*UTILIZATION OF HETEROSIS IN
AGRICULTURE AND HORTICULTURE
CROPS PLANT FOR CROP
IMPROVEMENT




*Introduction

*Heterosis is a natural phenomenon whereby hybrid offspring from
genetically diverse individuals show increased vigor relative to their
parents (Coors and Pandey 1997; Shull 1948).

*Heterosis in crop species can be visualized in terms of increases in
growth rate, total biomass, stress resistances, seed yield, and
population fitness.

*Heterosis has the following specific characteristics: firstly, heterosis is
highly variable; the degree of heterosis varies with respect to the
genetic distance of the parents, their reproductive mode, the traits
investigated (Zhou et al. 2012), the developmental stage of the plants
and the environment.

*With respect to environmental variation, biotic and abiotic conditions
shown to affect heterosis include soil-type, topography, climate, solar
energy, temperature and water availability



Heterosis In maize

Heterosis is important in maize breeding and depends up on the
level of dominance and diversity in gene frequencies. The
manifestation of heterosis depends on genetic divergence of two
parental varieties.

> Maize has great potential for heterotic manifestation and its

exploitation. This could be the reason that number of hybrid
varieties in maize is much higher than any other varietal types i.e.,
open pollinated, double cross, synthetics or three way crosses. It is
endowed with significant amounts of heterosis for and
other :

> Selection of appropriate parents is the first step in maize hybrid
breeding program. Based on inbred lines abilities to produce
superior hybrids, maize parental lines have been grouped into
heterotic groups. Further, certain cross combinations produce
desirable off springs, whereas, other involving equally promising
parents produce poor progeny.

» Selection should be based on the sound consideration of combining

ability of parents is the most desirable and high yielding cross
combinations could be combed out from a large number of
combinations.
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» Hybrid Breeding : The Term hybrids used to designate F1
populations obtained by crossing genetically unlike parents.

» A) Conventional Hybrids:

» Three way Crosses : It is hybrid progeny from crosses between two
unrelated inbreeds ( A XB) X C. Popular hybrids are Ganga 5 - ( CM-
202 X CM-111) X CM- 500 Ganga 11 - (CM-202 X CM -111) X CM-501
high starch - (CM -400 X CM -300 ) X CM-601 2)

» Double Crosses : It is the hybrid progeny from crosses between two
single crosses (AX B) X ( C X D)

» Popular Hybrids: 1) Deccan double hybrid: (CM-104 X CM -105) X (
CM-202 X CM -201) 2) Deccan 101 - (CM-202 X CM -206) X (CM -115 X
CM-114) 3) Deccan 103 - (CM-120 X CM-118) X (CM -208 X CM-119).



B) Non Conventional Hybrids:

1. Intervarital Hybrid : It is the hybrid progeny cross between two
varieties. It is similar to synthetic and composites. E.g. Variety X Variety.
2. Top Crosses : It is the hybrid progeny from crosses between inbreed
and variety.

3. Double Top Crosses : It is the progeny of the cross between single
cross of inbreds and variety. E.g. (AXB) X Variety. {Ganga safed 2,
Histarch, Ganga 4} Instead of using CGMS lines



Heterosis In cotton

» Introduction : Cambodia cotton in South India, MCU- 1 2.

> Selection : K1 cotton reselection from SRT -1

» Hybridization and selection

a) Inter varietal : MCU 5 - Multiple cross derivative MCU 6 - Multiple
cross derivative MCU 9 - (MCU 5 x MCU 8)

a) Inter specific hybridization : African linted species (G. africanum)
reached America through pacific ocean and after crossing with
American lintless wild diploid species G. rarimondii gave birth to
tetraploid cotton. The chromosome doubling took place in nature
resulting in the development of fertile amphidiploids.

v' G. herbaceum X G. rarimondii Var africanum linted lintless Old world
cotton American cotton Diploid (2n=2x=26) Diploid (2n=2x=26) AA DD
F1 hybrid Diploid 2n=2x=26 AD Sterile Doubling of chromosomes G.
hirsutum New world cotton Amphidiploid 2n = 4x = 52 AADD

v' Heterosis breeding : India is the first country in the world to release
first commercial hybrid in cotton.



v' Both intraspecific and interspecific hybrids are evolved in cotton.
= a) Intraspecific : G.hirsutum x G.hirsutum Shankar (H4) cotton of
Surat (Gujarat 67 x American nectar less)
= b) Interspecific hybrids : Varalakshmi (Laxmi x SB 289E)
(hirsutum) x (barbadense)

v' Population improvement followed in USA a) Recurrent selection :
Pima S1 Pima S4 of G.barbadense b) Synthetic variety : Deltapine 15
developed at konyvllwer USA. c¢) Composite : Pima 17 of
G.barbadense.

v'  Biotechnology has helped in developing transgenic cotton with
resistance to Helicoverpa The resistant gene has been transferred
from bacteria Bascillus thuringiensis into cotton plant by Monsanto
Seed Company in U.S.A. Hybrid Seed production : A) DOAK's method
of hybrid seed production B) Use of male sterile line C) Mutation
breeding



Heterosis In wheat

» Grain yield is clearly the economic trait of interest in hybrid wheat
and the desired expression of economic heterosis can be achieved by
matching yield and from genetically diverse
parents

» Based on Cytoplasmic Male Sterility (CMS), Nuclear Male Sterility
(NMS) as the sterility system for commercial hybrid production and
reported maximum better parent heterosis ranging from 3-41% and
standard heterosis, the comparison of a hybrid to a commercial
cultivar, ranging from -4 to 32%

» In a compilation of studies investigating several yield components,
grain number per spike, spikes per plant, 1000 grain weight, harvest
index, dwarf plant height and spike length were more frequently
associated with the significant heterosis for grain yield, suggesting
that there could be no separate gene system for yield per se as yield
is an end product of the multiplicative interactions between its
various component characters
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This indicated that, on the average, a gene causing an increase in
one character will also result in an increase in the other character
or vise versa. So selecting for one character will help in selecting
for the other character

Although, several yield components appeared to be important in
determining grain yields in high yielding hybrids, the crosses
showing heterosis for grain yield per plant were not heterotic for
all the characters

The first major advantage of hybrid wheat is the consistency of
yield and higher vyield performance. The consistency of
performance of hybrids and comparable conventional varieties
tested across range of environments showed that hybrids were
more consistent in performance than varieties and cope much
better in harsh environments
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Heterosis In rice

The utilization of population improvement methods in rice only
became feasible after the discovery of the male sterile gene through
induced mutation of the rice.

The initial breeding strategy to produce hybrids relied on three
breeding lines known as A line (the male sterile line), B line
(responsible to maintain the genetic male sterility of the A line) and
R line (used to restore the fertility of the A line and to produce the
hybrid seed). The ideal system for these and other cross-pollinated
crops would be the one-line method utilizing the apomixis system
that allows preserving the right cultivar.

Identication and evaluation of male-sterile lines and their restorers,
test cross phase to select heterotic combinations and to initiate
conversion of maintainer lines into male-sterile lines, back crosses
to transfer the cytoplasmic male-sterility to elite maintainer lines,
trials to study the combining ability of the parental lines and
foundation seed production of all three lines.



» Heterosis is the base of the great success in hybrid rice. Currently,
hybrid rice accounts for 55% of the total planting acreage of paddy
rice in Far East Asia and the annual increased rice production
resulting from planting hybrid rice amounts to 20 million metric tons,
which can provide a main staple food for 70 million people.

» Environment sensitive Genetic Male Sterility which are currently
being used in rice: PGMS - Photoperiod sensitive genic male sterility
Genic male sterile lines which respond to the photoperiod or duration
of day length for expression of pollen sterility and fertility behavior.
For example, most of the PGMS lines remain male sterile under a
long-day (>14 hrs) conditions and revert back to fertility under short-
day (< 14 hrs) conditions. Example - N9044S and N5088S.

» Thermo sensitive Genetic Male Sterility lines remain male sterile at a
high temperature (>30°C) and they revert back to fertility at a lower
temperature (<24°C). The critical sterility/fertility points vary from
genotype to genotype. Example - Norin PL12, 1D24, IR32364



Heterosis in cole crops

» Broccoli, cabbage and cauliflower are hermaphroditic annals with a
high degree of out crossing enforced by sporophytic self
incompatibility. Significant inbreeding depression and heterosis is
present. The exception is summer cauliflower where there is no
inbreeding depression and no self incompatibility.

» Heterosis of hybrids over open pollinated cultivars may be only 10%.
Cabbage hybrids were 12-15% better yielding than open pollinated
cultivars. In broccoli, hybrid cultivars yielded 40-90% better than
open pollinated ones, but that comparison was no entirely due to
heterosis.

» High rate of natural out crossing and heterosis in the cole crops has
made them ideal for hybrid production, with 84% of cabbage and
100% of broccoli and in hybrid cultivars. Another significant factor in
the adoption of hybrids has been their greater uniformity in yield and
quality relative to open pollinated cultivars.



» Single cross hybrids are produced by crossing two self incompatible
inbred lines in an isolation block. Self incompatible inbreeds can be
self pollinated using bud pollination, since flowers are self
compatible .Cytoplasmic male sterility is being phased in for hybrid
production since it is more reliable in protecting the proprietary
inbred lines used as parents.



Heterosis In carrot

Carrot is a monocious biennial outcrosser with much inbreeding
depression and essentially no naturally self pollination. Heterosis
for marketable yield was measured at 25-30% over open pollinated
cultivars. Most cultivars are two or three way hybrid and are
produced by cytoplasmic male sterility.

Inbreeds are difficult to develop because of inbreeding depression,
but can be advanced to S;-S, by alternating each generations of self
pollination with open pollination. Hybrids are produced in isolation
blocks with eight rows of the female parent alternating with two
rows of the male parent. Hybrids are produced on 50% of the carrot
land.

Difficulty in F1 seed production in carrot has resulted in a much
more delayed release of F1 varieties than in other major
vegetables.

In Japan, F1 varieties outnumbered the open-pollinated ones
among the new varieties of carrot released during the period 1981-
1987.
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In USSR, in spite of the active promotion of the use male sterility,
F, varieties do not prevail in commercial fields. F, varieties of carrot
are superior in yield, growth vigour, uniformity of top growth and
root size and disease resistance. New methods involving
biotechnology, especially tissue culture including synthetic seeds, are

likely to play a major role in the breeding and propagation of
F, varieties.



Heterosis In sugarcane

» High heterosis over better parent and standard variety for
quantitative and juice quality

> In 24 crosses among eight lines and three testers of sugarcane was
observed for all the characters, except sucrose content In juice and
purity coefficient. Heterosis for stalk weight ranged from
21.3 to 69.6% over better parent and from -11.8 to 57.8% over

standard variety

» High standard heterosis over variety Co 1148 was observed only
in four crosses, viz. Co 7314 X Co 775, Co 7314 X Co 1148, PoJ 2878 X
Co 775 and Q 68 X Co 775, because these combinations produced

» 14 genotypes showing maximum superiority (51.8% for stalk weight
and 24.4% for sucrose content) over the standard variety

» These combinations can be exploited for heterosis breeding evolving
varieties directly from these heterozygous clones.



Heterosis in chilli

Chilli (capsicum spp.) is an important vegetable which is grown for
its fruit purpose. Highly rich in vitamin ¢ and ad other anti-oxidants.
Industrially used for cosmetics and oleoresin production

C.annum - commonly known as sweet pepper and chilly hot pepper

C.annum L.var avicular - commonly known as bird pepper, proginator
of bell pepper. C.annum grossum sendt. - commonly known as sweet
pPeEpper

C.baccatum syn. C.angulosum and C.baccatum var baccatum -
commonly found in southern American region

Use of male sterile line as female and restorer line as male are
planted in a ratio of 4:1. reported male sterility are 1. GMS, 2. CMS,
3. CGMS, Among this CGMS is commonly used

Use of chemically hybridizing agents:- Use of CHA androcide GA3 at
10000 mg/li in bell pepper thrice at onset of flowering and once
again after 10 days causing male sterility (kholi et.al 1981). And this
CHA treated lines are used as female parent.



ACHIEVEMENTS:-

>
>

>

Chilli hybrids:-

ACH-15:- cross between S-49 and CDPS -120, developed by GAU, fruit
weight is 4.85g and yield is about 100qg/ha.

ACH-30 cross between S-49 and Punjab Guchcedar, developed by GAU,
fruit weight is 4.8g and yield is about 110q/ha.

BSS-141 Developed by Beeju Sheetal seed pvt.ltd., jalna, cross between
JUBI and CABE.

CH-1 developed by PAU Ludhiana, bear 200 fruits per plant and satisfy
ASTA certification and yield is about 95¢g/ha. other hybrids ARCH -
236,CH-3 and BSS-138 etc.



Heterosis In tomato

» Tomato is a hermaphrodite annual.Several important dominant genes
used for tomato improvement include fusarium wilt,verticilium wilt,
root knot nematode etc

» The natural outcrossing rate in cultivated tomato is 0.5-4% in
temperate areas and higher in tropical

» Cross of EC-156 x Marglobe showed high heterosis for number of
fruits per plants that gave 83.18% more yield then better parent.
High degree of heterosis over better parent for pericarp thickness
has been observed in cross of S-14 x Pusa Ruby
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