B. Bulk Method

After hybridization programme when the F, and subsequent generations are har-
vested in mass or as bulk to raise the next generation, it is called bulk method. At the end

of bulking period, individual plants are selected and evaluated in the same manner of
pedigree method. T | '

This method is applicable to any self pollinating crop like cereals, legumes and oil
seeds. Three different advantages may be achieved from this method: (1) isolation of
homozygous lines, (2) waiting for selection by environmental disaster, (3) the long period
of bulking may be helpful for natural selection to change the composition of population.

Procedure

_ First Year: Hybridization is done between the selected parents with the desirable
attributes. The cross may be simple or complex depending upon the number of selected
parents. - '

Second Year: The F, generation seeds are space planted and seeds from these plants
are harvested in bulk. :

Third Year to Seventh Year: Starting from F, generation onwards the seeds are
planted at commercial seed rate and spacing. The seeds of subsequent generations are



harvested in bulk. Many environmental factors, discase outbreak, etc., may select out the
particular genotype from this bulk p(n)ulaU(nl.'rh<t;x)pulutu)n size in each generatiop,
should be large always, 30,000 - 50,000 plants in cach generation.

Eighth Year: I, generation sccds are space planted and superior phenotypes ap,
selected and harvested separately. The selection is made on disease reaction, grain chary.
ter, etc.

Ninth Year: Individual plant progenics of Fy generation are grown in single
multi-row plots. Weak or inferior progenics are rejected, only 100-300 plant progenie,
are selected which are superior as well as showing no segregation.

Tenth Year: Preliminary yield trial is conducted with F_ generation with standrq
commercial variety as check. The undesirable progenies are rejected.

Eleventh To Fifteenth Year: Replicated yield trial at several locations is carrieq
out using standard commercial variety. The lines are evaluated for some important charc.
teristics in addition to yield, disease resistance, etc.; superior lines are released as ney
variety.

Sixteenth Year: The seeds are multiplied and distributed to the farmer.

Schematic representation:

First ———| [===] Selected parents are hybridized.
Year —— = ===
Second T Z”ZT| F,plantsspace planted, seeds are harvested in bulk.
Year =
Third —————==| F,plants are planted at commercial seed rate, sect
Year —=====—1 harvested in bulk.
Fourth Year F,
\
Fifth Year F,

For more five-six
generations the same

I €

Sixth Y
ixa Year J,S method is followed.
Seventh Year F p &
, Y |
: ———— . TR e select
s;ghth E— ——=== 11‘-! F, is space planted and individual plants arc selec”
ar ——————

and seeds are harvested separately.

Year

Ninth * l I I l ‘ ‘ H \ H\ Individual plant progenies are grown.

Inferior progenies are eliminated.
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Tenth
Year

Fifteenth
Year

Sixteenth
Year

Merits

2. The natural disease epiphytotics, winter killing, etc., eliminate the undesirable
types and increase the frequency of desirable types, which is more helpful for
isolation of desirable types.

3. As natural selection acts here, so the progenies selected from long term bulk
are far superior than those selected from F , of short term bulk.

4. Less attention and labour is needed for this method.

5. Since large populations are grown, the transgressive segregants are more likely
to appear and there is greater chance of isolation of transgressive segregants in
this method. |

6. Artificial selection may be practised to increase the frequency of desirable
types. '

7. Survivability of any gene or a particular genotype can be studied in this method.

Demerits

1. This method takes a long time to release a new variety, as the method of
natural selection becomes operative only after F or F .

2. The short term bulk method is useful for isolation of homozygous lines but
the effect of natural selection has little effect on the genetic composition of the
population.

3. Breeder has little opportunity to show his skill in this method, practically
selection is mainly based on natural selection.

4. Inheritance of characters is not individually maintained as in pedigree method.

5. At the end of bulking period a large number of progenies are being selected.
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A1 Preliminary yield trials using standard varieties as
check.

Eleventhto || [ ] [ ] [
— L—& Multilocation yield trials for the selected progenies.

t‘} ——==== Multiplication of seed for distribution.

This method is simple, convenient and less expensive.



Achievements

This method has been used to a limited exten

barley varieties like Arivat, Beecher, Glacier and Gem h
as x Vaughn, the bulk was

population derived from cross Atl
generations.

As this method requires more time to get the effe
of bree

ing a new variety and the lack of using any skill
this method is less used by the breeder for crop

Comparison between Bulk

]

\ Pedigree Method

| 1. The desirable plants are selectedin F, and |

" individual plant progenies are grownin
subsequent generations.

Artificial selection, artificial disease epidemics,

etc., are the integral part of this method.

Pedigree record of each progeny is main-
tained in such a way that even the finally
selected progeny can be traced back to
the particular F, plant.

- 4. ltrequiresclose attention of a breeder from

' F,generationonwardasin each generation
 selection and pedigree records are

‘ maintained.

More laborious, time consuming and
expensive.

The undesirable segregants are rejected in
each generation specially in F,,

The size of the population is usually smaller
than in the case of bulk method.

This method is more scientific, popular and
widely used.

C. Back-cross Method

e

1.

t due to lack of popularity. InUS. Ay
ave been originated from a bu
maintained in this case for

ot of natural selection for deVel()p\

der for selection of superior types

improvement.

and Pedigree Method

Bulk Method B

No selection is madein F, andthe subse-
quent generations are maintained as bulk.

Natural selection is operative here which
determines the composition of population at
the end of bulking period.

No pedigree records are maintained.

ltis simple, convenient and overall requires
less attention of the breeder during the period
of bulking.

Less laborious and less expensive.

As there is no selection in F, onwards, 0
there is no rejection of segregants aiso.
Generally large populations are grown.
Natural selection is expected to play the 1€
to select the transgressive segregants.

This method is not so popular and less
used by the breeder.

Back-cross is the event of crossi :
rossing of F, with either of the parents, but here in ¥

back-cross method of breeding the hybrid is to be crog d
se

genotype 1s to be transferred to the local variety

h with the superior parent WhOS,C
I €xample, in a particular area there'
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2 well adapted high yielding local variety but susceptible to a particular dise'ase, this
variety will be considered as recipient parent. The disease resistant variety will be the
donor parent. The recipient parent will be used in this method of breeding repeatedly to
get all the genes to be transferred which is also known as recurrent parent and the donor
parent is known as non-recurrent parent.

Genetic consequences of repeated back-crossing

Repeated back-crossing results in decreasing the frequency of heterozygosity by 50%
in each subsequent generation and rapid increase in homozygote, upto 98% by sixth back
cross progeny, will be achieved. The genotype of the back-cross progeny becomes in-
creasingly similar to that of the recurrent parent.

Non-recurrent parent x Recurrent parent
~ aa : AA

F; Aa x AA

s/
BC,  (AA +Aa) x AA
50% 50%

BC, (AA +'Aa) x AA
75% 25%

BC, (AA + Aa) x AA
87.5% 12.5%

BC, (AA + Aa) x AA
- 93.75% 6.25%

BC, (MM +7 Al x  AA
96.875% 3.125%

BC, (ARA  +7 Aa) x AA
98.438% 1 .562%/
)

Procedure

N The plan of back-cross method differs on the gene which is to be transferred, whether
tis dominant or recessive.

(9) Transfer of dominant gene

. Selection of parents : Variety A — Recurrent parent (well adapted, high yielding);
1€ty B — Non-recurrent parent, dominant gene controlled (stem rust resistant).
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ety A) should be useq .
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nt (var
as male parent.

rossed tO variety A, in thig -

Hybridization (First Year): The recurrent parct
female parent and the non-recurrent parent (varicty B)

F, generation (Second Year): I, plants are back-¢ acter
eration all the plants are heterozygous for rust resistant charac -.  are resistant

BC -gencration (Third Year): 50% of the BC, plants whic are g,

o i « iet A'
lected and back-crossed to the recurrent parent, 1.6 variety

BC,-BC, generation (F ourth-chcnth
2 : Sisté lants a
Rust resistant pia

year): In cach back-crozs gznsra:(ion, sty
regation would occur for rust resistance. re selected and DACk-Crogg,
to recurrent parent, variety A.

BC,-generation (Eighth Year): The plants of th
from variety A. Rust resistant plants are selected an
separately.

BC-F, generation (Ninth Year): Indivi
grown separately. The rust resistant plants are §

is generation will have 98.4% gen
d selfed. Their seeds are harveg,

dual plant progenies of selfed plants
elected and the seeds are harvested sep,

rately.

BC_-F, generation (Tenth Year): Individual plant pro
homozygous for rust resistance and similar to the plant typ
bulk.

genies are grown. The plap
e variety A are harvested;

Yield test (Eleventh Year): The new variety is tested in replicated yield trial alo
with the variety A as a check, as the new variety will be same in performance with variy
A only with rust resistant character.

Twelfth Year: Seed multiplication is done and distributed to the farmers.

Schematic representation:

First [—— —

Year ——| * [== Hybridisation bgtween variety A and B.
Bd AQ A is the recurrent parent, B is non-recurrent.
Second o et . .
Year —=Z| *|==—=| The hybrid plant is back-crossed with recurrent®
Hybrid AQ ent A. '
Third Year —-= T
— \fthl plants are selected which are rust resista’
ell as simj

: b BCm'lar to recurrent parent A.

' Yeazr s — Same procedure is followed fr
Eighth Year |

BC — ¥
¢ — Rust resistan( plants are self pOlli“awd'

Th
© seeds are harvegteq Separately
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Sirh Individual plant progenies are grown.

in

Year ””H“” HH The rust resistant plants similar to plant type A are
J selected.

Tenth ' Individual plant progenies are grown.

Year Homozygous progenies similar to recurrent parent A
l are harvested and bulked.

Eleventh Replicated yield trial with recurrent parent as one of
Year the check.

— e e e — A —

Twelfth |\ ——————— Seed multiplication and distribution.

Year - ——T

(b) Transfer of recessive gene

Procedure for transferring a recessive gene will be different from that of dominant
gene, as the recessive gene will be expressed only in homozygous condition. So the selec-
tion for that recessive gene requires the F, generation, i.e., selfing is needed after every
two back-crosses, and testing for the presence of that character has to be done in that
generation. ,

Selection of parents: The parents are selected in this programme as the previous
one, only difference is that the rust resistance is a recessive gene controlled character.

Hybridization (First Year): The recurrent parent is used as female parent and hy-
bridized with the rust resistant donor plant.

F, generation (Second Year): The F, plants won’t be rust resistant, these will be
back-crossed to the recurrent parent.

BC, generation (Third Year): Here also no rust resistant plants will appear, so no
need to do any rust susceptibility test. All the plants are selfed.

BC -F, generation (Fourth Year): The plants are tested for rust resistance charac-
ter. These plants are selected and back-crossed with recurrent parent.

BC, generation (Fifth Year): There is no rust resistance test, the plants are selected
only on resemblances with recurrent parent A, and again back-crossed with recurrent
parent.

BC, generation (Sixth Year): Again the plants are self-pollinated, but without any
selection for resistance character.

BC,-F, generation (Seventh Year): The selection for rust resistance is done in this
generation. The rust resistant plants having resemblance with variety A are selected and
back-crossed. |



ing, Brom="ry =~~~ "ol
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BC, generation (Eighth Year): Same as BC, ge
A generation.

BC, generation (Ninth Year): Same as BC. ' ¢ resistan
selected against rust res € and alg

ants are 5

. ion ( Year): Pl
BC-F, generation (Tenth ) trom the selected plants are harvesteq Sep,

the characters of variety A. The selfed seeds
rately.

BC.-F, generation (Eleventh
subjected to rust resistance test. Rigid
characteristic of varicty A. Seeds from selected plants ar
new variety. | it

Yield test (Twelfth Year): The variety is tested in repllcaFed yie ' rial along y;,
the variety A as check. The new variety should be same In yield performance exce

bearing the new character introduced.
Thirteenth Year: Seed multiplication and distribution to the farmers are carriy

Year): Individual plant progenies are grownp n
selection is done for resistance to st€m rust anq h
e mixed together to constityte thg

out.

Schematic representation:
Hybridization between variety A and B.

First X l::- : ‘ ‘ LA Qi
Year A is recurrent parent, B is with recessive rust regj
BQ l Ad tance gene. : iy e
sm “ZOx|ZZ F, is back-crossed with recurrent parent.
ear - — o ! Ll i i
Hybrid ‘ A No rust rCSIStflnCC test. |
zhird No rust resistance test. |
/ BC, The plants are all self pollinated.
Fourth | i
Year x The rust ;esmt;mt plants are selected and back-cross:
BC, - F, A with recurrent parent.
sgf: y No rust resistance test.
BC, l A The plants are back-crossed with recurrent parent

3::‘ D As in BC,,

Sev

Yea:mth D [:l As in BC, - F,
Eighth _
Year [:l

As in BC,,
Ninth A h
Year D No rust resistance test.
15(;5 The plants are se|f pollinated to raise BC,_ - F, &'
s

eration,
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The plants are subjected to rust resistance test and

x::h ‘ ‘ ' ‘ ‘ { ‘ . ' ‘ selection is made on variety A,
The selfed seeds are harvested separately from the
BGy selected plants.
Eleventh Individual plant progenies grown.
Yoar Progenies similar to variety A selected and compo-
B(:r. I‘;\ sited,
Ifth , , ‘ ,
mr ’ , ” Replicated yield trial alongwith variety A as check.
Thirteenth l e Seed multiplication and distribution to farmers.
Year - ——— -

Comparison between the transfer of dominant and recessive gene
during back-cross method

Dominant Charaéfér (RR) I _ Hecessiv"g_'ghéfacter (rr)
1styr. Recurrent x Non-Recurrent Non-Recurrent x Recurrent ~ 1styr.
r AR (§ RR
Hybridization Hybridization /
2nd yr. rx Rr F, ‘. F, Rr x RR 2nd yr.
\Back Cross Back cross ‘
3rd yr. I x @, ~;('- BC, BC, Rr, RR 3rd yr.
Selfing
s/
Back cross X BC, -F, F—}B B)Z'- @xRR 4thyr.
Back cros%
4th yr, mx(Rr), L BC, BC, Rr x RR 5th yr.
: Back
\. \Backcross C cross/
5th yr. mx @, -;(L " BC, BC, Rr, RR 6th yr.
Selfing
b ’é
RR Rr
Back cross X BC, -F, X X ®/X RR 7Tty
Back cross
N S
6th yr. @), BC, | BC, Rr x R 8th yr.
\ Back cross/
Tthyr, I @D i BC, BC, Ar, RR ath yr.
X Selfing |
X BC, - F, Biﬂ F)‘(' [«] 10th yr
8thyr. [Rr], I BC, | X |
X |
Y

Y , : :
~ Selected plant type with dominant character Selected plant type with recessive character



(c) Transfer of quantitative character
yverned by polygenes such as grain size, plant heigh

S , o . . ters will be lost, s '

maturity time, etc. As during transfer intensity of characters wn!l ‘b — dﬁo the oy
: » it is desire

recurrent parent must have the characters more intense from than . In the Ne,

ach back-cross generation should be self,

A

variety. For transferring this type of character, ¢ Then the rigid sel
: i n select;

and F, generation is grown which should have large population. 1he g1d selecti,,

» f alternate back-crossing and selfi,

0

done for the character to be transferred. The system o e eross broar :
goes on till the desired results are obtained. At the end of bac].—:rlo t(f reg amme, i
handled like pedigree method. The progenies which are more likely current Pare,

\ - ew variety.
bearing the desirable trait arc selected and mixed to make up the n y

Quantitative characters are gc

(d) Transfer of two or more characters in a single parent

For simultaneous transfer of many characters in a single back-crossing programp,
the characters from different non-recurrent parents are brought together by multiple Crossiy,
and then back-crossing to recurrent parent is performed. Larger back-.cross Progen
would be needed than in case of transfer of a single character, and also it may take o
time as in each step all the desired characters may not get expressed.

The multiple characters can be transferred in a stepwise method. The recurrent pg
ent is first improved for one character then it is used as recurrent parent for introductiy
of another new character. Thus in stepwise manner more than one characters can be int:

duced into a single recurrent parent.

Applications

Generally the back-cross method is used for transferring disease resistance charac
to a good and well adapted variety. Other quantitative characters can also be transfer:
through back-cross method in both cross- and self-pollinated crop.

1. Intervarietal transfer of simply inherited characters: The characters I\
disease resistance, seed colour, plant height, etc., which are controlled by
or two major genes are most suited for transfer through back-cross meth?
from one variety to another of the same species. The successful transfef b
pends on the minimum linkage between desirable and undesirable trait

2. Intervarietal transfer of quantitative characters: Grain characters like
size and shape, earliness, plant height-all can be transferred from one vare
to another with the criteria of high heritability.

3. Interspecific transfer of simply inherited characters: Mainly the chafﬂ"[f
like disease resistance can be transferred from related species to Cultivﬂ‘i‘
species. This specially requires the relatedness between the species W™ 1,
chromosomes can pair during meiosis. The transfer will be unsuccessful ',[r
genetic environment of recurrent parent is not suitable for functioning’ [‘



Merits

Transfer of cytoplasm: In case of transfer of male sterile character from one
parent to another requires back-cross method. The variety or species from
which the cytoplasm is to be transferred is used as female parent. The recur-
rent parent should be the male parent. After 6-8 back-crosses, the cytoplasm
will be of the donor parent with the genotype of recurrent parent.

Transgressive segregation: Modification of back-cross method will produce
transgressive segregants. Few (1 to 3) back-crosses with F, allow much het-
Crozygosity to appeat, or two or more recurrent parents may be used in back-
Cross programme (o accumulate genes from them into the back-cross progeny.
Such kind of modification would produce new variety which won’t be like the
recurrent parent.

Production of isogenic lines: Back-cross method is useful for production of
isogenic lines, i.e., the lines of a crop which are identical in their genotype

except for one gene. These isogenic lines are useful for studying the effect of
individual genes.

This method does not change the genotype of the popular established variety,
only it helps a single desirable character to be transferred in the existing variety.
As the recurrent parent is an established variety, so it is not necessary to test the
yield performance which ultimately saves five years time, as well as expenses.
In case of short duration plant, 2-3 generations can be raised within a year as
the selection is based on inheritance of a particular character, not on perfor-
mance. So this method drastically reduces the time period required to develop
a new variety., '

Back-cross method"requires smaller populations than the pedigree method.
Defects of an established variety can be removed using this method, may be
only by introducing a single character.

InterSpeciﬁc gene transfer only can be done through this method.

Transgressive segregation can be obtained in case of quantitative characters by
modified back-cross method.

This method is very much useful for cytoplasmic gene transfer to the recur-
rent parent, i.e., new variety will bear the cytoplasm of donor parent and
genotype of recurrent parent.

Demerits

I.

The new variety is not superior in performance than the existing variety ex-
cept the introduction of single character.

During transfer of such kind of single desirable gene, sometimes some unde-
sirable genes may get transferred.

PR R OR &
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) of more than one gene controlled character, multiple Crog

h is often difficult, time taking and Costly

ack-cross method may get replaceg by

3. For introductior

ing programme is nc
arent taken in a b
of high yielding ability.

cessary whic

4. Once a recurrent p
another superior varicty

Achievements

k-cross method is very much uscful for transferring of simply heritable charaCter

pular local variety.
popular established variety to which the leat
diverse sources like Robin, KI, Bj,.

Bac
like disease resistance to well adapted po

In case of wheat, ‘Kalyan Sona’ is the
rust resistance character has been transferred from
bird. Tobari, etc. using back-cross method.

In case of Bajra, Tift 23A, a male sterile line whic
mildew has made resistant through back-cross method.

For interspecific transfer of genes, back-cross method is widely u'sed for crop i,
provement. Cultivated sugarcane (Saccharum oﬂicinqrum) is »susocptlt}le to pests apg
disease. crossed with S. spontanium which is resistant. This brings resistance but wi
undesirable characters like more fibre, low sugar, thin stem, etc. By back-crossing wi,
noble cane these undesired characters are removed. '

In cotton, the hybridization between Gossypium hirsutum and G. arboreum yielde
highly sterile F, hybrid, few tetraploid seeds were obtained. These plants were then back.
crossed with G. hirsutum and two varieties have been selected from the back-cross prog
eny which are now being widely cultivated in Gujrat. ’

Except the characters of disease resistance other characters can also be transferred b
the back-cross method. Such as in cotton, the ginning quality of fibre has been improve:
by back-cross method from the local-variety. By using BD8 (wilt resistant, high spinnin
value but low ginning out turns) as recurrent parent and Goghari A26 (high ginning o
turn) as non-recurrent parent, new variety Vijay was developed.

h was susceptible to doyy,

Comparison between Pédigree method and Back-cross method

Pedigree Method | Back-cross Method
1. Theaim ofthis methodtoproduce thenew | 1. In this method the new variety is totaly il
variety whlchhns totally different from the torecurrent parent except it bears a new
parents bearing superior characters. character transferred from donor parent.

2 Th; method is used generally toimprovethe | 2. This method is used toimprove the speciC
Yield and other characters of the variety. defect of a well adapted popular variety.

3. This .rr)ethod is suitable for introducing @
specific highly heritable character.

3. Thismethod is usefulto improve both
Qualitative and quantitative character

-
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[ Pedigree Method Back-cross Method
4. Gene transfer from related species is not 4. Itisthe most suitable method for gene transfer
suitable through this method. from related species to produce addition or
' substitution lines. |
5. Hybridization is limited only to produce the 5. Hybridization with the recurrent parent is done|
F, generation. | in every back-cross generation. |
6. F,andsubsequent generations are allowed | 6. F, and subsequent generations are generally
to self pollinate. - -allowed to back-cross with recurrent parent. |
7. F,and subsequent generations are much 7. The progeny of back-cross generations are
Iarger than those of the back-cross method. smaller than pedigree method. |
8. Themethod of breeding does not get ~ 8 This method s different for transferring
modified whether the character is dominant dominant and recessive gene controlled
or recessive gene controlled. character.
9. The new variety is subjected to extensive 9. Asthe back-cross method always aims at
testing and yield trial before releasing as - improving some particular character of
new variety. recurrent parent, so extensive yield test is not
| required before releasing as new variety.
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