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ABSTRACT

The influence of plant height on wheat performance de-
pends on the environmental conditions. This study is an
attempt to determine the effect of two of the most com-
monly used dwarfing genes on wheat performance in the
semi-humid environment at Brasov, Romania. Height,
yield and yield components were studied in 104 recom-
binant inbred lines (RIL) from a cross between semd-
warf parents carrying different alleles at the RhtB1 and
Rht8 loci, in 3 years at two planting dates. Average plant
height of the genotypes was: RhtBla - rht8> RhtBlb -
rht8> RhtBla - Rht8> RhtBlb - Rht8. The effects of the
dwarfing alleles on yield were small. Onan average at the
normal planting date, lines carrying the Rht8 alone
yielded significantly less than tall lines and RhtBlb
semidwarfs. At the late planting date, yield differences
among RIL groups were small and not significant but, at
both planting dates, the RhtBlb semidwarfs gave the
highest average yield. The effects of the dwarfing genes
on each of the yield components were generally small
and not significant.
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INTRODUCTION

hest plant height is an important charecter,

which can sgnificantly influence not only
lodging resstance, but adso photosynthess and
assmilate digribution, therefore grain yield. Many
researchers have studied the relationship between
height and yidd. Kertesz et . (1991) found thet
in Hungary the moderate height reduction caused
by the genes Rht1 and Rht2 reduced yield by 6%,
while the strong height reduction caused by the
genes Rht1+Rht2 or Rht3 reduced yield by 48
and 71% respectively. In Cdifornia, Endaie and
Waines (1994) found favourable pleiotropic &
fects of the genes Rht1 and Rht2, which increased
yield by 10-13% in spring wheet.  Villared and
Raaram (1992) dso found that the semidwarfs
carying Rhtl and Rht2, were superior to tal
wheat in Mexico. Sip and Skorpik (1993) found
that only the strong height reduction caused by
Rht3 had a negdive influence on yidd, while
genes Rht8, Rhtl and Rht2, had no effect on
yield. In Romania, Saulescu et d. (1988) ident-

fied the height reducing genes present in Romanian
semidwarf cultivars and suggested that Rht1 was
favored during sdection under specific environ-
mentd conditions. By comparing yidds of semid-
warf and tal cultivars in 176 yield trids, Saulescu
et a. (199) found that Rhtl carriers had an ar-
erage yield advantage of 314 kg/ha. The yidd in-
crease asociated with the Rhtl dwarfing dlde
was smdler in Transylvania and in years with uv
favourable conditions for plant emergence. All
these results suggest that the effects of the dwarf-
ing genes are dependent on the environmentd
conditions.

This Sudy is an attempt to determine the d-
fect of two of the most commonly used dwarfing
genes, RhtB1 and Rht8, on whesat performancein
the semi- humid environment a Brasov, Romania

MATERIAL AND METHODS

Height, yidd and yidd components were
dudied in 104 recombinant inbred lines (RIL)
from a cross between winter whegt cultivars Sin-
cron and F1054W. Sincron was selected from the
cross RussalkaAurora/3/ Mexique 50/ B21 //
Aurora/4/ Zga163-73 (Figure 1), as along cd-
eoptile, high-tillering semidwarf (Saulescu and Ittu,
1985). F1054W was sdected from the cross
Montana/3/ Mexique 50/ B21 // Aurora/4/ Lov-
rin 32, as a semidwarf, high yidding line.
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Figure 1. Genealogy of the winter wheat line Sincron
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The recombinant inbred lines were devel
oped a the Agricultura Research & Development
Ingtitute of Fundulea using the following procedure
(Ittu & d., 2000). From the F, popuation, 108
spikes were randomly harvested and the seed was
planted in the field as F3; head-rows. From F; to
F+, one spike was harvested from each head-row
without any conscious sdlection and was used to
plant the next generation. Seed from each Frs
head-row was bulked to produce the recombinant
inbred lines. Parents were homogeneous, so san
pling from parents was not considered necessary.

Polymorphism was found among the par-
ents, and consequently among the recombinant
inbred lines, for height-reducing genes RhtB1
(previous designation Rht1) and Rht8 (Mclintosh
e d., 1998). Classfication of parents and RIL
according to aleles at RhtB1 and Rht8 was based
on plant height and on seadling response to ex-
ogenous gibberellic acid, as measured by the
height of two-leaf seedlings grown in derilized
sand and watered with  Audtin nutrient solution
supplemented with 50 mg kg™ gibberdlic acid
(Gde and Gregory, 1977). Table 1 shows the
dldes for the height reducing genes found in the
parents Sincron and F1054W. Segregation pat-
terns for the marker loci fit the expected 1:1 ratio
(0.25<P< 0.90, data not shown).

Table 1. Marker loci for height in winter wheat cross

Sincron/ F1054W
Alleles Alleles
Chronmosome . .
Gene location presentin | presentin
Sincron F104W
RhtB1 4Ba RhtBla RhtB1b
Rht8 2DL Rht8 rht8

The 104 RIL were grown in the fidd on 5 m?
plots without replications, with parents repested
10 times during 1995-1996, 1996-1997 and
1997-1998, a the Research and Development
Ingtitute for Potatoes and Sugar Beet Brasov, on
acambic chernozem

The year 1995-1996 was dry a planting
date, but excessve rainfdl from November to the
end of vegetation and temperatures below normd,
caused reduced growth and low yidds. The year
1996- 1997 was moderately favourable for whest,

with dry autumn, but high rainfal during spring and
rdively high tenperatures (28.0-29.5°C) during
gran filling. The year 1997-1998 was the most
favourable, with good moisture a planting time,
high rainfall in spring and normal temperatures.

Two planting dates were used each yesar, the
recommended one, inthefirst daysof  October,
and alate one, 2-3 weeks later.

Litle gpatid variation and no spatid
trends were observed for yield or its components
among replicated plots of the two parents. There-
fore, al plots were trested as a population in
which markers were completely randomized, and
comparisons were made among subsets of lines
with dternative dldles a each locus. A t-test, as
suming equa variances was used to determine the
sgnificance of differences between average vaues
of recombinant lines grouped according to the
dldes of the marker genes. The dgnificance of
differences between means of individud lines and
the mean d the most resstant parent was deter-
mined by a t-test, based on genotype X years in
teraction.

RESULTS AND DISCUSSION

Average plant height of RIL’s carrying each
combination of aldes of the dwarfing genes
(RhtBla - rht8, RhtBla - Rht8, RhtBlb - rht8
and RhtB1b - Rht8), in each of the three years of
testing and averaged over the three years of ted-
ing are presented in table 2.

Each year and on average over the three
years, a both planting dates, plant height was in
decreasing order RhtBla - rht8> RhtBlb -
rht8> RhtBla - Rht8> RhtBlb - Rht8. The
dwarfing dlde Rht8 had a stronger height reduc-
ing effect than the dwarfing dlde a the RhtBl
locus.

Average yidds of RIL’s carrying each com:
bination of aldes of the dwarfing genes, in each of
the three years of testing, and averaged over the
three years of testing, are presented in table 3.
The results suggest that, uder the envirommenta
conditions of Brasov, the dwarfing genes had a
raivdy smdl effect on yidd. Sgnificant yidd
differences were only recorded in 1996 and 1998
a the normd plarting date. In 1996 semidwarf
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lines with the dwarfing dlde a the RhtB1 locus among the RhtBlb carriers and among the tdl

were significantly superior to dl the other RIL
groups, while in 1998 the same lines, together
with the tal ones were significantly superior to the

lines (data not shown).
Differences in the number of emerged plarts
and in the number of spikes per unit area were

Table 2. Average plant height of recombinant inbred lines, grouped according to the alleles of the
dwarfing genes RhtB1 and Rht8

Plant height (cm)

Allelesof 1996 1997 1998 Average
tirrf; Cé]v;/r?gs- |c'>\ll :rz?? :g Late plart- p’}l:rz?:g Late plart- pr}l:;m?g Late plart- p’\llgr::?ral‘g Lateplant-

date ing date date ing date date ing date date ing date
Rh,t.ﬁtlga " | es7a 5602 05a 870a %4a 00a 832a 775a
Rh:ﬁtlgsb " | e52a 530a | 8L8a | 790b 86.4b 830b 77.8b 715b
RS2 | sasp | 4700 771b 730c | 796c | 7a0b 705¢ 664c
Rhéﬁtlgb " | 488b 430D 48¢ 650d 69.0¢ 690¢ 609d 588d

Values from the same column, followed by the same letters, are not significantly different at P<5%.

Table 3. Average grain yield of recombinant inbred lines, grouped according to the alleles of the

dwarfing genes RhtB1 and Rht8

Grainyield (kg/ha)
Allelesof 1996 1997 1998 Average
‘I:}:IZ cév;r?gs ;)\Ilec\)rrl?r?g Late plant- p’?‘g}?ﬁg Late plant- pI\Il;):l?r?g Late plant- p’\llgrrl?r?g Late plant-
date ing date date ing date date ing date date ing date

RhtBla -

rht8 3781lb 2789 a 4145a 438la 5834a 5405 a 4587a 412 a
RhtB1b -

rhis 4374 a 2572a 4524a 4739a 5604 a 5462 a 4834a 4258 a
RthQEtlga i 3533b 2500a 4237a 4585 a 5086b 5065 a 4282b 4050 a
RhtB1b -

Rht8 3555 h 2553a 4673a 4897 a 4767b 4430 a 4332 ab 3960 a

Values from the same column, followed by the same letters, are not significantly different at P<5%.

Rht8 carriers. On the average at the normal plart-
ing date, only the lines carrying the Rht8 done
yidded sgnificantly less than the tal lines and the
RhtBlb semidwarfs. At the late planting date,
yield differences anong RIL groups were smal
and not sgnificant.

Despite the smdl effects of the dwarfing d-
ldes on yidd, it should be noted that, a both
planting dates, the RhtB1lb semidwarfs gave the
highest average yield. It is dso worth mentioning
that the highest yielding individud lines were found

gmdl and not sgnificant in dl years and a both
planting dates (Tables 4 and 5).

Knowing that the RhtB1b dlele produces a
sgnificant reduction in coleoptile length (Allan et
al., 1961; Saulescu et d., 1994), it is obvious that
under conditions found a Brasov coleoptile length
did not influence seedling emergence and number
of spikes.

The number of grains per spike was smilarin
all RIL groups, with the exception of the semid-
warfs carrying the dlde Rht8, which had sgnifi-
cantly smdler spikes in 1996 a normd planting
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7). However, there was a tendency for the
semidwarfs carrying the RhtBlb dlee to have
larger grains, at both planting dates.

date, in 1998 at late planting and on average (Ta
ble 6).
Average weight of 1000 grains was not Sg-

Table 4. A verage number of emerged plants/m?2 in recombinant inbred lines, grouped according to the alleles of the dwarf-

ing genes RhtB1 and Rht8
Number of emerged plants/m?

Alleles of 1996 1997 1998 Average
E:Z g\évna; p’?lgrrn?i1 r?lg Lateplant- p’?g?:g Lateplant- p’rgrrl?i]r?g Lateplant- pwlgr:?r?g Latepant-

date ing date date ing date date ing date date ing date
Rh:f’tlsa - 251a 213a 123a 4282 B6a 404 332 U7a
Rh:ﬁtlsb - 2432 04a M3a 431a B6a 423a U7a B2a
ngﬁtlg - %52 024 29a 410a 374a 97a 33a 3Ha
ngﬁtlfsb - 20a 175a 517a 4002 %68a 379a %8a 318a

~Values from the same column, followed by the same letters, are not significantly different at P<5%.

Table5. Average number of spikes/m2in recombinant inbred lines, grouped according to the alleles of the dwarfing genes
RhtB1 and Rht8

Number of spikes/m?

Alleles of 1996 1997 1998 Average
':23 g\(,avnifs p’}l:;?r?lg Lateplant- p’}l;:?r?g Lateplant- p’TI:rrl?r?g Lateplant- p'TI:rTi]r?g Lateplant-

date ingdate date ing date date ing date date ing date
thtﬁt 18a ) 507 a 3lla 582a 668 a 673a 669 a 87a 59a
Rh:ﬁt;b - a 21a 68a 675a &8a 667a 579a 5452
ngﬁtlga' 4974 08a &45a 678a &57a 680a 60a 555
Rgﬁ%b ) 471a 292 a 603a 742 a 579a 688 a 551a 574a

“Values from the same column, followed by the same letters, are not significantly different at P<5%.

Table 6. Average number of graing/spike in recombinant inbred lines, grouped according to the alleles of the dwarfing
genes RhtB1 and Rht8

Alleles of Number of graing/spike
the dwarf- 1996 1997 1998 Average
ing genes Norma Lateplant- Norma Late plant- Norma Late plant- Norma Late plant-
planting ing date planting ing date planting ing date planting ing date
date date date date
RhtBla - 17ab 2la 19a 16a Da 30ab 22ab 2a
rht8
RhtB1b - 19a 2la 19a 16a Da Ba 23a 2a
rht8
RhtBla - 16b 20a 17a 17a 26a 29b 20b 2a
Rht8
RhtB1b - 17ab 20a 20a 16a 3la 3lab 23a 23a
Rht8

Values from the same column, followed by the same letters, are not significantly different at P<5%.

nificantly influenced by the dwarfing dldes (Table
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It is interesting to naotice that, dthough at the
level of each yidd component the effects of the
dwarfing genes are smal and not sgnificant, the
gndl exiding differences cumulate to produce
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