear to oblong; continuous or interrupted; branches 
ascending; central axis terete; triquetrous; joints with 
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purplish dotted glands; peduncle 1.4 – 1.6 cm. 
Spikelets 1.5 – 2 × 0.7 – 1 mm; narrowly ovate to 
lanceolate, apex acute, base round; laterally 
compressed; glabrous; purplish green; pedicel 0.2 – 
0.3 mm, short, dotted with purplish glands, scabrid, 
sub triquetrous, disarticulating below each fertile 
floret. Glumes dissimilar; deciduous. Lower glume 
0.7 – 1 × 0.4 mm; lanceolate, apex acuminate; 
chartaceous; glabrous; 1- nerved; 1- keeled, keels 
scabrellate. Upper glume 0.8 – 1.2 × 0.5 mm; 
narrowly ovate to lanceolate, apex acute, base 
broad; glabrous; greenish brown; 1- nerved; 1- 
keeled. Florets 5 – 9; bisexual, disarticulating; 
rachilla 0.2 mm, smooth. Lemma 0.7 – 1 × 0.4 mm; 
narrowly oblanceolate, boat shaped, apex minutely 
mucronate; chartaceous; 3- nerved; lateral nerves 
sub marginal; 1- keeled, keels ciliolate, hairs whitish 
green. Palea 0.5 – 0.7 × 0.5 mm; elliptic lanceolate, 
apex retuse, curved at base; chartaceous; margin 
involute; 2- nerved; 2- keeled, keels raised, ciliate, 
hairs tuberculate, exceeding the width of palea. 
Stamens 2; anthers 0.1 – 0.2 mm, brownish-purple; 
filaments white. Caryopsis 0.3 – 0.5 mm; ellipsoid, 
glabrous, purplish green. 
Habitat: Wet, shady edges of canal, along damp 
forest trail. 
Flowering and fruiting: April – January. 
Distribution: Distributed in tropical and warm 
regions; ASIA, MYANMAR, SRI LANKA, PAKISTAN. 
INDIA: Andhra Pradesh, Arunachal Pradesh (CAL), 
Bihar, Daman & Diu, Goa, Gujarat, Karnataka, 
Kerala, Madhya Pradesh, Maharashtra, Orissa, 
Rajasthan, Sikkim, Tamil Nadu, Uttar Pradesh (CAL; 
Kabeer and Nair, 2009) and Mizoram (present 
study). 
Specimen Examined: INDIA: Mizoram, Kolasib 
district, along a narrow canal beside Kolasib – Aizawl 
highway no. 54, 378 m, 24°13'52.01" N – 
92°40'32.98" E, 03.04.2011, S. Pathak 48523 (CAL); 
Arunachal Pradesh, Lower Dibang Val ley, 
01.08.2000, M. Bhaumik 2412 (CAL)! Sikkim, 1906, 
A. Meebold 9144 (CAL)!.
7. Polypogon monspeliensis (L.) Desf., Fl. Atlant. 
1: 67. 1798; Mitra, Fl. Pl. E. India 171. 1958; Bor, Fl. 
Assam 154. 1940 & Grass. Burma Ceylon India 
Pakistan 403. 1960; Deb in Bull. Bot. Surv. Ind. 3: 
135. 1961; Karthik. et al., Fl. Ind. Enum. Mono. 
251.1989; Noltie, Fl. Bhutan 3(2): 597. 2000; 
Chowdhery et al., Mat. Fl. Arun. Pra. 3(2): 304. 2009. 
Basionym: AlopecurusmonspeliensisL Sp. Pl. 1: 61. 
1753. 
Type: LINN- 82.6 (Isolecto: BAA- 4131); designated 
by Hubbard, Fl. Trop. East Afr. Gramineae 1: 100. 
1970, but specific sheet is not indicated; specific 
sheet designated by Scholz in Cafferty et al., Taxon 

49(2): 245. 2000. 
Voucher no. : S. Pathak 48560 (CAL).

(Plate 1. Fig. I)
Perennial; tufted. Culm 11 – 54 cm; base 
geniculately ascending; solitary; slender; surface 
smooth to coriaceous; greenish yellow; node round, 
glabrous. Leaf blades 8 – 14 × 0.5 – 0.7 cm; filiform, 
linear to narrowly lanceolate, apex tapering; margins 
scabrid; surface scaberulous; mid rib prominent, 
scabrellate, lateral nerves 5 – 7;  ligule 5 –  6 mm, 
ciliate membranous, lacerate, glaucous; sheath 6 – 
10 cm, loose, striate, surface glabrous. Panicle 7 – 
11 cm; spiciform, oblong to ovate lanceolate; 
continuous or interrupted; branches scabrous; 
peduncle 9 – 16 ×  1 – 3.5 cm; glabrous, greenish 
yellow. Spikelets 2.5 – 3.1 × 0.7 – 7 mm; solitary; 
falling entire; oblong lanceolate, acute; greenish 
yellow; pedicels 0.2 – 0.5 mm, scabrous; callus 
square, base obtuse. Glumes similar, persistent.  
Lower glume 8 – 9 × 0.7 mm; linear to oblanceolate, 
apex attenuate; surface scarious; greenish yellow; 
1- nerved, 1- keeled, keel faintly serrulate, 1- awned; 
awn 2 – 4.6 mm. Upper glume 11 – 14 ×  0.8 mm; 
oblong, apex dentate, aristate, arista 2.5 – 3.1 mm; 
surface scarious; 1- keeled, keel scabrid; 1- nerved. 
Floret 1, bisexual. Lemma 1.8 – 2 × 0.6 mm; linear to 
lanceolate, apex acute; surface coriaceous; margins 
convolute; 3- nerved; 3- awned; principal awn 15 – 
31 mm, persistent. Palea 1 – 1.3 × 0.5 mm; oblong to 
elliptic, apex acute, margin hyaline; infolded, 2- 
nerved. Stamens 3; anthers whitish brown, 1.3 – 1.4 
mm. Pistil 0.3 – 0.5 mm; ovary oblong; style 2; stigma 
2, plumose, purplish. 
Habitat: Along hill slopes. 
Flowering and fruiting: May – September.
Distribution: AFRICA, EUROPE, PAKISTAN, SRI 
LANKA, TEMPERATE ASIA. INDIA: Andhra 
Pradesh, Bihar, Gujarat, Himachal Pradesh, 
Karnataka, Kerala, Madhya Pradesh, Maharashtra, 
Orissa, Rajasthan, Tamil Nadu, Uttar Pradesh, West 
Bengal (Shukla, 1996) and Mizoram (present study). 
Specimen Examined: INDIA: Mizoram, Aizawl 
District, Reiek hill slope, 1032  m, 23°41'38.17" N – 
92°36'36.82" E, 02.05.2011, S. Pathak 48560; 
Arunachal Pradesh, Lower Dibang Valley, 2000, M. 
Bhaumik 3143 (CAL)!; Manipur, D.B. Deb 801 
(CAL)!.
Notes: Shukla (1996) revealed this species to be not 
widespread in north eastern India (not mentioning 
any precise locality) not but it was not rare as the 
herbarium collections indicated. The present 
collection established its distribution in this state.
8. Setaria viridis (L.) Peauv., Ess. Agrostogr. 51, 
171, 178. 1812; Hook.f. Fl. Brit. India 7: 80. 1896; 
Bor, Fl. Assam 287. 1940 & Grass. Burma Ceylon 
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India Pakistan 365. 1960; Mitra, Fl. Pl. E. India 201. 
1958; Karthik. et al., Fl. Ind. Enum. Mono. 259.1989; 
Shukla, Grass. N.E. India 363. 1996; Moulik, Grass. 
Bamb. Eastern India 159. 1997; Noltie, Fl. Bhutan 
3(2): 721 (plate. 43). 2000. 
Basionym: Panicum viride L., Syst. Nat. (ed. 10) 2: 
670. 1759.
Type: EUROPE (Europa australi); Sp. Pl., ed. 2, 1: 
83. 1762.
Voucher specimen no. : S. Pathak 48537 (CAL).

(Plate 1. Fig. J)
 Annual; tufted. Culm 22 – 58 cm; erect to 
geniculately ascending; slender; cylindrical; surface 
hispid; greenish white; nodes roundish, glabrous. 
Leaf blade 5 – 22 × 0.4 – 0.9 cm; linear to lanceolate, 
apex acuminate, base sub truncate; pseudopetiolate 
when young; margins scabrous; papillose on both 
surfaces; mid rib prominent, flat, scabrid; ligule 0.5 – 
0.9 mm, hairy, hairs yellowish white, apex fimbriate; 
sheaths 5 – 11 cm, terete, glabrous to pilose, 
margins ciliate. Panicle 9 – 14 cm; cylindrical; dense; 
curved; usually tapering upward; erect or slightly 
nodding; branchlets bearing several spikelets, each 
subtended by 9 – 15 bristles; bristles 6 – 11 mm, 
unequal, dark greenish purple, faintly antrorsely 
barbed; axis pilose to pubescent. Spikelets 2 – 3 × 1 
– 1.3 mm; oblong to elliptic, apex acute, obtuse; 
dorsally compressed; falling entire; purplish green. 
Glumes dissimilar; present. Lower glume 0.3 – 0.5 × 
0.2 mm; broadly lanceolate to oblate, subacute; 
glabrous; entire at margin; membranous, 1 – 3 
nerved, nerves green, fainting midways. Upper 
glume 0.7 – 1 × 0.5 mm; oblong to elliptic, apex sub 
acute; membranous; glabrous; greenish brown; 5- 
nerved. Florets 2, lower sterile, upper bisexual. 
Lower lemma 0.9 – 1.1 × 0.5 mm; oblong to elliptic, 
acute; membranous; margin entire; 5 – 7 nerved. 
Lower palea 0.4 – 0.5 × 0.2 cm; lanceolate, acute; 
membranous; partly hyaline. Upper lemma 1.3 – 1.9 
× 0.5 mm; oblong to lanceolate; crustaceous, 
subcoriaceous; pale green; dorsal surface 
transversely punctate, rugulose, indurate; margin 
entire, involute. Upper palea 0.5 – 0.6 × 0.3 mm; 
oblong to lanceolate; membranous; dorsally 
rugulose. Stamens 3; anthers 0.6 – 0.8 mm, 
yellowish brown; filament white. Pistil 1.9 – 2.3 mm; 
ovary oblong; style 2, filiform; stigma 2, bearded, 
purplish brown. 
Habitat: Along trails. 
Flowering and fruiting: April – July.
Distribution: ASIA, CHINA, plateau of TIBET, c. 4000 
m; cooler parts of the world. INDIA: Assam, 
Nagaland (CAL); Arunachal Pradesh, Meghalaya, 
West Bengal (Shukla, 1996) and Mizoram (present 
study). 

Specimen Examined: INDIA: Mizoram, Kolasib 
District, along Kolasib-Aizawl Highway no. 54 road 
side, 382 m, 24°13'51.00" N – 92°40'32.99" E, 
23.04.2011, S. Pathak 48537 (CAL); Arunachal 
Pradesh, Dibang Valley, 1200 m, 01.09.2000, M. 
Bhaumik 3415 (CAL)!; Assam, Kamrup district, 
1956, A.S. Rao  38792 (CAL)!; Nagaland, 1886, D. 
Prain s.n., acc. no. 521398 (CAL)!.
This qualitative survey revealed the presence of 8 
species belonging to 7 genera newly reported from 
Mizoram. The species enumerated here were 
hitherto unrecorded from the state as evidenced by 
meticulous literature survey and herbarium 
consultation, thus reported here as new records for 
the grass flora of Mizoram. Further acute exploration 
is required which will add more information about 
their conservation status.

CONCLUSION

To conclude, the extensive literature inspection 
amalgamated with meticulous field survey of the 
members of the family Poaceae (grasses) in 
Mizoram ought to have made an impact on the 
current status of species, their geographical 
distribution, population etc. and must have 
augmented the assessment of grasses in this state. 
It calls for the necessity of further survey and 
research to complete the evaluation to formulate a 
checklist of grasses in Mizoram. 
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Status and policy analysis of stubble burning in 
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ABSTRACT

The study highlights the status of crop residue burning in north-western India along with the assessment of 
government policies in combating it, the role of private sector and numerous startups in utilizing the straw as a 
resource. The study used Landsat-8 images of three months from October to December 2018 and 2019 to show 
the burn severity maps of Haryana and Punjab region. Here, Normalized Burn Ratio (NBR) index was applied to 
determine the burned area in an image and obtain the burn severity map. Delta NBR (dNBR) was used to 
validate the result. Our result shows that burn severity in Punjab is higher than that of 2018 while in Haryana it 
shows less burn severity in 2019 as compare to 2018.

Keywords: Stubble Burning, Burn Severity, NBR Index, Paddy Straw, Environment policies

Stubble burning is one of the many challenges the 
agricultural sector is facing. Stubble burning is the 
practice of turning up the crop residue into ashes in 
order to clear up the fields for next sowing. Ever 
since the advent of green revolution and the 
resultant mechanization, combine harvesters were 
used to harvest the crop and trash, thus separating 
the grain, but these do not cut close enough to the 
ground and hence leaves residue behind (Saini et 
al., 2019). It is also estimated, that burning of paddy 
straw results in loss of nutrients, some soil properties 
like soil temperature, pH, moisture, available soil 
organic matter which governs microbial population 
of soil (Mandal et al., 2004).Greenhouse gases like 
CH , N O, CO  along with particulate matter and 4 2 2

smoke are also released in the atmosphere 
contributing to global warming (Jain et al., 2014, 
Badarinath et al., 2006). Residue burning emits 
pollutants like RSPM, NO and SO , impacting air x 2

quality and decreasing the visibility. According to 
Ministry of New and Renewable Energy, on an 
average India generates 500 million tonnes of crop 
residue (Bhuvaneshwari et al., 2019). Haryana and 
Punjab generates 27.83 million tonnes and 50.75 
million tonnes of residue respectively of which 9.08 
million tonnes and 19.65 million tonnes of residue 
was burnt in these respective states (NPMCR, 
2014). A total of 79.31 lakh million tonnes quantity of 
paddy straw was generated during year 2018-2019 

in Haryana out of which 1.34 million tonnes was 
burnt. Whereas in Punjab 201.70 lakh million tonnes 
paddy residue was generated out of which 99.6 lakh 
million tonnes was burnt (MoA&FW 2019).The 
present study was undertaken to identify the areas of 
intensity and spread of stubble burning in north-west 
India and to find out the measures initiated by 
government agencies and private entrepreneurs to 
control these stubble burning. Also, the study 
involved evaluation of initiatives taken for alternative 
approaches to curb stubble burning by the private 
sectors.

MATERIALS AND METHODS

For the present study, secondary sources of data 
have been used, based on information available 
from published reports of various ministries 
(particularly Ministry of Agriculture and Farmer 
Welfare), newspapers and various research 
publications. The Landsat 8 images were used to 
show the burn severity map of the region of Haryana 
and Punjab. Images were retrieved during the period 

st thof 1 October 2018 to 25 December 2018 and 
st th1 October 2019 to 25 December 2019 for the study 

area.
Study Area
The study mainly focused on the two north western 
states of India namely Punjab (29º54'N-32º57'N and 
73º88'E-76º93'E) and Haryana (7428E-7735E and 
2739N-3056N). Punjab covers 1.53% of total 
geographical area of India with 22 districts. Haryana 
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has an area of 44,212 km sq with 22 districts. These 
are the states where paddy (Kharif crop) is sown in 
end of May and starting of June and its harvesting 
start from the first week of October till mid of 
November every year. 
Image Processing
Landsat 8 OLI_TIRS images were procured from the 
USGS Glovis website. These Geo tiff Images were 
stacked and clipped according to the study region for 
paddy crop. QGIS 3.12 Bucuresti was used as a tool 
to process the images. In Landsat 8, band 5(NIR) 
has a wavelength of 0.85-0.88µm and a resolution of 
30m and in band 7 (SWIR) short wave infrared has a 
wavelength of 2.11- 2.29µm and a resolution of 30m. 
Normalized Burn Ratio was computed for each 
scene in Landsat 8 as (Saulino et al., 2020):

Identification of Burn Area
For identification of stubble burn area, Normalised 
Burn Ratio (NBR) has been used. The Normalised 
Burn Ratio is used to process the burned areas in the 
region. Once the pre-fire and post-fire NBR images 
are created, the post-fire images are subtracted from 
the pre-fire to create a differenced (delta) NBR 
(dNBR) images. dNBR is then used for burn severity 
assessment after it is being classified according to 
the burn severity ranges [United States geological 
survey (USGS)]. This index can show map burned 
area of different landscapes.
To obtain dNBR:

Then the raster histogram was used for Punjab and 
Haryana, separately for year 2018 and 2019, to 
identify the pixel values and their frequencies, where 
the lower pixel values shows low burn severity and 
as the pixel values increases it shows higher burn 
severity according to their frequency. 

RESULTS AND DISCUSSION

Punjab Region 2018 and 2019:
For analysis of Punjab Region, it was divided into two 
regions i.e. Northern and southern regions. The 
northern region (74º50´E-76º63´E and 31º09´N-
32º57´N) of Punjab witnessed a surge in the burning 
events particularly in Tarn Taran and Kapurthala 
districts (CREAMS, 2019). Analysis of raster 
histogram of northern region of Punjab showed that 
the graph of frequency from pixel values 0.5 to 0.8 
was high in 2019 while in 2018 this was much lower, 

frequency at value 0.5 was 400 in 2019 while in 2018 
it was just 50.
In southern region of Punjab (73º88´E-76º93´E and 
29º54´N-31º09´N) burning events decreased 
marginally except in Fazilka where the burning 
events surged. However, Faridkot registered a 
gradual decrease in the number of cases from 2018 
(Figure 1). In the raster histogram of southern region 
of Punjab, the line of frequency in 2019 at pixel value 
of 0.5 was 1000 but in 2018 it was 150 only. The burn 
severity in the both regions showed a surge. Analysis 
of raster histograms of the state of Punjab (2018 and 
2019) revealed that the graph of frequency from pixel 
values 0.5 to 1 is higher in 2019. Values in this range 
showed higher burn severity in NBR index. 
Comparing the pixel value 0.5 for year 2018 and 
2019 it shows that the frequency is very high 
(approximately 1300) for 2019 and only 130 for the 
year 2018(Figure 3A-B). And instead of decrease in 
the cases in the state, some districts had shown a 
steep increase in the number of burning events in the 
year 2019. The last week of October and first week of 
November in 2019 showed higher number of burning 
incidents. A steep increase in the number of cases in 
comparison to 2018 was observed (CREAMS, 
2019). The raster histogram and the burn severity 
map of Punjab showed an increase in burning 
incidents which was then finally concluded through 
higher values in NBR index (Figure 2A-B, 3A-B 
respectively). In 2019 it was seen that south-west 
region and districts of Amritsar and Tarn Taran of 
Punjab showed higher burn severity compared to 
rest of the state (Figure 4A-B).
Haryana Region 2018 and 2019
Haryana was divided into three regions to study the 
burn severity: (i) northern Haryana (7534E-7735E 
and 2919N-3056N) (ii) west Haryana (7428E-766E 
and 2828N-2959N) (iii) central, eastern and 
southern part of Haryana (7534E-7732E and 2739N-
2919´N). Raster histograms of these regions were 
studied separately for both years 2018 and 2019.  
From the districts like Panchkula, Ambala, 
Kurukshetra, Kaithal, and Karnal in the north, only 
Kaithal showed a decrease in burning events in 2019 
in this region (CREAMS, 2019). Raster histogram of 
the north Haryana showed that the pixel values from 
0.5 to 1 indicated surge in frequency especially at the 
value of 0.5044 and 0.516, frequency near the 32 in 
2019 while in 2018 frequency at these values 
reached up to 16. This depicted that the northern 
region of Haryana showed high burn severity in 2019 
than 2018, whereas in the western region of Haryana 
burning events especially in Sirsa and Fatehabad 
decreased drastically in 2019. Continuous dip in the 
frequency of pixel values from 0 to 0.5 could be seen 

NBR
[Band5(NIR) - Band7(SWIR) ]

[Band5(NIR) + Band7(SWIR) ] 

dNBR=prefireNBR-postfireNBR
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in 2019. Values from 0.5 to 1 had some spikes but in 
2019 the frequency was near to 0 and there were no 
points of high burn severity in this region. In the 
central, eastern and southern region events of 
burning had decreased in 2019. However, Palwal 
was an exception, where events surged from 2018 
but in 2019(Figure 5) this region showed that burn 
severity decreased as graph of frequency of pixel 
values from 0.5 to 1 showed a dip in 2019. 
Frequency of these values ranges somewhere in 
between 0 to 200 in 2018, but in 2019 this was from 0 
to 50 only, which showed that there were fewer areas 
of severe burns in this region of Haryana. 
In histogram of years 2018 and 2019, the lines of 
frequency of pixel value 0.0729 (lies in between 
moderate severity and moderate-high severity), 
touched a mark of 1600 in 2018 but in 2019 the value 
was down to somewhere 1000. Frequency of value -
0.12708 (lies in between moderate low severity and 
moderate severity) touched a mark of 2100 and 
values from 0.5 to 1, indicating a downfall in the 
frequency 2019. The frequency ranges from 0 to 220 
(0 near 1 and 220 at 0.5) in 2018 while in 2019 it was 
from 0 to 70 (0 near 1 and 70 near 0.5)(Figure 7A-B). 
Both histograms depict that there is less burn 
severity in Haryana in the year of 2019 however 
northern region of Haryana showed marginal 
increase in the burn severity and showed a very high 
burn severity in 2019. It was observed that first week 
of November in 2019 showed marginal increase in 
the number of burning events (CREAMS, 2019). The 
burn severity map of Haryana showed us number of 
points of very high burn severity cases in northern 
region of Haryana in 2019(Figure 6A-B) and at the 
same time in 2018 there was no point of very high 
burn severity in the northern Haryana(Figure 8A-B).
Analysis of government policies
The wasteful practice of stubble burning requires 
counter-action from the government through 
awareness campaigns, community mobilization, 
media and various effective policies. Numerous 
awareness programs are conducted from time to 
time in order to educate the farmers about possible 
best practices to deal with crop residue (Rajya sabha 
unstarred question, 2020).Some laws and policies 
framed to tackle crop residue burning are: -i) Sec 144 
of civil procedure code, ii) environment protection act 
1896, iii) the air prevention and control of pollution 
act 1981, iv) then national tribunal act 1995 and v) 
the national environment appellate authority act 
1997.
National Initiatives  
Nat iona l  po l icy  fo r  management  o f  c rop 
management formulated by the Department of 
Agriculture has laid various objectives to manage 

and diversify the usage of crop residue (NPMCR 
2014). EPCA (Environmental Pollution Control 
Authority) collaborated with Punjab Pollution Control 
Board to increase aerial surveillance in detection of 
c r o p  r e s i d u e  b u r n i n g  i n  P u n j a b  r e g i o n 
(Bhuvaneshwari et al., 2019). National Green 
Tribunal ordered a ban on stubble burning in 2015. 
To prevent burning of paddy, a fine was imposed on 
farmers (Jain, 2015).Central sector scheme 
“Promotion of agriculture mechanization for in-situ 
management of crop residue in state of Punjab, 
Haryana, Uttar Pradesh and NCT of Delhi” was 
implemented to tackle air pollution and to subsidize 
machinery required for in-situ management of crop 
residue.
Initiatives by Haryana government 
Chaudhary Charan Singh Haryana Agriculture 
University, Hisar and the Finnish firm Fortum signed 
MoU to use paddy straw in making textile fibers and 
other chemicals which will be utilized further for bio 
plastic industry and bio refineries (Anonymous, 
2019).Haryana government directed gram sabhas 
and panchayats to understand stubble burning as a 
behavioral problem (Kapil ,  2019).Haryana 
bioenergy policy (2018) promotes the generation of 
bioenergy from agricultural residue. It also promotes 
production of bio energy/electricity/Bio-CNG/ bio 
manu re /  b i o  f ue l  f r om su rp lus  b i omass 
(HAREDA.gov.in). A target of 150 MW biomass-
based power generations is proposed to be 
achieving by 2022. Few paddy straw-based power 
plants are mentioned in Table 1. Crop residue 
burning is a criminal offence under the sec 188 of Air 
pollution act 1981, the code of criminal procedure 
1973 and other acts. In addition, a penalty is being 
imposed on those who practice it. 
Initiatives by Punjab Government
Since 2008 awareness programmes regarding 
stubble burning have been initiated (LokSabha, 
2008). About 29 power projects with an installed 
capacity of 330 MW have been facilitated by Punjab 
Pollution Development Authority (PEDA). This 
project will be set up by private developers who will 
design power plants to process paddy straw or other 
agricultural residue into energy. Also, Punjab 
University is developing agricultural technologies 
like happy seeder machines, straw collectors and 
balers (Kumar et al., 2015). Punjab government has 
incentivised small and marginal farmers with Rs 
2500 per acre for not burning paddy straw (Krar, 
2019).Five bio refineries each of capacity of 75,000 
kiloliters per year is proposed to be set up. These will 
produce cellulosic ethanol using paddy straw as feed 
stock (India-Sweden TERI report, 2018).
Role of Private Sector
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Along with government initiatives, there has also 
been the presence of private sector in combating 
burning of crop residue. Private players are coming 
forward in collaboration with the government 
entit ies; various startups to bring about a 
technological revolution in farm mechanisation and 
handling the farm waste. Some of the private players 
are: Praj industries are the main technology provider 
for second generation ethanol to Indian companies 
including IOCL, BPCL, HPCL and MRPL who are 
setting up units in Punjab and Haryana (Krar, 2019). 
Detailed design and engineering work have been 
completed for four commercial scale smart bio-
refineries based on in-house second-generation 
technology to convert biomass to ethanol. A subsidy 
of Rs 7 crore to catalyze investment for paddy straw-
based project was announced along with an offer of 
Rs 46 per kilograms of CNG to be produced from 
paddy stubble. Mahindra and Mahindra subsidiary 
swaraj tractors and Germany based verbio space 
vereingite bioenergie AG are in process of 
collaborating to set up bio CNG plants in Punjab. 
Tableware and packaging material produced from 
plant remnants as raw material and it is paid by bio-
lutions, a German based company. This factory 
came up in Bengaluru in 2018(Anonymous, 2019). A 
technology business incubator in the name of kriya 
labs is developed at IIT Delhi that can covert paddy 
straw into pulp using sustainable technology. The 
pulp is used to make various products like paper, 
plates and cups which are cheaper than similar 
plastic products and are biodegradable (Pal, 2018). 
Ajay bio-energy Pvt ltd has set up a unit under SATAT 
scheme and will come up by 2022. It will have 
capacity of using 40000 tonnes of paddy straw 
annually and will produce bio-manure as a byproduct 
(Anonymous, 2019). A Chennai based firm, Neway 
Engineers Private Limited, had signed a MoU of 
setting up 400 processing plants with Punjab 
government to utilize 20 million tonnes of stubble 
(Sharma and Kumar, 2019). 

CONCLUSION

This study analysed the steps taken by government 
and private sector to find sustainable alternatives for 
converting crop residue into a resource. The above 
study revealed that the burn severity has increased 
in Punjab in 2019 and cases in some districts also 
increased from 2018. Haryana witnessed an overall 
decline in burn frequency however few regions 
especially in the northern Haryana recorded a spike. 
The crop residue burning in north-western India 
recorded a decrease in the number of cases 
marginally but few districts in both states showed 

increase in burn events. 
Government has taken numerous sustainable 
solutions from farmer incentivisation to converting 
stubble into energy. However, from above image 
analysis and data interpretation, it is clear that 
though stubble burning cases have reduced but their 
frequency at certain days of the month registered a 
sudden increase. This may be due to farmer's 
reluctance in adapting to newer methods of 
harvesting or loopholes arising out in government 
policies and schemes. Laws to combat stubble 
burning exist but their implementation is poor. 
Collaboration with private sector has increased but 
they are not yet functional. Delay in the projects 
leaves the farmer with no other option than burning. 
Start-ups have shown interest to collaborate and 
help in managing crop residue. However, lack of 
funding and approval delays is making them non-
functional causing the projects to remain stagnant. 
The power plants producing renewable energy use 
numerous varieties of waste but use of crop residue 
in energy generation is still meagre. From the 
analysis of Rajya sabha unstarred question no. 
1765, dated 06 March 2020,it is observed that the 
awareness programs, Kisan Melas, articles in 
newspapers, posters/ banners at various places 
have registered a downfall. This is indicative of the 
harsh fact that government although is making 
efforts by numerous projects but doing little to install 
a behavioural change in the farmers. Lack of farmer 
awareness about alternatives to stubble burning 
may not prompt them to use innovation or 
sustainable technology available at hands. Stubble 
burning is a criminal offence and numerous FIRs 
have been filed along with penalty on the farmers but 
a poor farmer because of the paucity of resource is 
left with no other alternative but burning. There is 
thus a need for technological rejuvenation to make 
technologies adaptive for the usage of farm residue. 
This problem is in the need of real, cost effective, 
efficient and sustainable alternatives that will help 
conserve soil, water, environmental health along 
with public health. Managing crop residue by use of 
the happy seeder technology, promoting in-situ 
residue management, promote crops other than 
wheat and rice (e.g. Pulses), on field collection of 
crop residue and its further use in producing bio 
power, bio CNG, bio gas or pelletising plants etc. 
Private sector, cooperative societies, custom hiring 
centres (CHCs) and start-ups should be encouraged 
to find innovative solutions of such farm problems. 
For example, the CHCs of government of Haryana is 
support ing the farmers with technological 
infrastructure in crop residue management. Remote 
sensing and GIS can be used in monitoring the fire 
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CONFLICT OF INTEREST : NIL Table 1 Renewable Energy Power Projects under Execution

 

S. No. Name of firm Capacity

1 M/s The Hind Samachar Ltd. in Kurukshetra District 15 MW

2 M/s Jind Bio Energy LLP in Jind District 9.9 MW

3 M/s Sukhbir Agro Energy Ltd. in Kaithal District 15 MW

4 M/s Fatehabad Bio-Energy LLP in Fatehabad District 9.9 MW

 Total 49.8 MW

(Source: Status of Biomass Projects in Haryana Dated 31.07.2019)
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Figure 1 District-Wise Cumulative Number of Residues Burning Events Detected in 2018 and 2019 in 
              Punjab (Period: 01-Oct to 23-Nov).

Source: CREAMS Laboratory - Indian Agricultural Research Institute, New Delhi (2019)

Figure 2   A-B.Landsat 8 images of burn severity of Punjab region during the study period 2018 (A) and 2019(B)
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Figure 3  A-B.Raster histogram of Punjab 2018(A) and 2019(B)

Figure 4   A-B.Points showing very high burn severity in Punjab 2018(A)and 2019(B)
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Figure 5.  District-Wise Cumulative Number of Residues Burning Events Detected in 2018 and 2019 in 
                Haryana (Period: 01-Oct to 23-Nov)

Source: CREAMS Laboratory - Indian Agricultural Research Institute, New Delhi (2019)

Figure 6   A-B.Burn severity map of Haryana 2018(A) and 2019(B)
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Figure 7   A-B. Raster histogram of Haryana 2018(A) and 2019(B)

Figure 8   A-B.Points showing very high burn severity in Haryana 2018(A) and 2019(B)
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incidents. The farmers need to be educated about 
this evil and wasteful practice and they need to be 
made aware about sustainable alternatives to 
manage with the stubble.
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ABSTRACT

The sustainability of the Mulberry silk-worm rearing, an important sub-stage ofsericulture, depends upon 
whether or not cocoon growers earn profit from this practice. The present study focuses on small-scale cocoon 
growers/mulberry silk-worm rearers to find out the extent of profit or losses of these growers. The answer to this 
question takes care of the issue of sustainability of small-scale silk-worm rearing practice. The study is based on 
primary data collected from 60 randomly selected households from Ghumarwin block of district Bilaspur of 
Himachal Pradesh (HP). Small-scale sample cocoon growers are incurring losses when imputed value of family 
labour is included in the total cost. Returns over total cost excluding family labour is positive which reveals that 
practice of small-scale mulberry silk-worm rearing is sustainable when the households are willing to put their own 
labour.

Keywords: Sericulture, Mulberry silk worm, Sustainability, Cocoon Grower, Small-scale, Family Labour

In the contemporary scenario of continuing decline in 
the contribution of agriculture and allied sector in 
total GDP and at the same time more than half of 
country's labour force engaged in agriculture and 
allied sector, agriculture based industries in India 
becomes that much significant.Agro-based 
industries promote development and reduce poverty 
(Wilkinson & Rocha, 2009) at the country level. 
Sericulture is one of the important agro-based 
activities in India which involves five sub-activities, 
namely, food-plant cult ivat ion, developing 
silkworms, rearing of silkworms to produce cocoons, 
reeling of silk yarn from cocoon, and finally weaving 
of silk-products. As per International Sericulture 
Commission, global silk production in the year 2018 
stood at 159,648 metric tonnes of which India 
produced 35,261 metric tonnes which comes to 
about 22 per cent. India is the second largest 
producer of raw silk and at the same time it is the 
World's largest consumer of pure silk. The 
uniqueness of India's silk industry lies in the fact that 
it is the only country which produces all the four 
varieties of silk, namely, Mulberry, Eri, Tasar, and 
Muga. However, mulberry silk holds the dominant 
position in India as it accounts for roughly 76 per cent 
of the country's total silk production. Further, 
sericulture industry in India provides employment to 
7.6 million people which is roughly 1.5 per cent of 

country's labour force and the sericulture activity 
spreads across 51,000 Indian villages. There are 
around 328,628 handlooms, 45867 power looms 
and 814616 weavers in India.Therefore, sericulture 
industry has the potential to absorb labour force of 
both rural and urban India and the same time can be 
a source of employment for the weavers who face 
serious threat due to mechanisation. Sericulture 
industry has a favorable impact on income and 
employment generation ((Hanumappa & Erappa, 
1985; Lakshmanan, 2012; Lakshmanan & Devi, 
2007; Lakshmanan S. & Devi, 2007; Rani, 2007). 
Sericulture is considered as one the few activities 
which is a short gestation labour intensive enterprise 
which promotes inclusive growth and alleviates 
poverty particularly in rural areas –(Chauhan, 2013). 
Among all the states in India that produces silk, 
Himachal Pradesh has great potential due to its 
varied climatic and topographical conditions. 
Sericulture is practiced in all the districts of Himachal 
Pradesh (HP) except Lahaul-Spiti and Kinnaur. The 
state offersfavourable conditions for growth of 
mulberry trees and therefore silkworm rearing offers 
a  su i tab le  env i ronment  for  mulberry  s i lk 
production.Rearing of mulberry silk worm can be an 
important source of subsidiary income occupation to 
supplement the income of rural households. 
Realizing this, during 2007-12, then government of 
the state implemented Catalytic Development 
Programme (CDP) of Central Silk Board (CSB) in 
five districts- Kangra, Mandi, Bilaspur, Hamirpur, and 
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Una to promote sericulture activities in the state. 
After roughly 10 tears past the introduction of CDP, it 
is worthwhile to find answer to the question of 
whether the farmers engaged in silk-worm rearing 
activity in HP are earning profit or incurring losses. 
The answer to this question will go a long way in 
finding out whether or not the sericulture activity is 
sustainable, for production of silk largely depend on 
supply of good quality cocoons. Therefore, the 
objectives of the study are to first understand the 
different stages of silk-worm rearing activity, and 
then to examine the economics of mulberry silk-
worm rearing. There are, in total, four sections which 
the entire study has been divided into. The 
succeeding section presents sampling techniques, 
data, and methodology used in this study followed by 
a section that presents the empirical results of the 
study, and last section concludes the study and gives 
policy recommendations.

MATERIALS AND METHODS

The study is based on primary data. Out of the 10 
districts of HP where sericulture activities are 
performed, district Bilaspur is selected for our study 
through lottery method of simple random technique. 
There are four blocks in district Bilaspur, namely, 
SadarBilaspur, Ghumarwin, Jhanduta, and Shree 
Naina Devi. Ghumarwin block has been selected 
purposively for the study as it consists of highest 
number of farmers who are engaged in mulberry silk-
wormrearing among all the blocks. Out of the 49 
Panchayats and 281 villages in Ghumarwin block, 
sericulture activities are conducted in roughly 30 
Panchayats and 81 villages. Out of those 30 
Panchayats, 5 Panchayats are selected randomly 
for our purpose. After the selection of Panchayats, 
households belonging to only those villages where 
sericulture activities are done were listed in our 
sample frame and then 60 households were 

selected randomly. Primary data have been 
collected from these 60 households in the month of 
May, 2019 through a pre-tested schedule.After the 
stage of data collection, data were processed and 
filtered before these were analysed using 
f requencies,  percentages,  and averages. 
Discussion of empirical resultsis presented in the 
following section. The analyses of data have been 
done on the basis of two categories of farmers- those 
who rear only in spring season and those who rear in 
both spring & autumn seasons. 

RESULTS AND DISCUSSION

Majority of sample households (67 per cent to be 
precise)are from SC category and only 33 per cent 
are from general category (refer to table-1). Half of 
the samples are from above the poverty line (APL) 
category and the rest are having below the poverty 
line (BPL) card. Among the general category 
households higher percentage of households are 
from APL category and higher percentage of SC 
households are from BPL category. In so far as the 
types of structure of sample households are 
concerned, majority of general households were 
either living in katcha or semi-pucca houses. Only 30 
per cent of general households were living in pucca 
houses. Same was the case with SC households. 
Half of the SC households were living in semi-pucca 
houses. One interesting characteristic that was 
observed is that half of the general households are 
having MGNREGA card meaning they do not get 
enough employment days from other sources. 
Percentage of SC households possessing 
MGNREGA card were higher (70 per cent) than that 
of general households. Among all the sample 
households, percentage of those who possessed job 
card was significantly higher than those not having 
the card.

Table 1 Select Socio-economic characteristics of Sample Households (In Percentages)

 

Social 
Group  

Distribution
of  
Households

 

Type of 

Ration Card
Type of Structure  

Households 
having 

MGNREG
A Job card

 

Households 
NOT having 
MGNREGA
Job card

 
APL BPL Katcha  

Semi -

Pucca
Pucca

General 33 60 40 30 40 30 50 50

SC 67 45 55 10 50 40 70 30

Total 100 (6 0) 50 50 17 47 36 63 37

Note: Figures in the parenthesis is the total number of households. APL& BPL stand for above poverty line & below poverty 
line, respectively. MGNREGA stands for Mahatma Gandhi National Rural Employment Guarantee Scheme.
Source: Primary Survey, 2019 
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Table-2 presents the gender-wise educational level 
of all the members of sample households. Among the 
male members, majority were having secondary 
level education, anda significant percentage was 
having higher secondary education. Percentage of 
males who were either illiterate or having below 
primary level education was 10 per cent. A very small 
percentage of males were having diploma, graduate, 
and post-graduate education. Similar is the case with 
females. One striking difference that is found in case 
of females compared to males is that 16 per cent of 

females were having primary education. Majority of 
females were having secondary education. 
Compared to males, a smaller percentage of 
females were having higher secondary education. 
The percentage of females who were either illiterate 
or having below primary education are similar to 
those of males. From the above figures, it can be 
safely concluded that majority of members of the 
households who are practicing Seri-culture activities 
are having an education which is below or at higher 
secondary level. 

Table 2 Gender-wise educational level of members of sample households (In Percentages)

Educational  
Qualification  

Gender
Total  Male  Female  

Not Literate  10  11  11  
Below Primary  10  10  10  

Primary  1 16  9 
Secondary  37  34  35  
Higher Secondary  24  16  20  

Diploma/Certificate Course  4 1 3 
Graduate  7 4 6 
Postgraduate and above  6 6 6 

Total  100 (71)  100 (70)  100 (141)  

Note: Percentage of male & female children is 1 per cent each. In the total column, 100 include percentage 
includes this 1 per cent. Figures in the parentheses are number of persons.
Source: Primary Survey, 2019

Table 3 contains some important information on 
mulberry silk-worm rearers. It can be seen that 
majority of households were persuaded by 
sericulture cooperative society to start silk-worm 
rearing. More than half of the sample rearers had 
started practicing the activity after 2007. That means 
Catalytic Development Programme (CDP) of Central 

Silk Board introduced in five districts of HP, in 2007, 
to boost sericulture support system has helped in 
increasing the number of silk-worm rearers/cocoon 
growers. 40 per cent of sample householdswere 
growing cocoons only in spring season and the rest 
were growing in both spring and autumn season.

Table 3 Year of starting of sericulture activity by Sample households and their season-wise distribution

Who convinced the sample households to start sericulture?  Percentages 

Sericulture cooperative society  83  

Neighbors  17  

When did the Sample households start sericulture?  Percentages 

Before 2007  43  

On and After 2007  57  

Season - wise practice of sericulture, and quantity of silk - worm cultivation  

Seasons  

Sample  

households (%)  

Seeds  

(in ounce)  

Silk Worms  

(In Numbers) 

Only Spring  40 1.33 59850 

Both Spring & Autumn  60 2.39 107550 

Note: Month in Spring (March-May) & Autumn (August - October), 1 Ounce contains 45000 Silkworms, and ½ 
Ounce contains 25000 Silkworms. 
Source: Primary Survey, 2019
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The infrastructures with which farmers were growing 
cocoons are shown in Table 4. Majority of farmers 
were using one room or rooms of their dwelling 
house to rear cocoons. Only a small percentage of 
farmers (23 per cent to be precise) were growing 
cocoons in separate sheds. Under the CDP of 
central Silk Board,it is the job of Sericulture 
Development Office (SDO) to provide equipment 
necessary for cocoon growing to growers of targeted 
districts. Among all the households surveyed, 73 per 
cent households received equipment from SDO and 

the rest did not get any equipment. Again among 
those 73 per cent households, the percentage who 
got full kit and half kit was 47 per cent and 26 per 
cent, respectively. It is clear that 73 per cent of 
sample households grew cocoons with kits (either 
half kit or full kit) provided by SDO. But those 
households (27 per cent) who did not receive any kit 
grew cocoons using traditional equipment. The 
percentage of households who grew cocoons with 
tin sheets, self-made bed, and ply board bed are 10 
per cent, 4 per cent, and 13 per cent, respectively. 

Table 4 Infrastructure with which sample households rear silk-worms (In Percentages)

Where did the sample households rear silk -worms?  
Percentage of Sample 

Household  

Separate Shed  23  

Separate room  77  

Did the households receive equipments from sericulture 

development office for rearing silk -worms?  

Percentage of Sample 

Household  

Yes  73  

No  27  

If yes, what type of equipment’s did they receive?  
Percentage of Sample 

Household  

Full Kit  47  

Half Kit  26  

No Kit  27  

Percentage of households and their type of equipments used for 

rearing silk -worms  

Percentage of Sample 

Household  

With Kit  73  

With Tin Sheets  10  

With Self -Made Bed 4 

With Ply Board Bed 13  

Note: Full Kit (Rearing beds, Bed cleaning nets, Scythe, Chopping knives, Chopping Table/Boards, Rubber, 
Strips, Spade, Shovel, Shallow pan, Bucket, Black clothes rail, Heater, etc.) & Half Kit (Rearing beds, Scythe, 
Bed cleaning nets)
Source: Primary Survey, 2019

Average number of mulberry trees  

Season  
All Households

Only Spring  Both Spring & Autumn

Owned  

S 461  177  152 162

Local  18  30 25  

Total  195  183 188

On Rent  9 11 10  

Total  204  194 198

Table 5 Season-wise number of mulberry trees used by sample households 

Source: Primary Survey, 2019

GAU Research Journal 45 (4)SHARMA AND BASANTARAY



193

Mulberry silk is considered to be the best quality silk 
and it is produced from silkworms those are fed 
mulberry leafs. Therefore, farmers who rear these 
silk-worms must have mulberry trees. Average 
number of mulberry trees used by farmers of both 
types is shown in Table 5. Average number of trees 
used by farmers who rear only in spring and in both 
spring & autumn are 204 and 194, respectively. 
These trees are the main and only source of fodder 
for the worms. Majority of the trees were owned by 
the farming households. However, some minimal 
number of trees wasalso taken on rent. Majority of 
the trees are of S 46 variety. There are also local 1

varieties of trees used by farmers. Leaves of local 
mulberry trees are harder than that of S 46 variety. 1

Leaves of S 46 are soft and also bigger than the local 1

variety. It is considered that 5 leaves of local variety 
are equal to 1 leaf of S 46 variety –(Chauhan, 2013). 1

Table-6 contains the data on average quantity of 
mulberry leafs fed to worms at various stages of a 30-
days cycle and the survival rate of worms. 
Seeds/worms are taken from SDO by farmers and 
from day-1 onwards feeding of leaf start. The growth 
of worms goes through different phases. Worms are 
fed for the first four days and immediately after that 

th ththey go to sleep. So 5  day and 6  day are the days 
when they sleep and do not eat leafs. Then again 
from day 7, leafs are provided to them. After day 11, 
they again go to sleep. Next sleeping days come on 

th th19 & 20  days.

Table 6 Average quantity of mulberry leafs fed to the silk-worms and their survival rate in different stages of 
            silk-worm rearing

Stages Days 

Quantity of Mulberry leafs fed to 

worms (In Kgs)  
Percentage of Silk - worms surviving  

Only Spring  
Both Spring & 

Autumn  
Only Spring  

Both Spring & 

Autumn 

Stage1 

Day 1 1.14  1.09  100 (31667)  100 (32778)

Day 2 1.14  1.09      
Day 3 1.44  1.39      
Day 4 1.75  1.93  98.92  98.91 

Stage 2 

Day 7 7.75  6.83  97.81  97.87 

Day8 7.75  6.83      

Day9 10.75  9.83      
Day10 10.75  9.83      
Day11 13.75  12.83      

Stage3 

Day 14 38.33  37.11  96.92  97.06 

Day 15 56.33  55.11      
Day 16 73.75  72.83      
Day 17 91.75  90.83      
Day 18 122.33  121.11      

Stage 4 

Day 21 61.75  60.83  95.06  95.17 

Day 22 90  90      
Day 23 122.92  181.94      
Day 24 155.83  152.78      
Day 25 181.75  180.83      
Day 26 272.92  271.39      
Day 27 302.92  301.39      
Day 28 151.75  150.83      
Day 29 122.92  121.39  89.15  89.43 

Note: Figures in the parentheses are precise number of worms which the farmers started rearing on Day-1

Source: Primary Survey, 2019
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In stage 4, worms are continuously fed for 9 days and 
immediately after that they are sold to SDO. During 
the sleep days, worms enter into their larval life which 
ends on day 29. That means they are ready for silk-
reeling units after day 29. As we can see from the 
table, on the first day around 1 kg of leafs are 
provided to them and then the amount gradually 
increases. The quantity of leafs significantly 
increases from stage 3 onwards. In stage 4, quantity 
of fodder increase continuously till day 27 and as the 
selling date comes close the amount of fodder is 
reduced. That is why for both the categories of 
farmers who cultivate only in springseason and both 
in spring & autumn season, quantity of leafs fed are 
get drastically reduced from 302.92 kg and 301.39 
kg on day 27, respectively to 122.92 kg and 121.39 
kg on day 29, respectively. In so far as survival of silk-
worms are concerned, maximum rate of death 
happens in the last stage. Over a period of 30 days, 
roughly 11 per cent of worms died for both categories 
of sample farmers. 
Rearing of silk-worm in general and mulberry silk-
worm in particular is a labour intensive activity.  
Labour used for this activity waslargely family labour. 

Details about number of labour (both male & female) 
used and imputed value of labour are shown in Table 
7. Together both male and female labours work for 6 
hours a day for 23 days in the 30 days cycle of silk-
worm rearing. The rest 7 days do not involve any 
labour work as those are sleeping days of cocoons. 
Usually male members cut branches from mulberry 
trees and then take out leaves from branches. In the 
initial days, female members chop leaves and 
provide them to cocoons. Cleaning work of rearing 
houses is done by female members. Application of 
disinfectant is usually performed by male members. 
The farmers of only spring category, on an average, 
use 3 male and 2 female members for labour work. 
Minimum market wage rate prevalent in Himachal 
Pradesh is Rs 350. Hence the total imputed value of 
wage for this category of farmers wasRs 8050. The 
farmers of both spring & autumn category 
employedmore number of male and female 
members as compared to other category. Total 
imputed value of labour for this category wasRs 
16,100 which was incurred in both the seasons. Total 
imputed value of labour for all sample households 
was at Rs 12,075. 

Table 7 No. of labour, labour hours used & total labour cost in different seasons

Season  
Labour (No.)  No. of hours 

worked in a day  
No. of 
days 

Wages 
per 

person 

(Rs) 

Total 
wages (Rs) 

Male  Female  Total
 

Only 
Spring  

3
 

2
 

5
 

6
 

23
 

350
 

8050
 

Both Spring 
& Autumn  

4
 

4
 

8
 

6
 

23
 

350
 

16100
 

Average 
Total  

3
 

3
 

6
 

6
 

23
 

350
 

12075
 

Source: Primary Survey, 2019

Farmers engaged in rearing activities found 
construction and repairing cost of rearing house as 
one of the important item under fixed cost. Average 
life of a rearing house is around 36 years (or 36 
seasons) and 35 years (or 35x2=70 seasons) for 
farmers doing rearing in only spring and both spring 
and autumn seasons, respectively. Average cost due 
to rearing house per season is calculated by dividing 
total cost (construction cost plus repairing cost) by 
average life of a house. These figures are presented 
in Table 8. Total cost of constructing and maintaining 
a rearing house wasRs 95,833 and 114,778 for only 
spring farmers and both spring & autumn farmers, 
respectively. The same figure for the overall sample 
was 107,200. Farmers get subsidy from government 

to meet the fixed cost. Spring farmers got a lower 
subsidy compared to those who rear in both spring 
and autumn seasons. That is because government 
wants to promote rearing in both seasons and hence 
they provide higher subsidies to those who cultivate 
in both seasons. The percentage of subsidy in total 
cost for farmers of both spring & autumn season was 
at 63 per cent compared to 31 per cent in case of 
farmers/rearers of only spring season, and 51 per 
cent in case of overall sample households. The 
average cost per season on rearing house was 
calculated atRs 1843 and Rs610 for farmers of only 
spring season and both spring & autumn seasons, 
respectively. 
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Table 8 Season-wise average cost of building & maintaining a rearing house

(In Rs)

Variables  Only Spring  Both Spring & Autumn  All Households

Construction Cost  79167  95333  88867  

Repairing Cost  16667  19444  18333  

Total cost of Building  95833  114778  107200  

Subsidy Amount  29500 (31)  72111 (63)  55067 (51)  

Cost -Subsidy  66333  42667  52133  

Average Life of Rearing 

House (No. of Seasons)  

36 seasons
 

70 seasons 
 

33
 

Cost Per Season  1843  610  1580  

Note: Figures in the parentheses is the percentage to total.

Source: Primary Survey, 2019

Table 9 Average Total Cost of Different Inputs Used in Sericulture 

Items  Spring (Rs) % Spring & 

Autumn (Rs) 

% Total (Rs)  % 

Own Labour (Imputed 

value of labour) 

8050
 

52.88
 

16100
 

69.84
 

12075
 

61.63
 

Cost of Building & 

Maintaining a Rearing 

House per Season 

1843
 

12.10
 

610
 

2.64
 

1580
 

8.06
 

Rearing Equipment 3886 25.52 4312 18.70 4141 21.13 

Fertilizer 25 0.16 175 0.75 115 0.58 

Disinfectant 56 0.36 61 0.26 59 0.30 

Seed 60 0.39 123 0.53 98 0.50 

Mulberry Rent 850 5.58 1089 4.72 993 5.06 

Transportation & 

Electricity 

452
 

2.96
 

581
 

2.52
 

529
 

2.7
 

Total Cost 15222 100 23051 100 19590 100 

Source: Primary Survey, 2019

Average cost incurred on different inputs and their 
share to total cost for both categories of farmers is 
shown in Table 9. Total cost of silk-worm rearing for 
only spring farmers wasRs 15,222 and 23,051 for 
both spring & autumn farmers.The total cost for both 
spring & autumn farmers were higher than that of 
only spring farmers, for the former category rear 
worms two times a year. It is clear from this that both 
spring & autumn farmers were drawing economies of 
scale as their total cost was less than 2 times of total 
cost of only spring farmers. Imputed value of labour 
is the dominant input in terms of share in total cost for 

both categories of farmers. The share of own labour 
in total cost for only spring & both spring & autumn 
farmers were 52.88 per cent and 69.84 per cent, 
respectively. This shows the labour intensive nature 
of mulberry silk-worm rearing. Share of own labour to 
total cost in the overall sample households was 
61.63 per cent. Next major cost item for both 
categories of farmers is rearing equipment. It is worth 
noting here that costs on rearing equipment shown in 
the table are figures excluding the subsidies that 
farmers got from government. Since, same 
equipmentswere used two times by both spring & 
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autumn category; its percentage to total cost is lower 
than that of spring farmers. Rent paid for mulberry 
trees that are not owned by farmers and costs of 
transportation & electricity were also significant for 
both categories of farmers. One significant cost item 
for spring farmers was rearing house construction & 
maintenance cost. Its share was 12.1 per cent. 
However, the share of same item in total cost for both 
spring & autumn farmers were at 2.64 per cent. This 
shows that there was a cost advantage of using 
rearing house/room two items a year. For overall 
sample households, share of rearing equipments; 
rearing house; mulberry rent; & transportation & 
electricity to total cost stood at 21.13 per cent, 8.06 
per cent, 5.06 per cent, and 2.7 per cent, 
respectively.
All the individual cost items have been combined 
under different major heads and figures are shown in 
Table 10. All paid out costs are costs incurred on 
items whose payment was made within the 30 day 

period of rearing. Construction and maintenance 
cost of rearing house after deducting the subsidy 
amount is treated as fixed cost. Imputed value of 
family labour are included in this table as this is one 
of the major input among the all the inputs. It can be 
seen from the table that paid out costs (or cash 
payment) constituted 35 per cent, 27.5 per cent, and 
30.29 per cent of total cost of rearing mulberry silk-
worm for only spring, both spring & autumn, and all 
sample households, respectively. Paid-out costs and 
fixed cost together constituted 47.11 per cent, 30.15 
per cent, and 38.36 per cent of total cost for only 
spring, both spring & autumn, and all sample 
households, respectively.Imputed value of family 
labour is also a significant cost item in total cost. One 
thing that is clear from this table is that those farmers 
who were rearing in both seasons are getting the 
benefit of economies of scale on all major input 
heads in general and fixed cost in particular. 

Table 10  A2 (Paid Out Cost) + FL (Family Labour) + Fixed Cost (Rear House)

Item Only Spring  % Both Spring &  % Total %

 (Rs)  Autumn (Rs)   (Rs)

A2 5329 15.56 6341 8.41 5935 9.99

A2+ Fixed Cost  7172 (1843) 47.11 6951 (610) 30.15 7515 (1580) 38.36

(FC)

A2+ FL 13379 87.9 22441 97 18010 91.9

Total Cost  15222 100 23051 100 19590 100

(A2+FL+FC)

Note: Figures in parentheses are fixed costs.

Source: Primary Survey, 2019

Production, productivity, gross returns, and net 
returns from silk-worm rearing are presented in Table 
11. The farmers who were only rearing in spring 
season, on an average, had produced 9.25 kg of 
silken cocoons and their productivity is 6.95 kg per 
ounce of seed. Price of silken cocoons in spring 
season was Rs 900 thereby giving those farmers a 
gross return of Rs 8325. It can also be seen that 
production, productivity, and price of silken cocoons 
is much lower in autumn season compared tospring 
season. The farmers who did rearing in both seasons 
have produced 15.83 kg and gross returns for them 
wasRs 13575. Returns over all paid-out costs was 
recorded at Rs 2996 and Rs 7234 for only spring 
farmers and both spring & autumn seasons, 
respectively. When fixed cost (construction and 
repairing costs of rearing house) are added to paid-

out costs then returns over this combined cost of only 
spring farmers and both spring and autumn seasons 
farmers declined to Rs 1153 and Rs 6624, 
respectively. It is clear that farmers of both seasons 
were getting a significantly higher net return over 
paid-out and fixed cost compared to single season 
farmer. However, inclusion of imputed value of family 
labour to paid out costs made net returns of both 
categories of farmers negative. Same is the case 
with net returns over total costs which include all paid 
out costs, fixed cost, and imputed value of family 
labour. Therefore, the practice of mulberry silk-worm 
rearing wasresulting in losses to farmers once the 
true cost family labour is included in cost items. 
Hence this practice is not sustainable without unpaid 
family labour. 
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Table 11 Production, Productivity, and value of silken cocoons

Variables Only Spring               Both Spring & Autumn

  Spring Autumn Total

Total Production (Kg) 9.25 9.72 6.11 15.83
Average Seed (Ounce) 1.33 1.19 1.19 2.39
Productivity (Kg/Ounce) 6.95 8.16 5.13 6.62
Price/k.g. (Rs) 900 900 790 -
Gross Returns 8325 8748 4827 13575
Returns over A2 (Rs) 2996 - - 7234
Returns over A2+FC (Rs) 1153 - - 6624
Returns over A2+FL (Rs) -5454 - - -8866
Returns over A2+FL+FC  -6897 - - -9476

Source: Primary Survey, 2019

On the basis of the above analysis, it can now be 
safely said that, in case of sample households, 
income from sericulture (in a cycle of 30 days for only 
spring farmers and in two cycles of 30 days for both 
spring and autumn farmers) can at most be regarded 
as supplement income not the main income. 
Therefore, income of sample households from other 
sources are analysed and presented in Table 12. In 
so far as other income sources are concerned, 
sample households were engaged in dairy activities. 
They had cows, goats, and buffalo and they usually 
sold milk and ghee after meeting their domestic 
consumption. They are also running local shops 
(grocery shops), some have opened electric 
appliances shops, and some are engaged in tailoring 
activity. All these are grouped under non-agricultural 
activity. In case of some households, there are 
salaried persons and pensioners. Pensions are 
received as some members are retired government 
employees or retired-army persons. Pensions are 
also due to old age pension, and differently able 
pensions. Average income from salary and pensions 
are captured under different heads. Other sources 
include MGNREGA, driving, domestic help services, 

and agricultural labour. Some members from sample 
households are also working as cobblers, potter 
man, electric mechanic, and mason and these are 
included in other sources. Crop cultivation is not 
included in any sources as mostly household do 
cultivation for domestic use purposes. They mostly 
were engaged in very small scale subsistence level 
cultivation ofmaize and wheat, and in some cases 
paddy.It can be seen from Table 12 that average 
annual income of only spring category, both spring & 
autumn category, and all households were atRs 
3,23,408,  Rs 3,03742,  and Rs 3,11,690, 
respectively. Major sources of income for only spring 
category farmers are non-agricultural activity, salary, 
and other sources. Only 3 per cent of total income 
had come from sericulture for this category of 
farmers. Salary and non-agricultural sources were 
the major sources of income for both spring & 
autumn category. Only 4 per cent of total income had 
come from sericulture for this category. In so far as 
total households are concerned salary, non-
agricultural activity, and other sources were the 
major sources of their annual income. 

Table 12 Average Income from all Sources of Sample Households 

Income Sources Only Spring (Rs) Both Spring &  All Households (Rs)
  Autumn (Rs) 

Sericulture 8325 (3) 13575 (4) 11557 (4)
Non-agricultural activity 107000 (33) 67933 (22) 83560 (27)
Salary 82800 (26) 150267 (49) 123280 (40)
Pension 39700 (12) 32867 (11) 35600 (11)
Other sources 85583 (26) 39100 (13) 57693 (19)
Total 323408 (100) 303742 (100) 311691 (100)

Note: Parentheses values are percentage to their respective column total

Source: Primary Survey, 2019
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CONCLUSION& POLICY PRESCRIPTIONS

Based on the above results, we can summarise and 
conclude the following. Majority of rearers are from 
SC category. Both APL and BPL category 
households are engaged in the rearing activity. Most 
of the members of sample households have 
education either up to secondary level and or above 
secondary level. Therefore, it can be said that 
cocoon growersdo not possess higher levels of 
education. CDP of central silk board has had a 
positive effect on number of farmers adopting 
cocoon growing as majority of sample households 
have started growing cocoons after 2007. However, 
there still a considerable percentage of households 
who practice rearing of worms with traditional 
infrastructure. SDO should make it its aim that all the 
households get full kit for silk-worm rearing. 
Construction and repairing of rearing house is the 
major fixed cost item for farmers. However, farmers 
who rear in both the seasons experience lower 
average fixed cost as rearing houses is used two 
times a year. Therefore, more efforts should be made 
so that all the households grow cocoons in both 
seasons. Rearing equipment is another major cost 
item. However, imputed value of family labour holds 
the lion's share in total cost. Mulberry silk-worm 
rearers are earning profit over paid-out costs, over 
fixed costs, and over both paid-out costs and fixed 
cost. However, they are incurring losses when 
imputed value of family labour are considered in the 
calculation of net returns. Therefore, mulberry silk-
worm rearing are not profitable and hence not 
sustainable but for family labour. Income from silk-
worm rearing is at best a supplement to total income 
of households. This supplement income is also not 
that significant. Therefore, there is a dire need for 
focusing on these small scale growers so that they 
can make the rearing activity as a major source of 
their secondary income. This can only happen when 
these rearers are engaged in other sub-activities of 
sericulture like reeling of silk yarn from cocoon and 
also in the stage of weaving of silk. 
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ABSTRACT

This paper discusses on FPC model, an institutional policy reform in Indian agricultural sector introduced by 
Government of India to organise the unorganised and deprived sections. This paper explains the potential scope 
of these FPCs in quality business that could uplift the farmers' life and the agricultural sector as a whole. SWOT 
analysis highlights that selected FPCs from Kerala has great scope in export of value-added products and 
ensure better profits to farmers, if they are guided systematically. The paper suggests the allocation of additional 
funds to existing FPCs along with promoting new FPCs. This paper recommends the need for parental 
monitoring of each FPCs for better performance.
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India has been bestowed with a huge number of 
small holding farmers and the number of small and 
marginal holdings are increasing tremendously over 
the past few decades. Latest reports highlight that 
86.21 per cent of the total operational holdings in 
India are cultivated by small and marginal farmers 
(Ministry of Agriculture & Farmers Welfare [MoA & 
FW], 2019). In Kerala about 99.09 per cent of the 
total operational holdings are cultivated by the small 
and marginal farmers (MoA & FW, 2019). These 
farmers suffer from a lot of issues such as 
exploitation from middlemen, Poor technology 
adoption, inability to adopt modern methods of 
cu l t ivat ion a lso influence product ion and 
productivity, inability to access cheap credit, poor 
marketing facility, wide fluctuations in price, inability 
to convert agricultural products into value added 
products etc. (Verma et al., 2019). This led to the 
formation of Farmer collectives for providing 
development support, economies of scale from the 
collective activity and to increase the bargaining 
capacity of the small and marginal farmers 
(Balakrishnan et al., 2018).
India is second largest producers of horticulture 
crops which include vegetables, fruits, spices etc. in 
the world (Aggarwal, 2018).  Majority of the small 
and marginal farmers are engaged in the production 
of these crops. Various experiments and projects 

have been taking place in the agricultural sector to 
eradicate the problems and to stimulate agricultural 
development. Incorporation of farmer collectives 
under Companies Act is one among the various 
institutional interventions encouraged by Central 
Government and promoted through the various 
stakeholders in the agricultural sector. Various state 
governments such as Telegana, Andra Pradesh, 
Tamil Nadu etc. have formulated new policies and 
decided to give concessions and incentives to 
promote FPCs in their jurisdiction (Ramakrishnan, 
2020). Supporters of Farmer Producer Companies 
claim that these farmer collectives can do 
spectacular changes in the agricultural sector and in 
the lives of each farmer who are part of it. 
Collectivization of farmers into a company format 
gives lot of freedom and opportunities to excel and 
achieve best results than the agricultural 
cooperatives. Kerala being one of the states that is 
home to a large number of small-scale farmers 
especially marginal farmers necessitates the 
formation of FPC model in the state.
Though there are lot many research works that 
highlight the FPC experiences in various states of 
India, the number of works with respect to Kerala is 
almost nil. This might be due to the wrong belief 
among the researchers that cooperative model has a 
strong base in the state of Kerala. It is true that 
cooperative societies in Kerala have huge capital 
base to operate but as like every cooperative in India 
are controlled by political parties and non-
agriculturalists. In addition, state authority in Kerala 
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had shown negligible response to the FPC model put 
forward by the Central government. In spite of all 
these hurdles, Central Government institutions like 
Coconut Development Board (CDB) and National 
Bank for Agriculture and Rural Development 
(NABARD) together managed to establish not less 
than 150 FPCs as of March 2020. CDB was the first 
Central Government institution that pioneered the 
establishment of producer companies to organize 
the small holding coconut growers in the country and 
the first Coconut Producer Company (CPC) was 
registered in the state of Kerala.  In addition, there 
are FPCs formed through the individual efforts of few 
visionary farmers by collectivizing farmers and 
raising capital by themselves. Sangamaithri Farmers 
Producer Company Limited (SFPCL) located in 
Thiruvananthapuram is a finest example for such 
farmer initiatives. These aforementioned aspects 
with respect to FPC model in Kerala have prompted 
to study on the role of this particular institutional 
setup in agricultural development in densely 
populated regions.

MATERIALS AND METHODS

The study made use of both primary and secondary 
data for the comparison and analysis. The primary 
data for the study was collected through focused 
group discussions with the officials (CEO, BOD, and 
parenting agencies) and selected farmer members. 
The study is based on five established FPCs 
focusing on the production, aggregation, marketing, 
value addition and storage of cereal and horticultural 
crops in the state. All the selected FPCs except 
Sangamaithri Farmers Producer Company Limited 
(SFPCL) was established by NABARD under 
PRODUCE scheme. Purposive sampling method 
was adopted to select FPCs which are located in the 
major crop producing districts like Trivandrum, 
Ernakulam, Idukki, Thrissur, and Wayanad. These 
districts in Kerala were selected as per data on area 
wise crop production published by Farm Information 
Bureau, Agriculture Development and Farmers 
Welfare Department Government of Kerala in 2018.
Scheduled questionnaires were prepared for 
collecting information from CEO, Board of Directors 
(BOD), parenting agencies and selected farmer 
members of FPC. Respondents were interviewed on 
the basis of the scheduled questionnaire and the 
responses were noted down. SWOT analysis, a 
management technique was adopted to understand 

and compare the various internal strengths, 
weaknesses, opportunities and external threats of 
the selected FPCs.

ANALYSIS AND RESULTS

SWOT Analysis
Sanghamaithri Farmers Producer Company Limited 
(SFPCL) was incorporated in 2011 under Indian 
Companies Act. It was begun as an initiative of a 
Charitable Society 17 years ago in Trivandrum. 
Activities of this company include the production, 
aggregation, processing, storage and marketing of 
vegetables fruits. This company do provide financial 
services like provision for credit and input services to 
needy farmers. A fully automated banana chips 
making unit is set up by the company at the head 
office and own four ripening chambers. Presently the 
company has approximately 7500 beneficiaries 
spread over 50 Gram panchayaths and two 
municipalities of the Trivandrum district. SFPCL has 
strong capital base and members support as it 
mobilized 85 per cent of authorized capital. 
Company has efficient marketing mechanism that 
includes 28 collection centers and 16 outlets located 
in the major cities of the district and two lorries for 
better movement of inputs, products from farms and 
sale of products. This creates a large number of job 
opportunities to the marginalized groups. The 
company keeps a five per cent margin of total 
business, of which half is allotted for meeting daily 
expenses and the rest is distributed as bonus to 
shareholders during Onam festival. SFPCL has 
good relations with central and state government 
institutions and receives financial and non-financial 
assistances. 
SWOT analysis of SFPCL shows that internal 
aspects of company is satisfactory and has few 
weaknesses such as lesser number of shareholders, 
concentration of power among few and existence of 
political influences. It is found that the directorship 
has been limited to few since the inception. SFPCL 
has great scope in quality business and export 
opportunities. It can survive from competitors from 
as it has strong capital base and can enter into online 
platform in collaboration with prominent e-commerce 
sites. SFPCL has to adopt necessary steps to 
contain the impacts of price fluctuations and 
competition from upcoming FPOs. See below table 
which compiles the results of SWOT analysis 
prepared for SFPCL
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SWOT Analysis for SFPCL

                                Strengths                                 Opportunities

·  Employment Generation  ·   Export Opportunities 

·  Strong Marketing  ·  Better experience

·  Mechanism Good social capital  ·  Scope for online platform 

·  Strong capital base ·  Quality Business

                                Weaknesses                                 Threats

·  Less number of members   ·  Competition

·  Concentration of power among few  ·  Price fluctuations

·  Existence of internal politics  

Source: Primary data

Green Vivo Agro Producer Company Limited 
th(GVAPCL) came into existence on 18  March 2016, 

by registering under the Companies Act 2013, with 
parental support from Idukki District Cooperative 
Bank and NABARD. Company was incorporated 
with an initial share capital contribution of Rs 5 lakhs 
from ten members. Later the number of farmers 
increased to 117 and succeeded to build strong 
capital base by mobilizing Rs 44.30 lakhs i.e. 89 per 
cent of the authorized capital of Rs .50 lakhs. Green 
Vivo aims at procurement collection, processing, 
grading of agricultural commodities mainly spices 
like Cardamom and pepper from small farmers. The 
company has opened a fertilizer outlet to supply 
fertilizers, pesticides and other inputs for short term 
credits (one month) for members. Company has set 
up a processing unit, 3 cardamom drying units 
(supported by Agricultural Technology Management 
Agency) and a Cardamom grading machine have 
been installed at Pooppara city. Member farmers and 
non-member farmers make use of this facility for 
better processing and grading. Marketing of the 
spices collected by the company is sold at the 

auction markets and receives better return on an 
average. Processing centre and fertilizer outlet of the 
company has started to earn profit and company 
plans to provide patronage bonus based on quantity 
of cardamom processed and amount of chemical 
fertilizers bought during last year to its members. 
SWOT analysis of the GVAPCL highlight that 
presence of experienced directors and skilled staff 
helped to adopt a good business plan and initiate the 
business activities accordingly. CEO ensures to 
follow a proper working structure which include the 
regular conduction of meetings and transparency in 
elections. GVAPCL fails to provide representation to 
women in BOD and there exists concentration of 
power within few members. It is found that GVAPCL 
has huge unused potential and have scope for 
quality business, value addition and moving on to 
other crops.  The company faces tight competition 
from nearby powerful FPOs and volatility in the 
prices of spices. Though the company moves in the 
right track, it is high time to increase the pace to 
capture the market in the locality. Below table 
demonstrates the internal and external aspects 
associated with GVAPCL using the SWOT analysis.

SWOT Analysis for GVAPCL

Strengths

·  Good Business plan

·  Working Structure

·  Skilled staff

·  Strong capital mobilization 

·  Employment generation

Weaknesses

·  No women representation in BOD

·  Concentration of power among few- 

·  Partial fulfillment of proposed activities

Opportunities

·  Huge unused potential

·  Quality business

·  Scope for other crops 

·  Export opportunities

·  Scope for Membership campaign

Threats

·  Competition 

·  Passive functioning of FPC

·  Price fluctuations

·  Natural calamities

             Source: Primary data
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Kothamangalam Agriculture Producer Company 
Limited (KAPCL) was registered on January 2016 
under the parental support of District Farmers Club 
Association and NABARD. The company had just 56 
shareholders including 48 individual farmers, five 
Joint liability Groups (JLGs) and three Farmer 
groups at the time of data collection. The authorized 
capital of the FPC is 25 lakhs and the company 
mobilized Rs 23.64 lakhs i.e. 95 percent so far. This 
shows that company was successful in winning the 
confidence of farmers and accumulating a huge 
capital .  Act ivi t ies of the company include 
procurement, marketing, storage, manual grading of 
vegetables and spices like nutmeg, cocoa etc. 

KAPCL was successful in value addition of passion 
fruit (syrup), red meat (dried meat) jack fruit(flour), 
Neera products, honey, dried banana, vinegar, 
coconut (oil and chips) etc. These value-added 
products were sold under the company brand name 
“KAPCO”. Dryer facility for copra, training facility and 
input services (organic manure, chemical fertilizers) 
are provided to the needy farmers. KFPCL has an 
owned building with an area of 1500 square feet 
consists of office, retail shop, pack house, fertilizer 
dippo and collection center. Company has a pick-up 
van to collect farm produces and transportation of 
value-added products to other cities and Farmer 
collectives like KADS, Thirukochi CPC.

SWOT Analysis for KAPCL

Strengths
·  Qualified CEO
·  Strong capital mobilization
·  Developed KAPCO brand
·  Strong parental guidance
·  Value added products
·  Created market space
·  women representation in governance

Weaknesses

·  No training modules conducted
·  Concentration of power among few
·  Usage of Traditional methods

Opportunities
·  New outlets
·  Easy access to main cities 
·  Trade relation with FPOs

Threats

·  Competition 
·  Price fluctuations

              Source: Primary data

Above table which attempts to highlight the 
strengths, weaknesses, opportunities and threats 
associated with KAPCL using the SWOT analysis. It 
is found that KAPCL has experienced CEO, strong 
parental support, value added products and 
consumer demand for their products. Women 
representation was ensured in the BOD though it is 
nominal. This FPC do face some weaknesses like 
usage of traditional methods in processing, 
concentration of directorship among few and lack of 
training modules for members. KAPCL face threats 
from the upcoming FPOs in the locality, volatility in 
prices of the crops associated with and chances to 
fall into losses as the company engages in wide 
number of activities in this premature stage. KAPCL 
scope for strengthening marketing mechanism 
through setting up new outlets in the nearby main 
cities and marketing collaboration with nearby FPCs
Pananchery Farmers Producer Company Limited 
(PFPCL) was registered on 3rd February 2014 under 
Companies Act 2013. PFPCL has 11 directors in the 
Company and ensure women representation 
through inclusion of female representatives. 

Company has a part time CEO who is a retired bank 
employee. There are 111 members in the company 
out of which 90 percent are small farmers. This 
company was established by a group of farmers who 
were members of farmers club promoted by 
NABARD. Activities of the company include 
product ion, procurement,  manual grading 
marketing, and value addition of varieties of 
vegetables, fruits and banana. Company was able to 
set up a vegetable and fruits auction centre. Farmers 
bring their produces and directly sell to traders in the 
auction. Auctions are held in three days in a week i.e. 
Monday, Wednesday and Friday. Company had set 
up a processing unit with fully automated machinery 
for making varieties of chips from banana, jack fruit. 
These are marketed under “Peechi Fries”. Company 
also engages in honey processing. Company has 
mobilized Rs.30.30 lakhs against an authorized 
capital of Rs.100 lakhs and shows that PFPCL needs 
to do a lot.  Company has issued share certificates to 
all the shareholders on time. PFPCL received a term 
loan of Rs.36 lakhs by Thrissur District Cooperative 
Bank for meeting capital expenditure. 
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SWOT Analysis for PFPCL

Strengths
·  Women representation in governance
·  Raised external funds
·  Machinery Investment 
·  Conducting Auctions
·  Employment generation

Weaknesses

·  Concentration of power among few
·  Weak capital mobilization
·  Political influence
·  Failed to attract non-members

Opportunities
·  Training facilities
·  Value addition
·  Scope for membership campaign

Threats

·  Competition 
·  Price fluctuations

           Source: Primary data

Above table shows the results of SWOT analysis 
illustrated based on the activities of PFPCL. It is 
found that SFPCL was successful in raising external 
funds, conducting public auctions, generating 
employments and invested huge amounts for 
machinery. This company do face many internal 
weaknesses such as limitation of directorship 
among few, weak mobilization of capital, political 
influence in company activities failed to attract a 
great portion of farmers to company etc. PFPCL has 
great opportunity in training its members as various 
resources institutions are located nearby. Since the 
company has invested huge capital in machinery, 
they have great scope for value addition. This FPC 
has great scope for canvassing the non-members to 
the FPC who attend the auctions organized by it. As 
like other FPCs, PFPCL do face competition from the 
existing and upcoming ventures in the locality and 
fluctuation in crop prices.
Wayfarm Producers Company limited (WPCL) was 

stincorporated on 31  June 2014 under Indian 
Companies Act 2013 on behalf of Farmfed, a 

federation of sixty odd farmers clubs promoted by 
NABARD in the Wayanad district. WPCL ensures fair 
representation for small farmers and women i.e. 90 
per cent of total shareholders are small farmers and 
40 percent are women shareholders. The company 
has mobilized just Rs 5.74 lakhs, so far i.e. 23 per 
cent of authorized capital of Rs.25 lakhs which 
resembles weak rate of capital mobilization. 
Company has availed a cash credit limit of Rs.4 lakhs 
from Canara Bank. Company focuses on various 
activities including procurement, collection, 
marketing, value addition, storage of organic paddy, 
fruits and vegetables etc. There are four outlets for 
the company in Wayanad and opened a nursery 
which supplies planting material for the needy 
people. This has helped to generate employment 
opportunities to a number of people including 
females. The company encourages training on value 
addition and income generating activities related to 
animal husbandry. Along with marketing and other 
basic support the company also provides technical 
advice to member farmers who are in need. 

SWOT Analysis for WPCL

Strengths

·  Qualified Managing Director

·  Promotion for organic farming.

·  Fair representation in membership

·  Strong parental guidance

·  New value-added products

·  Strong marketing platform

Weaknesses

·  Weak capital mobilization

·  Lack of financial support

Opportunities

·  New outlets

·  Farmer membership

·  Huge unused potential

·  Export opportunities 

·  Quality business

Threats

·  Competition 

·  Price fluctuations

·  Natural calamities 

            Source: Primary data
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Above table highlights the internal and external 
aspects of WPCL. As like other FPCs, this company 
do face similar weaknesses like limitation of 
directorship among few and weak capital base. 
WPCL has qualified and experienced managing 
director who encourage the farmers to practice 
organic farming and provide all sorts of technical 
services. As the FPC is located in the village, has 
great scope in providing the best exposure to the 
farmers. WPCL has the potential to enter into export, 
quality business and new partnership ventures. This 
FPC has to survive the competition from the traders 
and middlemen and can occur losses due to 
mismanagement of company operations.
SWOT analysis of FPCs individually has put forward 
certain factors that exist common among the FPCs in 
Kerala. It is found that employment generation, 
strong parental support and successful mobilization 
of capital from member farmers and other sources 
are the major strengths of FPCs in Kerala. One of the 
common weaknesses associated with the FPCs are 
concentration of power among few i.e. powers are 
limited among few influential members. Analysis of 
these FPCs has given the evidences of the remains 
of cooperative mentality among the public. These 
FPCs are characterized with huge export 
opportunities and future for quality business in the 
state if they are properly managed. Major threats to 
these FPCs in common are tight competition from 
other FPOs, private companies, traders, natural 
calamities like flood, landslides and fluctuation in 
prices of crops. 
Organizational aspects of FPCs
The study attempts to understand the organizational 
pattern and other related aspect of the selected 
farmer producer companies focusing on horticultural 
and other crops. Board of directors plays an 
important role for the efficient working of an FPO. As 

per the Companies Act 2013 on producer companies 
(section 581-O) every producer company should 

4have at least five and not more than fifteen directors . 
The number of board of directors' ranges from five to 
eleven directors among the selected FPCs. Since a 
large number of women farmers are working in the 
agriculture sector, women should be given minimum 
representation in the BOD. There is minimal 
representation of women in the BOD except in the 
case of SFPCL and GVAPCL. In all cases Board of 
Directors were selected in the election conducted 
during AGM.
CEO plays an important role in the day to day 
activities of the FPO. As per the Companies Act on 
producer companies, company should have a full 
time CEO and is appointed by the Board from among 
of individuals other than members. It has been found 
that Greenvivo and Kothamangalam FPC have CEO 
and other three FPCs have either chairman or M.D. to 
coordinate the whole activities of the FPC. Sampled 
FPCs are keen in providing regular training for BOD 
and CEO and conducting exposure visits for the 
member farmers.
It can be traced from the below table that out of the 32 
Board of Directors of five FPCs, about 10 percent and 
16 percent of directors were women and retired 
government or private employees who actively 
participate in agricultural farming. Their presence in 
the FPC can bring a lot of positive impacts in 
governance and implementation of company policies 
through proper utilization of their social capital. It is 
found that out of the 32 directors two of them are 
political leaders who claim to be farmers in general. 
But FPCs must be very careful while granting 
membership to politically back grounded individuals 
and non-farmers in to the FPC. This can avoid the 
unwanted political intervention in the activities of the 
company and to focus on its objectives.

Organizational aspects of Sampled FPCs

                                                                                     Sampled Farmer Producer Companies

 SFPCL GVAPCL KAPCL PFPCL WPCL
No of Directors 5 5 6 11 5
Women representation in BOD - - 1 1 1
Retired govt/private employees in BOD 1 2 - 2 -
Political leaders in BOD - - - 1 1
Criteria for selection of BOD    - -
-Eligibility criteria 2 Tonne - Interested
   Candidates
-election in AGM Yes Yes Yes Yes Yes
Voting right for BOD% 100% 100% 100% 100% 100%
Conduct of BOD meeting Monthly Monthly Monthly Monthly Quarterly
Assigned duties for BOD Yes Yes Yes - -
BOD training attended Yes Yes Yes Yes Yes
FPO Head CEO - Yes Yes - -

KAPPIL AND SAHOO GAU Research Journal 45 (4)



205

 MD Yes - - Yes Yes
Availability of CEO Full time Full time Full time Part Time Full time
Experience of CEO Farmer Fresher Advocate  Manager Graduate
Salary of CEO Service 15,000 20,000 1000() 12000
Duties of CEO
-Coordination of activities Yes Yes Yes Yes Yes
-finding new buyers 
CEO training attended Yes No Yes No Yes

Source: Primary Data

Farmers are able to access the various agricultural 
inputs at wholesale prices and get in touch with the 
quality inputs. This helps small and marginal farmers 
to access the use of modern agricultural practices 
and tools at moderate costs. FPCs encourage the 
use of organic fertilizers in the cultivation. Among the 
sampled FPCs all the FPCs except Panancherry 
FPC provide organic fertilizers at subsidized rate to 
member farmers and even non-member farmers at 
normal rate. Officials of FPCs provide training 
modules on organic farming. In addition, these FPCs 
would create job opportunities to lot of persons 
indirectly. It is found that 95 per cent of farmer 
members are satisfied with the working of their FPCs 
and all the respondents have complete awareness 
about the working and organizational structure of 
FPCs. These FPCs provide various services like 
financia l  serv ices,  input  supply serv ices, 
procurement, packaging services, marketing, 
technical and networking services to the member 
farmers. It is found that transaction cost of the 
member farmers has reduced to 50 percent than 
before being part of a FPC.
Suggestions and Improvements
FPCs have been designed in such a way that they 
can help the small and marginal farmers to 
participate in the higher levels of agri-chain markets. 
This will increase the bargaining power of the 
farmers for their produce and to obtain maximum 
profits. This encourages the farmers to enter into 
extensive cultivation and will attract newcomers to 
choose farming as a profitable occupation. 
Collectivizing the small and marginal farmers can 
help to attain the benefits of economies scale (Jose 
et al., 2019). FPCs must ensure a sustainable 
income to farmers by increasing the production and 
productivity by adopting appropriate technology, 
good agricultural practices, proper use of credit and 
marketing skills.
Governments at the central and state level need to 
introduce various schemes for the existing FPOs to 
extend its services. It is found that some of the FPCs 
are unaware of the recent updates of the schemes 
that ensure financial and non-financial assistance 
exclusively to the Farmer Producer Companies. It is 

the duty of various stakeholders to collectivize the 
farmers in to FPCs and provide awareness about the 
various schemes. Another important suggestion is 
that all the farmer members and company officials 
must be vigilant in selecting members to the 
company and avoid the encroachment of the non-
farmers to the organizational setup of the FPC. 
Experts suggest the need of appointing mentors for 
each FPO by the state government for better 
monitoring as state governments can have better 
control over these FPOs than the central 
government.
It must be noted that these companies are formed by 
farmers themselves and they belong to the poor 
sector of the country. It is quite difficult for these 
companies to raise funds from the members alone 
and are in need of huge capital for the smooth 
functioning. Central government has to initiate more 
budgetary and non-budgetary support for these 
existing companies to drive them to better position. 

CONCLUSION

Production of food and Horticulture crops in 
agriculture is given prime importance because it 
plays an important role in providing food, nutritional 
security and better income opportunities for small 
and marginal farmers in Kerala. The study 
reconfirms that FPCs have the ability to achieve the 
benefits through effective collective action under the 
company setup in Kerala.  However, the major 
challenges are the prevalence of cooperative 
mentality among the directors, fluctuations in prices 
and competition from private companies and traders 
who exploit the poor farmers. Most of the farmer 
producer companies act as multipurpose companies 
and can create opportunities for large scale exports 
of quality products. Hence FPCs are beneficial to 
improve the value chain of agricultural produce and 
attain rapid growth in the agricultural sector. It is 
highlighted that, other than extending basic services 
to farmers, FPCs ensure the role of farmers in 
decision making on company matters and promote 
individual innovations in various stages of 
agricultural production that would boost the 
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successful growth of agricultural sector in Kerala. 
Finally, the study concludes that FPCs are a better 
option for small and marginal farmers without 
compromising quality and efficiency. There is a 
scope for further analysis of these FPCs especially 
evaluating the efficiency of these FPCs as they have 
completed a period of four to five years after 
incorporation.
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APPENDIX
                            Basic Profile of sampled Farmer Producer Companies

                                                                                             Sampled Farmer Producer Companies
 SFPCL GVAPCL KAPCL PFPCL WPCL
Date of Registration 2003 18-03-16 18-01-16 3-02-14 31-06-14
Authorized Capital (Rs) 25 lacs 50 lacs 25 lacs 1 cr 25 lacs
Paid up capital (Rs) 21 lacs 44.30 lacs 23.64 lacs 29.30 lacs 5.74 lacs
Membership in FPO 111 117 109 111 575
Shareholding pattern 
(individual/group/both) Indiv. Indiv. Both Indiv. Indiv.
No of Directors 5 5 6 11 5
Age range of Directors 45-70 38-68 48-72 45-60 45-65
CEO (Yes/No) Yes Yes Yes Yes Yes
CEO with University Education No Yes Yes Yes Yes
SHG/FIG associated - - JLG, SHG - JLG
No of employees > 15 29 3 5 5
Exposure visits Yes Yes Yes Yes Yes
External funds received
(other than NABARD) Yes Yes - Yes -
Main crops of Vegetables  Spices Spices,  Banana, 
FPO and Fruits  Vegetables vegetables Fruits, 
   etc. Fruits Vegetables
Main services through FPO 
Marketing services Yes Yes Yes Yes Yes
Financial services Yes Yes - - -
input supply services Yes Yes Yes - Yes
Storage services Yes - - Yes Yes
Packaging services Yes - Yes Yes Yes
Insurance services - - Yes - -
Value addition services Yes Yes - Yes Yes
Networking services Yes Yes Yes - Yes
Training services Yes Yes - - Yes
Other services - - Yes - -
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ABSTRACT

Trees outside Forests (ToF) have necessary socio-economic and environmental implications from local to global 
scales. In the current context of climate change, their importance is being increased dramatically for people's 
livelihoods and national economies, and also for various international processes that address global 
environmental and economic challenges like carbon sequestration, biodiversity loss, desertification, poverty 
alleviation etc.  Assessment of Trees outside forests (TOF) is wide being recognized as an important theme, in
sustainable natural resources management, because of their role in offering kind of goods, such as timber, fruits 
and fodder also as services like water, carbon, and biodiversity. Moderate resolution data (Sentinel-2A D) with 
different spatial resolution used, to get medium spectral and spatial resolution data (10m-60m range). Object-
Based Image Analysis (OBIA) approach as implemented in commercial suite of e-Cognition (Version 9) consists 
of segmentation. The segmentation level of 10 proved to be very precise in the geometric delineation of individual 
trees and groups of trees, which were the target groups in this research.An area of about 178.63 sq.km. was 
delineated from the satellite image using the segmentation approach and overall accuracy was found to be at 
93.57%.The object-based approach provided by eCognition software is a big step forward in interpretations of 
remote sensing images and is an efficient and practical approach for information extraction.

Keywords: Farmer Producer Companies, Kerala, SWOT Analysis

Trees outside forests (ToF) are considered a crucial 
land-use feature during a global context and have 
now been included as an attribute of interest within 
the United Nations' Global Forest Resource 
Assessment. By definition, ToFis “trees ashore not 
defined as forest and other wooded lands” (FAO, 
2013); examples include trees that occur on 
agricultural and grazed lands, along with water 
bodies and roads, and in residential and concrete 
settings (Rawat et al.,2004). Technically, trees 
outside forest (TOF) are defined as the trees, which 
have attained 10 cm or more diameters at breast 
height, available on land, which are not notified as 
forests. In large portions of the central us where 
agriculture dominates the landscape, tree cover 
exists primarily as ToF. Although scarce in terms of 
overall coverage, ToF provides a spread of 
ecological benefits, including protecting soil and 
water resources, providing wildlife habitat, and 
improving farmstead energy efficiency and 
aesthetics and providing biomass for carbon 

sequestration (FSI, 2019).
Forests play a crucial role within the socio-economic 
and cultural lives of the people inhabiting these 
villages. They need to be been hooked into the 
forests for fuelwood, fodder, timber, and bamboo 
since ages but with the manifold increase within their 
population in the last 60 to 70 years, pressure on 
forests has additionally augmented within the 
likewise manner (Tapasi and Ashesh, 2014).The 
National Forest Policy of India (1988) has set a goal 
that 33 percent of the country's geographic area 
should be under forest and tree cover. All lands aside 
from the recorded forest area having a tree canopy 
density1 of 10 percent or more are often considered 
as TOF. In India, tree species like Peepal (Ficus 
religiosa) and Banyan (Ficus bengalensis) are 
traditionally worshipped as an abode of Gods and 
are commonly found on temple premises and 
roadsides. Also, the normal practice of maintaining 
homestead gardens of fruit-bearing trees and 
planting trees on farmlands, along roadsides and 
rivers have contributed significantly to this status of 
TOF. It includes woody vegetation like mango, neem, 
peepal, litchi orchards, etc. within the recent year's 
impetus has also been given to roadside, wasteland, 
and farm forestry plantations. This point bent the 
very fact that substantial tree wealth (TOF) exists 
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within the country, which incorporates small wood 
lots (less than 1 ha in extent), block plantations, a 
linear plantation along roads, canals, etc., and 
scattered trees on homesteads, farmlands, and 
concrete areas. Considering its intrinsic and tangible 
contribution to the national bio-resource stock, it's 
essential to account for this valuable resource 
periodically. 
The status of TOF would also indicate the success of 
afforestation projects like social forestry and 
wasteland development (Adekunle et al., 2012). As 
the information on TOF is usually absent from official 
statistics, policy initiatives for its management also 
are hurdled with time-consuming methods of age-old 
inventorying. The significance of Trees outside the 
Forest (ToF) is often observed in countries with low 
forest cover TOF resources constitute the foremost 
source of wood and non-wood "forest" products. In 
urban areas, trees provide important aesthetic and 
environmental services additionally providing shade 
and greatly increasing the liveability of cities 
( ). Trees outside Forests (ToF) can Chhabra, 2004
play important roles in national economies, 
ecosystems, and internat ional  effor ts for 
sustainability – and in many places they already 
done. At the local level, people have long relied on 
TOF in various land-use settings for food security, 
income,  and  b io log ica l  d ive rs i t y.  Fores t 
professionals in many countries support local use of 
trees for these purposes, outside forests also as in 
forest settings. More recently, international 
programs repose on trees' roles in providing 
essential environmental services to encourage 
s u s t a i n a b l e  l a n d  m a n a g e m e n t ,  c a r b o n 
sequestration to mitigate global climate change and 
native economic development (Chaudhary et al., 
2016).
In the recent past, the sector of remote sensing 
technology has made a quantum jump both in terms 
of technology development and in its management. 
Current remote sensing systems offer unique 
methods for detecting patterns at the surface of the 
world, and for acquiring data about the underlying 
processes at a spread of spatial scales, starting from 
centimetres to kilometres. Analysis and computing 
environments now allow data transformation from a 
various and multivariate form to a usable state. 
Parallel improvements within the understanding of 
how and why remotely sensed data and methods are 
important in forestry and forest science to have 
par t i cu la r l y  a ided  in fo rmat ion  syn thes is 
developments ( ). During Gupta and Bhadauria, 2014
a complementary  fash ion ,  GIS  p rov ides 
opportunities to make multi-scale representations by 
incorporating and linking digital maps at different 

scales, and thru the event of statistical and 
mathematical functions to affect scale as a generic 
issue.Forestry applications vary alongside forest 
s t a n d s  a n d  c a n o p y  m a p p i n g ,  b i o m a s s 
measurements, clear cut mapping, burn detection, 
health assessment, species inventory then forth 
( . Pujar et al., 2014)
Without remote sensing it might be difficult to 
perform these tasks, because traditional methods of 
forest assessment require longer, human and 
financial resources. In contrast, remote sensing 
provides digital data presenting tree crown 
characteristics in several spectral wavelengths 
which may be interpreted, analysed, evaluated and 
visualized ( . Also, it can give near-Kadu et al., 2016)
real-time data about large areas, human access 
l imi ted areas and is  comparat ive ly  cost-
effective.Recently, object-based image analysis 
(OBIA) approach has been widely utilized for remote 
sensing studies as an alternate and also 
comparatively better classification approach to the 
traditional pixel-based image classification 
techniques. Successful launch of very high 
resolution (VHR) commercial imaging satellites 
within the late 1990s are helpful for resource 
inventory and monitoring (Chaudhary et al. 2016). 
The VHR basic cognitive process is anticipated to be 
an a l ternate  opt ion to  aer ia l  images for 
characterization of forest structure and dynamics 
through automatic image classification technique 
( . In order to estimate Pande-Chhetri et al., 2017)
more accurate results object-based feature 
extraction could also be a newly and widely used 
method recently utilized in many study areas. Within 
the tradit ional pixel-based approaches for 
information extraction only the pixels spectral 
information is used to extract surface features 
( . Pandey, 2008)
Object-based image analysis is implemented so to 
extract relevant surface information, combining 
spectral and spatial information. Thereby, with the 
thing-based approach not only the spectral 
information within the image is getting to be used as 
classification information, the texture and context 
information within the image are going to be 
combined into classification also ( , Singh and Chand
2012). The concept of object-based information 
extraction is that to interpret an image, the relevant 
semantic information is represented by meaningful 
image objects and their mutual relationship rather 
than individual pixels ( . To extract Schnell et al., 2015)
certain features only from high-resolution images, 
we'd wish to utilize the spatial and contextual 
information of an object and its surroundings. The 
object-oriented approach takes into consideration 
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the shape, textures and spectral information. The 
thing bound classification part starts with the crucial 
initial step of grouping neighbouring pixels into 
meaningful areas to extract homogeneous image 
objects, which can be handled within the later step of 
classification. Consistent with the resolution and 
thus the size parameter of the expected objects 
segmentation and topology generation must be set. 
The objective of the study is to demarcate boundary 
of ToF and estimate the contribution of TOF in tree 
cover with the help of image segmentation in 
eCognition software on different parameters.
Study Area
Bandipora District Administrative head quarter is in 
Bandipora. It's 14th Largest District within the State 
by population. It's Located at Latitude-34.4°N, 
Longitude-74.6°E. Bandipora District is sharing a 
border with Kargil District to the East (Fig.1). 
Bandipora District occupies an area of roughly 3200 
sqkm (3152.74 sq km shape file area). It's within the 
1581 meters to 1578 meters elevation range. This 

District belongs to Northern India. Bandipore is 
situated on the banks of the Wular, the foremost 
important fresh-water lake in Asia which is home to 
plenty of migratory birds. The climate of the district 
has its peculiarities. The seasons are marked with 
sudden change and thus the climate is often divided 
into six seasons of two months each. These include, 
spring (16 March to fifteen May), summer (16 May to 
fifteen July), season (16 July to fifteen September), 
autumn (16 September to fifteen November), winter 
(16 November to fifteen January) and Ice Cold (16 
January 15 March), of these seasons, are locally 
mentioned as 'Sont', 'Retkol', 'Waharat', 'Harud', 
'Wandh' and 'Shishur' respectively. Winters are 
usually harsh thanks to heavy snowfall and low 
temperatures. The area under forest within the 
district (Bandipora) is about 1993.96sqkm excluding 
snow/barren) (2661.51 sq km shape file area) of 
land. The analysis was carried out only for the non-
forest area i.e. 491 sq km.

Fig 1 Study area

MATERIAL AND METHODS

The study has been conducted using both remote 
sensing data and field measurement data to infer the 
results. The assessment of TOF was carried out 
using typical assessment technique rather than 
conventional forest inventory because of specific 

characteristics of the trees such as density, diameter 
distribution on the forest and non forest land classes. ‐

The accuracy assessment was carried out using 
correlation points from High Resolution Google 
Earth images.
We used the Sentinel-2A bands with spatial 
resolutions of 10m and 20m during this study. Two 
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cloud-free Sentinel-2A MSI granules freely 
downloaded from https://eos.com/landviewer. 
Subsequently, image subset operation was done to 
retrieve the area of interest for the study area. The 
Forest cover mask was derived from existing land 
use/landcover map. Then image segmentation using 
eCognit ion was performed using selected 
algorithms among the different segmentation 
approaches available. This was followed by Tree 
delineation; random plots were allocated to 
overcome the 'H‐resolution problem'. Roundness, 

crown area, and length/width ratio of the trees were 
calculated from the satellite imageries and used for 
the OBIA to generate CPA. Image analysis was 
administered using Object-based image processing 
(OBIA), wherein the concept of the pixel is relegated 
at the early stage of processing and group of pixels 
constituting a homogeneity is taken into account as 
the segment. Because the present study envisages 
the study of the effect of spatial resolution on TOF 
c lass ificat ion,  avai lab i l i ty,  se lect ion,  and 
procurement of knowledge sets of varying spatial 
resolutions was the primary and crucial step initiated 

Field Data
Collection of
ToF

Sentinel 2A Satelite Data

Extraction of AOI (Subset)

Image Segmentation 
(eCognition)

Delineation of ToF

AREA CALCULATION/MAPS

Fig 2 Flowchart methodology

within the entire exercise. 
The accuracies of the pixel- and object-based 
classifications obtained were evaluated in terms of 
overall accuracy, producer's accuracy, user's 
accuracy metrics (Congalton, 1991), and kappa 
coefficient (Cohen, 1960) using the formula given 
below:

RESULTS AND DISCUSSION

Accurate segmentation is a crucial issue within the 
context of object-oriented classification. During the 
segmentation process, meaningful image objects 
are created on the thought of several adjustable 
factors of homogeneity and heterogeneity in color 
and shape (Seidel et al., 2015). Thereby the classes 
are organized within a category hierarchy. Multi-
resolution segmentation may be a bottom-up region-
merging approach, starts with the one-pixel object, 
and smaller image objects are merged into larger 
ones within the subsequent segmentation steps thus 
constructing a semantic hierarchy, so on finding 
desired single objects of interest. The influence of 
color vs. shape homogeneity on the thing generation 
is often adjusted with the help of these parameters. 
The upper the shape criterion the less spectral 
homogeneity influences the thing generation. When 
the shape criterion is larger than 0 the user can 
determine whether the objects shall become more 
compact (fringed) or smoother (Meneguzzo et al., 
2013).
The segmentation phase is followed by the accurate 
classification of images by fixing of classification 
rules called rule bases, eCognition software offers 
two different classifiers: the nearest neighbour (NN) 
classifier and fuzzy membership functions. Both 
classifiers act as class descriptors. Within the 
proposed method nearest neighbour (NN) classifier 
is used for classification which assigns classes to 
image objects supported minimum distance 
measurements. NN classifier is suitable for 
describing variation in fine resolution images. 
Thereby each feature offered by eCognition is often 
wont to determine the feature space for the closest 
neighbour classifier. Multi-resolution segmentation 
forms the base of object-oriented classification. The 
image is segmented to supply meaningful polygonal 
image objects by setting certain parameters of 
homogeneity and heterogeneity in color and shape 
( .Kumar et al., 2008)
Different segmentation approaches are available of 
which selected algorithms were used. Within the 
current study, multi-resolution segmentation was 
adopted, to deal with the segregation of treesin 
target landscapes. Datasets were subjected to 
segmentation in the e-Cognition 9.0 environment 
first at scale value of 30followed by a scale value of 
10. Segmentations used parameters of shape and 
compactness at 0.1 and 0.5. Parameters of shape 
and compactness help to manage the nature of the 
segments derived and act synergistically to regulate 
the nature of resultant objects, hence are provided 
as user-controlled units. 

Kappa
	

Coef�icient =
TS × TCS − ∑ COL. TOTAL × ROW TOTAL

TS2 − ∑ COL. TOTAL × ROW TOTAL
× 100
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Higher shape index produces very narrow and linear 
looking formations while lesser compactness leads 
to very roundish shapes.Finally, the resultant image 
objects classified supported the principle of the 
nearest neighbour. The result of segmentation 
achievedgood effect. Afterimage segmentation, the 
polygonal image objects of interest are generated. 
The layer object hierarchy is based on 4 classes: tree 
cover, settlement, other land (Agriculture, wasteland 
and wetlands) and open Waterbody (Table 1). Each 
class was assigned a different color to determine 
which class an object belongs.After defining the 
parameters, eCognition produced a replacement 
image with a new grouping of pixels (Fig.3). Four 
classes were defined using ground truth and high 
resolution google earth sample points. The 
membership function of every class is provided by 
eCognition software. The overall accuracy reaches 
91.14 % (Table 2).
The multi-resolution segmentation method applied 
has proven to be very efficient in extracting the 
segments required for the classification of forest, 
non-forest, and TOF on 10m ground resolution 
sentinel image. The segmentation level of scale 
value 10 proved to be very precise in the geometric 

delineation of individual trees and groups of trees, 
which were the target groups in this research. 
Because non-forest areas surround TOF objects, 
these objects were segmented using a finer 
segmentation resolution, while larger objects 
represented the non-forest areas. Area under water 
b o d y  w a s  3 6 . 8 0 7  s q k m ,  w h e r e a s 
agri/wasteland/wetland combined occupied and 
area of 239.38 sqkm. The settlements also covered a 
significant area of 36.40 sqkm. Since the main thrust 
of the study was trees outside forest, the area under 
this category was found to be 178.63, mostly 
composed of trees like willow, poplar, apple, walnut, 
etc. Therefore, it was found that Bandipora district is 
rich in trees outside forest and can support, bat, 
wicker willow and horticulture industry, besides 
providing an excellent sink for CO .2

Thus, it was possible to define relations between 
objects of different sizes and use the contextual 
information in the classification algorithm (Fig.3). 
The use of very even moderate-resolution images 
for TOF information extraction, produced important 
differences in comparison to other images of 
desirable spatial resolutions.

Table 1  Land use/land cover area (sqkm)

S. No Class Area (sq. Km)

1 Water body 36.807
2 Agri/wasteland/wetland 239.389
3 Tree cover 178.630
4 Settlement 36.404
 Total Area (Masked) 491.230

Fig 3 (a) Masked area showing different object segmentation. (b) sample area showing horticultural crop. (c) 
sample area showing willow plantations. (d) sample area showing water bodies/wetlands/agriculture area. 
Parcels are extracted in the final segmentation (blue lines). The images are shown in false color composite.
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Fig 4 Land use/Land cover map

A total of 140 points (water body 24, Agri/Waste/ 
Wetland 40, Tree Cover 36 and settlements 40) were 
verified from high-resolution google earth images 
and field data of the study area. We achieved good 

classification results in all three four classes, the 
overall accuracy of the process is is 93.57% with the 
kappa coefficient of 0.91 (Table 3).

Table 2 Overall accuracy assessment

S. No Class Waterbody Agri/Wasteland Tree Cover Settlement
   /Wetland

1 Water Body 22 1 0 0
2 Agri/Wasteland/Wetland 2 38 0 2
3 Tree Cover 0 0 36 3
4 Settlement 0 1 0 35

Table 3 Calculation of kappa coefficient.

CLASS USER'S ACCURACY PRODUCER'S ACCURACY

Water Body 95.65 88.00
Agri/Wasteland/Wetland 86.36 92.68
Tree Cover 87.80 100.00
Settlement 97.22 83.33
Overall Accuracy                                                     93.57%
Kappa Coefficient                                                   0.91

CONCLUSION

In this study, Sentinel-2 was used as data input for 
mapping of trees outside forest using OBIA method. 
The analysis was applied on pixels and objects, in 
the test areas with different landuse/landcover and 
geometry of parcels. OBIA outperformed all test 
areas in terms of the quality of the classification 
outputs, as measured by the overall accuracy metric 

and in terms of computational time as well. It also 
pe r fo rmed  be t te r  whe re  the  w i th in -fie ld 
heterogeneity was very high. OBIA proved to be 
more robust than normal supervised and 
unsupervised classification techniques. Automated 
segmentation of using eCognition based algorithm 
generated a satisfactory delineation of the trees 
outside forests and other landuse categories. Given 
the high classification accuracy obtained without 
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human intervention and the reduced computational 
time, the OBIA method applied to objects could be 
integrated into operational programs dedicated to 
mapping of trees outside forest and their monitoring 
based on satellite image time series. It was found 
that this technique can rapidly support the decision 
makers for setting up local industries for bat, wicker 
willow and horticulture, besides providing an 
excellent sink for CO .The object-based approach 2

provided by eCognition software is a big step forward 
in interpretations of remote sensing images and is an 
efficient and practical approach for information 
extraction.
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ABSTRACT

The aim of the study was to develop and evaluate wild pomegranate based functional food products i.e. RTS 
beverage and tablet with respect to nutritional composition, sensory acceptability and microbiological 
parameters at different storage intervals i.e. fresh, 3, 6 and 9 months. Focusing attention on this neglected and 
underutilized fruit is an effective way to help maintain a diverse and healthy diet. From the study, it was found that 
the fruit had high amounts of fibre (5.58 %), anthocyannin (21.38 mg/100g), vitamin C (17.00 mg/100g), pectin 
(1.86 % as calcium pectate), potassium (155.00 mg/100g) and phosphorous content (86.66 mg/100g). The 
results for wild pomegranate beverage blended with cultivated pomegranate in different ratios (0:100, 25:75, 
50:50,75:25 and 100:00) and pomegranate tablet showed that the TSS, acidity, ascorbic acid, total and non-
reducing sugars decreased significantly while reducing sugars increased significantly with the increase of 
storage interval. The TSS, acidity and reducing sugars increased from 17.49-17.86, 0.37-0.51 and 4.72-5.49 
while pH, ascorbic acid, total and non –reducing sugars decreased from 3.94-3.89, 2.17-1.75, 15.27-12.61 and 
9.99-6.70, respectively. The prepared food products viz., RTS beverage and tablet were subjected for sensory 
evaluation to a panel of 15 members at different storage intervals and the products were found to be acceptable 
in terms of colour, taste, consistency/texture up to storage interval of 6 months.  

Keywords: wild pomegranate, RTS beverage, pomegranate tablet, nutrient profiling, storage

Underutilized fruits are the fruits which are neither 
grown in a cultivated area neither commercially 
processed but these frui ts possess many 
advantages like easier to grow, producing a crop 
even under adverse soil and climatic conditions, 
eco-friendly but still these fruits are neglected and 
gone as waste due to lack of awareness, 
unrecognized nutritional value, poor colour, distorted 
shape, unpleasant taste and aroma. Underused fruit 
(wild pomegranate ) was selected for the study, as 
the fruit is good source of nutrients. Being low
input fruit, the fruit can be utilized for agricultural 
diversification and also provide a unique opportunity 
to combat food and nutritional insecurity within the 
communities. India is major pomegranate exporter in 
the world (Mertens et al., 2006).  Punica granatumL. 
(Punicaceae) is a nutrient dense fruit rich in 
phytochemical compounds (Miguel et al., 2010). The 
pomegranate tree is about 2–3m tall, glabrous, with 
multiple trunks and bushy appearance. The fruit is 
ripened during the month of September- October. 
The fruit changes its colour from green to yellow and 

finally turned to red during ripening stage (Holland et 
al., 2009). The color of the wild pomegranate aril is 
slightly pink to red in colour. Wild pomegranate tree 
and fruit is comparatively smaller in size than 
cultivated pomegranate. The arils are juicy and give 
slightly tart taste as comparison to cultivated 
pomegranate fruit. The nutritional and chemical 
composition of the fruit is largely depending upon the 
cultivar, growing area, maturity index, cultivation 
practices, climate, and storage condition etc.  
(Fadavi et al., 2005). This fruit target various 
diseases including cardiovascular diseases, cancer,  
diabetes, male infertility, Alzheimer's disease, aging, 
and AIDS (Jurenka, 2008 and Neurath et al., 2004). 
Studies also revealed that pomegranate fruit and its 
components exhibit potent antioxidative, anti-
inflammatory, antibacterial, antimicrobial, and 
antifungal properties (Gil et al., 2000; Les et al., 
2015, Adams et al., 2006; Rasheed et al., 2009; Naz 
et al., 2007; Fawole et al., 2012; Elsherbiny et al., 
2016; Wafa et al., 2017). Being low input agricultural 
produce and considering its functional properties, 
the study was planned to analyze the nutritional 
composition of wild pomegranate based food 
products so that it could be a solution to the social 
problem of health and nutrition insecurity.
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MATERIAL AND METHODS

The study was conducted in the year 2010-2012 at 
CSKHPKV, Palampur (H.P). The wild pomegranate 
fruits were collected from Shimla district of Himachal 
Pradesh, India while other ingredients required viz., 
cultivated pomegranate, sugar, black salt, fat and 
cinnamon were purchased from the local market. 
The fruits were analyzed for their physico-chemical 
analysis. Length and breadth of the fruit was 
assessed by using vernier caliper. The pH content 
and TSS was measured by pH meter and 
refractometer, respectively. Acidity, sugars, ascorbic 
acid and pectin content were determined by the 
method of (Srivastava and Kumar 2003). Minerals 
were assessed as per (AOAC, 2000). The 
carbohydrates were determined as 
Total carbohydrates % = 100 – (moisture,+protein 
+fat + fibre +ash %). 
a. Standardization of juice extraction techniques: 
After analysis, fruits were washed under running 
water and different extraction techniques viz., screw 
type juicer, basket press and cold pulping method 
were standardized in the laboratory for maximum 
recovery of juice. Figure 1 represents the 
appearance of fruit, aril and juice color.  The 
maximum juice recovery was observed in screw type 
juicer with reported values on the basis of fruit weight 
(21.10 %) and aril weight is (67.37 %). The 
pomegranate juice was stored in pre-sterilized glass 
bottles for the development of RTS beverage. For 
the development of tablet, arils were dried in oven at 
60°C for 24 h or until the moisture content is 
constant. The dried arils were ground in a grinding 
machine and sieved with the help of muslin cloth. 
The powder was then packed in airtight containers 
and stored at room temperature until used for the 
development of tablet. Different formulations of wild 
pomegranate : cultivated pomegranate were used 
for the development of RTS beverage and are 
depicted in Table 1 .
Table 1: Blending proportions of wild pomegranate 
(WP): Cultivated pomegranate (CP) for development 
of RTS beverage. Figure 2 shows different blending 
proportions of wild pomegranate (WP): Cultivated 
pomegranate (CP) pulp based RTS beverage.a. 

Product formulation and quality evaluation of 
prepared products: The process for the development 
of functional food products were standardized. 

Blends WP:CP

T1 100:00
T2 75:25
T3 50:50
T4 25:75
T5 00:100

i. RTS Beverage preparation: The RTS beverages 
were prepared in different formulations (shown in 
Figure 2) as per the FSSAI guidelines. The 
ingredients (pulp1000ml, water 7250ml, sugar 
1275g) while no preservatives were used for the 
development of the beverage.  The first step was to 
prepare a syrup by dissolving sugar in water, then 
pulp was mixed and strained with the help of muslin 
cloth to obtain a clear beverage. The prepared 
beverages were poured into pre-sterilized glass 
bottles, sealed with crown cork and heat processed 

0by dipping in boiling water for 20 minutes at 85 C. 
The sterilized bottles were stored at room 
temperature for further analysis.
ii. Pomegranate tablet:  Pomegranate tablet were 
basically made for children as an alternate of toffees 
and gems. The recipe for this product was 
standardized in the laboratory.  All the ingredients 
(wild pomegranate powder 1000 g, powdered sugar  
3000g, cinammon powder 50g,   black pepper  
100g, fat 100g, black salt 250g and water  700ml) 
were mixed with  water and  the material was cooked 

0to a consistency of 85  Brix. No chemical 
preservatives were used for the development of 
pomegranate tablet. Figure 2 shows that small balls 
were made, wrapped in a paper and stored in an 
airtight container  at room temperature for further 
analysis.
iii. Quality evaluation of prepared products: The 
prepared food products (RTS beverage and 
pomegranate tablet)  were stored at room 
temperature to check the wholesomeness of the 
products and were analyzed for their nutritional 
profiling at different storage interval (fresh, 3, 6 and 9 
months). Standardized methods (AOAC 2000, 
Ranganna, 2007 and Srivastava & Kumar , 2003) 
were used to determine the nutritional parameters.
iv. Sensory evaluation: Sensory evaluation of 
functional food products were done using a nine-
point hedonic scale. The prepared products were 
evaluated by 15 untrained panelists (Hussain et al., 
2006).
v. Statistical analysis:  All experiments were 
performed in triplicates. The results were   analyzed 
by SPSS software by using two-way analysis of 
variance (ANOVA). The critical difference was 
calculated at 5 % level of significance. 

RESULT AND DISCUSSION
  
Specific parameters of wild pomegranate fruit : Table 
2 shows mean values for length, breadth, weight and 
specific gravity were recorded as 6.24 (cm), 5.67 
(cm) and 95.18 (g) and 1.20 (g/ml) respectively. The 

0mean values for TSS ( B), pH, acidity, total, reducing, 
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and non reducing sugars were reported as 14.80, 
3.64, 6.61, 8.72, 4.69 and 3.89 respectively. Data 
related to proximate composition reveal that 
moisture, fat, fibre, ash, protein and total 
carbohydrate contents were reported as 69.89, 0.13, 
5.58, 0.75, 1.51 and 22.14 per cent, respectively. 
The values for dietary fibre constituents were 
reported as NDF (19.53 %), ADF (11.00%) and 
hemicellulose (8.53 %). Functional constituents like 
Vitamin C, anthocyannin and pectin were 
determined as 17.00, 21.38 (mg/100g) and 1.86 (%), 
respectively.  Among all the minerals the fruit had 
high amount of phosphorous (86.66 mg/100gm) and 
potassium (155 mg/100gm) . The findings are 
supported by the observations of (Gopalan et al., 
2004; Prasad and Bankar 2001; Jlikop et al., 2002; 
Patil et al., 2003; Rao, 2008; Singh & Kinsly, 2008 
and  Gupta, 2008).
Quality evaluation of wild pomegranate based 
products
Pomegranate  tablet : 
Table 3 illustrates effect of storage on nutritional and 
sensory parameters of pomegranate  tablets. The 

0value for TSS at fresh was 86.03 B which varied non-
significantly (P≤0.05) till 3 months of storage and 
thereafter decreasing trend was noticed with the 
advancement of storage period. The decrease in 
TSS might have been due to the conversion of 
sugars into acids. The per cent acidity decreased 
significantly with the increase of storage interval. The 
decrease in acidity might be due to chemical 
interaction between organic acids. The ascorbic acid 
content varied from 13.07 to 9.33 mg/100 g. The 
values for ascorbic acid at fresh and 3 month had 
non-significant effect (P≤0.05) but thereafter, the 
values varied significantly and followed decreasing 
trend with the enhancement of storage interval. Loss 
of ascorbic acid might be due to breakdown of 
ascorbic acid to dehydro-ascorbic acid and 
increasing instability in enzymatic and non-
enzymatic oxidation might have resulted in 
significant decrease in ascorbic acid content. A 
considerable loss of ascorbic acid is also reported 
due to heat processing and enhancement of storage 
interval. A significant (P≤0.05) elevation in reducing 
(46.88 to 49.36%) and decrease in total sugars 
(75.05 to 65.99%) was observed during storage of 9 
months. The per cent non-reducing sugars 
decreased with the increase of storage interval. An 
increase in reducing sugar occurred due to the 
conversion of sucrose into glucose and fructose with 
the increase in storage period. 
Data presented in table 3 illustrates about effect of 
storage on sensory scores of pomegranate tablet. 
The effect of storage on scores for colour were non-

significant. The score for colour of tablet were 7.20 
for fresh and 3 month which decreased to 7.00 and 
6.70 for 6 and 9 month of storage. The product was 
also evaluated for taste, flavour and texture. The 
product was liked very much in terms of taste, flavour 
and texture. The values varied significantly and 
followed decreasing trend with the increase of 
storage interval. The values were range from 8.50 to 
7.80, 8.60 to 7.90 and 8.50 to 7.70 for taste, flavour 
and texture, respectively. On a whole, storage had 
non-significant effect on the overall acceptability of 
the product with mean value reported as 7.95. The 
reason for decrease in taste and flavour during 
storage occurred due to the degradation of volatile 
flavoring substances.
Ready-to-Serve (RTS) beverage
The data pertaining to effect of blending and storage 
on TSS, pH, acidity, ascorbic acid content and 
sugars of pomegranate based RTS beverage 
blended with cultivated pomegranate pulp is 
presented in Table 4. The initial mean value of TSS 
for wild pomegranate based RTS beverage was 

oreported as 17.14 B. The TSS values for blending  
proportions (75:25, 50:50, 25:75 and 00:100) which 
varied significantly. Irrespective of the blending, the 
mean value for storage at fresh RTS beverage was 

onoted as 17.49 B which remained almost constant 
during 3 month of storage and further increased to 

o17.66 and 17.86 B during 6 and 9 month of storage 
interval. An increase in TSS during storage might be 
due to solubilization of solids during storage. An 

oincrease in TSS from 10.00 to 10.41 B during 
storage of 6 months in jack fruit based RTS beverage 
was observed by (Das, 2009). As the blending of 
cultivated pomegranate pulp increases, the mean 
pH value varied non-significantly up to the level of 
75:25 and thereafter the mean values varied 
significantly. However, similar trend was observed as 
the storage period increased. A decrease in pH 
during storage might be due to chemical reaction 
taking place during storage. Similar findings have 
been reported by (Roy et al., 1997 and Krishnaveni 
et al., 2001) who observed a decrease in pH from 
5.75 to 5.69 after 180 days of storage in jack fruit 
RTS beverage and 4.0 to 3.82 in mango RTS 
beverage during 30 days of storage, respectively. 
Data pertaining to per cent acidity reveal that as the 
blending of cultivated pomegranate juice increases, 
the per cent acidity increases. The highest acidity 
was noted in pure wild pomegranate based RTS 
beverage (0.41 %) while lowest in pure cultivated 
pomegranate based RTS beverage (0.33 %).  
Irrespective of the blends, with storage the acidity 
increased. (Kumari, 2007 and Shivani, 2011) 
reported an increase in acidity during storage of 
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whey-mango and nectarine based RTS beverage for 
90 days and 6 months of storage period, 
respectively.
Further data reveals that as the proportion of 
cultivated pomegranate pulp increased, a significant 
increase in ascorbic acid content was noted. 
Whereas, with storage the mean ascorbic acid 
content decreased significantly from 2.17 to 1.75 
mg/100 after 9 months of storage interval. The 
decrease in ascorbic acid content during storage is 
due to the degradation of ascorbic acid to carbolic 
acid. (Roy et al., 1997; Krishnaveni, 2001 and Das, 
2009) also reported a decrease in ascorbic acid 
content in jack fruit RTS, mango RTS and jamun 
RTS beverage, respectively. 
The data pertaining to sugars shows effect of 
blending and storage on wild pomegranate based 
RTS beverage. The values for reducing sugar 
content increased significantly with the increase of 
blending proportions and storage interval. The 
increase in reducing sugar may be due to conversion 
of non reducing sugar to reducing sugar on storage. 
Similar results have been reported by (Roy et al., 
1997 and Krishnaveni et al., 2001) in jack fruit and 
mango based RTS beverage, respectively.   
On the contrary, the mean value of total sugar of wild 
pomegranate based RTS beverage increased 
significantly (P≤0.05) as the proportion of cultivated 
pomegranate pulp increased. Irrespective of 
blending proportions, the mean total sugar content at 
fresh for RTS beverage increased significantly from 
15.27 to 14.26, 13.38 and further to 12.61 per cent 
after storage period of 3, 6 and 9 months, 
respectively. Further scrutiny of the data revealed 
that as the proportion of cultivated pomegranate pulp 
increased, the non reducing sugars increased from 
6.65, 7.85, 8.42, 9.07 and 9.75 per cent in 100:00, 
75:25, 50:50, 25:75 and 00:100 wild pomegranate : 
cultivated pomegranate blends, respectively. With 
storage, the non-reducing sugar content in freshly 
prepared wild pomegranate based RTS beverage 
was decreased during 9 months of storage. Similar 
trend was recorded for all the blends. The decrease 
in non-reducing content in RTS beverage may be 
due to higher rate of conversion of the non-reducing 
sugars to the reducing sugar. Similar observations 
have been reported by (Krishnaveni et al., 2001 and 
Sharma, 2011). 
Organoleptic evaluation of Ready-to-serve (RTS) 
beverage 
Table 5 indicates effect of blending of cultivated 
pomegranate and storage on organoleptic scores. 
The maximum colour score at fresh was observed for 
pure cultivated pomegranate based RTS beverage 
(8.50) whereas minimum colour score was observed 

for pure wild pomegranate based RTS beverage 
(7.50). The maximum colour score for pure cultivated 
pomegranate RTS beverage is due to bright pink 
colour of the beverage while pure wild pomegranate 
based RTS beverage had orange red colour which 
was not acceptable when compared with other 
blends. However, with storage the mean colour 
scores decreased with corresponding mean scores 
for fresh was 8.02, 7.80 (3 month), 7.68 (6 month) 
and 7.56 (9 month). 
Incase of taste and flavor scores, the maximum 
preference was given to RTS prepared from pure 
cultivated pomegranate fruit juice. The mean taste 
and flavor scores for all the blends varied from 6.82 
to 8.02 and 7.12 to 7.97, respectively. Among all the 
blends, the blending proportion of 100:0 and 75:25 
had non-significant effect when compared with each 
other. However, the mean scores for taste as well as 
flavor decreased from 7.94 to 6.82 and 8.10 to 6.94, 
respectively. The reason for getting least score for 
wild pomegranate based RTS beverage is due to the 
astringent taste of the juice which results in the 
decrease of scores and as the blending levels of 
cultivated pomegranate juice increases, the scores 
for taste and flavor increases. 
The scores with regards to consistency reveal that 
blending of cultivated pomegranate juice up to the 
level of 50 per cent had non-significant effect on 
consistency and after that the scores for 25:75 and 
100:00 parts of cultivated pomegranate   juice   
varied   significantly.  The consistency of pure 
cultivated pomegranate based RTS beverage was 
“liked very much”. However, storage had non-
significant effect on consistency up to 6 months of 
storage period. Similarly, the overall acceptability 
scores determine that as the blending proportions of 
wild pomegranate: cultivated pomegranate pulp 
increased, the overall acceptability of the product 
increased. However, storage had a significant effect 
in lowering the overall acceptability of the product. 
The findings are in line with (Shivani,2011) who 
reported a decrease in scores for colour, taste, 
flavour, consistency and overall acceptability of 
nectarine based RTS beverage during 6 months of 
storage. 

CONCLUSION

Now a day, convenient foods are easily available in 
the market. However, mostly researchers and food 
processing industries are focusing on development 
of food products from cultivated/ conventional food 
items while little attention has been given for the 
development of functional food products from 
underused crops. In this study, efforts have been 
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Table 2   Specific parameters of wild pomegranate

Parameters Observations/ Mean values

Physical parameters
Length (cm) 6.24
Breadth (cm) 5.67
Weight (g) 95.18
Specific gravity (g/ml) 1.20
Nutritional parameters
TSS (0 B ) 14.80
pH 3.64
Acidity (% Citric acid) 6.61
Reducing sugars (%) 8.72
Total sugars (%) 4.69
Non- reducing sugars (%) 3.89
Proximate composition (%)
Moisture  69.89
Fat  0.13
Fibre  5.58
Ash  0.75
Protein  1.51
Total carbohydrates  22.14
Other parameters
NDF (%) 19.53
ADF (%) 11
Hemicellulose (%) 8.53
Functional Constituents 
Vitamin C (mg/100g) 17.00
Anthocyanin (mg/100g) 21.38
Pectin (%) 1.86
Minerals(mg/100g)
Calcium 9.47
Phosphorous 86.66
Magnesium 29.00
Iron  1.91
Pottassium 155

*Data presented in average of triplicate determinations

Table 3   Effect of storage on nutritional and sensory parameters of pomegranate tablet

Parameters                                                                               Storage (months)

 Fresh 3 6 9 Mean CD (P≤0.05)

TSS (0B) 86.03 86.00 85.37 85.03a 85.60 0.16
Acidity (% citric acid) 1.19 1.09a 0.93a 0.73a 0.98 0.02
Ascorbic acid (mg/100g) 13.07 12.13a 10.27a 9.33a 11.20 1.54
Reducing sugars (%) 46.88 47.47a 48.71a 49.36a 48.10 1.12
Total sugars (%) 75.05 72.17a 69.58a 65.99a 70.69 2.02
Non- Reducing sugars (%) 26.72 23.44a 19.82a 15.72a 21.42 2.81
Sensory Parameters (9 point Hedonic Scale)
Colour 7.20 7.20 7.00  6.70  7.02 NS
Taste 8.50 8.30  8.10  7.80a 8.17 0.48
Flavour 8.60 8.40  8.10 a 7.90 a 8.25 0.43
Texture 8.50 8.30  8.10  7.70a 8.15 0.54
Overall acceptability 8.15 8.10  7.92 a 7.65 a 7.95 NS

*Letters with superscript shows significant difference (P≤0.05)
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Table 4    Effect of blending and storage on nutritional parameters of wild pomegranate based 
              Ready-to-serve (RTS) beverage 

Parameters Blends   Storage (months)

 WP: CP Fresh 3 6 9 Mean
0 aTSS ( B) 100:00 17.00  17.00  17.16 a 17.36  17.14

b b 75:25 17.20  17.20 b 17.33 ab 17.50  17.30
ab b 50:50 17.53  17.60 ab 17.73 ab 17.9b  17.69
b ab 25:75 17.70  17.70 b 17.80 ab 18.01  17.80
b ab 00:100 18.00  18.00 b 18.26 ab 18.53  18.20

 Mean 17.49 17.50 17.66 17.86 
a a a apH  100:00 3.90  3.89  3.87  3.85  3.88
ab ab ab ab 75:25 3.91  3.90  3.89  3.87  3.89
ab ab ab ab 50:50 3.96  3.93  3.91  3.89  3.92
b b ab ab 25:75 3.97  3.97   3.94  3.91  3.95
b b ab ab 00:100 3.98  3.98  3.96  3.95  3.97

 Mean 3.94 3.93 3.91 3.89 
b b ab abAcidity  100:00 0.41  0.46  0.51  0.59  0.49
b b b ab(% Citric acid) 75:25 0.43  0.42  0.47  0.54  0.47

b ab ab 50:50 0.38 0.42  0.47  0.51  0.45
a a 25:75 0.35 0.40 0.42  0.46  0.41
a a 00:100 0.33 0.35 0.39  0.43  0.37

 Mean 0.37 0.41 0.45 0.51 
ab ab ab ab Ascorbic acid 100:00 1.72  1.63  1.49  1.30  1.53
ab ab ab ab(mg/100g) 75:25 1.91  1.77  1.73  1.58  1.75
ab ab ab ab 50:50 2.19  2.06  1.91  1.72  1.97
ab ab ab ab 25:75 2.42  2.33  2.16  2.00  2.23
ab ab ab ab 00:100 2.61  2.47  2.29  2.15  2.38

 Mean 2.17 2.05 1.91 1.75 

*Letters with different superscript shows significant difference (P≤0.05)

CD (P≤0.05) TSS pH Acidity Ascorbic acid

Between Blends (A) 0.05 0.01 0.06 0.06
Between Storage (B) 0.04 0.01 0.05 0.06
Between Blends x Storage (AXB) 0.10 0.02 0.12 0.13

Continued

Parameters Blends                            Storage (months)

 WP: CP Fresh 3 6 9 Mean
 ab  ab  ab  abReducing sugars (%) 100:00 4.42  4.57  4.74  4.95  4.67
 ab  ab  ab  ab 75:25 4.56  4.87  5.08  5.35  4.96
 ab  ab  ab  ab 50:50 4.73  4.95  5.35  5.59  5.15
 ab  ab  ab  ab 25:75 4.85  5.09  5.58  5.76  5.32
 ab  ab  ab  ab 00:100 5.07  5.34  5.59  5.85  5.46

 Mean 4.72 4.96 5.27 5.49 
 ab  ab  ab  abTotal sugars (%) 100:00 13.42  12.05  11.04  10.14  11.66
 ab  ab  ab  ab 75:25 14.43  13.42  12.97  12.09  13.22
 ab  ab  ab  ab 50:50 15.03  14.44  13.42  12.93  13.96
 ab  ab  ab  ab 25:75 16.36  15.05  14.45  13.41  14.82
 ab  ab  ab  ab 00:100 17.09  16.36  15.03  14.46  15.74

 Mean 15.27 14.26 13.38 12.61 
 ab  ab  ab  abNon- reducing  100:00 8.41  7.17  6.32  4.70  6.65
 ab  ab  ab  absugars (%) 75:25 9.44  8.12  7.43  6.42  7.85
 ab  ab  ab  ab 50:50 9.78  9.19  7.70  6.99  8.42
 ab  ab  ab  ab 25:75 10.91  9.47  8.64  7.26  9.07
 ab  ab  ab  ab 00:100 11.43  10.45  8.97  8.17  9.75

 Mean 9.99 8.88 7.81 6.70 
*Letters with different superscript shows significant difference (P≤0.05)

October 2020 DEVELOPMENT AND QUALITY EVALUATION 



220

CD (P≤0.05) Reducing  Total  Non-reducing 
 sugars sugars sugars

Between Blends (A) 0.10 0.76 0.74
Between Storage (B) 0.09 0.68 0.66
Between Blends x Storage (AXB) 0.20 1.53 1.48

Table 5    Effect of blending and storage on organoleptic scores of wild pomegranate based RTS beverage

Parameters Blends                          Storage (months)

 WP :CP Fresh 3 6 9 Mean
 aColour 100:00 7.50  7.30  7.20  7.10  7.27
 a 75:25 7.60  7.50  7.40  7.20  7.42

 b  b  b  ab 50:50 8.10  8.00  8.00  7.60  7.92
 b  b  ab  b 25:75 8.40  8.30  7.90  8.00  8.15
 b  b  a 00:100 8.50  8.30  7.90  7.90  8.15

 Mean 8.02 7.80 7.68 7.56 
 a  aTaste 100:00 7.10 7.10 6.80  6.30  6.82

 b  a  a 75:25 7.70  7.40 7.10  6.50  7.17
 b  b  ab  ab 50:50 8.00  7.70  7.30  6.90  7.47
 b  b  ab  ab 25:75 8.30  8.00  7.60  7.10  7.75
 b  b  ab  ab 00:100 8.60  8.30  7.90  7.30  8.02

 Mean 7.94 7.70 7.34 6.82 
 a  aFlavour 100:00 7.70 7.40 6.90  6.50  7.12

 a  a  a 75:25 8.00 7.60  7.10  6.80  7.37
 b  ab  ab 50:50 8.00 7.80  7.30  7.00  7.52

 b  b  ab  ab 25:75 8.3  8.00  7.50  7.10  7.72
 b  b  ab  ab 00:100 8.50  8.20  7.90  7.30  7.97

 Mean 8.10 7.80 7.34 6.94 

*Letters with different superscript shows significant difference (P≤0.05)

CD (P≤0.05) Colour Taste Flavour

Between Blends (A) 0.38 0.38 0.39
Between Storage (B) 0.34 0.34 0.34
Between Blends x Storage (AXB) 0.77 0.77 0.78

Continued

Parameters Blends   Storage (months)

 WP :CP Fresh 3 6 9 Mean

Consistency 100:00 8.50 8.30 8.30 8.20 a 8.32
 75:25 8.50 8.40 8.30 8.20 a 8.35
 50:50 8.30 8.20 8.10 8.00 a 8.15
 25:75 8.50 8.30 8.30 8.00 a 8.27
 00:100 8.40 8.30 8.20 8.10 a 8.25
 Mean 8.44 8.30 8.20 8.10 
Overall Acceptability 100:00 7.70 7.52 ab 7.30 a 7.02 a 7.39
 75:25 7.95 b 7.72 ab 7.47 a 7.17 a 7.58
 50:50 8.10 b 7.92 ab 7.67 ab 7.37 ab 7.77
 25:75 8.37 b 8.15 ab 7.82 ab 7.55 ab 7.97
 00:100 8.50 ab 8.27 ab 7.97 ab 7.65 ab 8.10
 Mean 8.12 7.92 7.65 7.35 

*Letters with different superscript shows significant difference (P≤0.05)
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CD (P≤0.05) Consistency Overall acceptability

Between Blends (A) 0.33 0.19
Between Storage (B) 0.29 0.17
Between Blends x Storage (AXB) 0.66 0.39

made to prepare RTS (Ready to Serve) beverage(s) 
and tablet from wild pomegranate fruit. From the 
findings, it has been concluded that the wild 
pomegranate fruit had good amount of functional 
constituents like anthocyannin, fibre and minerals 
(Phosphorous and potassium). The results showed 
that there was a significant effect of storage on the 
nutritional parameters of the pomegranate tablet. 
The wild pomegranate beverage blended with 
cultivated pomegranate in different ratios (0:100, 
25:75, 50:50,75:25 and 100:00) showed that the 
TSS, acidity, ascorbic acid, total and non-reducing 
sugars decreased significantly while reducing 
sugars increased significantly with the increase of 
storage interval. The pomegranate tablet and RTS 
beverage prepared in formulation of (50:50 ratio) of 
wild pomegranate pulp: cultivated pomegranate pulp 
was highly acceptable in terms of sensory attributes. 
On a whole, all the prepared products had good 
storage life up to 6 months at room temperature. 
Further study on the development of various food 
p roduc ts  f rom the  underused  f ru i t  (w i ld 
pomegranate) is needed to enable food producers to 
provide a popular wild pomegranate-based food 
products with enhanced nutritional, sensory 
parameters, shelf life, and therapeutic properties to 
meet the nutrition and economic security.
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ABSTRACT

Dosa is a popular south Indian thin crepe that is made of fermented rice and lentil batter. Later on a wide variety of 
dosa recipes are developed with cereals, lentils, millets and vegetables. The present study was carried out to 
develop a healthy instant dosa premix made with foxtail millet, oats, soya bean and urad dhal. It is nutrient dense 
and because of it's a premix powder the preparation method is also very minimal. The formulated product has 
been standardised by repeated trails in the laboratory and by checking the organoleptic characteristics through 
semi trained panel members. The final product was prepared by incorporating changes suggested by the panel 
members. The average score for each attribute the product were calculated. The appearance, colour, flavour, 
texture and taste, over all acceptability of variation-2 are higher than the other two variations. The ingredients 
contain so many therapeutic values which are beneficial to human health.

Keywords: Foxtail millet, dosa, premixes, Oats, Soybean, Fermentation

Foxtail millet (Setaria italica) is also known as Italian 
millet and setaria. It is grown as a cereal in southern 
Europe, and in temperate, subtropical, and tropical 
Asia. It was domesticated in the highlands of central 
China around 5000 years ago, and spread to Europe 
and Asia soon after its domestication. Foxtail is one 
of the world's oldest cultivated crops. Foxtail was the 
most important plant food in the Neolithic culture in 
China, and its domestication and cultivation was the 
earliest identifiable manifestation of this culture.
 the protein of foxtail Chen et.al (2017) stated that 
millet after extruding or fermenting and the raw 
foxtail millet was extracted and hydrolyzed by 
digestive protease to generate angiotensin-
converting enzyme (ACE) inhibitor peptides. The 
potential antihypertensive effect of protein 
hydrolysates from foxtail millet in SHRs was 
investigated. Thus, ingestion of foxtail millet protein 
hydrolysates especially for the raw and extruded 
hydrolysates may ameliorate hypertension and 
alleviate related cardiovascular diseases.                          
The oat (Avenasativa), sometimes called the 
common oat, is a species of cereal grain grown for its 
seed. Whi le oats are sui table for  human 
consumption as oatmeal and rolled oats, one of the 
most common uses is as livestock feed. Oats are a 
nutrient rich food associated with lower blood 

cholesterol when consumed regularly.
Joanne  (2013) concluded thatet.al  Oats, in 
particular, contain considerable amounts of soluble 
fiber, which appear to have lipid-lowering and 
glucose-modulating effects. In addition, oats 
increase stool weight, speed intestinal transit, 
modify gut micro flora, and serve as substrate for 
bacteria that produce short chain fatty acids.
Soybean, also called soya bean or soya bean, 
annual legume of the pea family and its edible seed. 
The soybean is economically the most important 
bean in the world,   providing vegetable protein for 
millions of people and ingredients for hundreds of 
chemical products.
Cassidy et.al (2006) stated that soya bean phyto-
oestrogens in clinical interventions in post-
menopausal women are presented that is based on 
data from the EU-funded project Phytohealth. The 
phyto-oestrogens, primarily genistein and daidzein, 
were given as soybean-protein isolates, whole-
soybean foods or extracts, supplements or pure 
compounds for menopausal symptoms there is 
currently limited evidence that soybean-protein 
i s o l a t e s ,  s o y b e a n  f o o d s  o r  r e d - c l o v e r 
(Trifoliumpratense L.) extract are effective but 
soybean isoflavone extracts may be effective in 
reducing hot flushes. 
The present study was carried out to develop a 
healthified dosa premix with foxtail millet, oats, soya 
bean and urad dhal which is a pack of nutrient dense 
food product. It contains high therapeutic values 
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which is beneficial to human health. . It is used for the 
treatment various disorders such as diabetes, 
prevention of cardiovascular disease and also 
reduce the bowel movements, it helps in maintaining 
cholesterol levels in the body.  Millets are rich in 
energy levels, fibre and antioxidants. Soya bean is 
rich in protein content and iron. Oats are rich in fibre 
and other essential nutrients required to the body. 

 MATERIALS AND METHODS

Foxtail millet contains significant levels of protein, 
fiber, mineral and phytochemicals. Anti-nutrients 
such as phytic acid and tannin present in this millet 
can be reduced to negligible levels by using suitable 
processing methods. The millet is also reported to 
possess hypolipidemic, low-glycemic index and 
antioxidant characteristics. The present study was 
aimed to develop instant dosa premix with 
incorporation of foxtail millet, oats, soya bean and 
urad dhal. In present study an attempt has been 
made to standardize 'INSTANT DOSA PREMIX 
WITH FOXTAIL MILLET'. The ingredients used to 
develop the dosa premix were foxtail millet, oats, 
soya bean and urad dhal.

PREPARATION OF POWDER

Foxtail millet, soya bean and urad dhal are soaked 
for about overnight separately and drain the 
remaining water and sun dried it using solar dryer for 
3 days. Blend the ingredients separately into fine and 
smooth powder. Steel cut oats are blended into 
powder make them into powder and mix them 
evenly. Sieve the mixture uniformly and packed the 
mixture in air tight container and stored at room 
temperature.

STANDARDIZATION OF INGREDIENTS 

The formulated product has been standardised by 
repeated trails in the laboratory and by checking the 
organoleptic characteristics through semi trained 
panel members. The final product was prepared by 
incorporating changes suggested by the panel 
members.VARIATION
Various trails were worked out to be developing 
foxtail millet instant dosa premix.
Cassidy et.al (2006) stated that soya bean phyto-
oestrogens in clinical interventions in post-
menopausal women are presented that is based on 
data from the EU-funded project Phytohealth. The 
phyto-oestrogens, primarily genistein and daidzein, 
were given as soybean-protein isolates, whole-

soybean foods or extracts, supplements or pure 
compounds for menopausal symptoms there is 
currently limited evidence that soybean-protein 
i s o l a t e s ,  s o y b e a n  f o o d s  o r  r e d - c l o v e r 
(Trifoliumpratense L.) extract are effective but 
soybean isoflavone extracts may be effective in 
reducing hot flushes. 
 The present study was carried out to develop a 
healthified dosa premix with foxtail millet, oats, soya 
bean and urad dhal which is a pack of nutrient dense 
food product. It contains high therapeutic values 
which is beneficial to human health. . It is used for the 
treatment various disorders such as diabetes, 
prevention of cardiovascular disease and also 
reduce the bowel movements, it helps in maintaining 
cholesterol levels in the body.  Millets are rich in 
energy levels, fibre and antioxidants. Soya bean is 
rich in protein content and iron. Oats are rich in fibre 
and other essential nutrients required to the body.  
MATERIALS AND METHODSFoxtail millet contains 
significant levels of protein, fiber, mineral and 
phytochemicals. Anti-nutrients such as phytic acid 
and tannin present in this millet can be reduced to 
negligible levels by using suitable processing 
methods. The millet is also reported to possess 
hypolipidemic, low-glycemic index and antioxidant 
characteristics. The present study was aimed to 
develop instant dosa premix with incorporation of 
foxtail millet, oats, soya bean and urad dhal. In 
present study an attempt has been made to 
standardize 'INSTANT DOSA PREMIX WITH 
FOXTAIL MILLET'. The ingredients used to develop 
the dosa premix were foxtail millet, oats, soya bean 
and urad dhal.

PREPARATION OF POWDER

 Foxtail millet, soya bean and urad dhal are soaked 
for about overnight separately and drain the 
remaining water and sun dried it using solar dryer for 
3 days. Blend the ingredients separately into fine and 
smooth powder. Steel cut oats are blended into 
powder make them into powder and mix them 
evenly. Sieve the mixture uniformly and packed the 
mixture in air tight container and stored at room 
temperature.

STANDARDIZATION OF INGREDIENTS 

The formulated product has been standardised by 
repeated trails in the laboratory and by checking the 
organoleptic characteristics through semi trained 
panel members. The final product was prepared by 
incorporating changes suggested by the panel 
members.VARIATION
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Various trails were worked out to be developing foxtail millet instant dosa premix.

Table 1 Composition of different ingredients 

S.No. Ingredients Variation -1 Variation-2 Variation-3

   1 Foxtail millet powder 50gm 60gm 40gm
   2 Urad dhal powder 30gm 30gm 30gm
   3 Soyabean powder 10gm 5gm 15gm
   4 Oats powder 10gm 5gm 15gm

STANDARDIZATION OF PRODUCT

The product was standardized & the ingredients 
used were given below:
INGREDIENTS             QUANTITIES
Foxtailmilletpowder         60gm                                            
Uraddhalpowder         30gm   
Soyabean powder        5gm                                              
Oatspowder               5gm                                                      

PROCEDURE
Ÿ Mix the foxtail millet powder, urad dhal powder, 

soya bean powder and oats powder.
Ÿ Then mix it well.
Ÿ Sieve it for uniform blending.
Ÿ Pack it in polythene zip lock covers.
Ÿ Packed foods are stored at room temperature.

SENSORY EVALUATION OF PRODUCT 
BY PANEL JUDGES:
Nine point hedonic rating was chosen to test 
acceptability. Hedonic rating scale was the test 
where judges express their evaluation scores 

according to the scores given for each sensory 
attributes on the score card provided. Separate 
column was given to write the remarks, based on 
which modifications were made in the product. 
Sample scored card was given in the annexure. For 
each trail the product was subjected to sensory 
evaluation to the panel members by giving 
instructions before evaluation. The score cards were 
given for each trial separately.

RESULTS AND DISCUSSION

Foxtail millet is chosen as the main ingredient for the 
development instant dosa premix. Foxtail millet have 
the capability to regulate and lower the blood sugar 
of the body, it reduces the chances of blockage in the 
heart that results in cardiac arrest. Heart attacks take 
place since the arterial walls of the heart become 
blocked. Low sugar count in the blood reduces such 
risk.
MEAN and SD values as obtained for the different 
a t t r ibutes o f  ins tant  dosa premixTable-2 
Organoleptic Evaluation of Developed Foxtail Millet 
Dosa Premix.

 Foxtail millet dosa premix
S.NO Attributes                                                Mean ±SD scores

  Variation-1 Variation-2 Variation-3

1 Appearance 7.2±1.22 8.1±0.56 6.6±0.84
2 Colour 7.7±0.82 8.0±0.66 6.6±1.95
3 Flavour 7.7±0.82 7.8±1.13 6.5±1.94
4 Texture 7.7±1.05 8.3±0.82 5.7±1.56
5 Taste 6.6±1.57 8.1±0.73 4.5±1.64
6 Over all acceptability 7.4±0.84 8.5±0.70 4.5±1.64

Table 2 Organoleptic Evaluation of Developed Foxtail Millet Dosa Premix.

The average score for each attribute the product 
were calculated. The appearance, colour, flavour, 
texture and taste, over all acceptability of variation-2 
are higher than the other two variations.
Appearance
Surface characteristics of food products contributes 
to the appearance factors include such things as 
size, shape, wholesomeness, different form of 
damage, g loss,  t ransparency,  colour and 

consistency.
When cross-cultural consumer research is 
conducted to support product market placement and 
expansion, sensory descriptive analysis should be 
conduc ted  i n  pa ra l l e l  t o  define  p roduc t 
characteristics. Jiyun Yang (2019).
The average score for each attribute of the product 
were calculated. The appearance mean and SD 
value of varaiation-2 (8.1±0.56) is higher when 
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compared to variation -1 (7.2±1.22) and least in 
variation-3 (6.6±0.84).
Colour
The first impression of a food is usually visual and a 
major part of our willing to accept a food depends 
upon our willingness to accept a food depends upon 
its colour. Sensory food science can contribute to 
understanding responses of different consumer 
segments to emerging trends in food production, 
processing and consumption. (Hely Tuorila 2009).
 The average score of each attribute of the product 
were calculated. The colour mean and SD of 
variation-2 (8.0±0.66) is higher when compared to 
variation-1 (7.7±0.82) and least in variation-
3(6.6±1.95).
Flavour
Flavour is the sensation which gives the clear picture 
of the product freshness. sensory science has been 
defined as “a scientific method used to evoke, 
measure, analyse, and interpret those responses to 
products as perceived through the senses of sight, 
smell, touch, taste and hearing” (Harry T. Lawless 
2010).
The average score for each attribute of the product 
were calculated. The flavour mean and SD value of 
variation-2 (7.8±1.13) is higher when compared to 
variation-1 (7.7±0.82) and least in variation-3 
(6.5±1.94).
Texture
The texture properties include the mechanical 
p r o p e r t i e s  o f  h a r d n e s s ,  c o h e s i v e n e s s , 
adhesiveness, chewiness, gumminess, viscosity 
and consistency.  Kamizake et al. (2018) showed the 
effect of aging of soybean under different conditions 
on tofu quality. The tofu samples were made using 
two cultivars at three different conditions of soybean 
aging: control, accelerated aging, and natural aging. 
Those authors developed 16 sensory descriptors 
and found that the aging of soybean affected the 

sensory quality of tofu such as colour, flavour, and 
texture attributes. 
The average score for each attribute of the product 
were calculated. The texture mean and SD value of 
variation-2 (8.3±0.82) is higher when compared to 
variation-1 (7.7±1.05) and least in variation-3 
(5.7±1.56).
Taste 
Taste sensation which the taste buds registered and 
categories as spice, salt, sweet, sour and bitter (Sri 
Lakshmi, 2005) the average score for each attribute 
of the product were calculated. The taste mean and 
SD value of variation-2 (8.1±0.73) is higher when 
compared to variation-1 (6.6±1.57) and lest in 
variation-3 (4.5±1.64).
The shelf life of the majority of food products is 
determined by  changes in  the i r  sensory 
characteristics. (Ana Gimenez 2019).
Overall acceptability
Overall acceptability indicates on the whole weather 
the product is fresh and acceptability for eating or not 
(Sri Lakshmi, 2005). The average score for each 
attribute of the product were calculated. The overall 
acceptability mean and SD value of variation-2 
(8.5±0.70) is higher when compared to variation-1 
(7.4±0.84) and least in variation-3 (4.5±1.64). 
Villagas (2009) Food acceptance constitutes an 
essential outcome of the interaction between 
humans and foods. Food acceptance may be 
affected by food habits, attitude, and beliefs, with 
culture (i.e., tradition) serving as one primary factor 
that underlies food choices.
The attributes evaluated by panel members for 
foxtail millet dosa premix using Hedonic (9 point) 
rating scale include: 9- Like extremely, 8- Like Very 
Much, 7- Like Moderately, 6- Like Slightly, 5- Neither 
like Nor Dislike, 4- Dislike Slightly, 3- Dislike 
Moderately, 2- Dislike Very Much, and 1- Dislike 
Extremely.

Appearnce Colour Flavour Texture Taste Over all
acceptbility

variation-1 variation-2 variation-3

9

8

7

6

5

4

3

2

1

0

Fig no  1 Bar diagram showing comparison between different variations
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It was observed from the fig-1 the average score for 
each attributes like appearance, colour, flavour, 
texture, taste and overall acceptability of the 

developed product variation-2 obtained a higher 
mean score in majority of the attributes.

Table  3 Nutrient Composition of Foxtail millet Dosa Premix

S.No Ingredients Amount Protein      Fat CHO Energy Fibre Iron Cal Vit-A
   (g) (g) (g) (K.cal) (g) (mg) (mg) (µg)

   1 Foxtail   60 gm  7.38 2.58 36.54 198.6  4.02  1.68 18.6   -
 millet
   2 Soya  5 gm  2.16 0.975 1.045  21.6  0.18 0.52 12 21.3
 bean   
   3 Oats   5 gm  0.59 0.43 3.47  20.1 0.525 0.175   -    -
   4 Urad  30 gm  7.2 0.42 17.88 104.1  0.27 1.14 46.2 11.4
 dhal  
 Total 100 gm 17.33 4.405 58.93 344.4   5 3.515 76.8  32.7

It is evident from the above table no-3 the data shows 
that the nutritive composition of foxtail millet dosa 
premix (Variation-1). The data from the above table 
shows that the, Protein-17.33(g), Fat-4.4.05(g), 
Carbohydrates-58.93(g), Energy-344.4 k.cal, Fibre-
5(g), Iron-3.515(mg), Calcuim-76.8(mg), Vitamin-A-
32.7(µg).
Hou et.al (2015) concluded that beta-glucan present 
in the oats promotes cardiovascular health and have 

cholesterol controlling properties in it.  
Depicts organoleptic evaluations and mean scores 
for the developed instant dosa premix. There are 
several  s teps involved in a new product 
development among which taste panel stage is 
most. In taste panel stage various attributes of the 
product like appearance, colour, flavour, texture, 
taste and over all acceptability.
DISCUSSION:

Table 4 Microbial analysis of the products
th th th thName of  Dilution  Initial   15    30t  45   60   CFU/gm

ththe sample factor day day day day day Initial  60  
       day day

Control  103 nil nil nil nil nil nil nil
sample
Dosa  10-4 nil nil nil 1 2 nil   2
premix

  The total plate count performed for developed dosa 
thpremix of regular interval of 15  day of period up to 

th60  day of storage period. The total plate count were 
thnil at initial day to 30  day of storage period. The total 

thplate count was 2 cfu/g at 60  day of storage period.
  The results of shelf life studies showed that dosa 
premix does not have any microbial contamination & 
it is considered acceptable in the shelf life of a 
product & the count did not exceed the levels during 
storage throughout the storage period.

CONCLUSION

The study concluded that foxtail millet dosa premix 
which contains foxtail millet and oats have lot of 
health benefits.
Foxtail millet is rich in dietary fibre, protein and low in 
fat. Foxtail millet is particularly high in minerals like 

iron, magnesium, phosphorous and potassium. 
These are considered to be the least allergenic and 
most easily digestible grain.
Oats contain several components that have been 
proposed to exert health benefits. The primary type 
of soluble fiber in oats is beta-glucan, which has 
been researched to help slow digestion, increase 
satiety, and suppress appetite. 
Soya beans are extremely important source of 
protein. Approximately 20 percent of the protein 
present in soya beans is beta-conglycinin. This 
makes it an especially good source of protein for 
anyone following a vegetarian or vegan diet.
Based on the incredible benefits of foxtail millet, oats 
and soya bean towards sensory, therapeutic, 
acceptance and health of human, foxtail millet dosa 
premix was developed. To reduce the nutrient 
deficiencies in the people this dosa premix should be 
included in our regular diet.
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ABSTRACT

Globally people in the years ahead will replace dairy products and adopt milk extracted from plant sources. 
Adaptation of these plants based milk products, the vegan products has become necessary either for lifestyle 
improvement or due to some prevailing health conditions. The blended vegan yoghurt was prepared and 
commercial dairy yoghurt was purchased and the physiochemical properties were assessed. The pH value 
(4.38) of the developed yoghurt was found similar to that of dairy yoghurt. The total titrable acidity for developed 
yoghurt (0.78ml NaOH/g) was found to be higher in comparison with others. The plant milk yoghurt differ in 
several parameters from the usual yoghurt but some important textural attributes for yogurts, such as apparent 
viscosity and water holding ability, were similar between the dairy and formulated plant-based yogurt.The 
blended vegan yoghurt developed was found to be nutritionally similar to the dairy yoghurt but there was a slight 
difference in colour, firmness and water holding capacity. The blended yoghurt had less water holding capacity 
and in colour it appears to be off white due to the presence of soy milk and barley. This yoghurt can be the best 
alternative to people suffering from lactose intolerance as it could be a rich source of dietary fibres and proteins.

Keywords : Firmness, apparent viscosity, lactose intolerance. 

Rising global food demand will lead to a significant 
increase in total food production by 2050 [FAO, U., 
2009.] due to the global population's expected 
growth of over one billion people over the next 13 
years , reaching 9.8 billion by 2050 [ ]. In Fent, T., 2008
high-income countries, in particular meat, poultry, 
milk and dairy products, the daily intake of protein 
has risen from 39 to 52 g per capita between 1961 
and 2011 over the last 50 years. The Organization for 
Food and Agriculture forecasts daily protein intakes 
of 54 and 57 g per person for 2030 and 2050, 
respectively [ ]. In addition, the Miller, G.D., et.la.2020
form of food demanded by the customer has 
changed, is still changing, and will continue to 
change in the coming years due to the higher living 
standards in developing countries and urbanization, 
ultimately leading to an rise in animal feed 
production if current trends continue uninterrupted 
[ ,Boland, M.J., et.al.2013 Westhoek, H.J., et.al., 
2011]. At the other hand, increased consumer 
understanding of the environmental and health 
impacts of food processing and consumption is 
leading to a decline in demand for food products 
derived from animals in developing countries 

[ ]. The attention of many Henchion, M., et.al.,2017
food producers and researchers is therefore on 
addressing current customer demands and 
environmental issues through the production of safe 
and sustainable alternative food products [Guo, J. 
and Yang, X.Q., 2015.].  The major challenges faced 
by plant-based yogurt producers are related to 
appearance and texture properties, as these 
products usually have textural problems caused by 
phase separation. Once these plant-based systems 
are acidified, destabilization of the proteins results in 
the formation of a non-continuous, poor gel resulting 
in a serum separat ion [Baner jee,  S.  and 
Bhattacharya, S., 2012.]. For this purpose, 
hydrocolloids are typically used in plant-based 
yogurt formulation in order to stabilize the 
suspended particles, contribute to the creation of 
structures and assist in imitating the characteristics 
of a dairy-based yogurt [Silva, J.V. and O'Mahony, 
J.A., 2018.]. In the food industry, combinations of 
gelling agents (e.g., natural gums, proteins, 
starches, pectin, and agar) are also used to provide 
suitable texture for gel-type food items ( e.g. yogurts 
and puddings)[ ]. The Pliner, P. and Hobden, K., 1992.
a im o f  th i s  s tudy  was  to  de te rmine  the 
physicochemical and rheological properties of 
b lended p lan t -based yogur ts  to  ga in  an 
understanding of how key quality attributes may be 
affected by the different formulations. Therefore, a 
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dairy-based yogurt was used as a benchmark with a 
v iew to understanding which plant-based 
formulation provided the most similar properties to 
the benchmark. This research will provide much-
needed information on the formulation of plant-
based yogurts and the impact on texture and mouth 
feel of different ingredients (i.e., plant-based 
substrates and hydrocolloid selection), helping with 
the production of plant-based yogurt systems of the 
next decade.

MATERIALS AND METHODS

Yoghurt Products
In this analysis, plant-based yoghurts were 
evaluated as a benchmark alongside a dairy yogurt. 
The yoghurts based on the plants were made of soy, 
coconut and barley. The raw materials for the 

Table 1  Nutritional composition of plant-based milk

 Soy barley Coconut

Energy 211/50   311/79  287/70 
 kJ/kcal kJ/kcal kJ/kcal 
Fat 1.20 g 3.90 g 4.20 g
Saturated fat 0.20 g  3.90 g  4.20 g
Carbohydrate 2.30 g 7.30 g 8.30 g
sugar 2.20g 3.20g 4.20g
Fibre 1.5g  0..5g  0.30g 
Protein 3g 0.4g 0.70g
Salt 1.9 g 0.4 g 0.80 g

yoghurt were bought from the local market of 
Lucknow. In Table 1 and Table 2, respectively, the 
nutritional composition and details of the ingredients 
used in the product formulations are given. All 
samples were reported to be fermented yoghurts, 
and were plain (i.e. not flavoured) form.

Table 2  List of ingredients used in the formulation of yogurts.

Soy milk Water, soya beans (7.9%), sugar, calcium (tri-calcium citrate), stabiliser (pectin), acidity 
regulators (sodium citrate, citric acid), sea salt, antioxidants (tocopherol-rich extract, ascorbyl 
palmitate), yogurt cultures (S. thermophilus, L. bulgaricus).

Coconut milk water, coconut (20%), modified maize starch, dextrose, salt, thickener (pectin), colour 
(carotene), calcium phosphate, vitamin D2, vitamin B12, natural flavouring, non-dairy yogurt 
culture (S. thermophilus, L. bulgaricus)

Barley milk Barley mash (97%) (filtered water), yogurt culture (S. thermophilus, L. bulgaricus)

pH and Lactic Acid Content
The pH of the industrial yogurts was calculated at 20 
°C using a pH meter. An enzymatic reagent kit was 
used to evaluate D- and L-Lactic acids.
Total Titratable Acidity
Titrable acidity was measured by utilizing 0.11 N 
NaOH solution neutralizing the acid contained in 10 
g of the commercial yoghurt samples. The titration 
was done using 10 drops of phenolphthalein as 
predictor until it hit a pink endpoint. To get titrable 
acidity, the amount of NaOH used to neutralize the 
solutions was divided by 10.
Colour
The colour of that specimen was taken using a CR-
400 Chroma meter (using the CIELAB (L *, a *, b *) 
coordinates. Before even the test the Chroma meter 
was adjusted by using white tile. In the CIELAB 
colour space system, the L * value corresponds to 
the brightness and the results will differ from 0 (black) 
to 100 (white), a * calculate the level of redness 
(positive values) or greenness (negative values), 
and b * influence the extent of yellowness (positive 
values) or blueness (negative values).

 Water Holding Capacity
For the study of water holding capacity the method 
mentioned by Silva and O'Mahony [O'Neil, J.M., 
et.al. 1979] was followed. In short, 20 g of 
commercial yogurt was placed in 50 mL tubes 
(Thermo Fisher Scientific, Waltham , MA , USA) and 
centrifuged for 20 minutes at 4 ° C at 640 g in a 
Sorvall RC 5C Plus centrifuge equipped with a 
Sorvall SS-34 rotor (Du Pont Instruments, 
Wilmington, DE, USA), after which the supernatant 
was collected and weighed. Water holding capacity 
(WHC) has been determined as per Equation (1)
Rheological Analysis
The textural properties of commercial yogurts were 
calculated using the Silva and O'Mahony back 
extrusion method[ ]. The test O'Neil, J.M., et.al.,1979
was carried out using a Texture Analyser TAXT2i 
(Stable Micro Systems Ltd., Godalming, Surrey, UK), 
fitted with a 25 kg load cell and an extrusion disk (Ø = 
35 mm), running at a fixed test speed of 1.0 mm s−1, 
to a depth of 25 mm. Samples (100 g) were weighed 
and stored in 150 mL beakers at 4 ° C overnight to 
allow the samples to balance out.
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RESULTS AND DISCUSSION

Chemical Composition of yoghurt blended with milk 
of soy,coconut and barely milk.

Total Titratable Acidity, pH and Lactic Acid
The pH values of all examined yoghurt was 4.38 
(Table 4). Such pH data can be clarified by the 
ingredients used in yoghurts, such as acidity 
regulators (e.g. citric acid and sodium citrate) that 
produce a pH that is desirable or necessary to some 
food processes, such as yogurt production 
[ ]. The total titrable acidity Chandan, R.C., 2017
(TTA) value for the blended yoghurt (0.78mL NaOH / 
g) was found to be  higher, in accordance with the 
values stated by Laye et al.[ ]. Grasso, N., et.al.,2020
A similar pattern was observed for the L-lactic acid 
content, with the highest value of yogurt (1.42 g/100 
g), suggesting that the bacterial fermentation 
achieved was more successful with a lactose 
substrate than with the carbohydrate substrates in 
plant-based yoghurts. The form of lactic acid isomer 
formed (D- or L-) during yogurt fermentation is 
species-specific[ ], therefore the Laye, I., et.al.1993
plants utilized for yogurt production were L-lactic 
acid producers as L-lactic acid concentrations were 
significantly higher than those used for D-lactic acid 
for all samples.

Colour
Colour is an important factor for customer 

acceptance of food items, and the results of the 
CIELAB device colour (L *, a *, b *) for the samples 
are shown in Table 5. The dairy commodity had the 
highest L * prices, and the lowest a *. The brightness 
of yogurts is related to the particle size of both fat 
globules and proteins, which affect their light 
reflectance and dispersion ability; the size of these 
molecules is strongly affected by the choice of unit 
operations and processing parameters used (e.g., 
homogenization) [ ,16].Kandler, O., 1983

Uniaxial Compression Testing
Reports from uniaxial compression testing (Table 6) 
revealed blended yoghurt had higher strength, 
consistency, cohesiveness, and viscosity index. 
Such textural properties can be related to the 
presence in the product formulation of the agar and 
the rice starch ingredients. Agar is commonly used in 
the food industry for its ability to shape strong gels at 
low concentrations and is also readily incorporated 
in food formulations because it does not allow 
cations to gel, meaning that any differences in the 
cations concentrations contributed by the other 
components used in the formulation do not affect the 
agar gel performance [Tamime, A.Y. and Robinson, 
R.K., 1999. ].

CONCLUSION

The plant-based blended yoghurt was analysed for 
specified chemical, rheological, properties. The 
results revealed that chosen yogurts based on plants 
had similar characteristics to the milk product. For 
example, the uniaxial compression testing showed 
that the soy, coconut, and barely blended yogurt was 
roughly comparable with the dairy product, 
attributing this to the use of hydrocolloids in plant-

Table 3 Nutritional composition of blended yoghurt

Parameters  Unit Concentration 

Energy kJ/kcal 287
Fat g 4.20 
Saturated fat g  6.20 
Carbohydrate g 9.30 
 sugar g 4.20
Fibre g 0.30
Protein g 0.90
Salt g 0.80 

Table 4 Table illustrating values for Titrable acidity, 
             lactic acid content and pH

TTA 0.78 ± 0.01
(mL NaOH/g) 
pH 4.38 ± 0.00
(-) 
D-LacticAcid 0.00 ± 0.00
g/100 g 
L-LacticAcid 1.42 ± 0.01
g/100 g 

Table 5 Colour space values of yoghurts

L* 64.2 ± 0.03
a* ?2.83 ± 0.01
b* 9.69 ± 0.01

Table 6 Uniaxial Compression Test

Firmness 0.46 ± 0.03 
(N) 
Consistency 9.98 ± 0.97 
(N·s) 
Cohesiveness 0.28 ± 0.02 
(N) 
Index of Viscosity 5.63 ± 0.74 
(N·s) 
WHC 96.3 ± 1.40
(% 
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based yoghurts. Furthermore, certain important 
textural attributes for yogurts, such as apparent 
viscosity and water holding ability, were similar 
between the dairy and selected plant-based 
yoghurts. The outcomes acquired in this research 
enabled key quality attributes of plant-based yogurts 
to be identified and highl ighted important 
interrelationships between such attributes and 
formulation that can be exploited in future product 
development. These physiological and rheological 
analysis tests performed clearly states that the plant 
based can be the better source of nutrition globally in 
near future.
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