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FOREWORD

Although, sorghum and other minor millets have great potential to contribute to national
tood security and to achieve sustainable livelihood security in dryland ecosystems, their area
under cultivation is going down. With changing needs of the people and time, it is facing
strong competition from commercial and vegetable crops. However, the average
productivity has increased from 522 kg/ha in 1969 to 907 kg/ha in 2014-15. It could
achieve due to adoption of improved production technologies by the farmers. It is being
utilized for various purposes such as food, feed, fodder and more recently as bio-fuel. The
viable options and potential technology basket are available for enhancing grain and fodder
production, intercropping, drought management, rainwater conservation, nutrient
management, plant protection, sweet sorghum, market-oriented products and storage.
These needs to be introduced at grassroot level through extension agencies to achieve the
goal. For this, the Extension system has vital role to transfer valuable technologies and
information to the end users. In this regards, it is our important duty to support in
strengthening the extension system of sorghum growing states with latest development of
sorghum.

With this objective, this Directorate is organizing training on “Best practices for sorghum
cultivation and importance of value-addition” from 20t to 27t September, 2016 for field
extension functionaries of sorghum growing states to empower them with latest technical
knowledge and skills. It will includes theory and practical sessions on various aspects of
sorghum development emphasizing preparation of value-added products, its marketing and
importance of sweet sorghum for bio-fuel. Relevant literature on latest production
technologies and a reference book comprising notes from the resource persons have been
provided to the participants. I am sure this training will help to enhance the competency of
the participants in their job performance.

I am thankful to all the resource persons and support from ICAR-IIMR, ICRISAT, NIN,
NAARM, NIPHM, State Agriculture Department, Maharashtra and TSCOB-CTT for their
contributions and support for this training. The financial support from the Directorate of
Extension, Ministry of Agriculture, New Delhi is also duly acknowledged. I appreciate the
support of scientists and officials of ICAR-IIMR involved in this programme. I compliment
Dr. RR Chapke, Course Director and team for organization this training and for their
efforts in bringing out the reference book.

(Vilas A Tonapi )
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1. Genetic improvement in kharif sorghum and latest kharif cultivars

C Aruna
Principal Scientist, Indian Institute of Millets Research, Hyderabad

Sorghum with its ability to survive in water limiting conditions provides an option for
marginal farmers and fits very well in a sustainable agricultural model. It is a major
dry land cereal grown as a dual purpose crop for food, feed and fodder over million
hectares, primarily in Maharashtra, Karnataka, M.P., A.P., Rajasthan, Tamil Nadu,
U.P. and Gujarat. Sorghum research in the country can be illustrated as a glaring
example which has significantly contributed towards the green revolution in drier
areas. Sorghum has originated in East Africa with its secondary centre of origin in
India. Due to its wide range of adaptation in tropical and temperate climates and free
gene exchange among various races, sorghum is endowed with wide range of
variability.

Efforts have been made to improve the sorghum cultivars in India since 1930s. Most
of the varieties till 1960s were the result of pure line selection practiced in local land
races. The locals were tall, photosensitive, late maturing, flowering after the rainfall
seized, and characterized by localized adoption and low harvest index. However,
hybridization among the local cultivars reflected about 5% yield improvement at
experimental level which could not make any impact on production till the 1960s. The
hybridization and selection up to a limited extent among improved land races could
not bring genetic improvement to a perceptible level but basic traits for local
adaptation were preserved. Notable among the varieties developed during this
period and cultivated till recently are the Co series in Tamil Nadu, The Nandyal (NT),
Guntur (G) and Anakapalle series of A.P., the PJ kharif and rabi selections, Saonar,
Ramkel, Aispuri, the Maldandi and Dagadi selections of Maharashtra, Bilichigan,
Fulgar white, Fulgar yellow, Kanvi, Nandhyal, Hagari, Yanigar varieties of Karnataka,
Budh Perio (BP 53), Sundhia and Chasatio of Gujarath, selections of Gwalior and
Indore from M.P., RS selections of Rajasthan. Since most of these locals are tall,
photosensitive and late maturing with low vyields, production of relatively short
duration photoperiod insensitive sorghums had become the primary objective of
almost all the sorghum improvement programmes. In rainy season genetic
improvement of varieties was achieved during 60’s by production of relatively short
duration photoperiod-insensitive sorghums with short height by manipulating the
gene for height and maturity by introducing American germplasm and adopting
temperate x temperate and temperate x tropical crosses. The major genotypic
changes brought about during the 1960s triggered cultivar-input-management
interaction and resulted in quantum jumps in productivity imparting stability to
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production. This resulted in quantum jump in the productivity from 560 kg/ha in 1970
to 1000kg/ha in 2000.

In 1962, ICAR launched the “Accelerated Hybrid Sorghum Project” with an objective
to initiate the hybrid breeding in sorghum. Through the efforts of Rockefellar
Foundation, a wide range of germplasm was made available in India which involved
male steriles, several converted lines and tropical varieties collected from Indian sub
continent and several African countries. During the next four decades, remarkable
progress has been achieved by diversifying the parental lines for yield, maturity,
height, disease and insect tolerance and quality by utilizing indigenous and exotic
germplasm. The early efforts made to identify heterotic combinations among male
sterile and converted dwarf lines, resulted in the development of the hybrids, CSH 1,
CSH 2 and CSH 3. CSH 1, an early duration and dwarf hybrid was released in 1964
for all India cultivation. This hybrid became most popular with the farmers as it had
high yield potential, suited to light soils and low rainfall areas. Subsequently, CSH 2
in 1965 and CSH 3 in 1970 were released. Inspite of their better yield potential and
suitability of growing in both kharif and rabi seasons, these hybrids could not become
popular because of the seed production problem in both these hybrids due to their
common male parent IS 3691 being shorter than respective male sterile lines.

The use of dwarfing, earliness and photo insensitivity traits was helpful to realize
higher grain yield in these hybrids which ultimately proved to be a disadvantage for
fodder production. Further genetic improvement was thus oriented to rectify the
problems through genetic enhancement and use of improved derivatives. As new
male steriles and dwarf derivatives became available, further hybrid breeding was
based on these genetically enhanced indigenously bred parental lines. Efforts were
augmented to develop new dual purpose hybrids. During the decade, 1970-79, three
hybrids CSH 4, CSH 5 and CSH 6 were released. Though CSH 4 had better fodder
yields than CSH 1, due to shorter duration grain deterioration remained to be the
major impediment for the spread of this hybrid. The real breakthrough in grain yield
and apparent quality was made by developing hybrids like CSH 5 in 1975 and CSH 6
in 1976 based on new male sterile lines 2077B and 2219B respectively and new
restorer CS 3541. These hybrids showed less grain deterioration and good quality of
seed along with remarkable improvement in yield (Table 1). CSH 6 due to its short
duration of 100 days became popular for intercropping with other pulse crops.
Further increase in yield levels were achieved by the development of superior male
sterile line 296 B. 296 B being a very good combiner when combined with CS 3541,
(restorer of CSH 5 and CSH 6) resulted in development of a superior hybrid CSH 9.
During 1980-89, the hybrids CSH 9, CSH 10 and CSH 11 were released. CSH 9, a
medium duration hybrid yields about 39 g/ha. This hybrid is widely adopted and is
extensively grown. Later two hybrids, CSH 10 and CSH 11 based on the same male
sterile line, 296 B were released. CSH 10, a tall hybrid though produces 30-40%
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more fodder than CSH 9 could not be promoted due to seed production limitation.
CSH 11, another hybrid of CSH 9 range, has marginal advantage in grain yield
productivity. Due to smaller seed size, this hybrid is not popular among farmers.
Among medium maturity hybrids of 110-115 days, CSH 5 and CSH 9 are most
popular, with an average of 35 and 38 g/ha grain yield respectively and a matching
fodder yield of 95-100qg/ha.

In the subsequent decade (1990-99) most of the hybrids tested in AICSIP trials were
based on 296 B with different restorers but could not make any remarkable dent for
grain yield except for the hybrid CSH 13. Though the grain yield levels of this hybrid
are marginally improved, the fodder yields are 40% higher than that of CSH 9. It is
an ideal dual purpose hybrid and is recommended for both grain sorghum and fodder
sorghum growing areas of the country. Another hybrid CSH 14 based on male sterile
line AKMS 14A is an early duration hybrid with a maturity comparable to CSH 1 and
has yield on par with CSH 9. It provides a better choice for the areas of CSH 1
adaptation, light soil and deficient rainfall areas. The hybrid is popular with farmers of
Karnataka and Maharashtra.

The introduction of the rainy season sorghum hybrids like CSH 1, CSH 5 and CSH 9
brought a remarkable increase in the sorghum production in India. After the release
of the hybrid CSH 9 in 1981, the vyield level of experimental hybrids has not
advanced over this hybrid to any significant level and thus yield plateau is reached.
However, useful diversification for early maturity and higher fodder yield has been
achieved with the release of CSH 14 and CSH 13 respectively. Seed growers are
facing problem in seed production of the hybrids particularly based on 296 A due to
low temperature at flowering time in major seed production areas in Andhra Pradesh
during October-November sowings. The need for diversification of female parent of
hybrids was felt in view of above seed production problems and stagnating yield
levels. As a result of intensive breeding programme to develop improved male sterile
line and restorer a productive medium maturing hybrid CSH 16 was developed. It is
based on a new male sterile line 27 A and a new restorer C 43. CSH 16 yields about
42 g/ha of grain yield and 97 g/ha of fodder yield. The hybrid has bold seed and is
preferred by the farmers. It has better level of tolerance to grain moulds and downy
mildew and its fodder quality is good. This was found to be good for ethanol
production.

Another early maturing hybrid CSH 17 based on the male sterile line AKMS 14 A has
been released for the states of Tamilnadu, Gujarat, Madhya Pradesh and Rajasthan.
It yields about 40g/ha of grain and 90g/ha of fodder. Another medium maturing
hybrid CSH 18 developed at Indore centre yields about 41 g/ha of grain and 130
g/ha of fodder. The grain and fodder quality of this hybrid are superior. The parent of
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this hybrid IMS 9A is based on a local variety Vidisha. This local not only contributes
to high stover yield but also for improved grain quality.

CSH 23 is another early maturing hybrid released in 2005 for the states of
Maharashtra, Karnataka, AP, MP, Gujarath, Rajasthan and UP. It takes 101-103
days to mature and yields about 43 g/ha of grain. One more medium maturing
hybrid, CSH 25 was released for zone Il in 2008. It is developed from the parents
PMS 28A and C 43. It yields 43 g/ha of grain and 120 g/ha of fodder and was found
to have good tolerance to shoot fly and grain moulds.

Another medium maturing hybrid, CSH 27 was released recently in 2012 for zone |
involving the states of Rajasthan, N. Gujarat, UP, AP and Tamilnadu. It is a dual
purpose hybrid with 39 g/ha of grain and 136 g/ha of fodder yield. It is developed
based on the parents 279A x CB 11. It has better level of tolerance to grain moulds.
The latest hybrid which has been recommended for release in zone Il comprising of
the states of Maharashtra, Karnataka and MP, South Gujarat, North AP. CSH 30 is
an early maturing hybrid with good level of tolerance to grain moulds.

The varietal improvement programme has also been taken up simultaneously and till
date CSV 1 to CSV 27 were released through AICSIP. However, popular recent
kharif varieties are SPV 462, CSV 15, CSV 20, CSV 23 and CSV 27.

In the first phase of varietal improvement, besides release of swarna (CSV 1), a pure
line selection from IS 3924 in 1968, six more varieties derived from temperate x
tropical crosses were released. CSV 1, CSV 2 and CSV 3 are early maturing (100-
105 days) tend to yield 138-207% higher than local. CSV 4 and CSV 5 are relatively
dwarf varieties maturing in 110-115 days and combine good grain quality and
resistance to grain deterioration even when caught in rains. CSV 6 is a relatively tall
variety. The sources of resistance to grain mould and leaf diseases were located in
zera-zera germplasm from Ethiopia, mechanism of resistance studied and resistance
was consciously transferred in high yielding back ground. The resistance to these
diseases was located in CS 3541 which is a dwarf derivative of IS 3541, a zera-zera
from Ethiopia. Tan plant pigment conferring resistance to most of leaf diseases was
discovered and it was augment in various breeding programmes of temperate x
tropical crosses. Improved temperate and tropical germplasm from Ehiopia in various
breeding programmes enabled to evolve many improved varieties eg. CSV 10, CSV
11, SPV 462, CSV 13, CSV15 etc. By now all the breeding programmes
incorporated tan plant pigment in their kharif nurseries.

The high yielding kharif variety, CSV 15 was developed from SPV 462 and CSV 13.
It is a dual purpose variety with grain yield as high as the hybrid CSH 5 and fodder
yield equal to that of CSH 10. It yields about 36g/ha of grain yield and 121 g/ha of
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dry fodder yield. An early maturing variety, CSV 17 was released which was most
suitable for low rainfall areas. Another variety, CSV 20 was released with grain and
fodder yields of 31g/ha and 133 g/ha respectively. The latest dual purpose varieties,
CSV 23 and CSV 27 have high yield potentials of 22 and 28qg/ha of grain and 155
and 193qg/ha of fodder yields respectively.

In kharif yield stagnation and the grain quality are the major problems that needs
research attention. To break the yield plateau it is important to utilize the un-utilised
germplasm from the world collection and bring about the useful genetic diversity in
the material. Breeding for grain mould resistance is a high priority area so that the
market profitability and food value can be enhanced. Evolving grain mould resistant
male steriles is the immediate requirement to strengthen the resistance in present
day hybrids. Another problem during kharif is shootfly. It is not infrequent to
experience aberrant rainfall where onset of monsoon gets delayed. This builds up
un-surmountable pressure of shoot fly causing economic losses in late plantings.
Therefore, in order to stabilize the sorghum production, incorporation of grain mould
and shoot fly resistance in times to come would provide an insurance against the
crop losses.

Table 1: List of popular sorghum varieties and hybrids

@Q‘D

Varieties/ Grain | Dry-Fodder | Plant Maturity Salient features
Hybrids Yield Yield height | (Duration)
(9/ha) (9/ha) (cm) (days)

Varieties

SPV 462 (CO 33 97 208 110-115 Tall, dual purpose, bold round attractive

26/ DSV 2) seed, sweet stalk, tolerant to insect pests,
grain deterioration and several leaf
diseases.

CSv 13 35 97 181 110-114 Medium tall, medium bold seed semi-

(SPV 475) compact head, thin stem, tolerant to
insect pests, grain deterioration and
several diseases.

Csv 15 36 121 232 107-112 Tall, Dual purpose, medium bold round

(SPV 946) seed, glume small & straw colour, large
ear head, oblong shape, semi compact.
Resistant to all leaf spot diseases.

Csv 17 25 68 150 97 Early maturing, tan plant type with dark
green leaves, white dull midrib colour,
well exerted, cylindrical, semi compact
panicle, creamy seed colour, free
threshing, moderately resistant to shoot
fly and stem borer.

CSV 20 (SPV 31 133 240 109 Tall, semi-compact panicle with dense

1616) clustering of grain in panicle branches,
panicle shape oblong and pearly white
bold seed, for All India cultivation.
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Varieties/
Hybrids

Grain
Yield

(a/ha)

Dry-Fodder
Yield

(a/ha)

Plant
height
(cm)

Maturity
(Duration)

(days)

Salient features

CSV 23 (SPV
1714)

22

155

215

115

dual-purpose variety,  Normal rainfall
sorghum growing regions of the nation
The variety was found to be tolerant for
shoot fly and stem borer

CSV 27 (SPV
1870)

28

193

235

115

Tall, Dual purpose variety, yellow green
colour midrib, Well exerted semi-compact
panicle, Greyed yellow seed, resistance
to grain moulds, Non-lodging, non-
shattering,

Hybrids

CSH 5

34

93

174

110-115

Medium tall, thick juicy stem, medium
bold seed, large long head, resistant to
grain deterioration and leaf spot diseases.

CSH 6

34

81

161

95-100

Early maturing, thin stem, medium bold
and hard seed resistant to grain
deterioration, tolerant to leaf spots and
other diseases.

CSH9

39

98

182

110-115

Medium tall, thick juicy stem, vigorous
growth, bold round seed, large semi
compact head, tolerant to insect pests
and diseases.

CSH 10

36

120

233

105-110

Tall, dual purpose, vigorous plant, bold
seed, tolerant to insect pests and
diseases.

CSH 11

41

92

194

105-110

Medium tall, loose and large panicle,
small seed, thick stem tolerant to insect
and leaf spot diseases, some lodging
under severe drought.

CSH 13

39

144

261

110-115

Tan, Tall, dual purpose, panicle broad,
semi loose, spindle shape, seed round
medium bold, light creamy in colour and
free threshing. Tolerant to grain moulds
and leaf diseases

CSH 14

38

88

181

102

Medium tall, semi loose panicle, bold
seed, tolerant to grain mould and leaf
spots.

CSH 16

42

95

210

110

Medium tall, long loose panicle with open
apex, bold seed, highly tolerant to grain
moulds and resistant to leaf diseases.

CSH 17

a1

90

185

103

Tall, early maturing, panicle semi loose,
white round seed, tolerant to shoot fly and
stem borer.

CSH 18

41

131

212

112

Tall, midrib dull green, thick and juicy
stem, white medium bold seed, medium
maturity, resistant to grain moulds.

CSH 23

41

87

178

96-101

Tall (180cm), dull green midrib, medium
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Varieties/
Hybrids

Grain
Yield

(a/ha)

Dry-Fodder
Yield

(a/ha)

Plant
height
(cm)

Maturity
(Duration)

(days)

Salient features

bold, white seed. Early maturity (103
days) avoid terminal drought.For Zones
— | & ll:Maharashtra, Karnataka, AP, MP,
Guijarat, Rajasthan, UP

CSH 25

43

128

205

110

Kharif hybrid- Rainfed kharif sorghum
areas under normal time of sowing
especially for Maharashtra and Karnataka
and central zone |l areas.

Tan, tall, white midrib, semi-compact ear-
head, pearly white seed, medium almond
shape, tolerant to grain-mold and shoot

fly.

CSH 27

39

136

200

106

Tan, cylindrical semi compact earhead,
white  bold elliptical seed, medium
maturity, tolerant to grainmold and
resistant to lodging. Recommended for
rain fed kharif cultivation in Rajasthan,
N.Gujarat, UP, AP and TN.

CSH 30

44

141

216

105

Tan plant color with symmetric semi
compact panicle and white bold elliptical
seed. It is early maturing with tolerance to
grain moulds. Recommended for rainfed
kharif  cultivation in  Maharashtra,
Karnataka, MP, South Gujarat, North AP

SPV 462 is released as CO 26 in Tamil Nadu and as DSV 2 in Karnataka.

@est practices for sorghum cultivation and importance of value-addition 20-27 Sept 2016

Page 9 of 234




W ICAR-Indian Institute of Millets Research, Hyderabad Q

2. Major sorghum pests and their management

PG Padmaja
Principal Scientist, Indian Institute of Millets Research, Hyderabad

Sorghum [Sorghum bicolor (L.) Moench] is one of the most important cereal crops
grown in the semi-arid tropics of the world providing food, feed, fodder, fiber and fuel.
It ranks fifth in world cereal production with an annual production of 55.7 million
tonnes (FAOSTAT, 2012). The productivity levels of sorghum under subsistence
farming are quite low mainly because of biotic constraints. Insect damage is one of
the challenges that impacts sorghum yields. There are at least 150 insect species
that can infest sorghum worldwide. These insects target various parts of sorghum
plants at developmental stages, and they cause significant losses. About 32% of
sorghum crop is lost due to insect pests during the rainy season (Borad and Mittal,
1983), and 26% during the postrainy season (Daware et al., 2012) in India. Sorghum
shoot fly, Atherigona soccata (Rond.), spotted stemborer, Chilo partellus (Swin.),
Oriental armyworm, Mythimna separata (Walk.), shoot bug, Peregrinus maidis
(Ashm.), sugarcane aphid, Melanaphis sacchari (Zehnt.), sorghum midge,
Stenodiplosis sorghicola (Coq.), head bugs, Calocoris angustatus (Leth.) and head
caterpillars, Helicoverpa armigera and Eublemma are the major pests worldwide.

Shoot bug and midge are attaining the status of major pests in certain pockets of
peninsular India. Sugarcane leafhopper, Pyrilla perpusilla, a pest of sugarcane has
been found to damage sorghum in Northern part of India grown for fodder purpose.

Seedling pests

Shoot flies

Geographical distribution: Southern Europe, North and East Africa, India and the
Middle East.

Host plants: Sorghum, corn, bajra, rice, wheat, ragi, various Gramineae (Poaceae).
Biology: Shoot fly, Atherigona soccata (Rond.) is one of the major pests that
destabilizes the sorghum production. Adult female measures about 3-3.5mm in
length. Body is grey-brown and abdomen and legs are yellow in colour. Abdominal
segments marked with two rows of six dark spots in female and four dark spots in
male. The preoviposition period is 3-5 days long. Single female fly lays 40 eggs with
an average incubation period of 3 days. Larva about 6.5 mm long and has 2
posterior black spiracular lobes. The larval period lasts for 8-10 days. Mature larva is
yellow and about 6 mm in length. Pupation takes place either at the plant base or in
the soil and lasts for 8-10 days. The females live an average of 30 days and the
males about 20 days.

1A
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The fly population exhibits considerable variation and normally very low in April to
June, tends to increase in July and reaches the peak in August. From September
onwards the population gradually declines and remains at a moderate level till
March. Its activity is influenced by extreme temperatures (high or low) and also by

@

continuous rains.

Table: Insect pests of sorghum and their status

Common Scientific name Damaging Status
name stage
Seedling Shoot fly Atherigona soccata Maggot Major
pests Flea beetle Cryptocephalus schestedii | Adult Occasional
Monolepta signata
Foliage pests | Grasshopper Colemania sphenaroides Nymph Sporadic
Adult
Hairy Amsacta albistriga Caterpillar Occasional
caterpillar A. moorei
Cutworms Mythimna separata Caterpillar Occasional
Weevils Myllocerus maculosus Grub Occasional
M. discolor
Stemborers Spotted stem | Chilo partellus Caterpillar Major
borer
Pink stem | Sesamia inferens Caterpillar Major
borer
Sucking pests | Shoot bug Peregrinus maidis Nymph Major
Adult
Aphids Rhopalosiphum maidis Nymph Major
Melanaphis sacchari Adult
Spider mites Oligonychus spp. Nymph Sporadic
Adult
Panicle pests | Earhead bug Calocoris angustatus Nymph Major
Adult
Midge Stenodiplosis sorghicola Maggot Occasional
Earhead web | Cryptoblabes gnidiella worm Occasional
worm
Gram Helicoverpa armigera Caterpillar Occasional
caterpillar
Soil dwelling | Root grubs Holotrichia. consanguinea Grubs Occasional
insects

Damage symptoms: The shoot fly females lay white, elongated, cigar-shaped eggs
singly on the abaxial leaf surface of sorghum seedlings at 5-30 days after seedling
emergence. Most of the eggs are laid between 08.00 to 12.00 h, and they hatch
between 04.00 to 06.00 h. On emergence, the neonate larvae crawl to the plant
whorl and move downward between the folds of the young leaves. After reaching the
growing point, it cuts the growing tip resulting in wilting of leaf and later drying of the
central leaf known as ‘deadheart’.
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Shoot fly adult Maggot Pupa

Deadheart symptom

Deadheart formation leads to the seedling mortality. If the infestation occurs a little
later, damaged plants produce side tillers which again are infested increasing the
population build up. The damage occurs 1-4 weeks after seedling emergence. The
total life cycle from egg to adult is completed in 17-21 days. The shoot fly females
prefer second leaf, followed by third, first, and fourth leaves for egg laying under
laboratory conditions, while third leaf, followed by second, fourth, fifth, sixth, first, and
seventh leaf were preferred for oviposition under field conditions. Sorghum shoot fly
is active throughout the year, and there may be 10-15 generations in a year. There
is no diapause during the off-season. During the off-season, the insect survives on
alternate hosts (Echinochloa colonum, E. procera, Cymbopogon spp., Paspalum
scrobiculatum, and Pennisetum glaucum), tillers of ratoon crop, and volunteer or
fodder sorghum. Its severe incidence necessitates re-sowing. To schedule the
chemical control, the shoot fly infestation can be monitored by checking the egg-
laying on the lower surface of the seedling leaves before the formation of
deadhearts.

Il. Foliage feeders

Grasshoppers

Many species of grasshoppers are present, but only a few have pest potential.
Common pest species include: clearwinged grasshopper, Camnula pellucida;
differential grasshopper, Melanoplus differentialis; migratory grasshopper,
Melanoplus sanguinipes; two striped grasshopper, Melanoplus bivitattus; and red
legged grasshopper, Melanoplus femurrubrum. In India Hieroglyphus nigrorepletus,
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H. banian, Chrotogonus spp., Colemania spheneroides are destructive to millet
crops.

Biology: Grasshoppers lays eggs in clusters in the soil. Eggs laid in the soil in the
form of an elongate shaped pod which contains 20-120 eggs each. Eggs may be
white, yellow green, tan, or various shades of brown. Eggs hatch into nymphs in late
May and June. Newly hatched nymphs are white. After several hours of exposure to
sunlight, they assume the distinctive colors and markings of adults. Nymphal period
is 35 to 50 days. Adults are stout, greenish brown colour with yellow stripe on the
sides.

Damage symptoms: The nymphs and adults mostly feed on leaves during the day.
Nymphs and adults of several species of grasshopper may chew holes in leaves
causing a ragged appearance in sorghum. Grasshoppers buildup at the boarder and
move into sorghum fields causing damage along field margins. In case of severe
infestation, they defoliate entire leaves and the field looks like grazed appearance.
Their population usually is greater in dry than wet years.

Grasshopper damage

Weevils

Ash weevils: Myllocerus maculosus, M. viridanus, M. subfasciatus & M. discolor;
(Curculionidae: Coleoptera)

Distribution: Throughout India

Host range: Bajra, maize, sorghum

Bionomics

M. viridanus: Adult weevil with greenish white elytra

M. maculosus: Adult weevil with greenish white elytra having dark lines.

M. discolor: Adult weevil is brown in color with white spot on the elytra. Grub is
small, white apodous and found feeding on roots. Weevil appears during summer
and lays ovoid, light yellow eggs in the soil. Female lays on an average 360 eggs
over a period of 24 days. Eggs hatch in 3-5 days. Grub period is 1-2 months,
pupation takes place in soil inside earthern cells and pupal period is 7-10 days. Life
cycle is completed in 6-8 weeks, thereby completing 3—4 generations in a year.
Adults live fairly long for 4-5 months in the winter.
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M. subfasciatus: The adult weevil is light grayish to white with four black spots on
the wing covers. The eggs are light yellow and laid deep in the soil. The grubs are
fleshy, yellow-colored. Pupation occurs in earthen cells in the soil. The egg, larval,
and pupal periods last for about 3—11, 3—42, and 5-7 days respectively.

Damage symptoms: Leaf margins are notched resulting in wilting of plants in
patches. Roots are eaten away by grubs as a result plants come off easily when
pulled. Adult feed on the leaves.

Hairy caterpillars

High incidences of hairy caterpillars, Amsacta albistriga, Estigmene lactinea,
Spilosoma oblique in north, south and western India have been recorded. It infests
young sorghum, maize, cotton, castor, cowpea, bajra. Red soils are more suitable.

Biology: The adult moth is medium sized having white fore wings with brownish
markings and streaks and white hind wings with black spots. There is a yellow band
on the head and a yellow streak along costal margin of the forewings in A. albistriga
while the band on the head and streak along costal margin of the wing are red in A.
moorei. Moths emerge with the onset of monsoon from diapausing pupae in June-
July. The emergence occurs in waves following rains. Adults pair almost immediately
after the emergence and oviposit the same night. Oviposition is spread over 2-3
days. Eggs are cream or bright yellow and are laid in masses on young foliage or on
the soil, clods of earth, stones or occasionally on other vegetation. A single female
lays about 1000 eggs in clusters of 50-100. Larvae hatch in about 3-4 days.

o ~ e et ol

Redhairy caterpillar Amsacta albistriga  Blackhairy caterpillar Estigmene lactinea

Damage symptoms: The dark hairy larvae feed gregariously on the lower surface of
leaves, scrapping them for 4-5 days. In about 10 days larvae become ashy-brown
and move slowly from plant to plant, and field to field, feeding voraciously. In about
40-50 days the larvae become fully grown. They are about 5 cm long and have
white spots on the body, dense tufts of long hair, and a red head. The larvae, which
often group in large numbers, are voracious leaf feeders. Due to gregarious habit
and voracious feeding, complete defoliation of sorghum plants or destruction of
seedlings may occur in a short time. The large larvae have many blackish hairs on a
reddish body. They pass the hot summer as diapauses pupae in soil. Moths emerge

@
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about a fortnight after first showers. According to the rainfall distribution, there are
one to two generations.

Cutworms and Army worms

Caterpillars are defoliatiors of Sorghum, ragi, maize, and bajra. Mythmina separata
has been reported feeding on foliage. Outbreaks of the noctuids Mythimna separata,
M. albistigma and Maocis frugalis were noticed during kharif 1987 in Bangalore and
Kolar districts, Karnataka, India.

Biology: The larvae of Mythimna albistigma, Agrotis basiconica, A. flammatra,
A.ipsilon, A. spinifera, Mythimna separate and Mocis frugalis migrated even during
the day. The average numbers of pupae were estimated to be 26.75, 18.5, and
15.0/m? in fields of finger millet, maize and grasses, respectively. They cut tender
stems of young and growing plants. Larvae hide during day time in the soil and
become active at dusk. In severe cases, entire leaf is eaten. The field looks as if
grazed by cattle. The caterpillars of Spodoptera exigua are serious pests in ragi
nurseries feeding on leaves causing extensive defoliation. The grown up larva coils
with slightest touch and drops down.

Damage symptoms: The larvae feed on the leaves. It scraps the green matter of the
leaf tissue and the leaves shows as skeletonized appearance. The young cutworm
feeds on plant without cutting off the stems or leaves. Later it begins to cut off

foliage. The larvae hide during day time in the soil and feed on the foliage at night.
. I ol TS

Armyworm damage

Borers

Spotted stemborer, Chilo partellus

Distribution: India, Pakistan, SriLanka, Indonesia, Iraq, Japan, Uganda, Taiwan,
Sudan, Nepal, Bangladesh and Thailand.

Host range: Maize, sorghum, sugarcane, bajra, rice, Sorghum halepense, finger
millet, etc.

«
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Biology: The moth is medium size and straw colored. A female lays up to 500 eggs
in batches of 10 to 80 near the midrib on the under surface of the leaves. Eggs hatch
in 4 to 5 days. The larval development is completed in 19-27 days. Pupation takes
place inside the stem and the adults emerge in 7-10 days. During the off-season,
the larvae undergo diapause in plant stalks and stubbles. With the onset of rainy
season, the larvae pupate and the adults emerge in 7 days.

Damage symptoms: It infests the crop a month after sowing and the damage
continues upto emergence of earheads. The first indication of stemborer infestation
is the appearance of small-elongated windows in whorl leaves where the young
larvae have eaten the upper surface of the leaves. Later, the plant presents a ragged
appearance as the severity of damage increases. The third-instar larvae migrate to
the base of the plant and bore into the shoot. Central shoot withering leading to
typical deadheart’ symptom. Normally, two leaves dry up as a result of stemborer
damage.

Leaf feeding symptom Deadheart Stem tunneling Exit holes
Larvae continue to feed inside the stem throughout the crop growth. Extensive
tunneling of the stem and peduncle leads to drying up of the panicle, production of a
partially chaffy panicle or peduncle breakage. Stemborer infestation starts about 20
days after seedling emergence, and deadhearts appear on 30—40 day old crop.

Pink stemborer Sesamia inferens (Noctuidae: Lepidoptera)
Geographical distribution: India, Pakistan, Malaysia, Taiwan, Burma, Bangladesh, Sri
Lanka, South East Asia, China, Korea, Japan and Indonesia.

@
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Host range: Sorghum, maize, rice, wheat, sugarcane, bajra, ragi, barley, guinea
grasses.

Bionomics: The adult moth is fawn-colored, with dark brown streaks on the fore
wings and white hind wings. The female lays about 150 creamy-white and
hemispherical eggs that are arranged in two or three rows between the leaf sheath
and the stem of the host plant. Egg period lasts for 7days. The fully grown larvae
measures about 25 mm and has pale yellow with a purple pink tinge and a reddish-
brown head. Usually the larval period is 25 days but in cold months it may be extend
to 75 days. Pupation occurs in the larval tunnel in the stem and the adult emerges in
12 days. One generation may take 6—7 weeks. The life cycle is completed in 45-75
days. There are 4—6 generations per year.

Adult Eggs of Sesamia Larvae feeding inside the stem

Damage symptoms: The pink larva bores into the stem and damages the central
shoot resulting in dead heart. Borer holes are visible on the stem near the nodes.
Faeces (frass) and empty grains are visible due to damage.

Sucking pests

Shoot bugs: Peregrinus maidis (Delphacidae, Hemiptera)

Geographical distribution: Karnataka, Tamil Nadu, Andhra Pradesh and Madhya
Pradesh in India

Host range: Sorghum, maize, rice, millets

Bionomics: The adult is yellowish brown to dark brown with translucent wings. The
brachypterous female is yellowish while macropterous female is yellowish brown and
male dark brown. It lays eggs in groups of 1-4 inside the leaf tissue, which remain
covered with a white waxy substance. The fecundity of the bug is 97 eggs female™
and the egg period lasts for seven days. The nymphal stage undergoes five instars
in 16 days. The total life cycle is completed in 18-31 days. Being a sporadic pest,
under favourable conditions, it produces several generations and can cause heavy
damage to sorghum.

@
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Nymphs and adults live in group in plant whorls and on the innerside of leafsheaths

Damage symptoms: Shoot bug pierces the vascular tissues and suck sap from the
leaves, leaf sheaths, and stem during exploratory feeding. Adults and nymphs suck
the plant sap, which causes reduced vigor, stunting, and yellowing of leaves. Under
severe condition the leaf damage spreads downwards resulting in complete death of
the plant. The infestation prior to pre-boot leaf stage usually causes girdling/twisting
of top leaves, which bend downwards and prevent panicle development and
emergence. The damage is caused between 30-60 days (knee high to pre-flowering
stage). Excessive oviposition in the midrib causes eventual drying up of leaves and
the tissue surrounding the ovipositing site becomes septic and turns reddish. The
feeding punctures and wounds produced by ovipositor predispose sorghum plants to
fungal infections. The copious excretion of honey-dew by the insect, encourages
sooty mold development. Further, it indirectly reduces the quality and quantity of
plant biomass. Moreover, it is also a vector of several important viral diseases like
maize mosaic, maize stripe, freckled yellow, and male sterile stunt virus.

Oviposition site after emergence will turn to red
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Under favorable conditions, shoot bug completes several generations on sorghum
within a season, and so can cause heavy damage. During off-season, it survives on
wild grasses like itch grass (Rottboellia cochinchinensis), goose grass (Eleusine
indica), barnyard grass (Echinochloa crusgalli L.), bristle grass (Setaria parviflora),
jungle rice (Echinochloa colona), Eastern gama grass (Tripsacum dactyloides), and
wild Sudan grass (Sorghum bicolor subsp. drummondii). In addition, maize, triticale,
rye, sugarcane, and oats were also observed as alternate hosts to shoot bug.
Initially, the macropterous adults emigrate to a healthy crop and colonize for
oviposition. The progeny emerging from these eggs may become either
brachypterous (wingless) or macropterous (winged) adults under low and high
populations. The adults discriminate and preferentially lay eggs on the abaxial
surface of the midrib of mature leaves of the sorghum plants. Both adults and
nymphs feed on sorghum plants by inserting their stylets into vascular tissue and
sucking the plant sap. Repeated stylet insertions into the leaf and stem frequently
result in a ring of damaged tissue known as ‘girdle’. Girdled regions are
characterized by necrotic epidermal tissue and disorganized vascular bundles. In
addition, girdling also appears to interfere with translocation of photosynthates.

Aphids: Rhopalosiphum maidis, Melanaphis sacchari (Aphididae: Hemiptera)
Geographical distribution: All sorghum-growing areas of the world.

Host range: Sorghum, maize, fingermillet

Bionomics

Rhopalosiphum maidis

The aphid is dark bluish-green. It is 2 mm long, with black legs, cornicles, and
antennae. Winged and wingless forms occur. Females give birth to living young
without mating and a generation requires only a week. The adult is yellow in color
and has dark green legs.

Damage symptom: Colonies of aphids are seen in central leaf whorl, stems, or in
panicles. The young and adults suck the plant juice. This frequently causes yellowish
mottling of the leaves and marginal leaf necrosis. The aphid produces an abundance
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of honeydew on which molds grow. In panicles, honeydew may hinder harvesting.
The aphid transmits maize dwarf mosaic virus.

Melanaphis sacchari
The sugarcane aphid is yellow to buff in color. Their number increases rapidly during
a dry spell or at the end of the rainy season. The female of the wingless form
deposits 60—-100 nymphs within its reproductive period of 13-20 days. The winged
form produces slightly fewer nymphs. The life cycle is completed in about 5.5-7.0
days during the dry season. The honeydew excretion hinders harvesting process
and result in poor quality grain. Severe damage was noticed under moisture stress
conditions resulting in drying of leaves as well as plant death. Unlike the corn leaf
aphid, sugarcane aphid predominantly is a serious pest in rabi and prefers to fed on
older leaves and also infest younger leaves including panicle at flowering stage.
Adults are yellow to buff colored. Both adults and nymphs suck the plant sap and
cause stunted growth.

Aphids, Melanaphis sacchari damage

Spider mites (Oligonychus indicus)

Host range: Sorghum, maize, rice, millets,

Bionomics: Female and immature stages feed on the foliage. It leaves in colonies
under a deliberate web on the under surface of the leaves and get disturbed by
crawling or by wind. Adults of sorghum spider mite are deep red or maroon and the
nymphs are also slightly reddish.

Damage symptoms: Although found early in the growing season rapid population
increases occurs only after the panicle emergence. They such the plant sap first on
the under surface of the functional leaves and the infested areas initially are pale
yellow, but later turn to reddish (in purple pigmented cultivars) or brownish tan (in tan
pigmented plants) on the upper leaf surface.. This extends to the entire leaf area
which spreads upwards through the plant affecting plant growth and seed
development. The underside of the heavily infested leaves have dense deposits of
webbing and in severe infestations they may invade and web even the sorghum
panicle. It often causes damage to sorghum in prolonged drought situations.
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Mite damage

Panicle pests

Midges: Contarinia sorghicola (Cecidomyiidae: Diptera)

Geographical distribution: India, Pakistan, Bangladesh, West Iran, Sri Lanka, Sudan,
Java, Africa, South East Asia, South China, South America, West Indies, USA and
Italy.

Hosts: Sorghum cultivated and wild species.

Bionomics: The adult fly is small, fragile with a bright orange abdomen and a pair of
transparent wings. It lays eggs singly in developing florets resulting in pollen
shedding. A female lays about 30-35 eggs at the rate of 6-10 in each floret. The
incubation period is 3—4 days. The maggot has four instars with duration of 8-10
days. Larvae are colorless, but when fully grown, they are dark orange in color.
Larval period is about 9-11days. The larval stage undergoes diapause in a cocoon
during December-January within a spikelet. They pupates beneath the glume for
about 3 days. When the adult emerges the white pupal skin remains at the tip of the
spikelet. A generation is completed in 14-16 days. The insect's rapid developmental
cycle permits 9-12 generations in a year.

Damage symptoms: A maggot feeds on the developing grains and pupates there.
Damage symptoms appear as white pupal cases protruding out from the grains and
formation of chaffy grains with holes. Pupal cases can be seen attached to the
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glumes of damaged spikelet. The completion of one generation in a fortnight helps
the pest to complete four to five generations in a season with overlapping
generations especially when flowers are available. Some larvae pass the dry season
by entering diapauses which may last 8-9 months and is terminated by warm and
humid conditions in August/September.

Midge damage symptoms

Earhead bugs: Calocoris angustatus (Miridae: Hemiptera)

Geographical distribution: South India

Host range: Pearl Millet, maize, tenai, sugarcane and grasses

Bionomics: Adult male is green in colour and female is green with a brown margin.
Blue cigar shaped eggs are laid under the glumes or into the middle of the florets.
Each insect lays between 150-200 eggs in about seven days. Nymphs are slender,
green in colour. First instar larva is orange in colour. The nymphal period is 10-14
days. The life cycle from egg to adult occupies less than 3 weeks. At least 2
generations of the bug can feed on the same crop when the panicles do not ripen at
the same time.

Ear headbug damage

Damage symptoms: The adults and nymphs damage the earheads by feeding on
them. They suck the juice from the grains when they are in the milky stage. The
sucked out grains, shrink and turn black in colour and become ill filled (or) chaffy.
Older grain shows distinct feeding punctures that reduce grain quality. Extent of
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damage usually depends on the number of bugs per panicle, duration of infestation
and stage of grain development and decreases as the grain develop towards hard
dough stage. Grain mold damage is severe in bug affected panicles.

Caterpillars

Earhead web worm: Cryptoblabes gnidiella (Pyraustidae: Lepidoptera)

Host: Sorghum, Maize

Bionomics: The adult moth is small with brown fore wings and light brown hind
wings. Creamy white, round or conical eggs are laid singly on the spikelets and on
grains in a panicle. The egg period is 3—4 days. The larva is light brown with dark
head and has dark lateral lines on the body. The larval duration is 9—-10 days and
pupal period is 7 days. Larva constructs silken cocoon and pupates within the silken
webs. The life cycle is completed in 23-24 days.

Damage symptoms: The larvae destroy the grain in the earhead. They produce
webs of silken thread that remain on and inside the earhead. Heavily infested heads
may be covered with webbing.

Gram caterpillar: Helicoverpa armigera (Noctuidae: Lepidoptera)

Geographical distribution: World wide. It is a major pest on cotton, lablab, chillies,
tomato, pulses, maize and minor on sorghum.

Host range: Cotton, sorghum, lab lab, soybean, pea, safflower, chillies, tomato,
groundnut, tobacco, gram, okra, maize etc.

Bionomics: Adult is a brown color moth with a ‘v’ shaped speck on forewings and dull
black border on the hind wing. Larva is green with dark broken grey lines and dark
pale bands. It shows colour variation of greenish to brown.

Damage symptoms: Larvae hide within the earheads and feeds on the grains.
Earheads are partially eaten and appear chalky. Feacal pellets are visible within the
earhead.

Helicoverpa damage
Thrips: Thrips are regarded as minor pests either on millets or sorghum. There are
two species found in India. They are Haplothrips ganglebauri Schum. and Thrips
hawaiiensis Mor.
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Soil dwelling insects

White grubs

Several species of Hototrichia and Anomala have been reported.

Host Plants: White grubs feed on the roots of sorghum, corn, soybean, strawberry,
potato, barley, oat, wheat, rye, bean, turnip, and to a lesser degree, other cultivated
crops.

Bionomics: In spring, overwintering May beetles emerge from the ground at dusk,
feed on the leaves of trees, and mate during the night. At dawn, they return to the
ground, where the females lay 15-20 eggs in earthen cells several centimeters
below the surface. Most of the May beetles lay eggs in grassy sod. Eggs hatch in
about 3—-4 weeks. The young grubs feed on plant roots throughout the summer; in
the fall, they burrow below the frost line (to a depth of 1.5 meters) and hibernate. The
following spring, they return near the soil surface to feed and grow. In fall, the grubs
again migrate downward to overwinter. The third spring, they move upward to feed
on plant roots. By late spring, they are completely grown. These large grubs form
earthen cells and pupate. In late summer, adults emerge from the pupal stage, but
they do not leave the ground. These beetles overwinter, emerging the next spring to
feed and mate. The usual length of time for one complete generation (adult to adult)
is 2—4 years depending on latitude. Generations, however, are staggered so that the
grubs and the beetles are present every year. Grubs are usually most numerous and
damaging the second season following a large beetle flight.

Damage symptoms: The C shaped grubs devour roots and plants wither and die.
Infested seedlings remain stunted and produce no seeds. Even three to four grubs
may attack the same plant. In general eggs hatch in 1-3 weeks and grubs develop in
8-22 weeks. Pupal period lasts for 1-8 weeks and 13- 20 mm long beetles emerge by
November-December if climatic conditions are favourable, otherwise the pest
overwinters and adults are active during May-July of the following year.

Management of sorghum insect pests

Cultural management

A number of crop husbandry practices which diretly or indirectly help reduce pest
damage have become an integral component of farming systems. The need for
ecologically sound, effective and economic methods for pest control has promted
renewed interest in cultural methods. Cultural practices to suppress pest populations
are best suited for sorghum growing regions because they involve no extra cost and do
not disturb the natural ecosystem.

Time of sowing: Sowing time considerably influences the extent of insect damage.
Normally, farmers plant sorghum with the first good monsoon showers. Synchronous
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sowing of cultivars in similar maturity groups over large areas in a short span of time
helps reduce yield losses caused by shoot fly, midge and head bug.

Tillage: Ploughing before planting and after harvest greatly reduces the carryover of
pests like white grubs, grasshoppers, hairy caterpillars and stemborer by exposing
them to parasites, predators and adverse weather factors such as high temperatures
and low relative humidity.

Plant density: High seed rate @ 10 kg ha™ and destroying the deadhearts after removal
to maintain an optimal plant stand.

Intercultivation: Intercultivation exposes the pupae of shoot fly, grubs and armyworm to
parasites, predators and other adverse environmental factors and reduces the damage
caused by these insects.

Timely weeding: Timely weeding reduces the extent of damage by pests as many
common weeds act as hosts for oviposition by shoot fly, stem borers, armyworms etc.
and provide better ecological niches for the insects to hide and thus shielding them
from natural enemies and insecticide sprays. Crops that are free from weeds suffer
lower armyworm damage than weed-infested crops.

Field sanitation: Collecting and burning stubble and chaffy earheads reduces the
carryover of stemborer. Stalks from the previous season should be fed to cattle or burnt
before the onset of monsoon rains to reduce the carryover of stemborer.

Removal of volunteer sorghum and alternate hosts: Destroying volunteer and alternate
hosts eliminates shoot fly, stem borer, midge, sugarcane aphid, shoot bug and other
panicle pests.

Fallowing: Fallowing reduces the carryover and build up of pest populations from one
season to the next. Strict observance of a closed season during summer can possibly
reduce the carryover of shoot fly.

Crop rotation: Breaks the continuity of the pest over seasons. Sorghum is generally
rotated with cotton, groundnut or sugarcane. Most effective against shoot fly, stem
borer, midge, sugarcane aphid and shoot bug.

Intercropping: Intercropping of sorghum with pigeonpea, cotton, soybean, cowpea,
safflower and other leguminous crops reduces the pest pressure. Shoot fly damage is
reduced when sorghum is intercropped with leguminous crops. Intercropping of
sorghum with cowpea, lab-lab, or molasses grass (Melinis minutiflora) and silverleaf
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desmodium (Desmodium uncinatum ) reduced the stem borer incidence to a greater
extent over sole crop.

Trap crop: Planting an outer encircling row of highly preferred Napier grass
(Pennisetum purpureum) which is attractive with few larvae completing their life cycle
due to gummy substance produced by these plants causing mortality of larvae and
Sudan grass provides natural control of stem borers by acting as a trap crop.

Mechanical method
Light traps: Set up light traps to monitor adults of stem borer, grain midge and earhead
caterpillars.

Pheromone traps: Set up sex pheromone trap at 12/ha to attract male moths
Helicoverpa sp., Chilo partellus and Sesamia inferens

Fishmeal traps: Set up the fishmeal traps @ 12/ha till the crop is 30 days old.

Biological control

Parasitoids: Release egg parasitoids: Trichogramma chilonis; Larval parasitoids:
Cotesia flavipes

for stemborer

Host-plant resistance

Host plant resistance should form the backbone of pest management in sorghum.
Over the past five decades, a large proportion of the world sorghum germplasm
collection has been evaluated for resistance to insect pests, and a number of lines
with resistance to major insect pests have been identified. Plant resistance as a
method of pest control offers many advantage in sorghum growing regions. For some
insect species it is the only way of effective pest control. The most attractive feature of
using resistant cultivars is that virtually no skill in pest control application techniques or
cash investment is involved.

Sources of resistance

A number of germplasm lines resistant to important insect pests have been identified.
Reasonable levels of resistance to shoot fly, stem borer and midge have been
reported. Many of these are currently being utilized in the All India Co-ordinated
Sorghum Improvement Project (AICSIP) and the International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) to develop crop varieties with acceptable levels of
yield and resistance. Some of the morpho-physiological traits such as seedling vigor,
trichomes, erect and narrow leaves for shoot fly, early panicle initiation, faster internode
elongation and shorter peduncle for stem borer, short and tight glumes for midge,
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semicompact panicle type of cultivars (SPV 462, CSH 6, CSH 11, and CSH 14) for
panicle pests are resistant.

There is an increased awareness to breed for resistance to shoot bug in high yield
background. The rise in the key pest status of shoot bug has led to concerted efforts
directed at identifying promising sources of resistance, and the mechanisms involved
therein. Few stable sources of resistance across locations have been identified such
as IS 18557, IS 18676, IS 18677, PJ 8K(Y), and Y 75. IIMR scientists both at
Hyderabad and CRS, Solapur are actively involved in intensifying the research
activities to contain the potential threat from this pest.

Use less susceptible varieties: CSV 20, CSV 15, CSV 17, M 35-1, Phule Yashoda,
for shoot fly /stem borers.

Chemical control

Seed treatment: Treat seeds with Imidacloprid (0.165 mg/kg seed) or Thiamethoxam
(cruiser) 70 WS @ 3 g /1 kg of seeds to improve plant stand, seedling vigor, and
reduce the damage by shoot fly and sucking pests.

Spray/Whorl application

Shoot fly: When the shoot fly damage reaches 5 to 10% of the plants with deadheatrts,
the crop may be sprayed with Cypermethrin 10 EC (750 ml/ha) or Quinalphos 25 EC
(400 g a.i./ha).

Stemborer: For stem borers, Carbofuran 3G can be applied in the whorl leaves of
plants @ 8 - 10 kg/ ha or the entire field can be sprayed with Quniolphos 25 EC (400
g ai/ha)

Shoot bug, aphids: Dimethoate 30 EC, 1.5 ml/lt

Mites: Dicofol 18.5 EC @ 2 ml/ liter.

Cut worms (Mythmina, Spodoptera), red hairy caterpillars, semilooper : Apply poison
baits comprising 10 kg rice bran + 1 kg jaggery + one liter Quinolphos (25 % EC).

Midge: For sorghum midge, the crop may be sprayed at the 50% flowering stage (1
midge/panicle) with Cypermethrin 25 EC @ 1.0 ml/liter .

Earhead bug: Carbaryl 10% or Malathion 5% dust @ 20 - 25 kg/ha
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Web worms (Helicoverpa, semilooper): Carbaryl 10% or Malathion 5% dust @ 20 - 25
kg/ha

Termites: Mix soil with Chlorpyriphos 5 D @ 35 kg/ha at the time of sowing.

When the incidence of pest is noticed in standing crop dilute Chlorpyriphos 20 EC in 5L
of water and mix it with 50 kg of soil and broadcast evenly in 1 ha followed by light
irrigation.

White grub: Soil drenching of Imidacloprid 17.8 SL @ 300 ml/ha or Chlorpyriphos 20
EC or Quinolphos 25 EC @ 4 liter/ha with irrigation in standing crop around 3 weeks

Conclusion

Thus an effective integrated control should be followed to reduce the damage caused
by the pests in sorghum. Insect pest resistant varieties and cultural practices should
form the backbone for pest control programs in sorghum agro-ecosystems. Insecticides
may be used when necessary based upon economic thresholds.
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3. Improved genotypes and heterosis in rabi sorghum

Sujay Rakshit
Principal Scientist, Indian Institute of Millets Research, Hyderabad

Introduction

Sorghum [Sorghum bicolor (L.) Moench] is the fifth most important cereal crop after
wheat, rice, maize and barley across the world. It is mostly cultivated in the arid and
semi-arid tropics for its better adaptation to drought, heat, salinity and flooding. It is
the main staple food for the poorest and most food insecure people of the world.
Sorghum is reported to be cultivated across 105 countries representing 41.1 million
hectares with an average production of 58.6 million tonnes. Among the sorghum
producing countries, the top 10 sorghum producers are the United States of America
(USA), India, Mexico, Nigeria, Sudan, Ethiopia, Australia, Brazil, China and Burkina
Faso. These countries together represent nearly 77% of the world sorghum
production and 70% of world sorghum harvested area. In India the crop was a major
staple food in 1950s occupying an area of more than 18 million hectares. However,
currently in India the area under sorghum has come down to 6.3 million hectares
with an annual production of 6.4 million tones. Two adaptive types of sorghum, viz.,
kharif and rabi are cultivated in India. The kharif sorghum represents around 40% of
the area and nearly 50% of total sorghum production in India. Over last four decades
the yield gains in kharif sorghum is at 12.4 kg ha™ year” and that in rabi sorghum is
8.7 kg ha™* year™. This has been achieved both through genetic gains as a result of
breeding efforts and improvement in crop management. Over last four decades yield
gaps in sorghum in India has come down from above 80% to current level of 72.7%
and 71.5% in kharif and rabi sorghum, respectively. However, the gains in sorghum
yield have not been represented in
proportionate increase in total production due
to rapid loss in sorghum area. The loss in area
has been more conspicuous in kharif sorghum
(~70% of 1970 level) than the rabi sorghum
(~=32% of 1970 level). From mid 1980s kharif
sorghum area dropped more drastically than
the preceding period. Rabi productivity over Fig- 1. Rabisorghum area and productivity
last five decades has increased by 107%, while dynamics

the area dropped by 44% (Fig. 1).
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Historical perspective of sorghum improvement in India

Focused sorghum research in India started with the establishment of the Project on
Intensification of Regional Research on Cotton, Oilseeds and Millets (PIRRCOM) in
1958. The PIRRCOM was located at 17 different centres spread throughout the
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country, with sorghum research being led from the Indian Agricultural Research
Institute (IARI), New Delhi with isolated efforts on sorghum improvement among the
state agricultural universities in sorghum belts of Maharashtra, Karnataka, Andhra
Pradesh, Tamil Nadu and Gujarat. In 1966 the sorghum research was shifted from
Delhi to Hyderabad as a part of Regional Research Station of the IARI. During this
period the center was engaged in research on important dryland crops such as
sorghum, castor, groundnut, pigeonpea and cotton as well as sorghum-based
cropping systems. Realizing the success of hybrid sorghum in the United States of
Ameriaca in 1962 the Indian Council of Agricultural Research (ICAR) launched the
Accelerated Hybrid Sorghum Project to initiate hybrid breeding in sorghum. In
December 1969, All India Coordinated Sorghum Improvement Project (AICSIP) was
launched from the existing IARI RRS in Hyderabad. Subsequently on November 16,
1987 a full fledge institute named National Research Centre for Sorghum (NRCS)
was established at the place. The institute extended its research with an additional
regional station exclusively for rabi sorghum at Solapur in 1991. In 2009 NRCS was
upgraded to Directorate of Sorghum Research. Under XIlI Plan in 2015 the
Directorate was further upgraded as Indian Institute of Millets Research by bringing
all the millet crops under its preview of research and development. Currently AICSIP
functions with a total of 20 centers spread across nine states. During the initial period
of sorghum improvement since 1960s efforts were focused on mass and pure line
selection towards both improved grain and fodder yields. However, with demands of
sorghum as forage crop and in recent past as sweet sorghum, an alternate source of
bioethanol, efforts towards these directions have also been initiated.

Grain sorghum improvement

Focus on sorghum improvement till 1960s was on selections from local land races,
which were tall with low harvest index, photosensitive, late maturing after seize of
monsoon and with localized adaptation. Notable varieties of this period are Saonar,
Ramkel, Aispuri, PJ, Maldandi and Dagdi selections from Maharashtra; Bilichigan,
Fulgar white, Fulgar yellow, Kanvi, Nandhyal, Hagari, Yanigar varieties from
Karnataka; Nandyal (N), Guntur (G) and Anakapalle series from Andhra Pradesh; Co
series from Tamil Nadu; Budh Perio (BP 53), Sundhia and Chasation from Guijarat;
Gwalior and Indore selections from Madhya Pradesh; and RS selections from
Rajasthan. All these varieties carried mentioned undesirable traits of local landraces.
With the launching of Accelerated Hybrid Sorghum Project through the Rockfellar
Foundation a wide range of germplasm was made available in India, including male
sterile (MS) lines and converted lines from temperate x temperate and temperate x
tropical crosses from the USA, tropical landraces from African and Indian
subcontinent. This led to significant improvement principally through manipulating
plant height and maturity resulting into production of relatively photo-insensitive
cultivars with short stature, duration and higher harvest indices. Though the
emphasis of Accelerated Hybrid Sorghum Project was on hybrid development,
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realizing the limitations associated with seed chain of hybrids focus on variety
development retained till date.

Varietal improvement in Rabi sorghum

The variety M35-1 is a popular landrace grown by farmers of rabi tracts of
Maharashtra, Karnataka and Telengana during rabi season since many decades.
The variety M 35-1 proved its merit by stable performance under rainfed situations
over years with above average yield and bold lustrous grains. It was released in
1969 from Mohol station in Maharashtra for cultivation in rabi sorghum tracts across
the country.

Focused breeding on rabi sorghum was initiated in the early seventies which over
the years led to the release of several cultivars at state and central levels. Most of
the present-day improved varieties are the result of pure-line selection practiced
among the local/popular varieties and their crosses. The varieties for specific soll
situations (shallow, medium and deep) have been released. The popular varieties
have lustrous, bold and globular grains. At the national level, the variety CSV 7R was
released in 1974, CSV 8R in 1979, Swati in 1984, CSV 14R in 1992, Sel 3 in 1995,
Phule Yashoda (CSV 216R) in 2000, CSV 18 in 2005, CSV 22 in 2007, CSV 26 in
2012 and CSV 29R in 2013. Several varieties were released at the state level as
well. Some of popular varieties released for the state of Maharashtra are Phule
Maulee, Phule Anuradha, Phule Revati, Phule Vasudha, Phule Chitra and Phule
Suchitra from Rahuri centre; Mukti, Parbhani Moti (SPV 1411) from Parbhani center
and PKV Kranti from Akola. Similarly popular varieties released for Karnataka state
are DSV 4 and DSV 5. NTJ 2 and NTJ 3 were released from the Nandyal station for
Andhra Pradesh state. Many of these varieties have yielding ability better than five
decade old local variety M35-1, with roti making quality at per or even better.

Much of the rabi season sorghum is grown on residual and receding soil moisture on
shallow and medium-deep soils. A selection from local landrace was released at
national level as Phule Yashoda (CSV216R) in the year 2000. It had grain and
fodder yield superiority of 18.2% and 8.3% over M 35-1, respectively. This particular
variety finds its place as a parent in several subsequent releases, viz., CSV 22,
Phule Revati and Phule Suchitra. Breeding varieties suitable for varying soil depths
was emphasized at Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra. The
variety Phule Maulee was released in 1999 for shallow to medium soils , Phule
Chitra was released in 2006 for medium soils, Phule Vasudha was release in 2007
for deep soils and Phule Anuradha got released for shallow soils in 2008.. The
variety Phule Revati was released for medium to deep soils in 2010 and Phule
Suchitra for medium soils in 2012. These varieties have been performing well in
specific soil situations Therefore there is a need for the development of specifically
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adapted varieties adapted in rabi season to enhance production and productivity
levels.

Hybrid improvement in rabi sorghum

Commercial exploitation of hybrid vigour has paid rich dividends in kharif sorghum
leading to quantum jump in productivity. However, the progress in hybrid rabi
sorghum breeding is limited. Some of the early rabi hybrids released are CSH 7R
and CSH 8R in the year 1977 and CSH 12R in 1986. However, the rabi area covered
with hybrids is almost negligible. Lack of acceptable grain quality with adaption to
different rabi agro-ecological situations among release hybrids was the principal
reason behind low popularity of rabi hybrids among farmers.

The second phase of rabi sorghum breeding with emphasis on hybrid cultivars was
initiated in the late eighties. During this period, 250 experimental hybrids were
evaluated in the AICSIP trials. These trials resulted in t central release of CSH 13R
and CSH 15R. CSH 13R released in 1992 has significant yield superiority over M 35-
1. However, as the female parent (296A) of this hybrid was of kharif adaptation it
failed to meet the acceptable grain quality of rabi sorghum. Further it was highly
vulnerable to shoot fly and low temperature as well. Concentrated focus on
development of MS lines under rabi background led to development of several
promising female parents. One among them is 104A developed at Mohol center.
Using this female parent two hybrids, viz., CSH 15R and CSH 19R were released in
1995 and 2000, respectively with a marginal yield advantage over M 35-1. However,
none of the hybrids gained popularity due to inferior grain and fodder quality as
compared to M35-1. Though this and other new CMS lines in rabi background have
got good grain trait and yield potential, they are poor combiner for yield and lack
resistance to shoot fly and charcoal rot. Lack of diversity, grain luster and sensitivity
to low temperatures and terminal moisture stress of the parental line are the principal
bottleneck in rabi hybrid breeding.

Contrary to kharif hybrids, the heterosis in rabi hybrids is insignificant because the
landraces are used in the development of both parents. It is envisaged that
introduction of larger grain size and lustre in the female parents of kharif hybrids by
novel methods and hybridizing such female parents with rabi based R lines would
increase the yield levels of rabi hybrids to fetch better farm incomes to the farmers.
For rabi hybrid development, CMS-based seed parents and restorers need to be
diversified by creating separate gene pools through crossing between guinea-based
B-lines and durra-based B-lines and between caudatum-based R-lines and
guinea/durra-based R-lines for various selected traits.. Seed setting ability in hybrids
at low temperatures is critical to the post rainy season hybrids and requires greater
attention to ascertain the differences among the landraces for their ability to restore
fertility in hybrids.
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A Mission Mode Project on Development of Hybrid crops under National Agricultural
Technology Project funded by World Bank was in operation specifically to develop
rabi sorghum hybrids at NRCS and 7 AICSIP centres working on rabi sorghum at
National level from 1999 to 2005.Several promising hybrids and diverse parental
lines were identified. In recent years, very few hybrids are being tested in AICSIP
trials, but promising hybrids with accepatable grain and fodder quality are in
pipeline.

Future outlook

Sorghum improvement efforts have succeeded in increasing productivity of kharif
sorghum but could not impact much in rabi sorghum. In rabi sorghum efforts need to
improve parental lines with better combining ability, desired levels of resistance to
biotic and abiotic stresses and acceptable grain qualities. Though hybrids have not
gained much popularity in rabi sorghum, to enhance productivity of rabi sorghum
concerted efforts need to be focused on development of hybrids with acceptable
grain quality. Alternate use is another area of focus needed in rabi sorghum breeding
programme particularly to breed cultivars suitable to specific end uses.

Disclaimer: The article is adapted from earlier publication of the author, Rakshit et al.

2015. Indian Farming, 65(4): 12-19.

List of popular rabi cultivars released at national level through public sector
breeding efforts

S. Cultivar | Year of | Grain | Fodder | Plant | Maturity Recommended for
No. release | yield yield height (days)
(9/ha) | (g/ha) | (cm)

Hybrids

1. CSH 13R 1992 39 144 210 105-110 | Kharif and rabi sorghum growing
areas of Andhra Pradesh,
Guijarat, Tamil Nadu, Karnataka
Madhya Pradesh, Haryana,
Rajasthan, Maharashtra and
Uttar Pradesh

2. CSH 15R 1995 32 56 190 110 All rabi sorghum growing areas
of Maharashtra, south
Karnataka and north-western
Andhra Pradesh

3. CSH 19R 2000 30 58 225 117 All rabi sorghum growing areas
of the country

Varieties

1. M 35-1 1969 21 61 170- 119 Rabi tracts of Deccan,

210 Maharashtra, Karnataka and

Andhra Pradesh
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S. Cultivar | Year of | Grain | Fodder | Plant | Maturity Recommended for
No. release | yield yield height (days)
(g/ha) | (g/ha) (cm)
2. CSV 14R 1992 23 55 180- 110-120 | All rabi sorghum growing areas
200 of the country
3. Ccsv 2000 20-25 | 70-80 240- 120-125 | Andhra Pradesh, Gujarat,
216R 270 Karnataka, parts of Madhya
Pradesh, Maharashtra and
Tamil Nadu
4, CSV 18R 2005 35-38 | 87-90 225- 120-126 | Maharashtra, Karnataka and
230 Andhra Pradesh
5. CSV 22R 2006 23-24 | 70-72 180- 116-120 | All rabi sorghum areas of
200 Maharashtra, Karnataka,
Telangana and Andhra Pradesh,
Suitable for medium to deep
soils
6. CSV 26R 2012 13-16 | 45-60 180- 112-115 | Al rabi sorghum areas of
200 Maharashtra, Karnataka and
Andhra Pradesh, Suitable for
shallow soils

GFY — green fodder yield; DFY — dry fodder yield
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4. Extension approaches in India: Prospects and challenges

S Senthil Vinayagam?! & Rajendra R Chapke?

Principal Scientist, ICAR-NAARM, Hyderabad &
*Principal Scientist, ICAR- Indian Institute of Millets Research, Hyderabad 500030

Introduction

Farmers require a diverse range of information to support their farm enterprises.
Information is needed not only on best practices and technologies for crop production,
but also for post -harvest aspects. Agricultural Extension is an essential pillar for
research and development in agriculture. Despite a wide range of reform initiatives in
agricultural extension in India in the past decades, the coverage of, access to, and
quality of information provided to marginalized and poor farmers is uneven.
Approaches to agricultural extension in India and worldwide continue to evolve. Since
the Green Revolution the agricultural extension, with its focus on increasing
production via technology transfer, has adopted decentralized, participatory, and
demand driven approaches in which accountability is geared toward the users
(Kokate , 2009). While the call for demand driven agricultural extension has existed
for several decades now, new modes of reaching out to farmers could have significant
impact in India, as they might better reflect the local information needs of farmers. The
diverse nature of the Indian subcontinent, with its wide variety of agro climatic regions
and broad range of socioeconomic conditions in the rural population, calls for
agricultural extension approaches that are context and situation-specific(Singh and
Sharma,2004)

In India, the role of agricultural extension in improving agricultural growth is today
being recognized with increasing investment. India’s 10™ and 11" five-year plans
emphasize agricultural extension as a key to increasing agricultural growth by
reducing the yield gap in farmer fields, and therefore stress the need to strengthen
agricultural extension in India (Planning Commission 2001, 2005, 2006). However,
despite the renewed interest and investment in agricultural extension in India, the
coverage of such services is inadequate.

Review of Extension Approaches

Over the years, the country has tried many extension and development strategies that
helped increase and enhance farm production, productivity and overall quality of
human life. After the independence, first extension direction to agricultural
development was Community Development approach (1952). Besides land reforms,
the programme tried to assure cooperative credit, improved marketing facilities, large
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scale labour- intensive irrigation projects and the efficient use of resources with the
help of National Extension Service agency(1953). Though the basic idea of CD
programme was to bring overall development of the rural community through
community participation but not many positive results were seen due to lack of
conviction, commitment and expertise and the compelling situation of food shortages.

During sixties, the agricultural production situation was very critical and intensification
of agriculture with the use of high yielding varieties became must and agricultural
development became the sole indicator and measure of rural development. The
programmes such as Intensive Agriculture District Programme(1960), Intensive
Agriculture Area Programme(1964),National Demonstration(1966) and High Yielding
Varieties Programme gained momentum. At this point, the sole purpose was of
increasing crop yields by using modern means of production like fertilizers, irrigation
and high yielding seeds in particular. The strategy was found generally to be
unsuitable for the conditions and needs of complex, diverse and risk prone
agriculture. These approaches, though paid good dividend, generally failed to help
especially the poor farm households and reduce inequity.

During seventies, the emphasis was broadened from agricultural development to rural
development and various programmes like Small Farmers Development Agency,
Marginal Farmers and Agricultural Labour development agency,Drought Prone Area
Programme, Integrated Rural Development Programme etc. were launched.These
programmes laid substantial emphasis on participatory approach for organizing and
mobilizing poor farmers to enable to take advantages of the technology and services
on a continual basis.

Superimposed on TOT approach was the T & V system (1974) with emphasis on the
role of extension in technology transfer to encourage utilization of research results. T
& V approach was found to be too narrow in its approach and not suitable for small
farms and rain-fed areas, which are surrounded with so many uncertainties. Mean
while, the ICAR launched its extension programmes namely, Operational Research
Project (1975), KrishiVigyan Kendra (1974) and Lab to Land (1979). During 7™ plan,all
these programmes including National Demonstration (ND) were later merged under
the programme of KVK. The farming system research and extension programme was
also started through KVKs. These programmes did receive some success, but could
not make much impact, particularly in ensuring people’s participation. It was realized
that the modern technologies did not match with the farmers’ need and resources,
and therefore, farmers’ participation was partial in the programmes. The situation
demanded an emphasis on farmers’ need-based and problem-oriented technology
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generation with active participation of the farmers. The need for technology
assessment, refinement and transfer was felt and IVLP (Institute Village Linkages
Programme) based on participatory methodology was launched (1995) in selected
locations in the country. In addition, National Watershed Development Programme for
Rain-fed Areas was also launched by Govt. of India in selected states with basic
consideration of people’s participation. National Agriculture Technology Project
(NATP)integrated the activities of public and private agencies in some selected
districts under Agriculture Technology and Management Agency (ATMA) using
bottom up planning approach(1999).The project continued upto 2005 with refinement
based on field experiences.This has resulted to launch Centrally Sponsored Scheme
of “Support to State Extension Programmes for Extension Reforms) during 2005-06
and continuing till date in 630 districts of India.

POLICY GUIDELINES FOR EXTENSION PROGRAMMES

The extension programmes are implemented on the basis of National Agricultural
Policies, National Policy for Farmers and Five-Year Plans of Planning Commission.
The following are the action points were highlighted under agricultural extension in
National polices (Chandre Gowda,2013)

National Agricultural Policy, 2000

e Strengthen R-E-F linkages

e Broad-base and revitalize the extension system.

e Encourage KVKs,NGOs, Farmers Organizations, Cooperatives, corporate
sector and para-technicians for organizing demand driven agricultural
extension.

e Organise capacity building and skill upgradation programme for all extension
functionaries.

e Move towards a regime of financial sustainability of extension services through
a more realistic cost recovery of extension services .

e Mainstreaming

Gender concerns in agriculture

National Policy for Farmers, 2007
e KVKs would take up training and lab-to-land demonstrations to provide skilled
jobs in villages.
e Strengthening the State extension machinery and promote farm schools
e Convergence of extension efforts at state level , district level and below .
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e Linkage with Common Service Centres (CSCs) of the Department of
Information Technology, Government of India for inclusive and broad-based
development.

e Empowering farmers with the right information at the right time and place is
essential for improving the efficiency and viability of small and marginal
holding.

Five-year Plans of Planning Commission, Government of India:
Five Year Plans had many implications particularly for initiating new government
programmes, policies and procedures.

The Sixth Five Year Plan period coincided with the operations of T&V system.

The Seventh Five Year Plan, the World Bank assisted National Agricultural
Extension Projects | to Il were in operation. A major effort had been to broad-base
the extension activity by moving away from the narrow individual crop orientation to
farming systems approach.

The Eighth Five Year Plan more emphasis were given on development of rainfed
areas, using adoption of dry land farming system approach; involvement of NGO and
Voluntary organizations in Extension, Women in Agriculture, and integration of six
extension schemes of ICAR under KVK.

The Ninth Five Year Plan basically addressed the issue of food security. A
regionally differentiated strategy based on agro-climatic zones to take into account
agronomic, climatic, and environmental conditions to realise the full potential of every
region was emphasised.

The Tenth Five Year Plan emphasised on reforms to make extension services
demand driven, for which encourage the role of the non-government sector in
agriculture extension and an innovative approach in the field of television/ radio
broadcast,Communication networking, Strengthen the ACABC scheme to establish
agri-clinics / agri-business centres / ventures by the agricultural graduates etc.

The Eleventh Five Year Plan reiterated the key role to be played by Public extension
system in educating farmers and helping them to take right decisions. Infrastructure
below district level is needed to support capacity building of farmers by up-scaling
ATMA to all development districts through convergence. Promotions of research—
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extension— farmer -market linkages, .Public-private partnership (PPP) in extension
were also envisaged.

The Twelfth Five Year Plan envisaged National Mission on Agricultural Extension
and Technology (NMAET) in which amalgamation of 17 different schemes of the
Department of Agriculture & Cooperation will be done under the umbrella of
Agriculture Technology Management Agency (ATMA).NMAET consists of 4 Sub
Missions:

0] Sub Mission on Agricultural Extension (SMAE)

(i) Sub-Mission on Seed and Planting Material (SMSP)

(i) Sub Mission on Agricultural Mechanization (SMAM)

(iv)  Sub Mission on Plant Protection and Plant Quarantine(SMPP)

The common threads running across all 4 Sub-Missions are Extension &
Technology.

The aim of the Mission is to restructure & strengthen agricultural extension to enable
delivery of appropriate technology and improved agronomic practices to the farmers.
This is envisaged to be achieved by a judicious mix of extensive physical outreach &
interactive methods of information dissemination, use of ICT, popularisation of
modern and appropriate technologies, capacity building and institution strengthening
to promote availability of quality seeds, mechanization, plant protection etc. and
encourage the aggregation of farmers into Farmers Interest Groups (FIGs) to form
Farmer Producer Organizations (FPOSs) etc.

Farmers’ skill trainings and field extension as contained in all 4 Sub Missions of
NMAET (Viz. SMSP, SMAE, SMAM and SMPP) will be converged with similar
farmer-related activities going on through ATMA. Five-tiered modes(TV, Newspapers,
Booklets, KCC, Internet, SMS) of extension will also be carried out in broadcast or
interactive electronic modes in all the four Sub Missions.

Technical, legal, administrative & regulatory functions and other components (not
related to farmer centric extension) will continue to be discharged independently
under the respective Sub-Missions.

Support to State Extension Programmes for Extension Reforms (ATMA
Scheme)
This Scheme shall focus on the following key extension reforms:
e Encouraging multi-agency extension strategies involving Public/ Private
Extension Service Providers.
e Ensuring an integrated, broad-based extension delivery mechanism
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consistent with farming system approach with a focus on bottom up
planning process.

e Adopting group approach to extension in line with the identified needs and
requirements of the farmers in the form of CIGs & FIGs and consolidate
them as Farmers Producer Organisations;

e Facilitating convergence of farmer centric programmes in planning,
execution and implementation.

e Addressing gender concerns by mobilizing farm women into groups

The above objectives shall be met through strengthened institutional arrangements,
dedicated manpower, Innovative Technology Dissemination component and
revamped strategy. The organizational structure at various levels has been depicted
in the following diagram:

DAC/DOE

MANAGE/EEls/
SERVICE SAUS/ICAR
PROVIDER/BSNL/ [ (HRD/ACABC/
CONSULTANTS(KCC) DAESI)/

- EXHIBITIONS
State Level SanctronmgComrmttee (SLSC)/ IDWG

State
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SAMETI & SAU/ICAR
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DlstnctTrarnmg Drstrrct Farmers Advisory
Centre, KVK & ZRS GB & MC) Committee
Block
ATMA cell

Farmer

Agri-Entrepreneurs l Friend

CIGs, FIGs, FSGs, FARMERS

State Farmers Advisory
Committee

Block Farmers Advisory
Committee

Block Technology Team
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Extension through Krishi Vigyan Kendra

The Krishi Vigyan Kendra (KVK), or farm science center, is a multidisciplinary
educational institution situated at the district level, with funding and technical
supervision from ICAR. There are 631 KVKs, almost one for each district in India.
Each center is under the administrative control of a state agricultural university, State
Department of Agriculture, NGO, or central research institute. The performance of
KVKs may vary depending on the administrative control. Each KVK is in one of 15
agro climatic zones and created a niche for themselves as the front line extension
system performing the vital role of linking research-extension-farmers systems.

Extension through Private Sector

The private sector is increasingly playing a role in extension services in India.lt
develops context-specific models and using ICT tools to bring information directly to
the farmer. Most of the agricultural input companies have an element of extension
through various approaches. A few private companies have initiated ‘one-stop farm
solution centres * for their extension services .Some of them are

Mahindra Krishi Vihar: Mahindra and Mahindra Limited has established one-stop
solution centres with the establishment of Mahindra Shubhlabh Services subsidiary,
since solution centres operate on a franchise basis and provide quality inputs, 2000.
The one-stop solution centres operate on a franchise basis and provide quality
inputs, rent farm equipment, credit in partnership with banks,farm advice by trained
field supervisors who visit fields, and arrange contracts with processors for off-take
of crop produce.

Tata Kisan Sansar by Tata Chemicals Ltd. Has a franchise-based ‘hub and spokes’
model of outlets. The extension services offered by these one-stop shops include
soil testing, remote diagnostics and house brands for seeds, cattle feed, pesticides
and sprayers.

Godrej Agrovet has  chain or rural outlet and run in partnership with other
companies to extend its products range. Its ‘one-stop solutions ‘* model offers
agricultural equipment, consumer goods, technical services, soil and water testing,
veterinary, financial and post office services, and pharmaceuticals

Although few empirical studies have been carried out, the performance of private
extension is said to vary widely; it tends to focus its services on areas with sufficient
resources and is limited to a few crops and areas where profits can be assured
(Sulaiman and van den Ban 2003). The private sector serves a corporate interest,
working with individual farmers, so social capital is not built. Moreover, private
extension can only work well if farmers are willing and able to pay. One option
suggested by Swanson (2008) is that the private sector could serve the needs of
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medium-size and commercial farmers, while the public sector could work in remote
areas, which are currently not serviced well. This sort of system would require public-
private partnerships that currently at initial stages in India.

Extension through NGOs

Considering the large number of marginal and small land holdings in India, Farmers
organizations and SHGs could play important roles in articulating the needs of
farmers to knowledge intermediaries. They can operate side by side with either
NGOs or the public sector, but challenges exist in both sectors. Public capacity to
build FBOs and SHGs is limited, while NGOs, which are not numerous, rely on
donor funds and would need public support to develop the technical skills to facilitate
the groups (Swanson 2006; Sulaiman and Hall 2004). Within FBOs or SHGs,
problems related to social identity, including gender and caste, mean that these
organizations may not be completely inclusive and are subject to elite capture
problems. When farmer groups interact with other institutions, social identities and
other social status perceptions mean that they may be too weak to articulate their
concerns (Sulaiman and Hall 2004). Building the capacity of such groups, and
promoting the development of leadership and management skills so that farmers can
demand the information they need, is therefore an important component of
agricultural extension approaches.

NGOs such as BAIF , Basix and PRADAN operate in numerous states and have
been active in extension services for many years.

The Bharatia Agro-Industries Foundation (BAIF) BAIF is a Gandhian
organization committed to imparting livelihood opportunities to the rural
underprivileged families. BAIF currently works in round 50,000 villages in 12 states
of India. BAIF ‘s areas of work include water resources development, sericulture,
agro forestry, post-harvest product management and marketing cattle feed ad forage
production. BAIF facilitated the formation of farmers’ cooperatives and federations of
self-help groups.

Basix: Basix strategy is to provide a comprehensive set if livelihood promotion
services which include Financial Inclusion Services (FINS) agricultural/Business
Development Services (Ag/BDS) and institutional Development Services (IDS) to
rural poor households under one umberall. Extension services for farmers is being
provided. According to Basix its services reach around 800,000 farmers and involve
productivity enhancement, risk mitigation, local value addition and alternative market
linkage for synthetic bio-inputs and outputs.

PRADAN: A majority of the families that PRADAN works with belongs to the
Schedule Tribes and Schedule Castes. PRADAN promotes the Integrated Natural
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Resources Management (INRM) of land, water, forest and biological resources to
achieve and sustain potential agricultural productivity

Extension through ICT applications:

Kiisan Call Centres (KCC) to harness the potential of ICT in agriculture, Ministry of
Agriculture took the initiative of launching an innovative scheme “Kisan call Centres”
on January 21, 2004 aimed at offering solutions to farmers’ queries on a telephone
call.

aAgua (‘Almost All Question Answered’) is an internet based discussion portal
initiated in 2003 by the Developmental informatics Lab of the Indian Institute of
Technology in kiosks and cybercafés in Pune. A farmer can ask a question on aAqua
from a kiosk or cybercafé other farmers or experts view the question and reply (in
English, Hindi or Marathi).

Avaaj Otalo is a voice-based system for farmers to access and discuss relevant and
timely agricultural information by phone. The system itself is a voice-XML based
interactive Voice Response system. When a farmer calls iin, he/she hears audio
prompts and is asked to enter a number from the keypad or say a word in order to
navigate.

Digital Green is a non-profit organization with funding firm the Bill and Melinda
Gates Foundation and the Deshpande Foundation. It disseminates agricultural
information to small and marginal farmers through digital video.

e-Choupal is an intiative by the agri-division of ITC Ltd, the Indian Tabacco
Company, Each e-Choupal is equipped with a computer connected to the internet. A
local person acting as a sanchalak (coordinator) runs the village e-Choupal. Farmers
can obtain daily updates on crop prices in local mandis, procure seed, fertilizer, and
other products including consumer goods, and sell their crops for prices offered by
ITC.

Extension through Farmers Organizatgtions and Adri-preneurs
Agri-Clinics&Agri-Business Centres (ACABC) is a Central Sector Scheme under
implementation since 2002. The scheme promotes the involvement of agri-preneurs
to supplement the efforts of public extension system by way of setting up of agri-
ventures in agriculture and allied areas. Agri-Clinics are envisaged to provide expert
advice and services to farmers on various technologies, Agri-Business Centres are
commercial units of agri-ventures established by trained professionals.
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Mahagrapes It is a Partnership firm of 15 co-operative societies, the main aim being
to export grapes and other fresh produce to different parts of the world. Formation of
co-operative societies has helped to reach every farmer.

Producers Companies: Producer Companies are the legal institutions, registered
under GOI's Producer Company Act, or Companies (Amendment) Act, 2002. Itis a
hybrid of cooperative and private Company Act, 1956. Members have to be
necessarily primary producers i.e., persons engaged in an activity concerned with or
related to primary produce. Minimum 10 members must come together to form the
producer company and there is no upper limit for number of members.

Vegetable and Fruit Promotion Council Keralam (VFPCK) is an ISO 9001-2000
certified company registered under section 25 on Indian Companies Act 1956 and
has been established to bring about overall development for fruit and vegetable
sector in Kerala. VFPCK is managed by a result oriented multidisciplinary team of
professionals. VFPCK is a company with majority stake of farmers and the
government an financial institutions as the other major shareholders.

Farm School to promote Farmer-to-Farmer Extension: Farm School under ATMA
scheme is an attempt to institutionalize the concept of farmer-to-farmer-extension.
These ‘Farm Schools’ are to be operationalized at Block/Gram Panchayat level and
are set up in the field of achiever farmer who are the ‘Teacher * in the Farm School.

Conclusion

Due to changing agricultural conditions—including climate change, increasingly
degraded and marginalized land coming into production, limited water availability,
increasing use of inputs, rising fuel costs, and unknown market opportunities—
farmers require access to timely, reliable, and relevant information that can support
the complexity within which their farm enterprises operate. Although agricultural
extension today has a broad mandate, this review shows that despite pluralistic
extension approaches in India, the coverage and use of these services are limited.
Considering the large number of marginal and smallholder farmers, particularly in
rain fed regions, a major need is to build the capacity of farmers to demand and
access information to increase their productivity, profitability, and incomes. The
information must be reliable and timely. The public-sector extension system still
receives significant investment from the central government and is increasingly
pushed as the major source of knowledge through a presumed transfer of
technology. ATMA is a key component of the system. The KVKs also face
challenges that limit their ability to meet farmer’s needs. Pluralistic extension system
in India; with the public sector, private sector, and third sector all playing some roles.
Public-private partnerships; for example, through the agri-clinic and agri-business
center (ACABC) scheme; are one aspect that could be strengthened and
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encouraged. The public extension system dominates the provision of knowledge and
information to smallholder farmers, especially in rainfed agricultural communities and
largely concentrates on on-farm activities. The private-sector e-Choupal initiative and
various small-scale models have tried to provide farmers with information not only
regarding on-farm production but also regarding prices and accessing markets.
However, these approaches work only for specific crops and regions where farmers
have the incentive to take risks and are willing to pay for services. The impacts of the
multiple ICT approaches are not documented and tend to work in small communities.
Despite the variety of agricultural extension approaches that operate in parallel and
sometimes duplicate one another, the majority of farmers in India do not have
access to any source of information. This severely limits their ability to increase their
productivity and income and thereby reduce poverty. Understanding the behavior of
farmers in seeking information for their enterprises and communication through
social networks will assist in the development of appropriate agricultural extension
strategies. The existence of context-specific and relevant information for farmers
also needs to be considered.
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5. Sweet sorghum - An important biofuel crop and technologies for
enhancing crop productivity

AV Umakanth
Principal Scientist, Indian Institute of Millets Research, Hyderabad

Introduction

In view of the rapid increase in the global population and the consequent increase in
energy requirement, depletion of natural energy sources is rapid with atmospheric
pollution reaching highest levels. Therefore, worldwide, the demand for renewable
energy sources is continuously on the rise to cater to the needs of increased
population and to reduce carbon dioxide emissions along with associated risks of
climate change, and global warming. Biological fuels derived from the crops are the
best among the energy sources as they are renewable, holding promise as an
alternative to depleting non-renewable sources. Use of renewable, easily available,
consistent photosynthetic biomass for production of biofuel plays significant
contribution in development of environment friendly technologies. Biofuel include
fuel derived from biomass conversion, as well as solid biomass, liquid fuels and
various biogases (Demirbas, 2009). The biofuel development program especially
lignocellulosic bioethanol received highest priority of late considering the long term
economic, environmental and social benefits.

In India, ethanol is produced from sugarcane molasses which is a by-product of
sugar industry and used as a biofuel for blending with petrol. In January 2003,
Government of India (GOI) mandated 5% blending of ethanol with gasoline through
its ambitious Ethanol Blending Program (EBP). Ever since the blending program has
been initiated, the trade balance for ethanol has been generally negative as the need
for ethanol is greater from industrial sector (Chemical industry, potable alcohol
industry, etc) and less quantity is available for blending programme. To promote
biofuels as an alternative energy source, the GOI in December 2009 announced a
comprehensive National Policy on Biofuels formulated by the Ministry of New and
Renewable Energy (MNRE), calling for blending at least 20% of biofuels with diesel
(bio-diesel) and petrol (bio-ethanol) by 2017. The policies are designed to facilitate
and bring about optimal development and utilization of indigenous biomass
feedstock for biofuel production. In the last few years, the country could achieve only
closer to 2% blending of petrol with ethanol against the envisaged 5% blending. The
fact remains that ethanol production from sugarcane molasses alone does not
ensure optimum supply levels needed to meet the demand at any given time owing
to reasons such as cyclical nature of sugarcane cultivation, difficulty in increasing
sugarcane area due to high water intensiveness of the crop, erratic monsoon and
power supply. Increasing the area under sugarcane at the cost of diverting land from
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other staple food crops is undesirable. Use of corn and sugar cane as first
generation biofuel crop is limited as their use as biofuel feed stock may lead to food
shortage. Sorghum is a promising crop with high biomass and sugars, and offers an
option to produce biofuel without great increase in food price. Wider adaptability of
sorghum also makes economy of the industries viable.

Sorghum: promising alternate biofuel crop

Sorghum (Sorghum bicolor [L.]Moench) biomass is considered as one of the
potential renewable sources of energy for economic development and environmental
sustainability, owing to its wide adaptability, C4 photosynthetic pathway, and high
nitrogen and water use efficiency(Prakasham et al, 2014).Some sorghum genotypes
partition large amounts of sugars to their stems like sugar cane and therefore
classified as sweet sorghum. Sweet sorghum is a high biomass and sugar yielding
crop and is equally competent to sugarcane, maize in its ability to provide feedstock
for industries, under water-limited conditions sorghum is reliably more productive
than corn, and is more tolerant to drought than other crops. Sweet Sorghum is a
promising crop considering its high biomass, economic value to produce a very wide
range of renewable industrial commodities like sugar, biofuel and other valuable
products. Ethanol is produced from stalk juice similar to molasses based ethanol
production process. In recent years, much emphasis is given to the production of
ethanol from agricultural wastes/residues which contain cellulose (most abundant on
earth) and hemicelluloses, the carbohydrates that can be converted to ethanol by
fermentation. Cellulose has earlier been taken into account for chemical/biological
saccharification and subsequent biological conversion of the monomeric sugars to
ethanol (Chaudhary and Qazi et al, 2011).The convertibility of high biomass lines of
sorghum to bioethanol is of special interest as the use of sorghum biomass for
biofuel production will not lead to food price increase. According to Agribusiness
week (2008) estimated costs for production of 1 gallon of ethanol from sweet
sorghum is at $1.74 while it was estimated at $2.12 for producing 1 gallon of ethanol
from corn. Sweet and forage sorghums have high yield potential i.e. up to 20-40
ta’/ha dry biomass and above 100 t/ha fresh biomass and they are good source of
cellulose and hemicelluloses. Some sweet sorghum lines yield juice about 78% of
total plant biomass and contains soluble fermentable sugars from 15 to 23% (by
comparison, sugarcane has 14-16%) (Reddy et al., 2008). The sugar is composed
mainly of sucrose (70-80%), fructose and glucose. Most of the sugars are distributed
in the stalk, with about 2% in the leaves and inflorescences (Vietor and Miller,
1990).The large scale cultivation of sweet sorghum can happen if improved cultivars
with higher sugar yield with multiple biotic and abiotic stress tolerance are available
besides more importantly the policy support from Government of India in terms of
both producer and processor incentives materialize.
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Sweet sorghum breeding efforts (Research & Development)

Early R & D efforts were made at Nimbkar Agricultural Research Institute (NARI),
Phaltan, and Maharashtra to develop improved sweet sorghum cultivars by crossing
locals with exotic lines that resulted in the identification of superior types with high
cane yield, high brix content and moderate grain yield (Rajavanshi and Nimbkar
1996). At International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru, major attempts were made to evaluate and identify useful
sweet sorghum high biomass germplasm from world collections (Seetharama et al.
1987). Sweet sorghum research in India is being carried out at Indian Institute of
Millets Research (IIMR), Hyderabad, and at other All India Coordinated Sorghum
Improvement Project (AICSIP) centers in Rahuri, Phaltan, Parbhani, Akola,
Coimbatore and other places. IIMR has been engaged in sweet sorghum research
since 1989 and the sweet sorghum varieties and hybrids bred have the ability to
produce extremely high stalk yields of up to 50 t ha*, with juice Brix reading between
18% and 22% and 1.5 to 2.5 t ha™* grain.

Concerted research efforts during last two decades at IIMR and its cooperating
centres in different State Agricultural Universities and at ICRISAT have resulted in
excellent sweet sorghum varieties for use in ethanol production by the sugar
industries/alcohol distilleries and for use as green/dry fodder. Sweet sorghum
improvement programs at AICSIP centers have resulted in the identification of
several promising sweet sorghum varieties such as SSV 96, GSSV 148, SR 350-3,
SSV 74, HES 13, HES 4, SSV 119 and SSV 12611 for TSS% and juice yield, GSSV
148 for cane sugar, NSS 104 and HES 4 for green cane yield, juice yield, juice
extraction and total sugar content, and RSSV 48 for better alcohol yield.

Promising nationally released varieties/hybrids were SSV 84 (high brix), CSV 19SS
(High stalk yield, shoot fly tolerance), CSV 24SS (High stalk and sugar yields) and
hybrid CSH 22 SS (High stalk and sugar yields). The productivity ranged between 40
and 50 t ha-1 (AICSIP 2004, 2005, 2006, 2007 and 2008). The performance of
nationally released cultivars (Fig. 1) during kharif season across AICSIP locations is
given in Table 1. The yields may vary according to the location, date of planting, soil
type, season (Kharif or Rabi), rainfall distribution etc. Stalk yields obtainable during
Rabi will be 30-35% less with reduced sugar content than kharif and summer grown
crops because of prevailing low night temperatures and shorter day lengths and their
interaction with planting time.
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Table 1. Performance of nationally released cultivars

Entry Year of Pedigree Daysto | Daysto Fresh stalk Brix Juice yield | Cal. ethanol
release flower | maturity | yield (t ha-1) (L ha-1) yield (L/ha)
SSV 84 1992 | Selection 84 124 35-40 17-18 12000- 1000-1100
from IS 14000
23568
Csv 2005 | RSSV 2 x 78 120 35-40 17-18 12000- 1000
19SS SPV 462 14000
CSH 2005 |ICSA 38 x 82 119 44-52 17-18 14000- 1100-1300
22SS SSV 84 18000
Ccsva4s 2011 | NSS 1005B 81 119 35-40 17-18 14000- 1100-1200
S X (SSV 84 x 15000
401B)

Fig.1.Sweet sorghum cultivars released at national level
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Available sweet sorghum technology

Concerted research efforts utilising the wide variability in the germplasm during last
two decades at IIMR and its cooperating centres in different State Agricultural
Universities and at ICRISAT have resulted in development and commercialization of
excellent sweet sorghum genotypes for use in ethanol production by the sugar
industries/alcohol distilleries and for use as green/dry fodder. Promising nationally
released varieties/hybrids are SSV 84 (high brix), CSV 19SS (High stalk yield, shoot
fly tolerance), CSV 24SS (High stalk and sugar yields) and hybrid CSH 22 SS (High
stalk and sugar yields). The yields of these genotypes may vary according to the
location, date of planting, soil type, season (Kharif or Rabi), rainfall distribution etc.
Stalk yields obtainable during Rabi will be 30-35% less with reduced sugar content
than kharif and summer grown crops because of prevailing low night temperatures
and shorter day lengths and their interaction with planting time.

Characteristics of Sweet sorghum
Characteristics that make sweet sorghum as a candidate crop for biofuel production:

e High biomass productivity (45-80 t ha-1).

e High Brix (soluble sugars) % (16—-20%).

e Thick stems and juicy internodes with maintenance of stem juiciness until
maturity.

e Photo- and thermo-insensitivity so that it can be grown throughout the year
and fit into diversified cropping systems.

e Tolerance to shoot-pests and diseases.

e Good digestibility of residues when used as forage or for lignocellulosic
ethanol production.

e Tolerance to mid-season and terminal drought.

e High water and nitrogen-use efficiencies.

e Suitability for specific conversion technologies (bmr).

e Grainyield (3.0 -5.0t ha-1).

Current efforts in sweet sorghum breeding for enhancing bioenergy
production

Breeding methods that are used for self pollinated and cross pollinated crops can be
used in sweet sorghum breeding to develop pure line varieties and hybrids. The
most commonly used programmes in sweet sorghum improvement are short term
programmes(pedigree  method and backcross) and long term programmes
(population improvement methods).Sweet sorghum breeding and improvement leads
to the development of hybrids and parents that are useful as first and second
generation (lignocellulosic) biofuelfeed stock.Efforts are underway to breed and
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develop sweet sorghum hybrids and varieties with high biomass, rich in soluble
sugars,which are highly advantageous and promising for the sugar and biofuel
industry. The evaluation of four promising sweet sorghum lines (‘Keller’, ‘BJ 248,
‘Wray’ and ‘NSSH 104’ (‘CSH 22SS’) along with the check ‘SSV 84’ indicated
substantial genotypic differences for extractable juice, total sugar content,
fermentation efficiency and alcohol production (Rathavathiet al., 2003).The sweet
sorghum variety, keller, gained attention as a potential alternative feedstock for the
renewable energy due to its high sugar content and biomass yields (Jaisil. 2007).
Genetic improvement should focus on stalk sugar, biomass quantity and quality and
general agronomic traits (such as water and nutrient use efficiency) and, in
particular, adaptation of sweet sorghum to colder, arid saline, and alkaline
conditions. Further improvement in soluble sugar%, stalk yield and juice volume
should be targeted in sweet sorghum to help improve the benefits to the industry and
farmers without effecting grain yield. Improvement of population offers better
opportunities for breaking the desired and undesired traits, which consequently
provides scope for increased utilization of stress resistance (both biotic and abiotic).
Population improvement of sorghum provides long term breeding strategy to develop
superior varieties and hybrid parents. While population improvement programs are
not the most common in sorghum breeding, they are an important source of genetic
variation and improved traits (Rooney and Smith 2000).Brown mid rib (bmr) sorghum
mutants have been identified, which give high biomass and have lower lignin in their
cell walls compared to normal sorghum. Introgression of bmr into high biomass and
stay green lines can be done as different bmr mutants are characterized (Vermerris
et al. 2007), and most of the bmr mutants resulted in increased yields of fermentable
sugars followed enzymatic saccharification (Saballos et al. 2008).

Brown midrib (bmr) sorghum

Currently, bio fuels are mainly generated from starch and sugarcane sucrose;
however, the bulk of plant biomass is in the form of cell walls, which promise to be
the most abundant renewable source of biofuels. Recent research efforts within the
area of lignocellulosic ethanol production have focused heavily on identifying genes
involved in secondary cell wall synthesis in an attempt to change the overall
composition of the plant (Sarathet el, 2008). Another advantageous feature of
sorghum for bioenergy is the presence of brown midrib (bmr) mutations that can
reduce lignin content and increase forage digestibility in animals (Gerhardt et al,
1994: Bucholtz et al, 1980). Increased forage digestibility is negatively correlated
with lignin content in a number of grass species, including potential bioenergy crops
such as switchgrass, sorghum, and reed canary grass (Gerhardt et al, 1994: Miron et
al, 2006: Vermerris et al, 2007: Casler et al, 2002). Lowered lignin also has been
shown to increase conversion efficiency of biomass into ethanol (Casler et al, 2006:
Dien et al, 2006). Lignin is a major factor negatively affecting the lignocellulose to
ethanol conversion process (Chen et al, 2007).
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Beyond the use of brown midrib mutants to increase forage digestibility, there has
been significant interest in the impact potential these mutants may have on
lignocellulosic  bioenergy. Lignocellulosic  bioenergy conversion requires
decomposition of the cell wall polysaccharides cellulose and hemicellulose into
monomeric sugars prior to their conversion into ethanol or alternative biofuels. Lignin
negatively impacts lignocellulosic conversion because it can block the enzymatic
liberation of sugars from cell wall polysaccharide moieties, releases aromatic
compounds that can inhibit microbes used for fermenting sugars to fuels, and
adheres to hydrolytic enzymes. Therefore brown midrib feedstocks, which have
reduced lignin content and altered lignin composition, would likely have increased
conversion efficiency over their wild-type counterparts (Pedersen et al, 2008).

In a study on allelic relationship between bmr mutants, (Vogler et al, 2009) observed
that the percent NDF and ADF across bmr and normal genotypes were significantly
higher in panicle tissues followed by the leaf sheath (Table 2). Differences between
individual bmr mutants and their respective wild-type counterparts were in most
cases significant. The bmr-12 mutant had significantly higher NDF compared to its
wild-type isoline in all tissues except the panicle. There were significant differences
in IVDMD among different tissues in both bmr and normal genotypes. In the bmr-12
mutant, the degree of reduction in lignin content is paralleled with an increase in
cellulose and hemicellulose contents which are favourable for biofuel production.
Hence, bmr sorghums meet many of the general criteria (Pedersen et al, 2005) laid
out in selecting a bioenergy crop species:

e High suitability for genetic improvement

e High biomass accumulation

e High harvest index

e High fraction of biofuel in harvested biomass
e being able to be grown on marginal lands

¢ harvested material able to be stored in the field
¢ high bulk density

¢ high water use efficiency

e high N use efficiency

e low potential as a weed

¢ high coproduct potential

e optimal biomass composition

e large-scale potential production

¢ low processing costs including harvesting

In a study on the enzymatic saccharification efficiency of sorghum bmr2, bmr6é and
bmrl2 stover, it was observed increases of up to 17%, 20% and 21%, respectively,

@est practices for sorghum cultivation and importance of value-addition 20-27 Sept 2016 Page 52 of 234



. 4 ICAR-Indian Institute of Millets Research, Hyderabad =,
relative to wild-type (Dien et al, 2009). Brown midrib forage sorghum stover had
highest hexose yield (79% for maximum) following enzymatic hydrolysis as
compared to non-bmrstover that yielded 43% and 48% of this maximum (Saballos et
al, 2008). Bmr6 and bmr12 forage sorghum stover had higher hexose yield (79% and
77% for maximum, respectively) following enzymatic hydrolysis compared to wild-
type stover that yielded 65% of the maximum while the highest hexose yield (90% of
maximum) was observed in bmr6é bmrl2 double mutant stover (Chen et al, 2007).
The reduced lignin in bmr6, bmrl2 and the bmr6é bmrl2 double mutant stovers
increased ethanol conversion efficiency (44%, 46%, and 57%, respectively)
compared to wild-type (38%). Within this isogenic forage sorghum background, lignin
(Klason) content had a strong negative correlation with ethanol conversion efficiency
(r = _0.943). Together these studies establish that brown midrib mutants can
increase hexose yield in enzymatic saccharification, which will translate into higher
ethanol conversion efficiencies (Pedersen et al, 2008). Pyramiding of bmr genes into
genotypes will help in reducing lignin content and increase the conversion efficiency
of bmr sorghum for meeting the needs of animal feed and bioenergy. It is possible to
further reduce lignin content in a high yielding hybrid background by stacking bmr6
and bmrl2 without a substantial reduction in either grain or lignocellulosic tissue
yield.

In a study on near-isogenic grain sorghum hybrids involving bmr 6, bmr 12 and bmr6
bmrl2 double mutant (stacked), the soluble sugars were fairly similar among the
hybrids except for bmrl2, which had significantly higher levels of arabinose and
soluble glucose (Table 3) relative to those of the WT or bmr6 hybrids. Soluble
glucose levels were 28% higher in bmrl2 tissue than in theWT. Likewise, sugars
liberated by dilute acid treatment from glucuronoarabinoxylan (hemicellulose) were
fairly similar for all of the hybrids except for bmrl2, which contained 21% higher
levels of arabinose than the WT. The stacked hybrid has the potential to further
reduce Acid Detergent Lignin by 33%and 22% relative to that of bmr6 or bmrl2,
which is strongly negatively correlated with both ruminant animal performance and
lignocellulosic ethanol conversion efficiency. Using standard equations to predict
theoretical ethanol yields using both hexose and pentose sugars, the predicted
lignocellulosic ethanol yields of bmrl2, WT, bmr6, and stacked hybrids were 389,
357, 355, and 346 L T-1 respectively. The higher carbohydrate levels and modified
lignocellulosic tissue composition associated with bmrl2 could explain the higher
IVDMD and higher theoretical ethanol yields associated with bmr12 (Corredor et al,
2009). By virtue of low lignin in the bmr plants, the cost and duration of pre-
treatments can be reduced thereby decreasing the energy requirement for
processing. Sweet sorghum stover also serves as an excellent feedstock for ethanol
production. Introgression of bmr genes into sweet sorghums will result in the ideal
feed stock for production of second generation biofuels.
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The introduction of the bmr trait into high biomass sorghums would result in a dual-
purpose bioenergy crop that supplies fodder and fermentable sugars from the
lignocellulosic biomass. At Indian Institute of Millets Research, work on bmr
sorghums was initiated way back in 2003-04 and currently advanced bmr breeding
stocks in dual-purpose background are available while introgression of brown midrib
trait into elite sweet sorghum and high biomass lines is in progress. The promising
bmr lines were evaluated during kharif 2008 and 2009 under All India Coordinated
Sorghum Improvement Project trials and lines viz., (CSV 15 x 1S-21891)-6-1-1-1 ,
(CSV 15 x 1S-21891)-1-1-1-1, (Palem2 X IS 21891)-2-1-2-1 and (PC5 X IS 21888)-
5-1-1-1 were found promising with low lignin (4.2-5.4%) and higher digestibility
values (IVDMD %) in the range of 50-54 % as compared to the All India checks CSV
15 and CSV 23 (Lignin-5-6% and IVDMD-48-49%). These lines offer promise for

increased yield of fermentable sugars owing to their low lignin content and higher
invitrodrymatter digestibility.

Table2. Percent cell wall and in vitro dry matter digestibility (IVDMD) of normal
and brown midrib sorghum genotypes®

Tissue NDF ADF Lignin Hemicellulose Cellulose IVDMD
Across genotypes

Whole plant 58.1c 318c 48c 26.2c 27.4c 59.2b
Stem 55.0d 318¢c 4.9c 23.1d 276 ¢ 59.8 ab
Sheath 64.5b 36.3b 5.4b 28.2b 31.0b 56.2 ¢
Blade 539e 27.6d 3.9d 26.3¢ 23.9d 61.3a
Panicle 75.7 a 37.3a 58a 38.3a 31.8a 51.9d
Bmr genotypes

Whole plant 58.0c 31.4d 43¢ 26.6 C 27.7d 595
ab

Stem 575c 328¢c 4.2 c 24.7d 29.1c 56.7
bc

Sheath 65.5b 35.8hb 47b 29.7b 31.3b 57.0
bc

Blade 55.0d 28.3¢ 3.8d 26.7 ¢ 248e 6l19a
Panicle 759 a 36.9a 54a 39.0a 318a 54.2c
Normal genotypes

Whole plant 58.2¢c 324c 56b 25.7Db 27.0c 586D
Stem 51.1e 30.3d 6.0 ab 20.7c 254d 644a
Sheath 63.1b 37.0b 6.5a 26.0b 306b 55.0c
Blade 52.3d 265e 40c 25.7b 22.4e 604b
Panicle 75.2a 38.0a 6.5a 37.2a 31.7a 485d

Means followed by the same letter in a column are not significantly different. NDF — neutraldetergent fiber;
ADF - acid detergent fiber; IVDMD in vitro dry matter digestibility.

% Adapted from Vogler et al (2009).

@est practices for sorghum cultivation and importance of value-addition 20-27 Sept 2016 Page 54 of 234



@Q‘D

W ICAR-Indian Institute of Millets Research, Hyderabad

M
p';

Table 3. Effects of Brown Midrib (bmr) Genes on Lignocellulose
carbohydrate composition (Dry basis) in the Grain Sorghum
Hybrid AWheatland xRTx430%

bmr6 bmr12 stacked | WT SEM
soluble glucose (gkg -1) 12.7b 114b 154 a 13.0ab |4
soluble fructose (gkg -1) 26.4 25.3 28.2 27.3 5.6
soluble sucrose (gkg -1) 56.3 58.5 64.9 59.3 7.1
arabinose (gkg -1) 153b 16.0b 19.6 a 17.1ab | 2.4
xylose (gkg -1) 175.8 179.8 192 174 11.3
dilute acid glucose (gkg -1) 87.7 91.2 81.7 83.7 10.8
conc. acid glucose (gkg -1) 172.5b | 163.3b | 196.5a | 161.0b | 6.1

#Means in rows with differing letters differ at P = 0.05 using an F-protected LSD.
& Adapted from Sattler et al (2010).

Way Forward

In order to meet the increased demand for energy, there is a need to develop
renewable energy sources such as high energy sorghum which produce high stalk
yield per unit time, input energy, photo-and thermo-insensitive with inbuilt desired
levels of resistance/ tolerance to various stresses and with different maturities,
ensuring a continuous supply of feedstock to the biofuel industry. Genetically
developed brown mid-rib (bmr) sorghums having reduced lignin content have paved
a better path to increase cellulosic ethanol production as compared with other
sorghum cultivars and improve process economics targeting higher conversion
efficiency. Future research should address the optimization of sorghum as an energy
crop through breeding for enhanced productivity under limited available resources
and adaptation to colder, arid, saline, and alkaline conditions. Sweet sorghum
parental line research needs urgent attention for enhancing genetic potential for high
sugar content. To develop superior varieties and hybrids, long term breeding
strategy is useful.

Sweet Sorghum Production Technology

Land preparation and manuring:

1. Two ploughings followed by leveling for good soil tilth

2. Apply 10 t farm yard manure (FYM) along with last ploughing.

Plot: Six rows as gross and four rows, as net plots were generally followed in AICSIP
coordinated trials. Please do not leave the gap between the plots while planting
(continuous planting) in flat or ridge planting.

Soil type: Medium to deep black soil (Vertisol) or deep red loamy soil (soil depttz
0.75 m deep) holding at least 500 mm of plant available water (PAW).

@est practices for sorghum cultivation and importance of value-addition 20-27 Sept 2016 Page 55 of 234



X ICAR-Indian Institute of Millets Research, Hyderabad ;.
Sowing time: Kharif season crop (June —October): Sowing should be taken
immediately after the onset of monsoon, preferably from second week of June to first
week of July, depending on the onset of monsoon at your location. Record the date
(s) sowing. Sow about three seed per hill by hand dibbling or planter at 5-cm deep.
Please make sure that soil has fully charged with rainwater at least in the top 30 cm
soil layer to ensure uniform germination. Soil moisture should be above equal or
above field capacity at the time of sowing the crop.

Fertilizer management:
1. 80 kg N, 40Kg P,0s, and 40 kg K0
2. Apply 50% N, full P,Os,and K,0 at sowing as a basal
3. Apply remaining 50% N as side-dress at two equal installments at about 25-30
DAS (i.e., at final thinning) and at about 50-55 DAS after ascertaining the
availability of soil moisture.

Seed rate: 8 kg/ ha (or 3 kg /acre)
Spacing: 60cmx15 cm; (Row to row distance: 60cm; & plant to plant distance: 15cm)
Plant population: 1.10 to 1.20 lakh plants/ha (40 000 to 48 000 plants /acre)

Thinning:
1. First thinning at about 10-15 DAS and retain two seedlings per hill at 15 cm
apart.
2. Final thinning at about 20-25 DAS. Retain a single plant per hill at the time of
final thinning. Record the date (s) of first thinning and final thinning.

Weed management:
1. Apply pre-emergence spray of atrazine @1.0 kg a.i ha™ one day after sowing
but before weed emergence
2. Mechanical weeding twice up to 35 -40 days age of the crop will check the
weed growth

Intercultivation or hoeing:
Intercultivation with blade harrow or cultivator once or twice between 20 and
35 days after sowing will not only check the weed growth but also conserve
soil moisture by providing surface soil mulch.

Irrigation/rainwater management (Kharif):

1. Normally the crop is raised under rainfed condition in areas receiving rainfall of
550-750 mm. In case of late onset of monsoon and its erratic distribution, plant
the crop and irrigate immediately.
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2. lrrigate the crop if the dry spell (drought) continues faxr 20 days on deep soils
and = 15 days on medium/sandy loam soils especially at critical crop growth
stages such as panicle initiation (35-40 DAS) and boot stages (55-65 DAS).

3. Please ensure that crop does not suffer from moisture stress especially during
pre-flowering stages of crop development. Sweet sorghum is aimed at
maximizing the cane yield similar to sugarcane.

4. Hence, maintain soil always at field capacity. On the other hand, drain out the
excess irrigation water or rainfall from the field to avoid water logging.

5. Decide when to irrigate sweet sorghum based on the soil type and rainfall
distribution at your location. Finally record the dates (s) of irrigation if given in the
data book let.

Tillering: Remove the side tillers (basal) manually, if they occur before 20-25 DAS
from the base of the mother plant.

Crop protection: Take minimum and need-based protection against shoot fly, stem
borer and shoot bug, aphids etc. and other diseases as per recommendation based
on v