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INTRODUCTION

~ Rice, the major s=source of calories for 40% of the
e <
sopulation, is ranked as the world’'s most important food

msequently, it is one of the most intensively
'AEd crop plant. The accumulated knowledge-base has been

srable value in enhancing rice productivity and, in



{'Qs in the case of other crop plants, rice breeders have

pursued the expleoitation of natural variation for

impressive. Taichung Hativel (TN 1) and IR series
from IRB to IR74 lines/varieties released by the
'nnal Rice L—Institute, Manila, the Fhilippines and
on of National Agriculture Research System are known for

;;ct on enhancing productivity per unit area and time.

- The increase in rice production has helped
';f_widespread hunger and famine by keeping pace with
owing human population. HMith the rice-consuming

on increasing at an alarming rate of hundred

PEr YEear, by 2020 A.D. the rice requirement of Asia

g

L

U N
eed 760 million {tcnﬁé,; The csituation in India, the
k. \\"““——" 5 "
i qrowing country, is also not stable. Although we
i¥< sufficient at present, aur rice requirement is

to increase at a rate of 25 to 30 million tones every

This means that we should achieve the target of

A~ "\\
7 g 100 million %PHES 3 oper year (presently 75 million
N_M_;,, il

) by the year 2000 A.D. This requirement would increase



illion tonnes by 2020 A.D. Accordingly, the production of
= to be doubled in next 25 years. 1t has to be recognised
i plant breeding is a =low and painstaking process that
o parnenPed
in yield and productiviky cannot he sustained
sly. It is in this context that rapidly emerging
e=s of plant cell and molecular biplogy have attracted
ntion for they provide a powsrful and novel means to

and complement the traditional methods of plant

ice 1730°s, plant tissue culture has progressed mostly
yledonous plants, and studies on monocotyledonous plants
hind. The in vitro culture of rice started with the
if@ture, when Fujiwara and 0Ojima (12535) cultured excised
culture conditions for various stages of immature
- were examined hy Amemiya et al. (1956) and obtained
from even five day old cultured embryos. F1 hybrids
otherwise unsuccessful  rice crosses were - subsequently
by Bourhamont {1%61), lIver and Govila (1964). Culture of
young seedlingé on Hé&ler’s medium containing vitamins
nsv was reported by Furuhashi and Yatazawa in 1%64. This

1licwsed by plant regeneration from seed derived callus

biplegical limitations, and that such {gMﬁjmatEB'\



regenerated From roaot callius (Kawata and
las well as pollen derived callus (Niizeki and
. Cho and Zapata, 1988).

The demnnstratinntpf/ﬁuha and HMaheshwari (1964, 1266,
immature anthers of [atuers innoxia when cultured
priate nutrient medium can give rise to plantlets with
wnher of chrumasomegyxgpened up a new approach to the
';f; rhaplnidy in plants generally known as androgenesis.
found that this technigue can be effectively employed
iizeki and Oono., 1%48:; Guha et. al,.1970), HNicotiana
and Nitsch, 19475 Nitsch et. al.,1969; I\{imcata and Tanaka
litsch and Nitsch,1969; Sunderland and Wricks, 17693
g&d Labib, 1970). fraszics (Kameya and Hinata, 1970) and
%'d feplive (Clapham,1771). In {vyvra sativa, varietal

R

f;aﬂgnth5§j§ailgging were reported by Guha et. al.(1770).

derlying principle of androgenesis is to direct the
- \F‘»M».Ww~%%;w“w S P
ent of the microspores whose fate iSLQSFma;my’tD become _a-

fnﬁ to Fforce its development directly into a plant or
This abnormal pathway is possible if the pollen cell is
;'¢ith certain specific conditions.

" UEilization of anther culture technique in the breeding

smes has been in practice, mostly in China, for more than



fi. Since the relegase for cultivation of Hua-Yu MNo. 1 and

=veloped over 100 varieties and lines with objectives like
===, vyield, resistance to disease and grain guality
E al.. 198BZ). Resesarchers in China. have also successfully
ither culture for several other purposes like, solving
;fy problems in indica—japonica hybrids. DOutside China,
stion of antﬁer culture in rice bresding programmne has been
"fively of a lesser magnitude. In Korea, the technigue has
aanly used Ffor developing blast resistanese and cold
%fvarietieg (Gun, 1582)Y. In Taiwan, application of anther
“WEE mainly to produce inter-subspecific and  inter-—
F1 hybrids (Woo and Chen, 1982). International Rice
if‘lnstitute, Manila's programme of anther culture has been

gn production of varieties for cold tolerance using F1

of japonica—indica and indica—japonica CrosSses.

oximately 100 triple crosses for obtaining R1 lines for

istance, Fe—tolerance and white belly determination.

= the rice varieties developed through anther

{ brEEding in 17976, Chinese researchers(ég#amm&ﬁﬁr@eéw%ﬂ



teginrs affecting androgenesis in rice have been

QjPChen et al. (1921). Cold or heat shock for short
own to enhance the yvield of pollen embryos and green
'”kably. This beneficial effect of cold pretreatment
'xfepurted by HNitsch and HNorreel (1973) in  Dsturs
; has alsoc been shown to increase the ratio of
gnthers in many species, such as #Micetisns tabacum
J3?4}, Datursa incoois, Hyosoyasus niger, Mordeuam valgares
and Roberts, 1977) and {rves =sativa (Chaleff et.
PIn the procedure—wnE rice  anther culture, this

"has been an essential step and broadly adopted by many

=. Callus induction frequency of kKeng ({hves =sativa

ica) or Hsien ({rves satiwve Subsp. indica) rice can

The time needed for pretreatment depends on the

used. In general, lowsr the temperature (as low
'5t} shorter the time nesdsd, and higher the temperature
*i:h as 10°— 153°C ) longesr the period of treatment
Through the experiment by Wanag and his associates

indica rice, 10 day pretreatment at 3° - S“C; 10 to



ent of callus induction frequency. When the period of

-2eatment is too long, the freguency of green plantlet

L

sted from callus decreased dramatically while of albinof
L

greatly. The appropriate cold pretreatment benefits the

iation of green plantlets and raises the differentiation

T".-_rtcl formation of green plantliets (Zhou and?Chané} 17813

N
i A
LA 4

£

o and Chen, 1983a). +

By

.;thysiolagical investigation has revealed that cold

t could reduce the respiration intensity of anther and
ption of materials, and could prolong the lifespan of
n addition, it was found that the weight of énther also
j‘durihq rold pretreatment. All these effects would be
s to the initiation and development of pollen grains
(égégg 1983). Ou and Chen, (1983 b) demonstrated that
id pretreatment supported the survival of most of the
Agnd completion of the induction preocess for androgenesis
~same time, and therefore lega to a much higher induction

ncy of callus than that of the control.

Other treatments such as heat shock (Keller and
g 1278, 197%), placing the detached tillers in water at
mperature (Wilson et al. 19278 )} and putting the excised

in a water saturated atmosphere (Dunwell, 1981 ) have

i



d beneficial to production of embryos and plants.

>

nation of embryo or callus depends greatly on the

= nutrients in the culture medium (Nitsch, 19693 Wang
4). Clapham {1973) discovered that high concentration
= ions in LS medium (Linsmaier and Skoog, 1965) was

geous for callus Fformation in barley microspores.

W;, Chu et al.{1973) developed Né medium which is
?;; by having a low concentration of (NH4)2504 and high
éjnuﬁum proved to be very efficient for rice anther
;:, 1978; Genovesi and Magill. 19793 Chen et al. 198Z;

&% p

! LY
. 1782). Specially in fgraminae, a high sucraose

j; has been found to bhe beneFicia} for plant
f;thrnugh anther culture (Clapham,1773%; Ouyang et al.,
o and Larter, 1976; HWiao =t al., 1978). Chen (1778)
that in rice 6% sucrose in callusing medium and 3%

v

'}tregenerating medium resulted in highest freguency of

fsgreen plant regeneration sapability in rice. But some
t = have reported that &% sucrose is too high and 5%
4 snded  (Huang et al., 1978, Chu,1%78; ChaleFF and
1581). It has been observed that high concentration of
. responsible for maintaining osmotic pressure of the

nedium (Wang et. al., 19743 Chaleff and Stolarz,1981).

‘h regulators like auxins and cyteokinins play a crucial

O



process of androgenesis. In earlier days, 2.4-
oxyacretic acid (Z.4-D) was thought to be the only
rtial for androgenesszis and it was always added to the
um with or without cytokinin (usually kinetin)

auxins (Miizeki and Oone, 194683 Harn, 12693 HNishi

k=, 194693 Guha-— Hukh%rjee, 17733 Wang et al., 1974).
ory effect of 2Z.4-D, and that it can be
x — naphthylacetic acid (HAA), was Ffirst reported by

ﬂonu,(i??l), QFte?:;ards it was also found out that
ining callus of high morphoaenic potential cytokinin is
H4 {Chen, 12773 Chalsff and Stolarz, 17813 Lee and Chen,
=ever, this conclusion of hormonal requirement may not
ié:le to all cultivars as gencotypic differences in

—equirement has been reported (Liang, 197835 Cornejo

Frimo — Millo, 1781},

= (Maheshwari et al., 1%80). The light conditions

complete darkness (Niizeki and Oonoc, 19685 Harn,

(Mishi and HMitsuoka, 194%:; HNiizelki and Oono, 1971).



Other factors that influence anther response are

;%ion of the gas mixtuwre in the culture vessel (Dunwell,

ansson et al.,1982) and the density of anther inoculated

= culture medium (Bajai et al., 19773 Sunderland et al..

The genctype of the donor planﬁ%‘has a strong effect on
plant formation. There are several reports on genotypic
7 anther response of rice (Guha et al., 197035 Iyer and
Wang et al..1774:; Raina and Iyer,1974; Tsai and Lin,
hen and Lin,1976; Chu, 19823 Rush and Shao 19823 Ding
1983; Zapata, 1985; Hu, 1985; Miah et al.,1985; Karim et
29853 Boyvajiev and Kuong, 19863 Guiderdoni et al., 198B6;
and Kinoshita,1988). In the initial study of Iyer and

{1972), out of 15 cultivars only 5 showed callusing and of

4]

7Bﬁly one (IARI -~ 5788) regensrated roots and shoots.
mic variation is now seen mostly in the extent of responcse,
5 tﬁan in the existence of some responsive genctypes and
>FE5ﬁDn5iVE - genotypes {Raina, 198%). In general,

ica rice varieties are known to respond better than indicas

,1982: Bun, 1982; Zapata 1985). Hu (1984, 1983) reported

10



= induction frequency of green plants was more than 104 in

 cultivars, whereas it was only 14 in indica rice.

The reason that this technigue of androgenesis has

i such wide attenticon is the possibility of obtaining
cells, tissues and complete organismsy; which has a single
ﬁ}ametic information. Instant homozvgous lines could then
ed by doubling the chromosome complement in  these
= without héving to resort to a lengthy and time consuming
| of inbreeding, which is indispensable for obtaining
E,ity by conventional methods. In addition, recessive
can be readily discovered because of presence of only one

“hromosomes, and hence only one copy of each gene.

The other attraction of anther culture 1s the
?jty of early Ffixation of recombinants. Follen plant
derived from anther culture of F1 hybrids will express
on patterns otherwise expressed in the FZ or F3
%Ran. Diploidization of haploids will render them
=, resulting in the rapid ecstablishment of pure lines
'ff~rwise would reqguire several generations of selfing. The
g of time and resowces would be Far greater in  long

comparad to short duration cultivars, in which

gosity can be achieved rather speedily through conventional

11



such as single seed deszcent, by growing two or three

per year. In rice, therefore, anther culture breeding would
ore advantageous in situations involving temperate
mment, photosensitivity or environmental stresses because

e cases only one gensration can be raised in a year.

Increased selection efficiency is the other advantage
£ er culture breeding,. ecspecially when dominance variation
',;mificant. In conventional breeding, early generation lines
‘1£4) show phenotypic differences to which both additive and
ance effects contribute. In contrast., double haploid lines
d from F1 anther culture will =show only additive variance
therefore, high heritability due to elimination of dominance
;g- Thus, compared to the F2 population, fewer double
- plants will be required for the purposes of selection of
ssired recombinant(s). To elaborate this point, Baenziger
schaeffer, (1983) cited the hypothetical example of a cross
gating for three recessive genes and for three dominant
'iiIn the case of three recessive genes, 1/8 of the double
dd= derived from such 2 cross would be selected as compared
of the F2. In the cass of three dominant genes, whereas
the double haploids, »2'1 of which would breed true, 27/64
iaplants would be selected, on the basis of phenotype., but

1/64 would be true breeding. Chinese scientists have

12



=d that about 150 pollen plants derived from F1 anthers

;aennuqh instead of 4 - 5,000 F2 plants, for the purpose
;Vinn of desirable genntyﬁes {(Shen et. al., 1983). Double
3fﬁ¥eeding would be particularly useful in situation in
wtencive recombination is net important (Chaleff, 1979;
3. In rice, efforts to combine the desirable traits of
and japonica cultivars have often heen frustrated by the
2gree of sterility of the hybrids and vigorous =z=egregation
he parental types in F2 and subsequent generations.
;}biluida produced through anther culture of the F1 hybrid,
promising segregant, would ensure stabilization and
. aroduce and arrest segregation in successive generations.
anther culture for solving the problems arising from
1féspeciFic and inter—-specific hybridization can be

as the most important area of its application in rice

fnother area of use of double haploid is the selection
races of pathogen of insect biotypes {Rush and &Shao,

. U=e of ‘pure line’ varieties or breeding lines may cCause

ntvypes investigated. Anther rculture could be used to
3hhumﬂzygou5 line=z for utilization in such situations, as

in screening for resistance to herbicides, physiological

13



and in purification of A, B and R lines for hybrid rice

 The present investigation iz aimed at standardization

ons for anther cultuwre-—derived callus induction and
éf»erétian from cold tolerant rice varieties aqrown in
itude areas of HNorth Eastern Hill of India. All these
f are rad kerneled, possess cold tolerance and they are
icslders. Having standardized the conditiaons for
i=, we produced several douhle haploid lines throuah
ilture of Fl derived hybrids between IR 70, an elite IERI
line and Ehonorullo, 2 local cold tolerant line. The
anloid lines were evaluated for agronomic characters

’ 23
=dium altitude { 950 m. msl ) wvallyland condition and

}

e
~;f'nnes with high vield and white kernel colour were

d for further evaluation.
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