Personnel, Material and Knowledge
to break yield Ceilings in Sorghum




Characteristics of Traditional
Sorghums -1960°s

Genetically tall, late, higher biological yield & low
economical yields (low HI) exhibiting lower rate of
fertilizer response

Generally photo-sensitive characterized by localized

adaptation but resistant to shoot pests.

The growing period being considerably longer than
length of rainy season.

Vulnerable to rainfall fluctuations and drought at
maturity.

Crop vield failure in years of low and erratic rains.
Que: Improve existing system or research to transform




Beginning of changes - March from begging
bowl to plenty 1960's

Exposure to variability in germplasm & its utilization

Collaboration with US & CGIAR institutes changed the
mind set and knowledge base

Role of dwarfing (brachytic) and photo-insensitivity
genes recognized

Rapid impact of changes created potential to give
confidence that India could meet its current and future

needs of food.
* Transformation of agriculture in India begins




Transforming “Survival oriented” to
“Productivity oriented”

Sorghum area kharif 10 mha and rabi 6 mha

Aims at:

 Break yield barriers by modifying height &
maturity genes

 Break environmental Barriers - Adaptability

e Genotype alteration — Re-design dry matter
distribution of long and late maturity to early and
dwarf genotypes to 50:50

* Breed for matching maturity with moisture
availability time frame for rain fed agriculture.




World Germplasm Resources — our
strength (1960-70)

Evaluation, classification and cataloguing of 12000
entries using plant characteristics, multivariate analysis
and preparation of a catalogue. (B. R. Murty etal, 1967)

Publication of seed catalogue (BS Rana & BR Murty,
1968)

GP lines with useful genes identified for exploitation

Evaluation of Germplasm for Insect - pest (MG Jotwani
& colleagues) and disease resistance (Sundram)
accompliced

Development of screening techniques

Identified resistance sources for shootfly and stem
borer and documented




Breaking yield ceiling of local varieties
(Dr. NGP Rao) -1960 -70

Adaptation of US temperate dwarfs in India

Utilization of US temperate early -dwarfs as
direct variety — CSV 1 (Swarna)

Utilization of US dwarfs CMS and Restorer lines
in hybrid development

Advent of first two hybrids- CSH1 & CSH 2
New production technologies developed.

First quantum jump- 25 q/ha yield (+ 10
q/ha) took place.




Indian x Exotic crosses (1960-70)

Indian and Temperate sorghum genetically &
physiologically, differ in plant architecture, Hl,
growth pattern, biotic & abiotic resistances

Hybridization using Indian adapted varieties x
Temperate dwarfs started (NGP Rao, 1968’s)

Genetic analysis of cytoplasmic systems, fertility
restoration, Apomixes and Nutritional quality

Extensive use of quantitative genetics begin for
varietal development, exploiting, heterosis &
enhancement of resistance (Rana,.... 1970)




Indian x Exotic crosses (1970-76)

Varietal improvement through integration of improved
traits.

Rao thought, "height and maturity are pleiotropic
traits” & Enforcement of panicle components between
local x temperate varieties is difficult.

| did not find it in F3 and could select for recombinants.

Selection was based on between families and within
selected progenies.

Some of the derived lines combined high yield with
simultaneous reduction in height & maturity

Release of CSV 2,3,5,6,9 (Tan) for kharif and
7&8 for Rabi (Rana, Rao & others)




Hybrid improvement begins

Indian germplasm found non-heterotic.

Heterotic genes located in zera-zera, feteritas
and other groups

Role of male sterile / female parent identified
greater than male in hybrid development

Maximum heterosis found in Long x compact
headed parents with higher mean and
additive genetic variance (Rana, 1968).




Breaking vield plateau of CSH1 & 2:
1970-80

Genetic improvement over US bred parents

Use of more heterotic germplasm & integration
of improved traits in parental lines

Evolving new CMS (2077 A, 2219 A,...) and

restore lines (CS 3541,.....) with higher per se
performance

Evolution of popular hybrids CSH 5 & 6 and
setting new target above 35 q/ha (+10 q/ha).
(RV Vidyabhusanam, 1976)




CSH5

e Very perceptible change and impressive large
head

e Quantum jump in grain yield with improved
production technology

* Greater response of farmers and a large scale
cultivation in Maharashtra, Karnataka and
other states




Impossible task declared

e 1977-78:
 Dr. N. G. P. Rao said to Rana,

e “Breaking yield level of CSH 1 was
difficult but it is impossible to
break yield level of CSH 5”.

 So Rana should prepare to achieve this.




Genetic enhancement to overcome production
problems in Kharif (1970-1980) — Rana etal.

Enhancement of yield and resistance- Indian x
Exotic crosses to Tropical x Temperate crosses.

Exploitation of zera-zera and exotic germplasm
Optimization of Plant type to maximize yield.
Genetic enhancement for leaf diseases
Genetic enhancement for grain molds

Multiple resistance for leaf rust, downey mildew
and other leaf spot disease




Breeding for leaf diseases resistance-
Rana etal.

Methods to screen for specific leaf disease
developed at Indore.

Breeding for resistance to individual leaf
diseases could not be possible.

Tan plant pigment at leaf sheath was found
correlated with resistant.

In Purple x Tan crosses, plant pigments
segregate in 3 Purple :1 Tan ratio, where tan is
governed by single recessive gene.

Conversion of breeding material in “Tan” type
become easy. Tan material & knowledge spread




Resistance to rust disease- Rana

etal

All tan varieties were not highly resistant and
some showed hyper sensitive reaction

But few were highly resistant and stable over
environment.

Purple pigment parents transmitted susceptibility
as dominant character

Tan x Tan hybrids were more resistant

Resistance is governed by three major genes,
trigenic recessive r,r,r,r,r;r; genetic constitution
proposed.




Genetic enhancement to overcome production
problems continued (1970-1990) — Rana

Genetic enhancement for Shoot pests.
Genetic enhancement for ear-head pests.

Genetic enhancement for crop response.

Holistic multiple resistance v/s individual
approach.

Species competition in inter cropping
systems estimated and principles
adopted in desighing systems.




Genetic enhancement to overcome production
problems in Kharif (1970-1980) — Rana etal.

Breeding for resistance.

Resistance sources and their stability
Effective screening techniques
Resistance mechanisms

Genetics of resistance

Selection criteria for resistance breeding

Management of Pests — (Cultural, improved
genotype, chemical) - IPM approach.

Use the principles of quantitative genetics




Estimation of heterotic effect (New Formulae)
(BS Rana& BR Murty) 1969.

Heterotic effect: H; = X;- %2 (P; +P)

Average Heterosis H. = 1/m[> |

In terms of Combining ability :
H,=X../fm+g;-%P;-%m3P,
H,=H+g (i) + %3P, - P,

Deviation from average Heterosis H.—Hish,=g. +1/2

d., where d. is genotypic effect of i th lines

g =hi-%d




Enhancing level of heterosis in F1

e Superiority of a hybrid in relation to its
parent depends on dominance, additive
& dom. type of epitatic effect.

* Heterosis is at inter population level.

 Heterosis may occur when ever, there is
genetic divergence between parents and
some degree of dominance.




Heterosis .

* If dominance exists controlling the trait, heterosis
will be the function of distribution of gene
frequencies.

Heterosis would be greatest when one allele is fixed
in one population and other allele in other
population.

Crossing completely inbred lines fully contrasting in
their allele frequencies can produce maximum
heterosis. (Means...........)




Evolving superior CMS - Rana

Developed new CMS lines. Of them, CMS 296 A found
most superior in: per se performance, heterotic

response (formula) and combining ability than CMS
lines used in CSH 5 and CSH 6 hybrids

Heterosis expected in crosses between diverse
parents with contrasting but complementary traits.

So R-lines selected with contrasting yield components
in dwarf back ground.

Many hybrids were developed on CMS 296 A & tested




CMS 296 A — a world class line, the
female parent of CSH 9 & CSH 13




Breaking yield level of CSH 5 & CSH 6-
Rana and Rao 1980-82:

New break through in a cross between long panicle
CMS 296 A x compact head R-line CS 3541.:

SPH 61 (CSH 9) was constantly superior in 3 years AHT
& the most stable in performance

Release of CSH 9 at 40 q/ha with more desirable
traits, wider adaptability and 18% yield superiority
over CSH 5

CSH 9: Superior in grain characters -more round,
better chapati making quality and better storage

CSH 9, most liked by farmers & found prime place







Diversifying hybrids for different
ecological adaptation

Enthusiasm continued for evolving new CMS & R-
lines that resulted into new hybrids with higher per
day production and

Earliness 100 days maturity — CSH 14 (39 q/ha)
(V. B. Shekhar

CSH 17 (42 g/ha) and CSH 22 (SL Kaul, Umakant,
Madhusudan & Rana)

We moved away from 110 days maturity.

Hybrids specifically yielded higher in dryer
situations and fitted in sequence cropping system










Dual purpose hybrid — CSH 13 K

Tall and highly productive dual purpose hybrids
required to meet fodder demand

Progress of parental line development over CMS 296
become limited.

We developed R lines. Of them a semi-dwarf line RS
29 with adaptation in Kharif & Rabi.

Plan... Tall hybrid without using Ht dominance.
Height x Maturity genes interaction utilized to
produce tall hybrid

Cross 296 A x RS 29 resulted a dual purpose hybrid
CSH 13 (39 q grain & 144 g/ha fodder) (Rana, SL
Kaul..) with phenomenon adaptability, high radiation
use efficiency. Hybrid got released for Kharif, Rabi and
Forage cultivation




Stepping up yield levels

e Evolution of new promising CMS line (27 A) with
enhanced panicle length pushed the hybrid yield
level up
Utilizing geographical diversity in developing
improved male (C 43) with cluster of grain/ PB
Use of diverse Ethiopian line enhanced heterosis
level and adaptation

1990-2000: The cross 27 A x C 43 resulted in
evolution of hybrid CSH 16 at 41-42 q/ha
(Audilaxmi, Aruna,....)




Breeding for dual purpose Kharif
varieties

Use of derivative lines as bridge population for
accumulating desirable genes to break the yield
ceiling set by earlier varieties

Development of CSV 12 /SPV 462 (33 q/ha)
(Coimbatore)

Development of CSV 13 (35 gq/ha) (ICRISAT)

Another upgrading in yield and multiple resistance
ensued: CSH 15, CSH 22 (S| Kaul, Umakant,
WELLUILEIEL L ERGE)




Real more on Dual purpose variety

 Evolving a popular variety CSV 15 (36 q grain,
121 q/ha fodder) (Rana, SL Kaul ) which match
the yield level of hybrid CSH 5. Variety is
released for fodder also.

Variety has highest level of resistance to leaf
diseases & grain moulds, stay green trait and
sweet stalk (TSS 15%).

Akola Farmers branded it, “Hybrid head on Desi
Jhad”

Barelly Farmers demanded it “Milk yield
increase by 1kg/day” so seed required










Way ahead




Rabi improvement- a difficult task

Production constraints- Drought, SF, CR, lodging
Shoot bug & soil compaction in early planting

Limit to genetic diversification in retaining preferred
lustrous grain, Roti quality and all resistance traits.

High HI, translocation to sink make prone to charcoal
rot due to depletion of sugar in lower internodes (SI)

Lack of heterosis in Rabi land race germplasm

Hybrids and some times parents show sterility under
cold at flowering time

Minimum scientific man power deployment
commensurate to problem & low knowledge base




Genetic limitations in Breeding Rabi
varieties and hybrids

Rabi varieties servive under natural selection with
residual heterotic balance in intra population cross
pollination and some out crossing in mixture

Low recombination in diverse crosses but Rabi x
temperate germplasm had better recombination

Tight linkage in grain characters lost in hybridization.

Recombination for desired grain luster and
threshability with high yield became a rare
opportunity

Breeders resorted to selection in adapted land races.
Limited yield advantage, but rewarding?




Vulnerability to climate change

Rust and aphid epidemic under high humidity
due to irrigation and occasional winter rains &
warm temperature

These set photosynthetic stress and stem
lodging in locals and non-tan genotypes

Advantage of irrigation in locals is marginal but
maximization of yield (60 q/ ha) was
demonstrated with CSH 13 R (tan - plant)

Its R-line RS 29 has high yield, proven rust &
aphid resistance in Rabi/ Kharif







CSH 15 R — Rana, SL Kaul, Shinde

For the first time, a true Rabi x Rabi hybrid (CMS 104
x RS 585) with high yield (32 q grain, 56 g/ha fodder),
resistance and adaptability under residual soil
moisture.

CMS 104 is 296 B x Rabi local derivative & long
panicle, bold grain type with tolerance to SF, CR

The knowledge and genotype created

Hybrid still stays, a challenge to breeders but above
three scientists retired long back

We wanted to place a CSH 9 type head on local plant
with M 35-1 grain but job remained un-accomplished







Opportunities in Rabi to keep
competitive

Plant ideotype approach and stay green trait for
shallow, medium and deep soils

Dr. SS Rao & Dry land centre demonstrated
advantage, but we breeders could not act.

Advantage of pigmented plant type with stay
green can be harnessed by introducing strong
rust and aphid resistance.

Project R-lines such as RS 29, CS 43,... proved
resistant in no choice test for aphid (H C Sharma
ICRISAT) but better fertility restorers required.




Breeding for biotic and abiotic
resistances

e Methodologies for breeding shoot fly , Stem borer,
leaf diseases, charcoal rot resistances were
developed (see series of inter disciplinary
publications — Rana, BU Singh Ent., S. Indira Path.)

Drought resistance: Induce mutation for
earliness. (Finding of Plant modelling exp. and
suggestion of Dr. V. L. Chopra ji, Former DG ICAR but
he also said that MAS will take whole life with un-
certainty).

 Let Dr. Tonapi ji, Director, getit done




Breeding for shootfly resistance (DH%)

Resistance showed systemic gradation in a series of
crosses in SxS, Sxl, SxR, Ixl, RxR crosses.

DH%, a quantitative character, predominantly governed
by additive genes. H>= 49% (F,), 82% (F,) under heavy
infestation.

F, and F; distribution for DH% conform to a normal
distribution, immunity being absent.

Select 1SD below the population mean.

While F, mortalities enable identification of potential
crosses, difference among resistant and susceptible
progenies get established by F; generation.




Useful germplasm 2010 -12 (Rana)

e Brown midrib —bmr 6 & 12 cmss & tillering R
MES

Ethiopian GP for kharif improvement
LISt e,
Rana can help

et people should target lines with new genes
and increase the number in GP collection
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Solidarity for sorghum improvement




Thank you very much

Happy to be with sorghum family










Plant Breeding is a competitive Science

It is 5% aspiration and 90% perspiration

Application of genetic principles, new knowledge
& cont. of efforts required in crop improvement

Innovations have been the key to progress and
prosperity that converted knowledge into public
good and economic wealth.

Demand of breaking yield plateau had been a
continuous mission in life to step up from one
level to other...




How we break the yield levels in past

1960-70: Breaking yield ceiling of local varieties —
Advent of first two hybrids & new production
technologies resulting 25 g/ha yield (+ 10 g/ha).

1970-80: Breaking yield levels of CSH1 & CSH 2.
Evolution of CSH 5 & 6 and setting new target above
35 g/ha (+10 q/ha). CSV 15 at same level++

1980-90: New break through: CSH 9 at 40 q/ha++,

1990-2000: Diversification of release of CSH 16 at
41-42 q/ha helped stepping up productivity
and




Forgotten thrusts 1, 2 & not 3rd

 Develop such dual purpose varieties that can
also be grown for quality fodder
production....Explain the seed chain (Do not
leave it as Pahuja resp.)

* Vidharbha: Excessive grain mould occurrence
due to delayed harvest. So development of
combining height sorghum hybrids be
developed- NATP project (Retied with Atale)

Introduction of sorghum in AP & eastern MS rice
belt. Capitalize on Allelopathic? advantage &
feed




Genetic enhancement to overcome production
problems in Kharif (1970-1980) — Rana etal.

Breeding for resistance.

Resistance sources and their stability
Effective screening techniques
Resistance mechanisms

Genetics of resistance

Selection criteria for resistance breeding

Management of Pests — (Cultural, genotype,
chemical) - IPM approach.

Use the principles of quantitative genetics




Estimation of heterotic effect (New Formulae)
(BS Rana& BR Murty) 1969.

Heterotic effect: H; = X;- %2 (P; +P)

Average Heterosis H. = 1/m[> |

In terms of Combining ability :
H,=X../fm+g;-%P;-%m3P,
H,=H+g (i) + %3P, - P,

Deviation from average Heterosis H.—Hish,=g. +1/2

d., where d. is genotypic effect of ith lines

g =hi-%d




Enhancing level of heterosis in F1

e Superiority of a hybrid in relation to its
parent depends on dominance, additive
& dom. type of epitatic effect.

* Heterosis is at inter population level.

 Heterosis may occur when ever, there is
genetic divergence between parents and
some degree of dominance.




