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STABILITY OF VISUALLY ESTIMATED GRAIN QUALITY OF
WINTER WHEAT IN EARLY GENERATIONS

VYTAUTAS RUZGAS, ZILVINAS LIATUKAS!

SUMMARY: The evaluations were set up at the Lithuanian Institute of Agriculture (LIA) dur-
ing 2004-20006. Results of visual estimation of grain quality traits (VEGQ) showed that dominant
populations were with score 4 in F5 and F6, 43 % in 2004 and 52 % in 2005, respectively. The most
frequent populations in F5 were with scores 3 (39 %) and 4 (35%) in the season 2005-20006. The
fluctuation of VEGQ scores between years was generally plus- minus one score. The populations
with stable scores in the cycle F5: F6 accounted for 47.8 % of the total populations evaluated. The
populations varying in one score accounted for 43.5 % and those varying in two scores ac-
counted for 8.7 %. VEGQ scores of the populations were mainly influenced by grain quality level
of parental varieties. VEGQ scores did not correlate in cycle 2004/2005, but the populations of

2005/20006 bighly correlated (r=0.72) by VEGQ scores.
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INTRODUCTION: Many quality traits al-
though affected by environmental factors, are
under genetic control, which allows manipula-
tion and selection by the breeders. The selec-
tion for the improvement of several simulta-
neous traits in autogamous plants is a difficult
task, considering the complexity of the genetic
basis involved, the need of large size popula-
tions for selection, the need of several recom-
bination cycles and the difficulty of environ-
mental control that can interfere with the
phenotypic expression of the traits. Consider-
ing all the above, the genetic progress obtained
with the selection of a unique individual with
all the desired traits becomes a very hard task
for the plant breeders. It becomes important to
develop systems to conduct segregating popu-
lations, which increases the efficiency of better
genotypes identification (Lukow and McVetty,
1991, de Andrade et al., 2001, Petrovi¢ Sofija et
al., 2000).

The level of rainfall in Lithuania during
the spring and summer differs greatly from
one year to another, so the varieties intro-
duced into cultivation must be capable of giv-
ing high values of quality parameters with
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both an excess and deficit of rainfall. Due to
developments in the food and baking indus-
try, grain quality determines prices and mar-
ket options to a large extent. The introduction
of high quality wheat varieties into cultivation
requires not only favourable technological pa-
rameters, but also good adaptation to unfa-
vourable environmental conditions.

One of the elements of winter wheat breed-
ing process at the Lithuanian Institute of Agri-
culture (LIA) at early generations (F4-F0) is strict
visual evaluation of grain quality (VEGQ). The
best ears selected in the nurseries are threshed
and evaluated individually for phenotypic grain
traits. The VEGQ is based on evaluation of grain
filling level (shrivelling), smooth seed-coat,
grain size and grain hardness level.

The objectives of this study were to evalu-
ate the stability of VEGQ of wheat in early
breeding populations between years differing
in weather conditions.

Materials and methods

The evaluations were set up at the Lithua-
nian Institute of Agriculture (LIA) over the pe-
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riod 2004-2006. During the 2004-2005 cycle
we assessed visual grain quality of 46 popula-
tions and during 2005-2006 of 100 popula-
tions of F5-F6 generations.

VGQ evaluation was done on 1-5 score
scale, main factors for score formation were:
grain size, grain filling and grain hardness lev-
els. Score explanation: 1 - grain shrivelled,
small; 2 - grain slightly shrivelled, small, 3 -
grain medium size, seed-coat a little wrinkly,
complete soft; 4 - grain medium-large,
seed-coat smooth, hardness level low-me-
dium; 5 - grain large, completely filled, hard-
ness level medium-high. The mean popula-
tion assessment score of VEGQ was general
evaluation of selected ear-grains for further
testing in the next generation.

The experimental material was sown after
fallow in the middle of September in the
breeding nurseries with natural infection.
Each population of both generations was
sown in six-row plots of 1 m length. The soil in
the screening plot was loam, with a clay con-
tent of 24-27 %, pH 6.5; percentage of organic
matter 2.3-2.5; P,O5 150-170; K,O 180-200
mg kg1 soil. N9OP60K60 was applied annu-
ally. Potassium and phosphorus were applied
before sowing, nitrogen in spring after re-
sumption of vegetation. Populations were
negatively selected for leaf disease susceptibil-
ity at milk stage (BBCH 71-79). Yield harvest-
ing was done at full ripening (BBCH 91-93) by
picking 100 best ears from the best rows for
both generations. The selected ears were
threshed individually for visual evaluation of
grain number and quality.

The weather conditions during the experi-
mental period were very different between
years. The growing season of 2003/2004 was
favourable for crop establishment, over win-
tering, growing and maturation. The next sea-
son 2004/2005 was less favourable due to late
spring, water deficiency and high temperature
during July. The third season 2005/2006 was
very unfavourable. Very cold winter and late
spring weakened plants and plant stand;
some lines were killed by waterlogging.
Spring was droughty and cold, summer was
exceptionally dry and hot.

Results and discussion

Results of VEGQ showed (Table 1) that
dominant populations were with VEGQ score
4 in F5 and F6, 43 % in 2004 and 52 % in 2005,
respectively.

Tab. 1. Distribution of visual evaluation of
grain quality scores in F5 and F6 genera-

tions during 2004-2006
Grain visual Number of generations
evaluation 2004- 2005 2005- 2006
score F5 FG F5 FG
2 0 0 3 1
3 10 11 39 21
4 20 24 35 47
5 16 11 23 31
Total 46 46 100 100

The next cycle, F5 in 2005 and F6 in 2000,
was more complicated. The most frequent
populations in F5 were with scores 3 (39 %)
and 4 (35%). The populations with the lowest
VEGQ scores 1 were not observed and with
score 2 were very rare (3 populations of F5 in
2005 and 1 population of F6 in 2006). Such
relationship was mainly influenced by a strict
positive selection of big ears with very good
exterior. Also, negative selection for disease
susceptibility, discard of highly diseased or de-
fective populations was applied improve in
order to selection for positive traits. The fluc-
tuation of VEGQ scores between years was
generally plus- minus one score. The popula-
tions with stable scores in the cycle F5: F6 ac-
counted for 47.8 % of the total evaluated pop-
ulations. The populations varying in one
score accounted for 43.5 % and those varying
in two scores accounted for 8.7 % (tab. 2).

Tab. 2. Score stability of populations be-
tween generations grown in 2004 - 2005 and
2005 - 2006

Scores in 2004-2005 2005-2006
both years F5—>F6 F55F6
252 0 1
23 0 2
33 4 17
34 3 20

43 6

35 3

53 1

44 12 24
45 2

5—4 9 3
55 6 20
Total 46 100




VEGQ scores were mainly influenced by
grain quality level of parental varieties (Anon-
ymous, 2006). The populations of the cycle
2004/2005 with the highest score 5 had in
their pedigree one of the two parents with
high grain quality traits. Such populations
were Astron/Manef, Rostovchanka//Rostov-
chanka/ Belisar and Pegassos/Lut 96-3 (Tab. 3).

Tab. 3. Populations with stable visually esti-
mated grain quality

2004 [ 2005

Pedigree F5 F6

Marabu / Ritmo

Pegasos / Nika Kubani

Lone / Inna // Lut 96-6

Lone /Inna // Hereward

Astron / Athlet

Rotovchanka // Rotovchanka / Bold
Astron / Tarso // Zabava odesskaja

Astron / Manef

Rostovchanka // Rostovchanka /
Belisar

Pegasos / Lut 96-3

Maverich / Lut 9-358

Flair / Kris

Marabu / Victo

Marabu / Ansgar

Flair / Lars

Flair / Ukrainka Odesskaya
Marabu / Juna

Flair / Charger

Tarso / Bussard
Zentos / Arlas

N
VN IV} [V} JNY VNG JTNY [V (SO (35 N 6-S=3 KV} IRVII [V} YN J¥NQ VN RN SV [V (3%
n
[\

VN [V} V13 IS RS (FN) (VS SV KOV NN =331 VI3 VIR VI [FNG) VNG NG NG [O) (S (99

VEGQ score of populations of the next cy-
cle 2005/2006 were influenced by parental
grain quality traits in a similar way. The popu-
lation Maverich/Lut 9-358 had the worst

VEGQ score 2. Higher score 3 was specific to
the populations Flair/Kris, Marabu/Victo,
Marabu/Ansgar. All these populations contai-
ned in their pedigree varieties with low grain
quality. The best score 5 was rated for the pop-
ulations Flair/Charger, Tarso/Bussard, Zen-
tos/Arlas with parental forms in their pedigree
characterized by high grain quality (Tab. 3).

The correlation between years in the in-
vestigated cycles was extremely different.
VEGQ scores did not correlate in cycle
2004/2005, but the populations of 2005/2006
highly correlated (r=0.72) by VEGQ scores
(Figs. 1 and 2). Figures 1 and 2 reflect the dis-
tribution of VEGQ scores between years. Low
correlation between years of cycle 2004/2005
was due to diverse weather conditions. The
season of 2004 was favourable for plant
growth but not for the formation of high grain
quality due to rainy and cold weather during
July. 2002 and 2003 seasons were droughty
and hot the most advantaged genotypes were
with shorter growing season and with toler-
ance to droughty conditions. Therefore, selec-
tion of genotypes shifted from medium or me-
dium-late maturing to early or early-medium
maturing genotypes. Growing season 2004
distorted this increasing trend; that year most
advantaged were later maturing populations.
The seasons of 2005 and 2006 were droughty
and hot again. The growing conditions for ge-
notypes with shorter growing period were
more favourable. The main reason was that
organic substances for grain growing in wheat
may originate either from current assimilation
or from storage pools in vegetative plant
parts. Reserves may accumulate prior to
anthesis and during the initial period of grain
filling. Therefore, pre-anthesis reserves could
contribute significantly to grain yield when
conditions for photosynthesis were unfavour-
able during grain filling (Asseng and van
Herwaarden, 2003, Chaves et al., 2004, Pfeif-
fer et al., 2005).

Fig. 1. Scores of visually evaluated grain quality of F5 and F6 populations during 2004/2005
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Fig. 2. Scores of visually evaluated grain quality of F5 and F6 populations during 2005/2006
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Grain weight is genetically determined
and genetic features have more effect than the
environment. Highly stable VEGQ scores
show that this trait had essential impact on
general score. On the other hand, grain filling
level is highly influenced by the environment.
The main factors are drought and high disease
severity. Therefore, populations, with shorter
growing season, tolerance to water deficiency
and high disease resistance formed well-filled
grains. Grain hardness is one of the major
grain quality traits, because hard endosperm
is usually characterized by good quality traits
detected by laboratory methods. On the other
hand grain hardness level can indicate a good
plant supply with nutrients. This relationship
in turn, means that genotype was not affected
by diseases and did not lose photosynthetic
leaf surface as well as drought did not influ-
ence the mentioned parameters. A thousand
kernel weight (TGW) genetically is highly
determinated and environmental conditions
have less influence (Guttieri et al., 2001, Gut
and Bichoski, 2004, Barnett et al., 2006). In-
vestigation of the influence of TGW on other
quality traits showed that small grain did not
affect grain end-use quality negatively. There-
fore there is no reason to discard a seed sam-
ple due to small grain in the early generations.
Much more important is the test weight,
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which we can predict evaluating grain
development.

Conclusions

During the experimental period 2004-
2006, we evaluated F5 and FG6 early genera-
tions populations of winter wheat using visual
quality scoring. The largest share of popula-
tions (43 % in 2004 and 52 % in 2005) were
evaluated by a visual quality score 4. The most
frequent populations in F5 (2005) were those
with scores 3 (39%) and 4 (35%). Fluctuation
of VEGQ scores between years were generally
in one score. The populations with stable
scores in the cycle F5—>F6 accounted for 47.8
% of the total evaluated populations. The pop-
ulations varying in one score accounted for
43.5 % and those varying in two scores ac-
counted for 8.7 %. VEGQ scores were mainly
influenced by grain quality level of parental
varieties. The correlation between years in the
investigated cycles depended on the differ-
ence in the weather conditions between years.
In years with significant weather differences
(2004/2005) VEGQ scores did not correlate in
cycle, but in years with similar conditions
(2005/20006) the VEGQ scores of populations
previous and present year highly correlated
(r=0.72).
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