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FOREWORD

Millets are the backbone of agriculture in India's harsh and fragile ecologies/regions where
farming is largely dependent on erratic monsoons, frequent moisture stress, and high
temperatures on coarse-textured soils. These challenges are compounded by multinutrient
deficiencies and imbalanced fertilization practices, often limited to organic manures and
nitrogen application. As a result, millet cultivation has traditionally focused on survival
rather than profitability.

Women farmers play a central role in millet production, with pest management (including
weed control, insect and disease management) and mechanization receiving minimal
attention. This contributes to consistently low yields per unit effort/energy. However,
rising consumer awareness of the nutraceutical and health-promoting properties of millets
is driving demand, particularly among urban and elite consumers. This shift presents a
timely opportunity torevitalize millet production systems.

Despite their resilience and nutritional value, millets remain underutilized. A significant
yield gap persists between farmers' fields and research plots, largely due to the limited
adoption of Good Agricultural Practices (GAP) as a holistic package. Bridging this gap is
essential tounlock the full potential of millets for food, nutrition, and income security.

I am pleased that ICAR-Indian Institute of Millets Research (IIMR) is publishing a
comprehensive guide on Good Agricultural Practices for Millets Production in India. This
compilation not only covers major millets but also introduces emerging crops such as
fonio, teff, and job's tear, offering new avenues for diversification and resilience. The
collaboration with the Food and Agriculture Organization (FAQO) in this initiative is
commendable.

I congratulate the authors for presenting the content in a clear, accessible, and user-friendly
format. I am confident that this publication will serve as a valuable resource for farmers,
researchers, extension personnel, and policymakers working to promote sustainable millet
cultivation across India.

K.
/
4 September 2025 (Mangi Lal Jat)






PREFACE

Millets have long served as staple crops in India’s harsh agro_ ecological zones,
cultivated under low-input conditions with modest yields and limited profitability.
Despite their resilience and nutritional value, these crops have remained underutilized
in mainstream agriculture. To address this gap, the book Good Agricultural Practices
(GAP) for Sustainable Millets Production in India presents a comprehensive
synthesis of agronomic advancements developed through the concerted efforts of the
National Agricultural Research System (NARS), led by the ICAR_ Indian Institute of
Millets Research (IIMR), Hyderabad, India. This compilation covers 12 millet crops,
categorized by their geographic relevance: Pan_ India crops: pearl millet, sorghum,
and finger millet — richly documented with state-specific practices, especially in
nutrition, irrigation, and moisture conservation. Region-specific crops: foxtail, kodo,
little, barnyard, and proso millet — with emerging data and localized
recommendations. Minor and niche crops: teff, fonio, and job’s tear — grown on a
limited scale, with minimal but valuable information.

Each crop chapter follows a standardized structure to ensure consistency and ease of
reference: Agro-ecological context: climate, soil requirements, land preparation;
Crop establishment: recommended varieties, sowing windows, seed rate, spacing;
Nutrient and water management: organic and inorganic inputs, irrigation, moisture
conservation, Crop protection: weed control, pest and disease management, Harvest
and utilization: yield benchmarks, grain uses, export potential; Economic and
policy dimensions: minimum support price, seed production (with detailed protocols
for hybrid seed production in pearl millet and sorghum).

The book integrates tables, figures, and source-attributed visuals to enhance
comprehension and practical utility. It is designed to serve as a vital resource for
researchers, educators, extension professionals, policymakers, and practitioners
committed to advancing millet-based farming systems.

By bridging scientific knowledge with field-level applicability, this compilation aims
to catalyse the transformation of millet cultivation into a more productive, profitable,
and sustainable enterprise — especially for smallholder farmers operating in marginal
environments.

This compilation is the outcome of the FAO-supported project “Enhancing Capacity
on Sustainable Value Chain Development of Millets for Food and Nutrition Security
in India” (TCP/RAS/3909). The financial assistance and strategic guidance provided
by the Food and Agriculture Organization of the United Nations (FAQ) are gratefully
acknowledged, as they played a pivotal role in enabling the development and
dissemination of this resource. This publication draws upon research insights
generated over several years and gratefully acknowledges the contributions of the
National Agricultural Research System (NARS), whose sustained efforts have laid
the foundation for the advancements documented herein. We are also thankful for the
photographs shared by researchers from NARS and other sources that were duly
acknowledged. We are sure that this compilation will serve as useful reference for all
stakeholders.

Authors
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Chapter 5. Foxtail millet

Seed treatment with carbendazim or thiram (2 g/kg seed) or hot water treatment of seeds at
52 °C for 10 minutes is effective in managing the disease.

Harvesting

The crop matures in 80-100 days and can be harvested when the earheads are dry. The crop
is usually harvested during kharif season (September—October) and rabi season (January—
February) either by cutting the whole plant by sickle or cutting the earheads separately.
Alternatively, a reaper can be used to harvest foxtail millet crop. Lodging is another
important factor that can reduce both yield and quality depending on the environmental
conditions. Threshing is carried out using an all-crop thresher to separate the grain from the
panicles. Proper grading of the produce aids in better price realization.

Yield

Grain yield of foxtail millet ranges from 1.5—1.8 t/ha and straw yield ranges from 2.0—4.0
t/ha.

Seed production

Foxtail millet is a self-pollinated crop and for certified seed production, an isolation distance
of five metres is sufficient. This helps maintain genetic purity. It has a seed multiplication
rate of 1:80—100.
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Panicum sumatrense (Roth ex Roem. & Schult).

FIGURE 59. Field view of little millet FIGURE 60. Formation of panicle in little millet
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In India little millet is known as chama in Malayalam, same in Kannada, samai in Tamil,
sama in Telugu and kutki in Hindi. It is an annual herbaceous plant which grows upright, or
with folded blades, reaching a height of 30-100 cm. The leaves are linear, with occasionally
hairy laminae and membranous hairy ligules. The panicles measure 4—15 cm in length with
awns that are 2-3.5 mm long. The grain is round and smooth and about 1.8-1.9 mm long.

Little millet is a very nutritious millet suitable for people of all age groups. Its high fibre
content helps to prevent constipation and heals problems related to the stomach. The fibre
also helps to reduce fat deposits in the body. It is found beneficial in improving semen count
in men and regulating irregular periods in women. Every 100 g of little millet contains 8.7 g
of protein, 75.7 g of carbohydrate, 5.3 g of fat and 1.7 g of mineral.

Little millet grain is recommended as a substitute for rice in patients with diabetes. As a
result of its high dietary fibre content, it acts as a hypoglycaemic agent. The higher lecithin
content in this millet encourages simple digestion making it suitable for consumption by both
humans and animals. Because of its cooling properties, it is a good food option in summers.
Recent cultivation details are not available. However, as per 2015/16 data, it is cultivated on
2 34 000 ha with a grain production of 1 27 000 tonnes (Hariprasanna, 2023).

Climatic requirements

Little millet is grown throughout India especially in the states of Karnataka, Tamil Nadu,
Odisha, Madhya Pradesh, Chhattisgarh, Jharkhand, Andhra Pradesh, Uttarakhand,
Maharashtra and Gujarat. It can withstand both drought and waterlogging situations. It can be
cultivated up to an elevation of 2000 m above sea level.

Soil

Little millet can be grown on a wide range of soils including waterlogged soils. Deep, loamy,
fertile soils rich in organic matter are ideal. It can withstand both salinity and alkalinity to
some extent. In India it is often cultivated on marginal lands by the tribal populace of the
country.

Land preparation

Effective soil management for little millet is crucial for boosting productivity, enhancing
nutrient-use efficiency and maintaining long-term soil health, especially under rainfed and
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marginal conditions in India. Conventional tillage using a disc plough followed by a
cultivator or rotovator helps to improve soil aeration, moisture retention, root penetration,
microbial activity, and nutrient availability. Ploughing also aids in the incorporation of
manure into the soil.

Varieties

There are two races of little millet i.e. nanaand robusta. ‘Nana’ races have small
inflorescence (14-15 cm) are upright, open, and heavily branched, with branches that droop
at maturity. Plants in the race ‘robusta’ are tall (120-190 cm) with long inflorescences (20—
45 cm) that open compactly and are extremely branching. The ‘nana’ race of little millet has
higher Fe, Zn and protein content than the robusta race. The list of improved and popular
little millet varieties recommended for different states is given in Table 27.

TABLE 27. Recommended varieties of little millet across different states in India

State ‘ Varieties

Odisha OLM-203, OLM-208, OLM-217 (Kalinga Saun 217), BL-6, DHLM-
36-3, DHLM-14-1

Madhya Pradesh | JK-4, JK 8, JK 36, JK-137, BL-6, DHLM-36-3, CLMV 3 (LMV
539)

Andhra Pradesh OLM-203, JK-8, BL-6, DHLM-36-3, CLMV-1 (JAICAR Sama-1)

Tamil Nadu Paiyur-2, TNAU-63, CO-3, CO-4, K-1, OLM-203 (Tarini), OLM-20,
BL-6, DHLM-36-3, DHLM-14-1, CLMV-1

Chhattisgarh JK-8, BL-6, JK-137, BL-4, JK-36, DHLM-36-3, BL-41-3 (Chhattisgarh
Sonkutki), CLMV-3 (LMV 539)

Karnataka OLM-203, JK-8, BL-6, DHLM-36-3, DHLM-14-1, CLMV-1

Gujarat GV-1, GV-2, GNV-3, GV-4, OLM-203, JK-8, BL-6, DHLM-36-3,
DHLM-14-1, CLMV-1

Mabharashtra Phule Ekadashi (KOPLM-83), JK-8, OLM- 203, BL-6, DHLM-36-3,
DHLM-14-1, CLMV-1

Himachal CO-2, BAU-3

Pradesh

Source: Authors’ own elaboration

Sowing windows

Little millet is cultivated during both kharif and rabi seasons. In the kharif season, little millet
is sown in June in Tamil Nadu, mid-June in Odisha and from the end June to the first week of
July in Madhya Pradesh and Karnataka. In Tamil Nadu the sowing window for little millet in
the rabi season is September—October.

Seed rate and spacing

Little millet is sown by broadcasting or in lines. Resource-poor farmers in drylands resort to
broadcast sowing and thus have a higher seed requirement (12 kg/ha). In contrast, line sown
crop requires 8 kg seed/ha. Line sowing is preferred for ease of intercultural operations and
higher productivity. Sowing in rows 22.5 cm apart with a plant-to-plant spacing of 8—10 cm
Is recommended, with the sowing depth not exceeding 5 cm.
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Chapter 6. Little millet

Manure and fertilizers

Little millet is a crop with low fertilizer requirements; however, high-yielding varieties
require adequate fertilization, especially in poorly fertile soils. An application of 5-10 t/ha
FYM one month before sowing during summer ploughing aids in better crop nutrition and
moisture conservation. In addition, application of 40-20-20 kg/ha N-P20s- K20 is desirable.
Studies conducted as part of the All India Coordinated Research Project on Small Millets
(AICRP-SM) at Kolhapur (Maharashtra), Nandyal (Andhra Pradesh) and Waghai (Gujarat)
during 2021 indicated that 50 percent RDF application as basal and 19-19-19 N-P-K fertilizer
foliar spray (2 percent) at panicle initiation and flowering stages, was promising. This is more
so under drought conditions. The fertilizer recommendations for different states are given in
Table 28.

TABLE 28. Recommended dose of fertilizers for little millet across different states in India

States Fertilizer dose (N:P,0,:K,O kg /ha)
Andhra Pradesh 20:20:0
Bihar and Orissa 20:10:0
Tamil Nadu 40:20:0
Other states 20:20:0

Source: Authors’ own elaboration

Biofertilizers

Seed inoculation with Agrobacterium radiobacter and Aspergillus awamori biofertilizers is
practised to enhance crop nutrition and thereby improve seed yield. Seed treatment with
Agrobacterium radiobacter and Aspergillums awamori in liquid form (4-5 ml/kg seed)
followed by soil application of liquid biofertilizers in furrows (6-7.5 litres mixed with 500 kg
FYM/ha) was found promising in studies conducted by AICRP-SM during 2021 at Jagdalpur
(Chhattisgarh), Mandya (Karnataka) and Vizianagaram (Andhra Pradesh).

Weed management

Two inter-cultivations and a single hand-weeding in a little millet crop that is line-sown, and
hand-weeding twice in crop that is broadcast, is necessary for effective weed management.
Post-emergence application of 2, 4-D sodium salt (1.0 kg/ha) at 20—25 DAS is effective in
managing broadleaved weeds.

Water and moisture management

Little millet is a rainfed crop that makes soil moisture conservation inevitable for stable
yields. Cultivation of drought tolerant variety ‘OLM 20’ in Odisha, Madhya Pradesh,
Chhattisgarh and early maturing (55-60 days) ‘Birsa Gundli-1’ in Bihar plateau and
Jharkhand, is recommended for coping moisture stress. Irrigation at critical stages enhances
crop performance and increases the likelihood of achieving higher yields. Two irrigations, the
first at 25—30 DAS and the second at 45—50 DAS is recommended for higher yields.

Cropping systems

Little millet is integrated into many mixed, intercropping systems and crop rotations. In
Karnataka and Odisha little millet is intercropped with black gram (4:2 row ratio). In
Karnataka it is also relay intercropped with horse gram. In Madhya Pradesh it is intercropped
with sesame/soybean/pigeon pea (2:1 row ratio). Intercropping little millet with pigeon pea
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(2:1 row ratio) is also practised in south Bihar. In Tamil Nadu, little millet intercropping with
groundnut (1:6) has shown promising results. Among the crop rotations, little millet rotation
with niger and little millet with mustard are prominent. Multilocation experimental studies by
AICRP-SM demonstrated the profitability of little millet rotation with safflower, cowpea or
lentil.

Insect-Pest Management

Many insect pests are reported in little millet, with varying levels of economic losses.
Shoot fly (Atherigona pulla Wiedemann)

Shoot fly is the most common insect pest of little millet causing substantial yield loss. During
the early vegetative stages, it causes significant damage by targeting the central growing
shoot, leading to dead hearts (Figure 61) and poor tillering. If infestation continues into the
panicle initiation stage, it leads to the formation of “white ears”.

Early sowing with the onset of monsoon is an effective and economical method of control.
Other recommendations for management of shoot fly in little millet include: the cultivation of
shoot fly tolerant varieties (BL-4, JK-4, JK-36, OLM-208 and OLM-217); spraying of
1500 ppm neem / azadiractin on the seventh day after sowing; seed treatment with
chlorpyriphos 2 EC at 2.5 ml/kg seed or imidacloprid 600FS at 5 ml/kg seed (Kumar and
Channaveerswami, 2015). Intercropping little millet with onion or garlic was found effective
in reducing oviposition and lowering the formation of dead hearts, resulting in enhanced
grain and fodder yields (Sathish Manjunatha and Rajashekarappa, 2017).
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FIGURE 61. Dead heart symptoms in little millet
© Ganiger P, University of Agricultural Sciences, Bengaluru

Stem borer

During the vegetative stage, the larva bore into the stem and feed on growing shoot. This
causes drying of the central shoot, also known as dead heart. Stem tunnelling weakens the
plant and subsequently leads to lodging. Affected plants show poor panicle emergence and
grain filling.

Early sowing helps to reduce borer infestation. Seed treatment with biocontrol agents like
Trichogramma chilonis (egg parasitoid), Beauveria bassiana or Metarhizium anisopliae
(entomo-pathogenic fungi) will effectively reduce infestation. Seed treatment with
imidacloprid or thiamethoxam (5 g/kg seed) is also beneficial.
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Termites

Termites are emerging as a serious threat to little millet cultivation in dryland systems where
application of organic residues and moisture stress conditions coexist.

Affected crops show wilting or drying of seedlings, patchy crop stands (especially in light
soil) and these symptoms are often mistaken for drought or nutrient stress.

Disease management

Blast, banded leaf and sheath blight (Rhizoctonia solani), grain smut, rust, foot rot, udabatta
(Ephelis oryzae) and viral diseases are reported in little millet. Among these grain smut is the
most important and often problematic disease.

Smut (Macalpinomyces sharmae K.Vanky)

The disease is ovaricolous (ovary-borne) and its symptoms appear at the grain formation
stage. The affected ovary is converted into a smut sorus but does not enlarge beyond the size
of the normal grain. Some of the late-developing grains remain greenish and become slightly

larger than normal grains. When these greenish, healthy-appearing grains are pressed, they
release spores.

Management

Seed treatment with carbendazim or carboxin (2 g/kg seed) as well as Trichoderma viride is
effective in smut management. Little millet varieties like OLM2-17, DHLM-14-1 and
OLM-203 have exhibited strong resistance to grain smut.

Rust (Uromyces linearis Berk. & Broome)

The disease can affect the crop at all growth stages, however, the damage is severe only when
infection begins before flowering. Use of rust-resistant varieties like OLM-217, DHLM-14-1
and OLM-123 and spraying mancozeb 75 WP (0.2 percent) help in managing rust to a certain
extent.

Harvesting

The kharif season crop is harvested between September and October, while the rabi crop is
harvested between January to February.

Yield

The grain yield of little millet ranges from 1.2—1.5 t/ha and straw yield ranges from 2.0-2.5 t/ha.

Exports
No separate data on export of little millet is available.

Seed production

Little millet is a self-pollinated crop and for certified seed production, an isolation distance of
five metres is sufficient. This helps maintain genetic purity. It has a seed multiplication rate
of 1: 80-100.
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(Panicum miliaceum L.)

Figure 62. Field view of proso millet
©ICAR-IIMR, Hyderabad

Proso millet is also known as panivaragu (Tamil and Malayalam), barre (Hindi), baragu
(Kannada), varigulu/varagalu (Telugu), vari (Marathi), cheno (Gujarati) and cheena (Bengali
and Punjabi). It is an important minor millet grown in India. Owing to its quick maturity, this
crop is able to evade drought. It is a shallow-rooted and short duration crop (60-90 days)
with relatively low water requirement, and therefore, it offers better prospects for intensive
cultivation in dry lands. Proso millet is grown as a rainfed crop during the kharif season, but
under irrigation it can be grown as a summer catch crop in high-intensity rotations.

Among the small millets, proso millet has the highest protein content (13.21 percent). Its
protein has higher proportion of leucine, phenylalanine and methionine, but relatively low
lysine. Proso millet is a good source of carbohydrate (74 g carbohydrates in 100 g) and crude
fibre (5.5 g in 100 g flour). It is believed to have originated in India and later spread to other
parts of the world. It may have evolved from Panicum psilopodium, a wild species found in
Myanmar, India and Malaysia.

In India, proso millet is extensively cultivated in Madhya Pradesh, eastern Uttar Pradesh,
Bihar, Tamil Nadu, Maharashtra, Telangana, Andhra Pradesh and Karnataka. In 2015/16, it
was cultivated over an area of 40 000 hectares with a grain production of 22 000 tonnes
(Hariprasanna, 2023).

Climatic requirements

Proso millet is primarily a self-pollinated short-day plant, suited to warm climates. It is highly
drought resistant and can be grown in areas where there is scanty rainfall. It displays
remarkable drought tolerance and can grow in dry, semi-arid areas, producing seeds under an
annual precipitation as low as 330-350 mm. Proso millet has very high water use efficiency,
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resulting in the lowest water requirement among all cereal crops. It has a very short growing
duration (60-100 days) and can withstand water stagnation to some extent. It can be
cultivated at altitudes ranging from 1200 m to 5000 m above sea level. The optimum
temperature for proso millet cultivation is 20-30 °C. When temperatures go above 30 °C,
vegetative growth and flowering slow down. The main stems become short in stature, making
them drought tolerant.

Soil

Proso millet can be cultivated on a wide range of soils, from heavy soils to comparatively
poor soils; with variable texture, ranging from sandy loams to clays of black cotton soils.
Coarse sands are not suited for proso millet cultivation. Well drained loam or sandy loam
soils free from kankar (hard nodules or layers of calcium carbonate) and enriched with
organic matter are ideal for proso millet cultivation. It grows best in soils with a pH of
5.5-6.5 and can tolerate soil salinity in the range of 1.5-9.5 dS/m (deci-siemens per metre).
Saline tolerant accessions/cultivars of proso millet were found to possess higher
chlorophyll-a content suggesting an association between chlorophyll-a and salt tolerance.
Proso millet also shows high tolerance to alkalinity. It has very low nutrient requirements.

Land preparation

Soon after harvesting the preceding crop, the field is ploughed to expose the soil to sunlight
and enhance its moisture retention. With the onset of monsoon, the land is harrowed two or
three times and then levelled. When proso millet is being cultivated as a summer crop, one
irrigation is given prior to land preparations. Once the soil reaches a workable condition, the
seedbed is prepared by ploughing thrice followed by harrowing and then by planking. Proso
millet needs a firm and clean seedbed but does not respond to deep ploughing.

Varieties

Several improved varieties of proso millet have been developed beginning with the first pure
line variety ‘Ram Cheena’ in 1960. Among the known races of proso millet, ‘ovatum’ has
been found to have significantly higher iron, zinc, calcium and protein content compared to
other races (miliaceum, patentissimum, contractum, compactum and nutans). The list of
improved and popular varieties recommended for different states is given in Table 29.

TABLE 29. Recommended varieties of proso millet across different states in India

State / Union territory Varieties

Tamil Nadu and Co5 (TNAU-143), TNAU-151, TNAU-164, TNAU-145, TNAU-202,

Puducherry Co-4, K-1, K-2, Co-3, Co-2, GPUP-21, GPUP-8 , GPUP-25 (PMV-42),
ATL-1 (TNPm-230), DHPM-8-3 (CPRMV-2), PMV-480 (VP-021)*

Uttarakhand PRC-1, TNAU-145, TNAU-151, TNAU-164, GPUP-25, ATL-1 (TNPm-230)

Karnataka GPUP-8, GPUP-21, GPUP-25, TNAU-145, TNAU-151, TNAU-164,
TNAU-202, ATL-1 (TNPm-230), DHPM-2769, PMV-442, DHPM-8-3
(CPRMV-2),

Bihar BR-7, TNAU-164, TNAU-145 PR-18, TNAU-202, TNPm-230, ATL-1
(TNPm-230), PMV-480 (VP-021)*

Andhra Pradesh Sagar, Nagarjuna, Co 4, Co 3, TNAU-151, TNAU-164, TNAU-202,
GPUP 25, ATL-1 (TNPm-230), DHPM-8-3 (CPRMV-2), PMV-480
(VP-021)*

Uttar Pradesh Bhawna, PRC-1, TNAU-145, TNAU-164, TNAU-151, GPUP-25, ATL-1
(TNPm-230)

Source: Authors’ own elaboration
*2025 release
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Sowing windows

Proso millet is cultivated throughout the year. As a kharif crop, it is sown with the onset of
monsoon. As an irrigated rabi crop, it is sown in September—October in Tamil Nadu and
Andhra Pradesh. In Bihar and Uttar Pradesh it is sown as a catch crop during summer in the
second fortnight of March and May. During summer, it is advisable to sow proso millet
immediately after harvesting the rabi crop.

Seed rate and spacing

The seed rate depends on the method of sowing with broadcast crops needing 3050 percent
higher seed than line sown ones (10 kg/ha). It is important to use high-quality seeds for good
germination and disease-free crops. Proso millet is sown in lines that are 25 cm apart with a
plant-to-plant spacing of 10 cm. Shallow sowing (1.5 cm to 2 cm) is done under favourable
soil moisture conditions in high rainfall and irrigated areas. Deep sowing (3 cm to 4 cm) is
done under rainfed and low rainfall conditions. Proso millet is sown by broadcast method
and by line sowing. Line sowing ensures better germination, cuts down seed requirement and
facilitates intercultural operations compared to broadcasting.

Manure and fertilizers

Being a short duration crop, proso millet requires relatively less nutrients compared to other
cereals. Under irrigated conditions, the general fertilizer recommendation is 50-30-20 kg/ha
of N-P20s-K20. The entire dose of phosphorous and potassium along with half the dose of
nitrogen is applied as a basal dose at the time of sowing. The remaining nitrogen is top
dressed at the time of the first irrigation. Under rainfed conditions, a fertilizer dose of
25-15-10 kg/ha of N-P20s-K20 is sufficient. If organic manure is available, it may be added
to the soil a month prior to sowing at the rate of 4-10 t/ha. The fertilizer required specific to
different states is given in Table 30.

TABLE 30. Fertilizer reccommendations for proso millet

States Fertilizer dose (N-P2Os kg/ha)

Andhra Pradesh and other states 20-20
Bihar and Tamil Nadu 20-10
Uttar Pradesh 40-20

Source: Authors’ own elaboration

Weed management

The productivity of proso millet is adversely affected by weeds, more so during the kharif
season. To achieve higher vyields, the field should be kept weed-free during the first
4-5 weeks after sowing.

For weed management in line sown crop, two inter-cultivations and/or one hand-weeding
along with pre-emergence spray of atrazine (0.56 kg/ha) is recommended. In crops sown by
broadcasting, one hand-weeding along with post-emergence application of 2,4-D sodium salt
(1.0 kg/ha) at 20—25 DAS is recommended. Pre-emergence application of pendimethalin
(1.0 kg/ha) or atrazine (0.56 kg/ha) followed by a mechanical weeding at 20 days after
transplanting offers integrated weed management benefits. Mulching with organic material
like straw, hay or dried leaves suppresses weeds.
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Water management

Proso millet sown during the kharif season generally does not require any irrigation. Its water
requirement is very low (200-500 mm) and over 90 percent of this is met through rainfall.
When limited water is available for irrigation, the ear emergence stage is the most critical
period. Hence, if dry spells prevail for longer period, then one irrigation must be given at
tillering stage to boost yields. A summer crop, however, would require two to four irrigations
depending upon the soil type and climatic conditions. The first irrigation must be given at
25-30 DAS and the second irrigation at about 40—45 DAS. Because the crop has a shallow
root system, heavy irrigation is not advisable. In proso millet, the yield increases substantially
with irrigation when compared to other cereals (32.57 kg/ha for every cm of irrigation).

For rainfed cultivation, short duration early varieties such as TNPm-230, DHPM-2769,
Nagarjuna, Bhawna, CO-3, CO-5 and TNAU-202 are recommended. Mulching the soil with
organic material like straw, hay or dried leaves aids in the conservation of soil moisture.

Cropping systems

Owing to its short duration (60—75 days), proso millet can fit well into many intercropping
and crop rotation systems. Its intercropping with green gram in 2:1 proportion is important in
Bihar and Uttar Pradesh. Proso millet is also included in crop rotations such as: millet-wheat
/ barley; proso millet—chickpea; maize—potato—proso millet or maize—wheat—proso millet. In
western regions of Bihar, proso millet rotation with potato is particularly prominent. In
Maharashtra, proso millet is cultivated alongside bamboo as part of an agroforestry approach.

Insect-pest management

Shoot fly is the major insect pest of proso millet. Fall armyworm infestation has also been
reported in recent years.

Shoot fly (Atherigona pulla)

Shoot fly is the most serious pest of proso millet capable of causing significant yield losses of

up to 80 percent or sometimes even total loss of crop. Adult flies lay eggs on the central

shoot of seedlings. Larvae bore into the stem and feed on the growing point, that leads to the

droning of the central shoot (dead heart) within 2-6 weeks after sowing. Dead heart

symptoms in proso millet crop can be seen in Figure 63.
2 .
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FIGURE 63. Dead heart symptoms in proso millet FIGURE 64. Fall armyworm in panicles of proso millet
© Ganiger P, University of Agricultural Sciences, Bengaluru
Management
Early sowing with the onset of monsoon is an effective and economical method for managing

shoot fly. Using a higher seed rate and thinning and destroying of seedlings that show
symptoms of dead hearts also help reduce infestation. Application of carbofuran 3 percent
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granules (30 kg/ha) in furrows or as broadcast before sowing is recommended to control the
pest. In shoot fly prone areas, tolerant cultivars such as GPUP-21, GPUP-8, BR-7,
TNAU-145, TNAU-151, TNAU-164 and CO-4, is desired.

Fall armyworm

Incidences of fall armyworm damage in proso millet have also been reported (Figure 64).
Nematode

Proso millet has been known to be infested mainly with the seed-borne nematode
Aphelenchoides besseyi. The nematodes were found localized underneath the glumes in an
anhydrobiotic state. Up to 16 nematodes with an average of 1.8 per seed were recorded. The
larvae feed on the central growing shoots of crops.

Complete eradication of the nematode can be achieved by pre-soaking the seeds in
one percent hydrogen peroxide (H202) for 3 hours followed by hot water treatment at 48 °C
for 15 minutes. Alternatively, hot water treatment at 50 °C for 15 minutes can be given
directly in case of seeds not pre-soaked in H202 (Gokte and Mathur, 1993).

Disease management

Head smut and grain smut (Sphacelotheca sorghi /Ustilago crameri) and leaf spot are major
diseases affecting a proso millet crop. Blast, banded leaf and sheath blight, downy mildew
(Sclerospora graminicola (Sacc.) J. Schrot.), Udabatta (Ephelis oryzae Syd.) and melanosis
are other minor and emerging diseases affecting the crop.

Head Smut (Sorosporium paspali-thunbergii)

The fungus modifies the entire inflorescence into a sorus enclosed by a greyish-white false
membrane. The membrane ruptures as the plants mature, exposing the dark-brown spore
mass and the vascular tissues of the smutted panicle. The pathogen survives in soil and is
transmitted as externally seed-borne teliospores. High humidity and high temperature are
conducive conditions for the spread of this fungus.

Management

Treating seeds with organo-mercurial compounds such as carboxin (1.5-1.875 g/kg seed) or
hot water treatment by soaking the seeds in hot water at 55 °C for 7-12 minutes, is useful in
managing the disease.

Cultivation of smut resistant cultivars such as TNAU-145, TNAU-151, TNAU-218,
TNAU-164, DHPRMV-2769, TNAU-148 and CO-5 is recommended.

Rust (Uromyces linearis Berk. and Broome)

The symptoms of rust appear as small, raised yellow to white spots on both sides of the leaf.
As the disease progresses, spots enlarge and merge, forming reddish-orange pustules.
Pustules often have yellow margins. The pustules darken, turning brown or black and the
leaves dry prematurely, reducing photosynthetic area. If infection occurs before flowering,
the plant may collapse. Yield losses are highest when rust strikes early in the crop cycle.
Warm, humid weather, dense crop stands with poor air circulation and late sowing often
increases rust incidence.

Early sowing helps avoid peak infection periods. Cultivation of rust resistant cultivars such as
TNAU-164, TNAU-145, TNAU-204, TNAU-218, TNAU-220 and CO-5 is recommended.
Spraying of Trichoderma viride or neem-based formulations (azadirachtin 0.15 percent) or
seed treatment with mancozeb or propiconazole were found effective in rust management.
Crop rotation is also helpful in reducing inoculum build-up in the fields.

Bacterial stripe disease / bacterial leaf blight (Acidovorax avenae subsp. Avenae)
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The disease is more severe in the years following floods making it an important concern for
climate change. In younger plants, the pathogen results in stunting and death of seedlings
(Figure 65). In the hilly areas of Uttarakhand, it is recommended to use a leaf blight resistant
cultivars such as PRC-1.
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FIGURE 65. Leaf blight in proso millet crop FIGURE 66. Leaf spot in panicles of proso millet

© Palanna K.B, University of Agricultural Sciences, Bengaluru
Grain smut (Sphacelotheca sorghi /Ustilago crameri Korn)

This disease, also known as covered smut/kernel smut, is characterised by the transformation
of grains into white greyish sacs (smut sori). The sori are filled with chlamydospores
appearing as black powder which is responsible for the spread of disease as an externally
seed-borne pathogen. The cultivar CO-5 (TNAU-143) is resistant to grain smut.

Leaf spot (Bipolaris panici-miliacei (Syn. Helminthosporium panici-miliacei)

Leaf spot is one of the serious diseases of proso millet. It is seed-transmitted and appears as
brown rectangular spots over infected leaves. Seed rotting, coleoptile spot and seedling blight
are the common symptoms of seed infection (Figure 66).

Cultivating leaf spot resistant varieties such as ‘PRC-1°, GPUP-8, CO-5 and RAUM-7 is
recommended. Seed treatment with 2-3 g/kg of carbendazim (50 percent WP) or foliar
spraying of carbendazim (0.05 percent) at the time of flowering has been recommended to
prevent secondary infections.

Downy mildew: Downy mildew was also reported in proso millet (Figure 67).

FIGURE 67. Downy mildew symptoms in panicles of proso millet
© Palanna K.B, University of Agricultural Sciences, Bengaluru
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Harvesting and threshing

In most varieties, proso millet is ready for harvesting 65-75 days after sowing. The crop
should be harvested when it is about to mature. Lodging and shattering are problems in proso
millet, particularly in post-rainy and summer season crops. The seeds at the tip of the upper
heads ripen and shatter before the lower seeds and the panicles mature later. Therefore, the
crop should be harvested when about two thirds of the seeds are ripe. Cultivation of
non-lodging and non-shattering varieties such as K-2 is useful. The crop is threshed
manually or using bullocks.

Yield

Under better management, it is possible to harvest 2.0-2.5 tonnes of grain and 5.0-6.0 tonnes
of straw per hectare.

Exports

According to Volza's India Export data, India is the top exporter of organic proso millet.
Most of the organic proso millet exports from India go to the United States of America,
United Arab Emirates and Hong Kong. Globally, India is the top exporters of organic proso
millet. (Source: Volza export trade data)

Seed production

Proso millet is a self-pollinated crop and for certified seed production, an isolation distance of
five metres is sufficient. This helps maintain genetic purity. It has a seed multiplication rate
of 1:80-100.
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Paspalum scrobiculatum (L).

FIGURE 68. Field view of kodo millet
O©ICAR-IIMR, Hyderabad

Kodo millet is a highly drought-resistant crop and is considered the coarsest of all food
grains. It is known by the names cow grass, rice grass, ditch millet, native paspalum or Indian
crown grass. Originally from tropical Africa, kodo millet is believed to have been
domesticated in India 3000 years ago. The grains are enclosed in a hardy seed coat which
should be removed before cooking. Nutritionally each grain of kodo millet contains
8.3 percent protein, 1.4 percent fat, 65.6 percent carbohydrates and 2.9 percent ash. The grain
is recommended as a substitute for rice in patients suffering from diabetes.

India is a major producer of kodo millet. It is cultivated in many states including Madhya
Pradesh, Uttar Pradesh, West Bengal, Andhra Pradesh, Tamil Nadu and Rajasthan. Though
recent cultivation details are unavailable, as per the data available for 2015/16, it is cultivated
on 196 000 ha (Hariprasanna, 2023) with a grain production of 94 000 tonnes of which
50 000 tonnes were produced in Madhya Pradesh, 17 000 tonnes in Chhattisgarh,
12 000 tonnes in Tamil Nadu, 7000 tonnes each in Gujarat and Uttar Pradesh and the
remaining in other states. Dindori and Mandla (Madhya Pradesh) are the two districts which
have highest area and production of kodo millet.

Climatic requirements

Kodo millet is cultivated predominantly in warm and dry climate. It performs best at
temperatures between 25-35 °C, with germination and early growth most vigorous at around
30-35 °C. At temperatures below 20 °C, kodo millet has slow germinates and low seedling
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vigour while temperatures above 40 °C result in reduced growth, leaf scorching and yield
losses up to 30 percent. Being highly drought tolerant it can be cultivated in areas where
rainfall is scanty and erratic. It thrives well in areas receiving only 40 to 50 cm annual rainfall
and is highly sensitive to waterlogging.

Soil

Kodo millet is grown on a variety of soils, from gravelly and stony types to loamy soils.
Deep, loamy, fertile soils, rich in organic matter are ideal for optimum growth. Well-drained
soils with adequate moisture supply are required for uninterrupted growth of this crop. Kodo

millet has the highest level of heavy metal tolerance (copper and zinc) during the seedling
stage.

Varieties

The list of improved and popular varieties recommended for different states is given in Table
31.

TABLE 31. Recommended varieties of kodo millet across different states in India

State Varieties

Madhya JK 439, RBK 155, JK 13, JK 65 and JK 48, JK 137, RK 390-25, JK 106,
Pradesh GPUK 3, JK-98, DSP-9-1, TNAU-86, CKMV 1 (ATL-2), Dahod Kodo (CKMV
2), Chhattisgarh Kodo-03 (BK-36), CKMV 4(ATL-3), TNPSc 328 (KMV 528)*

Tamil Nadu | KMV 20 (Bamban), CO 3, TNAU 86, GPUK 3, RK 390-25, ATL1 (TNPsc
176), CKMV 1 (ATL-2), Chhattisgarh Kodo-03 (BK-36), Dahod Kodo (CKMV
2), CKMV 4 (ATL-3)

Gujarat GK 1 and GK 2, GPUK 3, JK-13, JK-65, RK 390-25, Gujarat Anand Kodra-3
(GAK-3), Gujarat Kodo millet 4 (Dahod Kodra-4), CKMV 1 (ATL-2), Dahod
Kodo (CKMV 2), CKMV 4(ATL-3), CKMV 5(ATL-4), TNPSc 328 (KMV 528)*

Chhattisgarh | RBK 155 and JK 439, Indira Kodo-1 (BK-1), Indira Kodo-48, GPUK 3, JK-65,
JK-98, Chhattisgarh Kodo-2, Chhattisgarh Kodo-03 (BK-36), RK 390-25,
TNAU-86, CKMV 1 (ATL-2), Dahod Kodo (CKMV 2), CKMV 4(ATL3),
CKMYV 5(ATL-4), TNPSc 328 (KMV 528)*

Karnataka GPUK 3, RBK 155, RK 390-25, TNAU-86, CKMV 1 (ATL-2), Chhattisgarh
Kodo-03 (BK-36), Dahod Kodo (CKMV 2)

Jharkhand | CKMV 4 (ATL-3), TNPSc 328 (KMV 528)*

Andhra CKMV 4(ATL-3), CKMV 5(ATL-4)
Pradesh

Source: Authors’ own elaboration
* 2025 release

Sowing windows

The optimum sowing time for kodo millet in India varies across regions and seasons, but it's
generally aligned with the onset of the monsoon. Under rainfed conditions the crop is sown
when the monsoon arrives, and depending on the state, sowing time varies from mid-June to
the end of July. In Madhya Pradesh and Chhattisgarh the last week of June to the first
week of July is ideal for sowing. Under irrigated conditions, sowing can begin as early as
mid-May, especially in Tamil Nadu and parts of Andhra Pradesh. The rabi crop in Andhra
Pradesh and Tamil Nadu is sown from September to October.
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Seed rate and spacing

Line sowing performs better than broadcasting as it facilitates inter-cultivation and weed
management and thus requires less seed rate (10 kg/ha) than a broadcast one (15 kg/ha). A
spacing of 22.5 cm x 10 cm is optimum and sowing should be done shallow, at a depth of
3—4 cm. Seed treatment with carbendazim or carboxin at 2 g/kg is recommended to avoid
grain smut and other fungal infections.

Manure and fertilizers

Addition of organic manures is always beneficial since it helps to improve the water retention
capacity of soil in addition to providing essential nutrients to the crop. Application of 5—10
t/ha of FYM is done about a month before sowing. A fertilizer dose of 40-20-20 kg/ha
N-P205-K20 is recommended. All fertilizers should be applied in furrows at the time of
sowing. In high rainfall areas of Madhya Pradesh and Chhattisgarh, and in crops under
irrigation, split application of nitrogen (half basal and the other half at 35—40 days after
sowing) has shown promising results.

Biofertilizers

Treating seeds (25 g inoculant/kg seed) with Azospirillum brasilense (N fixing bacterium)
and Aspergillus awamori (phosphate solubilizing fungus) is beneficial.

Weed management

Effective weed control during the initial stages of plant growth is essential as weeds were
found to reduce kodo millet yields by 30-60 percent. Typically, two rounds of weeding
at an interval of 15 days are adequate. In line sown crops, weeding may be done with
hand hoe or wheel hoe. Two rounds of hand-weeding at around 20 days and 35 days after
sowing combined with 2 or 3 inter-cultivations provide better weed management. In
regions of Madhya Pradesh with reliable rainfall, pre-emergence application of
pendimethalin (0.75 kg /ha) has been effective in weed management. Pendimethalin
integration with one inter-cultivation at 20 DAS and one hand-weeding at 40 DAS
ensures weed control for the entire season.

Application of 2, 4-D sodium salt (1.0 kg /ha) at 20-25 DAS is effective in managing
broadleaved weeds. Pre-emergence application of bensulfuron-methyl (0.06 kg/ha) with
pretilachlor (0.495 kg/ha) effectively manages both broadleaved and grassy weeds in sole
kodo millet. When integrated with one inter-cultivation at 25-30 DAS this combination
provides weed management for the entire season. Similarly, post-emergence application
of bispyribac-sodium (20 g/ha) at 20 DAS was found effective in broad spectrum weed
management in sole kodo millet. When integrated with one inter-cultivation at 30-35
DAS, bispyribac-sodium provides weed management for the entire season.

Striga management

Kodo millet is susceptible to attack by Striga asiatica and S. densiflora. Depending on
cultivars and infestation levels, yield losses varying from 42.4 percent to 65.8 percent
have been reported in kodo millet because of Striga densiflora. The use of organic
fertilizers containing high amount of nitrogen can help suppress striga infestation by
reducing stimulant exudation from the host roots. High amount of nitrogen is said to
have the effect of reducing strigolactone production from the host plant and also
inhibiting the germination of striga seeds. Soil application of FYM and vermicompost
enriched with Trichoderma spp., Azospirillum spp. and Glomus intraradices is also
effective in managing Striga asiatica in kodo millet. Twenty-nine kodo millet cultivars
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were identified as resistant to striga menace. They are: GPUK 1, GPUK 3, GPUK 5, JK
41, JK 13, JK 65, RBK 155, RPS 517, RPS 530, RPS 531, RPS 541, RPS 594, RPS 606,
RPS 687, RPS 697, RPS 743, RPS 744, RPS 745, RPS 971, DPS 36, DPS 54, TNAU 86,
TNAU 96, TNAU 141, BK 3, BK 21, KOPN 8, KOPN 21 and KOPN 22.

Irrigation management

During periods of moisture stress, irrigation is required every 4-7 days depending on the
severity of the moisture stress and the type of soil. Two irrigations, the first at 25-30
DAS and the second at 40-45 DAS, was found promising. Draining out the excessive
rainwater from fields during heavy and continuous rains is also essential.

Cropping systems
Kodo millet is a component of many mixed intercropping systems and crop rotations.
Among intercropping systems, two rows of kodo millet with one row of pigeon

pea/green gram/black gram/soybean is profitable in Madhya Pradesh. Four rows of kodo
millet with two rows of horse gram is another promising intercropping system.

Among crop rotations, kodo millet—niger—kodo millet is the most sustainable one in
Madhya Pradesh. Studies at Dindori (Madhya Pradesh) for 9 years (2011-2020)
indicated that niger—soybean—kodo millet and kodo millet-soybean—kodo millet were the
most remunerative crop rotations in recent years.

Insect-pest management
Shoot fly (Atherigona simplex)

Shoot fly is the only major pest in kodo millet and can cause significant yield losses
(39-49 percent in years with serious incidence of the pest). The pest appears 10 days
after sowing resulting in dead hearts (Figure 69). Application of carbofuran-3G (30
kg/ha) in furrows or as broadcast before sowing is recommended to manage this pest.
Since delayed sowing increases the incidence of shoot fly, sowing with the onset of
monsoon is beneficial. Sowing the crop before the second fortnight of July has given
promising results. The use of higher seed rate (1.5 times the recommended seed rate)
also helps in coping with shoot fly menace. Cultivation of shoot fly-resistant cultivars
such as JK13, RPS 515, 584, 810, 834, 842, 846, 871, 872, 938, 974, 1QS 147-1 is
helpful.

FiGURE 69. Dead heart

FIGURE 71. Kodo millet infected
symptoms in kodo millet millet panicle by banded sheath and leaf blight
© Ganiger P, University of Agricultural Sciences, Bengaluru
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Termite and stem borer

Previously recommended chemicals for control of termite and stem borer are now
banned for use. A new recommendation is awaited.

Disease management
Rust (Puccinia substriata Ellis and Barthol)

Brown pustules are seen on leaves hindering photosynthesis and causing considerable
loss in yield. The collection and destruction of the grass hosts is partly useful in the
management of the disease. Foliar spraying of mancozeb 75 WP (0.2 percent) effectively
suppresses the disease.

Head smut (Sorosporium paspali-thunbergii (Henn.) S. Ito)

This seed-borne disease was first reported in Bihar and Andhra Pradesh and has since
become an endemic in India. The disease was more prevalent in black soil than red
gravel and red soils. The diagnostic symptoms of the disease appear from the flowering
stage to the dough stage of the crop. Diseased plants have stunted growth. Almost all the
panicles in the infected plants are converted into a long smut sorus that varies from
2.1cm to 14.6 cm in length and 0.1 cm to 0.6 cm in breadth. Initially, the developing
smut sorus remains covered by a creamy membrane. At maturity the membrane is
ruptured, exposing the black mass of teliospores (Figure 70).

Management

An integrated stem borer management module is followed for optimum results. Soaking
seeds in hot water at 55 °C for 7—12 minutes is effective. Growing resistant varieties (KMV
8, KMV 20, JK 41, JK 62, JK 65, JK 106, GPUK-3 and JK 13) is the cheapest way and most
effective way of managing head smut disease. Varieties such as GPLM-78, 96, 176, 322, 364,
621, 641, 679 and 720 and RK-31, 65-18, 87-9, 106, 162, ICK769 and DPS-486, 516, 542,
672, 700, 727 are resistant to smut and can therefore be used in breeding programmes. Seed
treatment with fungicides (2 g/kg) such as carbendazim, mancozeb, carboxin, chlorothalonil,
thiram and tebuconazole (1.5 g/kg seed) is also effective in managing the disease. Shallow
sowing resulting in early emergence of seedlings, reduces the incidence of head smut.

Sheath rot (Sarocladium oryzae (Sawada) W. Gams and D. Hawksworth)

This disease is widespread in Tamil Nadu, especially in the VVrundhachalam region. In
regions where kodo millet is grown as a rabi or summer crop after paddy, the infected
mycelium is carried by the rice crop residue which serves as a primary disease inoculum.
This disease affects the emergence of panicle and leads to a reduction in grain yield. The
topmost leaf sheath which encloses the young panicle shows the symptoms in the form
of lesions. The grains get discoloured and this affects the seed quality.

Udbatta disease (Ephelis oryzae Syd)

Balansia oryzae-sativae H. is the perfect stage of this pathogen. It occurs in kodo millet in
addition to little millet, Pennisetum and Cynodon dactylon. In 2008, it was first reported in
GKVK farm, Bengaluru (Karnataka). This sporadic disease of kodo millet shows the highest
incidence in the variety RBK 155. The disease is commonly called udbatta because the
panicle looks like an udbatha or agarbatti (incense stick). The symptoms of this disease are
visible in the panicle initiation stage.

Ergot or sugary disease (Claviceps paspali Stevens and Hall)

The disease occurs in both cultivated as well as wild forms of kodo millet. Infected
flowers exude a sweet and sticky liquid and hence the name honeydew or sugary disease.
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The exudate eventually hardens into a brown-coloured substance. With maturity, ergot
develops in the kernels of the panicle. Matured sclerotia are toxic and can cause paralysis and
even death in animals that consume them.

Leaf blight
This disease is caused by Alternaria alternata (Fr.) Keissl and is considered a minor
emerging threat to kodo millet (Figure 71).

Harvesting

In north India, kodo millet which is cultivated in the kharif season becomes ready for
harvesting in the month of September or October, while rabi crops are harvested from
January to February. Lodging is a common and major problem in all kodo millet
cultivars. To minimize lodging, crop management practices such as the use of early
maturing varieties (JK 76), adjusting the date of sowing, increasing the intra-row space,
or lowering the number of plants in a row, can be practised.

Yield
Under better management, it is possible to obtain a yield of 1.5-1.8 tonnes of grain and
3.0-4.0 tonnes of straw per hectare.

Exports

According to Volza's India Export data, India exported 800 shipments of Kodo Millet
between June 2024 to May 2025 TTM (till the month/trailing twelve months). These exports
were made by 165 Indian exporters to 284 buyers. Globally, the top three exporters of Kodo
Millet are India, Sri_Lanka and Egypt. Most of the kodo millet exports from India go to
the United States of America, United Arab Emirates and Canada. (Source: Volza export trade
data)

Kodo millet poisoning

Kodo millet poisoning was reported from parts of north India, especially Uttar Pradesh and
Madhya Pradesh. These incidents occurred when maturing and harvesting of kodo millet
coincided with rainfall, resulting in fungal infection of the grains. The contaminated kodo
millet, locally known as matawna kodoo or matona kodo, caused toxicity upon consumption.

Studies have indicated that the toxicity was because of the contamination of seeds with
mycotoxin producing fungi belonging to Aspergillus and Penicillium genus that produce
mycotoxin and cyclopiazonic acid (CPA). Kodo poisoning was first identified during the
mid-80s.

Pre-harvest management of kodo toxicity includes crop rotation; timely planting and
harvesting; adjusting the planting date to avoid end-of-season rains coinciding with the
harvest time; maintaining the optimal plant population in the field; taking necessary
precautions to control pests and diseases through appropriate pest management practices;
harvesting the crop at right maturity (18—20 percent moisture in the grains); and avoiding
over maturity of the crop.

Post-harvest grain management practices to minimize the risk of production of mycotoxins
and thus kodo toxicity include proper drying (quick drying of grain to 10—13 percent
moisture); storage (at a relative humidity of 70 percent or less and grain moisture content of
12 percent or less); and processing (milling of grains to remove lemma and palea).

Seed production

Kodo millet is often a cross-pollinated crop and for certified seed production, an isolation
distance of 200 metres is recommended to maintain genetic purity. The crop has a seed
multiplication rate of 1:80-100.
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Echinochloa frumentacae (Link)

FIGURE 72. Field view of barnyard millet
© ICAR-IIMR, Hyderabad

Barnyard millet (known as shyamak or samak in Hindi) is essentially a weed in paddy fields
that has been transformed into a staple in India. It is known by different names in different
regions: sanwa (Uttar Pradesh, Bihar and Delhi), jhangora (Uttarakhand) bhagar or sawa
(Maharashtra), moriyo or samo (Gujarati), samai (Tamil Nadu) and oodalu or samalu
(Andhra Pradesh and Telangana). It is also cultivated for fodder. With a protein content of
about 12 percent, barnyard millet presents a highly digestible protein source that is also
relatively low in calories. What distinguishes barnyard millet further is its carbohydrate
profile, with an average content ranging between 51.5 percent and 62 percent. Barnyard
millet varieties contain exceptionally high total dietary fibre content (7 percent) which can
meet 100 percent of the fibre requirement of the body if 100 g of millet were to be consumed
per day (ICMR, 2020). The crop is particularly popular in hilly and tribal areas, especially
the Himalayas, and forms an important part of the staple diet in the region. Though on a
lesser scale, it is also grown in Bihar, Tamil Nadu, Maharashtra and Madhya Pradesh.

Barnyard millet is an ancient crop grown in warm and temperate regions across the world.
Among the many cultivated and wild species of barnyard millet, two of the most popular
species are Echinochloa frumentacea (Indian barnyard millet) and E. esculenta (Japanese
barnyard millet). It is widely cultivated in Asia, particularly India, China, Japan and Korea. It
is the fourth most produced small millet, providing food security to many economically
challenged people across the world. Globally, India is the biggest producer of barnyard
millet, both in terms of area and production. Barnyard millet was cultivated on
96 000 hectares with a grain production of 73 000 tonnes during 2015/16 in India
(Hariprasanna, 2023). In Uttarakhand, barnyard millet contributed to 11.5 percent of the total
fodder consumption by livestock, indicating its prominence. Tamil Nadu, Maharashtra,
Madhya Pradesh, Karnataka and northeastern states are other regions where barnyard millet
IS cultivated.

Barnyard millet is a short duration crop capable of growing in adverse environmental
conditions with minimal inputs and can withstand a wide range of biotic and abiotic stresses.
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It is a tall erect crop growing up to 50-95 cm in height. The stem as well as the leaves are
green in colour. Its leaves are flat, glabrous or slightly hairy without ligule. The grain is
caryopsis and white or yellow in colour.

Climatic requirements

Barnyard millet is highly adaptable. During the summer season, it can be cultivated at
altitudes up to 2000 metres above mean sea level. Temperature plays a major role in the
growth of both species (E. frumentacea and E. esculenta) of barnyard millet. Low
temperatures (15 °C in the day and 10 °C at night) restrict growth and affect the plant
development, particularly leaf area and dry weight. For proper growth of E. frumentacea, the
optimum day temperature should be 27—-33 °C and night temperature should be 15-22 °C. In
comparison, E. esculenta demonstrates better tolerance to low temperature and shows very
little reduction in relative growth rate. Barnyard millet can grow and reproduce in a range of
photoperiods, short days (8-13 hours) and long days (16 hours). Under short-day conditions,
plants are small and the flowering is quick, yet abundant; under long-day conditions, the
plants are more robust with a large seed output. Salinity impacts productivity in barnyard
millet. Some barnyard millet cultivars that are salinity tolerant are: CO (KV) 2, MDU-1,
PRJ1, TNEf 301, TNEf 204, TNEf 361, TNEf 364 and VL 29. Freshly harvested barnyard
millet seeds have an innate seed dormancy that varies from 4 to 48 months depending on the
genotype, seed coat thickness, composition (lignin, cuticular waxes), abscisic acid content of
the seed, environmental conditions during seed growth (seed developed under drought have
long dormancy periods), etc.

Soil
Barnyard millet can grow well in soils with low moisture-holding ability and climates with

low humidity. Hence, sandy loam soils and red laterite soils are most suitable for cultivating
barnyard millet.

Varieties
Important varieties recommended for different states is presented in Table 32.

TABLE 32. Recommended varieties of barnyard millet across different states in India

State Varieties

Uttarakhand VL 172, VL Madira 207, PRJ 1, VL 29, PRS 1, DHBM-93-3, DHBM-23-3

Uttar Pradesh VL 172 and VL 207, Anurag, VL 29, DHBM-93-3, Kanchan, DHBM-23-3

Tamil Nadu CO 1, CO 2 (TNAU-43), VL 181, VL 29, DHBM-93-3, DHBM-23-3,
MDU-1 (high Fe:16 mg/g), CBYMV-1 (BMV 611)

Karnataka VL 172, RAU 11, VL 181, DHBM-93-3, DHB-93-2, DHBM-23-3,
CBYMV-1 (BMV 611)

Gujarat Gujarat Banti-1, DHBM-93-3, VL-172, DHBM -23-3, GB-2 (Sabari)*

Bihar VL Madiral81

Mabharashtra Phule Barti-1 (KOPBM 46), DHBM-23-3

Rajasthan ER 64 (Pratap Sawan 1)

Andhra Pradesh, CBYMV-1 (BMV 611)

Madhya Pradesh and

Telangana

Source: Authors’ own elaboration

*2025 release
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Sowing windows

Barnyard millet can be cultivated throughout the year. As a kharif rainfed crop, it is sown
with the onset of monsoons during June—July. Dry seeding before the onset of monsoon
(during April-May) is practised in the hills of Uttarakhand and northeast India. In mid- and
high hill areas of Uttarakhand, the crop is sown during April-May, while in the valleys it is
sown during May—June. In Tamil Nadu, as a rabi rainfed crop, it is sown during
September—October and in February—March as an irrigated crop.

Seed rate and spacing

A barnyard millet crop can be sown by both broadcast and line sown methods. Line sowing
facilitates inter-cultivation, better weed management and consequently results in superior
yields compared to broadcasting. Additionally, the seed requirement is low for a line sown
crop (8-10 kg/ha) when compared to a broadcast one (15 kg/ha). A transplanted crop has the
least seed requirement (5-6 kg/ha). The transplanting method is followed under delayed
monsoon conditions in terrace farming systems of Uttarakhand, and in intercropping systems,
where precise row spacing needs to be maintained between component crops. Nursery raised
seedlings with 3—4 leaves and a healthy root system are transplanted in the main fields when
they are 15-20 days old. A spacing of 25 cm X 10 cm is optimum and shallow sowing is done
at a depth of 3—4 cm.

Seed treatment enhances germination, improves seedling vigour and protects against
diseases. Seed treatment with thiram (2—-3 g/kg seed), provides protection against seed-borne
diseases like grain smut and head smut.

Manure and fertilizers

The application of well decomposed FYM (5-10 t/ha), about a month before sowing, along
with fertilizer application of 2040 kg/ha of N with 20 kg/ha P2Os has been promising. The
recommended nitrogen dose is higher in Uttar Pradesh, Bihar and Tamil Nadu (40 kg/ha)
than that in Andhra Pradesh and other states (20 kg/ha). Under irrigated conditions and under
favourable moisture conditions for a rainfed crop, nitrogen application in two equal parts is
recommended (50 percent each as basal and 25 DAS). A transplanted crop requires a higher
nitrogen dose, up to 60 kg/ha. A balanced fertilization that includes 20 kg K2O/ha application
(besides nitrogen and phosphorous nutrients) is particularly recommended under favourable
moisture, irrigation and transplanted conditions.

Biofertilizers

Traditionally, seed treatment with powdered biofertilizers such as phospho-bacteria along
with Azospirillum at 20 g/kg seed has been recommended. However, seed treatment with a
liquid biofertilizer consortium containing Azospirillum lipoferum (N-fixer), Bacillus
megaterium (P solubilizing bacteria) and Frateuria aurantia (K solubilizing bacteria) at the
rate of 4-5ml/kg seed is more effective. In addition, soil application (6.25 | of liquid
biofertilizer mixed with 500 kg of FYM incubated overnight) at the time of sowing in seed
furrows, along with the recommended dose of fertilizers was found promising for realizing
higher yields of barnyard millet as compared to seed or soil application of the liquid
biofertilizer consortium alone (Sowmyalatha et al., 2023).

Weed management

Weeds are major biotic pressures of barnyard millet, especially in broadcast sown crop
where yield reduction of up to 60 percent has been reported. Effective weed management
is a pre-requisite to achieve higher grain yields. Two inter-cultivations and one
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hand-weeding help in effective weed management in a line sown crop. For a crop sown by
broadcasting, two hand-weeding are usually sufficient. The transplanted crop has an
advantage over weeds, as the seedlings are already 15-20 days old when they are
transplanted. The use of herbicides has increased because of escalating manual labour
costs and declining availability of animal draft power.

In sole barnyard millet, pre-emergence application of bensulfuron-methyl (0.06 kg/ha) and
pretilachlor (0.495 kg/ha) was found effective in managing grassy, broadleaved and sedge
type weeds. Use of drones for pre-emergence application of pretilachlor (500 g/ha) with a
spray fluid of 40 I/ha has been standardized for weed management in transplanted barnyard
millet at Tiruchirappalli (Tamil Nadu). Post-emergence application of 2, 4-D Na salt
(1.0 kg/ha) at 2025 DAS effectively manages broadleaved weeds.

Water management

Barnyard millet crops generally do not require irrigation. However, if dry spells prevail for
a longer period, irrigation at 25-30 DAS and at panicle initiation stage (45-50 DAS)
gives stable yields. Excess water after heavy rains is drained out from the field to avoid
waterlogging.

Cropping systems

Mixed cropping of barnyard millet with cotton, pigeon pea, or short duration pulse crops is
practised. Sowing of seed mixtures (by weight) of barnyard millet (90 percent) and soybean /
Amaranthus (10 percent) is practised in Uttarakhand. Intercropping of barnyard millet and
Amaranthus (row ratio of 4:1) and intercropping of barnyard millet with rice bean or with
niger in a row ration of 4:1 was found promising in Uttarakhand. In Haryana, intercropping of
barnyard millet with green gram in 1:5 or 2:4 row ratio were found promising in terms of
productivity, profitability and land use efficiency when compared to sole barnyard millet
cultivation (Jat et al., 2024).

In Uttarkhand, barnyard millet is grown in the agroforestry mode with Grewia oppositifolia
Buch.-Ham. ex DC. (known as bhimal). This is a shrub/small tree whose timber is used for
firewood, and for items such as bows, oars, poles and tool handles. Its leaves are valued as
fodder for livestock in winter, especially when no other source of fodder is available.

Insect-Pest Management

The major insect pests of barnyard millet are the pink stem borer and the shoot fly.
Shoot fly (Atherigona falcata)

Shoot fly (Figure 73) is a serious pest that can cause significant yield loss. Infestation
usually begins during the seedling stage (1-5 leaf stage). Actual damage occurs at one to four
weeks after emergence of seedlings. Maggots upon hatching from the eggs bore into the
central shoots of the seedlings and kill the active growing point, producing dead hearts
(Figure 74). They feed on the decaying core of the shoots and subsequently cause death of the
central shoot. Affected plants give out tillers, giving a bushy appearance. In severe cases, the
seedlings may die.
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FIGURE 73. Shoot fly in barnyard millet FIGURE 74. Dead heart symptoms
© Ganiger P, University of Agricultural Sciences, Bengaluru

Management

Early sowing with the onset of monsoon is the most effective and economical method to
manage shoot fly. Seed treatment with imidacloprid 600 FS (5 ml/kg seed) or thiamethoxam
70 WS (2 g/kg seed) is effective in managing shoot fly in Uttarakhand. Spraying with neem
oil (5 ml/l) also provides moderate shoot fly management. These seed treatment practices
curb laying of eggs by the shoot fly.

Avoiding early sowing in the kharif season, especially during peak shoot fly activity, together
with synchronized sowing across fields, minimizes build-up of the pest. Intercropping with
legumes has been reported to disrupt pest cycle.

Cultivation of shoot fly tolerant cultivars such as: VL 207, VL 172, TNAU 151, TNAU 155,
KOPBM-46, TNEF-204 and DHBM 996 help to reduce loss because of pest infestation.

Pink stem borer (Sesamia inferens Walker)

The pink stem borer damages the barnyard millet crop by boring into the stem and peduncle
region causing dead heart and “white ear” symptoms. This ultimately results in substantial
economic loss.

Management

A foliar spray of neem oil at 3 percent applied at 35 days and 50 days after sowing was found
effective in managing pink stem borer at Madurai (Tamil Nadu). Barnyard millet cultivars
‘TNEF-204" and ‘DHBM 996’ have shown resistance to stem borer and their cultivation
reduces incidence of infestation. Early sowing in the kharif season also helps to avoid peak
stem borer incidence. Use of biocontrol agents, such as Trichogramma egg parasitoids, are
beneficial in reducing the pest infestation.

Termites

Termites attack young seedlings by tunnelling into roots and stems. Infested plants wilt, dry
up, or die in patches, often mistaken for moisture stress. Damage is higher in light soils with
low organic matter, and under delayed sowing.

Soil should be mixed with 35 kg/ha chlorpyriphos 5 D at the time of sowing. When the
incidence of pest is noticed in standing crops one litre of chlorpyriphos 20 EC can be diluted
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with five litres of water and mixed with 50 kg of soil. This can be broadcast evenly in a
hectare of land followed by light irrigation.

Disease Management

Grain smut is a major disease affecting barnyard millet. Anthracnose, head smut (Ustilago
crusgalli), Cercospora leaf spot (Cercospora fusimaculans), leaf blight (Helminthosporium
crusgalli) and sheath blight (Rhizoctonia solani) are the other diseases of minor importance.

Grain smut (Ustilago panici-frumentacei)

In barnyard millet, grain smut is an externally seed-borne fungal disease that significantly
reduces grain quality and yield (up to 61 percent), especially in humid hill regions of
Uttarakhand.

The disease appears during the grain formation stage, typically when temperatures range
between 20-25 °C. The fungus infects ovaries directly, replacing the seed with smut spores.
Only a few grains per ear are affected, not the entire panicle. Infected grains become
2-3 times larger than normal. The surface of the affected grains turns hairy or fuzzy, often
greyish-black. Smut-affected grains may appear as round sacs filled with spores (Figure 75).
Figure 76 shows the image of a barnyard millet panicle infected by head smut.
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FIGURE 75. Barnyard millet panicle infected by FIGURE 76. Barnyard millet panicle infected by
grain smut head smut

© Palanna K.B, University of Agricultural Sciences, Bengaluru

Management

Seed treatment with thiram or carbendazim (2.5 g/kg seed) or soaking seeds in hot water at
55 °C for 7—12 minutes is useful in managing grain smut. Hot water seed treatment is
useful for organically grown barnyard millet.

Cultivation of smut resistant (PRJ-1, URJ-4, VL29, VL172, VL 207, K1, ER 64, TNAU
143, TNAU 25, TNAU 63, VL 10, PRB 903, DHBMV 56-6, DHBMV93-3, RBM 82,
RBM 45, RBM 78, RBM 85) is helpful in managing the disease. Rogueing of infected plants
from the field is useful in reducing the spread of the disease. Crop rotation is also an effective
practice in managing the disease.

Leaf spot or blight (Helminthosporium crusgalli)

Leaf spot is a foliar fungal disease affecting barnyard millet under humid conditions. The
disease is seed-borne, and the use of contaminated seeds proliferates this disease severely. It
can cause premature leaf senescence and a reduced photosynthetic area, impacting grain yield
and quality.
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This disease app.rs as minute, oval-to-oblong, light brown spots on young leaves that enlarge
with time and turn dark brown with a yellow halo. Multiple spots merge to form large
necrotic patches. Severely infected leaves dry up and die prematurely giving the appearance
of blight (Figure 77). In advanced stages, there is discoloration and weakening of the neck
tissue, causing earheads to droop or break.
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FIGURE 77. Barnyard millet crop devasted by banded leaf and sheath blight
© Palanna K.B, University of Agricultural Sciences, Bengaluru

Management

To manage this seed-borne disease, seed treatment with systemic fungicides such as
thiram (4 g/kg seed) and foliar spray of copper oxychloride (0.2 percent) or mancozeb
(1.25 kg/ha) is beneficial.

Harvesting

The crop should be harvested when it is ripe. It is cut from the ground level with the help of
sickles and stacked in the field for about a week. This is followed by threshing which is done
by trampling under the feet of bullocks.

Yield

A grain yield of 1.2-1.5 t/ha along with a straw yield of 2.0-2.5 t/ha can be achieved by
following improved production technologies. Transplanted crops are reported to have a grain
yield as high as 2.8 t/ha.

Processing

Barnyard millet requires dehulling before the grains are suitable for human consumption.
Dehulling is conventionally done by repeated pounding in mortar. This is time consuming as
well as labour intensive as the grain is firmly encased in the lemma and palea. The drudgery
involved in manual processing is an important factor contributing to the reduction in the
consumption of millets. Their small seed size also makes processing of barnyard millet
difficult.
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Exports

It is estimated that every year under 1000 tonnes of barnyard millet, often bundled with other
millets, is exported from India as whole grain, flour, flakes or ready-to-eat mixes. United
Arab Emirates, Saudi Arabia, Nepal, United States of America, Germany and Japan are major
importers.

Seed production

Barnyard millet is often a cross-pollinated crop and for certified seed production, an isolation
distance of 200 metres is sufficient. This helps maintain genetic purity. It has a seed
multiplication rate of 1:80—-100.
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FIGURE 78. Field view of browntop millet

© ICAR-IIMR, Hyderabad
Browntop millet (korale in Kannada and andakorra in Telugu) is cultivated for both grain
and green fodder purposes. It is gluten-free and rich in fibre, iron, calcium, magnesium and
other minerals. It has a low glycaemic index (GI) making it beneficial for reducing
cholesterol. During the Neolithic age, browntop millet was cultivated as a subsistence crop in
India. Evidence shows that it was cultivated alongside other crops in south India from as
early as the third millennium BCE when it was part of the millet-legume mixed cropping
agropastoral systems of the Neolithic times (Fuller, 2006). During the second millennium
BCE it spread from Deccan and reached Tamil Nadu and Gujarat, and in scattered sites in
Odisha and the Gangetic plains. It was present in Paithan (currently Chhatrapati
Sambhajinagar district) in Maharashtra until the seventh century CE. In modern India, it is
present as a common weed in little millet. It is cultivated and consumed in limited quantities
in Bundelkhand region and on a large scale in the rainfed regions of Karnataka (Tumakuru,
Chitradurga and Chikkaballapura) and Andhra Pradesh (Anantapur). Since 2017/18 it has
been included under AICRP-SM (All India Coordinated Research Project—Small Millets),
which has standardized its production technology.

Globally, India is the largest producer of browntop millet, both in terms of area and
production. There are two types of browntop millet which are cultivated in south India — the
branched type and the round panicle. In Kannada they are known as chaduru-korale and
dundu-korale, respectively. The round panicle browntop millet is characterized by its higher
yield, while branched browntop millet is characterized by its susceptibility to pests and
diseases.

Browntop millet contains moisture (11.9 percent), fat (1.89 percent), fibre (8.20 percent),
protein (8.89 percent), carbohydrate (71.32 percent) and provides 338 Kcal of energy per
100 grams. It is rich in micronutrients and every 100 grams of browntop millet contains iron
(7.72 mg), calcium (28 mg), phosphorus (276 mg), potassium (60 mg), manganese (1.99 mg),
magnesium (94.5 mg), copper (1.23 mg), sodium (7.6 mg) and zinc (2.5 mg). Browntop (a
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darker millet) contains higher levels of phenolic compounds than millets of white varieties.

Browntop millet is an annual/perennial warm-season grass belonging to the Poaceae family.
At maturity the plant grows to a height of 90 cm. The nodes of browntop millet are minutely
hairy with lance shaped and hairless leaf blades measuring 2-25 c¢m in length and 4-14 mm
in width. The flowers are indeterminate in nature and borne on stalks. The inflorescence is
open and spreading, with a simple axis. They arise from the central axis and are 1-8 cm long.
The number of inflorescences ranges from 3 to 15. The flowers are white and the seeds are
ellipsoid and tan in colour. The fibrous roots of browntop millet can penetrate a depth of up
to 60 cm. The duration of the crop is approximately 60—75 days. The crop is valuable from
the perspective of plant protection because it suppresses root-knot nematode populations in
crops such as tomato and pepper.

Climatic requirements

Browntop millet has the unique quality of growing under partial shade making it a good
choice for cultivation even in fruit orchards. It can grow in altitudes of up to 2500 m above
mean sea level. It cannot survive in temperatures below 11°C. Moisture stress is a major
constraint to its cultivation and it grows in areas with rainfall of 75-125 cm.

Soil

Browntop millet prefers sandy loam soils with a pH of 5to 6.5 under full sunlight,
although it grows in the partial shade as well. It can grow in rocky, shallow soils from
sea level to elevations of up to 2450 m. It is adaptable to almost all upland soils. The crop
has the capacity to accumulate lead and zinc in plant tissues and is considered a good option
for remediation of contaminated soils. Production is adversely affected by poor soil
fertility, soil salinity and inadequate drainage. Pot culture studies conducted at Coimbatore

(Tamil Nadu) in 2023 have confirmed that browntop millet shows adaptability and good
performance in acidic and moderate saline soil conditions (Abhigna et al., 2024).

Varieties

The list of improved and popular varieties recommended for different states is listed in
Table 33.

TABLE 33. Recommended varieties of browntop millet across different states in India

State AVETREES

Uttarakhand GPUBT-6, HBr-2

Karnataka BTV 30 (DHBT 11-5) and BTV 31 (DHBTM 13-7), GPUBT-2, AK1, AK2
Andhra Pradesh VZM-1, BTV 31 (DHBTM 13-7),

Tamil Nadu and BTV 31 (DHBTM 13-7)

Maharashtra

Source: Authors’ own elaboration

Sowing windows

When cultivated as a kharif crop, the onset of monsoon (June-July) is the ideal sowing time
for browntop millet in Andhra Pradesh, Karnataka, Maharashtra, Madhya Pradesh, Odisha and
Chhattisgarh. When cultivated as an irrigated crop, sowing time can be advanced to May in
Tamil Nadu. Studies at Bengaluru (Karnataka) have indicated that the second fortnight of
October is the ideal time for sowing during the rabi season and the second fortnight of
January is the ideal for summer sowing. In Tamil Nadu, during the rabi season, sowing in
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September is recommended. In Bihar and Uttar Pradesh browntop millet is sown from May to
September as a catch crop.

Seed rate and spacing

The seed rate varies with the method of sowing, from 10-12 kg/ha under line sowing to
25-30 kg/ha when broadcast. Line sowing shows superior results in yield compared to
broadcast sowing.

Studies conducted by AICRP at Bengaluru (Karnataka), Jagdalpur (Chhattisgarh), Kolhapur
(Maharashtra) and Vizianagaram (Andhra Pradesh) in 2019 have indicated that a spacing of
30 cm x 10 cm is optimal for this crop. Under highly fertile soils and favourable moisture
regimes, a wider spacing of 45 cm x 10 cm shows promising results.

Manure and fertilizers

Application of 10 t/ha of FYM about a month before sowing is recommended. AICRP
studies at Bengaluru, Jagdalpur, Kolhapur, and Vizianagaram during 2019 have
indicated that application of N-P20s at 40-20 kg/ha is optimum. Further, AICRP studies at
Athiyandal (Tamil Nadu) and Bengaluru during 2020 have indicated that application of
20 kg/ha K20 besides N, P fertilizers is useful in enhancing grain and stover yields. Studies at
Agricultural Research Station, Baljigapade (Chikkaballapur district, Karnataka — Eastern Dry
Zone) indicated that application of 6.25 t/ha of FYM along with 30-20-10 kg/ha N-P20s-K20
proved effective for improving yield and grain quality.

Biofertilizers

AICRP studies at Athiyandal, Bengaluru and Kolhapur during 2020 indicated that seed
treatment with liquid biofertilizer (4-5 ml/kg seed) or their furrow application (6—7.5 litres
liquid biofertilizer mixed with 500 kg FYM /ha at the time sowing) is promising in realizing
higher yields over the recommended dose of fertilizers. Biofertilizer application recorded
higher grain yield of 1846 kg/ha and higher straw yield of 8261 kg/ha as compared to the
recommended fertilizer practice (1503 kg/ha grain yield and 6662 kg/ha stover yield).
Inoculation of seeds with bacterial endophytes Methylobacterium sp. and Bacillus
amyloliquefaciens was found to produce auxin, solubilize phosphate and inhibit Fusarium, a
fungal pathogen infection, and thus promote seedling growth.

Weed management

In the early stages of crop establishment, browntop millet faces severe competition from
weeds, especially grasses, as they cannot be distinguished from the crop easily. As it is a
rainfed crop, there is competition for moisture. Weeds also compete for sunlight and nutrients
under favourable moisture and irrigated conditions, and this lowers the grain productivity.
Studies have indicated that 15-42 days after sowing (2—6 weeks after sowing) is the critical
period of crop-weed competition and can reduce barnyard millet yields by 15-97 percent
(Giri et al., 2024). In addition to grasses, sedges, broadleaved weeds, the parasitic weed striga
also imposes threat to browntop millet.

Line sowing the crop on a well-tilled field and intercultural activity reduces major weed
pressure. Two hand-weedings at the critical stages of crop growth, which are 20-25 DAS and
40-45 DAS, are effective in managing weeds in the browntop millet crop. Use of wheel hoe
or cycle weeder or power weeder is recommended to reduce labour requirements and the cost
of weeding operations. Chemical weed control options are limited.
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Water management

Although browntop millet is a drought-tolerant crop, it benefits from regular watering,
especially during dry periods. Excessive water can lead to root rot, so it's important to keep
the soil well-drained. Applying mulch can help retain soil moisture by suppressing weed
growth and moderating soil temperatures.

Cropping systems

As a result of its short growth period and ability to tolerate shade, it can be cultivated as a
catch, cover and nurse crop. Browntop millet is compatible to grow as an intercrop or strip
crop along with other crops such as sunflower, maize, sorghum, soybean and pulses. Studies
at Dharwad (Karnataka) demonstrated that intercropping of browntop millet with
groundnut/soybean (in rows of 4:2 or 2:1) was economically more rewarding than sole
browntop millet cultivation.

Navadhanya is a traditional mixed cropping system practised by farmers of the rainfed
Rayalaseema region of Andhra Pradesh (Anantapuram, Chittoor, Kadapa and Kurnool
districts). In this system browntop millet is cultivated along with groundnut, sorghum, pearl
millet, pigeon pea, cowpea, field bean, green bean, kenaf, castor, etc. The cultivation of
browntop millet as an intercrop between tamarind trees is also common in the dryland regions
of southern India.

Insect-pest management

In general, browntop millet has very few pests compared to other grains.
Shoot fly (Atherigona sp. Rond)

Shoot fly is the major insect pest of browntop millet and can cause significant yield losses.
Symptoms appear from the time of sowing until the crop is about six weeks old. The central
shoot begins to dry and shows typical symptoms of a dead heart in the early stage, and
profuse tillering in the later stages (Figure 79).
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FIGURE 79. Dead heart FIGURE 80. Banded leafand ~ FIGURE 81. Banded leaf blight
© Ganiger P, University of sheath blight symptoms
Agricultural Sciences, Bengaluru © Palanna K.B, University of Agricultural Sciences, Bengaluru
Management

Early sowing with the onset of monsoon is not only effective but also the most economical
method of control. Cultivation of the shoot fly resistant cultivar ‘GPUBT-5" also aids in
reducing the incidence of shoot fly.

Disease management
Leaf blight/brown spot, leaf blast and rust are the major reported diseases in browntop millet.

112



Chapter 10. Browntop millet

Banded blight (Rhizoctonia solani)

Banded blight is an emerging seed-borne disease reported in browntop millet. Soil
application of FYM/vermicompost enriched with a combination of Pseudomonas
fluorescence, Trichoderma viride and Bacillus subtilis or only T. viride (2 kg /t of manure) is
very effective. Seed treatment with validamycin or hexaconazole (2 ml/I water) along with a
foliar spray is also effective in controlling the disease. The variety ‘HBr 2 showed resistance
to banded blight and its cultivation has shown promising results.

Leaf blight (Bipolaris setariae Shoemaker)

Leaf blight on browntop millet was first reported in 2018 at Bengaluru (Karnataka) and the
disease was known to infect up to 75 percent of the crop. In the early stages of the disease,
small brown spots with a yellow halo emerge on both sides of the leaves. As the infection
advances, these spots enlarge and merge, leading to a blighted aspect (Figure 80 and
Figure 81). The symptoms closely resemble those of maize leaf spot induced by B. setariae.

Seed treatment with carbendazim (1 g/kg seed) and one foliar spray of mancozeb
(0.2 percent) is recommended. Removal of crop residues helps in reducing inoculum. Seed
treatment with Arka microbial consortia (10 g/kg seed) combined with spraying of
azoxystrobin 23 percent SC or propiconazole 25 percent EC (1ml/l) at 35-40 DAS is the best
practice for leaf blight management.

Blast (Pyricularia grisea (Cke.)

Blast infection becomes severe during the wet season. Numerous little brown flecks that grow
into brown spindle-shaped dots on the leaves are its key characteristics. As the disease
progresses, the patches become larger and merge to form a blasted appearance. They also
have ash-grey centres with brown edges. Culm nodes can lodge and turn black. At the base of
the panicles, brown to black patches enlarge and frequently girdle the neck beneath the
panicles. In damp conditions nodes and necks develop an abundance of conidia and
conidiophores. Panicles fail to appear when the neck blast is severe. The spikelet develops an
infection and turns black. Early neck infection prevents the grains from filling and keeps the
panicles upright. As it progresses, the infection causes partly-filled panicles to lodge.

Blast disease can be prevented by wide spacing while planting and controlling the amount of
nitrogen fertilizer. A wide range of chemicals are frequently employed to manage blast in the
absence of resistant varieties.

Rust

Uromyces sp. causes rust disease in browntop millet. The symptoms include numerous tiny
brown rust pustules that are rectangular and often occur in linear rows on both sides of the
leaf. Under favourable conditions pustules also develop on leaf sheaths, culms and stems,
affecting the crop at all growth phases. Severe infection also causes the leaves to dry out too
soon (Figure 82).

The use of resistant varieties and the removal of alternate and collateral hosts reduces rust
incidence. Early sowing enables the crop to reduce rust incidence. Foliar sprays of
chlorothalonil (0.1 percent) or mancozeb (0.2 percent) or hexaconazole (0.1 percent) or
(0.1 percent) or propiconazole (0.1 percent) is effective for rust management. Cultivars
‘GPUBT 6’ and ‘DHBT-11-5" (BTV 30) have demonstrated moderate resistance to rust and
hence their cultivation may be useful to manage rust in browntop millet crops.
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FIGURE 82. Rust symptoms in browntop millet leaves
© Palanna K.B, University of Agricultural Sciences, Bengaluru

Downy mildew or “green ear disease” (Sclerospora graminicola (Sacc.)

The disease becomes most severe under moist conditions. Plants are dwarfed with excessive
tillering from the crown and the development of axillary buds along the culm. Flower parts
develop leaflike structures with no kernel development. A downy greyish growth, which is
the conidia and conidiophores, develop on infected tissue during wet or humid weather. As
plants approach maturity, leaves become brown, necrotic and split or shred.

Seed treatment with fungicides and adopting effective fertilizer management practices reduce
occurrence of the disease.
Harvesting

The crop should be harvested at full maturity. The appropriate stage of physiological maturity
(PM) and harvestable maturity (HM) for browntop millet cultivar AK-1 AK-2 and GPUBT-6
are 51 days, 50 days and 48 days after anthesis respectively. Shattering is a major problem.
Early morning harvesting is ideal to minimize grain loss caused by the cracking of panicles.
For fodder production, a first cut at 50-60 DAS and a second cut 30 days later, is
recommended.

Yield
Typically, the grain yield of browntop millet is 1.0-1.5 t/ha and the stover yield is 5-6 t/ha.

Exports

Exports of browntop millet are meagre, estimated under 500 tonnes a year, mostly bundled with
other minor millets. It is exported in the form of whole grain, flour, flakes and ready-to-eat mixes.

Seed production

Browntop millet is a self-pollinated crop (occasional cross-pollination occurs with wind and
insects). Hence for certified seed production an isolation distance of typically five metres is
sufficient. This helps maintain genetic purity. Browntop millet has a seed multiplication rate
of 1:300-500.
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FIGURE 83. Woman (on the left) holding sikiya (Madhya Pradesh)
© Krishna Prasad Govindaiah

Fonio is also known as crabgrass or finger grass. In Madhya Pradesh it is known as sikiya and
in the Khasi hills of Meghalaya, it is known as raishan. Within the genus Digitaria Haller
(Panicoideae: Poaceae), four species have been incredibly important to traditional agriculture
systems and for use as staples — white fonio (D. exilis), black fonio (D. iburua), raishan (D.
compacta (Roth) Veldkamp), and Polish millet (D. sanguinalis (L.) Scop.).

White fonio (D. exilis) or fundi, findi, acha or “hungry rice” is the most commonly cultivated
Digitaria grown in West Africa, where it is especially important for both subsistence
agriculture in rural areas and as an increasingly popular export crop. Black fonio (Digitaria
iburua) or iburu, is restricted to small areas of Benin, Togo, and Nigeria (just below the Sahel
region). It is relatively less popular than white fonio as it is reportedly even more difficult to
dehusk. In Togo it is used to brew a traditional beer called “tchapalo”. A third Digitaria food
crop, raishan (Digitaria compacta Syononym: Digitaria cruciata var. esculenta Bor.) is a
millet cultivated in the Khasi hills near Shillong (Meghalaya, India), a wet highland
environment to which this crop is endemic. Hooker (1857) describes the cultivation of what
was earlier named as Paspalum sanguinale var. commutatum (auct. non Hook.f. in nearby
Assam and the Khasi Hills. The French agronomist Roland Portéres records that in the 1950s
it was still under cultivation on about 100 acres of land in Assam (Portéres, 1957). It has
overlapping occurrence to wild D. cruciata across central and southeastern Asia.

Raishan, sown as a rainfed crop in April-May, develops tufted growth producing 20-30
shoots by August. By September the terminal portion of each shoot bears a spike (20 cm
long). The crop is harvested in October after the main crops such as maize, soybean and rice
bean are harvested. The plant attains a height of 1.00—1.25 metres (Singh and Arora, 1972).

Sikiya is traditionally grown by the Baiga tribal community in Dindori (Madhya Pradesh).
Also called ghas ki roti, this particular millet is not known outside the Baiga community. It is
a wild perennial grass species that grows naturally in bewar plots, a form of shifting
cultivation practised by the Baigas. The millet is known for its small grains, resembling wild
ragi (finger millet). It is considered nutritious and gives prolonged satiety. Its seeds are light
yellow in colour (smaller than those of little millet) and contain about 12 percent
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protein. Locally, people find it more filling than rice and use it to make porridge. A serving
of 250 g of porridge is said to take care of a person’s food requirement for the entire day.

Polish millet (Digitaria sanguinalis) is believed to have been cultivated during the 1500s to
the 1600s in eastern Europe. It was first intentionally cultivated in a monastery garden in
Croatia or Albania, before spreading north towards Germany, Hungary, and later to Poland
and Ukraine. The 2018 participatory mapping exercise conducted by NESFAS (North East
Slow Food & Agrobiodiversity Society) in Khapmaw and Rasong (villages in Mawkynrew
Block, east Khasi Hills) reports four millet species — Digitaria sanguinalis (commonly
known as crabgrass, finger grass or fonio), finger millet, foxtail millet and job’s tears (Coix
lacryma-jobi) being grown by the local community (Pohtam, 2024). These millets are
traditionally used for brewing in northeast India. Fonio seeds were reported to contain
8.7 percent protein, 8 percent crude and 3.8 percent ash (mineral matter).

Climatic requirements

Raishan uniquely adapts to the rainfed uplands with warm temperate zones (altitudes of about
1500 metres). Its cultural significance among Khasi tribes make it a promising candidate for
conservation and niche market development. Its tufted growth and nodal rooting contribute to
stabilizing soil and preventing erosion on hills.

Sikiya thrives in warm tropical conditions (20-30 °C) and is sensitive to frost; hence it is
cultivated only in the frost-free monsoon months in Madhya Pradesh. It tolerates short dry
spells because of resilience, but prolonged drought reduces yield. The crop performs best
under 600-1000 mm of well-distributed annual rainfall.

Soil
Raishan grows well in Khasi hills of Meghalaya on well drained loamy soils with acidic pH

levels of 5.5-6.5. Under the bewar system of shifting cultivation, sikiya is cultivated in soils
that are often shallow, coarse-textured (sandy loam and light clay soils), and low in fertility.

Sowing windows

Raishan is sown as a rainfed crop during April-May in Khasi hills and is harvested during
September—October. Sikiya is sown with the onset of the southwest monsoon in June—July by
the Baiga community (Madhya Pradesh) in the bewar system of shifting cultivation.

Seed rate and spacing

Raishan is a niche millet, cultivated in Meghalaya’s Khasi Hills, with limited formal
agronomic data. However, based on field observations and data from analogous Digitaria
species like fonio and small millet with extremely small seeds, a seed rate of 8-10 kg/ha is
required for broadcasting and 68 kg/ha is required for line sowing. Using fresh, untreated
seeds with a germination rate of 80 percent and more, ensures establishment of optimal plant
population. As raishan is often grown with maize or legumes, the seed rate is reduced by
about 20 percent to avoid competition. In line sown conditions, 20—25 cm between rows and
10-15 cm between plants is optimum. Soaking seeds in warm water for 4—6 hours enhances
germination.

Sikiya seeds are scattered (broadcast) on lightly prepared soil in forest clearings (bewar plots)
often mixed with other crops like kodo millet, kutki (little millet) and pulses.
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Land preparation

In settled plots, 2-3 shallow ploughings followed by light harrowing to create a fine tilth,
especially for line-sown raishan, improves seed-soil contact and germination. Sikiya is
grown with minimal land preparation, where the soil is loosened using simple tools in
Madhya Pradesh under bewar system.

Varieties

Formal improvement programmes for raishan are yet to be initiated in the country. In
Raishan, two distinct forms are recognized — wild types and cultivated types. Wild types are
found in mountainous tracts of northeast India that have shorter plants with smaller grains.
The cultivated types (by Khasi tribals) have taller plants, longer spikes and bolder grains.
Cultivated types are maintained through traditional seed saving and exchange, rather than
formal seed systems.

Manure and fertilizers

Raishan is traditionally grown in Meghalaya’s uplands with minimal external inputs, yet for
optimized yields and soil health, a balanced nutrition is essential. Organic manure such as
FYM (5-10t/ha) is used in Khasi hills to improve soil structure, microbial activity and
long-term fertility. Incorporation of Sesbania or sunn hemp as green manure at 45 days
before sowing boosts nitrogen supplies to raishan crop. Application of neem or castor
de-oiled cakes (200-300 kg/ha) not only releases nitrogen slowly but also aids in pest
suppression. A fertilizer dose of 20-30 kg N (through urea), 15-20 kg P-Os (through single
super phosphate (SSP) or bone meal) and 10-15 kg K2O (through muriate of potash (KCI) or
wood ash) is recommended for higher yields. The entire phosphorous and potassium
fertilizer along with half the dose of nitrogen is applied as basal dose. Top dressing with the
remaining half of nitrogen at 25-30 DAS, ideally after light rain or irrigation, is
recommended. Use of biofertilizers like Azospirillum and phosphate solubilizing bacteria
(PSB) can further support crop nutrition through N fixation and P mobilization.

No fertilizers are applied to sikiya in Dindori (Madhya Pradesh). The crop survives on
residual fertility and organic matter present in forest soils. Ash from burnt vegetation in
bewar plots also provides some nutrients.

Weed management

Raishan faces stiff competition from fast-growing annual weeds, particularly during its early
growth stages. The period between 15 to 35 DAS is the most critical stage for weed
competition. Weed control during this phase can prevent yield loss and ensure a healthy crop
establishment.

Hand-weeding twice at 20-25 DAS and at 40 DAS is possible in both broadcast and line
sown crop. In line sown crop, inter-row hoeing with the use of a light hoe or finger weeder
between rows can be practised. No herbicide usage is reported till date. Since sikiya is
traditionally grown in bewar systems of shifting cultivation, weed pressure is naturally
moderated by biodiversity.

Moisture management

Raishan is typically grown in the upland rainfed systems of Meghalaya. However,
supplemental irrigation can significantly improve germination, tillering and grain filling,
especially under erratic rainfall conditions. The panicle initiation stage is the most critical one
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for moisture stress. A single irrigation at this stage can enhance crop establishment and
improve crop yield. Sikiya is strictly cultivated as a rainfed crop by the Baiga community.

Cropping systems

Raishan thrives when it is cultivated as a mixed crop with maize or legumes (soybean and
rice bean). Raishan seeds are broadcast into maize, soybean and rice bean crops. Pairing
sikiya with legumes like pigeon pea or cowpea can improve nitrogen availability naturally in
Baiga farming systems of Madhya Pradesh and Chhattisgarh. In bewar cultivation, crops such
as bade kutki, kang, katki and sikiya are sown by broadcasting without ploughing, across the
whole field or a part of the field.

Harvesting

A grain yield of 0.8 t/ha was reported in raishan. The grain is dehusked manually using
mortar and pestle and consumed like rice or porridge. The straw is useful as winter fodder for
cattle at high elevation regions (1500 m and above) where frost is common. Occasionally the
straw is dumped on muddy cow-dung floors in piggeries, where trampling by pigs accelerates
further decomposition. This mixture is subsequently utilized as compost in the next sowing
cycle.

Yield

An vyield of 300 kg of sikiya from 2-3 hectares under Baiga cultivation was reported by
farmers from the community (Niyogi, 2018). Sikiya grains are sun-dried and stored in mud
kothis (traditional containers), which can preserve them for up to 20 years. Because of the
grain’s hard outer husk, dehusking of sikiya is done using a musar, a heavy wooden pestle.
Exports

No exports of raishan/sikiya were reported as their production levels is meagre.

Seed production

Organized seed production systems are yet to evolve in the country. Based on the experience
in African counties, an isolation distance of 200-300 metres from other Digitaria species is
required for ensued seed purity.
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FIGURE 84a Teff harvest in Gadag (Karnataka) FIGURE 84b Cleanlng of teffat a farm in Gadag
© Shree Padre, Gadag (Karnataka)

Teff, known as “Williams love grass”, “teffa”, and “annual bunch grass” in different parts of
the world, is native to Ethiopia and Eritrea, where it is the staple grain used to prepare injera.
Injera is a traditional Ethiopian and Eritrean flatbread made from fermented teff flour,
characterized by its spongy texture and slightly sour taste. It serves both as food and as an
edible plate, used to scoop up stews and vegetables. In Ethiopia grains of teff are also used in
brewing.

A drought-resistant Ca crop, teff was introduced in India as a potential superfood by Central
Food Technological Research Institute (CFTRI), Mysore. It was included in the small millets
group in India during the First Small Millets Workshop held in Bangalore in 1986. Since
then, it has been cultivated in small pockets in Mysore, Sirsi (Uttar Kannada), Haveri, Gadag,
and Raichur districts of Karnataka. CFTRI Mysore and Kadamba Foundation at Sirsi are the
premier organizations promoting its cultivation in north and south Karnataka, respectively.
Teff cultivation spread from research trials and farmer-led experiments in Gadag (Karnataka)
and extended southeast towards Penukonda (Andhra Pradesh).

In Ethiopia, three major types can be identified: white (nech), red (quey), and mixed
(sergegna). White teff is generally preferred over red (brown) teff by consumers from
high-income groups. Studies conducted on nine varieties of teff indicated that white and
brown teff are most suitable for growing under Indian conditions.

Teff grains are gluten free. Studies (Sharma, Akansha and Chauhan, 2018) showed that 100 g
of teff grains contain protein (11.0 percent), fat (2.5 percent), carbohydrate (70.2 percent),
fibre (3 percent), moisture (10.5 percent), ash (2.8 percent), calcium (165.2 mg), iron
(15.7 mg), copper (2.6 mg), magnesium (181 mg), manganese (3.8 mg), phosphorous
(425.4 mg), potassium (380 mg), sodium (15.9 mg) and zinc (4.8 mg).

Teff straw is a very course source of livestock feed. Teff hay is a rich source of crude protein
(9-14 percent), acid detergent fibre (32—38 percent), neutral detergent fibre (53—65 percent),
total digestible nutrients (55-64 percent) and a higher relative feed value (80-120 percent) as
compared to straw of other minor millets.

Climatic requirements

Teff can grow under varied climatic conditions, performing well in areas with annual rainfall
of 450-550 mm and a daily temperature of 15-27 °C. It is sensitive to frost and requires
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frost-free conditions throughout its growing period. Although teff is harmed by waterlogging,
it thrives in moist but well-drained soils. Traditionally, teff is cultivated in Ethiopian
highlands at an altitude of 1000—2000 metres above sea level.

Soil
Teff grows on a wide range of soils — from sandy loam to clay — but prefers light, fertile soils.

It is cultivated on neutral pH soils, though it can tolerate acidity up to pH 5. Its deep root
system allows survival in semi-arid conditions.

Land preparation

Teff requires a fine seedbed especially for broadcast or row planted crops. Rolling the soil
after sowing can improve seed-to-soil contact and enhance germination.

Sowing windows

As a monsoon crop, its sowing coincides with the onset of monsoon in June—July. Sowing
can be done during August—October for late kharif and early rabi sown crops that use residual
soil moisture or supplemental irrigation. Under irrigated conditions, sowing is done from
October to December.

Seed rate and spacing

A teff crop can be grown both by broadcast sowing and transplanting. The recommended
seed rate for teff is 10 kg/ha. As the seeds are very small, deep sowing should be avoided and
sowing at 0.5-0.75 cm depth is desired. Studies at Haveri (Karnataka) during 2019 indicate
that transplanting outperformed line sowing. Further studies at Bengaluru and Raichur (both
in Karnataka) during 2021 indicate that transplanting of 21-day-old seedlings at a spacing of
30 cm x 10 cm was optimal.

Manure and fertilizers

Teff requires balanced fertilizer application to ensure healthy growth and high yields. Studies
at Bengaluru and Raichur during 2021 identified 20-30 kg N and 20-20 kg/ha P20s-K20
along with 6 t/ha FYM as the best integrated nutrition for higher teff yields. Teff is highly
responsive to nitrogen, but excessive doses of nitrogen increase the risk of lodging and
should be avoided.

Weed management

Teff is prone to weeds in initial stages of establishment and exerts pressure on weeds through
allelopathy on weeds like rye grass and radish. Proper land preparation helps reduce weed
pressure on the growing crop. Even a single hand-weeding in local teff varieties, that are
sown after single ploughing, sufficiently increases yield when compared to no weeding.
Herbicide recommendations are yet to be made for teff in India. Studies elsewhere suggest
that broadleaf weed management is possible with 2,4-D amine spray at 5-7 leaf stage of the
crop. Delayed application at tillering stage proves toxic to teff, as the narrow stems and
delicate tillers of teff are highly sensitive to auxin herbicides once tillering begins.

Water management

Teff can grow well under extreme moisture regimes, tolerating both drought and waterlogged
conditions. It copes well with water logging stress by enhancing the activity of nitrogen
reductase in the shoots. For this reason, teff is often cultivated in poorly drained soils where
cultivation of other crops, such as maize and wheat, is not possible. However, teff responds
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well to irrigation and the yields are higher in irrigated crops compared to water-stressed ones.
The grain-filling stage is more sensitive to moisture stress, and irrigation at this stage is
desired. Detailed information on irrigation in India is yet to be worked out.

Cropping systems

No formal studies on teff-based cropping systems have been carried out in India. However,
literature suggests that mixed cropping of teff with sunflower is popular as a subsistence
farming practice, while mixed cropping with faba bean yields higher economic returns as a
commercial farming practice. Teff is intercropped with Brassaica carinata, safflower,
sunflower and wheat at varied space patterns and as a relay crop in maize and sorghum.

Insect-pest management

Teff is relatively resistant to pests. Shoot fly (Atherigona hyalinipennis) is the most
significant insect pest. Regular monitoring for aphids and armyworms is recommended.

Disease management

In high humidity areas (not India), head smut (Tilletia baldratii) and rust (Uromyces
eragrostidis) have been known to affect teff.

Harvesting

Studies conducted in Bengaluru show that teff is ready for harvest in approximately 110 days.
Lodging is a major challenge in teff due to its weak stems. Studies in Bengaluru showed
30-75 percent lodging in the crop which increases with higher fertilizer dose. High rainfall,
winds and nitrogen fertilizers were found to accelerate lodging in teff. Line sowing reduces
lodging when compared to broadcast sowing. In Ethiopia application of paclobutrazol
(1 kg/ha) between the jointing and tillering stages was effective in reducing plant height and
lodging stress in teff. In Ethiopia, a lodging-tolerant cultivar “Kegne” was developed by
mutation of the alpha-tubulin-1 gene in teff using EMS (ethyl methane-sulfonate). As teff
grains are very small, manual cleaning is very labour intensive and cumbersome. In addition,
heavy rainfall during the harvest may cause the grains to fall to the ground and be lost in the
rain.

Yield

Teff produces 1012 ears per plant with an ear weight of about 0.3 grams. The grains have a
test weight of 0.31 grams. In Bengaluru, a grain yield of 2.2 t/ha and stover yield of 3.5 t/ha
were obtained. Storage of seeds does not require any maintenance as teff is not susceptible to
weevils and other storage pests.

Teff hay makes nutritious fodder for livestock. The crop produces up to 5t/ha stover,
irrespective of grain yield.
Processing

Teff does not require milling, but manual cleaning is a major challenge. Limited consumer
and trader awareness is another challenge in local markets, and this restricts its acceptance.

Exports

Teff fetches a very high price in international markets (5-6 USD/kg). However, exports from
India are meagre (=100 tonnes) and are mostly pilot shipments.
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Seed production
As teff is still an experimental crop, no technology has been developed for seed production in

India. Information from Ethiopia indicates that an isolation distance of at least 200-300 m
from other teff varieties or related grasses is required for quality seed production.
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FIGURE 85. Job’s tear crop at Pasighat,
Arunachal Pradesh Pradesh

© Garnayak L.M, Central Agricultural University, Manipur

Job's tear is known by various regional names — jagradi (Sanskrit), sankru (Hindi), gurgur
(Bengali), megaru (Garo), sohriew (Khasi), kunch (Tripuri) and adlay (Assamese). It is an
annual, erect, tall (height of 1-2 metres), branched grass typically producing 7-8 tillers. It has
spongy internal tissues with maize-like brace roots emerging from the lower nodes. The grass
is monoecious, having separate male and female flowers on different parts of the plant.

Leaves of job’s tear are long, broad and flat with linear leaf blade (lanceolate, acuminate and
cordate). Inflorescence appears in the axils of upper leaves on 3—6 cm peduncle. The female
flowers produce yellow, purple or brown seeds; often tear shaped (hence the name) and
shattering easily. This is a quantitative short-day plant — it undergoes accelerated flowering
under short-day conditions but can flower under long-day conditions as well — that requires
high temperatures, abundant rainfall and reasonably fertile soils. It shows non-synchronous
flowering and has a 100-seed weight of 16—17 g. This crop takes 150-160 days to reach
maturity.

Nutrient composition: Every 100 grams edible portion of the husked job’s tear grain contains:
water (10.1-15.0 g), protein (9.1-23.0 g), fat (0.5-6.1 g), carbohydrates (58.3—-77.2 g), fibre
(0.3-8.4 g) and ash (0.7-2.6 g). The amount of starch in the grain is very high, about
58 percent. The energy value is about 1500 kJ/100 g. Job's tear forage at early vegetative
growth has dry matter (29.9 percent), crude protein (8.5 percent), crude fibre (27.9 percent),
ash (8.96 percent), ether extract (2.7 percent) and nitrogen-free extract (51.9 percent).

Utility: Job’s tear is an underutilized, multipurpose crop with both nutritional and cultural
significance. Its utility varies with its botanical variants which are: the soft-shelled Coix
lacryma-jobi var. ma-yuen and the hard-shelled Coix lacryma-jobi var. lacryma-jobi. Soft
shelled grains are very nutritive and are traditionally cooked with rice and pulses. The flour
when blended with water makes for a refreshing, cooling drink. Grains are used by Garo,
Naga and Karbi tribes for brewing a local liquor. Its roots are used as medicine. The grains
are used by the Naga farmers as pig and chicken feed. As a locally sourced animal feed, Job's
tears can be fed either broken, ground, or as a whole grain to animals.

Hard-shelled types are used for making beads and ornaments. Green leaves are used as
fodder, and dried plants as thatching material. Therapeutically, grains are considered useful
in the treatment of kidney and gall bladder stones, menstrual disorders, catarrhal infection,
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and the brew of its roots is used as a vermifuge. The kernel is considered a richer source of
protein and carbohydrates than rice, wheat and maize and has lower phytosterol content than
maize. The cultivated types of job's tear have stiffening roots that are very durable and can be
processed into twine or binding material.

Two additional variants, Coix lacryma-jobi var. stenocarpa (characterized by cylindrical
involucres; used ornamentally) and Coix lacryma-jobi var. monilifer (characterized by
bead-like seeds; often used in tribal jewellery and crafts) have been cultivated for centuries
by tribal communities in Meghalaya, Nagaland, Manipur, Mizoram and Arunachal Pradesh.

This multipurpose crop, which is used for food, fodder and medicine, is grown particularly in
the northeastern states, parts of Bihar and West Bengal. In Garo hills of Meghalaya, job’s tear
is known as mairukku/megaru and is widely cultivated. In Arunachal Pradesh, job’s tear is
known as anyat/tanyet/fompalling and is cultivated in several towns and districts including
Upper Siang, Shiyomi, East Siang, Siang, West Siang, Lepa-Rada, Roing, Tezu, Anjaw,
Namsai, Daporijo, Lower Siang, Papum Pare and Kamle. Apart from the northeastern states,
job’s tear has also been reported in the Dang district in Gujarat. Despite its utility, the
cultivation of this millet is gradually declining owing to a shift in food habits and the
adoption of remunerative cash crops by the farming community in the northeast.

Climatic requirements

In the tropics, job’s tear is present in plains and on hills up to an altitude of 2000 m above
mean sea level. The crop prefers mild and humid climate. It has low tolerance to cold and is
intolerant to drought but grows well under flooded conditions. It thrives in areas with high
rainfall, moderate temperature and low relative humidity. An annual temperature of
9.6-27.8 °C (optimum: 21.5 °C) is considered ideal for cultivation of job’s tear. A dry period
is needed during seed setting phase. Black-shelled types of job’s tear are suitable for planting
in areas at higher altitudes while dwarf types are suitable for planting in low altitudes.
Planting can begin when the ground temperature is above 12 °C.

Soil
Job’s tear is generally grown in fertile, well-drained fields with sandy loam soils with a pH of

4.5-8.4, the optimum pH being 6.2. It is a resilient crop and can be productive in
waterlogged, acidic and lateritic soils, and even on degraded and sloping lands.

Land preparation

Job’s tear requires moist soil for optimal germination, growth and development. The land
should be prepared through deep ploughing, followed by 2—-3 harrowing, and then levelling
by a plank.

Sowing windows

Except in winter, the crop can be grown throughout the year. June is the most ideal time for
sowing. As the seeds have a hard seed coat, the seeds need to be soaked in water for at least a
day before sowing, to facilitate germination, Seeds are usually sown at a depth of 5-7 cm.
Transplanting seedlings that are 30-35 days old in low lying areas gives better establishment.

Seed rate and spacing

A seed rate of 3040 kg/ha is adequate for sowing in lines at a spacing of 40 cm x15 cm. For
broadcast sowing, a higher seed rate (40-50 kg/ha) is used. In low lying areas, where
seedlings that are 30—35 days old are to be transplanted, a lower seed rate of 20-30 kg/ha is
sufficient. Crop can be established by dibbling seeds about 5 cm deep into prepared fields at
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the beginning of the rainy season. Propagation by cuttings is possible, particularly when it is
being produced for fodder.

Varieties

Suitable for grain

Only a few varieties of job’s tear have been released in India so far, as there is no breeding
programme. Land races are cultivated in northeastern states (Meghalaya, Arunachal Pradesh,
Manipur, Mizoram and Nagaland). The National Bureau of Plant Genetic Resources
(NBPGR), Regional Station, Umiam (Barapani), Meghalaya has collected over 50 accessions
of job’s tears from the northeastern states between 1986 and 2004. Notable high-yielding
genotypes include 1C-012703 (grain yield of 3.18 t/ha), 1C-089391 (grain yield of 3.00 t/ha)
and 1C-521338 (grain yield of 2.90 t/ha). The evaluation of 37 germplasm lines from
northeast at NBPGR Regional Station, Bhowali, Nainital (Uttarakhand), found accessions
1C-0332644, 1C-0416831 and 1C-054017 to be promising. Evaluation of 10 germplasm lines
of job’s tear (JBN-1, JBN-2, JBN-3, JBN-4, JBN-5, JBN-6, JBN-7, JBN-8, JBN-9 and
JBN-10) collected from the farmers' fields across different districts (Kohima, Wokha,
Zunheboto, Longleng and Jalukie town in Parent) in Nagaland indicated that JBN-10 is the
best for grain yield as compared to other lines (Kumar et al., 2017).

Suitable for fodder

Job’s tear biomass is palatable to animals and is highly nutritious. Studies indicate that job’s
tear flour can replace maize flour in poultry feed. Some varieties released in India that are
suitable of fodder are:

e KCA-3: This variety was developed at Bidhan Chandra Krishi Viswavidyalaya
(BCKV), Kalyani (West Bengal) in 2004 and is suitable for cultivation in Assam,
Odisha, Jharkhand, West Bengal, Meghalaya and Bihar. It is characterised by high
fodder yield and soft-shelled grains.

e KCA-4: This variety was also developed at BCKV, Kalyani in 2005 and is suitable
for cultivation in the same states as KCA-3. It shows improved grain quality and
greater adaptability compared to KCA-3.

e Bidhan Coix-1: This is a fodder variety, suitable for cultivation in West Bengal,
Orissa, Assam and north Bihar. It has a green fodder yield of 34.6 t/ha and dry fodder
yield of 6.9 t/ha.

Manure and fertilizers

This crop responds well to application of nutrients. The recommended dose is 10-12 t/ha of
FYM or compost along with 80-40-40 kg/ha N-P20s-K20. Half the N dose to be applied with
the entire dose of P and K at basal and the remaining half of the N dose to be applied after
cutting the crop for fodder.

Use of biofertilizers (Azospirillum and Phosphobacteria; 2 kg/ha each), mixed with FYM is
recommended. Incorporation of Sesbania or Crotalaria green manure biomass at 30-40 days
before sowing is desired. In acidic soils of northeast India, application of 1-2 t/ha lime or
dolomite once every three years is desirable.

Weed management

One hand-weeding at 20-25 DAS is sufficient for weed management in job’s tear. However,
in marshy areas, aquatic weeds compete with the crop. To eliminate this two cycles of
hand-weeding at 20-25 DAS and 40-45 DAS is required. Loosening of the soil during
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weeding, promotes crop growth, development of roots and initiation of tillering. At present,
no herbicide recommendations are available for this crop in India.

Water management

During the rains, job’s tear does not require any irrigation if the rainfall is well distributed.
However, adequate soil moisture is essential for uniform crop germination. Post rains and
during the summer season, irrigation becomes necessary. After germination, tillering
(20-30 DAS) is the next critical stage for irrigation, as moisture stress at this stage reduces
plant stand and biomass. Flowering and grain filling (45-70 DAS) are the most sensitive
stages for irrigation and water deficiency can drastically reduce vyield. Generally, 3-4
irrigations (at sowing, tillering, flowering, and grain filling) are sufficient for the crop. Job’s
tear does not tolerate prolonged waterlogging, therefore proper draining of the field is
important.

Cropping systems

A job’s tear crop is often grown alone or in mixed cropping systems along with rice or rice
bean. In Nagaland, an alder-based shifting cultivation is practised. During the pollarding
period of alder (Alnus nepalensis), field crops like job’s tear, maize and rice are cultivated,
followed by sequential crops including cowpea, finger millet, perilla (Perilla frutescens;
Lamiacaee), potato, soybean, taro and other vegetables. Under the shifting cultivation system,
grain yields of 1.12 t/ha were reported in Nagaland

Insect-pest management

Job’s tear does not suffer major losses from pests and diseases, making its cultivation easy.
Insect pests affecting this crop include stem borer (Sesamia inferens and Ostrinia furnacalis),
rice  skipper (Pelopidas mathias) leaf feeder, thrip (Chaetanaphothrips orchidii),
aphid (Rhopalosiphum maidis) and woolly aphid (Ceratovacuna lanigera).

Disease management

Job’s tear is susceptible to leaf blight (Fusarium spp., Rhizoctonia solani), leaf spot
(Helminthosporium spp.), leaf rust and smut disease. The seeds are also damaged by rats and
parrots.

Smut

Job’s tear is affected by two types of smut fungus — Ustilago coicis and Ustilago
lacrymae-Jobi. Ustilago coicis affects and destroys all the ovaries while Ustilago
lacrymae-Jobi, affects only a few ovaries. The male flower is unaffected by smut. Seed
treatment with carbendizim (2 g/kg seed) reduces the incidence of the disease.

Rust (Puccinia coicis)

Upon fungus infection, minute straw coloured rust pustules are formed on both the surfaces
of the leaf. Seed treatment with dithane-M-45 (2 g/kg seed) effectively manages rust disease.

Harvesting

When nearly 80 percent of the grains turn brown, the panicle is harvested by cutting the
stems from three nodes above the ground. The harvested panicles are threshed by hand and
the seeds are sun dried. Job's tear seeds differ in colour; the more soft-shelled seeds are light
brown and the hard-shelled forms have a dark red pericarp.

The crop is cut fresh for fodder purpose at 30 cm above the ground and 2—3 cuttings can be
taken per year with the first cutting taken at 45-80 DAS depending on the growth of crop and
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the need. This can be followed by subsequent cuts at intervals of 3045 days. It is possible to
obtain a green fodder yield of 60—70 t/ha.

Yield

Typically, job's tear produces a yield of 2—4 tonnes of husked grain per acre. The grain has a
hulling percentage of 30—50, which means that only 30-50 percent of grains remain after
husking. Soft-shelled types (eg., var. ma-yuen) are easier to process while hard types are used
for beads. Lack of customized machinery for small-scale de-husking and grading is a major
bottleneck. Some Farmers Producers Organizations (FPOs) in Meghalaya and Nagaland are
experimenting with modified rice mills.

Exports

Job’s tear is slowly emerging as a niche commodity in regional and international trade,
especially in the context of functional foods, nutraceuticals and tribal livelihood systems.
Often traded under HS Code: 1008.90 (other cereals) or 1211 (medicinal plants), job’s tear
commands a price of US$ 2—4 per kg in bulk exports. Every year India exports approximately
1000 metric tonnes of job’s tear in forms such as: whole grain, polished grain, flour, roasted
snacks and herbal supplements. Meghalaya, Nagaland, Manipur, Jharkhand and Odisha
contribute significantly to the exports. Japan, South Korea, United States of America,
European Union (for health food and gluten-free markets) are the key importers.

Seed production

Job’s tear is a highly cross-pollinated crop, primarily pollinated by wind. Therefore, for
certified seed production, an isolation distance of 300 metres from other varieties or wild
types is required to maintain genetic purity. This distance aligns with general standards for
cross-pollinated cereals and is crucial for preventing contamination from off-types, wild
relatives or non-certified fields. Job’s tear has a seed multiplication rate of 1:50-80.
Structured seed production systems are yet to evolve in India for this crop.
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