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CHANGES OF AGRONOMIC TRAITS IN CORN
'UNDER THE EFFECT OF S; RECURRENT SELECTION
FOR RESISTANCE TO STALK ROT (FUSARIUM
GRAMINEARUM)

ZMENY AGRONOMICKYCH ZNAKU KUKURICE ZPUSOBENE
REKURENTNI SELEKCI S; NA REZISTENCI PROTI FUZARIOVE
HNILOBE STEBLA

M. Stojakovic, D. Jockovic, G. Bekavac, B. Purar, A. Nastasic, N. Vasic

Institute of Field and Vegetable Crops, Novi Sad, Yugoslavia

ABSTRACT: Recurrent selection based on self-pollinated progenies has often been used for the improvement of characters
in both narrow- and broad-based corn populations, The objective of this study was to evaluate the effectiveness of five cycles
of S, recurrent selection for resistance to Fusarium graminearum. the causal agent of stalk rot, in the corn synthetic NSB.
Between 250 and 300 plants [rom the previous selection cycle were selfed and two weeks later inoculated with a spore mixture
of the fungus Fusarium graminearum. At harvesting, the stalks were split longitudinally to rate the severity of infection. The
best 18-30 plants were selected and recombined using the plant-to-plant method. Five cycles of selection have been completed
so [ar. The selection cycles and testerosses with an inbred tester were evaluated in inoculation trials on two sites during 1996
and 1997. In the NSB population per se, the five cycles of 8, recurrent selection for resistance to stalk rot reduced the disease
index by 6.00% and stalk lodging by 10.51%. while the machinc-harvestable grain yield and grain moisture increased by
362 kg/ha and 2.65%, respectively. The same trend was observed in the testcrosses as well.

corn: recurrent selection: resistance (o stalk rot: stalk lodging; grain yield: genetic gain

ABSTRAKT: Pro zlepseni znakt zee i Siroce zaloZenych populaci kukufice se ¢asto pouZivii rekurentni selekee vvuZivajici
samoopylenych potomstev. Cilem této studie bylo zhodnoceni efektivnosti péti cykli rekurenini selekee S; na rezistenci
K Fusarium graminearum, pavodei fuzariové hniloby stébla, u syntetické populace kukufice NSB. K samoopyleni jsme
penechali mezi 250 az 300 rostlinami z predchoziho selekéniho cyklu a za dva tydny jsme je inokulovali smési spor houby
Fusarium graminearum. Pro vyhodnoceni sily infekee jsme stébla pfi sklizni délili podélné. Vybrali jsme 18 az 30 nejlepsich
rostlin a provedli jsme rekombinaci s pouZitim metody rostlina na rostlinu. Doposud bylo ukondeno pét selekcnich cykla.
Sclekeni cykly a testovaci kiizence s inbrednim testerem jsme zhodnotili v inokulacnich pokusech proviadénych v letech 1996
a 1997 na dvou stanovistich. P& cyklt rekurentni selekee Sy na rezistenci k fuzariové hnilob¢ stébla sniZilo ve vlastni populaci
NSB index onemocnéni o 6.00 % a poléhini rostlin o 10,51 %, zatimco vynos strojové sklizencho zrna se zvysil o 362 kg/ha
1j. 2.65 %) a vihkost zrna 0 2.62 %. Stejnou tendenci jsme zjistili u testovacich kiizenci.

kukufice: rekurentni selekcee: rezistence k fuzariové hnilobé stébla: poléhini rostlin: vynos zrna; geneticky zisk

INTRODUCTION

Synthetic corn populations have been and will be
used as the mair - ource for the development of new
inbred lines (Bauman, 1981). Methods of recurrent
selection have been developed for the purposes of
population improvement. The breeding value of
a population increases as its mean values are increased
while maintaining its genetic variability (Hallau i,
Miranda, 1995). The mean values of a population
will change with an increase in the frequency of desir-
able alleles, while the vari:™  y is maintained by re-
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combining selected progenies. The shift of the mean
values of a population in a desirable direction increases
the likelihood that the improved populations will pro-
duce new inbreds whose progenies will outperform
progenics of crosses between the inbreds from the pre-
vious selection cycle.

Recurrent selection methods based on inbred proge-
nies are the fastest way for improving populations p
se (Moll, Smith. 1981). The S| or S, recurrent
selection method, developed in order to utilize genes
with additive effects. is effective in eliminating the el-
fects of deleterious recessive alleles that become visible



immediately after self-pollination (Hallauer et al,
1988). Through the selection of self-pollinated proge-
nies {rom the Lancaster population for resistance to
stalk rot (Diplodia zeae (Schw) Lev), Jinahyon and
Russell (1969a, b) managed to increase the level of
resistance in the initial population. The selection for
resistance to stalk rot led to the prolongation of the
growing season, an increase in seed yield, and a decrease
in lodging percentage. Sy or S, recurrent selection for
grain yield and stalk strength has proven effective in
corn populations EZS1 and EZS2 (Garay et al.,
1996) as well as BSI3 (C; and BSI3 (Cg)
(Holthaus, Lamkey, 1995). After two cycles of
S selection for grain yield and resistance to lodging in
the Thai composite, the yield of grain increased by
8.3%, while lodging resistance decreased from 53% to
17% (Jinahyon, Moore, 1973). After two cycles
of S; sclection for yield and yield plus resistance to leaf
spot (Exerohilum turcicum) and stalk rot (Stenocar-
pella maydis), the grain of yield and pathogen resis-
tance increased in four corn genotypes (Carson,
Wicks, 1993). The efficiency of inbred-progeny selec-
tion was higher in populations per se than in their proge-
nies Moreno-Gonzales, Cubero, 1993;
Garay etal.. 1996). However. one must not lose sight
of the fact that §; or S, recurrent selection reduces the
amount of genctic variability within a population,
thereby reducing the effectiveness of selection as well
(Choo, Kannenberg, 1979; Tanner, Smith,
1987; Helms et al.. 1989).

The objective of this study was to determine how
five cycles of S recurrent selection for corn resistance
to the causal agent of stalk and ear rot (Fusarium
graminearum) in the NSB corn synthetic influenced the
severity of stalk and ear rots, stalk lodging, machine-
and hand-harvestable grain yields, grain moisture, and
other traits.

MATERIAL AND METHODS

Germplasm and selection methods

In 1981, direct crosses were made between corn in-
breds to produce the following single cross (SC) hybrids:
F7 x F2: W375 x W401; W3 x WH; W438 x W59E;
W59E x 116 WIS3R x W37A; W629A x ND203:
N729-C x WI82E: and W629A x A654. The following
year, the SC hybrids were crossed in all possible com-
binations. After the harvest, proportional amounts of
seed of each double cross (DC) hybrid were bulked to
form the NSB (C0) synthetic. NSB (C0), a balance
composite, was sown in a breeding nursery the next
year. At flowering, 250-300 plants were isolated with
a paper bag (the car and the tassel were covered sepa-
rately) and then selfed. Two weeks after pollination,
each of the selfed plants was artificially infected with
a suspension of the fungus Fusarium graminearun us-
ing a syringe. The suspension was injected into the
first, basal internode. At harvesting, the plants were
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split longitudinally and the severity of infection was
rated on a scale from 0 to 5 (0 — no stalk rot: | — stalk
rot found on up to 25% of tissue of the basal internode:
2 = 26-50%; 3 = 51=75%; 4 — 76-100%; 5 — stalk rot
extended (o the adjacent internode). The best 18-30 cars
were selected based on infection severity and ear and
stalk characteristics and then recombined using the
plant-to-plant method. At the end of each selection cy-
cle, a balance composite was formed by taking a pro-
portional amount of seed from each cross.

In 1994, in preparation for the present study. we
repeated cycles Cy). C,, Cs, and C5 by making a balance
composite using a mixture of seed of at least 100 plant-
-to-plant crosses per cycle. The testerosses of the repeated
cycles (Cy, Cy. Cs, and Cs) with the unrelated inbred
tester (NS19-38) were made in 1995, when 10 plants
of the inbred tester were pollinated with a mixture of
pollen of 50 plants from each of the four cycles.

Experimental design

Four selection cycles C, Cy, C3, and Cs and their
testerosses with the inbred tester were studied in sepa-
rate trials conducted at Rimski Sancevi and Srbobran
in 1996 and 1997 using inoculation. A randomized
block design was used and there were four replications
with 100 plants each. The seed was sown by hand in
hills spaced at 75 x 25 ¢cm with two seeds per hill. At
the four to five leal stage. the plants were thinned to
57.100 plants/ha. Inoculation and estimates of resistance
levels were performed as described above. The disease
index was calculated according to McKinncy
(1923) (cit. Josipovic, 1965):

Z(n.k)
=—F. 100
/ N K 10(

where: [ — disease index
n - plant number per rating category
k= number of rating categories
N = total number of studied plants
K — number of adopted rating categorics

Data were collected the same way in both trial years
and on both sites. Three weeks after pollination, plant
height and height up to the upper ear were measured as
the distance from the ground to the tip of the tassel
main axis and the base of the upper car node. respec-
tively. The first and the last plant from cach row were
removed just before harvesting in order to avoid border
row effects. The number of plants broken below the
upper ear due (o stalk rot was recorded and expressed
as stalk lodging percentage. The plants were harvested
by hand. Grain yield per hectare was calculated based
on the total grain mass per plot (17.5 m?) and the mass
of grains from erect plants (machine-harvestable grain
yield).

Statistical procedures for the randomized block de-
sign were used. The average selection gain per cycle
was calculated by regression analysis and via (Cs-C())/5
which illustrates the average response to selection.

CZECH J. GENET. PLANT BREED.. 34, 1998: 121-125



RESULTS AND DISCUSSION

Tab. I shows the mean square values for the index
of disease (ID), stalk lodging (SL), grain moisture (GM),
total grain yield (GY), machine-harvestable grain yield
(GMY), plant height (PH), and height up to the base of
the upper car (EH) for two types of progenies. The
differences between the environments (locations and
years) were significant in all traits except grain mois-
ture of testcrosses. At the same time, the differences
among the cycles of selection were significant for all

traits except plant and ear height in population per se.
The cycles x environment interaction was significant in
three traits in the population per se and two traits in
testcrosses.

Tabs. I and I1I show the mean values for cach se-
lection cycle and selection gain in the NSB population
per se and in the testerosses for the index of disease
(ID), stalk lodging (SL). grain moisture (GM), hand-
-harvestable grain yield (GY) and machine-harvestable
grain yield (GMY), plant height (PH). and height up to
the base of the upper ear (EH). The five cycles of S

. Mean square values for 7 agronomic traits with two types of progenies

Source of variation df 1D SL GM GY GMY PH EH
a) Population per se

Environment (A) 3 1005.417 80.317° 858.86" 1.46" 75677 | 12935447 | 176007
Cycles (B) 3 163.53"" 182.44 5.84 46.50 2.96 87.04 2325
Interaction (A x B) 9 16.79 44.39" 241 0.13 0.09 13.66 117.25°
Error 48 333 1.52 0.83 0.10 47.79 2233

b) Testcrosses

Environment (A) 3 984.12"" 827.18" 0.17 63.28"

Cycles (B) 3 214357 | 207.68" 19.41" 1.77°°

Interaction (A x B) 9 19.38%* 43.62%+ 0.68 1.01

Error 48 1.70 0.85 0.85 0.58

ID = index of discase. SL = stalk lodging. GM = grain moisture
plant height, EH = ear height

. GY = total grain yicld. GMY = machine harvestable grain yield. PH =

L . Lo ) .
For Tabs. I and I1: ~ significant at the 5% level;  significant at the 1% level

1. Mean values. coefficients of variation, and selection gain in the popu
for resistance to stalk rot

ilation per se and testerosses after live cycles ol S| recurrent selection

1D (%) SL (%) GM (%) GY (t/ha) GMY (t/ha) PH (cm) EH (cm)
a) Population per se¢
Cy 28.91 19.75 23.92 9.38 8.31 204.25 77.17
C, 26.27 16.35 2476 9.16 8.41 204.75 74.25
Cy 26.50 15.43 25.00 9.40 8.73 204.58 75.00
Cs 20247 9.37°" 25.60° 9.67 941" 209.92 76.75
Mean 24.48 15.22 24.82 9.40 8.71 205.87 75.79
LSD 5% 2.63 1.78 1.31 0.45 0.46 9.97 6.81
LSD 1% 3,558 2.40 1.77 0.61 0.62 13.44 9.18
LSD cv (%) 7.16 8.11 3.67 333 3.66 3.36 6.23
Gain/eycele (%) -6.00 -10.51 1.41 0.62 2.65 278 -0.10
b) Testcrosses
TxGC, 30.16 16.61 20.60 9.70
TxC, 27.47 9.58 22.40 9.71
TxCy 23.27 6.98 20.80 10.39
Tix € 20.70" 279" 23.23" 9.51
Mean 25.40 7.99 21.76 9.83
LSD 5 1.88 1.33 1.73 1.10
LSD 1% 2.53 1.80 232 1.48
LSD cv (%) 5.13 5.50 11.55 7.73
Gain/cycle (%) -6.27 =732 2.55 0.41
CZECH J. GENET. PLANT BREED., 34. 1998: 121-125 123



II1. Linear regression (b), correlation (r), standard error of regression cocflicient (Sh). and intercept () for stalk characters. grain yield, and

resistance to stalk rot in the population per se and testcrosses

Population per se Testcrosses
a B Sb r a B Sh r
Index of disease 31.925 -2.578" 0.305 —0.383 33.456 -3.258"" 0.295 -0.477
Stalk lodging 15499 | —2.925""| 0.289 ~4.446 16.003 -3.206"" | 0.280 ~0.490
Grain moisture 23.496 0.529 0.091 0.085 9.807 0.631° 0.067 0.455
Total grain yield 9.121 0.112 0.064 0.085 9.807 0.010 0.080 0.006
Grain yield machine-harvestable 7.810 0.362" 0.080 0.216
Plant height 201.667 1.683 1.076 0.076
Ear height 75917 -0.050 0.455 -0.005

i significant at the 5% and 1% levels, respectively

recurrent selection for resistance to stalk rot brought
about significant changes in the population per se (dis-
ease index, stalk lodging, grain moisture, and machine-
-harvestable grain yield) and testcrosses (disease index,
stalk lodging, and grain moisture).

The ID was significantly lower in Cs than in C in
both the population per se and testcrosses. The percent-
age of basal internode tissue infected by Fusarium
graminearum decreased by 6.00 and 6.27% per cycle
in the population per se and testcrosses, respectively.
The coefficient of linear regression was significantly or
highly significantly negative in both types of progeny
(Tab. IIT). After the five selection cycles, infection sever-
ity in the population per se and test crosses dropped by
8.67 and 9.46%, respectively. Lambert and White
(1997), by contrast, obtained a much higher effective-
ness of recurrent selection for resistance to stalk rot —
40.7% in population RSSSC and 50.2% in population
RBS10. The different responses of the populations
from the two studies may be due to their genetic con-
stitution, which causes them to differ as to the fre-
quency and action of genes for stalk rot as well as most
other characters. In addition to this, the three popula-
tions have growing scasons of different length. NSB
belongs to an early maturity group, FAO 350, while
RSSS and RBS10 belong to FAO maturity group 800
according to Kaufmann, Dudley (1979) and
Hallauer et al. (1974).

Field experiments for lodging are the best way to
determine whether or not selection has increased corn
stalk sturdiness. In our study, the five selection cycles
reduced the extent of stalk lodging caused by stalk rot.
The stalk lodging percentage in C5 was 10.38% (popu-
lation per se) and 9.82% (testcrosses) lower than in Cy,
while the selection gains per cycle were 10.51% (popu-
lation per se) and 7.32% (testcrosses).

After several cycles of selection for resistance to
leaf diseases and stalk rots carried out by Lambert
(1992), stalk lodging percentage in population RSSSC
dropped from 16.0% in Cy to 7.2% in Cg, while in
population RBS10 the decrease was from 20.8% in C
to 7.7% in Cg. This led to the conclusion that mass
selection for leaf diseases and stalk rots can simultane-
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ously increase stalk sturdiness and disease resistance in
a population and hence make it more suitable for selec-
tion.Martin and Russel (1984a) report finding sig-
nificant grain yield losses after three cycles of recurrent
selection for resistance to stalk lodging and stalk rot.
However, the highest yield decreases occurred in the
second and third cycles, whereas the largest improve-
ment in stalk quality was made in C; and C,. The
results of the present study as well as those of Martin,
Russel (1984), Zuber (1973), and Dewey,
Russell (1983) indicate that, at least to an extent, it
is possible to improve stalk quality in conjunction with
an increase of grain yield as well as that selection for
stalk quality does not necessarily lead to grain yield
losses.

Our S| recurrent selection for resistance to stalk rot
in the population per se increased GY from 9.38 (o
9.67 t/ha and GMY from 8.31 to 9.41 t/ha. The average
selection gain per cycle was 112 kg, or 0.62%, for GY
and 362 kg, or 2.65%, for GMY (Tabs. II and III).
Yield losses have been reported in many studies aimed
at improving stalk quality (Thompson, 1972, 1982;
Martin, Russell, 1984b; Grombacher etal,
1989). Stalk lodging and stalk rot can reduce yields by
5-25% (Zuber, Kang, 1978). On the other hand,
Jinahyion, Russell (1969b), Moentono et
al. (1984), and Mostafa etal. (1990) report finding
a positive correlation between stalk quality, including
resistance to stalk rot, and grain yield. This positive
association can be explained by the delay in senescence
resulting from increased stalk rot resistance that prolongs
the grain filling stage and thereby increases yields. In
our study, direct selection for resistance to stalk rot
favored genotypes with resistance to stalk rot and stalk
lodging and genotypes with higher grain moisture con-
tent at harvesting. This has lead us to conclude that the
positive machine harvestable grain yield trends charac-
terizing the five selection cycles resulted from the fact
that selection for stalk rot resistance resulted in geno-
types with better stalk strength and longer growing sea-
son or the stay green character (again, provided grain
moisture at harvesting is considered the only criterion
for growing season duration).

CZECH J. GENET. PLANT BREED., 34, 1998: 121-125



The five cycles of S| recurrent selection for stalk rot
resistance in the NSB population produced favorable
changes in resistance to stalk rot and lodging as well
as a number of other characteristics that are closely
related to stalk characters. Although no direct selection
for grain yield was carried out, the yields of grain in-
creased as well (especially those of machine-harvestable
grain). Direct selection for stalk rot resistance produces
genotypes that are superior in this as well as other agro-
nomically important characters. The improved popula-
tions can be used for the development of new inbred lines.
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Z VEDECKEHO ZIVOTA

XV EUCARPIA 1998 GENERAL CONGRESS

Ve dnech 20.-25. zari 1998 se v italském mésté Vi-
terbo konal v poradi jiz 15. generdlni kongres evropské
asociace pro vyzkum ve §lechténi rostlin, kterd je zna-
mé pod zkratkou EUCARPIA. V pravidelnych tfiletych
intervalech se schazi védecti pracovnici a Slechtitelé,
aby si vymenili poznatky v tak dynamicky se rozvijejicim
védnim oboru, jakym je Slechténi rostlin. EUCARPIA
byla zaloZena v roce 1956 a v soucasné dobé ma Cleny
ve vSech evropskych zemich a v dalSich ticeti zemich
mimo Evropu. Hlavnim cilem cinnosti EUCARPIE je
iniciovat spolupraci na mezinarodni Grovni na poli §lech-
téni rostlin. Kazdoroc¢né je také pod zastitou EUCARPIE
organizovano nékolik specializovanéjSich konferenci ¢i
semindii. Kazdy ¢len EUCARPIE md moznost se ak-
tivné zapojit do price dvandcti specializovanych sekei,
které svou naplni pokryvaji nejen hlavni zemédélsky
vyuzivané skupiny plodin, ale také hlavni veédni discip-
liny souvisejici se Slechténim.

Generdlniho kongresu, ktery sc konal v historickém
sile mistniho divadla a ktery zahdjil prezident EUCAR-
PIE prof. Scaracia Mugnozza, se zucastnilo pfes
400 delegatt z desitek zemi svéta. Kongres se konal
pod zastitou prezidenta Italské republiky, pana Luigiho
Scalfariho, ktery v pozdravném dopise vyzdvihl dile-
Zitost Slechténi rostlin a popral delegatim kongresu
mnoho uspéchia v dalsi praci. Vyznam kongresu pod-
trhla také acast predstaviteld mésta. oblasti i sendtu
Italské republiky na zahajovacim ceremonidlu.

Vlastni jednédni konference bylo rozdéleno do Sesti
sekei, v nichZ bylo predneseno pres padesat prednasek.
Dile byly vysledky védecké prace prezentovany na vi-
ce nez sto sedmdesiti posterech. Jednotlivé sekce byly
zaméfeny na rezistenci hostitelskych organismt vaci
houbovym patogentim, bakterialnim a virovym orga-
nismim, hmyzu a hadatku. Posledni sekce byla véno-
vina otazkam kvality.

Bez ohledu na zarazeni jednotlivych prispévka do
sekei, vyplynuly z jednani kongresu obecné tendence
ve Slechténi rostlin. Prvnim predpokladem pro dspés-
nou §lechtitelskou prici jsou jasné definované Slechti-
telské cile. V nich byly predevsim akcentoviny otizky
kvalitativni stranky rostlinného materidlu s preferenci
rezistenci, kvality, spotiebitelského komfortu apod.
Téchto cilt 1ze dosdhnout piedev§im rychlym vyuZiva-
nim modernich védeckych metod, které lze shrnout pod
terminy genetické markery, QTL analyzy, genetické
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manipulace apod. Rychly progres v danych oblastech
je moZné dokumentovat napf. na péstovini soje v USA.
kdy za posledni tfi roky presahl aredl péstovani trans-
gennich odrid sdje 75 % z celkové plochy. Zda se, 7e
obdobné tendence. pies mnohd negativni stanoviska pie-
devsim z fad ochrdnct Zivotniho prostiedi, previzi
i u celé fady dalSich zemédélskych plodin.

Prispévky prezentujici vySe uvedené moderni meto-
dy v pre-breedingu i ve vlastnim $lechténi na kongresu
dominovaly. Snad zimérné byl proto posledni referit
na kongresu od italskych autora vénovan metodam kla-
sického Slechténi pii vybéru kukufice na vynos hmoty.
Tento referat vyvolal znaény ohlas v auditoriu a potvr-
dil, Ze budouci vyvoj Slechténi je zatim nutno chipat
v kombinaci modernich metod doplnénych klasickymi
postupy.

Zaverecna prednaska prof. Salaminiho s nazvem
SKam sméfujeme’ vyvolala také velmi Zivou diskusi
pravé o kombinacich rGznych metodickych postupd
i 0 zakladnim smérovani Slechtitelského procesu.

V pribéhu kongresu se také konalo generilni shro-
mazdéni Clenit EUCARPIE, na némz byl prezidentem
na dalsi obdobi zvolen prof. Mackay z Velké Britanie.
Na tomto zasedéani bylo také potvrzeno, Ze pfisti gene-
ralni kongres se uskutecni na prahu nového tisicileti
v roce 2001 ve skotském Edinburghu. Toto generdlni
shromdazdéni také potvrdilo reprezentanty jednotlivych
zemi ve vyboru EUCARPIE. Ceskou republiku bude
i naddle reprezentovat Ing. Ladislav Dotlacil, CSc.,
7z VURV Praha-Ruzyné.

Autofi tohoto prispévku se zacastnili jednani jedné
z nejaktivnéjSich odbornych sekei EUCARPIE, kterd je
vénovina picninam (Section for Fodder Crops and
Amenity Grasses). Predsedovi sekce profl. Veronesimu
byl piednesen ndvrh, aby jedno z piistich zaseddni bylo
uskutec¢néno v Ceské republice, pricem?Z spolupofidaji-
cimi organizacemi by byly: Vyzkumny dstav picninai-
sky. s. . o.. Troubsko. a OSEVA PRO. s. 1. 0., Vyzkum-
nd stanice travinarskda Roznov-Zubii. Toto zasedani by
se ziejmé uskutecnilo v roce 2001,

Usp&sny priibéh kongresu byl podirzen atmosférou
historického mésta Viterbo, kdy organizatofi se snazili
Ucastnikim konference predstavit toto centrum jedné
z italskych provincii a mimo jiné sidlo univerzity jako
mésto s pamatkami, jejichz vznik spadd az do doby
pied naSim letopoctem.

RNDy. Jan Nedélnik
Ing. Bohumir Caygas, CSe.
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MONOSOMICKA ANALYZA REZISTENCE KE RZI
PSENICNE ODRUDY SIRIA"

MONOSOMIC ANALYSIS OF LEAF RUST RESISTANCE IN THE
WHEAT CULTIVAR SIRIA

J. Kos$ner, P. Bartos, K. Pankova

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

ABSTRACT: The monosomic series ..Zlatka™ was used for a monosomic analysis of the Czech winter wheat cultivar Sirvia.
The gene which controls its resistance to leal rust is likely located on chromosome 1A, because the significantly highest
proportion of resistant plants was in progeny ol the cross with line 1A, Lines 1B and 2A signilicantly differed from disomic
and other lines by a lower proportion of resistant plants. These results lead us to suppose that the genes on chromosomes 1B
and 2A have a negative effect on the expression of resistance. Suppressor genes have been Tound comparatively often in
monosomic analyses and it shows that the more complex genetic constitution ol resistance can be a more frequent phenomenon
than we suppose on the basis of the results of the classical hybridologic methods. The only leaf rust resistance gene located
on 1A is Lr10. However. further experiments are needed to confirm the suggestion that Lr70 is the gene present in the cultivar
Siria.

wheat: leal rust: monosomic analysis
ABSTRAKT: Monosomickd analyza ¢eské odridy ozimé pSenice Siria ukdzala pravdépodobnou lokalizaci genu rezistence

ke rzi pSeniéné na chromozomu A, Potomstvo A mélo prikazné nejvySSi podil rezistentnich rostlin. Potomstva IB a 2A
né igila nizsim podilem

se naopak od disomického potomstva i viech ostatnich potomstev monosomickych linii pruk:

rezistentnich rostlin. Pfedpoklida se. Ze geny na chromozomech 1B a 2A projev rezistence ovliviluji negativag, Vyskyt genu

supresortt je pii pouziti monosomickych analyz pomérné casty a naznacuje, 7
byt Cast¢jSim jevem. nez je predpokliadiano na ziklade vysledkt klasickych hybridologickych metod. Lokalizace genu rezis-
tence na chromozomu 1A, na némZz byl dosud lokalizovin pouze gen Lrl0, vede k domnénce, Ze by s¢ mohlo jednat o tento
lokus. Tento problém bude pfedmétem dalSich analyz. v nichz bude kromé klasickych metod genetiky pouzito i metod
molekuldrnich.

picnice: rez pseni¢nd, monosomické analyzy

UuvoDn ris Marksman // Regina a patii Kk odraddam nejméné

napadanym rzi pSenicnou v polnich podminkach. Ve

Odolnost k chorobam patii mezi vyznamné Slechti-
telské cile. Jednou z chorob psenice, ktera v poslednich
letech nabyvd na vyznamu, je rez pSeni¢nid. Ve Slech-
eni se vyuziva jak specifické rezistence. tak polni re-
zistence nespecifické. Optimélni vyuZivani specifické
rezistence usnadnuje identilikace gent rezistence, cha-
rakteristika genti z hlediska jejich ticinnosti i lokalizace
na chromozomech. Predmétem nasi prace byla lokali-
zace genu rezistence ke rzi pSeniéné odrady Siria.

MATERIAL A METODY

Odrida Siria byla v Ceské republice povolena v roce
1994, Byla vySlechténa z kiizeni odrid Arminda / Ma-

=
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skleniku byla odolnd Kk véSin€ izolatd rzi pseni¢né, Kie-
ré¢ byly pouzity v testech. a to 14 SaBa (5078. 6151),
61SaBa (628, 5034, 5025, 5037. 6091), 77 (347. 6103),
77SaBa (1947. 4332, 6137. 6138), 57SaBa (4332). 61
(1887), 61/62 (5002), 12 (5041). Nachylnost se proje-
vila k izolatim 14 (333, 6106), 61SaBa (6094, 6153).
14SaBa (600) (Bartos et al., 1996, 1998).

K lokalizaci genu rezistence ke rzi pSenicné byla
pouZita standardni metoda monosomické analyzy. Jako
ancuploidni rodi¢ byla pouZita kompletni séric mono-
somickych linii odrady Zlatka. Jednotlivé cytologicky
ovéiené monosomické linie byly opyloviny odridou
Siria. Do generace Fy byly cytologickou kontrolou poc-
tu chromozomu vybriany monosomicke rostliny. které
byly pod izolaci samospriseny. K cytologické kontrole

Priice byla uskuteénéna za finanéni podpory Grantové agentury Ceské republiky (grant €. S21/96/0114).
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poctu chromozomi jak monosomické série, tak potom-
stev F| byla pouZita metoda Feulgena.

Zrna jednotlivych potomstev F, generace byla vyse-
ta do kofendci a mladé rostlinky ve fazi prvniho listu
byly uméle infikovany potiranim suspenzi talku a ure-
dospor rzi pSeni¢né, rasy UN 17-57 SaBa, izolat 4332,
Inokulace probéhla ve skleniku s umélym dosvétlenim
za vysoké vzdusné vlhkosti (orosovinim v uzavienych
sklenénych valcich) cca 48 hodin pii teploté 18-22 °C.
Infekéni typy byly klasifikovdny podle autord Stak -
man et al. (1962).

VYSLEDKY A DISKUSE

Jednotliva potomstva z kiiZzeni monosomickych linii
Zlatka x Siria i potomstvo disomické v generaci F,
§tépila na rostliny nachylné a rostliny rezistentni. Vys-
kytovaly se rezistence typu 2 a ;1 (tab. I). Rezistentni
rostliny obou typt byly secteny a pomér nachylnych

8 &

rostlin k souctu rezistentnich byl testovin xz—tcstcm
k teoretickému §tépnému poméru 1 : 3. odpovidajicimu
jednomu genu rezistence. Vysledek testovani viak ten-
Lo §tépny pomér jednoznacéné nepotvrdil. Namisto jed-
noho odchylného (kritického) potomstva, jeZ by se mé-
lo pfi pouZiti monosomické analyzy za piedpokladu
monogenniho zaloZeni vyskylovat, se statisticky vy-
znamné odchylovalo potomstev nékolik, véetné potom-
stva disomického. Vyznamna byla i odchylka $tépného
poméru souctu viech potomstev. Proto byla nejvice od-
chylna potomstva 1A, 1B a 2A, ktera by bylo mozné
povazovat za kriticka, odecCtena od souctu vSech. Tim
vznikl §tépny pomér 391 nachylnych rostlin k 984 rezis-
tentnim rostlindm, ktery by nemél byt zatizeny kritickymi
potomstvy a mél by odpovidat viem nekritickym po-
tomstviim a disomiku, a naopak kritickda potomstva by
se méla od tohoto $tépného poméru odchylovat. xz-(csl
na tento pomér uvedené piedpoklady potvrdil: viechna
potomstva povazovana za nekriticka, véetné potomstva
disomického, vykazovala shodu a potomstva povazova-

Stépeni reakee ke rzi pienicné v F, generaci po kiiZeni odridy Siria se sérii monosomickych linii Zlatka — Segregation of the response

wheat rust in F, generation after crosses of Siria cultivar with a series of Zlatka monosomic lines
Nachylné2 Rezistentni* Stépné pomery”
Z bez
Mgr‘)?somick:’\ ) ) . ' "‘CjViC?‘ ' - '
linie “r::):i:'l:\ o pocet rostlin W i 123 :((:vl.(l:l)]']l:{c\./l; 18:46( 6:10 | 3:13
(391 : 984)
o) | soucet 2 we v i X2
1A 21 | 1780 | 32 65 97 | 8220 | 118 | 3266 | 6568 6227 0,070%*
IB 1 40.74 13 3 16 59.26 27 3,568% 2,007 2,126 0,121*
1D 27 23.68 19 68 87 | 76.32 114 ] 0.105 1.267 1112
2A 33 | 3976 | 20 30 50 | 60.24 83 | 9,643 | 5225 |[5,557" | 0,181*
2B 24 25.53 27 43 70 | 7447 94 | 0.014 0.391 0313
2D 6 23,08 9 1 20 76,92 26 | 0.051 0,367 0.328
3A ] 41,67 2 S 7 | 5833 12 1.778 1.032 1.089
3B 23 2473 33 37 70 | 75,27 93 0,004 0.629 0.530
3D 5 26,32 6 8 14 | 73.68 19 | 0,018 0.042 0.031
4A 23 24.72 43 24 67 75.28 89 0.004 0.605 0.511
4B 29 30.85 26 39 65 69.15 94 1.716 0.269 0.346
4D 20 24,10 32 31 63 75.90 83 0,036 0,769 0.666
SA 26 3333 35 17 52 | 66.67 78 | 2.889° 0918 1.047
5B 25 28.09 25 39 64 7191 89 0,453 0,005 0.000
5D 24 2791 23 39 62 | 72.09 86 | 0.388 0.012 0.002
6A 26 33.77 25 26 Sl 66.23 77 3.156' 1.073 1,212
6B 24 30,38 19 36 55 | 69,62 79 1,219 0.146 0,199
6D 34 32,08 27 45 72 67.92 106 2.830" 0,688 0818
7A 28 28.00 28 44 72 72,00 100 | 0.480 0.010 0.001
B 19 33.33 20 18 38 66,67 57 2,111 0.671 0,765
7D 24 31,58 19 33 52 | 6842 76 1.754 0.368 0.449
Disomik® 33 33,33 2§ 41 66 | 66,67 99 3,667‘ 1,165 1.329
% 489 | 2878 | 508 | 702 | 1210 | 7122 | 1699 [129587| 0.097 0,362
Z-1A, 1B, 2A 391 28,44 418 566 984 | 71.56 1375 0.000 0.066

1 a3 ond 2 " 1 Y - s I3 . " 5 5 N . R x
monosonic line, “susceptible. “number of plants. “resistant, "total. “segregation ratio. ’S minus most diverging progenies. “disomic
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na za kritickd byla ve dvou piipadech statisticky vyznam-
né odchylna a v jednom pfipadé, pii nizsSim celkovém
poctu rostlin potomstva, se odchylka bliZila hranici vy-
znamnosti. Potomstvo 1A bylo odchylné vy$Sim poc-
tem rezistentnich rostlin a potomstva 1B a 2A naopak
vy&§im poctem ndachylnych rostlin. Je tedy velmi prav-
dépodobné, Ze projev rezistence je vysledkem interakce
jednoho genu rezistence a dalSich dvou gent, to zna-
mend, Ze teoreticky §tépny pomer by mél vychazet ze
§tépnych poméru trihybrida. ProtoZe trihybrid vytvari
64 genotypu, byl pomér 391 : 986 pfeveden na tento
poCet, j. 18 : 46 (391/(1375/64) = 18,2 2 984/(1375/64) =
45.8). Vysledky xz-lcslu tento §tépny pomer potvrdily.

Teoreticky v pfipadé tfi gent, z nichZ jeden je ge-
nem rezistence, nema z 64 teoreticky vznikajicich ge-
notypt dominantni alelu genu rezistence 16 genotypi
(jedna ctvrtina jako v pripadé monohybrida), které¢ se
fenotypicky prezentuji jako nichylné. V nafem piipadé
je mozné piijmout jako jedno z pravdépodobnych vy-
svétleni to. Ze vlivem pusobeni ostatnich dvou gent
mize dochdzet k potlaceni projevu rezistence u dvou
genotypt, byt alelu rezistence obsahuji. Jednalo by se
o supresory rezistence. UrCovat, o jaké genotypy se
konkrétné jednd a jakym zptsobem se suprese konkrét-
né uskuteGiiuje, by z udaji, které jsou z experimentu
k dispozici, jiz bylo piili§ spekulativni. Vysvétlitelny
je vSak podle uvedené hypotézy Stepny pomeér u kritic-
kych potomstev s genem supresorem. U téchto potomstey
je vzdy pritomen kriticky chromozom s jednim z genti
supresort a gen rezistence. a druhy gen supresor $tépi,
¢imZ vznikd 16 genotypl, z nich ¢tyfi nemaji domi-
nantni alelu genu rezistence a projevuji se jako nachyl-
né. U ostatnich genotypt pii stalé piitomnosti jednoho
genu supresoru vznika v kombinaci s druhym §tépicim
genem supresorem a Stépicim genem rezistence, stejné
jako u nekritického potomstva. ve dvou pripadech se-
stava potladujici projev rezistence. Stépny pomér nd-
chylnych a rezistentnich rostlin je pak 6 : 10. Pomoci
xz-testu byl tento St€pny pomér u nachylnych® kritic-
kych potomstev potvrzen. Odvozeni Stépného poméru
u potomstva s chromozomem nesoucim gen rezistence
je obtiznéjsi, ponévadz nékteré z heterozygotnich ses-
tav genu jsou pravdépodobné ty. u nichz je projev re-
zistence potlacovin supresory, a u tohoto potomstva je
kriticky chromozom s genem rezistence cca v 73 %
pfipadi v monosomické sestavé, a gen rezistence mi
tudiz hemizygotni sestavu, kterd se mize chovat obdob-
né jako sestava heterozygotni. Ziskanym vysledkiim nej-
vice odpovidd Stépny pomér 3 : [3.

Rezistence k chorobam je obvykle povaZovina za
geneticky jednoduse (monogenné ¢i oligogenné) zalo-
7enou a uvazuje se jen o genech rezistence. Citlivesi
metody, jako jsou monosomické analyzy apod., viak ve
vet§iné pripadt ukazuji na sloZitéj&i genetické zaloZeni,
nez ukazuji klasické hybridologické metody. Velmi
Casto se zjiStuji geny, které rezistenci snizuji. Geny
snizujici rezistenci ke rzim popsali Kerber, Green
(1980), Dyck (1982), Johnson, Dyck (1984),
Worland (1987) a dal§i. Rada genetickych analyz
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uskutednénd na nafem pracovisti rovnéz prokizala pi-
sobeni vice gend véetné genl supresordt (KoSner,
Barto¥, 1982a, b, 1983a, b, 1987, 1989, 1995: Bar-
to%, Ko&ner. 1995).

Gen rezistence je podle vysledki monosomické ana-
lyzy a jeji vySc uvedené interpretace lokalizovany na
chromozomu 1A. Na tomto chromozomu byl dosud lo-
kalizovan pouze gen Lr/0 z celkového poctu 50 katalo-
gizovanych specifickych genti rezistence ke rzi pSenic-
né (MclIntosh etal., 1998). Dosud ziskané vysledky
testd odridy Siria neumoZiiuji jednoznacny zavér, zda

jde o stejny gen i v éto odradé. Tento problém bude

predmétem dal3ich analyz, v nichz bude kromé klasic-
kych metod genetiky pouzito i metod molekuldrnich.
nebot markery pro gen Lr/0 jiz byly pfipraveny
(Schachermayr etal., 1997).
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HORDEINOVY A ESTERAZOVY POLYMORFISMUS
ODRUD JECMENE REGISTROVANYCH V ROCE 1997
V CESKE REPUBLICE

HORDEIN AND ESTERASE POLYMORPHISM OF BARLEY VARIETIES
REGISTERED IN THE CZECH REPUBLIC IN 1997

J. Bradova, S. Sykorova, A. Sasek

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

ABSTRACT: Patterns of storage proteins (hordeins) were compared by the method of electrophoresis in gels in 37 spring
and 13 winter barley varieties registered in the Czech Republic. Alleles of four esterase loci were determined in this set of
varicties. Applying hordein signal genes. the evaluated varieties were described as pure lines or populations in terms of their
genetic structure. Alleles of esterase loci were used for detailed characterization and discrimination of hordein identical
varieties and lines. Electrophoresis of hordein and esterase genetic markers is a suitable method to determine varietal authen-
ticity. purity of seed lots or commercial seed. and to marker commercially important traits and properties.

common barley; varietics: characterization: discrimination; hordeins: esterases: electrophoresis

ABSTRAKT: Pomoci elektroforézy na gelovych nosic¢ich byla porovndvina spektra zasobnich bilkovin (hordeint) 37 odrad
jarniho a 13 odrid ozimého je€mene registrovanych v Ceské republice. U tohoto souboru odriid byly stanoveny alely ¢tyf
esterdzovych lokust. Pomoci hordeinovych signdlnich genli byla stanovena geneticka struktura hodnocenych odriid jako
Cistych linii ¢i populaci. Pro detailngjsi charakterizaci a rozliSeni hordeinové identickych odrid a linii byly pouzity alely

esterazovych lokusi, Elektroforéza hordeinovych a esterizovych genetickych markera
stanoveni odridove pravosti. Cistoty davek osiv ¢i merkantilu. a k markeroviini hospod

e ukazuje jako vhodnd metoda ke

drsky vyznamnych znaki o viastnosti.

je¢men sety: odridy: charakterizace: rozliSeni: hordeiny: esterdzy: clektroforéza

UvoD

Ekonomicky vyznam odrad si vyzadal pfijeti praiv-
nich norem, které¢ podminuji vyvoj. vyrobu a vyuzili
odrid zemédélskych plodin. Pravni normy pak charak-
terizuji odradu predevsim odliSnosti od jinych odrad.
homogenitou a stilosti. Dosavadni kritéria odlisnosti,
homogenity a stalosti odrid jednotlivych plodin jsou v sou-
Casné dob¢ dopliiovina kritérii biochemickymi. V roce
1998 jiz byla pijata CSN 46 1085, kterd uréuje postup
pii laboratornim stanoveni hordeinti je¢mene elektrofo-
rézou v gelovych nosicich.

K rutinni identifikaci odrad je¢mene setého se jevi
v soucasné dob¢ jako bézne pouzitelna metoda hordei-
novych signdlnich gent realizovand elektroforézou
v gelovych nosicich (Cerny etal.. 1996). Uréitou ne-
vyhodou je vSak relativné niz§i polymorfismus hordei-
ni. coz sc projevuje vyskytem identickych (cca 20%)
elektroforetickych spekter odrad. Proto je identifikaci
hordeinoveé shodnych odrid je¢menc vhodné doplnit
o dalsi genctické markery. napf. nékteré enzymy.

Cilem price proto byla inovace a upfesnéni zming-
nych biochemickych kritérii, tj. doplnéni katalogd hor-
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deinovych a esterazovych signdlnich genli vyuZitelnych
pii identifikaci jarnich a ozimych odrad je¢mene setého
registrovanych v roce 1997 v CR, s moznosti stanoveni
odradové pravosti a Cistoty divek osiv & merkantilu
a markerovini hospodaisky  vyznamnych znaka
a vlastnosti.

MATERIAL A METODY

Prehled hodnocenych jarnich a ozimych odrad jec-
mene véetné jejich pivodu, roku registrace a rodokime-
nu je uveden v tab. L.

Pro elektroforetické analyzy hordeind byly pouzity
ramSové vzorky osiv dodané UKZUZ v roce 1993,
U jarnich odrad registrovanych v letech 1995 a 1997
a u ozimych odrid registrovanych v roce 1996 byly
pouZity ramSové vzorky osiv dodané ZVU Kroméfiz,
s. 1. 0. (tab. I). Z pramérnych vzorku osiva (po 100 g)
bylo ndahodné odebrano pro elektroloretické analyzy
hordeint 25 zrn.

K rozboram jarnich odrad ATRIBUT. FAMIN. OL-
BRAM. PEJAS. DITTA. KRONA a SIGNAL registro-
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1. Charakteristika odrid jeémene setého registrovanych v roce 1997 v Ceské republice — Characteristics of common barley varicties registered
in the Czech Republic in 1997

P . . 2 .
Nézev odridy | Zemé pivodu? | Rok registrace? Puvod - rodokmen®

> - 5
Jarni odridy’

AKCENT CSK 1992 HVS 827 x EP 7Y

AMULET CZE 1995 HE-2591 x SALOME

ATRIBUT CZE 1996 KM V 3/83 x BR 2174

DITTA DEU 199G AC 1754 x APEX

DONUM" SVK 1993 HVS 55924/75 x RUBIN

FAMIN CZE 1996 ST-145 x CE 597

FORUM CZE 1993 H 387/75 x (HORPATSI KETSCOROS x H 1721/78)

GALAN CSK 1990 K 2567 x HE 1428

HERAN CSK 1992 HE 3380 x SALOME

HORAL" CSK 1982 (/SLADAR x MINERVA/ x /SLADAR x AMSEL/) x F.U.D.IL.

JAREK CSK 1987 (KM 1192 x SLADAR) x OPAL

JASPIS® CSK 1986 ST 6984/72 x OPAL

JUBILANT CSK 1991 SK 1952 x HVS 1461

KOMPAKT SVK 1995 GALAN x KM-A 10

KRONA DEU 1996 (/NEBI x [1827-80/ x 29314-78) x GIMPEL

KRYSTAL CSK 1981 KORAL x RAPID

LADIK CSK 1992 KM 341 x KM 788-1023/83

LUMAR CZE 1995 KM 341 x BR 2174

MALVAZ CSK 1989 (Z 8/75 x 293/77) x P 1447/77

NOVUM CSK 1988 (F.U.D.IL x GERDA) x (8/70 x KRYSTAL)

OLBRAM CZE 1996 HVS 1703/82 x BR 2174

ORBIT CSK 1986 (Rtg. mut. SLOVENSKY ?{()2 x SLADAR) x (DIAMANT x MONTE
CHRISTO) x (VALTICKY x EKONOM)

PAX SVK 1994 SK 1952-6-82 x LENKA

PEIJAS CZE 1996 PERUN x JASPIS

PERUN CSK 1987 Ki. 1728 x KARAT

PRIMUS CZE 1995 JASPIS x E 1197/85

PROFIT CSK 1988 KORAL x HE 357 x (JULIANE x JANTAR))

RUBIN CSK 1982 VALTICKY 6 KV x (ALGERIAN x VALTICKY)) x F. UNION x
(DIAMANT x /DIAMANT x Hadmersleben St 13703/64/3/)

SCARLETT DEU 1997 AMAZONE x (ST. x KYM)

SIGNAL AUT 1996 GRAND PRIX x WW 6702

SLADKO CSK 1992 SK-2043-38-78 x HVS 827/77

STABIL SVK 1993 ORBIT x HE 2592

SVIT CSK 1992 SK-TR 1147 x KM 603

TOLAR CZE 1997 HE 4710 x HVS 78267/83

TERNO CSK 1991 S 170/74 x OPAL

VIKTOR CZE 1994 KM 341 x KM 788-1023/83

Jen pro vyvoz osiva do roku 1996"

MARS CSK 1990 ST 9060/70 x ABED x LOFA

Ozimé odridy vicerade’

AGRILO DEU 1997 (22881 x IGRI) x 04030

BORWINA DEU 1983 (VALJA x VOGGEL SANGER GOLD) x HOHENTHURUM 7246

KAMIL CZE 1993 BORWINA x HVW 1040

KROMIR CZE 1995 vychozi mat. lin. K 20667. Mironovka. Rusko

KROMOZ CSK 1992 ERFA x HVW 759

LUNET CSK 1990 (FIRLBECK ASCHID x ENGELENS DEA) x ENGELENS SENTA

LUXOR CZE 1996 LU-27 x LU-16
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Pokracovini tab. | — Continuation of Tab. 1

Nizev odridy' | Zemé pavodu® | Rok rcgislmcc" Pivod - rodokmen*

OKAL CSK 1992 RUBINA x HVW 860

SIGRA DDR 1986 DUNJA x OGRA

Ozimé odridy dvouradé®

BABYLONE NLD 1997 MARINKA x W 7672-1067-2

MARINKA NLD 1993 (ALPHA x SUP 674) x MALTA (CEBECO) N
MARNA FRA 1996 METRO x FLAMENCO

MONACO FRA 1995 MOGADOR x 1055

Vysvéllivky: zemé piivodu uvedeny podle 1SO 3166 + rozdireného kodu:
Explanatory notes: Countries ol origin are indicated in agreement with 1SO 3166 + extended code:

< N " oo
varicties, two-rowed winter variclies

vanych v roce 1996 (tab. I) byly pouzity klasové vzor-
ky po 100 klasech. které v roce 1994 zafadil UKZUZ
do zkougck D-U-S pro registraci odrid. Elektroforetic-
Ky byla hodnocena jedna az (i zrna z kazdého klasu.

Pro stanoveni alel esterdzovych lokust byly pouzity
sedmidenni listy studovanych odrad. Jako standardy es-
terdzovych alel slouzily zahrani¢ni odrady ATLAS,
DROST., LYALLPUR. MELOY, RIKOTE a TERN.
Podminky péstovini kli¢nich rostlin popsali Syko-
rovi a SaSek (1996).

Hordeinova clektroforeticka spektra byla ziskdana
Castedné upravenym postupem vertikalni elektroforézy
ve sloupcich Skrobového gelu s Al-laktiatovym pufrem
o pH 3.1 a s 2 mol mocoviny na I | pulru (Pomor-
cev etal, 1985; Sasck, Sykorovi, 1989).

Jednotlivé hordeinove zony byly charakterizoviny
jejich relativni elektroforetickou mobilitou (REM) a in-
tenzitou zbarveni zon. Hodnoty REM byly stanoveny
ve vztahu ke ghadinové zon¢ s REM 55,0, determi-
nované lokusem Gld 1D (Sagek. Cern y. 1983).
Alelické bloky zon hordeinit HRD-A. HRD-B, HRD-F,
HRD-D. HRD-E. HRD-C a HRD-G hyly vyclenény
7 clektroforetickych hordeinovych spekter podle kata-
logu alelickych hordeinovych bloku. ziskanych $krobo-
vou gelovou elektrolforézou (Pomorcev et al.
1985). a byly charakterizoviny hodnotami REM a in-
tenzitou zbarveni zon.

Alely esterizovych lokust Est 1, Est 2, Est4 a Est 5 by-
ly stanoveny v plotn¢ polyakrylamidového gelu s tris-
-glycin pufrem pii pH 8.3. Jednotlivé esterazove alely
byly detekovany popsanym postupem a identifikoviny
podle odrid - standardt (Sykorova. Sasck. 19906).
Esterdzové linie studovanych odrid byly oznaceny pis-
menem ,¢* a pofadovym ¢islem v ramei odrudy.

VYSLEDKY A DISKUSE

Soubory vyclenénych alelickych hordeinovych blo-
ki z6n a alely esterdazovych lokust jarnich a ozimych
odrid je¢mene jsou uvedeny v tab. 11 a 11 V tab. IV
a 'V jsou uvedeny prehledy skupin hordeinové identic-
kych odrid a linii jarniho a ozimého je¢mene. Ziskana
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zrusena regiswrace k17, 1997
registration cancelled on It July 1997

2 P v i 2 ke T AR 3 ey 0o 7 g o .
cty name. “country ol origin. “year of registration. “pedigree. “spring varicties. “only for seed exports by 1996, ‘multi-rowed winter

clektroforetickd spektra hordeint a charakteristiky zjis-
t¢énych alelickych hordeinovych bloka (REM a intenzi-
ta zbarveni) jsou publikoviny v metodické prici autori
Cerny a Sasek (1998a).

Geneticka struktura hodnocenych odrad

Pomoci signdlnich hordeinovych gent lze hodnotit
genetickou strukturu odrad je¢mene jako Ciste linie ho-
mogenni ve skladbé hordeint ¢i jako populace hordei-
nové polymorfni. Pocet hordeinovych linii a jejich re-
lativni Cetnost v odradové populaci jsou vyznamné pro
identifikaci odrid hodnocenych ve vzorku elektroforetic-
kou analyzou hordeinti. Nékteré odrady se toliz nelisi
spektrem hordeinovych linii. ale jejich podilem v odri-
dé (Sasek etal. 1990a. b).

Bilkovinné¢ signilni geny navic predstavuji i marke-
ry pro nckteré hospodiisky vyznamné znaky a viast-
nosti genotypu. jichz maze byt vyuzito pro zamérnou
konstrukei odrady s pozadovanymi viastnostmi (Cer-
ny. Sasek. 1998b).

Z celkového poctu 37 odrad jarniho typu (tab. 1) je
21 odrad (57 %) homogennich ve skladbé hordeint
alze je charakterizovat jako ¢isté linie. Jedni se o od-
rady AKCENT. AMULET. DITTA, FAMIN, FORUM,
GALAN. HORAL, JAREK, JASPIS, KRONA. KRYS-
TAL. LADIK, LUMAR. MALVAZ, MARS, NOVUM,
ORBIT. PAX. PROFIT. RUBIN a TOLAR. Jak je pa-
trné 7 tab. 1. u nékierych odrad (AKCENT. FORUM,
LADIK, NOVUM. ORBIT. RUBIN) byl zjifién urity
podil heterozygotnich zrn.

K odradam slozenym z jedné hlavni a jedné i vice
vedlejsich hordeinovych sublinii (ve statisticky nepri-
kazném zastoupeni) patii odrady ATRIBUT a JUBI-
LANT.

Odridy HERAN. KOMPAKT. OLBRAM. PEJAS.
PERUN. SCARLETT. SIGNAL. SLADKO. SVIT,
TERNO a VIKTOR jsou charakterizoviny dvéma
hlavnimi liniemi. Zbyvajici odrady DONUM. PRI-
MUS. STABIL s¢ vyznaCuji vy§&im hordeinovym po-
lymorfismem. Skliddaji se ze (i 1 vice hordeinovych
linii.




11. Hordeinové a esterizové genetické markery jarnich odrid jecmene setého registrovanych v Ceské republlice — Hordein and esterase
genetic markers ol spring varietics of common barley registered in the Czech Republic

, | Hordeinovi linie? HRD alelické bloky zon? Minoritni | Esterizove Alely esterizovych lokusa®
Nizev odriady Hrd seny? linie®
" Y% A B F rd geny e Est-1 | Est-2 | Est-4 | Est-5
@il Ca Dr Su Pi
AKCENT A 94 12 21 1
e Ca Fr Su Pi
AMULET A 100 12 47 | Ei/C el Ca Dr Su Pi
A 93 21 25 |
ATRIBUT 2 2 25
® = = £ ! el Ca Di Su null
(&) | 2 47 |
(D) 2 12 47 | E.C
DITTA A 100 32 2] | el Pr Dr Su Pi
A 41 4 45 3
DONUM B 28 2 29 3 E & Ca Fr Su Pi
C I8 2 45 3 E
FAMIN A 100 12 21 I gl Ca Dr Su P
FORUM A 98 NI 8 2 el Pr Fr Su Pi
GALAN A 100 2 19 | el Pr Fr Su Pi
A 70 2 47 | E
HERAN el Ca Fr Al Pi
B 23 2 47 |
HORAL A 100 12 21 ! el Ca Fr Su Ri
JAREK A 100 2 19 | el Ca Fr Su Ri
JASPIS A 100 21 25 | el Ca Fr Al Ri
A 96 N2 29 3
JUBILANT el Ca Fr Su Te
(B) 4 23 29 3
A 58 2 19 |
KOMPAKT el Pr Fr Su Pi
B 29 2 3 2
KRONA A 100 k] 29 3 E el Ca Fr Su Pi
KRYSTAL A 100 32 21 0 el Ca Un Nz Pi
LADIK A 95 23 21 1 G el Ca Fr Su Pi
LUMAR A 100 5 17 3 el Ca Fr Al Ri
MALVAZ A 100 2 17 3 el Ca Fr Su Pi
NOVUM A 95 32 21 0 el Ca Un Nz Pi
A 65 4 21 | G
OLBRAM el Ca Dr Su Me
B 22 5 17 2
ORBIT A 9l 21 25 | el Ca Fr Al Pi
PAX A 100 2 19 I [ Pr Fy Su Pi
A 79 2 47 | E o
PEJAS el Ca Fr Su/At Pi
B 14 9 47 1
A 78 2 47 |
PERUN el Ca Fr Su Pi
B 22 2 47 1 E
A 66 21 25 | el Ca Fr Su Ri
PRIMUS B 28 2 25 | 2 Ca Fr Su Pi
C [ 2 19 | nestanoveno’
el Ca Fr Su Pi
PROFIT A 100 2 25 | e2 Pr Fr Su Pi
¢l Ca Fr Al Pi
RUBIN A 92 4 45 3 el Ca Fr Su Pi
A 70 2 8 2
SCARLETT el Pr Fr Su Pi
B 30 2 NI I
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Pokracovini tab. 11 = Continuation of Tab. 11

| Hordeinovi linie? HRD alelické bloky zén? Minoritni | Esterizové Alely esterdzovyeh lokusa®
Nizev odridy Hrd seny? linie®
n % A B F 1 geny e Est-1 | Est-2 | Est4 | Est-S
A 84 N3 N2 I 3
SIGNAL 3! Ca Fr Al Pi
B 16 N3 29 3
A 89 12 21 | G’ : .
SLADKO i el Ca Dr Su Ri
B I 12 21 | E'+G
A 49 2 47 | el Ca Fr Al Pi
3 2 2 Ca Dr S Ri
STABIL B 13 N 47 | ¢ 1 v u i
C 27 21 25 ! .
(%) Ca Fr Su Pi
D 8 2 35 |
A 40 2. 47 | E :
SVIT (| Ca Fr Su Pi
B 60 2 47 |
A 57 21 n 2 i
TERNO el Ca Fr Su Pi
B 35 2 17 2
TOLAR A 100 2 19 | il Ca Fr Su Pi
A 63 2 17 3 (| Ca Fr Al Pi
VIKTOR
B 37 2 17 3 E &2 Ca Fr Su Pi
MARS A 100 2 7 2 el Ca r Su Me

v . « TS - .
Alela velmi slab¢ vyjidiena — Very feeble allele expression

- 2 —— 3 - . 4 . 3 " 6 . . .
'\'nncly name, “hordein line, "HRD allelic blocks of zones. "Hrd minor genes. “esterase lines. “alleles of esterase loci. ‘not determined

1. Hordeinové a esterizové genetické markery ozimych odrid jedmene setého registrovanych v Ceské republice — Hordein and esterase
genetic markers of winter varieties of common barley registered in the Czech Republic

.y | Hordeinovi linie? HRD alelické bloky zon® Minoritni | Esterizové Alely esterizovych lokusa®
Nizev odridy Hril geny? linic
u % A I B | F 1e.geny e Est-| [ Est-2 | Est-4 | Est-5
Ozimé odridy - vicerade”
AGRILO A 100 3] NI | el Pr Fr Su Pi
BORWINA A 100 14 3 2 el Ca Fr Su null
KAMIL A 100 14 3 2 [ Ca Fr Su Pi
A 83 3 NI |
KROMIR B 8 3 3 2 el Ca Fr Al null
C 8 2 ¥ 2
A 53 3 NI 1
KROMOZ 5 el Ca Fr At null
B 37 3 NI 1 C
LUNET A 100 14 3 2 el Ca Fr Su Pi
LUXOR A 100 3 NI ! il Pr Fr Su null
OKAL A 100 3 NI | el Pr Fr Su null
A 93 3 N1 |
SIGRA g el Pr Fr Su Pi
B 7 3 N1 | C
Ozimé odridy — dvouiadé®
BABYLONE A 100 21 3 2 el Pr Fr Su Pi
MARINKA A 100 3 3 2} A Ca Fr Su Pi
MARNA A 100 3 NI I el Ca Dr Su Te
MONACO A 100 3 3 2 el Ca Dr Su Pi

+ . s oA .
Alela velmi slabé vyjadiena — Very feeble allele expression

1 5 2 - 3 . . 4 . 5 . f . x " v

variety name, “hordein line. "HRD allelic blocks of zones "Hrd minor genes. “esterase lines. “alleles of esterase loci. Twinter varicties —
. N . ]

multi-rowed. “winter varieties — two-rowed
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Urcity stupei hordeinového polymorfismu byl zjis-
tén i u odrad ozimého je¢mene (tab. III). Ze 13 sledo-
vanych odrid ozimcho je¢mene jsou odrady AGRILO,
BABYLONE, BORWINA, KAMIL, LUNET, LUXOR,
OKAL, MARINKA. MARNA a MONACO hordeino-
vé homogenni a predstavuji Cisté linie. Jejich cetnost
tedy ¢ini 77 %. Helerogenita byla zjisténa u odrid
KROMIR, KROMOZ a SIGRA. Tyto odridy vykazuji
dvé, popi. tii hordeinové linie.

Enzymovy systém esterdaz (E.C.3.1.1.7) je u je¢mene
jednim z nejvice polymorfnich — ze zjisténych 10 loku-
st maji téméi viechny vice nez dvé alely (Brown.
1983). Hvid a Niclsen (1977) navrhli nazvoslovi
enzymovych lokust a alel, které je zaloZeno na etalo-
novych nosic¢ich alel — standardnich odridich je¢mene.
Brown (1983) uvadi tuto chromozomovou lokalizaci
esterazovych lokust u jecmene: Est 1, 2, 4, 6. 10 na
chromozomu 3. Est 3 a 5 na chromozomu |, Est 7 na
chromozomu 2 a Est 9 na chromozomu 7. Pro Est 8 ne-
byla chromozomovi lokalizace dosud stanovena.

V tab. II jsou rovnéz uvedeny alely esteriazovych
lokust Est 1, Est 2, Est 4 a Est 5 u 37 jarnich odrad
jec¢mene. 'V tomto souboru bylo nalezeno 32 odrid
(86 %) esterizové jednoliniovych, zatimeo u 5 odrad —
AKCENT. PRIMUS.PROFIT. STABIL a VIKTOR -
byla zjisténa vice nez jedna esterdzova linie. Odriady
AKCENT a PROFIT jsou hordeinové jednoliniové.
aviak u odriady AKCENT byly nalezeny dvé esterdzo-
vé linie. odliZujici se alelami Dr a Fr v lokusu Est 2.
u odrady PROFIT pak tii esterdazové linie, odlidujici se
vzijemné alelami v lokusech Est | a Est 4 (tab. 1I).
Vlastnosti takto vyclenénych esterdzovych linii budou
dile studoviany. U (i hordeinové viceliniovych odrid
PRIMUS. STABIL a VIKTOR byly pro prislu$né¢ hor-
deinové linie zjistény i individudlni esterdzové linie
(s vyjimkou hordeinové linic PRIMUS C, u kieré este-
razové alely nemohly byt stanoveny pro nedostatek ma-
teridlu). U hordeinovych linii A a B odrady STABIL
byly rovnéz nalezeny piislu§né esterdazové linie, odlisné
dokonce ve tiech lokusech (Est 2, 4, 5), piestoZe se
hordeinové linie liSily pouze v jednom hordeinovém
lokusu. Podobnym piikladem jsou i hordeinové velmi
blizké liniec A a B odrady VIKTOR s esterazovymi li-
niemi odlisnymi pouze v jednom lokusu.

U hordeinoveé viceliniovych odrad ATRIBUT, DO-
NUM, HERAN, JUBILANT, KOMPAKT, OLBRAM,
PEJAS, PERUN, SCARLETT, SIGNAL, SLADKO,
STABIL, SVIT a TERNO byla pro viechny hordeinové
linie prislu$né odridy nalezena vzdy jedna esterizova li-
nie (tab. II), coZ sved¢i o genetické blizkosti (sesterském
charakteru) hordeinovych linii v rimei jedné odrady.

V souboru ozimych viceradych a dvoufadych odrud
je¢mene (tab. IIT) nebyl zjisten polymorfismus z hledis-
ka esterizovych lokusii u Zidné hordeinové homogenni
odridy, ani nebyl zjistén pripad individualnich estera-
zovych linii pro jednotlivé hordeinové linie. jako tomu
bylo v souboru jarnich odriid. Naopak u hordeinové
viceliniovych odrd bylo zjis
homogenni. coz svédci o jejich sesterském charakteru.

(Eno, Ze jsou esterizove
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Jedna se o hordeinové linie odrid KROMIR, KROMOZ
a SIGRA.

Odridova specificnost hordeinovych a esterizovych
elektroforetickych spekter

Hordeiny se ve srovndni s pSenicnymi gliadiny vy-
znacuji niz&i genetickou variabilitou (Cerny. Sa-
Sck. 1988). Jejich rozlisovaci schopnost pri identili-
kaci odrad je proto ve srovnini s gliadiny rovnéz nizsi
a projevuje se vy3ESi Cetnosti odrad. linii s identickym
hordeinovym elektroforetickym spektrem. Takové od-
ridy s identickou skladbou hordeind nelze béZnym po-
stupem jednorozmérné clektroforézy rozlisit.

Shodni elektroforeticki spektra byla zjisténa u od-
rad a hordeinovych linii jarniho je¢mene: 1. FAMIN

IV. Skupiny hordeinové identickych odrud a linii je¢mene s alelami
esterdzovych lokust = jarni odrady — Groups of hordein identical
barley varicties and lines with alleles ol esterase loci = spring varie-

ties
.'\'kupin:l' G Esterizové alely na lokusech®
Est | Est 2| Est 4 Est §
i FAMIN 4 Dr Su Pi
HORAL Ca Ir Su Ri
ATRIBUT (C) Ca Dr Su null
HERAN B Ca Fr Al Pi
2. PEJAS B Ca Fr Su null
PERUN A Ca Fr Su Pi
STABIL A Cu Fr At Pi
SVIT A Ca Fr Su Pi
3. KRYSTAL Ca Un Nz Pi
NOVUM Ca Un Nz Pi
4 DONUM A Ca Fr Su Pi
RUBIN Ca Fr Su Pi
ATRIBUT A Ca Dr Su null
JASPIS Ca Fr At Ri
5. ORBIT Ca Fr Al Pi
PRIMUS A Ca Fr Su Ri
STABIL C Ca Fr Su Pi
GALAN Pr Fr Su Pi
JAREK Ca Fr Su Ri
6. KOMPAKT A | Pr Fr Su Pi
PAX Pr Fr Su Pi
PRIMUS C nestanoveno?
TOLAR Ca Fr Su Pi
; MALVAZ Ca Fr Su Pi
VIKTOR A Ca Fr At Pi
ATRIBUT (B) | Ca Dr Su null
8 PRIMUS B Ca Fr Su Pi
PROFIT Cw/Pr Fr Su/At Pi
STABIL D Ca Fr Su Pi

[ P 3 5 4 y
group. “variety, “esterase alleles on loci. "not determined
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a HORAL (HRD A 12-HRD B 21-HRD Fl), 2. ATRI-
BUT (C), HERAN B. PEJAS B. PERUN A, STABIL
A, SVIT B (HRD A 2-HRD B 47-HRD F 1), 3. KRYS-
TAL, NOVUM (HRD A 32-HRD B 2I-HRD F 0),
4, DONUM A, RUBIN (HRD A-HRD B 45-HRD F 3).
5. ATRIBUT A, JASPIS. ORBIT. PRIMUS A, STA-
BIL C (HRD A 21-HRD B25-HRD F 1), 6. GALAN,
JAREK, KOMPAKT A, PAX, PRIMUS C, TOLAR
(HRD A2- HRD B 19- HRD FI), 7. MALVAZ, VIK-
TOR A (HRD A 2-HRD B17-HRD F 3), 8. ATRIBUT
(B), PRIMUS B. PROFIT, STABIL D (HRD A2-HRD
B25-HRD F 1) (tab. IV).

Hordeinové viceliniové odrady-populace lze clek-
troforézou hordeint rozligit zjisténim jejich linii-kom-
ponent, které se u téchto odrid-populaci lisi relativnim
zastoupenim a zejména odlignou skladbou hordeino-
vych gent.

U odridy FORUM, JUBILANT, SIGNAL a STABIL
byly v hordeinovych lokusech A. B a F zjiStény nové
hordeinové bloky. které jsou predmétem dal$iho studia.

U odrad ozimého je¢mene jsou hordeinové shodné
viceradé odrady: 1. BORWINA, KAMIL a LUNET
(HRD A 14-HRD B3-HRD F2). 2. AGRILO, KROMIR
A, KROMOZ A, LUXOR, OKAL, SIGRA A a dvou-
fadd odrida MARNA (HRD A 3- HRD B NI-HRD
F1), 3. KROMIR B a ozimé dvoutradé odridy MARIN-
KA a MONACO (HRD A 3-HRD B3-HRD F2). U fa-
dy odrad byl identifikovin novy (HRD BNI) hordei-
novy blok (tab. V) (Cerny. SaSek, 1998a).

Odrady-populace KROMIR. KROMOZ a SIGRA ma-
ji po jedné hordeinové totozné linii A (HRD A3-HRD
BNI-HRD F1). Daji se viak vzdjemn¢ rozlisit pomoci
dalSich linii B, resp. C.

Vyznamné je potvrzeni difvéjsich poznatki (Cer-
ny ct al, 1993a, b), Ze odriady jecmene ozimého se
daji rozlisit elektroforézou hordeinti od odrad je¢menc
jarniho. Pro ozimé odridy je charakteristicka vysoka
Cetnost alelickych blokt HRD Al4 a HRD A3, které
nebyly zjistény u tuzemskych odrad je¢mene jarniho.

K rozliseni odrad s identickymi hordeinovymi clek-
troforetickymi spektry je mozné pouZit dalsi bilkovinné
genetické markery. napf. gluteling (Pomorcev et al.,
1987), izoenzymy (Jones, 1987) ¢i RFLP markery
(Heun etal., 1991).

V tab. IV a V jsou uvedeny skupiny hordeinové
identickych genotypi (odrid a linii) jarniho a ozimého
jecmene s jejich esterazovymi alelami. U jarnich odrad
je to osm skupin, u ozimych vicefadych a dvouradych
odrad (i skupiny. Tuné jsou vytisiény odligné alely,
aviak v nékterych skupinach neni pomoci téchto markert
jednoznacéné odliseni mozné, napi. KRYSTAL. NOVUM
(skupina 3), DONUM, RUBIN (skupina 4), z¢ 6. skupiny
Ize odlisit pouze JAREK od ostatnich odrid. zeela iden-
tické jsou MALVAZ a VIKTOR D (7. skupina), z 8. sku-
piny lze odligit pouze ATRIBUT B a STABIL D.

U ozimych odrid lze z 1. skupiny odlifit odridu
BORWINA od ostatnich dvou odrad, z 2. skupiny lze
odridy odlisit pouze skupinové. odridy 3. skupiny je
moZzné rozliSit zcela jednoznacné.
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V. Skupiny hordeinové identickych odrad a linii jecmene s alelami
esterizovych lokust = ozimé odridy — Groups of hordein identical
barley varieties and lines with alleles of esterase loci — winter varie-

ties
Skupina! Odruda® Esterdzove alely na lokusech?
Est | Est2 | Estd | Est5
BORWINA Ca Fr Su null
I KAMIL Ca Fr Su Pi
LUNET Ca Fr Su Pi
AGRILO Pr Fr Su Pi
KROMIR A Ca Fr Al null
KROMOZ A Ca Fr Al null
% LUXOR Pr Fr Su null
MARNA Ca Dr Su Te
OKAL Pr Fr Su null
SIGRA A Pr Fr Su Pi
KROMIR B Ca Fr Al null
3. MARINKA Ca Fr Su Pi
MONACO Ca Dr Su Pi

For 1-3 sce Tab. IV

ZAVER

Elektroforéza hordeini a cnzymu je¢mene je rych-
lou a objektivni metodou pro stanoveni genctické
struktury odriid (Cisté linie. populace sesterskyeh linii),
coz piedstavuje velmi dalezitou informaci pro Slechténi
1 pro pravni ochranu odrady a vesker¢ dalSi navazujici
procesy (napi. obchod).
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MODELS AND DESIGNS FOR EXPERIMENTS WITH
CARRYOVER OF TREATMENT EFFECTS

R. A. Kempton

Biomathematics & Statistics Scotland, Edinburgh, UK

ABSTRACT: Carryover of treatment effects leads to experimental bias but may be controlled through design and analysis.
This is illustrated for variety yield trials where carryover is related to variety height. and for sensory trials where carryover

is proportional to the direct treatment effect. Designs are proposed for particular response models.

interference: interplot competition: alpha designs: restricted randomisation: neighbour balance: optimal designs; variety trials:

sensory cxpcrimcnls

INTRODUCTION

Carryover occurs when the evaluation of a product
or treatment in an experimental unit is influenced by
treatments which occur in neighbouring units. We con-
sider methods for controlling carryover in experiments
for comparing the performance ol crop varieties in the
field and the sensory qualitics of processed food prod-
ucts. If not controlled, carryover can lead to large bias
in treatment estimates.

In variety testing, plant breeders’ selections are tested
side by side in small plots (o conserve resources and
reduce the effects of soil heterogeneity. Many authors
(Kempton. Lockwood. 1984: Kempton et
al., 1986: Talbot et al, 1995) have shown that va-
riety yields can be influenced by competition from va-
rictics of different heights in adjacent plots. Figure |
illustrates the negative relationship between plot yield
and mean difference in crop height between a plot and
its two neighbours. for a tall and short bean variety in
a trial with single-row plots (Kempton, Lock-

wood. 1984). The short variety is seen to perform rela-
tively well when abutted by varieties of similar height.
but its mean yield over the whole trial is depressed by
competition from taller neighbours. In contrast. the yield
of the tall variety is enhanced when adjacent to shorter
varieties, so the difference in the two trial means is
doubly biased. Indeed. Kempton and Lockwood
(1984) found no significant difference in the perform-
ance ol these two varieties in a parallel 4-row plot trial
with yields taken from the inner two rows. Kempton
(1997) also considered the spread of disease pathogens
from susceptible varietics 1o adjacent plots as a poten-
tial source of carryover. He showed that when suscep-
tible and resistant varieties are grown in mixture. the
discase scores for the resistant varictics are increased
and those [or the susceptible varieties are suppressed
compared with their scores in pure stands.

In the sensory evaluation ol foods, assessors sample
products in sequence, possibly over several sessions.
For consumer testing. assessors are a sample ol poten-
tial users of the products and usually only evaluate

Plot
yield (g)

200

L. Relationship between yield of a plot and the
mean difference in crop height from its two neigh-
bours for a tall @ and short +  bean varicty when
5 arown in single-row plots adjacent 1o varict

s ol

different height. Based on the observed dif
in trial means O, the all variety shows o vield ad-

vantage over the short of 47 & 6.7%. but the pre-

~30 0 30

Mean excess height of neighbours (cm)
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60 dicted advantage in pure stand Pis only 14+ 6.5%

(Kempron. Lockwood. 1984)
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product acceptability. Food manufacturers also utilise
small professional taste pancls to provide a detailed
profile of their products, sometimes for as many as 50
sensory attributes. Assessors separate successive sam-
ple tastings with a “wash-out’, usually a dry wafer and
waler, to clear the palate and reduce carryover. How-
ever, this precaution is not always effective. Documen-
tary evidence of carryover is mainly found in the psychol-
ogy literature where experiments usually lack a wash-out.
For example, Schifferstein and Oudejans
(1996) found that the saltiness score for a standard salt
solution was influenced by the concentration of the pre-
vious_solution sampled: when the concentration was
less than the standard, a higher score was given and
vice-versa (Fig. 2). In this case. carryover was also
found to extend to the next but one sample, though
a wash-out would most likely have removed this effect.

Kempton ctal. (1998) investigated carryover in
the visual assessment of image cover. for example in
scoring plant leaf discase. They found strong evidence
of positive carryover, so that, when an image followed
an image with higher level of cover, a higher score was
recorded than when it followed an image with lower
level of cover.

In this paper. we show how carryover can be con-
trolled through both design and analysis. First we con-
sider appropriate models for carryover.

MODELS FOR CARRYOVER

Consider an experiment where 7 treatments (prod-
ucts) are evaluated on u units. We assume that a treat-
ment on any one unit has a direct effect on that unit
and equal carryover elfects on a set of neighbouring
units, and that direct and carryover effects are additive.
The value recorded for the wth unit is then

V= et Bn +6; wmt Zw

’nn' ‘br (v3) + L.u (1 )

where [ is the grand mean: B is one or more “block’
cffects corresponding (o the uth unit: () is the treat-

100)

Saltiness rating (S

Preceding solution

2. Mean saltiness rating of standard salt solution S by 36 assessors
when preceded by solutions of different saltiness (average ol Experi-
ments 2 and 3 from Schifferstein, Oudejans. 1966)
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ment on the uth unit with direct effect 8, w,, is
a weighting constant which is equal to 1 if units « and
u' are neighbours, and 0 otherwise; ¢, 1s the carry-
over effect from treatment #(u’); and the g,’s are ran-
dom errors with zero expectation. We assume that car-
ryover is limited to immediately adjacent units, i.e. for
a linear spatial layout w,, = 1 when ' = u & 1, while
for repeated measures this only holds when nn’ = u — 1.

In variety testing, the true value ol a variety is its
cffect in a pure stand when grown adjacent to itself, i.e.
T = 0 + 2¢. rather than its direct effect 8. For repeated
measures, T=0 + ¢ which Lucas (1957) termed the
permanent treatment effect from repeated application,

In some cases carryover may be related to a treat-
ment character X, as for example in Figure | where
carryover is proportional to variety height. A special
case of this is where carryover [rom a treatment is pro-
portional to its direct effect. i.c. ¢ = AB. This model,
which we call the proportional carryover model. is com-
mon in sensory evaluation. as exemplificd by Figure 2.
Here carryover takes the form of a contrast effect (i.e.
A < 0). The example ol disease spread previously
quoted from variety testing shows carryover as an as-
similation cffect ( A > 0).

CONTROL OF CARRYOVER THROUGH DESIGN

If carryover is ignored in the analysis. treatment cs-
timates of T will be biased. David and Kempton
(1996) s/!mw/c:d that if the true model is (1). the average
bias in T; — 7; is proportional to ¢; = ¢;. I there is no
information on carryover, designs which are (partially)
balanced for neighbours remove the risk of extreme
bias through an unfortunate randomisation of treat-
ments (Azais, Druilhert, 1997).
where information on carryover is available, David
and Kempton (1996) have shown how it can be
used to produce better spatial designs. Here, we assume
that carryover is)"relzllcd to some treatment attribute X such
that bias (T; = Tj) increases monotonically with X; — X
and that there is prior information on treatments which
provides a ranking on X.

Consider. for illustration, a complete block experi-
ment with nine treatments (1..., 9) ranked in descending
order of X. Varieties arc allocated in this order to cach
replicate block, filling the block alternately from either
end. to give:

However,

135798642

This allocation ensures that treatments with very differ-
ent values of X do not occur in adjacent units. This
property is maintained by restricting the randomization
of units within blocks to reversions and cyclic permu-
tations. For example, reversing the treatment order and
C):cling two units to the right gives

312468975
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Note that the starting arrangement. | 234567 8
9, whilst minimising the treatment bias from carryover
before randomization. would place the two extreme
treatments | and 9 together after cyclic permutation.
A random cyclic permutation ensures that every treat-
ment occurs with equal frequency, under randomiza-
tion, in every experimental unit, which is a further pro-
tection against bias. In the absence of carryover, this
randomization lcads to a weakly valid analysis, in the
sense that the average variance of treatment compari-
sons is unbiased (Bailey, Rowley, 1987).

David etal. (1996) showed how this method can
be extended to variety trials using incomplete block
designs, such as alpha designs, in which each replicate
consists of a single line of plots and replicates are sepa-
rated. We consider a 3-replicate trial with block size 5
for 30 varieties ranked by height. For the first replicate,
we allocate varieties one at a time in descending order
of height to successive blocks:

Block | 1 7 13 19 25
Block [T 2 8§ 14 20 206
Block 111 3 9 15 21 27
Block IV 4 10 16 22 28
Block V. 5 Il 17 23 29

Block VI 6 12 18 24 30

For alpha designs, the other replicates are obtained by
cyclic permutations within individual columns: the per-
mutation arrays are (0 1 34 5)and (0251 3) (Pat-
terson etal, 1978):

The initial arrangement of varieties within blocks is
obtained by filling blocks from either end as before.
This can be achicved here by reordering columns to 1.
3,5, 4, 2. The starting design for the first replicate with
lincar blocks is then

(1'1325197)(21426208)(31527219) (41628
22 10) (5 17 29 23 |1) (6 18 30 24 12)

The randomization of replicates and blocks within
replicates is as for a standard incomplete block design.
Randomization of varieties within blocks is restricted
to reversions and cyclic permutations as before. Rever-
sions are randomized independently for each block, but
the cyclic permutations are based on the same random
shift applied in opposite directions for adjacent blocks,
as if blocks were connected cog wheels. This ensures
carryover is controlled across block boundaries. An
example of the final 3-replicate design after randomi-
sation is given below (the replicate above becomes the
second row).

122128 1453 18261910722291569242517
2823301614 13272011
262082142721931529175112325197113
2816410223024 126 18

22 113143018 192028 154 12 23
272475162621 1021329

251986 17
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This restricted randomization ensures that varieties
with extreme differences in height never appear in ad-

jacent units.

David etal (1996) considered designs for control-
ling carryover given slightly weaker prior information
which allowed varieties to be allocated to three or more
groups with similar height. These designs ensure that
varieties from two groups with very different height
never appear in adjacent units.

DESIGNS FOR CARRYOVER MODELS

Where reliable prior information is not available on
the carryover effects of treatments, bias in the estimates
of treatment effects may be reduced by fitting a model
incorporating carryover as described previously.
Choice of model has implications for design. We de-
monstrate this for a repeated measure experiment using
both the additive and proportional carryover models.

Additive Carryover Model

Cochran etal. (1941) introduced the additive car-
ryover model for analysis of milk yields in dairy cattle
feeding experiments. Their model was

Y= M+ (X,, ¥ i, + 9l (n.v) iF ¢l (r.v=1) b t:ur ()

where y,. is the value for the uth animal in the vth
period, o, is the animal effect and wt, the period effect.
A design composed of orthogonal latin squares pro-
vided efficient estimation of trecatment cffects (Wil-
ltams. 1949). For four treatments this requires 4 pe-
riods and 12 individuals. with treatments arranged as
follows:

Design 1
ABCD ABCD ABCD
BADC DCBA CDAB
CDAB BADC DCBA
DCBA CDAB BADC

Such designs have also been promoted for sensory
evaluation of food products (Wakeling, MacFie,
1995). As the design is constructed from complete latin
squares it is uniform for both periods and assessors. i.c.
each treatment occurs the same number of times in each
row and the same number of times in cach column. The
design is also weakly neighbour balanced in the sense
that each treatment follows every other treatment the
same number of times. A strongly neighbour balanced
design extends this property so that each treatment fol-
lows every treatment including itself an equal number
of times. It can be obtained from Design | by adding
a fifth period which repeats the treatments in period 4.

For the additive carryover model, a weakly balanced
design is known to be optimal for estimation of both
direct and carryover effects among all uniform designs
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where each assessor evaluates each treatment once (see
Shah, Sinha, 1989). However, if there is no re-
quirement for cach assessor to evaluate each treatment,
other designs may be more efficient. Patterson and
Lucas (1959) proposed an alternative design with the
first three periods identical to Design | and a fourth
period which repeats the treatments in the third period:

Design 2
ABCD ABCD ABCD
BADC DCBA CDAB
CDAB BADC DCBA
CDAB BADC DCBA

Although this design is less cfficient than Design 1
for estimation of direct treatment effects 6, the occur-
rence of the same treatment in successive periods me-
ans that repeat treatment effects T are estimated with
the greater precision. The efficiencies of the estimates
expressed as the reciprocal of their variances relative
to the variance of the treatment estimates without car-
ryover are

8 @ T
Design | 919 62% 29%
Design 2 83% 69% 38%

Note that, in the absence of carryover, the latin
square design is 100% efficient for estimation of treat-
ment effects, but Design 2 has an efficiency of only
83%.

Proportional Carryover Model

The proportional carryover model for repeated me-
asures takes the form

Yy =H A0, + T+ OI (1. v) +A 9! (v=1) + Em' (2)

where —1 < A < +1. Since the model is nonlinear, the
optimal design will, in general, be dependent on the
model parameters 6 and A. In Figure 3, we compare the
average variance ol differences of direct treatment ef-
fects for Designs 1 and 2 for different values of A. For
A < ¢, where ¢ = 0.4, the balanced latin square design
is more efficient, while for larger values of A, Design 2
gives greater precision. Results from a computer search
routine (Donev, 1997), suggests that Design | is
globally optimal for A < 0.37, while Design 2 is optimal
for A > 0.48. Between these two values, hybrid designs
are optimal. Thus for most circumstances, where carry-
over takes the form of a contrast effect or small to
moderate assimilation effect, Design | should be used
to estimate 6.

CONCLUSIONS

These examples illustrate how the optimal design for
evaluating treatments in the presence of carryover is
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3. Average variance of treatment differences (VAR) from the propor-
tional carryover model for values of proportion constant A, for two
cross-over design with 12 subjects. 4 treatments and 4 periods

imfluenced by the statistical model to be used in analy-
sis and, for nonlinear models, by the model parameters.
In both crop variety testing and the sensory evaluation
of foods there is usually a wealth of information (rom
similar past experiments which could be used to tailor
designs more closely to the current experimental cir-
cumstances. There may also be advantages in using
such prior information more formally within a Baye-
sian design framework (Chaloner, Verdinelli,
1995).
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THE USE OF INCOMPLETE BLOCK ANALYSIS IN POLISH
VARIETY TESTING TRIALS

VYUZIVANI ANALYZY VYVAZENYCH NEUPLNYCH BLOKU
V POLSKYCH ODRUDOVYCH ZKOUSKACH

W. Pilarczyk

Department of Mathematical and Statistical Methods, Agricultural University, Poznai,
Research Centre of Cultivar Testing, Stupia Wielka, Poland

ABSTRACT: The extent of use of incomplete (resolvable) block designs in Polish varicty testing is described. The gain in
cfficiency with these designs in official VCU-trials with cereal varieties is reported. The effectiveness of three methods of
analysis (intra-block. inter-block and Williams's method of neighbour effect analysis) was investigated. The gain in efficiency
ranged from about 10% to more than 30%. depending on crop. year and method of analysis. By the use of the so-called
postblocking method. applied to the results of three big trials with maize, it could be demonstrated, that the use of incomplete
block analysis might be an advantage also in official DUS (distinctness. uniformity and stability) trials.

variety testing: incomplete blocks: lattice designs: o-designs. efficiency

ABSTRAKT: Predmétem price je vyuzivani pokusnych plint s netdplnymi vyvizenymi bloky v polském odridovém zku-
Sebnictvi. Je popisovino zvySeni efektivnosti ve statnich odradovych zkouskich, dosahované t&€mito pokusnymi pliny. Byla
zkoumina acinnost (i metod vyhodnoceni (analyza uvniti bloki. analyza mezi bloky a Williamsova metoda analyzy vlivu
sousedi). Bylo dosaZeno zvy$eni ucinnosti od cca 10 % do vice nez 30 %. v zavislosti na plodiné. roku a metodé vyhodno-

ceni. PouZitim tzv. metody .postblocking™ (dodate¢na tvorba bloki) u tfi velkych pokusi s kukufici bylo demonstroviino, ze

analyza netplnych blokit miZe byt vyhodnd i pro zkousky odliSnosti. uniformity a stilosti (DUS).

odriidové zkuebnictvi: netplné bloky: miizkové rozloZeni: rozloZeni alfa: acinnost

INTRODUCTION

A common tool used for analysis of trial data of
VCU (value for cultivation and use) is an analysis of

variance. Also for the evaluation of the DUS (distinctness.
uniformity and stability) trial data the analysis of vari-

ance is very often used. Are the basic assumptions of

this analysis [ullilled? One of these assumptions concerns
homogeneity of experimental units (plots) within hlocks.
How large should blocks in field experiments be? Are
the blocks consisting of, for example. 50 plots still
acceptable? Nobody knows a precise answer to these
questions. But because the answer is unknown, experi-
menters tried to protect their results against biass, re-
sulting from potential lack of homogeneity of experi-
mental units. They tried to protect their data against the
lack of fulfillment of other basic assumptions (additiv-
ity. homogeneity ol variances) as well. One of the very
carly proposals were using the incomplete blocks. Ex-
perimental design is called incomplete if not all of
treatments (varieties) appear in every block, that means
in fact that the number of experimental units within
blocks is smaller than the number of varieties. Yates
(1936) the lattice designs introduced. Square lattice exists
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when the number of varieties V is a square of prime
number £ or its power. A rectangular lattice exists
when the number of varieties is equal to the multiple
of two neighbouring numbers V=& x (k= 1). So lattice
designs exist for number of varieties equal to 9. 12, 16,
20, 25. 30. 36, 42, 49..... Under some conditions con-
cerning the number of replicates some of lattice designs
can be balanced. Then many other types of incomplete
blocks were introduced such as: partially balanced in-
complete blocks, ¢-designs, o-designs. and so on. Some
of these designs were widely used in practice. however,
some have had mainly the theoretical impact.

USE OF INCOMPLETE BLOCKS IN POLAND

Incomplete blocks (mainly lattice designs) were
widely used in many breeding programs in Poland in
the carly fifties. In particular in sugar beet trials and in
cereal trials lattice designs with as many as 8=10 rep-
licates were used. In 1959 the first book in Polish by
Bilski (1959) appeared in which the method of es-
tablishing trials in lattice designs was described and
also the methods of a calculation of the analysis of
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variance were given. It was a turning point, because
since then the number of varieties was large enough to
be the lattice designs used. When in 1966 the official
variety testing was taken over by the Ministry of Agri-
culture establishing the Rescarch Centre of Variety Test-
ing (COBORU) under leadership of professor Bilski,
there were no serious problems of introducing lattice
designs into practice in the variety testing rescarch.
These designs and lattice squares were the only incom-

plete blocks used till 1979. Meanwhile. the number of

replicates had been reduced to four. So in practice it
was impossible (o use balanced lattice designs. And as
lattice designs exist only for particular numbers of va-
rieties. so additional difficulties appeared. What to do
when we have e.g. V = 23 varieties to compare and we
know that lattice designs exist for V = 20 (rectangular
lattice) and for V = 25 (square lattice)? In order to avoid
this difficulty, in 1979 a broader class of incomplete
blocks was introduced into practice based on the cata-
logue of designs prepared by Ceranka and
Chudzik (1978). In this catalogue the plans of ex-
perimental designs were given for nearly all numbers
of varietics from the range 15-60. But because these
designs were mostly non-resolvable, their use was
widely criticised by experimenters working at experi-
mental stations. So. as a result of this criticism, and
because we were so lucky that to meet professor Pat-

terson from Edinburgh, who showed us advantages of

a wider class ol a-designs (which were resolvable). in
1981 we introduced into practice ot-designs or 1-resolv-
able incomplete block designs. And these designs are
stll broadly used in Polish variely testing.

RESOLVABLE BLOCK DESIGNS AND THEIR
EFFICIENCY

As it was already mentioned, the design is incom-

plete if not all varieties appear in every block. But if

incomplete blocks can be grouped into bigger units
called superblocks (or replicates), see Patterson el
al. (1978), in such a way (hat every treatment appears
in every superblock exactly once, the design is called
I-resolvable incomplete block design or, for simplicity.
resolvable block design.

When the design is complete (orthogonal), the vari-
ance of comparison of two treatment means, let’s say
yi and y;. is equal to

var (v; - vy = (67) = 2. MS /r (1

where MS, means mean square for error from analysis
of variance and r is number of replicates. The treatment
means are uncorrelated and the variance of compari-
sons is the same for every pair of treatments. When the
design is incomplete, the treatment means are corre-
lated, and formula (1) is not valid. When the analysis
is confined to so-called intra-block stratum (it means
that we ignore inter-block information), the equivalent
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formula for average variance ol comparisons ol treat-
ment means has a form:

var (v; = vj, = (63) =2 . MS k) 2)
where £ is harmonic mean efficiency coefficient for the
incomplete block. (For complete blocks this coelficient
is equal to 1.) E comprises information about correla-
tion between treatment means. Note that neither treat-
ment means nor MS, are the same in formula (1) and
().

By comparing (5% and (5% we have averaged informa-
tion about performance of complete and incomplete blocks

for the same number of treatments (and of course the
same number of replicates). Let £, = cf/cs% be called
the effectiveness of incomplete blocks relative 1o com-
plete ones. Mean values of £/ calculated from many trials
of Polish variety testing are given in Table L.

I. Mean values of effectiveness of resolvable blocks

Species ook [TRET e | B
Winter wheat 33 337 25 59 1.24
Spring barley 26 26/8 25 oY .15
Spring barley 24 4 15 68 1.07
Spring barley 22 22/3 15 04 B )
Late potato 45 4517 15 64 1.16

As we can see, the highest average effectiveness off
resolvable blocks was in winter wheat trials and the
lowest in spring barley trials. The elfectiveness of re-
solvable blocks reported in Table I. concerns so-called
intra-block analysis. Of course some other methods of
analysis can be applied to the data from experiments
conducted in incomplete blocks. They include:

1) analysis with recovery ol inter-block information.
i) analysis allowing the different types of neighbour-
ing influences.

For the purpose ol this presentation to some trial
data of Polish variety testing the method (or the model)
of Williams (1986) has been applied. In this ap-
proach both recovery ol inter-block information and
removing the trend in soil fertility is allowed. But there
are many other approaches to the neighbouring influ-
ences and their elimination, see for example Pa-
padakis (1937). Besag (1974). Wilkinson et
al. (1983), Williams (1952), Kempton (1985),
Schwarzbach (1984) and many others.

The results of application of several methods to the
data from trials conducted in resolvable block designs
are given in Table I1. In this table £, means average
elfectiveness ol the analysis with recovery of inter-
block information, Ey — average effectiveness ol the
Williams™s method applied to resolvable blocks and £
— average effectiveness of Williams™s method applied
to randomised complete blocks (it means that subdivi-
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11. Average effectiveness of some methods of analysis of resolvable block experiments on cereals conducted in Poland

Species 14 k E Number of trials E, E, I E,

40 8 0.876 40 1.192 1.227 1.286 1.330
Winter wheat

39 8 0.873 39 1.230 1.287 1.779 1.741

22 8 0.884 43 1.164 1.194 1.313 1.295
Oat

19 7 0.866 42 1.099 1.140 1.260 1.291

17 6 0.850 i3 1.061 1.092 1.183 1.165
Winter barley

16 4 0.789 34 1.029 1.082 1.185 1.185

27 4 ., 0.733 66 1.157 1.201 1.367 1.353
Spring barley 23 8 0.890 43 1.127 1.168 1.405 1.296

23 8 0.890 82 1.133 1.159 1.329 1.291
Triticale 16 4 0.789 9 1.107 1.136 1.274 1.312

sion of superblocks into incomplete blocks was ignored
and neighbouring influences were eliminated within com-
plete replicates). As we can see, application of richer
model (intra-block analysis, inter-block analysis, inter-
block analysis with elimination of linear trend within
incomplete blocks) leads to the increasing of effective-
ness as £ < E; < E5. The only exception is an appli-
cation of Williams’s model for randomised complete
block which gives approximately the same eftective-
ness as equivalent (but richer) model applied to resolv-
able design, as approximately Ey = E,. But this result
can be biased in favour of complete block analysis, as
linear approximation of the trend within large (com-
plete) superblock can be questioned.

INCOMPLETE BLOCKS AND DUS TRIALS
Description of the situation

According to UPOV requirements for DUS investi-
gations of varieties of agricultural crops every new va-
riety must prove its distinctness from all other (known)
varieties. Plants of new variety must also be as uniform
as possible. In practice this means that they must be at
least as uniform as varieties already registered. New
variety must also be stable. These features are being
checked in special DUS trials. As a rule — at least in
Poland - randomised complete block design is used in
two replicates. About 20 to 30 plants from every plot
are measured so there are about 40 to 60 measurements
for every characteristic.

Establishing distinctness from all known varieties

asks for the comparison of an increasing number of

varieties within the same trial. For example in DUS
trial on maize conducted in 1996 at experimental sta-
tion Stupia Wielka in Poland 212 varieties were com-
pared. Because of such a high number of varieties one
can question if the basic assumptions of the analysis of
variance are fulfilled. It was one of the reasons for the
investigations made by Watson (1997), who tried to
apply some spatial methods to the results from DUS
trials. Kristensen (1998)and Pilarczyk (1998)
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checked the effectiveness of incomplete blocks in DUS
trials.

Optimal size of block

In 1995 and 1996 at experimental station Stupia
Wiclka two DUS experiments on maize were conduc-
ted. In 1995 200 varieties were compared whereas in
1996 it was 212 varieties. A similar experiment was
conducted in 1996 at experimental station Przeclaw
with 98 varieties involved. All experiments were in two
replicates with 20 plants from every plot measured for
every variety making 40 measurements for every char-
acteristic. From among all characteristics involved four
were chosen for this presentation, namely characteristic
CI - plant length, C2 — height of insertion of upper ear,
C3 — leat width of blade and C4 — length of peduncle.

The so-called post-blocking method was used for
studying the effectiveness of designs of different block
sizes. This method, developed by Patterson and
Hunter (1983), was applied by Pilarczyk (1990)
for the results of several hundred VCU trials of Polish
variety testing. The main idea of the method is to over-
lap different plans of resolvable block designs (plans
with different block sizes) on the results ol experiments
conducted in randomised complete block design. For
resulting . designs™ the intra-block mean squares for
error are calculated. According to the formula given by
Patterson and Hunter (1983) the effectiveness
€ of different designs was calculated like this:

(-g@-1
YV-1)=-(V-9

where € is the mean harmonic coefficient of elficiency
of a given design, s is the number of incomplete blocks
within complete replicate, V is the number of varieties
and y = MS (V)/MS(k), where MS (i) is the intra-
block mean square for error for design with blocks of
i plots.

For all four characteristics the values of y for suc-
ceeding block sizes have been calculated and values of
€ as well, see Tables III, IV and V. The most efficient
versions of incomplete blocks (the best sizes of blocks)

€=y {s+
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111. Values of ¥ and cocfficients of effectivencss of c-designs for four characteristics in experiment conducted at Stupia Wiclka in 1995,

number of varictics 200

) S
k ¥
¢y C, 3 cy ¢ ¢y ¢y <y

3 0.390 2.082 1.558 0.553 0.753 1.109 < | < | < |

4 0.539 2.592 2.261 2.704 1.521 1.557 1.389 1.615 1045
5 0.637 1.501 1.776 0.893 1196 1.109 1.261 <=l < |

6 0.696 2263 1.838 1.056 1,296 1.653 1.370 < 1.042
7 0.741 1.976 1.719 0.988 1.592 1.528 1.340 1.012 1.258
8 0.776 1.425 1.572 1.857 1.353 1176 1.281 1492 1127
9 0.804 1.378 1.636 1.096 1.305 1.167 1.361 <1 LS
10 (1.825 E322 1401 0.999 1.184 1297 1.249 < | 1.048
1 0.841 1.683 1.792 1.044 1.300 1.445 1.535 < 1. 140
12 0.858 1.781 1.6Y0 1.242 1.329 1.551 1.475 Lo 1.177
13 0.870 1.700 1.810 1.159 1128 1.500 1.594 1.055 1.0
15 0.890 1.234 1.400 1.050 1.013 1.127 1:267 <1 <l
16 0.896 1.103 1.245 1.003 1.120 1.030 1.140 < 1.041
29 0.944 1.034 1.OBI 0.981 1.08Y 1.003 1.037 < | 1.043

IV. Values of y and coeflicients of effectiveness of a-designs for four characteristics in experiment conducted at Stupia Wielka in 1996,
number of varieties 212
k ¥ X £
¢ s [ ¢y <y [ [ [

3 0.389 1.372 2343 1.209 1.436 < 1194 <1 <

4 0.537 1214 1.818 1.171 1.236 < | 1171 < | <1

5 0.635 1.539 2.093 1.199 1.230 1.127 1445 <l <1

6 0.696 1.365 2.091 1.288 1.279 1.077 1.538 1.038 1.033
7 0.740 1.300 1.628 1.202 1.053 1.068 1.281 1.017 < |l

8 0.775 1.296 1.734 1,232 1.157 1.089 l.?‘)‘). 1.050 1.010
9 0.801 1.438 1.698 1132 1.342 1.208 1.405 1.008 1139
10 0.823 1.256 1.662 1.256 1141 1.0v4 1.405 1.0v4 1.02]
I 0.841 1.380 1.682 1.233 1.374 1.201 1.445 1.090 1.197
12 0.856 1.226 1.659 1106 1.130 1.095 1.440 1.OIS 1.029
13 0.869 1.240 1.560 1213 1.157 1.11s 1.379 1.094 1.053
14 0.879 1.256 1.549 1.256 1.150 1.135 1.3R2 1.135 1.054
15 0.889 1.341 1.660 1.212 1.244 1.215 1.492 1. 108 1134
16 0.896 1.273 1.498 1.172 1150 1164 1.358 1.081 1.064
I8 0.907 1.247 1.524 1.209 1.190 (B 1.395 L1y 1.103
20 0916 1.251 1.503 1.201 1.142 1.162 1.387 1119 1.069
27 0,939 1.172 1.384 1.146 1.086 L I e 1.306 1.08Y 1.038
53 0972 1.146 1.372 1.086 1.057 1117 1.335 1.060 1.033

are indicated by bold print. For example in experiment
conducted at Przeclaw for characteristics ¢ ). ¢, and ¢4
the optimal block size is k = 6 plots. When the number
of varieties was not divisible by given number of plots
within block, the blocks of two sizes were used. some
of k plots and the rest of (k = 1) plots. For example in
experiment with V = 212 varieties, when blocks of & =
6 plots were tested, in fact there were s; = 32 blocks
of 6 plots and 55 = 4 blocks of 5 plots. As expected the
higher effectiveness of incomplete blocks was observed
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for plant length and height of insertion ol upper ear
than for the two remaining characteristics.

CONCLUSIONS

The analysis of the results of many VCU wials and
results concerning four characteristics ol three large
trials on maize conducted in Poland in two succeeding
years 1995 and 1996 for DUS purposes leads to the
following conclusions:
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V. Values ol y and coefficients of effectiveness of o -designs for four characteristics in experiment conducted at Przeclaw in 1996, number

of varieties 98

€
k € <
4} Cy Cy Cy ¢ Cy Cy (o)

3 0.406 1.863 1.768 2.051 1.908 1.060 1.031 1121 1.074
4 0.565 3.400 3.446 3.980 3.991 2.057 2.082 2.379 2.385
5 0.653 2.536 2.344 2.844 2.880 1.754 1.632 1.950 1.973
6 0.714 3.030 2.803 3.434 3.003 2.226 2.066 2,512 2271
7 0.761 1:372 1.305 1.463 1412 1.131 1.088 1.192 1.157
8 0.794 1.544 1441 1.656 1.564 1.282 1.206 1.366 1.297
9 0.824 1.965 1.890 2.149 2.126 1.652 1.591 1.802 1.783
10 0.846 1.510 1415 1.608 1.561 1.313 1.230 1.393 1.354
11 0.857 1.700 1.555 1.780 1.736 1.482 1.301 1.550 1512
13 0.878 1.666 1.576 1.790 1.754 1.481 1.404 1.589 1.557
29 0.943 1.516 1.423 1.639 1.555 1.440 1.353 1.554 1.504

— the superiority of resolvable incomplete blocks over
complete ones in VCU trials was proved in many
countries in several hundred trials;

— application of incomplete blocks instead of complete
ones can give a high increase of effectiveness (re-
duction of variance of comparisons) in DUS trials;

— the effectiveness of incomplete blocks depends on
the character involved;

— in some experiments the reduction of variance of

comparisons may be as high as 50% (sce for example
experiment at Przeclaw and block size k = 6);

— application of resolvable incomplete blocks (o-de-
signs) gives us the possibility to choose between com-
plete and incomplete block versions of an analysis;

— application of incomplete blocks leads (o reduction
of variance of comparisons but also to some compli-
cations in interpreting results caused by a more
complicated structure of covariance matrix of treat-
ment means:

— the analysis ol more extensive DUS trial data is ne-
cessary to draw more general conclusions. In parti-
cular the results of additional crops and charac-
teristics should be included in further investigations.
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VLIV POKUSNEHO PLANU A ELIMINACE TRENDU
NA PRESNOST VYSLEDKU V SIMULOVANYCH
ODRUDOVYCH POKUSECH

THE EFFECT OF TRIAL DESIGN AND OF DETRENDING
ON THE TRUE ERROR IN SIMULATED FIELD TRIALS

E. Schwarzbach

ABSTRACT: The precision of estimation of variety performance in two series ol simulated field trials with 6 replicates of
36 varieties and irregular environmental trends was compared using randomised complete blocks evaluation by ANOVA,
adjustment of variety means using incomplete blocks analysis by Least Squares (LSQ), and adjustment by weighted Nearest
Neighbour Analysis (NNA — weighted mean of non-detrended and detrended means as in REML). One trial series was
arranged as a balanced design with 6 x 6 incomplete blocks (BIB-design), the other as six complete blocks randomised without
restriction (RCB-design) with non-balanced 6 x 6 incomplete blocks produced by dissecting the complete blocks. Each trial
was simulated ten times with independently generated, quasi-normally distributed, random errors while keeping the variety
effects, design and trends constant. The simulated variance of varieties, trend and error was 3.0, 5.8 and 2, respectively. The
true error of variety means was measured by the variance of deviations of the estimated means from the true variety effects
underlying the simulation. The mean true error of ANOVA-, LSQ- and NNA-variety means, respectively. was 0.97. 0.51 and
0.47. for the RCB-design, and 1.16. 0.52 and 0.46 respectively. for the BIB-design. Generally, the true error ol LSQ- or
NNA-adjusted variety means from three replicates was similar to that of non-adjusted variety means from six replicates. The
residual variance of both the LSQ and NNA. however, underestimated the true error. There was no henefit from using
a balanced incomplete block design neither for the estimation of error variance nor for the estimation of varicty effects by
any ol the comparcd methods.

field trials; trial design: spatial analysis: incomplete blocks: nearest neighbours: ANOVA: simulation

ABSTRAKT: V simulovanych odridovych pokusech s 36 odridami v Sesti opakovinich, se silnymi trendy ve tiech opako-
viinich a slabymi v dalSich tiech opakovianich, byl srovnidvin vliv pokusného plinu a metody vyhodnoceni na piesnost odhadu
vykonu odriid a na presnost odhadu skute¢né chyby. Piesnost byla méfena varianci rozdili mezi skute¢nymi a danou metodou
vypoctenymi odriidovymi priméry. Pokusné uspoiddini (zndhodnéné dplné bloky nebo vyviZené netiplné bloky) nemélo viiv
ani na piesnost odhadu vykonu odrid srovniavanymi metodami (ANOVA dplnych bloka, analyza neiplnych bloka a analyza
nejbliz8ich soused). ani na presnost odhadu pokusné chyby. Analyzou variance tplnych zndhodnénych bloki byla odhado-
viina vykonnost odriid méné presné nez pii adjustaci odridovych priméri analyzou netplnych bloka nebo analyzou nejbliz-
Sich sousedi. Adjustované praméry (tj. zbavené vlivu odhadnutych trendit) ze (¥i opakovini, ziskané analyzou nedplnych
blokii anebo analyzou nejbliZSich sousedii, byly zhruba stejné presné jako neadjustované praméry viech Sesti opakovani.
Analyza variance, a¢ méné presnd. odhadovala varianci skute¢né pokusné chyby nevychylené, zatimco vypoctend rezidudlni
variance jak analyzy neidplnych bloki, tak analyzy nejbliziich souseddt byla mensi nez skuteénd variance pokusné chyby,
Metoda vyhodnoceni miize za pritomnosti trendl zna¢né ovlivnit ekonomiku zkouSeni. Je-1i cilem co nejpiesnéj&i odhad viivu
pokusnych ¢lenti. napi. vynosnosti odrid, at jiz z divodi ekonomickych aspor nebo dspéchu Slechtitelské price. nebo je-li
nezbytné zkousel souCasné velky pocet pokusnych ¢lenti. miZe rozpozndni systematickych viivii prostiedi (trendi) a eliminace
jejich vlivu podstatné snizit jak niaklady, tak i plognou vyméru pozemki.

odridové pokusy: pokusny plan: analyza: netiplné bloky: nejblizsi sousedé: ANOVA: simulace

UvoDp

Polni pokusy se zpravidla zakladaji za acelem co
nejpresnéjiho zjiténi rozdili mezi vykonnosti odrid,
mezi acinky raznych oSetfeni rostlin apod. Je-li pocet
pokusnych ¢lent velky. napf. ve Slechténi nebo ve stit-
nich odridovych zkouskach. zabira kazda diléi parcela
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pokusu jen malou Cast celkové pokusné plochy. takze
nehomogenity prostiedi (oznacované zpravidla vyra-
zem trendy*). napt. nevyrovnani trodnost pidy. mo-
hou mit znacny vliv na hodnoceny znak (napf. vynos
zrna), a tim zkreslit hodnoceni pokusnych ¢lenu. V zi-
sadé existuji dvé moznosti, jak zmirnit vliv trendd na
vysledek pokusu:



—~ omezeni poctu pokusnych ¢lent, pouZiti vétSiho
poctu opakovini, zndhodnéni pokusného uspofadani
pro co nejrovnomérnéjsi rozptyl trendt na vSechny
pokusné ¢leny a provedeni klasické analyzy varian-
ce (ANOVA),

— rozpoznani trendl na plose pokusu, odstranéni jejich
vlivu na hodnoceny znak a vypocet adjustovanych
odridovych praméra oprosténych od vlivu trenda.

— kombinace obou uvedenych postupu.

Zndhodnénim pokusného plinu se vliv trendi ndhodné
rozptyli na viechny pokusné Cleny, takZe se systematické
vlivy trendd zméni na ndhodné. Bylo vyvinuto mnoho
damyslnych systému randomizace, od prostého zni-
hodnéni dplnych blokl az po vyvizené nebo CasteCné
vyvizené netplné bloky (podrobné viz Cochran,
Cox, 1957). Celkova variance prostiedi je vSak neza-
visla na pokusném uspoiddani, takZe zndhodnéni ne-
zvy&i celkovou piesnost vysledki, pokud nejsou pramé-
ry pokusnych clent adjustovany aspon cdsteCnou
eliminaci vlivu trendd. Rozpozndnim trendi a elimina-
ci jejich vlivu by presnost vysledka méla byt podobna
jako v piipadé, Ze by pokusy byly zaloZeny v homo-
gennim prostiedi hez trendt. V prostiedi bez trendi je
viak zplsob randomizace bez vyznamu. Zistiva tak
oteviena otazka prinosu dimysiného pokusného uspo-
fadani, napt. vyvazenych nedplnych bloki, proti pros-
tému zndhodnéni dplnych bloka.

Pro eliminaci trend existuje fada metod. Pro poku-
sy usporadané ve vyvazenych netplnych blocich vyvi-
nul Yates (1936) dva postupy. Prvni je zaloZen na
metodé nejmensich ¢tverca (LSQ) a je vhodny pro po-
kusy s vyraznymi wrendy. Druhy je vieobecnéjsi a vy-
uziva metody Maximum Likelihood. Jeho podstatou
jsou vazené praméry z adjustovanych (metodou LSQ)
a neadjustovanych primert, pricemz viha adjustace je
odvozena od variance netiplnych blokd a rezidudlni va-
riance uvniti nedplnych blokl (Cochran, Cox,
1957). Tento postup je dnes obvykle oznacovan zkrat-
kou REML. Oba postupy rozpoznavaji trendy stupno-
vité, podle velikosti nedplnych bloki. Plynulé rozpoz-
navini trend umoziuji metody vyuzZivajici informaci
z rozdili mezi hodnotami nejblizSich sousedd (Nearest
Neighbour Analysis — NNA). Téchto metod je dnes
cela fada a vyuzivaji moderni vypocetni techniku. Vy-
pocetni algoritmy vychdzeji zpravidla z aditivniho mo-
delu, v némz hodnota pokusného dilce je dana souctem
vlivu pokusného ¢lenu. hodnoty mistniho trendu a na-
hodné chyby. Vyuzivaji v podstaté metody LSQ nebo
REML aplikované na postupné se pickryvajici malé
nedpiné bloky. Piehled nejrozsifenéjSich metod NNA
uvadeji napi. Kempton (1985). Gill (1991)a Pi-
larczyk (1998).

Zvyseni presnosti odhadt odriadovych praméra pii
razném zpasobu eliminace trenda v realnych pokusech
ve srovndni s neupravenymi praméry je predmétem ra-
dy publikaci. Cochran a Cox (1957) uvadéji jako
pramér z raznych citovanych praci zpfesneéni vysledku
0 25 % analyzou netplnych blokli. Pilarczyk
(1998) uvidi jako pramér ze 436 odradovych pokust
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v Polsku zpiesnéni vysledk o zhruba 15 % analyzou
nedplnych blokl a o 33 % analyzou nejblizsich souse-
da (metoda = Williams. 1986). Spravnost takového
zaveru viak zavisi na spravnosti odhadu efektivni chy-
by. Ve skutecnosti nelze v redlném pokusu zjistit, jaky
vliv. mélo pokusné usporadani a climinace trendii na
presnost ziskanych informaci, protoZe bychom k tomu
museli znat, jaky byl skute¢ny prabeh trend a skutec-
ny vliv pokusnych ¢lenti (coZ neznime). Simulace pol-
niho pokusu na pocita¢i viak umoziuje znit hodnotu
echto proménnych, jejichz soucet spolec¢né se simulo-
vanou chybou na kazdém pokusném dilei simuluje hod-
notu zjiSlovanou v redlném pokusu, napf. vynos parce-
ly. Pfi vyhodnoceni simulovaného pokusu se postupuje
tak. jako bychom neznali skutecny prabeh trenda. vlivy
pokusnych clent a chyby. ale snazili se je ze simulo-
vanych parcelovych vynost danou metodou odhadnout.
Variance rozdilt mezi vypoctenymi a skutecnymi vlivy
pokusnych ¢lenti je pak objektivnim méiitkem piesnos-
ti riznych metod vyhodnoceni a vlivu pokusného uspo-
radani. I kdyz zpresnéni vysledka eliminaci trenda by-
lo simulacemi nezdvisle doloZeno jiz v fad¢ praci —
rozsiahlé simulace provedli zejména Borg (1988),
Herdam (1989)a Lill etal. (1988). neni dostatec-
né znamo, zda je pokusné uspofadani ve vyvazenych
nedplnych blocich piinosem pro piesnost vysledki zis-
kanych raznymi metodami vyhodnoceni.

MATERIAL A METODY

Zakladem simulace byl pokus s 36 odradami v Sesti
tplnych blocich. V jedné Fadé simulaci sestavaly aplné
bloky z pIné vyvazenych netplnych blokt po Sesti par-
celach (viz pokusné uspordadiani na obr. 1). V druhé¢
fadé simulaci byl kazdy tplny blok zndhodnen bez ja-
kéhokoliv omezeni a poté rozdélen po Sesti sousedicich
parceliach do nevyviazenych nedaplnych bloku (viz po-
kusné uspoiadani na obr. 2).

Prabéh a velikost trendt byly zvoleny tak, aby se co
nejvice priblizovaly redlnym situacim. Trendy byly ve
viech simulovanych pokusech shodné a jsou zniazorne-
ny na obr. 3.

Variance simulovanych trendt a variance odrud Cinily
5,8 a 3,0. Vynos kazdé parcely byl simulovan souctem
vlivu odrtdy. vlivu trendu a ndhodné kvazinormalné roz-
délené chyby, ktera byla ziskana souctem 24 nahodnych
hodnot rozdélenych rovnomeérné mezi 0 a | s varianci
1712, takZe variance chyby ¢inila v priméru 24 x /12,
. 2. Kazdy pokus byl opakovin desetkrit, pokazdé
s jinymi, nezivisle ziskanymi nihodnymi ¢isly. Vhv
odrady je uveden v tab. I.

K vyhodnoceni pokust byly pouZity tyto metody:
1. ANOVA dplnych znahodnénych bloka. pfi niz viivy

pokusnych ¢lenti jsou odhadovany z prostych pri-

mért z opakovani a variance chyby je odhadovina
jako rezidualni variance uvniti uplnych bloka.

2. Adjustace pramért odectenim vlivi netdplnych blo-
ki, odhadnutych metodou nejmengich Civercu. Vari-
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1 11 111 v v vI be 11 111 v v vI
1 25 4 21 11 31 11 20 19 31 24 5
2 29 19 28 25 9 1 18 [ 35 21 22
3 26 13 33 36 1 24 11 2 8 27 28
4 28 30 15 17 25 12 1 7 G 20 30
5 30 12 4 21 16 18 31 35 10 30 4
6 27 31 10 3 23 19 8 34 19 8 32
7. 1 33 24 35 19 26 13 17 9 29 29
8 3 16 21 18 34 16 32 18 18 18 24
9 5 8 35 23 7 35 10 36 13 33 18
10 2 5 12 26 3 36 6 13 21 26 20
11 6 24 17 10 29 30 15 30 3 5 16
12 4 29 6 2 18 14 28 12 22 14 2
13 9 23 36 29 13 34 33 32 14 3 ]
14 12 10 2 8 22 G 5 G i6 3 36
15 7 35 8 24 32 4 24 26 36 9 34
16 11 2 14 16 11 33 17 11 24 7 14
17 8 18 30 33 5 S 14 14 23 10 17
18 10 26 20 S 26 3 34 16 33 19 35
19 18 34 7 4 30 21 21 5 32 13 19
20 15 14 18 30 14 7 30 27 11 15 11
21 13 6 34 19 20 8 7 22 26 22 7
22 16 9 29 31 36 2 19 25 12 2 31
23 14 22 19 13 8 17 16 8 S 1 13
24 17 28 3 12 2 15 22 28 25 36 23
25 31 32 11 1 a S 7 10 1 23 3
26 34 15 13 32 28 27 12 20 29 31 21
27 32 7 5 7 15 10 23 23 27 25 27
28 36 27 22 20 21 20 3 21 20 35 3
29 33 1 26 15 33 25 36 15 7 11 26
30 35 20 32 27 10 28 2 22 34 16 10
31 19 25 9 6 12 >3 36 1 7 38 3
32 22 17 16 28 6 22 27 3 15 33 1
33 20 11 31 14 27 55 5 31 17 34 33
34 23 3 25 22 7 13 29 33 28 12 12
35 21 36 23 34 24 o7 25 25 2 2 15
36 24 21 E ) 35 31 35 3 30 17 25

L. Plin uspoiidini pokusi ve vyvizenych netplnych blocich — Bal-
anced incomplete block design used in the simulations

Cisla predstavuji jednotlivé pokusné leny: fyzické bloky svisle —
The figures indicate the treatments: physical blocks vertically

ance chyby byla odhadovina jako variance zbytku

po odecteni vlivu pokusnych ¢lent a nedplnych blo-

kit od hodnot jednotlivych parcel. Schéma tohoto

postupu je zndzornéno na obr. 4.

3. Adjustace praméra eliminaci prab&zného trendu, od-
hadnutého na zakladé NNA pomoci softwaru
ANOFT (Schwarzbach, 1984), jehoZ vystupem
byly vdZené odradové praméry z adjustovanych a
neadjustovanych odridovych pramért. Jako viha
adjustace byl pouZit odhadnuty podil variance tren-
du na celkové varianci prostiedi, analogicky postupu
REML.

Variance chyby byla odhadovina jako variance
zbytku po odecteni vlivu pokusnych Elent a trendu od
hodnot jednotlivych parcel. Schéma tohoto postupu je
znazornéno na obr. 5.

Kazdy ze simulovanych pokusd byl uvedenymi me-
todami hodnocen jednak cely (1. viech Sest opakovi-
ni), jednak oddélené opakovani | az 3 a opakovini 4
az 6 jako samostatné polni pokusy s tfemi opakovini-
mi. Z obr. 3 je zfejmé, Ze opakovani | aZ 3 se vyzna-
Covala silnymi trendy, opakovini 4 az 6 slabymi, coz
umoZziovalo hodnotit i viiv velikosti trendu na presnost
vysledkii. Variance rozdild mezi vypocétenymi a sku-
te¢nymi odradovymi priméry slouZila jako méfitko
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2. Plin uspofddini pokusa v dplnych znahodnénych blocich - Ran-
domised complete block design used in the simulations

Cisla predstavuji jednotlivé pokusné éleny: fyzické bloky svisle -
The figures indicate the treatments; physical blocks vertically

presnosti srovnavanych metod, resp. jako méfitko acin-
nosti randomizacniho planu. Vynasobenim této hodno-
ly poctem opakovini byla ziskdna skute¢na efektivni
variance chyby daného vyhodnoceni, kterou bylo moz-
no porovnat s vypoctenou rezidudlni varianci (vypoc-
tenou jako variance zbytkli po odecteni odhadnutych
vlivii odrady a trendu od vychozich hodnot parcel). Re-
zidudlni variance je odhadem efektivni chyby pokusu
a slouzi v realnych polnich pokusech k vypoctu mini-
mdlni prikazné diference mezi pokusnymi ¢leny.

VYSLEDKY A DISKUSE

Vliv pokusného usporadani a metody vyhodnoceni
na presnost odhadi vlivu pokusnych Clent je shrnut
v tab. IL

Z vysledkd je ziejmé. ze odridové priméry opros-
t&né od vlivu trendl byly podstatné piesnéjsi nez nead-
Jjustované priméry. a to v té mife, Ze adjustované pri-
méry z pouhych tfi opakovani byly co do piesnosti
rovnocenné neadjustovanym odriidovym praméram ze
Sesti opakovini. Ob& metody adjustace byly [émé&F rov-
nocenné. Mirné lepsi vysledky s analyzou nejblizgich
sousedd v pfipad¢ silnych trendl lze sice ocekdvat
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v VI
1.2 0.5
1.3 0.4
15 0.1
2. 0.2
1.8 0.7
0. 1.8 1.2
0.1 1.3 1.6
0.5 1.2 1.8
BICEC) 0.9 1.9
T 372 1.3 1.7
1.5 1.4 1.2
1.9 L5 0.8
2.2 4 0.9 | 1.4 0.5
2.2 =1.2 | -1.8 | -0.3 14 0.3
2.0 0.0 -0.9 0.3 1.5 02
T 0.9 0.2 0.8 | 1.6 0.0
1.5 1.6 1.0 1.3. | 1.6 |[xevad
L3 2.2 | 1.6 1.6 Tt |2 %0
1.2 2.3 1.8 1.6 2.0 1.6
11 2.4 1.8 1.4 2.5 1.9
0.8 25d 1.8 T.d 2.6 0
0.3 X0 1. ka8 1.0, | 2.3 Tod
0Nl 1.8 | 1.8 0.9 [ 2.0 1.8
20,2 1,6 | 4 08 147 1.8
Bagem] 1.3 1.5 0.2 1.4 1.9
0.2 1.0 1.4 0.5 1.3 107
0.3 0.8 1.4 -0.9 1.3 1.5
0.3 0.5 1.5 -0.8 | 1.8 1.4 |
0.3 0.1 1.5 0.3 2.5 1.8 |
0.4 -0.6 ETLN 041 3.0 .2
0.4 ~1.6 0.7 OuBiEr| 3.2 2.6
0.6 8 0.3 0.8 | 3.0 2.1
0.7 -0.9 0:8:..1 2.5 2.8
6.4 -1.5 0.3 2.0 2.8
0.1 Es] - 0.0 1.4 | 2.8
0.1 -0.1 1.6 | 2.8

3. Hodnota trendu na jednotlivych parcelich — Trend value on indi-
vidual plots

Fyzické bloky svisle, stinovini je amérné hodnoté trendu = Physical
blocks vertically. gray-scale according to trend

v diisledku stupiovitého rozpoznavini trendi analyzou
neuplnych bloki, rozdily viak nebyly velké a byly na
hranici statistické prakaznosti. K jejich potvrzeni by by-
lo zapoti'cbi vétsiho poctu simulaci. Podstatného zlepseni
piesnosti vysledki oproti ANOVA Jdplnych zndhodné-
nych bloki viak bylo dosazeno jen pii silnych trendech.
Pri slabych trendech byly adjustované a ncadjustované
odriidové praméry zatizeny zhruba stejnou chybou.
Usporadani pokusu ve vyvizenych netdplnych blo-
cich nezvysilo presnost odradovych praméra ani bez
adjustace, ani s adjustaci, a to jak pfi silnych trendech
(opakovani | az 3). tak pri slabych trendech (opakovani
3 az 4). Pii vyskytu silnych trendd (v opakovanich | az
3). kde by se teoreticky méla vyhoda vyvizenych ne-
uplnych bloka projevit nejvice, bylo dokonce pokusné
usporadani ve vyvazenych nedplnych blocich zatizeno
v praméru vé&i chybou nez pii jednoduchém znahod-
néni daplnych bloki. Podstatny je rovnéz vysledek, Zze
rozpoznani trendi bylo v pokusech s dplnymi znihod-
nénymi bloky prinejmensim stejné Gspésné jako pii po-
kusném uspoiadani ve vyvazenych neidplnych blocich.
Vyvizené usporadani pokusu zfejmé neni nutnym pied-
pokladem pro optimdlni rozpoznani trenda. Ze ziska-
nych vysledki proto nelze odvodit Zadnou prednost vy-
vazenych netplnych bloki vaci prostému zndhodnéni
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1. Simulovimy vliv odrad - Simulated treatment eflect

Odrada Vliv Odruda Viiv Odruda Viiv
| 192 13 ~1.08 25 291
2 2.59 14 242 20 -0.25
3 -1.58 15 235 27 ~1.91
A4 =241 16 -1.75 28 0.09
5 ~0.41 17 0.92 29 —~141
6 0.75 18 -1.25 30 ~0.08
7 1.59 19 2.00 3l 2.08
8 -2.58 20 292 a -0.75
9 1.75 2 0.25 33 042

10 0.59 22 -0.91 34 .42
1 -0.58 23 TS 35 1.25
12 <235 24 1.0v 36 2.75

L SKUTECNE VYNOSY JEDNOTLIVY CI PARCEL (okserved pior vicids)
60.0

>

|
0.

. .'Mﬂﬂﬂmm

2. ODIAD VLIVE BLOKU METODOU

< clfects of incampicr:

CHCTVERCE

800

4.00 e—

0,00

-4.00 e - — -

-8.00

3. PARCELOVE VYNOSY PO ODECTEND VLIVU BLOKU

(ddctrended phot viclds s

60.00

i

30.00
(813} w2 wns CR4 wns 1CR 6

4. Zjednoduiené schéma adjustace analyzou nedplnyeh bloku = Sim-
plified scheme of adjustment using incomplete block analysis

tpInych blokl. Bylo by viak nesprivné generalizoval,
7¢ vyvazené pokusné plany jsou pro praxi zbyteéné.
nebol mohou byt voleny i z jinych divodu. nez které
byly zkouminy v tomto piispévku. Zejména kdyz do-
chazi ke zkresleni vysledka meziparcelovou interferen-
ci (Kempton. 1998), napr. v dasledku velkych roz-
dilii ve vysce rostliny u novych zkouSenych odrid.
V takovém pripadé je acelné volit pokusné usporadini
zamezujici opakoviani sousedt. Tomuto pozadavku
napi. vyhovuji vyvizené netplné bloky.

CZECH J. GENET. PLANT BREED.. 34, 1098: 151-150



Analyza simulovanych pokust umoziuje i srovnani
piesnosti odhadu variance pokusné chyby, od niz je
odvozovana minimdlni prikaznd diference. V tab. III
jsou porovniny odhadnuté a skutecné rezidudlni chyby
vSech sérii simulovanych pokusi.

1. SKUTECNE PARCELOVE VYNOSY V BLOKU
(observed plot vields)

60.0

V\L\'SOU NEJBLIZS{CII SOUSEDU
ighbour Analvsis)

2. ODIIAD TRENDU
(trends est

- nmnf"'“"""'"""---u

-B.00

3. VYNOS PARCEL PO ODECTENI VLIVU TRENDU

(detrended plot yiclds) |

40.00

Jo.00

5. ZjednoduSené schéma adjustace analyzou nejblizSich sousedu -
Simplified scheme of Nearest Neighbour adjustments

Z tohoto srovnani vyplyva, kromé jiz zminéného
zpresnéni vysledkid eliminaci trendd, Ze ve zkouma-
nych sériich pokusu byla rezidudlni variance jak pri
analyze nedplnych bloka, tak i pfi analyze nejblizsich
sousedd skoro vzdy mendi nez variance skutecné po-

11. Piesnost odradovych praméra v zavislosti na zpusobu vyhodnoceni
pokust a na zpiisobu zndhodnéni — The effect ol trial design and
method of evaluation on the precision of estimates of treatment effects

Metoda vyhodnoceni pokusu®

FTE analyza

Opakovini' ”!3"""%,‘ neuplnych
promery bloka* sousedin®
BIB | RCB | BIB |RCBY | BIB | RCB
1-6 L16Y | 097" | 0.52" | 0.51" [ 0.46" | 0.47"
1-3 3450 | 2807 [ 149" [ L™ | oot | 086"
4-6 0.85" | 1.06" | 0.89" | 0.93" | 081" | 1.04"

Kazdd hodnota v tabulee predstavuje varianci skutecné chyby
odradovych praméru. tj. odchylek vypoctenyceh odridovych praméru
od skuteénych, a je prumérem z 10 nezdvisle simulovanych pokusu.
Hodnoty oznacené stejnym pismenem nejsou v témze fiadku
prikazn¢ odlisné (P £ 0.01)

Each figure represents the true error of variety means. i.c. the vari-

ance of deviations of estimated means from true variety means,
obtained from ten independently simulated trials. Values marked
with the same letter are not significantly different within the same
row (P £0.01)

BIB = uspofidini ve vyvazenych nedplnych blocich — balanced in-
complete blocks

RCB = usporiadani ve zndhodnénych tplnych blocich — randomised
L()Il\pl(.(l.' blocks

= zndhodnéné tipIné bloky rozdélené po Sesti parcelich do (nevy-
vizenych) neaplnych bloku — randomised complete blocks dissected
into non-balanced incomplete blocks

| B 2 ¢ : 3 4.
replicate, “method of evaluation. incomplete block analy-

! . "
s. "Nearest Neighbour Analysis

means,

1. Odhad variance pokusné chyby v zivislosti na pokusném planu a na metodé vyhodnoceni — The effect of trial design and method of

trial evaluation on the estimation of error variance

Metoda vyhodnoceni pokusu'
ANOVA iiplnych bloka? analyza nedplnych bloku® analyza nejblizsich sousedi?
skutecnost® | odhad® Yo skutecnost | odhad Yo skutecnost | odhad o
1. vyvizené neiplné bloky’
Opakovini® 1-6 6.9 58 84 3.1 24 77 22 22 81
Opakovini 1-3 10.4 8.5 82 4.5 25 56 33 2.0 6l
Opakovini 4-6 25 3.1 124 21 23 85 24 25 104
2. znihodnéné tplné bloky”
Opakovini 1-6 5.8 6.0 103 3.1 22 71 2.8 24 80
Opakovini 1-3 8.4 94 112 3.3 27 82 2.6 2.4 92
Opakovani 4-6 3.2 2.7 84 28 2.1 75 3.1 2.2 71

Kazdd hodnota v tabulee je pramérem z 10 nezdvisle simulovanych pokusi. Variance skutecné (efektivni) pokusné chyby je vypodétena
z variance rozdild mezi skuteSnymi a vypoctenymi odridovymi praméry. Odhad variance pokusné chyby je rezidudlni varianci dané metody

vyhodnoceni

Each figure is a mean from 10 independently simulated trials. The true error variance is caleulated from the variance of deviations ol true
from estimated treatment effects. The estimated error variance is the residual variance obtained with the given method

"method of evaluation, >ANOVA of complete blocks. -

N )
incomplete blocks. “replicate. "randomised complete blocks
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kusné chyby, zatimco ANOVA dplnych zndhodnénych
bloki, a¢ podstatné méné piesnd, odhadovala skutec-
nou chybu v podstaté spriavné. Podobné jako u pres-
nosti odhadu vlivi pokusnych ¢lent (odrid). vyvaze-
nost neuplnych blokd nepiispéla k presnéjsimu odhadu
pokusné chyby: jednoduse zndhodnéné tplné bloky
a vyviazené nedplné bloky byly v tomto ohledu rovno-
cenné. Pri¢ina podhodnoceni nespociva v neadekvat-
nosti matematického modelu, coz je patrné z toho. 7e
simulovand variance chyby o hodnoté 2,0 byla ve
viech pripadech mensi nez jak skutecna, tak i odhado-
vand rezidudlni variance. To znamend, Ze trendy nebyly
Zadnou z metod rozpozndny a eliminoviany Gplné. tak-
Ze nerozeznand a neodstranéna cast trendu nadile sni-
zovala presnost vysledki a stala se soucasti variance
skute¢né chyby.
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schaftsanaly.se

NOVE ODRUDY - NEW VARIETIES

v e . s
PSenice jarni Aranka

Registrovina: Ceskd republika, 1998

Slechtitelska priva: SELGEN. a. s.. Praha, Ceski republika

Slechtitel a udrzovatel: SELGEN. a. s.. Slechtitelska stanice Uhietice

Rodokmen: Planct/U6223/Komuna-6/U6Y |

Metoda $lechténi — rodokmenovi: KfiZeni bylo provedeno v roce 1987, vybéry klasu byly zahdjeny v Fa, l‘cwl\:kcc klasa
byla opakovina v generaci Fi, v Fy dvojiadkové mikroparcely. v Fs prvni vynosové zkousky na mecl.th 7 m’. od generace
Fo byl hodnocen vynos zrna postupné ve stani¢nich a mezistani¢nich zkouskach na parcelich 10 m~™ ve 2-4 opakovinich.
Selekce na odolnost k padli travnimu, rzim (Zluté. pSeni¢né a travni) a brani¢natce byla providéna od generace Fa v podmin-
kiach umélé a prirozené polni infekce. Od generace F7 byly providény testy ke zjisténi odolnosti kK Fusariu sp. a viru Zluié
zakrslosti je¢mene (BYDV). Podrobngjsi hodnoceni znaka pekatské jakosti a odolnosti kK pordistini zrna bylo providéno od
generace Fo. Udrzovaci §lechténi bylo zahdjeno v generaci Fs. Po tfiletém zkouSeni v registraénich zkouskich UKZUZ bylo
novoslechténi SG-U202 registrovino v roce 1998 pod ndzvem Aranka (generace Fyp).

Odolnost k chorobdam: Ve srovndni s kontrolnimi odridami ma Aranka vy38i odolnost k padli travnimu a rzim (Zluté,
pienicni a travni). Odolnost k brani¢natee plevove a béloklasosti je stiedni. vykazuje stiedni rezistenci k viru Zluté zakrslosti
je¢mene (BYDV).

Genetické zaloZeni odolnosti: Aranka ma specifickou odolnost ke rzi travni, rase 11, odolnost ke rzi zluté je pravdepodobné
fizena genem Yr2.

Jakost: Pekdrenskd — A, Gluteninové podjednotky 1. 14 + 15,5 + 10, obsah vihkého lepku v rozmezi 21-24 %. vy3si obsah
bilkovin (12,7 %). vyS$Si sedimentacni hodnota (60 ml - SDS). Cislo poklesu kolem 300 s. vy$8i objemovi hmotnost
(79.6 kg/hl). mérny objem peciva (RMT) 507 cm/100 g. Odolnost k portstini zrna je dobri.

Vynos zrna: V priméru registraénich zkousek UKZUZ v letech 1995-1997 Cinil 105 % vynosu standardnich odrid jakosti
A + B. 106 % vynosu standardnich odriid jakosti A.

Ostatni vlastnosti: Polorand odriida s kratsim stéblem (84 c¢m), s dobrou odolnosti proti poléhini. Klas je osinaty. bily.
jehlancovity, stfedné fidky.

Spring wheat Aranka

Registered: Czech Republic, 1998

Breeders rights: SELGEN. as.. Prague, Czech Republic

Breeder and maintainer: SELGEN. as.. Plant Breeding Station Uhfetice

Pedigree: Planct/U6223/Komuna-6/U69 |

Breeding method - pedigree: Year crossing 1987, Individual ear selection started ln Fa. selection of ears was repeated in
F3. Evaluation of double rows (microplots) in Fy, |n Fs first yield trials on 7 m> plots. Yield was evaluated since Fg
progressively on more locations with plot size 10 m? in 2-4 replications. Screening for resistance to mildew, rusts (yellow,
brown and stem) and Septoria nodorum was practised from Fa under artificial and natural infections in field trials. Testing
10 Fusarium sp. and barley yellow dwarf virus (BYDV) started in F7. More detailed analyses for characters of bz quality
and sprouting resistance were performed since Fz. Maintenance breeding started in Fx. After three years of the official trials
the line SG-U202 was registered in 1998 as variety Aranka in Fyj generation.

Disease resistance: In comparison to the standard varicties Aranka was more resistant o mildew and rusts (hrown, yellow
and stem). Resistance to Septoria nodorum, foot diseases and BYDV was moderalte.

Resistance genes: Aranka had specific resistance (o stem rust (race 11). resistance to yellow rust probably controlled by Y72 gene.
Quality: Baking quality — A. Glutenin subunits 1. 14 + 15, 5 + 10. wet gluten content ranged from 21 to 24%. higher protein
content (12.7%). higher \(,dilmnldlion value (60 ml — SDS). falling number around 300 s, higher test weight (79.6 kg/hl).
loaf volume around 507 em*/100 ¢ (RMT). Good sprouting resistance.
Grain yield: In average of the official variety trials in the years 1995-1997 it amounted 105% to the standards of A + B
quality, 106% to the standards of A quality.
Other characters: A medium carly variety, with short stem (84 ¢m) and good lodging resistance. The spikle is awned, white,
tapering shape with lax density.

Ing. Pavel Amler
Slechtitelskad stanice Uhietice, 538 32 Uhietice
+ 420 455/69 29 13, fux: + 420 455/69 29 39

SELGEN, a. s.
i
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PSenice jarni Leguan

Registrovana: Ceskd republika, 1998; Rakousko a zem& EU, 1997: Slovenski republika. 1998

Slechtitelska prava: SELGEN, a. s.. Praha. Ceskd republika

Slechtitel a udrzovatel: SELGEN. a. s., Slechtitelskd stanice Stupice

Rodokmen: kiiZenec stupickych Slechtitelskych linii ST234-84 x ST174-83, ST234-84 = RENA x (MIRONOVSKA 808 x SIETE
CERROS), ST174-83 = (SLAVIA x UH209) x (mutace OKTAVIA x NADADORES)

Metoda §lechténi — rodokmenovi: Ob¢ stupické linie jarni pSenice, které byly pouZity pro kiiZeni, byly pokrodilé materidly zkousené
ve stitnich nebo mezistani¢nich zkouskdch. Vysledky tohoto kiiZeni potvrdily piedpoklady o zlepSeni selekéniho zisku pii pouZiti
ozimych pﬁenicc v programu kfiZeni jarni pSenice. Lepsi vysledky byly zaznameniny v nasem programu pii trojeestném kiizeni jedné
odriidy ozimé pSenice se 2 odridami pSenice jarni, protoZe ve §tépici populaci pievdZi jarni charakter. V rodokmenu odrady Leguan
jsou zastoupeny 2 odridy ozimé pSenice: MIRONOVSKA 808 a SLAVIA, 2 odrudy jarni pxemue za Slechténi CIMMYT v Mcxlku -
NADADORES a SIETE CERROS, ¢eski odrada jarni pSenice RENA a 2 novoslechténi jarni pSenice: mutace z odridy OKTAVIA
a UH 209. Individuilni vybéry rostlin byly zahdjeny od generace Fa. selekee rostlin byly opakoviny i v Fz a Fi. V generaci Fs byly
sklizeny dvouiddkové mikroparcely. Vynosové hodnoceni bylo zahdjeno od generace Fe. V podminkidch piirozené polni infekce byly
hodnoceny choroby ve §lechtitelskych Skolkich od Fy az do konce Slechtitelského cyklu, Pod umélymi infekcemi smési ras rzi
(plevové, travni, pSenicné) a padli travniho byly testoviny generace Fa a dile Fq a Fo. Sklenikové testy smési ras padli travniho na
mladych rostlinkdch byly zafazeny v Fq aZz Fy. Hodnoceni jakosti na sedimentaéni hodnotu. obsah bilkovin. obsah a kvalitu lepku
bylo zafazeno v generaci Fy, dile pak od Fs az do registrace odrudy, Od generace Fx se zkouSeni roz§ifilo o mixografick¢ hodnoceni
a pekaisky pokus v automatickém pecicim piistroji Panasonic.

Od generace Fy bylo zahijeno udrZzovaci §lechténi. Novoslechténi SG-S271 bylo zkouSeno v registraénich zkouskich Ceské republiky
a v rakouskych statnich odridovych zkouskich v letech 1994-1997 a bylo registrovino jako odrida Leguan v generaci Fia.
Odolnost k chorobam: Polni odolnost k padli travnimu je stiedni az dobri. Ve sklenikovych testech na mladych rostlinich mi odrada
velmi dobrou odolnost k padli travnimu. Podle provokacnich testi VURV Praha-Ruzyné je odrida Leguan odolnd ke rzi plevové
a ndchylnd ke rzi travni a vykazuje mirnou rezistenci k viru zakrslé mozaiky je¢mene (BYDV). Odolnost ke rzi pSeni¢né a branic-
natkdm podle polniho hodnoceni na velkém poctu zkuSeben v pokusech UKZUZ je stiedni.

Jakost: Pekiarenska kategorie B. Hlavnim divodem zafazeni této odrudy do kategorie B je mensi objem pokusnych bochnickii v Rapid
Mix testu. Hodnoty sedimentacniho testu jsou vysoké (57-60 ml), vyhovuji hodnoty procenta bilkovin (12.5), objemové hmotnosti
i vaznosti mouky. Leguan md vysoké &islo poklesu (309 s) a dobrou odolnost proti portstini zrna v klase. Gluteninové jednotky
markeruji dobrou pekirenskou jakost (1, 7 + 9, 5 + 10).

Vynos zrna: Prokazuje znaénou adaptabilitu a vynosové se uplatiiuje ve viech oblastech CR. Nadpriimérné vynosové vysledky méla
tato odriida i v Rakousku a ve farmiiskych pokusech v Dinsku.

Ostatni vlastnosti: Délkou vegetacni doby se tadi do skupiny poloranych odrid, s krat§i délkou stébla a stiedni odolnosti k poléhini.
Klas je bily. osinaty. jehlancovity. Zrno mi Cervenou barvu a je stiedné velké (HTZ kolem 38 g.).

Spring wheat Leguan

Registered: Czech Republic, 1998, Austria and EU. 1997, Slovac Republic, 1998

Plant breeders rights: SELGEN, a.s., Prague, Czech Republic

Breeder and maintainer: SELGEN, a.s.. Plant Breeding Station Stupice

Pedigree: Crossing of breeding lines ST234-84 x ST174-83. ST234-84 = RENA x (MIRONOVSKA 808 x SIETE CERROS),
ST174-83 = (SLAVIA x UH209) x (mutation OKTAVIA x NADADORES)

Breeding method — pedigree: Both lines from Stupice breeding used for crossing were tested in Official State Trials. Results from
this cross confirmed the assumption about higher selection advance in crossings between winter and spring varieties in spring wheat
breeding programme. Our results in crosses between spring and winter varieties were better on three-way crossed with one winter
and two spring: wheat varieties. because in the progenies predominated spring character. There were 2 winter wheat varieties:
MIRONOVSKAYA 808 and SLAVIA. 2 spring wheats from CIMMYT programme in Mexico: NADADORES and CIETE CERROS.
I Czech spring wheat variety RENA and 2 spring wheat lines: mutation from OKTAVIA and UH 209 in the pedigree of Leguan.
Since Fa generation started selection on single-plant basis. Single plants remained the basis for selection also in Fa and Fi generations.
In Fs two row microplots were evaluated. Yield trials started in Fs. Diseases in breeding nurseries were evaluated under natural
epiphytotics from Fy till the end of breeding process. Artificial inoculations with mixture of races of rusts (yellow. brown and stem)
and mildew were used in Fa and then from Fa till Fo. Seprovia nodorum and head blight (Fusarium spp.) in Fx. Fo. Greenhouse tests
for mildew resistance on seedlings were done since Fq to Fx. The screening for quality trait ted with rapid methods: sedimentation
(SDS), protein percentage (Infratec), later on with gluten quality from Fy then in Fs till the registration. The quality evaluation was
extended since Fx with mixograph and baking tests in Panasonic Automatic Bread Maker.

Maintanence breeding started in Fy. The line SG-S271 was tested in Official Trials of Czech Republic since 1995 to 1997, Austria
in 1994-1997 and registered as variety Leguan in Fya.

Disease resistance: Field resistance to powdery mildew is good, in seedling tests in greenhouse very good. According to tests ol
Research Institute of Plant Production Prague-Ruzyné the variety Leguan has very good resistance to yellow rust. moderate resistance
to barley yellow dwarf virus (BYDYV) but it is susceptible to stem rust. In multilocation evaluation the field resistance to brown rust
and Septoria nodorum is moderate.

Grain quality: In Official Tests Leguan was characterised by bread making quality of class B. due to lower volume of the loaves,
Other quality parameters are very good (sedimentation value, protein %. test weight. water absorption. falling number and resistance
to sprouting). Glutenin subunits indicate good baking quality: 1,7 + 9, 5 + 10.

Grain yield: Leguan has very good adaptability and has high yields in all regions of Czech Republic. in Austria and also in Denmark.
Other characters: In the maturity it is intermediate, it has shorter length of straw and medium resistance to lodging. The car is white
with awns and it has pyramidate shape. The grain is red with middle TKW (38 g.).

Ing. Alena Hanisovd, Ing. Milos Hanis, CSc.,
SELGEN a. s., Slechtitelske stanice Stupice, 250 84 Sibfina
Tel.: + 420 81 97 24 62, fux: + 420 81 97 04 65
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