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ABSTRACT

Thedescription of the |APAR wheat breeding program inits 26" years of existence aims at presenting
its mgjor achievements giving an idea of the program size, breeding objectives and methodology. A germplasm
flow chart will show the steps by which the populations have to follow starting either from crosses or from
introductions until an advanced inbred line can be evaluated and elected as a new cultivar. A list of 23 wheat
cultivars released by the program along with their pedigrees is presented as a special contribution. From the
recent developed cultivars, data on grain yield, agronomic characteristics, technological quaity and kernel
properties are presented. The pedigree description for IAPAR 53 and the development of 1PR 85 are presented
in some detail. New biotechnological tools to help wheat breeding become more efficient are discussed.
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INTRODUCTION

Whest (TriticumaestivumL.) isoneof thelargest
consumed cereal by human kind, representing
gpproximatdy 32% of theworld grain production.
Its unique combination of proteins and capacity to
produce light leavened and tasty products makes
it very attractiveto the consumers. It was probably
the first cered to be domesticated and cultivated
favored by the possbility of long term Storage.

In Brazil, wheat has an important participation in
the population diet and the consumption has
increased with the urbanization process. Although
the country has extensve areas suitable for the
whest production, it isthe second largest importer
of the cered intheworld. Nowadayswe areimport
75% of our consumption which totals 9.5 million
tons. This makes us dependent on this important
staple food that needs to be produced in other
countries. With the creation of MERCOSUL,
wheat has become a trade issue with other
countries, especidly with Argentina. Our economy
has been srongly affected by this redlity. Good
part of the capita spent with importation could be
used to stimulate regional economy (Hubner,
1999).
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The gtate of Paranaisthe largest wheat producer
of Brazil, contributing with 60-70% of the totd
production. The average yields range from 1.7 to
1.9 tons.ha*. The IAPAR Wheat Program
nowadays known asthe Winter CeredlsProgram,
garted in 1973 with the introduction of nearly
5,000 genetic entries, development and selection
of hybrid populations and carrying out yield trids
to obtain adapted cultivars to the varying dimatic
and soils conditionsof Parand state. In 1976, the
Whesat Program was expanded by a partnership
with Embrapa Trigo and COODETEC (before
CNPTrigo/Embrapaand OCEPAR, respectively).
This new partnership gave rise to the Integrated
Pan of Wheat Research in Parana, from which
resulted inan annua indication of severd cultivars,
sowing dates, and subsidies for the new wheat
crop regiondization in the sate (IAPAR, 1984).

Since then, several technologies have been
devel oped for soil management, the establishment
of criteriafor toleranceto acid soilsasaparameter
for cultivar indication, the integrated management
of diseases and insects, adequate sowing dates,
rationd use of fertilizers, and crop rotation. The
continual development of new technologies
according with actual needs has also been
emphasized. The date cultivar evauation through
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the regiond yidd trids network is ill done in
cooperation with the partnership mentioned erlier.
Although, the breeding programs are conducted
separately by each indtitution.

The process of developing cultivars is long and
costly, taking approximately 10-12 yearsto breed
and disseminate a new cultivar. The use of new
bi otechnol ogies such asmolecular markers (Riede
and Anderson, 1996) and the production of
double-haploids (Scheeren et a., 1999) might
contribute to increase the efficiency and reduce
the time for new developments.

IAPAR's research program has made 23 whest
cultivarsavailableto farmerswhich are gppropriate
to different regions in Paranda and dso to some
regionsin Mato Grosso do Sul and Séo Paulo.

BREEDING PROGRAM

The IAPAR whesgt breeding program, in its 26"
years of exigence, makes annualy hundreds of
crosses between adapted cultivars and sources of
necessary traits for the cultivation and
indudtridization of the new whegt. The sate of
Parand is located in a trangtiona zone as far as
climate and soil properties are concerned. This
miakes the breeding tasks more difficult, requiring
sometimes the development of more regionaly
adapted cultivarsin order to be more competitive
and superior to the ones being presently used.

In the last years, qudity has become paramount
and dependent on the segment, which isinvolved
in the production. To the farmer, superior qudity
is represented by desirable agronomic
characteridicssuch ashighyidd potentia with good
hectoliter weight, good resistance to diseases,
which resultsin economic profitability. Tothemiller,
however, qudity means uniform kerneswith high
flour extraction, and low ash levels. As for the
baker, the flour must have high water absorption,
good mixing tolerance, average gluten strength and
high protein content, which represent balanced
factorswith potential to produce bread with good
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rheologycal characteristics. Finally, to the
consumer, thelast dement in the production chain,
the concept of quaity embraces alarger issue in
which paatability and appearance of the d aborated
products are fundamental. In each case, it is
expected that the desirable wheat will produce a
bread with high volume, adequate externd and
internd texture and high nutritiond vaue.

Breeding for technological qudity is an important
objective of any project aiming a developing new
cultivarssuitablefor themilling and baking industry
as wdl as a supplying flour suitable for other
products such as pasta, crackers and cookies.

RESEARCH OBJECTIVES

The mgor objectives of wheet breeding for the
dtate of Parana are listed below:

1. Breeding for yidd incresse
- Yield components (heads/n?; kernels/
heed; kernd weight; etc)
- Yield stability and wide adaptation

2. Breeding for qudity
- Sdection for grain filling, hardness and
color
- Evaluation of gluten strength in early
generations through the MS-SDS
Sedimentation test.
- Rheologycal evaluation to indicate
indugtria usesof advanced breeding lines
- Determination of falling number which
indicates levels of preharvest field
Sprouting
- Determination of amount and qudlity of
proteins
3. Diseaseresstance
- Foliar diseases mildew, ledf rug, ledf blight
and byadv
- Head disease: fusarium heed blight

4. Soil toxicity and nutrient efficiency
- Tolerance to Al and Mn toxicities
- Efficency of P extraction system
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5. Environmenta Siresses
- Tolerance to drought, heat and frost
- Resigtance to preharvest field sprouting

6. Agronomic traits
- Semi dwarf plant height and good straw
strength
- Early to intermediate maturity (120-130
days)
- Good tillering capacity
- Shattering resstance

BREEDING METHODOLOGIES

Breeding methodologies such as “pedigree’,
“modified pedigree’ or “modified bulk” have been
used in the research program, with sdections in
both acid and non-acid soils. Sdlection of plants
and breeding lines followed by Prdiminary yield
trials have been carried out in Londrina (Region 6
—North), in Palotina(Region 7—West), and Ponta
Grossa (Region 8 — South) of the state of Parana.
A network team has eval uated recommended and
potential new cultivars in approximately 10
locations on different seeding dates.

Every year a Crossing Block is established in
whichthe potentia parenta genotypesare grouped
according to their major traits. 120 entries,
approximatdly, are grouped in thefollowing mgor
sub-blocks: 1) Yield potential; 2) Aluminum
tolerance; 3) Technologica quality; 4) Preharvest
sprouting resistance; 5) Sources of leaf rust
resstance; 6) Sources of mildew resistance; 7)
Sources of leaf blight resstance; 8) Sources of
fusarium heed blight.
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Either individual plant or bulk selections are
performed on outstanding populations (within and
between families) until homozygosty is achieved.
Homozygosity increases by 50% in each
inbreeding generation aswhest isa self-pollinated
crop. Advanced lines are nominated as follows.
lines IA are obtained from germplasm
introductions; lines LD are lines originated from
crosses and/or segregating generations selected in
Londring; and lines PG are lines developed in
PontaGrossa. The germplasm flow inthebreeding
program can be seen in the diagram named
Germplasm Flow Chart (Figure 1) whichillustrates
al themgor stepsof aparticular crossor sdection
until the advanced lines can be cut and evauated
inyield trids. Quality tests and seed incresse are
performed according to the stage the lines have
reached in the program.

RECENT CULTIVARS

Yied comparison of the mgor recent cultivars
indicated and adapted for cultivation in regions 6
(North), 7 (Centrd-West) and 8 (South) of Parana
inthefour last years can be visudized in Figures 2
to 4. The recent cultivars are moderately tolerant
to soil duminum toxicity, animportant requirement
when a wider adaptation is sought as is the case
of thisprogram. The classfication of the Brazilian
wheat cultivars for duminum toxicity in acid soils
can be found in Sousa, 1998. Mgor agronomic
characterigtics of presently grown wheats can be
observed in Table 2.
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Figure 1 - Management steps in the cultivar development procedure.
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The cultivars devel oped by the Whesat Project from 1980 to 1999 are presented in Table 1.

Table 1 - Released wheat cultivars by IAPAR’ s Breeding Program.

Cultivar Line Pedigree Release Y ear
IAPAR 1 — Mitacoré IA 783 IAS50/JARAL"S" 1980
IAPAR 3 — Aracatu IA 787 UNKNOWN 1981
IAPAR 6 —Tapejara’ LD 7835 UNKNOWN 1982
IAPAR 17 — Caeté LD 7998 JUPATECO/BLUEJAY"S" 1986
IAPAR 18 — Marumbi” PG 8116 PF72640/PF7326/PF7065/ALD"S" 1986
IAPAR 21 — Taquari IA 78112 KV Z//CIANOB7/PJ 1987
IAPAR 22 — Guaraina” PG 8215 CNT8/ALONDRA"S" 1987
IAPAR 28 —1gap6 IA 7959 KVZ/BUHO"S'//KAL/BB 1988
IAPAR 29 — Cacatu IA 832 BLUEJAY"S'/JJUPATECO 1988
IAPAR 30 — Pirata LD 8249 ALD//CNT7/PF70354/3/PAT24//K AL/BB 1988
IAPAR 32 — Guarata” PG 836 ALDAN"S'/IAS58 1989
IAPAR 33 - Guarapuava PG 83107  ALONDRA"S'/TIFTON 1989
ap
IAPAR 34 — Guaragi” PG 8452 ALONDRA"S'/PAT7219 1989
IAPAR 40 — Mirim” LD 8552 IRN327.73/IAC5 - MARINGA 1990
IAPAR 41 — Tamacoré” PG 852 TIFTON/MASC//KVZ/HD2009 1990
IAPAR 42 — Ibiara” PG 866 CEP7779//MR"S'/COC 1990
IAPAR 46 % PG 86136  MASC/ALD"S'//IACS - MARINGA 1991
IAPAR 47 IA 7960 KVZITUTITO"S" 1991
IAPAR53 Y LD 3730 SULINO/IA7929 1992
IAPAR 60" LD 8740 BJY"S'/JUPT3/ITAN"S" 1993
IAPAR 78" IA 9113 VEE"S'/BOW"S" 1996
IPR 84" PG 9337 ANA75/PF7455//PF72556/3/PAM" S'/ALD"S"/KVK"S" 1998
IPR 85" LD 941 IAPAR30/BR18 1999

Y Indicated for soils with auminum saturation higher than 5% (maximum 35%).
2 Indicated for soils with duminum saturation higher than 5%.
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Figure 2. Average grain yield (kg.ha’l) of wheat cultivars from IAPAR, period of 1996-99.
Adptation Region n’6 .
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Figure 3. Average grain yidd (kg.ha™) of wheat cultivars from IAPAR, period of 1996-99.
Adptation Region ' 7 .
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Figured4. Average grainyield (kg.ha']) of wheat cultivars from |APAR, period of 1996-99.
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Table 2 - Agronomic characteristics of wheat cultivars from IAPAR presently under cultivation.

Plant Aluminum Lodging Shattering
Cultivar Height Maturity Tolerance Reaction Reaction
IAPAR 17-Caeté sawf. ¥ early ? s¥ RY MR
IAPAR 28-1gap6 s.awf. interm. MS R MR
IAPAR 29 Cacatu s.dwf. interm. S R MR
IAPAR 53 med. interm. MT MS R
IAPAR 60 med. early MT MR MS
IAPAR 78 med. interm. MT MR MR
IPR 84 med. interm. MT MR R
IPR 85 med. early MT MS MR

Ysdwf. < 81 cm; med.: 82 to 97 cm.  early: < 69 days; interm.: 69 to 84 days to heading stage.
¥ S: senditive; MS: mod. senditive; MT: mod. tolerant. 4 R: resistant; MS: mod. Susceptible; MR: mod. resis-

tant.

Breeding for qudity isan important priority of the
project that aims at devel oping new cultivars suit-
able for the indudtry. Thus, the milling, bakery,
pasta and cookie sectors can be supplied with

gopropriateflour to every product so the consumer
will have diversfied products. The classfication
of cultivars presently in cultivation is presented in
Table 3.

Table 3 - Technologica quality of wheat cultivars developed by IAPAR, according to the percentage class
digtribution and rheologyca anaysis of samples.

othe WY stB? FEN?Y Class?

Cultivar lmprover Bread  Soft Uses  (10%3) (min) (s)
Percentage
IAPAR 17-Caeté 75 25 0 0 302 15,3 518 Improver
IAPAR 28-Igap6 10 20 0 0 234 7,9 510 Bread
IAPAR 29-Cacatu 20 80 0 0 249 111 519 Bread
IAPAR 53 23 62 15 0 262 16,8 400 Bread
IAPAR 60 0 70 25 5 194 94 502 Bread
IAPAR 78 5 60 35 0 204 6,7 436 Bread
IPR 84 17 54 29 0 236 - 410 Bread
IPR 85 83 17 0 0 377 - 491  Improver

Y W isthe Alveograph value and STB ? isthe Farinograph Stability, both measure the gluten strength.
FN?¥ indicates the Faling number, which is related to the preharvest field sprouting. # Improver: excellent

qudity; Bread: good qudity; Soft: weak gluten.

Approximately 38% of the severd seed classes
availablefor cultivationin theyear 2000 which are
certified by APASEM (Parana Seed Growers
Association), are cutivars from IAPAR. Some
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important kernel characteristics of IAPAR
cultivar’swhich can help in the choice of materid
do be sowed, are presented in Table 4.
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Table 4 - Kernel characteristics of wheat cultivars developed by IAPAR.

67

Kernel Sprouting Hectoliter TKW Y

Cultivar Hardness Resistance Weight (q) (@
IAPAR 17-Caeté Vitreous MR-MS? 79 33
IAPAR 28-1gapo Vitreous S 78 33
IAPAR 29 Cacatu Vitreous S 78 32
IAPAR 53 Med. Hard MR 79 40
IAPAR 60 Med. Hard MS 79 36
IAPAR 78 Vitreous MR-MS 79 40
IPR 84 Med. Hard MR 7 39
IPR 85 Vitreous MR 8l 45

Y TKM: Thousand Kernd Weight; # MR: mod. Resistant; MS: mod. Susceptible; S: susceptible.

After the enforcement of the Plant Breeder’ sRight
Law inBrazil, thenew cultivar regigtration will need
to have a Vdue of Cultivation and Use (VCU)
determination to ensure the seed commercidization
in the country. If a cultivar protection is pursued,
than amore complete cultivar descriptorsform will

be required from the SNPC — Nationa Service
for Cultivar Protection, associated with the
Secretary of Agricultureand Provison. Regarding
to cultivar indication to farmers, the sate of Parana
has been divided in three mgjor adaptation regions
acoording to dlimatic and soils properties (Figure 5).

Figure 5 - Adaptation regions for the Cultivation and Use Values for Wheat in Parana
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Two recent cultivars will be described in some
detall, to show the pedigree management in the
program, as well as the sdlection history of the
populations.

PEDIGREE OF IAPAR 53

IAPAR 53 was derived from asmple SULINO/
IA 7929 cross. The pedigree of the two parental
genotypes are described below according to Purdy
et a. (1968).

— SULINO: PLATIFEN/CIANO “S’//IGIRUA/
PURPLESTRW

— 1A 7929: BLUEBIRD/4/SONORA 64/
ANDES 64/NADADORES/3/JJARAL “S’

PTFN (CHL)  —12.500% ]
CIANO (MEX)  —12.500% —

GIRUA (BRA) —12.500% | (50%) ¢ (50%)

PSTRAW (USA) — 12.500% — IAPAR 53

SULINO x 1A 7929

SULINO is a Brazilian cultivar developed by
FUNDACEP, and 1A 7929 is an IAPAR
germplasmintroduction from CIMMY T-Mexico.
The genetic contribution of each genotype to the
pedigreeof IAPAR 53 can beobserved in Figure6.

It can be seen that IAPAR 53 hasamgjor genetic
contribution from Mexico- CIMMY T (59.4%),
but a so expressive contributionsfrom Chile, Brazil
and USA.. In Figure 6, theimportance of pedigree
maintenance in tracing back the genetic
contribution of parental genotypes and in the
planning of future crossesto combine new sources
of adaptative traitsis shown .

SON 64 (MEX) - 3.125%
ANDES 64 (COL) — 3.125%
NAD 63 (MEX) — 6.250%

JARAL (MEX) - 12.500%

BB (MEX) — 25.000%

Figure 6 - Gene pool contribution to the development of IAPAR 53.

Development of IPR 85 wheat

1. Genetic Origin: The cultivar IPR 85 was
originated from a smple cross between IAPAR
30 and Trigo BR 18 — Terenamade in 1987. The
pedigree is described below:

IAPAR 30/Trigo BR 18 - Terena — P 8966-3L -
OL-OL-3L-0L

2. Breeding Method: The breeding method used
wasthe Modified Pedigree, with annual selections
of individua plantsor bulksaccording to generation
and the field conditions, taking into congderation
the biotic and abiotic stresses.
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3. Decription:

1987 — Year in which the cross was done;
|P 8966 is the cross number;

1988 —Generation F,: masssdectionintwo
rows of 2 m length;

1989 — Generdtion F: third individud plart,
seted froma10.0nt platin Londhina (L)

1990 — Generation F,: bulk sdlection from
a5.0 n? plot;

1991 — Generation F,: bulk sdlection from
a5.0 n¥ plot;

1992 —Generation F, thirdindividud plart,
selected from a 5.0 n? plot;

1993 — Generation F: masssdlection of the
population;

1994 — Agronomic evalution in augmented
desgn;
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1995 — Preiminar Yidd Trid in Londrina 2000 — Bresder’ s Right Pratection (Temporaty
and nomination of line LD %41, Protection Certificate N° 00194).

1996 —Regiond Yidd Trid in 10 locations,

1997 —-Frg Find Yidd Trid in 10locations, Theaverage grain yidd for two adgptation regionsin

1998—Ssoond And Yidd Trid in10locaions three years as wdl as the qudlity evduation of IPR

1999 — Release and Regidtration of Cultivar 85 are presented in Tables 5 and 6 repectively.
IPR 85;

Table 5 - Average grain yidd in kg.ha'* and percent relation to the checks in three years and two Adaptation
Regions of Parana State.

REGION 6 1996 1997 1998

CULTIVAR EB* 1D MN 9% EB D MN % CA 1D MN % MNE %
IPR 85 2530 4040 3285 102 2520 4668 3594 106 4313 5230 4772 109 3884 106
IAPAR 29 2580 3790 3185 99 2730 4093 3412 101 4374 3965 4170 95 3589 98
(Ck1)

BR 18 2730 3730 3230 101 2590 4110 3350 99 4522 4713 4618 105 3733 102
(Ck 2

MEAN 2655 3760 3208 100 2660 4102 3381 100 4448 4339 4394 100 3661 100
(Ck 1+ Ck 2)

Coef. of 10.10 4.24 11.56 8.29 992 9.62

Variation

REGION 7 1996 1997 1998

CULTIVAR SM PL MN % PL MN % PL MN % MNF %
IPR 85 3150 4338 3744 87 3210 3210 93 3189 3189 102 3381 93
IAPAR 29 3480 4685 4083 95 3422 3422 99 3159 3159 101 3555 98
(Ck1)

BR 18 3870 5235 4553 105 3484 3484 101 3078 3078 99 3705 102
(Ck 2

MEAN 3675 4960 4318 100 3453 3453 100 3119 3119 100 3630 100
(Ck 1+ Ck 2

Coef. of 3.20 7.09 9.95 8.31

Variation

Y EB: Engenheiro Beltréo; CA: Cambarg; SM: Sdo Miguel do Iguagu; PL: Palotina; LD: Londrina; MN: Mean;
MNF: Fina Mean; %: Percentage in relation to the checks (Ck 1, Ck 2 and Ck 1 + Ck 2).

Table 6 - Technologica Quality evauation of cultivar IPR 85.

Year SmpY Hw? TRkW¥ EXTY w¥ pPLY PRT” sDS¥ ENY

(ka/hD) (@) (%) (10*J) (%) (ml) (s)
1995 1 83 428 7058 348 0.83 - 20.2 405
1996 5 84 48.4 67.44 383 1.32 10.3 14.9 509
1997 1 79 - - 395 1.11 - - 382
1998 5 82 43.2 64.89 362 2.04 14.1 13.6 492
Mean 82 450 6764 372 132 122 162 447

Y SMP: Number of samples; ? HW: Hectoliter Weight; ¥ TKM: Thousand Kernd Weight; # EXT.: Milling Extraction;
S'W: Alveograph vaug; ® P/IL: Gluten dadticity; ” PRT: Protein content; ¥ SDS: Sedimentation value; ¥ FN: Falling number.
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Major reasons for IPR 85 release are earliness
with an average of 60 days to heading and 113
days to maturity. Excelent technological qudity,
being classified as an Improver Wheat. Good
resstance to leaf rust, powdery mildew and leaf
blight (Riede et d., 1999).

NEW BREEDING TOOLS

New biotechnogicd techniques such as haploidy,
which uses wheat X maize crosses (Laurie and
Bennett, 1988 and Scheeren et al., 1999) or
microspore culture (Kasha et al., 1998), marker
assisted selection (Langridgeand Chamers, 1998;
Dubcovsky, 1998 and Anderson, 1998), and
transformation (Barcelo et al., 1998 and
Pellegrineschi, 1999) are here to help speeding
up breeding programs, inmaking indirect sections
more efficiently and in trandfering genesfrom other
species, breaking up the sexud crossing barriers.
The new generation of plant breeders have to be
able to understand and manipulate these new
molecular tools in order to make further
improvements in the cereal crops.
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RESUMO

Vinte e Seis Anos de Atividades com
Mehoramento de Trigo no IAPAR

A descricdo do programa de melhoramento
genético de trigo nos seus 26 anos de exigténcia
procura apresentar suas principais realizacoes,
dando idéia do tamanho do programa, objetivos

2001, Brazilian Society of Plant Breeding

do melhoramento e metodologias utilizadas. Um
diagrama do caminhamento do germoplasma
indica os passos que as popul agcdes devem seguir

iniciando pelos cruzamentos ou pelasintroducoes
de materid genético até que linhas avancadas ou
linhagens possam ser reunidas e avaliadas
obtendo-se assm novos cultivares. Umalistados
23 cultivares desenvolvidos pelo programa, com
Suas respectivas geneal ogias, € gpresentadacomo

uma contribuicdo especial. Consderando-se os
cultivares desenvolvidos mais recentemente, sGo

apresentadas as informacodes referentes a
rendimento de gréos, caracteristicas agronbmicas,

qualidade tecnol gica e propriedades dos gréos.

A descricdo da genedlogiado ‘IAPAR 53 e o
desenvolvimentodo ‘ IPR 85’ estéo apresentados
com deta hes. Novasferramentas biotecnol gicas
gue possam tornar 0 melhoramento de trigo mais

eficiente sfo discutidas.
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