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 3ENETIC AND SOCIOLOGIC. ASPEgT‘
OF RICE BREEDING IN INDIA™

jABéTRAc'r;

The flow of rice genetic material at 10 Indian research’ stations was traced .
fthrough three periods: 1965~67, 1970~71, and 1974-75. Breeding objectives.
‘'of 1974-75 crosses were determined. The genetic makeup and traits were . '~
determined of popular farmer varieties and of new locally developed rices
at 12 centers. Sociologic data were gathered on the breeders.

In 1965-67, 807% of the crosses involved at least one semidwarf; TNl was used
in 41%, IR8 in 27%. By 1974-75, 91% of the crosses involved semidwarfs.

Use of TN1 and IR8 dropped sharply, but locally developed semidwarfs were:
used in 61% of the crosses. Of the. local semidwarfs, 55% were progeny of
IR8, and 397 of TNI.

Use of tall parents dropped from 77% of the crosses to 4BA during the decade. f
Use of indica parents increased from 79% to 96% and use of japonicas and
ponlais declined. Use of hybrids increased from 57% to 74%

Yield potential was a breeding objective for 89% of the 1974-75 crosses; .
fertilizer response, 80%; lodging resistance, 807%; grain quality, 674;
growth duvation, 597%; disease resistance, 43%; insect resistance, 37%; -
drought resistance, 97%; cold tolerance, 9A, waterlogged soils toleranca. 7%y
and deep-water tolerance, 27%.

Half of the popular farmer varieties were semidwarfs; 657 were locally
developed, the others were from IRRI. Jaya was most popular, followed by
IRS. For 52% of the rices grain quality was a favored trait; 247% had poor
grain. Fifty-two percent of the rices had a desired growth duration. For
half of those earliness was the preferred trait and for half, intermediate
or late duration. Disease resistance was a favored trait of 18% and
susceptibility was a weakness for 58%. Insect resistance was a favored
trait of 17% and susceptibility a weakness of 30%. ‘

Of the newest varieties, 83% were semidwarf and 17% were intermediate in
height. Of the 15 semidwarfs, 13 were progeny of IR8. Desired growth
duration was a favored trait of 72% of the new rices; earliness accounted
for 61%. For 61% grain quality was a favored trait while 237% had poor

- grain. Resistance to at least one disease was a trait of 61% and a
susceptibility of 73%. Half of the new rices were resistant to insects
.and half were susceptible.

1
by T. R. Hargrove, associate edltor, Anternationali Kice Kesearcn 1nstlruce;:.:

Los Baiios, Philippines. Submitted to the IRRI Research Paper Serles Comm1tteé$
20 January 1977.
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" ‘Mean ratings of environmental and pest problems were compared with breeding
objectives. Pests were a major problem in all areas; 507% of the crosses
were for pest resistance. Drought was rated second, but only 9% of the
crosses were for resistance to it. Of specific pests, bacterial blight was
‘named as a major problem in 75% of the areas; 17% of the crosses aimed for
resistance to it. Stem borer was cited in 69% of the areas, but only 2% of .

. the crosses were for resistance.

About 41% of farmer's fields were considered irrigated; 67% of the breeders'
work was on irrigated rice; and 547 of the newest varieties were suited to
irrigation. For rainfed rice, the averages were: farmers' fields, 40%;
scientists' efforts, 19%, and newest varieties, 337%.

The breeders' mean age was 42.7 years and mean professional experience, 15
years. Fifty-six percent had an agricultural background. The breeders -

spent 73% of their time in research and 54% in breeding activities. Forty- -
_four percent held a Ph.D., half from highly developed nations.
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+ GENETIC AND SOCIOLOGIC ASPECTS -
. OF RICE BREEDING IN INDIA:

- The rapid increases in cereal production in the developing nations during
the 1960's and 1970's were spearheaded by new: semidwarf varieties of wheat
and rice. Although many believed that small-scale farmers were reluctant
" to change, the new form of genetic technology was rapidly adopted across
Asia, Africa, and Latin America, particularly in the irrigated regions-
Chandler (1976) wrote,

"Of the many factors responsible for this advance, by
far the most decisive was the development, by agricultural
scientists, of the short, stiff-strawed, fertilizer-responsive
varieties of rice and wheat which have essentially doubled the
yield potential of mankind's two important food crops.”

“Jennings (1974) noted two fundamental differences between the new and the
oldlvarieties: a drastic shortening of the straw of the new plants to .
reduce lodging and to increase the ratio of grain to straw, and a marked.
increase in their adaptability over latitudes, elevations, and other

environmental factors. .

The spread of the new varieties onto farmers' fields —-- the so-called green
revolucion -- has been well documented, butless is %nown about a - S
_..corresponding diffusion that may have even greater long-term effects —-= .. .
their diffusion as parent varieties through national rice breeding programs.
Plant breeders use such varieties as genetic buildiné blocks; through .. -
crossbreeding, they incorporate the genes that contrd} desired traits into
new progeny, which are then fed into seed production channels and onto .

farmers' fields.

As a major supplier ofgenetic material to more than Sd:nations, the
International Rice Research.Institute (IRRI) seeks knowledge of what parent
materials are adopted by scientists in national programs, what genetic

traits they are used for, and what factors influence adoption of the new
varieties. B

It is known, for example, that many of the semidwarf varieties now being

planted were developed by national scientists. What is the genetic makeup
of these varieties? Are they progeny of crosses with the first semidwarfs?.
Are these new varieties replacing the IRRI semidwarfs? ‘

Knowledge of the extent of use of given varieties as parents will indicate
the influence of IRRI on national programs for rice technol@gy development.
And all rice scientists need to know the genetic compusition of current and

potential varieties to avoid the inherent danger of a lack of genetic
diversity in the world's rice crop. \
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Thrrnugh in-depth interviews and analyses of breeding records, IRRT traced
the diffusion over a 10-year period of rice genes into the programs of 41
plant breeders at 28 experiment stations and agricultural universities in
10 Asian countries. Data were also gathered on the sociologic backgrounds

*of the rice breeders who adopt new genetic technology. The project was

partially funded by The Rockefeller Foundation and was conducted in
collaboration with the Agricultural Education Department, Iowa State

University, USA.

The biologic and sociologic information gathered can help those concerned -
with international agricultural development determine how an international
agricultural research center such as IRRI can best allocate its resources
to encourage and stimulate the local development of better farm technology
for rice farmers.

Breeders were interviewed {rom Bangladesh, Korea, India, Indonesia, Iran,
Nepal, Pakistan, Philippines, Sri Lanka, and Thailand. :

Data compiled and analyzed for 18 of the breeders from 12 experiment station
andumiversities in India are reported in this paper. Crossing records for
1965-67 and 1970-71 were analyzed at four state-level rice research stations
and agricultural universities in Kashmir, Maharashtra, Orissa, and Punjab,
and at three national centers: the Central Rice Research Institute (CRRI),
Cuttack; the Indian Agricultural Research Institute (TARI), New Delhi; and
the All India Coordinated Rice Improvement Project (AICRIP), Hyderabad.
Crossing data for 1974-75 were compiled from the-same rice research stations
plus three other state-level stations in Bihar, Kerala, and Tamil Nadu.

Breeders were also interviewed, but crossing records were not analyzed, at
two other state-level stations in West Bengal and Uttar Pradesh.

DIFFUSION OF GENETIC MATERIAL AMONG BREEDING PROGRAMS

. Each parent of an improved rice variety has its own genetic code, or its

own set of inheritable genetic traits. A critical analysis of the breeding
material used by rice breeders can help indicate the genetic composition of
current -- and future -- modern varieties, and provide a measure of the role
of the green-revolution varieties in local technology development.

The flow of rice genes during a decade was traced by analyzing randomly
gselected crosses made during three periods: 1965-67, 1970-71, and 1974-75.
The percentages of different types of parent material used during each-
period were calculated on :

e a cross basis, e.g., the percentage of crosses in which a semidwarf'
was used as one of the donor parents;’and

® an 1nd1v1dual-parent basis, e.g., the percentage od dlfferent types
"nf rice in the total genetlc pool used in each period. i

:5Forty-four crosses were analyzed from the 1965-67 breeding records and 68
_crosses from the 1970-71 records of 7 Indian rice research stationa. For
- 1974-75, 46 crosses were analyzed at 10 stationms.
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i'Adebtioﬁ of eeMidbarfkriceéVas;pdrehtaZ material

",'Eighty percent of the 44 crosses made in 1965-67 involved the use of at least
one semidwarf parent to reduce the height of the tropical plant; 38% of the
102 individual parents used were aemldwarfs (Table 1).

_Table 1. Plant height of 336 rices used as parents in 158 crosses made =
’,dur1ng a 10-year period. Ten agricultural experiment stations, India, 1965

1965-67 - 1970-71 1974-75
102 44 102 68 9 __ 46
Plant individual crosses individual crosses individual crosses
height parents parents parents
no. %42 no. % no. % no. % no. % no., %

Tall 38 37 34 77. 52 38 S50 74 26 27 22 48
Intermediate 25 25,-20'””&5 13 9 12 18 5 5 5 11
Semidwarf 39- 38 35 - 80 73 63 62 91 65 68 42 - 91

The most popular single gene source used in 1965-67 was the Taiwanese variety’
Taichung Native 1 (TN1), the first semidwarf to be widely grown in India.
Probably the world's first hybrid semidwarf variety, TNl was developed in
Taiwan from the cross Dee-geo-woo-gen/Tsai-yuan-chung, made in 1949,
According to Huang etal. (1972), TNl was introduced into India in 1960.

IRRI sent 1 ton of N1 seed to India by air in 1966; the Indian government
later purchased more than 50 tons. TN1 probably reached a peak production
during 1968-69 when it was planted on 810,000 ha. )
TN1 was used in 41% of the 1965-67 crosses at the seven Indian stations.
Although IR8 was released in 1967, it was used -~ often identified by its -
experimental line number -~ in 27% of the 1965-67 crosses analyzed (Fig. 1)
IRRI experimental lines other than IR8 were used in another 147% of the
crosses. Semidwarf rices from China, Japan, and Taiwan were used in 7% of
the crosses. No use of locally developed semidwarfs as parents for the
1965-67 period was reported.

The percentage of total crosses in which a semidwarf parent was used 1ncreased
to 91% by 1970-71, and remained at that level through 1974-75 (Table 1). But'
the intensity of use of semidwarf rices as parents, and the genetic
composition nf semidwarfs, changed far more significantly than the number of
crosses that involved semidwarfs. The percentage of crosses in which TN1 and
IR8 were directly used as parents dropped dramatically from the mid-1960's to
the early 1970's. By 1974-75, TNl was used as a parent in only about 7% of
the crosses. Through the first 5 years, the use of IR8 as a parent dropped
only by 1% (27-26% of the crosses), but by 1974-75, IR8 was used in only 17%
Other IRRI materials were used in 14-157% of the crosses through 1970-71, but as.
newer materials became available, were used in twice as many crosses (Fig. 1).

The percentage of crosses that used semidwarf material from other countries
increased slightly from 1965 to 1975 (7-11%). But a strong new trend developed
after 1967. Although no locally developed semidwarfs were used as sources of
the dwarf gene in 1965-67, by 1970-71 46% of the crosses involved a local -
semidwarf, and by 1974-75, 61% of the crosses involved at least one locally
developed semidwarf. .
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Use (%) in crosses
70 ——

RS L

: ‘Locally developed

Other IRRI

Introduced from

other countries
-_—--_-

o) |
1965-67 ' 70-71 74-75
: ‘ Time period

ﬂFig. 1. Use of semidwarf parentsjin crosses at seven Indian rice research
o stations 1965-67 and 1970-71: and 10 Indian rice research stations
1974-75.

g Tall and intermediate-statured parent

‘As the use of locally developed, semidwarf varieties increased in India, the
use of tall varieties decreased. 1In 1965-67 37% of the parents used in
crosses were tall varieties. By 1974-75, only 27% of the parents were tall.
In the 1965-67 period, 77% of the crosses involved a tall parent and 80%
involved a semidwarf. Oniy 48% of the 1974-75 crosses, however, involved
tall varieties. ‘ : :

‘The percentage of crosses in which intermediate-statured parents were used: "
followed a similar trend. . R o

Genetic composition of local eemidwarfs used as parents

Analysis of the parents and of the ancestors of the locally developed
gemidwarfs uced in the 1974-75 crosses shows that rice breeders in India
adopted the first semidwarf varieties and incorporated their plant type into
newer rices better suited to local conditions. Fifty-five percent of the
locally developed semidwarf parents were progeny of IR8, and another 39% were
progeny of TNl (Fig. 2). There is a 9% overlap -- rices which had both IR8 -
and TNl or IRE and Jaya in their ancestry. Jaya is a locally developed
‘semidwarf from the cross TN1/T141. ‘
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39% TN} .

et 0,
IR8 & Jayo 3% %Qﬂm&a
Joya6%  6%others

Fig. 2. Source of dwarf gene in locally developed semldwarf parents.

- Percentages total more than 100 because several semidwarfs were
progeny of crosses involving both IR8 and TN1, pr IR8 and Jaya.

Virtually all of the semidwarf materials, such as TNl and IR8, have the

.+ Chinese: rice Dee-geo-woo-gen (DGW) as a source of dwarfism, 'so it can be’

assumed that the DGW gene was in about 90% of the 1974 75 crosses analyzed. 3

Thus, by the mid-1970's, the original short, stlff-strawed varieties were. -
belng phased out of the breeding programs as parents, but they continued to
live on through a wide range of progeny.

Origin of parental materials

During 1965-67, 327% of the parent material used in randomly selected crosses .
was either local or locally developed. That figure 1ncreased to 60% by

- 1970-71 and to 64% by 1974-75. The percentage of plant materials introduced
from other countries dropped from 50% in 1965-67 to 12% in 1974-75 as Indian
breeders switched from TNl to locally developed semidwarfs. The use of all
IRRI materials increased from 187 in the mid-1960's to 24% in the mid-1970's.

Use of indicas, japonicas, javanicas, and ponlais

Tropical rices are mostly of the indica type, but rice breeders have long
been interested in crossing the indica with the temperate-zone japonica
rices. In fact,, IRRI's 1961-62 plant breeding strategy to develop a short-
statured rice plant included indica-japonica crosses (IRRI, undated). -

Analysis of the type of parent materials used in Indian crosses indicates

that the semidwarf indicas, such as TN1, IR8, and the locally developed’

semldwarfs, pushed the japonica, javanica, and ponlai materials out of the .-

programs. In the mid-1960's, 797% of the parent materials was indica and by :

. 1974-75, 96% was indica. In 1965-67, 7% of the parent materials was
“japonica. That figure dropped to 3% in 1974-75. Ponlai varieties
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(japonicas from Taiwan) were used in 8% of. the 1965-67 crosses; but mone.
were found in the 1974-75 analysis.: o

 Mb£hod 6f3dévelbvmeﬁt of pdrenis :

Fifty-seven percent of the 1965-67 crosses involved hybrid materials as :
parents; that figure increased to 62% in 1970-71 and to 74% in 1974-75. The
percentage of crosses that involved mutants decreased from 3 to 1% over the
decade; that of crosses using pureline selectionsdropped from 30 to 18%.
Interestingly the percentage of crosses that used varieties classified as

- unimproved increased from 1 to 7% over the l0-year period. That may indicate
that breeders are going back to the original traditional sources of specific
genetic traits as their programs become increasingly problem oriented.

- Time to adoption

~ For 31 of the rices used in the 1974-75 Indian crosses, the breeders could

. .recall both the year in which a particular variety or line was developed
(to the fixed-line stage) and the year in which they first used it as a
parent. For 18 rices, the breeders could recall the year that they first
heard of a particular rice and the year it was adopted as a parent. -

 There was an average time lag of 3.7 years from the time a variety or line
was developed until it was adopted. The time lag from first awareness of a

particular rice until its adoption in the breeding program was 1.7 years. .

" Method of acquisition

~ The breeders could recall how they acquired 83 of the 96 rices used in the

46 randomly selected 1974-75 crosses. Sixty-four percent were locally ,

" available -- traditional or locally developed varieties, or rices that were
already in the rice collection at that station (Table 2). Most of the
outside materials were acquired through AICRIP or IRRI trials. The 2% of
the rices requested from the IRRL germ plasm bank were ordered on the basis
of specific traits such as drought. tolerance or earliness; none were

reauested by name.

{Téﬁié;z.,,ﬂow-rice breeders acquired 83 parents used iﬁ’461réhddﬁ1yjs¢lectéd
“crosses. Ten agricultural experiment 'stations, India, 1975. =

/

Parents

~Source , " Tho. %z .
2 Lbcéip traditional, locally deveioped, or in 1oca1'gérm;~",. BT
' | T 53 64

i plasm collection
‘Sent in trials (AICRIP and IRRI)
Requested from IRRI by trait

- Others i
i Total
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" OBJECTIVES OF RICE BREEDERS.:

ng‘dEtérmine the overall breeding objectives at the.10 research stations, .
‘the genetic traits were compiled for which the breeders indicated they used .
_each parent in each of the 46 crosses made in 1974-75. Also compiled were
the characteristics that the breeders sought from each type of rice and

each variety or line. ‘ ‘ ' ' :

Increased yield potential was the objective most frequently cited -- the
reason that one of the parents was used in 89% of the crosses (Fig. 3). -
Higher fertilizer response and resistance to lodging were each an objective -
of 80% of the crosses. The semidwarfs were almost invariably used as ‘ ;
parents for the yield -- fertilizer response -- nonlodging complex (Table 3).

Improved grain quality was an objective of 67% of the crosses (Fig. 3) and"
-because of that, the type and origin of the individual parents that were :
used for the trait were determined. In 19 of the 26 times (73%) that tall .
varieties were used, the breeders hoped to transfer a preferred type of T
grain from the tall domor into the progeny (Table 3). But specific
grain-quality objectives varied considerably, indicating that consumer -
preferences varied widely. Long, slender, and aromatic grains were most
popular (Fig. 3). : '

Genetic trait

Yield potential

Fertilizer response
Nonlodging

* 2%
JIRTILNINY 22 %

Tillenng 13%
Adaptobuty "%
Drought resistonce 9%
Cold temperatura fleronce 9%
Non-shatierng 9%

Alternate £0Urce - 9%
Pm:op«%:;!: li?nlltivlly/ 7%
%ml‘éisxdum T% . e
1 [l 1 . 1 N

» 0 2 w0 e 8 100
Crosses (%) mods for specific breeding objective -

: " '. . . . . V- : P B ,0 i A-, ‘--[_v Ce [ER VL ” o e R . : vv,‘l - ",:_“f,"
.Fig. 3. The objectives of 46 randomly selec;ed’crgssep;madggln“1974575;5§19Qg
S ~‘agricultural experiment stgtiona;jIndia}*1975;
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"~ Table 3. The frequency with which rice breeders sought desired gemetic . -

- traits from semidwarf, intermediate, and tall parents in crosses. 'Ninety-six -

_parents in 46 randomly selected crosses made in 1974-75. Ten agricultural .
experiment stations, India, 1975. o i : S

Use (2)&/ as parents

Breeding objective

- Semidwarf - Intermediate - Tall
" Yield potential 83 4
Fertilizer response 74 R
Lodging resistance 15 v g
Grain quality ; 43: 60" 73"
Growth duration e 31 20 50 -
Disease resistance . 42 40 27"
Insect resistance -28: S 12
Tillering . .8 S 4
Adaptability i 6 20: L
. Drought resistance ... '3, R 8.
Cold temperature tolerance e 20 15
Nonshattering L Ul s iy
Alternate gene source ., . . ... ... 3 20, s
Photoperiod sensitivity/insensitivity ... .. . .3 s 8.
. Adverse soils tolerance I 5 20- 8.
Heavy grains/panicle 3 40 v
Seed dormancy 3 et 4
Seedling vigor 31
Threshability 2
Milling recovery 3 o
Deep water tolerance s 20
Yield stability - ' 2. R -
~ Others R 2 20 8

ngercentage of tptalﬂﬁiﬁééféégh*t§pé45£7f16éfﬁésiuéédrés a genetic source for -
. each desired trait. R T T R : AR

‘Grain quality was a breeding objective 43% of the times that semidwarf
parents were used. Twenty-eight individual semidwarf varieties and lines
used for grain quality were examined. Although 55% of the 65 semidwarfs
used as parents in the total 1974-75 gene pool were developed in India, 80%
of all semidwarf used for preferred grain characteristics were locally
‘developed (Fig. 4). These data indicate that a primary reason that breeders
cross the introduced semidwarfs, such as IR8 and TN1, with local varieties
is to develop high-yielding semidwarfs with a grain quality acceptable to
local tastes.

Growth duration was an objective of 59% of the crosses (Fig. 3). Most of the
crosses aimed at achieving earliness, but 2% was aimed at achieving long '
growth duration. The long-duration crosses were for single-cropped regions
with a long monsoon season where farmers want varieties that will mature .
after the rains have ended. Tall rices were more frequently used as donors .-
for preferred growth duration (Table 3).



Locally developed

other countries : developed :

32%
Introduced
from IRRI

20%
introduced
from IRRI

a _ | b

Fig. 4. 'a) Fifty-five.percent of all 65 semidwarf parents used in 1974-75
"+ crosses were locally developed. b) Twenty-eight of the 65 semidwarf
" parents were used to transfer a preferred grain type into progeny.
, Eighty percent of these semidwarfs with good graln quality were b
- . locally developed. Ten agricultural experiment stations, India, 1975.;u

Resistance to at least one disease was an objective of 43% of the crosses;
resistance to insects, anobjective of 37% (Fig. 3). The breeders tended to
use semidwarf rices for both characters (Table 3). The most frequent
disease~resistance objectives included blast, bacterial blight, tungro virue
and grassy stunt virus. Insect resistance was most commonly sought for browr
planthopper and gall midge. '

Among other biological stresses, drought resistance was sought in 9% of the
crosses; cold tolerance in 9%; waterlogged-soil tolerance, in 7%; and deep-
water tolerance, in 27%. Tall or intermediate-statured parents were used as
donors for most of those characteristics. High tillering ability was an.
objective of 13% of the crosses (Fig. 3).

;‘GENETIC COMPOSITION AND CHARACTERISTICS OF MOST WIDELY GROWN VARIETIES
' Genetzc eompoaition

. The'flow of rice genes into varieties and onto farmers' fields was traced
by analyzing the genetic composition of the most popular varieties in each
region. Each of the 16 breeders at 12 research centers named the three
main varieties grown on farmers' fields within the area served by his
experiment station. For each rice named, a standardized "genetic data
‘sheet" was completed on plant type, height, method of development, genetlc
' composition, and the breeder's perceptions of the variety's genetic
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‘regions were indicas (Table 5).

" IRPS No. 10, September 1977

strengths and weaknesses --fthe tralts ‘that farmers, consldered good or bad

about each rice.

Each hybrid's ancestry was traced. If a parent of a hybrid were itself a'
hybrid, its ancestors were identified and the incorporation of genes into
the varieties was traced back several generations. At stations where more
than one breeder were interviewed, each breeder named the three most
popular varieties within a major subregion of the station.

The breeders cited 46 rices, which comprised 32 different varletles,vas the
most widely grown in 14 regions. Half of the rices cited were of the - ~...¢
semidwarf plant type, 17% were 1ntermed1ate~statured rlces, nnd 33% were

tall varieties (Fig. 5)

" For eight of the 15 reglons (53%), the locally developed sem.dwarf Jaya

was named as one of three most widely grown varieties (Table 4). The second
most popular variety was IR8, followed by two other semidwarfs, Ratna and
IR20, and two 1ntermedlate-statured rlces, PankaJ ‘and Mahsuri. :

Ninety-four percent of all varieties clted as most widely grown in the 15
Sixty-six percent were locally developed;

22% were introduced from IRRI; and 8% were intrnduced from another country.

" 8ixty-three percent were hybrids, 19/ were pureline selections, and 9% were
gun1mproved ,

Se%e;
—
[6)
<
O\
——

X,
Fazes

'Fig. 5. ‘When 16 rice breeders were asked to rame the three varletles most

' widely grown on farmers' fields in the areas served by their
experiment stations, half of the 46 citations were for semidwarf
varieties. Twelve agriculture experiment stations, India, 1975."
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.‘lable 4. The.3Z rice varletles clted by 16 Indlan rice breeders as among 3
t“w1de1y grown by farmera in 15 rog1ons of Ind1a, 1975.

Sl i g ‘['lr Co e - Regions
';Veg;eey S Locatlone— _ Genef:ic makeup Origln where widely .
S, . R grown (%)

_ Semicwarf varieties -
- Ker, Bih, Pun, - TN1/7141 '
0 W.B., U.P., I, :

I-irrig., NWI, Dee-geofwooegen/Pecagf
Bih, Pun R

53

‘Ratna.  U.P., WI TRM6 /RS

IR20.°° .. T.N., W.B. " Peta3/TN1//TKM6 S 3
IR24 U.P. IR8///CP231/SLO-17//”'" 76
: Sigadis R S
Jyothi ~ Ker Ptb 10/IR8 ~ 'Local: 6
Palman 579  Pun IR579 (IR8/Tadukan) . "IRRI' 6"
Pusa 2-21 = W.B. IR8/TKM6 - " Local’ 6
Triveni. Ker Annapoorna_/Ptb 15 - Local 6
.Vaigai © TW.N. TN1/C029 ‘Local e
Jagannath ~~ Or. Mutant from T141 Local 6
: o e Intermediate-statured varieti ;
PankaJ . W.B., I-irrig.- IR5 {Peta/T. Rotan) IRRL 13
Mahsur1 L 0rey I Uit ¥ Taichung 65/Mayang - Int. Rice"* 13
\"__.._,.,.,A.‘L = : i o -Ebos ) i Comm. CUUE :‘
'Bhavnnl PN, '”C4-63 (Peta/BPI—76) Phil. '63
China 972 "Kas, e China 6
China 988 - Kas. o China 6
China 1039 . Kas. : — C - China 6
, ‘ * Tall varieties o o
BR34 Bih. " Pureline selection Local 6"
1 €025 T.N. .. ~ CO4/ADTIO " Local 6
CRIO:- =~ = Or. ~T90/W 113 - : - 'Local 6"
EB17 -+ ° Mah.’® " Pureline selection - = Local 6
Kolamba 42 Mah. Pureline selection '~ Local- 6
Larbeoul Kas. " Traditional ‘Local 6
Madew 3 Kas. Unimproved Local 6
Niver Kas. Unimproved’ Local 6.
NC1281 Or.. Pureline selection Local 6
Patni Mah. - Pureline selection Local 6.
Siga . Kas. - Unimproved Local 6.
T141 Or. Pureline selection Local 6
T1242 Or. Pureline selection Local 6
White Luchai Mah. Pureline selection Local 6
~ 2iniya 149 Mah. Pureline selection Local 6

El-/I = grown across all India; I-irrig. « irrigated regions of India; ¥WI =
Northeast India; Ker = Kerala state; Kas = Kashmir (2 regions)}; Mah =

Maharashtra (2 regions); T.N. = Tamil Nadu; Or. = Orissa (2 regions); Pun = -
Punjab; Bih = Bihar; U.P. = Uttar Pradesh; W. B. = West Bengal. ‘
b/

/Annapoorna is from the cross TN1/Ptb 10.
Neither the genetic makeup nor the method of development of China 972
China 988, and China 1039 could be dvtermlned.
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Ninety—three percent of the 15 tall varieties were indicas. All originated
in India. Sixty percent were pureline selections, 27% were unimproved, and
13% were hybrids (Table 5). None of the tall varieties were widely grown
in mora than one region, which indicates their high degree of location
specificity (Table 4).

' Table 5. Characteristics of 46 rices cited as among the 3 most widely‘gteﬁﬂie;f
"varieties in farmers' fields in 15 regions of India. Sixteen breeders at 12
agricultural experiment stations, India, 1965. : %

Varieties (%) widely grown

Tall Intermediate Semidwarf ALL
' Plant type :
Indica - o 93 75
Japonica B o= -
Indica/japonica = e 25
Indica/japonica ’ 7 -
Origin i

Locally developed

Introduced from IRRI 25
‘Introduced from other country::: 50
International Rice Commission - 25°
Method of development—/ N : A R
Unimproved L 2700 - e 9
Pureline selection . = .~ .. et = ne 19
Mutant : TR = - 4 2
Hybrid o 13 63 % 63

a/ : SECE T S

The method of development of three introduced varletles (Chlna 972 Chlna '
988, and China 1039) could not be determ1ned 80 the total. percent for all
varieties does not equal 100.

~The eight citations for intermediate-statured rices wiye for six varietiesf"

(Table 4). Pankaj, a selection from IRS, and Mahsuri=' were each cited in

two regions. Bhavani, which is widely grown in Tamil Nadu state, southern

India, is a selection of the Philippine variety C4-63.

lMahsuri was developed with support from the International Rice Commission,
an international cooperative rice improvement association established by the.
Food and Agricultural Organization (FAO) in 1949. During the 1940's several
countries in tropical Asia sent seed of their best indica varieties for
crossing with japonicas at the Central Rice Research Institute (CRRI),
Cuttack, India. The F, were grown at CRRI and Fy seed from each populations..:
cross were sent to participating countries for further selection. Mahsuri ==
was selected in Malaysia from such a cross.
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Sixty-three percent of the intermediate-statured rices cited were hybrids
" (Table 5). The method of development was not determined for three . ‘
intermediate-statured indicas -- China 972, China 988, and China 1039 o
introduced into Kashmir from China during the late 1940'3. Seventy-five.
percent of the intermediate-statured rices were indicas and 257 were
indica-japonica hybrids.

The 23 citations for semidwarfs represented 1l different varieties (Table 4)
All were indicas, 96% were hybrids, and 4% were mutants. 3Sixty-five percent
of the semidwarf rices were locally developed; the others were introduced
from IRRI (Table 5). Of the seven locally developed rices, four were
progeny of IR8 (Ratna, Jodhi, Pusa 2-21, and Palman 579); and three were
progeny of TN1 (Jaya, Vaigai, and Triveni) (Table 4). Interestingly,
Triveni, developed in Kerala state, southern India, was the only variety
for which a locally developed semidwarf (Annapoorna) was used as the dwarf -
gene source. Annapoorna is a progeny of the cross TNL/Ptb 10. The only
mutant cited was Jagganath. It is an induced mutant of the tall variety -
T141 (which is also a parent of Jaya). Jagganath is the only semidwarf
variety that has neither TN1 nor IR8 in its ancestry.

On the basis of the total citations, TNl appears in the ancestry of 627 of
the semidwarfs. The reason may be the popularity of its progeny Jaya. But
interestingly, despite its popularity in farmers' fields, Jaya does not
seem to have been extensively used in the breeding programs (Fig. 2). ’

Genetic strengthe and weaknesses . _ e
'The reasons given by the breeders for the’ popularlty of each of the 46 w1de1yf?u
grown varieties were compiled and analyzed as their genetic strengths. The
unfavorable traits of the varieties were compiled as their genetic ‘
weaknesses.,

Yield potential was cited as a genetic strength, or a major reason for the
popularity of 65% of the rices most widely grown across all of the areas

(Flg. 6) Yield potential was cited as a genetic strength of 207 of the

rices grown -- low yields were a major fault, but farmers grew the varieties
for other reamsons. Susceptibility to lodging was cited as a weakness of 337

of the rices. :

Grain quality was considered a major reason for the popularity of 52% of the .
widely grown varieties; inferior grain quality was a genetic weakness of 24%.-

Fifty-two percent of the popular rices had desirable growth duration. For . .~
half of those varieties, earliness was the preferred trait, but late and .
intermediate duration were preferred for the other half. For 117, late

growth duration was cited as a weakness.

‘Resistance to at least one disease was listed as a favorable trait for only
18% of the farmers' preferred varieties; susceptibility to disease was cited
for 58%. The only specific diseases for which any of the varieties were
cited as having resistance were blast (7%Z) and bacterial blight (4%Z). For
24%, blast susceptibility was cited as a weakness. Sheath blight bacterial
blight, helminthosporium, tungro, bacterial leaf streak and grain smut were
weaknesses in localized areas., :
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Genefic troit -~ Mhmn : " Genetic weokness

" Yield poteiol

+ Gron quaity

Fortilizer reaponse

) 58% Y%

G
4%

Fig; 6. The genetic strengths and- genetic, weaknesses of the 46 r1ces c1ted by
16 rice breeders as ‘the most w1de1y grown varletles 1n315 reglons of

. India, 1975.

‘Insect resistance was a favorable trait of 17/ of the varletles,

fgsusceptlblllty was a weakness of 307%. Although susceptibility to gall mldge

was a weakness of 4% of the rices, none had resistance to it. Four percent
had resistance to stem borers, 44 to green leafhoppers, and ZA to brown .
planthoppers.

Wide adaptability was a favorable tralt of 114 of the var1et1es, and cold
tolerance of 134 ‘

Genetic traits and plant height

" To determine if specific‘genetic traits were more likely to be'fbund among

tall, intermediate, or semidwarf rices, the genetic strengths, or the
favorable farmer characters, were analyzed on the basis of plant helght.

Only 27% of the tall varieties were c1ted for high yield potential and none -
for good fertilizer response or lodging resistance (Table 6). But 877 of 5
the semidwarfs were cited as having all three traits.
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fffSlxty-seven percent of the tall var1et1es had: good: (locally preferred). grain -
.. quality. Only 47% of the semidwarfs and 38% of the 1ntermed1ate-staturedu_ﬁj
1~}p1ants had good grain quality. ; , '

;’5E ghty perceat of the most widely §7own tall varieties had ‘favorable growth
gjcharacterletlcs. 47% for latenessi/ and 33% for earllness. ‘Fifty-one- percent.T

“lTehle 6. Genetic strengths of the tall, intermediate-statured, and semldwarf
rices cited as most widely grown on farmers' fields in 15 regions of India.
Slxteen rice breeders at 12 agricultural experiment stations, India, 1975.

Varieties (%) cited for genetic strength

Genetic strength

Tall Intermediate Semidwarf -
Yield potential 27 75 87
Fertilizer response 0 25 87
Lodging resistance 0" 50 87
Grain quality 57 38: 47
Long, slender 1 : ‘
Cooking/eating quallty 0
Scented 7
Red kernel 0
Not specified 53V
Growth duration . 80.°
“Early '’ ,'ff 33;
' Intermediate.. 10
Late CEL 47+
Disease’ re81stance 20 13;
Blast - 70 0.
Bacterial bltght 0 0
 Not specified 13 13"
Insect resistance 13- 0:
. Brown planthopper 0 © 0.
..Green leafhopper 0. =0
Stem borer : 0 -0
Not speC1f1ed ’ 13. ;Q~
‘Waterlogged 30113 su1tab111ty, ,25
- Adaptability : . 13.
. Cold tolerance 38
Nonshattering R 25
Insensitivity to photoperlod 13.
Deep water tolerance ‘ 13
'Yield stability <07,
Others ~13‘“

l/Seven of the 10 widely grown varieties that farmers preferred because of
late maturity were tall; the others were of intermediate stature. Lateness
was preferred in single-cropped monsoon areas where farmers do not want to
harvest the1r crops unt11 the rains end. " ‘
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of the intermediate-statured rices. had favorable growth duratlon. 38% for
g lateness and 13% for earliness. Of the. 35% of the semidwarfs that had ,
favorable growth duration, 26% had early, and 9% had 1ntermed1ate duratlon..

Disease resistance was found in 20% of the tall varieties, 13% of the, f‘ 
intermediates, and 18% of the semldwarfs. Blast and bacterlal bllght were
the only dlseases spec1f1ed

Insect resistance was cited for 13% of the tall varletles and for 26% of the
‘sem1dwarfs. : '

Twenty-five percent of the intermediate-statured rices were considered goodt
for waterlogged 80118, none of the talls or semidwarfs were cited for this
trait.

Cold tolerance was found in 20% of the tall varieties and 38% of the
intermediate-statured rices. Thirteen percent of the tall rices and 25% of
the intermediates were cited for nonshattering. No semidwarf was considered
cold tolerant or nonshattering. Thirteen percent of the intermediates were
suited to deep-water. Yield stability was cited for 26% of the semldwarfs,
but for none of the tall or intermediate varieties.

'»V“-\'mn GENETIC comosrnou “AND- CHARACTERISTICS OF NEWEST ‘VARIETIES:

To determ1ne what types of rices are currently comlng from India's rice
breeding programs and becoming available to farmers, 14 breeders at 12

" experiment stations were asked to name the newest variety released at each
experiment station.

Genetic composition

For each variety named, genetic data were compiled similar to those for the.
crosses and for the most widely grown varieties. Eighteen new varieties were
.cited; 83% were semidwarfs and 17% intermediate-statured. Eighty-nine
percent of the newest varieties were indicas (Table 7).

' One variety from Kashmir, K78-13, was a japonica, and one, K-84, was a mutant
of a Taiwanese ponlai variety. Two of the latest varieties were introduced
from IRRI: 1IR24 was named locally as a variety in Uttar Pradesh and Palman
579 (the IRRI line IR579) was named in the Punjab (Table 8).

Eighty-nine percent were hybrids and 117 were mutants. CNM 25, developed in
West Bengal, was a mutant of IR8, and K-84, from Kashmir, was a mutant of T65.
One variety from Punjab, HM95, was classified both as a hybrid and as a mutant;
it was selected from irradiated progeny of the cross Johna 349/TN1.

Four of the varieties had locally developed semidwarf parents (Table 8): Sabari .
. was developed from a cross of IR8 with Annapoorna (which was developed from the
cross TNL1/Ptb 10); Vani and IET 1039 are both from crosses that involved both

. IR8 and semidwarf lines from the CR10 cross (T90/IR8); CO 39 had as a parent
- Kannagi, which is the varietal name in Tami Nadu state for Pusa 2-21 (IR8/TKM6).
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.Table®7,"Characteristics of 18 newest varietieafréleasedfﬁyéi?ﬁéﬁfiéﬁiiﬁé&iN
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Plant_heighta/ (%)

"' Characteristic

Intermediate  Semidwarf’

e L Plant type
“Indica - . ¢ - 33 ‘ 100
-Indica/japonica 33 .
Ponlai . . ' 33 =
TR : T Origin x
‘Locally developed .. 100 - - 8T

- Introduced from IRR

Unimproved _

Pureline selection el e
‘Mutant. . L33 s T
. Hybrid =~ .. BT 93

a/

Table 8. The 18 newest rice vafieties.devélopéd?ﬁt112'agtiédltu:a1'é*ﬁegiﬁg@xfs

 stations, India, 1975.. - .

oo le i

8/None of the newest VBrietiésvwéig$£ail{”

. Variety - _ Region where named . “‘Genetic makeup -
, Semidwarf
CNM 25 - - . West Bengal IR8 mutant
Jyothi " Kerala Ptb 10/IR8
Bharathi Kerala Ptb 10/IR8 /
Sabari Kerala IR8/Annapoorna®
OR 34-16 Orissa b/ TN1/TKM6
IR24 Uttar Pradesh— IR8///CP231/5L0-17//Sigadis
Vani CRRI IR8/CR10-%7"
IET 1039 Bihar CR10-4103~"//T90/IR8
Kalinga 1 CRRI Dunghanshali/IR8
Kalinga 2 ' CRRI / Dunghanshali/IR8
Palman 579 Punjab— ~ IR579 (IR8/Tadukan) ‘ .
HM 95 ~'Punjab Jhona 349/TN1 (hybrid mutant)'
RP 4-14 : AICRIP T90/IR8
Pusa 2-21. IARI IR8/TKMG e/
co 39 Tamil Nadu Culture 340/Kannagi—
v . Intermediate-statured
" K=78-13 Kashmir Shi-ei/China 971
C o K=84 . Kashmir Mutant of T65
~Karjat 14-7 '~ Maharashtra IR8/Ziniya 149

yngnngyoorna is a semidwarf develop
10. —"IRRI variety named locally.

e Central Rice Research Institute.

ed ,in Kerala state from the cross TN1/Ptb
Jye CR10 cross was T90/IR8, made at
—"IRRI line named locally as a variety.

—'Kannagi from the cross IR8/TKM6 is the varietal name in Tamil Nadu state for

Pusa 2-21.
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Thirteen of the 15 newest semidwarf varieties had IR8 in their: ancestry and:’
three had TN1. 1IR8 was a direct parent of 12 of the rices'and an: ancestor of
‘three. TNl was a direct -parent of two of the newest varieties and was an-
ancestor of one (Table 9).

Table 9. °The source of dwarf geheé'in 15'neWé§t'
semidwarf varieties released in 12 agr1cu1tural
experiment stations. Indla, 1975

' Source of dwarf gene -

- Parent- .  Ancestor.
CNM 25 IR8
Jyothi IR8
Bharathi _IR8 o
Sabari IR8 . TNI
IR24 IR8 e
Vani - IR8 + IRE
IET 1039 IR8 - IR8:
Kalinga 1 IRS. o
Kalinga 2 _IR8
"Palman 579 IRB
HM 95 TN1
RP 4-14 IR8
Pusa 2-21 IR8 e

OR 34-16 TNL

Genetic strengths and wégkﬁeaées

For all of the 18 newest varLet1es released at the 12 Indlan research centera,

yield potential,.fertilizer response, and resistance to lodging were clted as
genetic strengths or favored characteristics (Fig. 7).

A desired growtb duratlon was a favored trait for 72% of the varletles,
earliness’ for 614, and intermediate duration for 11%. For 6%, late duration
was cited as a weakress. ‘

Grain qualitylﬁas~citéd7as a genetic strength of 61% of the new semidwarfs,.
and as a weakness of 23%. Red kernels were a favorable trait for 16%, all of
which were from: Southern India. Eleven percent had long, slender grain, and
6% had preferreg cooking and eating characteristics. Short, bold grain was
cited as a weaknesgs of only 6%.

The breeders cited resistance to at least one disease as a favorable trait of
61% of the new rices, and disease susceptibility as a weakness of 73%4. They
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“nclted 22% of the rices as resistant to blast' 22% to bacter1a1 bllght and 6%
each to tungro and sheath blight. Blast and sheath blight susceptlblllty '
were each.cited as a weakness of 22%; bacterial blight, tungro, bacterial .
"1eaf streak and stem rot each as a weakness of 64..

Flfty percent of the new varieties were reslstant to at least one 1nsect, 50%
. were susceptible. Although 227 of the varieties were resistant to green
eleafhoppers, leafhopper suscept1b111ty was never cited as a weakness.

_Seventeen percent were c1ted as resistant to stem.borers and 22% as susceptlble.
~ “Brown planthopper resistance was cited as a favorable trait of 6% and hopper
susceptibility was a weakness of 17%. None of the new varieties had resistance
to gall midge, although 11% were cited as susceptible.

Profuse tillering was cited as a strength of 39%Z of the new varieties, cold
tolerance of 28%, good seedling vigor of 22%. Eleven percent each were c1ted
-as having drought resistance, adverse soils tolerance, high levels of

protein, and wide adaptability.

Poor threshability‘was cited as a weakness of 11% of the new::ices;_'

' Genetictral, .~ Genetic yirength Genetic woakness
Yield potental R CLh LY Y] [100%)
Ferhlizer resporse S - RN ]
Lodging SOt g et R il 00%, |
Gron quokty S T e L g i 23%/////%////

6%
T N
2% 6%

Eorly S e T 6%

Infermaisote A%
Lot 3%

Dusecse resatance Illllllllllllillllﬁ%%%%%%”’
Byt b 22% WM’
Boctenal b . o 22% % /A
Sheoth baght 6% 2% Y

Tungowna 6% 6% %4
6% ¢/
8% 1

Fig. 7. The genetic etrengths and weaknesses of 18 newest rice varieties
released at 12 agricultural experiment stations in India, 1975.



f'COMPARISON OF WIDELY GROWN VARIETIES, NEWEST VARIETIES AND BREEDING OBJECTIVES

" The genetic strengths and weaknesses of the var1et1es that the breeders

considered most widely grown by farmers were compared with those of the newest -
~ varieties released by the experiment stations and with the breedlng obJect1ves'
or the genetic traits that the breeders sought -to incorporate into future ’

varietiesthrough their 1974-75 crosses.

- Widely grown vs. new varieties

. The breeders considered late growth duration as a favorable characterlstlc of
22% of the varicties widely grown by farmers, and earliness as a genetic
strength of 267 (Table 10). Intermediate duration accounted for 4%. But
earliness was by far the preferred growth-duration trait of the newest
varieties -- earliness was a genetic strength of 61% and intermediate duration,
of 11%. None considered late growth duration as a favorable trait, although
lateness was cited as a weakness of 6%. Half of all of the 1974-75 crosses
involved earliness as a breeding objective; 47% involved intermediate duration,
and only 2% involved lateness.

‘Table 10. A comparison of the favored growth-duration, characteristics

. of the varieties cited as most widely grown by farmers, of the newest
"_varieties released by experiment stations, and of the objectives of
+"1974-75 crosses. Sixteen breeders at 12 agricultural experiment statlons,,
f.Indla, 1975. '

~ Varieties (%) preferred by farmers for
Earliness Intermediate 'Late Total
’ duration duration

Farmer ;3/ T S 4 22% 52
Newest—/ : ‘ ‘ 61 11 72
. Future— 50 4 2 .56

—/Va;letles perceived by the breeders as most widely grown on farmers'
}elds within the areas served by their experlmen; stations (seg/Flg; 6). -
Eleven percent cited lateness as a weakness. — See Fig. 7. = Six

percent cited lateness as a weakness. — Objectives of the 1974-75 crosses

(See Fig. 3). v

There was a clear trend toward higher levels of disease resistance (Table 11).
Only 18% of the farmers' varieties were considered resistant to at least one

disease, while 58% were considered susceptible. Of the newest varieties, 61%
were resistant to at least one disease, but susceptibility was a weakness of

73%. TForty~three percent of the 1974-75 crosses involved disease resistance.
The greatest concern was with blast disease.

Seventeen percent of the farmers' varieties were cited as resistant to at
least one insect, and 30% as susceptible (Table 12). Half of the latest
varieties were cited as insect resistant and half as susceptible. Thirty-
seven percent of the 1974-75 crosses were made for insect resistance.
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" Table 11.. A comparlson of the disease reactions of the varieties cited as .. ..

* most- w1de1y grown by farmers, of the newest: varieties released by experiment .

" stations, and of the objectives of. 1974- 75  crosses. Twelve agr1cu1tura1
experiment stations, India, 1975. oo , R B

! 1974-75

Disease . .. . . _ Varieties (%) !l crosses uff
SRR . “Farmers'2/ . Newest_/ __ il . made for. /'
Resistant Susceptible Resistant Susceptlble res1stance— ,
' Blast disease . ' 7 24 22 22. "24
.Bacterial blight -4 1 22 6. 17
Sheath blight. - i 6 22’ =
. Bacterial leaf o g P
streak .. N - "2 - 6.
Grassy stunt virus = . . = e - -
‘Tungro virus disease - 2 6 6.
Helminthosporium . = L2 - =
Grain smut- = 2 - Ve
‘Stem rot _ - T - 6
Not specified 7 13 6 6
Percentage ; ' . L E s
total rices™ 18 58 61 73 - 43

,Varleties perceived by the breeders as most: wldely grown on farmer; /ifiei&s

 within the/areas served by their experiment st 7ions (see: Fig.. 6):." ="See’
Fig. 7. . —= Breeding objectives (see Fig. 3). Refers to the percentage of
each category that is re31stant or susceptlble to at least one disease.

Table 12. A comparison of the 1nsect reactions of the varieties cited by
16 rice breeders as most widely grown by farmers, of the newest varieties
_ released by experiment stations, and of the, objectives of 1974-75 crosses.;
Twelve agrlcultural experiment stationms, Ind1a,_1975

1974-75

: . Varieties (%) crosses
Insect Farmer's2/ NewestD/ made for .,
Resistant Suscepiible Resistant Susceptible resistance—
Green leafhopper 4 — 22 - 7
Stem borer 4 4 17 22 2 o
Brown planthopper ~ 2 -9 6 - 171 15 - -7
Gall midge - 4 = co1r o1 o E
Not specified 7 13- 6 - 22
Percent of a/ v .
total rice= 17 30 50 50 37
/Percelved by the breeders as the most w1de1y grown on farmers' f1e 93
within thg areas served by their experiment staylons (see Fig. 6). — See
Fig. 7. —' Breeding objectives (see Fig. 3). Refers to the percentage

of each category that is resistant or susceptible to at least one insect. .
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" The fact that the breeders tended to cite disease’and insect susceptibility -
as a weakness of a variety more than to cite resistance as ‘a: strength seems
to indicate a strong concern with the incorporation of pest resistance into
varieties. : : : E

The percentage of the latest varieties that were rated as resistant to
specific diseases or insects was often higher than the percentage of the
1974-75 crosses that were made for resistance to that pest. That may
illustrate a weakness of the method of comparison: the newest varieties

represent the best material selected from the crosses of at least 5 years ago..

But the objectives of the 1974-75 crosses represent an average of the total.

Thus, although only 37% of the 1974-75 crosses were made for insect N
resistance, the best progeny lines may be selected partly on the basis of -
their resistance, so a higher percentage of the varieties released around
1980 could have insect resistance. ‘ S

Breeding objectives and breeders' perceptions of environment and pest problems

The breeders' perceptions of the extent and severity of environmental and
pest problems that face farmers in their fields were measured and compared
" with the breeding objectives. First, each breeder rated, in the order

of severity, the four most serious environmental or biological problems
(drought, cold, injurious soils, diseases and insects, etc) that limit
farmers' rice yields within the area served by each experiment station.
' Following that, each breeder rated, in the order of severity, specific
" insect and disease pests. ' e :

The comparison gives an idea of the degree to which the breeding programs

are oriented to overcoming production constraints through genetic o
manipulation, or the developement of specially adapted varieties. It may
also indicate the areas for which the scientists most need improved breeding
materials.

Every breeder rated diseases and insects as being among his four major
environmental problems (Table 13). Pests received a mean severity rating of
3.1 on a scale where 4 was the most serious factor and 1 was the fourth most
gserious. In making half of the crosses, the breeders hoped to incorporate
into future varieties genetic resistance to at least one disease or insect.

In 75% of the regions, drought was considered one of the major biological or
environmental problems. Drought received a mean severity rating of 2.4 out
of a possible 4. But only 9% of the randomly selected crosses involved the
incorporation of drought resistance.

Excessive monsoon cloudiness and injurious soils were both rated as major
constraints in 69% of the areas, but none of the crosses analyzed were made .
to confer tolerance to these factors into future varieties.

Cold temperature was rated as a problem in 317% of the areas, and reééiVed-
the second highest severity rating, 2.8. That indicates that cold was'

considered quite serious in those areaswhere it was a problem. Nine percént "' -

of the crosses were for cold tolerance.

Waterlogged‘soils are an interesting problem.. Also célled "ill-drained
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?fiébléJlagsz comparison of/rice'bréedéré?'perceptiohs of the bioiogical or

-environmental factors that most limit rice production on farmers' fields
" within the areas served by their experiment stations and the percentages:
"of crosses for resistance to each problem area (breeding objectives).

" Sixteen breeders at 12 experiment stations, India, 1975.

Lo o Areas (%) where Mean Crosses (ZTT
. Biological/environmental .~ = factor was a severity,  made for ,
factor S major constraint— rating™ " . resistance—

Diseases and insects S 100 3.1 ;501/
Drought - ' ‘ 75 2.4 9
Deep water . . 6 2 a2
Floods : 19 2 0
Cold temperature 31 2.8 -9
Hot temperature . 0 0 L0
Waterlogged soils 13 2.5 Y A
Excessive monsoon cloudiness 69 2.5 0
Injurious soils - _ 69 2.1 0

EjPercent of 16 rice breeders that rated each stress as one of the four

most serious problems limiting produg?ion on farmers' fields in the regions
‘served by each experiment station. = On a/scale of 1-4: 4 = most serious
stress, 1 = fourth most serious stress. —~'Determined by analyzing genetic
 traits that breeders at 10 experiment station sought to incorporate into
future var& ties through 46 randomly selected crosses made in 1974-75 (see
Fig. 3). —'Refers to the 20% of crosses in which at least one parent was

" .used, to, transfer resistance to at least one disease or insect into progeny,

plus the 307 that.involved both disease and insect resistance. :

soils" or "stagnant soils,” the term refers to regions, mostly in the

coastal areas of the Indian subcontinent, where stagnant water up to 1 m

in depth stands throughout the monsoon season. Although not in the list of

~ environmental stresses,waterlogged soils were indicated under the category
other stresses in 13% of the regions. Seven percent of the crosses were made
for suitability to waterlogged soil conditions. o

The breeders' perceptions of the major disease and insect problems within
the areas served by the experiment stations are compared with their

breeding objectives in Table 14. The most widespread field pest was
bacterial blight -~ the disease was named as one of the four major pests

on farmers' fields in 75% of the areas. It received a severity rating of
2.8 out of a possible 4. Seventeen percent of the crosses involved bacterial
" blight resistance as an objective. -

Stem borers were the next most widespread pest problem. Sixty-nine percent
of the breeders cited stem borers as a major problem, with a mean severity
‘rating of 2.8. But only 2% of the crosses were made for stem borer
resistance (the low rate emphasizes the fact that virtually no truly
resistant germ plasm is available to breeders for stem borer resistance).
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Table 14. A comparison of rice breeders perceptlons of ‘the maJor dlseases
and insects that limit rice production on farmers' fields and the percentages 7
of crosses made for resistance to each: pest.- Slxteen breeders at 12 it
experlment stations, India, 1975. oo : B

... 'Areas (%) where Mean ~ Crosses. (%)

. Pest - . .. pest was a al severltgl » made for. é)f
. : . major constraint—= rating— reslstance—
Green leafhopper - - ,,7f
Stem borer 69 2 2
Brown planthopper 44 2.4 15
Army worm o 6 1.0 -0
Gall midge 44 34 11
Gandhi bug g 6 2.0 -0
Blast disease = - 50 2.9 ;24
Bacterial blight 75: 2.8 17
Tungro 25 72,27 15
Grassy stunt virus 6 1 11
Sheath blight 13- 23055 0
Helminthosporium 13" 1. 2
Glume blotch | 6" 3 o
Stem rot Lk ‘3. 0
Sheath rot 6 20 0.
Bacterial leaf streak 0 0 2

/Percent of 16 rice breeders that rated each pest as one of four most
gerious pest problems limiting producg}on on farmers' fields in the reglonS.f

- served by each experiment stations. — On a scale of 1- 47 4 = most serious’

insect or disease pest, 1 = fourth most serious pest. = Determined by
analyzing genetic traits that breeders sought to incorporate into future
varieties through 46 crosses at 10 experiment stations.

' Blast, c1ted as a problem in half of the reglons, received a 2 9 severlty

‘rating and resistance to it was -the most frequent pest-res1stance obJectlve,v

24% of the crosses involved blast re51stance.

Gall midge was cited as a serious problem in 447 of the regions. It

received a high severity rating (3.4), which indicates that although it is
not serious in all parts of India, it is considered one of the worst problems
in the regions where it prevails. Eleven percent of the crosses were made.
for gall midge resistance. - S

The brown planthopper was a problem in 44% of the areas, received a 2.4 = ' -
severity rating, and was an obJectlve of 15% of the crosses. ‘ :

Although sheath blight received the hlghest severlty ratlng (3 5), 1t was
reportad in only 137% of the: reglons. None of ‘the crosses analyzed 1nvolved
sheath blight resistance.



Comparison of; rice-growing: conditions, breeding efforts, .and latest varieties::

To obtaln another,measurement of the relevance of the- overall breedlng Ry
programs in prov1d1ng ‘the genetic teohnology that farmers ‘need, ‘each breeder?
was aaked threequestlons about local r1ce-grow1ng condltlons. o o

o 1. What percentage of the rice grown on farmers' flelds w1th1n
the area served by your experiment statlon is 1rr1gated ralnfed 1owland
upland and deep-water or floating? : L

> "2, What percentage of your professional time is spent in the
1mprovement of 1rr1gated rainfed lowland upland, and deep-water or.
Eloatlng r1ce? .

3. What- percentage of all var1et1es released by your statlon over
the past 5 years 1s suited for each of " the four r1ce—grow1ng condltlons?

To e11m1nate blas, the three questlons were dlspersed in the questlonnalre.p

Responses to the questlons were then. complled averaged and compared.‘ Tlme
spent/on rice improvement and the new varieties released by the statxons'a.v;, ‘
matéhed fairly well except for the closely related irrigated and rainfed r1ce;,w

(T? le 15).

/yéble 157 -A. comparison of the breeders' perceptions of the rice-
growing conditions of farmers 'in the regions served by experlment”
stations; the percentages of research efforts that rice breeders
devote to the same categories of rice-growing conditions; and the
varletlesW“eleased over the past 5 years. Sixteen rice breeders
at 12 experiment-statiopns, India, 1975.

N\\

\\\
Rice-growing conditions (%)
Cmn Irrlgated Rainfed ©~ Upland . Deep
,Ttem compared . lowland © water/
floating
Farmers' fields S
Scientists' reseaych efforts: 67 19

Newest varieties™ L LS4 33

a/

S
~'Released over the‘pastgsfyéara;uN’:

SOCIOLOGICAL AND EDUCATIONAL CHARACTERISTICS OF RICE' BREEDERS

The mean age of the 16 Indlan rice breeders interviewed was 42,7 years. They,{l
had an average of 15 years of professional experlence, not counting academlc

training. . o

i

Fifty-six percent of the breeders came from agricultural backgrounds, i e.,fd
they grew up in fam111es that derived more than half of their total income. ..
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‘from agricultural sources.  Of those families, 60% owned- their own. ‘land and
rented at least part of it to tenant farmers. Forty percent owned and
‘cultivated their own land. ' None of the breeders ‘came from tenant-farmer or .
agricultural-laborer families (Table 16) : :

ElghQrfnne percent of the breeders worked only with rice; 11/ worked both
with rice and with other crops. , . .

..Each breeder indicated the percentage of hls professional work time spent

in several areas. They spent 73% of their work time in research; at least
547% was in breeding-related activities, and 10% in administrative work (Fig.

To determine professional work orlentatlons, ll breeders were asked to indicat

their first and second preferences for the types of work that they would prefc
- to be doing in 10 years, considering their educational backgrounds, work
eexperlence, and career interests. All of the breeders indicated remaining in

rice breeding as a preference; 36% listed fundamental or basic research as a

. preference. Only 18% wanted to-become administrators; 18% wanted to go into

extension work, and 18% into applied or adaptive research other than plant
breeding. Nine percent indicated teaching or training as a preference.

.Similarly, the breeders were asked the types of organizations with which they

would pefer to be working in 10 years. Sixty-seven percent indicated a
government research organizatin as one of their two preferences; 58% listed a
nonprofit international research organization; 48%, an agricultural college- or

~ university; 8%, a private company, business or industry; and 8%, a government -

Table 16. Sociological characteristics of rice breeders in Indla.dnEighteen'~

'scientists at 12 agricultural experiment statlons, India, 1975."

. e ~-Average -
Characteristics : measurement

Age . .. 427 yr

"Efofeeéiohal experiencegl { : S15 yro
uBackgroundE/(%) R e
Agricultural ' 56% .
" Nonagricultural {394;5]
Z~Seurce of family's agricultural incomeE/(%) s
Owned land and rented all or part to tenanto .. 60%
Owned and farmed their own land 407%.
Rented farmland from landlord 0%
Worked as agricultural laborers “eOZ o

fva/

Excludes experience gained during academlc tralnlng l)-/If durlng each

~scientist's youth, more than half of his famtly 8 income derived fr07
- agricultural -sources, his background was.considered agriculiural. —-Refers
. only to the families of the 10 breeders irom agrlcultural backgrounds.
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'Fig,f8;'_Allocat10n of professional time of rice breeders. among d1fferent types .
"7 of work. Sixteen rice breeders at 12 agrlcultural research centers, ﬁf

o India, 1975.

exteneion service. Interestingly, none of the breeders listed farming as one ..’
‘of..their two preferences.

. Education andmibavel

All of the breeders interviewed had at least B.S. degrees, 94% had M. S.
-degreas,..and 447 had Ph.D.'s (Table 17). All of those whose highest level of .
education was a B% 7“°”“M*§§~§§§ acquired their degrees from universities or
colleges in India. Jut hal the Ph.D.'s held doctoral degrees from ‘
universities in Jupan, Canada, England; ~or the U.S. Eighty-eight percent of
the Ph.D.'s had degrees in plant breeding or genetlcs.

Table 17. The academic degrees, place of training, and disciplines of
Indian rice breeders. Eighteen rice breeders, 12 agricultural experiment
stations, India, 1975.

Indian rice breeders (%)

T ae . -Country where. educated Discipline .-
 ‘Academic ' . . Highest. Locally ° Highly -Plant . Other
degrees,;»k~u" degree - e develope9 breeding/ scientific
PO attalned SRR nations> genetics discipline
B.S. 100 o . 100 0. - : 11 - 89
M.S.. ; 94 -7 100 -0 47 53

_Ph¢D; g._~';' S T 50 5 .~ 88 12

a/

Japan, Canada, England,: and the U.S:A.

Slxty-seven percent of the breeders had partlclpated in at least one nondegree -
- training course related to rice. Those who had partlclpated 1n such:courses
had attended an average of 1.75 courses. :
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- Sixty-seven percent of the breeders who had taken nondegree training had
ujattended courses at IRRI or both at IRRI and at other 1nst1tut10na, 33% had
ﬁ,attended training courses in India or. other nations. :

f»Flfty-flve percent of the breeders had traveled outside India for professzonal
‘purposes at least once during the previous 5 years (Table 18). Those who had
‘traveled averaged two trips each. Most of their travel was to attend

professional conferences, educational or tra1n1ng programs, or to confer w1th
‘ profees1onal colleagues.

‘Table 18. The cosmopolitanism of Indian rice breeders as determined byltheir”

_ international travel. Eighteen rice breeders at 12 agricultural experiment
_stations, India, 1975. : g ’

Trips abroad

, no. %
xfTraveled abroad—/ | 10 55 -
tTr:.ps (av. no. /sc1entist) ‘ .22/

h Purpose of last tr1p abroad—

/ RE
,30 P

Professional conference (3
‘Education/training i 130
" To acquire new genetic materials 1 10.
To confer with professional colleagues - -3 30
. . ¢/ I : o
" Basis of selection— : , T -
-Selected by administrator : Pt T 56°
Direct invitation from profe331onal conference “”-T”QTf 1 11
Direct invitation from international research center 20 22 :
" Other RERTERNNE 1 11

‘::7Dur1ng the past 5 years. thverage number of trips .com ?ted'for the’lov

breeders who had traveled abroad over the past 5 years. —-Nlne respondents.'

Attitudes toward IRRI naming of rice varieties

In general, the rice breeders in India were opposed to the naming of rice
varieties by IRRI (such as IR8 and IR26). Sixty-seven percent felt that IRRI
should stop naming varieties and only send out genetic materials for local
scientists tT/test or use as parents in crosses and, if they desire, to name
as varieties=' (Table 19). All of the 22% who felt that IRRI should continue

“to name varieties were at state-level stations.

:1/In late 1975, IRRI announced that it would d1scont1nue its pollcy of naming

rice varieties and would concentrate instead on sending out experimental lines

for scientists in the national programs to use as parent materlals or to test

jand name locally as varieties.
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Table 19. Attitudes of Indian scientists toward the naming of rice varietie:
by the International Rice Research Institute. Eighteen rice breeders at 12
experiment stations, India, 1975. : -

e

Indian scientists

Opinion

no. A

:,iRRI éhouldetbp naming varieties and only send genetic ‘ . :
LR materlal for testlng/namlng to the national programs 12 ‘ 67r
. IRRI should contlnue to name varieties as well as to aend - R
materlal to the national programs ‘ "4‘ ‘22?
‘No opinion o ,” i?ii .ii{
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