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REVIEW OF PEARL MILLET RESEARCH

Pearl millet [Pennisetum glaucum (L.) R. Br.] is the staple food of majority of the poor
and small land holders, as well as feed and fodder for livestock in rainfed regions of the country.
Pearl millet excels all other cereals due to its unique features - C4 plant with high photosynthetic
efficiency, high dry matter production capacity and is grown under the most adverse agro-
climatic conditions where other crops like sorghum and maize fail to produce economic yields. It
requires less inputs, matures in short duration and is considered as nutritious food, feed and
fodder. In India, pearl millet is the fourth most widely cultivated food crop after rice, wheat and
maize. It is grown on 7.5 million ha with an average production of 9.73 million ton and
productivity of 1305 kg/ha during 2016-17 (Directorate of Millet Development, 2018). The
major pearl millet growing states are Rajasthan, Maharashtra, Gujarat, Uttar Pradesh and
Haryana which account for more than 90% of pearl millet acreage in the country and commonly
grown in rainy (kharif) season (June/July—September/October). It is also cultivated during
summer season (February—May) in parts of Gujarat, Rajasthan and Uttar Pradesh; and during the
post-rainy (rabi) season (November—February) at a small scale in Maharashtra and Gujarat.

Pearl millet is rightly termed as “nutricereal” as it is a good source of energy,
carbohydrate, protein, fat, ash, dietary fiber, iron and zinc. It is a rich source of energy (361
Kcal/100g) comparable to sorghum (349 Kcal/100g), wheat (346 Kcal/100g), rice
(345Kcal/100g) and maize (325 Kcal/100g). The carbohydrate content of pearl millet is 67.5
g/100g ; with 56 to 65% starch comprising 20 to 22% amylase and 2.6 to 2.8% free sugars -
mainly sucrose. It is high in fiber (1.2g/100g) and o amylase activity. The protein content of
pear] millet is (11.6/100g), comparable to wheat but higher than rice. It is rich in methionine but
poor in Sulphur containing amino acids. With low prolamine fraction, pearl millet is gluten free
grain and is the only grain that retains its alkaline properties after being cooked which is ideal
Jor people with gluten allergy. Pearl millet is rich in fat content (5 mg/100g) with better fat
digestibility and rich in unsaturated fatty acids (75%) with higher content of nutritionally
important n-3 fatty acids. It is a rich source of vitamins and minerals with overall mineral content
of 2.3 mg/100g constituting potassium, phosphorous, magnesium, iron, zinc, copper and

manganese. It is rich in B-vitamins (thiamine, riboflavin and niacin).

Pearl millet is the major millet occupying first position among all the millets in India
followed by Sorghum and Ragi. As millets are climate smart crops with high nutritional value
they are rightly termed as Nutricereals. To bring millets into mainstream, exploit their

nutritional rich properties and promoting their cultivation, Govt. of India has made efforts to
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include pearl millet under PDS (Public Distribution System) and Millet mission. Efforts are also
initiated to declare this year as the “Year of Millets”.

Research on Pearl millet improvement in India is carried through the All India
Coordinated Research Project on Pearl Millet (AICRP-PM) administered by Indian Council of
Agricultural Research (ICAR). The AICRP-PM has a network of 14 AICRP centers in
Rajasthan, Gujarat, Maharashtra, Uttar Pradesh, Karnataka, Andhra Pradesh, Madhya Pradesh,
Punjab, Haryana and Tamil Nadu. The AICRP-PM centers located in 12 State Agricultural
Universities (SAU's) and University of Mysore pursue mandated activities and strategic research
on pearl millet in the area of germplasm utilization, improvement, production, protection and
value addition etc. As the growing conditions for pearl millet vary from near-optimum with high
external inputs to highly drought-prone environments, prioritization of research in cognizance of
production constraints and differential requirement of various crop growing regions led to
formation of three zones viz., Aj, A and B. Zone A, is comprised of parts of Rajasthan, Gujarat

and Haryana receiving less than 400 mm annual rainfall.

Through ICAR- All India Coordinated Research Project on Pearl millet, a total of 158
hybrids and 61 varieties were identified and released for cultivation in different agro ecological
zones of the country. Pearl millet is the first crop where MAS strategies and tools have been
applied to develop "Improved HHB 67". Since its inception in 1974, the ICAR- All India
Coordinated Research Project on Pearl Millet has developed a number of production and
protection technologies specific to different agro-ecological regions which proved useful in
enhancing the productivity of improved cultivars to commercial farming scales and thus

increased the profitability of pearl millet cultivation.

Along with yield improvement, focus on the nutritional improvement was also taken care
in Pearl millet. In order to develop biofortified varieties/hybrids with enhanced Fe and Zn, a
landmark decision was taken by the Pearl millet researchers to include Fe and Zn concentrations
as one of the promotion criteria for promoting entries in the coordinated trials during the 52nd
Annual Group Meeting of ICAR- AICRP on Pearl] millet at PAU, Ludhiana on 28th April, 2017.
Other improvements proposed and accepted were inclusion of maximum disease incidence for
diseases like downy mildew, rust, blast, smut and ergot in promotion of entries. Refinement of
technologies for processing of grain, development of value added products along with
development of sound extension support for popularization of these technologies and products;
spread of pearl millet cultivation in nontraditional areas and pearl millet hybrid seed production
in North - Western part of the country is the need of the hour. These changes will certainly add to

the national efforts of doubling the farmer’s income.
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The results of the research conducted during 2017-18 are summarized below:

CROP IMPROVEMENT

1. Hybrids/ varieties notified

Pear]l millet hybrids/varieties were notified and released for cultivation in various agro-

ecologies of the country viz.,

i). Hybrid XMT 1497 and variety Pusa Composite 701 were released for cultivation in
medium maturity group for the states of Rajasthan, Gujarat, Haryana, Punjab, Delhi, Uttar
Pradesh and Madhya Pradesh.

ii). Two hybrids NBH 4903 and PBH 306 were released in late maturity group for the states
of Maharashtra, Karnataka, Telangana, Andhra Pradesh and Tamil Nadu and

iii). Hybrid Mahabeej 1005 was released for the state of Maharashtra.

The following hybrids and varieties were identified for cultivation for various agro-ecologies
of the country during 52™ Annual Group Meeting at PAU, Ludhiana- five hybrids viz., RHB
223, 86M38, PB 1705, HHB 299, AHB 1200 and one variety ABV 04.

Genetic enhancement

A significant progress was made during the year 2017-18 in genetic enhancement of crop. A
total of 227 new experimental cultivars were evaluated in 14 trials during kharif and summer
2017 at 69 test locations in the four agro-climatic zones of the country. These genotypes

expressed a wide range of grain and stover productivity (Tablel).

Table 1: Details of coordinated trials on Pearl millet conducted during 2017

Zone Trials No. of test Range
entries Grain Yield Stover Yield
(kg/ha) (q/ha)
Al IHT Early 16 1641-2664 39-68
| AHPT Early 15 1550-2789 37-55
A IHT Medium 36 2051-3729 55-106




IHT Late 32 2596-4337 81-134
AHT Medium 11 2785-3649 62-92
AHT Late 02 3801-4157 _104-109
BT 12 1621-2336 40-63
B IHT Medium 36 2199-4954 55-106
IHT Late 32 2305-4441 65-116
AHT Medium 02 3359-4008 ' 51-69
AHT Late - 02 3576-3986 74-82
B 08 1936-2670 36-62
Ai.Aand B | HT (Fe & 7Zn) 07 2895-3480 62-80

Summer SHT 16 4005-5235 80-105

2. Utilization of male-sterile (A) and restorers (R) lines

A wide range of A and R lines were used in order to develop new experimental hybrids for
evaluation. The hybrids evaluated during 2017 were based on 95 A-lines (by name) and 120
R-lines (by name). This is contributing significantly towards genetic diversification of

parental lines and ultimately of hybrids in the country.

3. Assessment of grain quality- Fe, Zn, Protein and Fat

During the 52" AGM of ICAR-AICRP on Pearl millet at PAU, Ludhiana a landmark
decision of including minimum Fe (42 ppm) & Zn (32 ppm) in promotion criteria was taken.

From this year, this criterion was implemented.

A special trial for development of high iron and zinc hybrids was carried out. The iron and
zinc content ranged from (82-96 ppm) and (36-45 ppm) respectively.

A total of 47 test entries were assessed for quality parameters like protein and fat. A wide
range in protein content (8.0-12.9%) was observed in the test material demonstrating that
there exists enough opportunity to select for protein content in addition to high grain and
stover yields.

4. Breeder seed Production

During the 2017-18 breeder seed production of 25 parental lines (A, B & R) of hybrids and 7
OPVs was undertaken. A total of 21.77 q of breeder seed was produced which was much



higher than the indented quantity of breeder seed (6.93q) from Department of Agriculture
and Cooperation, Ministry of Agriculture and Farmer Welfare (GOI).

. DUS test and registration of cultivars with PPV & FRA

Revision of DUS test guidelines was done during the past two years under the
chairmanship of Dr. CLL Gowda, Ex DDG, ICRISAT and were finalized during 2017. DUS
testing was undertaken as per approved guidelines of PPV & FRA during kharif 2017. A total
of 41 candidate varieties including 10 for second year and 27 for first year and 4 farmers
varieties along with 15 reference/example varieties were tested at ICAR-AICRP on Pearl
Millet, Jodhpur and MPKV, Rahuri. Observations on candidate and reference varieties for

twenty six characters were recorded as per general and specific DUS guidelines.

Monitoring of the DUS trials was done under the chairmanship of Dr. O.P. Yadav, Director,
ICAR-CAZRI, Jodhpur on 20/09/2017 at Mandor, and at Rahuri monitoring of DUS trials in
Pearl Millet was done under the chairmanship of Dr. Vilas A. Tonapi, Director, ICAR-IIMR,
Hyderabad.

. ICAR-ICRISAT partnership research

A total of 181 R lines and 91 B lines were assessed by breeders in 20 trials at 18 locations on
AICRP centers and cooperating centers and superior entries were selected for utilization in
their breeding programme. 91 lines were selected by different breeders from various centers.
in the Elite inbred joint biofortification trial the entry no. 2 (ICJBT17-2) and 10 (ICJBT17-
10) were identified as superior to the best check (Dhanshakti) in Fe and Zn content. In high
Fe inbred trial, 8 entries recorded more than 89 ppm and 55 ppm Fe and Zn content.
Phenotyping data was generated for marker assisted breeding trials carrying QTL for downy

mildew and drought tolerance.
7. CRP Biofortification Parental Line Trial (CRPB PLT) trial

The trial comprises 16 entries including two checks (ICMB 98222 and Dhanshakti) having
high Fe and Zn contributed by different ICAR-AICRP on Pearl millet centers. The trial was
conducted across 6 locations viz., Mandor, Jaipur, Hisar, New Delhi, Jamnagar and Dhule.
Data was generated for yield parameters and agronomic performance. Days to 50%
flowering ranged from 51 (Dhanshakti) to 68 (10-SB-16). Plant height ranged from 98 cm
(ICHFPT 16-14) to 176 cm (Dhanshakti) and panicle per plant was 1.2 (10-SB-16) to 2.4
(ICHFPT 16-17). Agronomic scores ranged from 1.2 (10-SB-16) to 3.9 (JMSB 20159). Fe
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content ranged from 84 ppm in H 2302 to 118 ppm in 10-SB-16 where as Zn content
recorded 57 ppm in PPMI 952 to 84 ppm inl0-SB-16 as compared to the best check
Dhanshakti (Fe 83& Zn 55 ppm). The dry fodder evaluation for nutrition is under progress.
The work on development of value added products, ready to cook and multigrain mixture
suitable for Mid-day meal scheme, nutritional evaluation for crude protein, fat, ash, fibers
and anti-nutrients (phytic acid and polyphenol) in laddoo, barfi and halwa and self life study
of pearl millet flour were carried out. In socio-impact study and popularization of traditional
products and bakery products developed from biofortified variety of pearl millet
(Dhanshakti) in combination with other food ingredients like semolina, bengal gram flour
wheat grits and refined flour using standard recipes were studied.

Resource management:

The following Seven agronomy were conducted during kharif & summer séasons of 2017 in
different agro climatic zones (Zone A;, Zone A and Zone B) (Table 2).

Table 2: List of the agronomy experiments along with treatments

S.N. | Title

1 PMAT 1: Response of advance
hybrid & population entries to
nitrogen levels

Treatment

Kharif Season

Zone A; (1a) 18 (Entries 6, N level 3)
Zone A (1b) 24 (Entries 8, N level 3)
Zone B (1c¢) 09 (Entries 3, N level 3)

Summer Season
Zone A & B (1d)
2 PMAT 2:

12 (Entries 4, N level 3)

Effect of mulching
and hydrogel on the productivity
of pearl millet under rainfed
conditions

8 (T1: Control (RDF), T: Crop residue mulch @
5.0 t/ha, T;: Hydrogel @ 2.5 kg/ha, T4: Hydrogel
@ 5.0 kg/ha, Ts: Hydrogel @ 7.5 kg/ha, Ts: Crop

-residue mulch @ 5.0 t/ha + Hydrogel @ 2.5

kg/ha, T;: Crop residue mulch @ 5.0 t/ha+t
Hydrogel @ 5.0 kg/ha and Ty :Crop residue
mulch @ 5.0 t/ha + Hydrogel @ 7.5 kg/ha.)

PMAT 3: Response of pearl
millet hybrids to foliar application
OfFeSO4

12 (Hybrids 3 & 4 FeSOy foliar spray i.e. Control,
0.25%, 0.50% & 0.75% at tillering stage (25-30
DAS)

PMAT 4: Irrigation scheduling
for summer pearl millet hybrids

12 (3 Hybrids i.e. 86M64, Pro Agro 9444 and

‘Nandi 72 & 4 irrigation levels (At 50 mm, 75

min, 100 mm CPE and Critical Growth Stages)

| PMAT 5: Maximization in the

pearl millet productivity under

10 (Two Sowing Dates: July 25-30 & August 10-
15; 5 nutrient management practices T;: RDF* of
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