
y,.. . , V

IjRRI~RESEARCd"H PAPER'SRE 
NU" ER l11, OCOTBER 1985 

RICE B EDIN
 
coiT-,l .4965 84
 

DIFFUSION OF,
GENETIC MATERIALS
 

BREEDING OBECTIVE--

AND CYTOPLAS 

T. R'. HARGROVE, V. L. CABANILLA, 
and W.R.COFFMAN 

.. .. . .. . .. . ..... .2 " 

X,40 'At 
V.*.-As 

V The InternaitIOna It1c Research Institute,• ,, , K fJ. ,-,: 
J1 V.21 

. . .,, . .... .. .. Bo: ,933.,ManlaP l ; n s , ., . ... ,. ..... . .,,; 

-, ... , . : . .. ...., .,t;.q, ;' " ,0 " ,:' , .... .. '§' " , ,~q.. ". 



CHANGES IN RICE BREEDING IN 
10 ASIAN COUNTRIES: 1965-84 

Diffusion of Genetic Materials,
Breeding Objectives, and Cytoplasm 

ABSIRACT 

In 1975 IRR! measured the diffusion of semidwarf rice varieties into breeding 
programs in 10 Asian countries over the previous decade. In 1980 the effect of 
extensive semidw;irf adoption on the cytoplasmic h,se of modern varieties was 
studied. In 1984 the studies were extcnded to cover almost 20 yrof rice breeding. 

Semidwarf parents were used in 611.:(of the crosses made in Asian rice breeding 
prog,'ams in 1965-67. and in about .51!, of the crosses from 1975 through 1984. 
The adoption of IRRI virieties as parents peaked 62(i of the crosses in 
1970. The strongest trend was the adoption of locally developed semidwarf 
varieties within about 5 yr of' the d,-vehpment of TNI ind IR8. Most local 
semidwarfs were progeny of earlier crosses with IRRI varictie. -r TN I. 

Yield, grain quality, and giowth duration rem'ii;;ed the top breeding objectives 
from 1975 to 1984. The intensity of crossing for pest resistance and environmental 
adaptation increased from 1975 to 1984, and semidwarfs were used more often as 
genetic sources of those traits. 

Breeders were releasing mor'e tall and internwdiate-statured varieties, and 
fewer semidwarfs, in 1984 than in 1975. how,.ver, the samL breeders indicated 
that a higher proportion of popular farm varieties were semidwarfs in 1984. 

Breeders acquired 70. of the introduced parents used in 1984 L:-osses from 
International Rice Teting Program nut eries. 

In 1975. 42"i of tbe newest varieties were maternal progeny of Cina and thus 
probably carried Cina cvtopiasm; in 19,S4, 46% were Cina progeny. For widely 
grown varieties, 4517( in 1975 vs 34% in 184 could be traced maternally to Cina. 
Maternal progeny of Cina comprised 38% of the female parents used in 1984 
crosses. 

Suggestions ior broadening the maternal (and overall genetic) base of future 
rice varieties are included. 
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CHANGES IN RICE BREEDING IN 
10 ASIAN COUNTRIES: 1965-84 

Diffusion of Genetic Materials, 
Breeding Objectives, and Cytoplasm 

The dramatic farmer adoption of high-yielding !. midwarf 
varieties of rice and whea', and the subsequent Green 
Revolution in Third World agriculture, have been well 
documented (2, 3, 6, 14, 16). 

Less obvious has been how/ant hreJershave adopted 
such varieties as parents genetic building blocks in 
their crossbreeding, or hybridization, programs to develop 
subsequent genetations of improved varieties suited to 
specific needs of local farme;.,, 

In 1975 IRRI and The Rockefeller Foundation (RF) 
studied the diffusion ol'improved rice varieties into cross-
breeding programs from 1965 to 1975 ot 14 agricultural 
research centers in Bangladesh, India. Indonesia. Korea, 
Philippines, Sri l.anka. and ilha ia:id (9). W- also measured 
plant breeders' objectives reasons f'r "tdopti igspecific
varieties as parents in crosses at 27 centers inthose 

courtries plos Iran. Nepal. and Pakistan ( 10). 
In 1984, IRRI and RI initiated a followup study to 

monitor changes in rice breeding during the decade, and to 
extend the erlier study to cover aimost 20 yr of rice 
improvement, 

Data on 1975 parents and breeding objectives should be 
kept in mind when analyzing similar data for 1984 
because, using conventional breeding, it takes 4--7 yr from 
the initial hybridization through selection and release of a 
rice variety. Many of the 1984 varieties and parents are 
progeny of crosses made in the 1970s. Projecting into the 
future, varieties of the late 198s will be progeny of 1984 
crosses. 

We had noticed through the 1975 diffusion study that 
breeders tended ,use the semidwarfs as females in their 
crosses. Components of plant cytoplasm arc inheritd 
through the female parents We became inter'sted in the 
cytoplasm of rice varieties because 'ytoplasmic uniformity 
(23) led to the most serious pest ep. .mic based on genetic 
uniformity in recent times the 1970 epidemic of southern 
corn leaf blight (thlninho.%poritint mridi.s, Nish and Miy.) 
in the U.S. inaize crop. Therefore. we also traced the 
maternal ancestry of varieties in 1915, 1980 (12), and 1984. 

tACKGROt NI) 

The Third World food situation was desperate in the mid-
1960s; in 1967, Paddock and Paddock (24) predicted a Time 
qfvtis in the 1970s and classified India and Egypt as 
countries that were beyond saving. 

The semidwarf variety IR8 was released to Asian rice 
farmers in late 1966. IR8 was selected from IRRI's 8th 
hybridization, made in 1962.(13v 1984 IRRI had made more 
than 50,000 crosses.) !11.8's female parent was Peta, a tall but 
vigorous Indonesian variety derived from the 1934 cross 
Cina l.atisail and released to Indonesian farmers in the late 
1930s. Its male parent was I)ee-geo-woo-gen (DGWG), a 
stiff-strawed Chinese rice whose genes gave semidwarf 
stat ire not onh to IR8 but to almost all subsequent 
semidwari'varietics in tropical Asia. 

IR8 had hi.h yield potential, mainly because its short, 
stiff straws allowed it to produce heavy panicles of grain 
without falling o er; it tillered profusely; and its insensitivity 
to photoperiod, or day length, allowed farmers in many 
latitudes to grow it any time of the year.

Farmers, particularly inAsia's irrigated areas, adopted 

I R8 so rapidl\ that i!became widely, if inaccurately, known 
as the Mirach Rice. IR8 and similar semidwarf varieties of 
rice and wheat probably spread faster and more extensively 
than any other innovation in the history of Third World 
agriculture (7). B the late 1960s, about 25% of Asia's rice 
land was planted to IR8 or similar semidwarf varieties and 
by 1984. about 40(4. 

The improved riceand wheat varieties and accompanying 
technology avert( dthe i'meoflanilnes. Average rice yields 
in Asia for 1971-?,0 were 42X. higher than in 1951-60 and 
total production rose 770i,. Asia's land area planted to rice 
increised only 25 'j during that period (3), while Asia's 
population rose 53(.' (34). 

It is often forgotten that IR8 was not the first semidwarf 
ric,:
variety in tropical Asia. Taichung Native I (TNI) had 
been released in 1956 from DGWG Tsai-yuan-chon,a 1949 
hybridization made inTaiwan, China. In 1960,1 kgofTNI 
seed was introduced into India through a Unive,'sity of 
Missouri cooperative project, and in 1966 IRRI sent I t of 
TNI to India. The Indian Government later bought 5O t of 
"INI (2). In 1968-69, Indian farmers grew 8(X),000 ha of 
TNI, but iR8 soon replaced the Taiwanese semidwarf. 

In the 1970s and 1980s, hundreds of new senidwarfs were 
released to Asian farmers: most were bred by scientists in 

national rice improvement programs. For example RD 7, 
RD 9. and RD 25 were released in Thailand; Jyothi, 
TKM 9, Pusa 44. and Sabari in lndia: Tong-il then Milvang 
30 and l)ae Seang Byeo in Korea; Pelita and Cisadane in 
Indonesia. 

Other new varieties were bred a, IRRI but were tested 
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then released t. farmers, usually under local names, by
national programs. IR20, released in 1969, replaced IR8 in 
many areas because of its genetic resistance to pests, 
particularly tungro virus and bacterial blight diseases, stem 
borers, and green leafhoppers (26). IR26, released in 1973, 
had a much broader spectrum of resistance and soon 
replaced IR20. By 1982 a newer variety. IR36, was grown
under a dozen names on IImillion ha of rice land and was 
probably the most widely grown variety of any crop 
the world has ever known (16). 

REVIEW O- 1.1IiRA IURE 

The diffusion and adoption ofagricultural technology has 
been widely researched since the classic 1950 Ryan and 
Gross study on the diffusion of hybrid seed corn among
'owa farmers (28). But our 1975, 1980, and 1984 studies are 
the only ones we know that focus on tilediffusion of genetic 
materials among plant breeding programs.

In this paper we stress the implications of a cytoplasmic 
similarity (or, perhaps, uniformity), and thus the possibility
of a cytoplasmically based pest epidemic in rice. 

A plant cell is divided into two major parts: the nucleus 
and the cytoplasm. In addition to the genes in the nucleus, 
evidence now co:firms the existence of genes outside the 
nucleus in certain types of organisms, including higher 
plants. The role ofextranuclear genes in the control of plant 
phenotypes has become increasingly clear in the past 
decade (29). 

Plant cytoplasm is wtll organized and contains a hetero-
gcneous array of organelles and membranes. Extranuclear 
genes are found in two organelles of green plants the 
chloroplasts and the mitochondria which are responsible
for photosynthesis and the synthesis of ATP. Each organelle 
contains its own set of unique and autonomous genes. 
linked together in an organellar chronmoome. iuch is now% 
known about the genetics and biocheinistr\ of organelle 

genes in some organisms but studies were onl\ recentl 

initiated for rice(I 5 33). Reports ofcytoplasmic inheritance
in rice, however, dat: k at least 25 yr (4). 

In 1961, Mercado and Lantican (21) first warncd of the 
importance of cytoplasm in coilditioning disease resistance 
in maize. In 1970 cytoplasmic uniformity of maize in the 
USA led to the most dramatic disease epidemic in recent 
history (23). Hargrove et al (12) identified several other 
crops where the cytoplasm is known to condition both 
resistance and susceptibility (13): potato (22), grape (17),'all
wheat (32), cotton (20), and rice (27): barlcy (I) was 
subsequently added to t ie list. Cytoplasm isalso implicated 
in the control of herbicide tolerance in Brassica (19). 

MllTHODS 

In 1975, the senior author worked with IRRI and national 
plant breeders to develop the initial methodology, based on 
cross anali'sis. During personal interviews. hybridizations 

were randomIly selected and analyed from the cross
bi'ccding records of 27 rice improvenent programs in 10 
nations. t-or 7 countries wc had records of'crosses made in 
1965-67. 197(0-71. and 1974-75. F-or the 1984 study we 
returned to as many of the satne stations as possile: 
political problems during the interview period (.Iul-Scp) 
meant we had to drop I station in Iran and 3 in India. We 
used similar methods to analyze the 1980 and 1983-84 
crosses. We analyzed 1,233 parents used in540 crosses fron 
1965 to 1984. We then plotted thediffusion ofvai icties.and 
the objectives for ttheir use, over the 20-yr period. 

Breeding objectives in 1975 and 1984 were determined by
asking each breeder to describe in detail exactly why he or
she made each cros;s and the reasons for the use of each 
parent (e.g., because of its yield potential, early maturity. 
insect resistance). Information was also gathered on plant
type(semidwarf, tall, etc.) and the origin of parents used for 
each objective. 

R is 

Diffusion of varieties as parents 
Asian plant breeders rapidly adopted the early scmidwarf 
varieties as parents to develop their own range of semi
dwarfs. In 1965-67, 61 ' of all crosses analyzed involved a 
semidwarf parent (Table I). By 1975, semidwarts were used 
in 84('i .,)f the crosses; that trend continued through 1984. 
The perLenitage of crosses that involved a tall variety 
dropped from 74 ,:iin 19o5 to 45%/'- in 1975, then increased 
slightly in 1984. 

Breeders increasingly crossed semidwarfs with other 
semidwarfs over the first 10 yr, then maintained that level 
(Table I). ofall pa-ents in thetotal genetic poolIn 1965, 289 
were semidwarfs and 40% were tall. By 1975, the intensity of 
semidwarf use in crosses had increased to 58%; it remained 
at that level through 1984. 

Direct use oflRRl semidwarfs peaked in 1970, when62% 
of the Asian crosses involved an IRRI parent (Fig. I). Use of 

'able I. Percentages of 1.233 rice ofdifferent plant height used as parents 
in 540 randomly selected crosses at 14 agricultural experiment stations and 
universities in 7 Asian nations, 1965-84. 
plant height 

1965-67" 
Rices used (f,) 

1970-71" ' 1974-75- 1980-81,/ 1983-84" 
In,'roSs. 

Scinidwarf 61 86 84 89 84 
all 7nter4ediate51 3974 57 3545 3741 3149 
Floating or 

deep water 2 I 2 8 2 
.%ini(idualare,,nts 

Semidwarf 
Intermediate 

28 
31 

48 
22 

58 
17 

58 
18 

58 
16 

Tall 
-ioating or 

40 30 24 21 25 

deep water I --- I 3 
"277 rice varieties and tines used in 119 croses. "351 rices used incrosses. '191 rices used in 89 crosses. '117 rices used in 79 crosses. 
"237 rices used in 106 crosses. 

147 
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Percent IR R I materials leveled off from 1975 to 1984, the reflection70 of a strong trend toward the use of Iocallr d'veheo/wd 
sentid,aia. About half of the crosses made from 1975 to 
1984 involved at least one local semidwarl. 

IRRI TN Iwas used in 22(1 of the mid-I1966 crosses in the 7 
Co nt ries. 

50 The adoption of 118 as a parent was surprisingly rapid 

11,8 was used in 2011 of the 1965-67 crosses, even though itwas officially released late in 1966. Breeders apparently
40 acquired IR18 seed and began to cross it with local varieties 

LO loeped evenl before it was released to farmers. 
Five percent of the non-I RRI semid warfs (other than 

30 TN I)used in 1965-67 were developed by Asian programs. 
Taichung 65, a pre-World War I1dwarf ponlai variety 

20. -V 13 developed in Taiwan, China, was used in three crosses and 
\"%, I)GWG was used once. 

TN1 Semidwort from By 1970, 118 and other IRRI cultivars had largely 
10-
 other country replaced IN I. But hy 1975 1R8, like its predecessor, had 

virtually disappeared from the Asian breeding scene. In 
-1984, 1In50 was the most popular IRR I parent, us'd in I0,;

1974-75 9 - of the crosses. II(36 was used in 9('i.965-67 1970-71 1980-81 983-84 The Indian cultivars OR59-0and Rasi (or lET 1444) were 
hridiations from 19 5to1984. 


1,233 parents used in randomly selected crosses at 14 research statinns To7 

I. Sources of smidwarf parents used inhts often used, particularly in India, as parents in 1984. 

We traced the pedigrees of all local semidwarfs used in the

Asian nations. Note: The crossing ot1R8 ( - - -.)isalso relccled ill 1983-84crosses back tourgenerationsand found that IRRI
the line 
that indicates crosses invmolving all IRRI parents (o * 01. Ih1s. To
 
1965-67.35"1 of all crosses inolcd an IRRI %antv:I, was the I1RI varieties forned 
a strong genetic base (Fig. 2). An IRRI
 
parent in 2(Y of 1965-67 crossesand other IRI varieties in 15(1. varietv or experitmental line was a direct parent of 58%
 

Nondworf 

043% 1/oDGWG 3%~ So from otherCountry 
11%TNI 14% 

A TNT 
T-%//8 Ile50% 9R 

1%i~hy 1 IRB 
other 

57% /RR 42% 
% /R 

3i% 
Semdwartf other 
 00% 

IR I57% \2%otheriRRi. other:0% 1551 

I51IRr
B ~~ ~ 2%LDortrrISSsISB TNT~ R IIRLD/O8?/ 

SRID IoCOIR 
deceiched 159.%LI ooth LOIR_I o30e 

TRIthe IR%+LD TNI10IR 
IRS t% 2%I.DotherSI

4% IRRI _ 

Coruntries 

19X3-X4. 1B. tf 167 semidwvarl parents used in 134 crosses (198.3-84).2. A. Plant height ol294 parents uscd itt 134 crosses made it Origin C. Sources of'dwarfinggenes in the direct ancestry ofX4 locally developed ( tIl)) semidwarf rices used as parettts in 1953-X;4 crosses. D. Sources of the dwarfgenes itt the ancestorsof37
locally developed semidwarf rices. E.Sources of the dssarting genesin I0)Iocally deseloped scmid wa rf rices. F.Snur~es of the dwarding getnes in the ancestors oflocal semidwarfs that were used in itn983-X4. tcrs.,s 
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(Fig. 2C). But 45% were progeny of still earlier crosses 0 20 40 60 80 100
involving a local semidwarf. By tracing the ancestry of those Yield Potential 	 93/
local semidwarfs back a second generation, we fouhd that 	 86/.
81%were progeny of i RRI varieties (Fig. 2D). Grain Quality 	 78/a

Thirty-eight percent of the female parents used in 1983-84 73% 
crosses traced maternally to Cina (Table 2). We do not have Long, slender 	 38% 
comparable data for 1975.• 	 .28%Cooking/Eating quality 27% 

260/o12%
AromaticBreeding objectives 	
80/ 

The relative hreeding ohjeciies remained about the same Fine grain lHb 

from 1975 to 1984. But the intensit'rof/crosses for resistance 	 0o 
to pests and environmental stresses, and for suitability to Translucent 10% 

local conditions, changed considerably, 	 60/so did the types of Short bold groin l10/

varieties that breeders used as parental sources of the needed 
 a/o 
characters. Red Kernels 90/
 

After high yield potential, grain quality remained the Coarse 2%
140/

primary breeding objective and increased from 73(1,1
of the 	 _0Va 
1975 crosses to 78% in 1984 (Fig. 3). (rowth duration Glutinous "0% 

(uualbNot 	 7%/ery)asal(usually early) as an objective increased from 61 to 7217'. specified 70•7%
 
Breeding for disease resistance increased from 53 to 601" 43/o

of the crosses, and insect resistance from 41 to 46%. Growth Duration 72%
 
Drought resistance breeding went from 6 to 19%,:.T'his 
 61% 

large increase could partly reflect the omission of 1984 data Early 59%'
 
from three breeding stations (in Iran, and in Kashmir and Intermediate .o 49%
 

Punjab, India). Those stations serve mostly irrigated 	 50/a
regions; inclusion 	of their crosses might have diluted the Late 2%
 

apparent increase in drought-tolerant crosses. 8% 
On the other hand, low temperature isa problem in Iran Disease Resistance% 53%/

and Kashmir. Yet even without their data. cold-tolerance Blast 310Oa 
breeding increased 	from I1% in 1975 to 14,, in 1984. 27% 

To determine wht breeders use specific parents, we Bacterial 250/a /.ght
classified each parent used for each objective (yield poten- Tungro 15/o
tial, grain quality, pest resistance, etc.) by plant type 160/a 
(semidwarf, intermediate-statured, tall, deep water). 	 Grassy 2%stunt 


Eighty-five percent of the time that 	 8%/a breeder crossed a Sheath blight 4/

semidwarf parent in 1975, he hoped to transfer its yield 60/a
potential into a progeny variety; in 1984 breeders used Bacterial leaf streak 1/o
semidwarfs less for yield potential and more for other traits Not specified 	 5/ 
(Table 3). 

20sd% 
For example, in 1975 grain quality was an objective 65% Insect Resistance 46% 

of the time that a breeder used a tall variety and 40% of the B 	 2. 410% 
time he used a semidwarf. Data in 1984 showed a marked Brown planthopper 270/a
shift to semidwarfs as parental sources of locally preferred 17/.

Stem borer 130/
grain, growth duration, and resistance to diseases and 14/. 

insects. Gall midge 10% 

Green leafhopper 	 6% 

6% 
Table 2. Ultimate maternal ancestry of rice cultivars in 10 Asian nations,1975and1984. 	 Not specified 1% 

70/a7Rice cultivars( i)1 Drought Tolerance % 1% 

' that traced maternal]% to
Cuttivars 	 Cina Others illering I 0o 

1975197 1984'i %ov1975 1984 975 19 Cold Tolerance 14a
 
Femae parents used in crosses 38 62 
 I.
Newest varieties 42 46 58 54

Widely grown varieties 45 55
34 66 

"Refers to the original female progenitor. 3. Comparison of breeding objectives. 1984 and 1975. 
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Table 3. The frequency with which rice breeders in 10 Asian nations sought major desired genetic traits from different types of varieties. Source of data = 201
semidwarf, 47 intermediate, 85 tall, and 10 floating parents in161 randoml) selected crosses made in 1974-75 at 27 agricultural experiment stations, 10 Asian
nations; and 167 semidwarf,46 intermediate, 79 tall, and 2 floating parents in 134 randomly selected crosses made in 1983-84 at 24 agricultural experiment
stations. 

IJs(s'e as, parenws

Breeding objectives Seidwarf Intermediate ' all Floating or
 

deep water 
1975 I984 1975 1984 1975 1984 1975 1984 

Yield potential 85 51 51 42 5 16 10 0
Grain quality 40 54 N() 72 65 40 20 0
Growth duration 34 3644 33 31 9 80 100
Disease resistance 36 49 64 56 25 25 20 0
Insect resistance 30 42 15 28 19 16 0 0
Drought tolerance 2 5 4 13 5 II 0 100
Cold tolerance I 7 17 II II 3 0 0
L.ocal adaptability 2 9 13 2 2 6 0 0
Adverse soils tolerance 3 3 19 1I 9 3 0 0
Photoperiod sensitivity/insensitivity 4 2I 6 5 5 90 100
Panicle weight 2 2 4 0 0 II 0 0
Straw ield 0 0 0 2 0 5 0 0
Genetic diversity 0 2 0 0 0 0 0 0Deep water tolerance 0 I 4 16 II 100 100
Others 3 III II 8 12 -- 0 

Similarly, we analyzed Wihy breeders used locally devel- semidwarf, he hoped to transmit a preferred type of grain
oped and IRRI semidwarfs. Half of the semidwarf parents into the progeny vs 23% for IRRI semidwarfs (Fig. 4B).
used in the 1984 sample were locally developed, 35% were However, disease resistance was an objective 39% of the 
from IRRI, and 15% were introduced from other national time that an IRRI semidwarfwas used,and insect resistance 
programs. But 66%of the time thata breedercrossed alocal 46% (Fig. 4D, 4E). 

B. Grain quality 

660/, 
Locally davelopeo 

23%/ 47%/ Introduced 

from IRRI Locally from IRRI C. Growth
developed duraton 

I10/ 

from tintroduced 
5% Introduced Introduced fromA. Locally IRRI other countries 

Al developed 8/
semi 
dwarf 
parents 39% 

iutroduced 

5% 29%/ baccily43%Introducedfhorn Locally 46%/ developed
other countries eveloped introduced 

25% frorn IRRI 

5. Diseae resis*jnce 

E, insect resistance 

4. Sources ofsemidwarf parents used for different breeding objectives. A. Origin of 167 semidwarf parents. B. Origin of71 
scmidwarf parents used for grain quality. C. Origin of 73 semidwarf parents used for growth duration. D. Origin of 56 
semidwarf parents used for disease resistance. E. Origin of 48 scmidwarf parents used for insect resistance. 
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Seed sources 
Breeders were asked where they got seeds of parents thai 
were introduced from outside their countries. In 1975, the 
Intcrnational Rice Testing FProgram (IRTP) was the source 

of 61% of all introduced parents: in 1984 IRTP provided 
70('. For example, breeders in Pakistan crossed an Indian 
line, RF1057: the seeds came from International Irrigated 
Rice Nurserv trials. 

New varieti'c 
In both 1975 and 1984 rice breeders in the 10 countries were 
asked to list new varieties they had released to farmers over 
the pre\'ius 3 yr. We filled out genetic data sheets on each 
new variety. We then compared tie newest varieties released 
in 1975 with those of a decade later at the same stations. 

There was a shift toward release of talle, varieties over the 
decade. In 1975, 69%i of new varieties vere semidwarf and 
25(. intermediate-statured ( 130-160 cm). In 1984, 541i of 
new varieties were senidwart's, and 31 7 were of inter-
mediate stature (I'able 4). In 1975, 6% of tne new vaiieties 
wcre tall vs 15('(in 1985. 

Several breeders particularly in India, Bangladesh, and 
Sri Lanka attributed the shift to higher yield of straw, 
which is used for cattle fodder and fuel and has a high cash 

value. Breeders also mentioned that crop management 
particularly weed control -- was casit, with taller varieties. 

Eighty-six percent of the new varieties released in 1975 
were developed locally, and the others at IRRI. In 1984, 
10% of tie new varieties released in the 10 countries were 
introduced from other countries. 

Forty-two percent of the newest rice varilties released in 
1975, and 46% in 1984, were maternal progeny of Cina 
(Table 2). In the 1980 survey (12) we found that Cina was the 
ultimate maternal parent of 62%j of the post-1R8 rice 
varieties released ii Bangladesh, 22%: in India, 74% in 
Indonesia, 60%*i in Korea, 75% in Sri Lanka, and 25% in 
Thailand. 

Widely grown varieties 
We asked breeders in 1975 and in 1984 to name the thiee 
varieties most widely grown by farmers within the regions
served by their research centers. Genetic data sheets similar 
to those for new varieties, were completed on the varieties. 

The 95 widely grown rices in 1975 comprised 73 distinct 
varieties. Forty-five percent were semidwarfs, I7': were of 
intermediate stature, and 35(i were tall. Of the 71 similar 
varieties in 1984, however, 66,%' were semidwarf, II,1%were 
intermediate, and 21 7:1were tall (Table 5). 

Table 4. Characteristics of 36 newest varieties released by 1975 at 27 agricultural research stations in 10 Asian nations, and of 68 newest varieties released by1984 at 22 agricultural stations in 10 Asian nations. 

Characteristics 


Plant hetght 

Origin
Locally developed 

Introduced from iRRI 

Introduced from othercountries 


M4ethod ofdevelopineni
Hybridization 
Mutant 
Purcline selection 

Semidwarf Intermediate 
Varieties (%) 

Tall All 
1975 1984 1975 19,4 1975 1984 1975 1984 
69 54 25 31 6 15 -- -

80 
20 
0 

78 
It 
11 

100 
0 
0 

71 
19 
10 

100 
0 
0 

90 
0 
10 

86 
14 
0 

78 
12 
10 

96 
4 
0 

95 
0 
5 

89 
II 
0 

85 
5 
10 

50 
0 

50 

80 
10 
10 

91 
8 
3 

90 
3 
7 

Table5. Characteristics of95 rices cited in 1975 at 27agricultural research centers as among the 3 most widely grown varieties by farmers, and of 71 rices cited
in 1984 at 23 stations L'r10 countries. 

Characteristics 

Plant height 

Origin
Locally developed 

introduced from IRRI 
Introduced fiom other countries 

Method ofdevelopment
Unimproved 
Pureline selection 
Mutant 
Hybridization 

Varieties 
Semidwarf Intermediate Tall Floating All 

1975 1984 1975 1984 1975 1984 1975 1984 1975 1984 

45 66 17 II 35 21 3 2 -

44 
54 
2 

58 
38 
4 

13 
37 
50 

100 
0 
0 

97 
0 
3 

67 
0 

33 

100 
0 
0 

tOO 
0 
0 

59 
31 
10 

65 
25 
10 

0 
2 
2 

96 

0 
4 
2 

94 

0 
0 
0 

81 

0 
0 
0 

100 

36 
49 

0 
15 

47 
13 
0 

40 

67 
33 

0 
0 

100 
0 
0 
0 

15 
19 
I 

62 

II 
6 
I 

82 
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In 1975, 10 varictics ;.ere cited as widely grown in 2 or development of new varieties. Breeders acquired 70', olthe 
more regions: in 1984, 7 were grown in at least 2 regions. introduced parents used in 1984 crosses from IRI'I trials. 

In 1975 Jaya was the most popular locally developed IRTP nurseries clearly have a tremendous potential to 
variety, grown extensively in eight regions, and IR8 was the spread new genes. But IRTP also has the potential to spread 
most popular IRR I variety (7 regions), the same genes combined into hundreds of"new"parents

In 1984 Java was still the most popular local variety -- across the rice-growing world. 
(5 regions), but IIR.6 was the predominant IRRI variety We are concerned about the cvtoplasmic similacity of 
(4 regions). many popular farm varieties, of new vaiet ie:, and of fenale 

Forty-five percent of the widely grown varieties in 1975, parents used in 1984 hybridizations. 
and 34Ci in 1984, carried Cina cytoplasm (lable 2). I-irst, some background on Cina (Fig. 8), and how it 

became he maternal base of so manV improved rice 
IR varietits varieties, is necessary.
In 1980 we traced the genca logsv off 5 IR varieties named in In 1914, Cina was introduced into Indonesia from China 
the Philippines (I R8 through IR42). All were from crosses at (30) (actually Cilna may have originaiwcd in Indochina 
IRRI involving I I parents that traced to 18 original land because farniers in some areas of \Vest .Ja a todav call it 
races (traditional Pative varieties) from 8 countries. The .Saqoi Rice) (B.Siwi, pcrs. commi.). In the 1930s Cina
1985 release of I R64 and IRI65 brought the total to 29 IR biecame the most popular rice varietv in Indonesia because 
varieties. The 14 varieties named since lIR42 trace to 28 of its photopcriod insensitivity. yield, and grain quality
original land races, including 10 that were not in the ancestry (25. 31)
of the first 15 varieties. InI the early 1930s, pliit breeders in Indonesia made the 

For example, 20 original land races from 8 countries are cross (ina latisail, from which IPeta (as well as Mas,Ilntan. 
in the pedigree of IR64 (Fig. 5). Bengawan, Cahava, Fajar, Pelopor, and Salak) were 

All of the first 15 IRvarieties traced maternally to Cina; selected (30). Farmer selection ,fthose varieties continued 
8 of the 14 subsequent varieties were maternal progeny of throughout World War 11,when leaders of Indonesia's plant 
Cina (Fig. 6). breeding program were interned. 

Finally, we traced the female parentage of 50,308 crosses Because of its erect leaves, plant vigor, and sturdy stems 
(1962-84) made at IRRI; 38(" of the females are derived (8), Peta was used as the female parent in the 1962 IRRI 
maternally from Cina. The trend, however, is rapidly cross Peta, I)GWG that produced 11(8, in Petai T.Rotan,
declining. Although about 50(' of the crosses made in 1974 from which IR5 was selected; and incrosses such as 
had Cia cytoplasm, only 20('%of the crosses made in 1984 Peta,. BPI 76, which produced the popular Philippine
traced maternally to Cina (Fig. 7). Appendix I lists those variety C4-63. Plant breeders at IRRI and in national 
crosses for which Cina is the ultimate female progenitor. programs subseq'.ently crossed IR8 and other Peta dcriva

tives, usually as female parents, to combine still more 
DISCUSSION favorable traits, such as disease resistance or grain quality, 

with the rugged, high-yieiding semidwarf plant type.
Changes in rice breeding from !975 to 1984 suggest that Why were semidwarfs used mainly as Lemales? First,
Asian breeders were largely successful in meeting mid-1970 plant breeders tend to use cultivars that carry recessive genes
objectives of incorporating genetic resistance aad agro- for readily identifiable traits as female parents. Tallness is 
ecologic adaptation into tie high-yielding semidwarf dominant to dwarfism --so after use ofthe seridwarfas the 
package. Semidwarf and interinediate-statured varieties -- fen ale, tall F, plants tell the breeder that lie made a 
progeny of earlier crosses -- were used more in the 1980s successful hybridization. lfthe i1 plantsare short, however,
than in the 1970s as genetic sources of preferred grain the breeder knows that the semidwarfself-pollinated. Thus, 
quality, growth duration, drought and adverse soils the female semidwarf/male tall combination can prevent
tolerance, and insect and disease resistance, the waste of a plant generation of time. 

The. greater intensity of crossing for resistance to pests It is also more convenient to use semidwarfs as femal,'
and environmental problems might also reflect the incor- because tall females usually must be staked to prevent 
poration .f such traits in today's semidwarf and inter- lodging. 
mediate-height varieties. The genealogies of improved rice varieties across Asia 

Interestingly, breeders said that the proportion of rice appear disturbingly similar. In fact, these similarities 
land planted to semidwarfs increased over the past decade, simplify this type of research. Once we have traced 
but the same breeders, at the same research centers, were genealogies of a relatively few popular parents, it is fairly
releasing taller varieties, easy to trace the parertage of most improved Asian varieties 

The IRTP plays a powerful role in the movement of --because those parents are crossed again and again.
varieties across national borders into farmers' fields But We doubt that this situation is specific to rice, or to Asia. 
even more important may be IRTP's international move- An examination of, for example, maize breeding in the 
ment of parental materials - genetic building blocks for the Americas or Europe might reveal a similar situation. 
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6. Maternal derivation of IR varieties. Female parents are in boxes on the left, male parents are on tlie right. 

70 ___________________ The implications of he maternal similarity in rice should 
be drawn with caution. The 1970 attack of southern corn 

blight on the U.S. maize crop is the only recorded pest0 -leaf 

* epidemic that was specifically conditioned by cytoplasmic 

50 - uniformity. All F, hybrid maize strains that carried the 
Texas male sterile cytoplasm suddenly became susceptible 
to a new strain of H. maiydis.

4C Farmers have intensively grown many rice varieties with 
Cina cytoplasm under varied pest pressures for at least 15 yr. 

30 No weakness in Cina cytoplasm has been detected. Also, 

imi roved rice varieties have not generally been adopted as 
20o un*,ormly and across such huge contiguous areas as hybrid 

maize rn the USA. 
10o But the spectre of southern corn leaf blit;ht lingers. 

Developed countries can more easily absorb losses from 
0 , , L , t , L - , , ._ such epidemics and can correct such situations more 
962 64 66 68 70 72 74 76 78 80 82 84 

Yquickly. Within 2 yr of the blight epidemic, almost all U.S. 
7. IRRI crosses in which female parents trace maternally to Cina. Crosses farmers were planting new F1 maize varieties without Texas 
No. 1-50, 308, 1962-84. male sterile cytoplasm. 
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1. Rice scientists should diversify the maternal origin of 

Ifuture rice varieties released to farmers. If possible, 

'I V 

'/national 

-~ 

/, 

/7 \ d 

/ 
.cytoplasm 

_ 	 _--__-:_ _probably 

8. A photo of C'i .hen spelled I-ina) reproduced from a 1941 bulletin of 
the General Agricultural Experiment Station, 1ogor. Indonesia. The photo
caption (translated from )utch) reads "A plart of the awnless (tjereh)
variety ljina. shortly after comnpletion of flowering. This is the Most widely 
planted variety in the Dutch East Indies. Ijin: has a sturdy plant type, with
long. thick culms and beautiful panicles. The kernels, when ripe, are 
good quality and thresh easil '. The plant tillers well and the stems have a
slightly spreading habit" 133). 

The resources to respond to such an emergency in rice-
growing Asia are far more limited. A widescale epidemic in 
Asian rice could mean widespread famine, 

We should also mention that the male sterility of the 
widely grown indica-typc hybrid rices of central and 
southern China are derived from a single cytoplasmic 
source, a wila rice plant (Wild Abortive) found in 1970 on 
Hainan Isla!,j (5, 18). Those hybrids are of the F, genera-
tion so their cytoplasm should be virtually identical, 

Although the rice -ytoplasm situation is posing no 
immediate threat, it should be sufficient concern to demand 
a prompt broadening of the maternal (and indeed, the 
overall) genetic base of modern rices. 

In 1980 papers, published by IRRI (I1) and in Crop 
Science (12), we offered suggestions for broadening the 
genetic (and particularly the cytoplasmic) base of future 
improved rice varieties. We repeat and expand upon those 
suggestions: 

release varieties with non-Cina cytoplasm, and with 
diverse genetic background for resistance to pests such 
as brown planthopper and bacterial blight. 

2. When possible do not use, as female parents, cultivars 
such as Peta or its sister lines (Mas, Intan, etc.) that 
trace maternally to Cina. Also remember that other 
popular parents such as C4-63 and the Indonesian 
variety Syntha (Bengawan'Sigadis) carry Cina cyto
plLsm. (This would not necessarily preclude use of 
those varieties as male parents.) 

3. The genetic sources of cytoplasm and of traits such as 
pest resistance of cultivars entered in I IRTPand 

nursery trials might be identified in the 
nursery book lets. 

4. The IIUIP could help diversify the genetic base of rice 
by assembling nursery sets of improved cultivars with 
new genetic sources of desired traits. 

5. Strong and autonomious local breeding programs 
should be encouraged. 

6. 	 Scientists should mount a major effort to identify and 
use sources of dwarfism other than DGWG. 

7. Tests might be conducted to determine ifcultivars that 
carry 	Cina cytoplasm differ from those with other 

in resistance or susceptibility to pests. 
8. The biological and social forces that caused rice 

breeders to use semidwarfs as female parents in crosses 
apply to other crops. For example, wheat 

farmers (and, we presume, wheat breeders) have
extensively adopted semidwarf wheat varieties across 

the Third 	 World. We suggest an examination of
genetic diversity, including the maternal base, of other 
major crops.

The authors of this paper maintain, through the Inter

national Rice Genetic Survey, records of the parentage of 
53,000 hybridizations made in national programs plus more 
than 900 post-lR8 varieties and almost 1,400 older varieties 
such as Bluebonnet 50 and TKM 6. We will gladly provide, 
on request, whatever data we have on any cultivar to any 
rice scientist. 

The genetic recycling from rice farmers' fields into 
national and international breeding programs and back to 
farmers' fields is a fascinating journey that deserves sub
sequent research. Seeds of popular farm varieties cross 
borders. The improved varieties ofanycrop, inanycountry, 
are combinations of the best materials developed in many 
countries. 

Consider GEB 24, which in the 1920s, generaleconomic 
botanistsin Coimbatore, India, selected from the traditional 
Kitchiiii SLamba. GEB 24 was a good variety and thus, a 
popular parent. Scientists at Tirurkuppam crossed GEB24 
with CO 1(', to develop TKM 6. Subsequent crosses 
combined, into dozens of improved varieties, TKM 6's 
insect resistance with other favorable traits derived from 
varieties such as Gampai 15 from Thailand, Tetep from 



Vietnam, CR 94-13 from India, Marong-Paroc from tte 
Philippines, Sigadis from Indonesia, or Bluebonnet 50 from 
the USA. Progeny of those crosses, such as RD 25 from 
Thailand, Bogowonto from Indonesia, Ratna and Pusa 33 
(India), BR 10 (Bangladesh), and IR36 and IR50 (IRRI) 
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Appendix 1. IRRI crosses that trace maternally to Cina.
 
Crosses 1-50,308 (1962-84). 

IR5 
IRS-IR9 
IR13 
IR39 
IR84-IR86 
IR95 
IR130 
IR132-IR133 
IR262 
IR283-IR284 
IR286 
IR299--IR300 
!R306 
IR314 
IR400-IR403 
IR407-IR408 
IR426 
IR436-IR437 
IR442 
IR447 
IR460 
IR469 
IR482 
IR485-IR486 
IR503 
IR506-IR508 
IR528 
IR532 
IR539 
IR542-IR545 
IR564 
IR570-IR594 
IR596 
IR598 
IR625-IR636 
IR643-IR646 
IR649-IR650 
IR658 
IR660-IR669 
IR672 
IR704-IR705 
IR709-IR710 
IR714 
IR743 
IR748-IR761 
IR765-IR766 
IR769 
IR771-IR775 
IR777 
IR781-IR792 
IR795 
IR801-IR807 
IR809-IR812 
IR822-IR854 
IR874-IR880 
IR882-IR890 
IR902 
IR906 

IR1001 
IR1005-IR1018 
IR1042 
IR1061-IR1067 
IR1092-IR1119 
IR1130-IR1139 
IR1147 
IR1149 
IR1154-IR1186 
IR1190-IR1191 
IRi200 
IR1207 
IR1224-IR1227 
IR1229-IR1233 
IR1236-IR1239 
IR1241 
IR1244-IR1227 
IR1229-1R1233 
IR1236-IR1239 
IR1241 
IR1244-IR1245 
IR1249-1R1254 
IR1257 
IR1259-IR1270 
IR1285-IR1287 
IR1289 
IR1296-IR1298 
IR1300 
IR1302 
IR1311-IR1315 
IR1337-IR1339 
IR1343-IR1344 
IR1351 
IR1355-IR1365 
IR1367 
IR1371 
IR1382-IR1384 
IR1391 
IR1403-IR14i2 
IR1415-IR1416 
IR1420-IR1425 
IR1432-IR1433 
IR1446-IR1449 
IR1471-IR1476 
IR1478-IR1486 
IR1493-IR1500 
IR1507-IR1511 
IR1513 
IR1514 
IR1522-IR1524 
IR1528 
IR1532 
IR1538-IR1549 
IR1559-IR1571 
IR1573-IR1603 
IR1614-IR1616 
IR1618-IR1636 
IR1641 

IR1734 
IR1737 
IR1742-IR1745 
IR1747-IR1748 
1R1751 
iR1755-IR1794 
TR1813-IR1828 
IR1831-IR1833 
IR1935-IR1837 
IR1844-IR1845 
IR1847-IR1862 
IR1867-IR1884 
IR1889-IR1905 
IR1908-IR1909 
IR1911-IR1914 
IR1916-IR19?-
IR1926-IR1927 
!R1932 
IR1934-1RI935 
IR1966 
IR1968-IR1981 
IR1986-1R2038 
IR2040-1R2043 
IR2046-IR2053 
IR2057-1R2067 
IR2069-IR2071 
IR2073-IR2077 
IR2079-IR2089 
IR2099-IR2101 
IR2146-IR2153 
IR2158-IR2166 
IR2171 
IR2178-IR2181 
IR2183-IR2199 
IR2201-IR2202 
IR2206-IR2220 
IR2222-IR2234 
IR2236-IR2241 
IR2243-IR2247 
IR2294-IR2298 
IR2321-IR2336 
IR2341-IR2350 
IR2374-IR2378 
IR2384-IR2425 
IR2431-IR2438 
IR2447-IR2503 
IR2506-IR2515 
IR2539-IR2548 
lR2571-IR2620 
IR2638 
IR2687-IR2692 
IR2695-IR2696 
IR2698-1R2700 
IR2706-IR2708 
IR2710-IR2712 
IR2714-IR2722 
IR2728 
IR2741-IR2746 

IR2813 
IR2816 
IR2818-IR2822 
IR2824-IR2825 
IR2827-IR2828 
IR2830-IR2831 
IR2833 
IR2838-IR2842 
IR2855-IR2861 
IR2866 
IR2872 
IR2874-IR2880 
IR2887-IR2888 
IR2894 
IR289G-IR2906 
IR2929-IR2933 
IR2984-IR3015 
IR3020-IR3036 
IR3040--IR3061 
IR3067-IR3076 
IR3124-IR3214 
IR3229-IR3240 
Ii13255-IR3262 
IR3265-IR3266 
IR3268-IR3274 
IR3288 
IR3292-IR3297 
IR2 702.-IR3310 
IR3JI4-IR3321 
IR3324-IR3351 
IR3353-1R3368 
IRJ371 
IR3379-IR3389 
IR3395-IR3404 
IR3406 
IR3429-IR3434 
IR3436-IR3437 
IR3440-IR3443 
IR3453-IR3483 
IR3488 
IR3501-IR3510 
IR3526-IR3549 
IR3558-IR3570 
IR3587-IR3593 
IR3633-IR3644 
IR3649-IR3678 
IR3682-IR3685 
IR3803-IR3841 
IR3848-IR3882 
IR3904-IR3914 

IR4031-IR4040 
IR4043-IR4056 
TR4062-IR4204 
IR4210-IR4243 
IR4271 
IR4300-IR4316 
IR.4344-IR4353 

IR4468-IR4518 
IR4520-IR4549 
IR4556-IR4557 
IR4562-IR4582 
IR4585-IR4591 
IR4596-IR4597 
IR4601-IR4605 
IR4608-IR4620 
IR4624-IR4630 
IR4632-IR4633 
IR4635-IR4644 
IR4661-IR4673 
IR4675-IR4724 
lR4727-IR4733 
IR4741-IR4742 
IR4755-IR4764 
IR4787-IR4891 
IR4900-IR4929 
IR4934-IR4944 
IR4955-IR4976 
IR5010-IRS014 
IR5020-IR5026 
IR5074-IR5080 
IR5104-IR5112 
IR5130 
IR5141-IR5177 
IR5181-IR5366 
IR5392-1R5396 
IR5445 
IR5480-IR5482 
IR5488 
IR5496-IR5497 
IR5533-IR5534 
IR5536-IR5619 
IR5624 
IR5628-IR5677 
IR5681 
IR5688 
IR5693-IR5694 
IR5699-IR5703 
IR5705-IR5736 
IR5739-IR5743 
IR5752-IR5766 
IR5777-IR5779 
IR5781-TR5828 
IR5838-IR5845 
IR5851 
IR5869 
IR5871 
IR5879-IR5880 
IR3954-IR3997IR5895 
IR5915-IR5925 
IR5927-IR5928 
IR5936 
IR5938-IR5965 
IR5968-IR5969 
IR5973-IR5974 
IR6047-IR6083 

IR910 
IR914 
IR930-IR940 
IR964-IR966 
IR968 
IR972 
IR983 
IR987-IR988 

IR1644-IR1647 
IR1649-IR1653 
IR1683-1R1689 
IR1694 
IR1696-IR1711 
IR713-IR1721 
IR1723-IR1726 
IR1729 

IR2730-IR2761 
IR2766-IR2767 
IR2769-IR2776 
IR2778-IR2785 
IR2789 
IR2791-IR2795 
IR2799-IR2805 
IR2811 

IR4362 
IR4366-IR4371 
IR4378 
IR4382-IR4399 
IR4403-IR4411 
IR4417-IR4423 
IR4432-IR4454 
IR4465-IR4466 

IR6127-IR6149 
IR6188-1R6253 
IR6359 
IR6370-IR6374 
IR6443-IR6468 
IR6471-1R6475 
IR6483-1R6492 
IR6498-IR6534 
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IR6545-IR6552 
IR6558-IR6803 

IR9456 
IR9458-IR9467 

IR13142-IR13257 
IR13195-IR13274 

IR15448-IR15453 
IR15456-IR15466 

IR18554-IR18566 
IR18581-1RI8583 

IR6822-IR6863 
IR6892-IR6918 

IR9491-IR9504 
IR9510 

IR13277-IR13386 
IR13403-IR13404 

IR15493-1R<5496 
IR15519-IR15539 

IR18739-1RI8740 
IR18835 

IR6936-IR6945 
IR6956-IR6990 
IR6998-IR7007 
IP7070-IR7072 
IR7108 
IR7111-IR7113 
IR7119-IR7120 
IR7147-IR7162 

IR9513-IR9519 
IR9541 
IR9549-IR9574 
IR9577-IR9619 
IR9624-IR9663 
:R9665-IR9656 
IR9729-1R9732
I k9743-IR9770 

IR13406-IR13407 
IR13427-1.13429 
IR13511-IR13512 
IR13517-IR13518 
IR13597-IR13604 
IR13612-IR13614 
IR13617-.IR13618
IR13624-IRI13641 

IR15544-IR15546 
IR15559-IR15565 
11115619-1!,15620 
IR15660-IR15666 
IR15670-I215678 
IR15680-i-115702 
11<5 705
!RI573,1-lRI5737 

IR18838-IR18864 
IR18392 
IR18914 
IR18916-IR18918 
IR18955 
1Ri9045 
IR19066-IR19070
IR19091-TRI9092 

1R7193-IR7194 
IR7196-IR7519 
IR7529-IR7602 
IR7617-IR7626 
IR7632-IR7654 
IR7701-IR7704 
IR7739-IR7743 

IR19790-IR9842 
IR9844-TR98851 
TR9854-IR9855 
IR9868 
IR9887 
1R9900-IR9905 
lR9917-IR9961 

IR12643-1R13646 
113675-IR.13678 
IR13693-IR13710 
IR13714-1RI.3718 
IR13723-IR13726 
IR13732-1R13763 
IR13770-IR-3774 

T1 5745 
IR15748 
IR15751 
IR15756-IR15763 
IR15767-IR15769 
IR15776-IL15807 
1R15809-1R15849 

IR19175-IR19182 
IR19205-IR19226 
IR19230-IR19287 
IR19300-IP.19315 
TR19320-IR19321 
IR19323-1R19330 
IR19332-::R19333 

IR7789-IR7819 
IR7839-IR7850 
IR7893-1R7913 
IR7958 
IR7960-IR7961 
IR7964 
IR7967-I1R8013 
IR8018-IR6024 
IR8076-IR8072 
IR8080 
IR8083-IR8089 
IR8097-IR8165 
IR8097-IR8165 
IR8174-IR8192 
IR8203-IR8201 
IR8207-IR8217 
IR8237-IR8239 
IR8257-IR8270 
IR8272-IR8273 

IR9965 
IR9967-IR9978 
IR9988-IR9997 
IR10000 
IR10124-IR10137 
IR10164-TP10175 
IR10191-IR10206 
IR10235 
IR10246-IR10250 
IR10254.-IR10255 
IR10767-IR10770 
IR10772-IR10790 
IR10855-IR11005 
IR11016-IR11047 
IR11105-IR11113 
IR11116-IR11134 
IR11136-1111306 
IR11361-IR11369 
IR11371-IR11372 

IR13868-IR13883 
IR13895-I1I3938 
IR13945-IR13963 
IR13973-1RI4009 
IR14042-IR14044 
IR14108 
IR14125-1I14126 
IR14137-IR14138 
IR14141-IR14144 
IR14147-IR14152 
IR14155-;R14156 
IR14169-IR14171 
IR14176 
IR14187-IR14188 
IR14202-IR14210 
IR14218-IR14221 
IR14232-1RI4235 
IR14260-IR14261 
IR14284-IR14286 

IR15877-IR15882 
1R15899-IR15905 
I1R15908-IR15919 
IR15971-IR15976 
IR15987 
IR1599C-IR13991 
IR16289-IR16290 
IR16315-IR16347 
IR16445-1R16452 
IR16458-IR16465 
IR16475-IR16489 
iR6582-1RI6593 
IR!6602-IR16606 
I16628-IR16648 
IR16652-IR16636 
IR16b95-IR16713 
IR16718-IR16721 
IR16724-IR16728 
IR16734-IR16738 

iR19341-IR19389 
IRI9396-IR19436 
IR19441-IR1458 
TR19468-IR19502 
IR19506-IR19510 
IR19605-IR19610 
IR19621-IR19629 
IR1£633-IR19637 
IR19645-1R19656 
IR19664-IR19669 
IR19676-I1I9685 
IR19714-I1R9772 
IR19832-IR19846 
IR19854-IR19863 
IR19898-IR19901 
IR19954-IR19955 
IR19971-IR20002 
IR20026-1R20040 
IR20078-IR20091 

TR8275-IR8276 
IR8278 

IR11434-IR11440 
IR1.443-IR11458 

IR14298-IR14299 
IR14302 

IR16743-iR16771 
IR16776-IR16780 

Ir20093-IR2010. 
IR20112-IR20115 

IR8288-IR8330 
IR8417-IR8424 
IR8454-IR8469 
IR8496-IR8505 
IR8533-IR8633 
IR8637-IR3751 

IR11561-IR11564 
IR11572-IR11585 
IR11748-IR11759 
IR11823-IR11902 
IR11912-IR11921 
IR11923 

IR14313-IR14314 
IR14336-IR14337 
IR14344-IR14352 
IR14365-IR14371 
IR14374-IR14462 
IR14498-IR14581 

IR16786-IR16876 
IR16889-IR17127 
IR17171-IR17173 
1R17263 
IR17270-rR17,316 
IRI7336-1RI7340 

IR20144-IR20216 
IR20221-IR20258 
IR20263-IR20291 
IR20307-1R20335 
IR20337-IR20351 
IR20365-IR20408 

IR8753-IR8782 
IR8791-IR8799 

IR11925-IR11934 
IR11960-IR12004 

IR14638-IR14656 
IR14664-IR14666 

IP.17354 
IR17357-IR17366 

IR20474-IR20483 
IR20541-IR20565 

IR8810 IR12070-IR12160 IR14692-IR14724 IR17371-IR17391 IR20571-IR20575 
IR8838-IR8840 
IR8870-IR8875 
IR8923 
IR8930-IR8936 
IR8938 
IR8942-IR8945 

IR12162-IR12234 
IR12346-IR12365 
IR12404-IR12421 
IR12458-IR12469 
IR12473-IR12474 
IR12484-IR12491 

IR14733-IR14890 
IR14892-IR14896 
IR15084 
IR15088-IR15090 
IR15123 
IR15203-IR15205 

1R7409-IR17418 
IR7448-IR17465 
IR17477-1RI7487 
IR17501-IR17514 
IR17588-IR17589 
IR17697-IR17707 

IR20580-1R20621 
IR20634-IR20643 
IR20699-IR20702 
IR20826 
IR20831-IR20834 
IR20837-IR20841 

IR9009-IR9014 
IR9018-IR9045 
IR9074-IR9076 

IR12497-IR12.00 
IR12504-'1<l2j51 
IR12706-tRL2714 

IR15207-IR15214 
IR15216-IR15218 
IR15238-IR15271 

IR17779-IR17782 
IR17791-IR17793 
IR17933-1R17958 

IR20856-IR20857 
1R20859-IR20867 
IR20871-IR20873 

IR9083-IR9085 
IR9094-IR9101 
IR9128-IR9149 
IR9155-IR9242 
IR9248-IR9251 
TR9271-IR9273 
IR9294-IR9395 
IR9397-IR9400 

IR12771-1R12789 
IR12821-IR12825 
IR12902-IR12904 
IR12941-IR12945 
IR12977-IR12984 
IR12987-IR12990 
IR13015-IR13041 
IR13043-IR13044 

IR15284-1I5292 
IR15316 
IR15327 
IR15329-IR15331 
IR15333-1RI5337 
IR15341-IR15343 
IR15357-IR15359 
TR15366-1RI5368 

II17971-IR17979 
IR17986-IR17987 
IR17990-IR17994 
IR11002-IR18055 
IR18072-IR18]18 
IR18137-IR18138 
IR18140-IR18177 
IR1818A-IR18185 

IR20890-IR20911 
IR20913 
IR20918-IR20919 
IR20924-IR20933 
IR21018-IR21019 
IR21103-IR21115 
IR21277-IR21287 
IR21302-IR21306 

IR9408-IR9437 
IR9443 

IR13047 
IR13135-IR13137 

iR15374-IR15395 
IR15412-IR15415 

IRI889-IR18310 
IR18321-IR18370 

IR21327-IR21369 
IR21388-IR21414 
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IR21439-IR21487 IR25475-IR25483 
 IR28972-IR28984 IR32056-IR32059 
 IR34530

IR21489-IR21539 IR25507-IR25510 IR29247 
 IR32079-IR32083 IR34544-IR34548

IR21552-IR21553 IR25515-IR25551 
 IR29251-IR29253 IR32]02 
 IR34582-IR34606

IR21555-IR21556 lR25562-IR25573 
 IR29256-IR2926u IR32107-IR32108 
 IR34653-IR34667

IR21602--IR21607 IP25633-IR25634 
 IR29263 
 IR32110 IR34674-IR34679

IR21734 IR25643-IR25646 IR29265 
 IR32112 IR34687-IR34691

IR21745-IR21747 
 IR25664 IR29285--I R29306 IR32118-IR32196 IR34753-IR34801

IR21771 IR25675-IR25684 IR29319-IR29338 IR32201-IR32208 
 IR34805-IR34809

IR21821-IR21832 
 IR2569.-IR25693 IR29376--IR29385 IR32226-1R32228 IR34859-IR34861

IR21834-IR21855 IR25700-IR25718 TR29417-IR29418 
 IR32.240-IR32244 IR34871-IR34873

IR21871-IR21872 IR25727 
 IR29448-IR29455 IR32253-IR32332 
 IR34901-IR34915

IR21894-1R21899 IF125735-IR25737 F129468-1R29499 IR32365-TR32367 
 IR34925-IR34928

IR22005-IR22006 IR25862-IR25863 IR29525-IR2954. 
 IR32374-IR32401 IR34953-IR34959
 
IR22010 
 IR25880 IR29641-1R29647 IR32421-IR32428 IR34965-IR34982

IR22028 I825901-1R25905 IR29757-IR29759 
 IR32436-'IR32440 IR35101-IR35155

IR22053-IR22071 IR25917-IR25922 
 IR29790-IP.29795 IR22471-IR32485 
 IR35165-IR35171

IR22073-IR22074 IR25959--IR25967 1R29823-IR29825 IR12549-IR32604 
 1R35175

IR22084-IR22095 IR26294-IR2'303 IR29870-IR29921 
 IP32697-IR32705 IR35177
IR22112-IR22118 TR26316-1R26539 
 IR29934-1R29965 IR32728-IR32735 
 IR35179-IR35182

IR22147 IR26652-IR26657 IR30003-IR30038 IR32749-IR32759 
 IR35186-IR35188

IR22150--IP221 51 I.R26727-1R126733 IR30105-IR30107 1132775-IR32781 IR35190-IR35191
IR22164-IR22279 IR26752-IR26755 IR30111--IR30121 IE 32795-IR32798 IR35194
IR22328-IR22333 IR26838-IR26847 
 IR30145-IR30149 IR32d09-1R32834 
 IR35211-IR35213

1R22427-1IR22441 IR26879-IR26880 
 IR30179-IR30196 1R32863-IR32864 
 IR35233-IR35236

IR22477-IR22482 IR26883-IP26886 
 IR30225-IR30245 IR32866-IR32893 IR35255-IR35256

IR22563-IR22572 IR26901.-IR26907 IR30250-IR30254 
 IR33024--IR33031 IR35273-IR35280

IR22576-IR22585 IR25909 
 IR30262-IR30265 IR33126-1R33129 
 IR35286-IR35315

IR22905-IR22908 IR26911-IR26912 
 IR30297-IR30301 ]R33136-IR33169 IR35334-IR35340

IR22926-1R22950 
 IR26919 IR30311-IR30314 IR33236-1R33242 iR35354-1R35357

IR22952-IR22954 IR26921-IR26923 IR30319-IR30323 
 IR33328-IR33330 IR35359-1R35362

IR22957-IR22970 IR26930 IR30328-IR30330 [R33338-IR33348 
 IR35394-IR35408

IR22974 [R26932-1R26933 IR30379 IR33390-IR33428 
 IR35422-IR35465

IR22983-IR22986 IR26935 
 IR30430-IR30438 IR33482-IR33493 
 IR35481-IR35520

IR23204-IR23208 [R26949-1R26950 IR30452-1R30455 
 IR33498 IR35542-IR35543
 
IR23231-IR23263 IR26957-1R26960 IR30469-IR30475 
 IR33547-1R33561 IR35563-IR35571

IR22281-IR23304 IR26969-1R26973 IR30485-IR30488 
 IR33563-IR33573 IR35655

1R23307-IR23309 IR26980-TR26985 
 IR30493-IR30516 IR33576-IR33617 
 IR5662-IR35712

IR23363-IR23395 IR27006-1R27010 
 IR30519-IR30538 IR33621-IR33625 IR35955-IR36013

IR23419-IR23442 IR27029 IR30544 
 IR33630 IR36034-IR36035

IR23560--IR23626 IR27050-IR27055 
 IR30549-1R30552 IR33676-IR33680 
 IR36059-IR36100

IR23636-IR23675 IR27066-IR27070 
 IR30555-IR30556 IR33724-IR33753 
 IR36209-IR36224

IR23698-IR23717 IR27080-IR27103 IR30558 
 IR33775-IR33777 IR36228-IR36233

IR23793-IR2.3795 TR27121-IR27159 1R30563 
 IR33779-IR33804 IR36235
 
IR23839-1R23871 IR27219-IR27242 IR30572-1110574 
 IR33865-IR33868 IR36240

1R23876-IR23943 IR27288-IR27305 
 IR30576-IR30599 !R33871 
 IR36247-IR36250

IR23963-IR23;83 IR27507-IR27519 
 iR30607-1R30619 IR33875-1R33880 
 IR36262-IR36263

IR24024-IR24030 IR27563-IR27579 IR30632-IR30631 
 IR33886-IR33887 IR36300-IR36313

IR24091-IR24142 IR27585-IR27614 IR30642-IR30646 
 IR33889-IR33892 IR36354-IR36359

IR24154-IR24220 IR27772-IR27781 IR30649-IR30656 
 IR33894 IR36363-1R36369

IR24324 IR27612-IR27815 1R30664-IR30666 IR33919-IR33927 
 IR36405-1R36414

IR24570-IR24572 !R27830 
 IR30671 IR33937-IR33962 IR36448-IR36451

IR24582-IR24590 IR27832-IR27835 IR30680-IR30681 
 IR34009-IR34017 IR36460

IR24596-IR24637 IR27840-IR27844 IR30702-IR30706 
 IR34020-IR34n21 IR36465-IR36473

IR24646-IR24657 IR27849-IR27850 
 IR30729 IR34190-IR34211 IR36952-IR36599

IR24678-IR24679 IR27889-IR27896 
 IR30755 IR34213-IR34216 IR36601-IR36604

IR24710-1R24722 IR28066-IR28074 IR30761-IR30762 
 IR34258 IR36606-IR36608

IR24726-IR24764 IR28111-IR28112 IR30766-IR30788 
 IR34264-IR34278 IR36677-IR36723

IR24794-IR24799 IR28120-IR20130 
 IR30810-IR30836 IR34292-IR34305 
 IR36736-IR36745

IR24845-IR24882 IR28138-IR28171 
 IR30855 IR34321-IR34322 1n36751-IR36807

IR24908-IR24962 IR28186-IR28201 
 IR30870-IR30873 IR34298-IR34329 
 TI'36817-IR36864

IR25014-IR25031 IR28254-IR29269 IR31165-1R31205 
 IR34347-IR34348 I,<36870-IR36879

IR2503ii-IR25042 IR28274-IR28282 IR31250-IR31252 
 IR34351 IR36894-IR36898
IR25096-IR25190 1R28284 
 IR31750-IR31759 IR34395-IR34396 
 IR36942-IR36953

IR25252-IR25260 IR28437-IR28680 
 IR31766 IR34398-IR34420 IR37007-IR37072

IR25256-IR25274 IR28682-IR28704 IR31803-IR31826 
 IR34490-IR34493 IR37089-IR37131

:R25278-IR25281 IR28895-IR28922 IR31939-IR31964 
 IR34508-IR34509 IR37148-IR37240

IR25397-IR25403 IR28938-IR28941 IR31993-IR31999 
 IR34515 IR37248-IR37262

IR25410-IR25413 IR28943-IR28963 
 IR32037-IR32038 TR34522 
 IR37275-IR37290
 



IRPS No I11, October 1985 17 

6ppejn4xI continued
 
IR37321-IR37354 
 3R39059-IR39070 
 IR41464-IR41465 IR43003-IR43005 
 IR43616-IR43623
IR37376-IR37384 
 IR39078-IR39101 IR41470-IR41471 IR43012-IR43016 
 IR43666-IR43683

IR37401 IR39106-IR39108 IR41474-IR41A75 IR43021-1R43C23 
 IR43689
IR37408-IR37413 IR39118-IR39121 IR41478-IR41480 
 IR4?026-IR43027 TR43699-IR43703

IR37419-IR37423 
 IR39132-1R39141 
 IR41494-IR41496 IR43030 
 IR43718-IR43735
IR37428-IR37430 
 IR39201-IR39205 IR41502-IR41503 IR43032 
 IR43756-IR43771
IR37472-1R37473 IR39212-IR39215 IR41505-IR41507 
 IR43033 IR43783-IR43829

IR37475-IR374,6 IR39247-IR39257 
 fR41510 
 IR43053-liT43058 
 IR43855-IR43857
IR37480 
 IR39259-TR3926u 
 1R41512-IR41531 
 IR43089-IR43105 
 IR43964-IR43972

IR37497-IR37500 
 IR39300-IR39358 
 IR41535 
 IR43113-IR43115 
 IR44351-IR44355
IR37508-IR37509 IR39362-1R39400 IR41542-IR41544 
 IR43133-*IR43145 IR44386
IR37548 
 IR39404-IR39441 1R41546-IR41559 
 IR43149-1R43172 I144407-IR44408
IR37550-IR37581 IR39446-1R39461 
 I1141561 
 IR43185 IR44427-IR4442 ,
IR37623 IR39470-IR39474 
 IR41710-IR41712 IR43223-IR43225 IR44455-IR44458
IR37625-IR37650 
 IR39480-IR39483 IR4173E*-IR41744 
 IR43228-IR43229 IR44504
IR37669-.R37670 IR39499-IR39501 
 IR41777-iR41778 IR43233-1R43235 IR44545-IR44576
IR37673 
 IR39507-IP39539 IR41811 
 IR43237-IR43243 
 IR44578-IR44581

IR37692-IR37697 
 IR39542-1R39557 IR41832 
 IR43247-IR43249 IR44591-.R44599

IR3 7"07 IR39576-IR39586 IR41835 
 IR43284-IR43297 
 IR44602-IR44607
IR37722-IR37739 
 IR39612 IR41848-IR41852 IR43314 
 IR44615-IR44626
IR37746-IR37770 
 IR39627 IR41869-1R41888 IR43320-IR43321 IR44638-IR44655
IR37810-IR37822 
 IR39653-IR39654 IR41911-IR41917 
 IR43324 IR44677-IR44679
IR37832-IR37844 IR39664-IR39665 IR41919-IR41921 
 IR43361 
 IR44689-IR44695
IR37874-IR37875 IR39670-IR39671 
 IR41928--IR41937 
 IR43365-IR43367 IR44709-IR44710

IR37877 IR39690-IR39711 IR41939-IR41948 
 IR43374 IR44715-IR44720

IR37879-IR37888 IR39721-IR39730 IR41960-IR41969 
 IR43376-1R43382 I44726-IR44729
IR37892-IR37903 IR39741-IR39757 
 IR41984-IR42004 IR43384-IR43387 IR44732-IR44733
IR37905-IR37908 
 IR39761-IR39763 TR',1033-R42049 IR43401 
 IR44736-IR44737

IR37931-IR37968 
 IR39774 r
IR42062-1R42067 
 IR43405-I 3406 IR44764-IR44766
IR37971-IR37998 
 IR39790-1R39891 
 IR42074-IP42085 
 IR43115-I 
 3417 IR44781-IR44788
 
IR38130-IR38198 
 IR39896-IR39897 
 IR42105-IR42118 
 IR43422 
 IR44803
IR38270-IR38274 
 IR39901-IR39904 
 IR42169-IR4'2202 
 IR43427 
 IR44809

IR38292 IR39908-IR39914 £R,220C-IR42212 
 IR43980-IR43996 
 IR44811

IR38301-IR38302 
 IR39916.-IR39922 IR42224-IR42233 IR44049 
 IR44825-IR44829
IR38306-IR38307 
 IR39924 IR42241-IR42245 IR44073 
 IR44831-IR44833
IR38323-IR38335 
 IR39932-1R39935 
 IR42349-IR42367 IR441.05-IR44142 
 IR44833-IR44841
IR38342 
 IR39949-1R39951 IR42371-1R42375 IR4156 
 IR44852-IR44859

IR38346 IR39966-IR39980 IR42388-IR42391 IR44158-IR44159 
 IR44910
IR38366-IR38389 IR40069-IR40127 IR42430-IR42432 
 IR44176-IR44186 IR44919
IR38396-IR38401 IR40130-IR40144 IR42438-IR42453 
 IR44193-IR44196 IR44941-1R44995
IR38428 
 IR40164-IR40181 IR42476-IR42,,° IR44205-IR44214 
 IR45006-IR45049
IR38450 IR40193-IR40201 IR42482-IR42483 
 IR44222 TR45060-IR45088
IR38455 
 IR40229-IR40256 IR42540-IR42545 
 IR44245-IR44250 IR45102-IR45710
IR38458 IR40342-1R40371 IR42558-IR42S88 
 IR44260 IR45152-IR45162

IR38540 
 IR40395-IR40397 IR42592-IR42594 
 IR44271-IR44274 IR45167-IR45170
IR38554-IR38559 IR40465-IR40470 
 IR42618-IR42620 IR44277-IR44281 IR45189-IR45198
TR38581-IR38583 
 IR40487-IR40496 IR42631-IR42635 
 IR44283-IR44285 IR45201-IR45219

38591-IR38606 IR40569-IR40679 IR42642-IR42643 IR44288 
 lR45229-IR45233
.A38620-IR38629 IR40683-IR40690 IR42666-IR42668 
 IR44291-IR44296 
 IR45236-1R45242


IR38657-IR38666 IR40721-IR40747 
 IR42670 IR44298-IR44300 IR45251-IR45256
IR38704-IR38708 
 IR40758-IR40762 IR42676 
 IR44304 IR45263-IR45264
IR38711 IR40768-IR40786 IR42683 
 IR44316-IR44317 IR45267-IR45268
IR38713-IR38719 IR40799-IR40817 IR42C95-IR42696 
 IR44334-IR44338 IR45273.-IR45277

IR3a775-IR38797 
 IR40838-IR40840 IR42766 
 IR44351-IR44355 IR45283-IR45289
IR38807-IR38808 IF:40847-IR40857 IR42709-IR42710 
 IR43433-TR43434 IR45299-IR45302
IR38837-IR38843 IR40866-IR40872 IR42736 
 IR43446-IR43447 
 IR45311-IR45317
 
IR38845 IR40q02-IR40904 IR42733 
 IR43455-1R43458 
 IR45425

IR38847-IR38648 
 IR40911-IR4C932 
 IR42748-IR42749 
 IR4?462-IR43464 
 IR45429
IR38852-IR38869 
 IR40963-IR40974 
 IR42764-IR42772 
 IR43469-IR43476 
 IR45431-IR45434
 
IR38886-IR38893 IR41056-IR41060 ]R42786 
 IR43512-IR43514 
 IR45437
IR38912 IR41114-1R4]117 IR42794-IR42802 
 IR43516 
 IR45443

IR38914 
 IR41121-IR41132 
 IR42816 
 IR43546-IR43548 
 !R45463
IR38917-IR38920 
 IR41138-IR41149 
 IR42823-IR42827 
 IR43551 
 IR45508-IR45511

IR38930-IR38949 
 IR41151 
 IR42851-IR42924 
 IR43555 
 IR45514-IR45516

IR38952-IR38955 
 IR41312-IR41374 
 YR42932-IR42946 
 IR43560-IR43561 
 IR45518-IR45535

IR38975-IR38980 
 IR41441-IR41442 
 IR42976-IR42977 
 IR43592 
 IR45537-IR45538
IR38996 
 IR41444-IR41454 IR42983-IR42990 IR43596 
 IR45572-IR45574
IR39023-IR39036 IR41457-IR41461 IR42999-IR43001 IR43607-IR43609 
 IR45578-IR45579
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Appendix 1 continued 
IR45585-IR45587 

IR45591-IR45593 

IR45675 

IR45701-1R45703 

IR45705-IR45706 

IR45708-IR45727 

IR457'3-IR45737 

IR45854-IR45862 

IR45878-IR45881 

IR45889-IR45891 

IR45962-IR46039 

I46042-IR46059 

IR46098-IR46101 

IR46104-IR46105 

IR46111-1R46124 

IR46130-1R46133 

IR46138-IR46140 

IR46153-IR46154 

IR46156-IR46167 

IR46173-IR46176 

IR46178 

IR46186 

IR46188-IR46190 

IR46193-IR46194 

IR46196 

IR46198 

IR46205 

IR46220-IR46222 

IR46224-IR46227 

IR462i! 

IR46253-IT46274 

IR46281-IR46288 

IR46300-IR46301 

IR46308-IR46316 

IR46318 

IR46362-IR46367 

IR46369 

IR46373 

IR46418 

IR46423-IR46424 

IR46429-IR46431 

IR46434-IR46436 

IR46440-IR46442 

IR46481-IR46485 

IR46487-IR4651i 

IR46513-IR46521 

IR46523-IR46524 

IR46532-IR46534 

IR46538-IR46539 

IR46544 

IR46548-IR46554 

IR46558 

IR46582 

IR46584-1R46591 

IR46593-IP46603 

IR46615-IR46619 

IR46622 

IR46630-IR46639 

IR46645-IR46651 

IR46655 

IR46660-IR46665 

IR46668-IR46681 

IR46688 

IR46690-IR46694 

IR46710-IR46719 

IR46733-IR46734 

IR46747-1R46750 

IR46754 


IR46773 

IR46783-IR4 7 86 

IR46791 

IR46795 

IR46797-IR46798 

IR46808 

IR46817-IR46819 

IR46823 

IR46984-IR47000 

IR4/028-IR47069 

IR47076-IR47085 

IR47117-IR47141 

IR47147-IR47186 

IR47251-IR47252 

IR47295-IR47302 

IR4'7306-IR47308 

IR47315-1R47316 

IR47326 

IR47328-IR47332 

IR47363 

IR47395 

IR47452-IR47488 

IR47492-1R47495 

IR47497-IR47501 

IR47505-IR47523 

IR47620-IR47628 

IR47630-IR47633 

IR47636-IR47637 

IR47658-IR47662 

IR47709 

IR47737-IR47783 

IR47796-IR47822 

IR47832-IR47837 

IR47848-IR47870 

IR47879-1R47881 

IR47888 

IR47912-IR47918 

IR47924-IR47928 

IR47932 

IR47938-IR47940 

IR47944-IR47952 

IR47965-IR47968 

IR47981-IR47986 

IR48005-IR48016 

IR48024-1R48035 

IR48039-IR48040 

IR48042-1R48045 

IR48047 

IR48120-IR48123 

IR48133-IR49134 

IR48166-IR48168 

IR48172-IR48173 

IR48175-IR48176 

IR48190-IR48191 

IR48193 

IR48203-148204 

IR48209 

IR48223-IR48246 

IR48280 

IR48282 

IR48286-IR48292 

TR48294-IR48295 

IR48298-IR48301 

IR48306--IR48307 

IR48309 

IR48326-IP48335 

IR48338-IR48342 

IR48362-IR48370 


IR48374-IR48389 

IR48400-IR48403 

IR48406-IR48408 

IR48418-IR48423 

IR48426-IR48428 

IR48434-IR48436
 
IR48438-IR48442
 
IR48444
 
IR48447-IR48449
 
IR48487-IR48492
 
IR48506-IR48516
 
IR48522-IR48529
 
IR48623
 
IR48634-IR48641
 
IR48678-IR48681
 
IR48686-IR48692
 
IR48O7
 
IR48723-IR48724
 
IR48736-IR48739
 
IR48749-1R48751
 
IR48765-IR48773
 
IR48777-IR48784
 
IR48788
 
IP48801-IR48802
 
IR48817
 
IR48846-IX48848
 
IR48905-IR48913
 
IR43942-IR48943
 
IR49005-IR49008
 
IR49026-IR49063
 
IR49084-IR49086
 
IR49103
 
IR49105-IR49107
 
IR49112
 
IR49148-IR49170
 
IR49179
 
IR49192
 
IR49234-IR49236
 
7R49247
 
IR49445-IR49460
 
IR49489-IR49525
 
1R49533-IR49541
 
IR49578-IR49592
 
IR49594-IR49597
 
IR49599-IR49602
 
IR49624-IR49628
 
IR49678
 
IR49683-IR49686
 
IR49699-IR49700
 
IR49712
 
IR49716-IR49723
 
IR49776-IR49777
 
IR49830
 
IR49853-IR49859
 
IR49861-IR49863
 
IR49872-IR49879
 
IR49884-IR49885
 
IR49912-IR49921
 
IR49937-IR49948
 
IR49967
 
IR49970-IR49975
 
IR49984
 
IR50043-IR50062
 
IR50081-IR50082
 
IR50109-IR50110
 
IR50129-IR50132
 
IR50135-IR50137
 
IR50139
 

IR50152-IR50172
 
IRS0175
 
IR50189-1R50194
 
IR50252-IR50256
 
IR50302-IR50308
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