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Studies on selection for dry matter digestibility in the breeding
program of timothy plants
by
Masamichi Furuya

Summary

1. The application of the simple method for predicting the dry matter digestibility of
timothy plants

1) The Tilley and Terry in vitro digestion method

The mean dry matter digestibilities of 10 forages analysed by Tilley and Terry in
the in vitro and in vivo digestion methods were similar. The correlation coefficient
between the dry matter digestibilities by the Tilley and Terry in vitro method and the
in vivo method was highly significant (r=0.956; p<0.01), and the regression equation
Y =7.92+0.88X was calculated, where Y =in vivo and X=dry matter digestibility by
the Tilley and Terry in vitro method.

2) The simple enzyme digestion method

The simplified cellulase digestion methods for estimation of dry matter digestibility
of timothy plants were examined.

a) The shaking digestion method by Furuya et al. (1982)

The dry matter digestibility values of 10 forages analysed by this method were lower
than those of the in vivo method. The correlation coefficient between dry matter
digestibility by this method and that of the in vivo method was highly significant (r=
0.902; p<0.01), and the regression equation Y =41.64+0.58X was calculated, where Y=
in vivo and X=dry matter digestibility by this method.

b) The non-shaking digestion method by Ueda et al. (1970)

The dry matter digestibility values of 28 forages analysed by this method were lower
than those of the Tilley and Terry in vitro method. However, the correlation coefficient
between the dry matter digestibilities by this method and the Tilley and Terry in vitro
method was highly significant (r=0.943; p<0.01), and the regression equation Y =20.40+
1.22X was calculated, where Y =dry matter digestibility by the Tilley and Terry in
vitro method and X=dry matter digestibility by this method.

It is concluded that the simple cellulase digestion method is very useful for the
selection of high digestible plants or strains.

It is concluded that these analyses were an accurate and rapid method of predicting
dry matter digestibility in timothy plants.
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2. Variability of dry matter digestibility in timothy plants

1) Variability of dry matter digestibilities among varieties or strains
Dry matter digestibilities of 50 varieties and 2 strains were estimated for the 1st, 2nd,
and 3rd crops. The dry matter digestibilities in the 1st, 2nd, and 3rd crop showed
alarge variability among 52 variabilities and strains. The mean dry matter digestibility
for the 1st crop of 52 varieties and strains was 59.1%, that for the 2nd crop was 64.2%,
and that for the 3rd crop was 67.7%. The range of the dry matter digestibilities for the
1st crop of 52 varieties and strains was 13.8%, that for the 2nd crop was 12.3%, and that
for the 3rd crop was 16.5%. The differences of dry matter digestibilities among 52
varieties and strains were highly significant in all the crops.
2) Variability of dry matter digestibilities among clones
Dry matter digestibilities of 366 early maturing clones (derived from 29 varieties and
11 strains) were estimated for the 1st crop. The dry matter digestibilities in the 1st crop
showed a large variability among 366 clones. The mean dry matter digestibility for the
1st crop of 366 clones was 61.9%, the range of the dry matter digestibilites for the 1st
crop of 366 clones was 20.9% (51.6% to 72.5%).
The dry matter digestibilities in the 1st crop showed a large variability among 40
mother lines (29 varieties and 11 strains).
3) Changes in dry matter digestibilities with the advancing primary growth of varieties
or strains
Changes in dry matter digestibilities with the advancing primary growth of 50
varieties and 2 strains were investigated. The dry matter digestibilities of each crop
for primary growth showed a large variability among 52 varieties and strains. The
ranges of the dry matter digestibilities of each crop for the primary growth of 52
varieties and striins were 10.5% or more, respectively. In all timothy varieties and
strains studied, the dry matter digestibilites with the advancing primary growth
decreased. The dry matter digestibilities of early, medium early, and medium late
maturing varieties and strains decreased rapidly, while those of late maturing varieties
and strains decreased slowly.
4) Variabilities of the dry matter digestibilities of leaves and stems among varieties
and strains
The dry matter digestibilities of leaf blades and stems (with the leaf sheath and head)
of 50 varieties and 2 strains were estimated. The dry matter digestibilities of the leaf
blades and stems of each crop for primary growth showed large variabilities among
52 varieties and strains. The ranges of the leaf blade and stem dry matter digestibilities
of each crop for the primary growth of 52 varieties and strains were 9.7% or more,
respectively. The mean dry matter digestibilities of the leaf blades of each crop were
higher than those of the stems, while the coefficients of variation and the ranges were
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lower. The correlation coefficients between the whole plant dry matter digestibilities
and the leaf blade or stem dry matter digestibilities with the advancing primary growth
were highly significant. However, the value for the dry matter digestibility of the whole
plant reflected those of both the leaf blades and stems, particularly that of the stems.

3. The relationships between dry matter digestibility and the morphological or
physiological characteristics in timothy plants

1) The relationship between dry matter digestibility and the leaf weight ratio

The relationship between the dry matter digestibilities and the leaf weight ratios
(percentage of leaf blade weight to whole plant weight; dry matter basis) of 50 varieties
and 2 strains was investigated for the 1st, 2nd, and 3rd crops. The leaf weight ratios
for the 1st and 2nd crops showed a large variability among 52 varieties and strains.
However, that for the 3rd crop showed a small variability among 52 varieties and
strains. The correlation coefficient between the dry matter digestibility and the leaf
weight ratio for the 1st crop was highly significant. However, little relationships were
found between them for the 2nd and 3rd crops.

The relationships between the dry matter digestibilities and leaf weight ratios with
the primary growth of 50 varieties and 2 strains were investigated. The leaf weight
ratios with the advancing primary growth showed a large variability among 50 varieties
and 2 strains. The correlation coefficients between the dry matter digestibilities and
the leaf weight ratios with the advancing primary growth of 52 varieties and strains
were highly significant.

The correlation coefficient between the dry matter digestibilities and the leaf weight
ratios for the 1st crop of 216 clones was highly significant.

2) The relationship between dry matter digestibility and crude protein

The relationships between the dry matter digestibilities and crude protein contents
(dry matter basis) for 24 plants and their polycross progenies were investigated. The
crude protein contents for the 1st crop showed a large variability in both the 24 plants
and their polycross progenies. The correlation coefficients between the dry matter
digestibilities and the crude protein contents for the 1st crop in both the 24 plants and
their polycross progenies were highly significant.

The relationship between the dry matter digestibilities and crude protein contents
for 216 clones (fourteen samples of the 2nd crop were unanalysed) was investigated.
The crude protein contents for the 1st and 2nd crops showed a large variability among
216 clones. The correlation coefficients between the dry matter digestibilities and the
crude protein contents for the 1st and 2nd crops were highly significant.

3) The relationship between dry matter digestibility and the dry weight ratio

The relationship between the dry matter digestibilities and the dry weight ratios

(percentage of dry weight to fresh weight in foliage) for 24 polycross progenies was
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investigated for the 1st crop. The dry weight ratios for the 1st crop showed a large
variability among 24 polycross progenies. The negative correlation coefficient between
dry matter digestibility and the dry weight ratio for the 1st crop was highly significant.

The relationship between the dry matter digestibilities and the dry weight ratios for
230 clones was investigated for the 1st crop. The dry weight ratios for the 1st crop
showed a large variability among 230 clones. The negative correlation coefficient
between the dry matter digestibility and the dry weight ratio for the 1st crop was highly
significant.

4) The relationships between dry matter digestibility and plant diseases

The relationships between the dry matter digestibilities and plant diseases for 50
varieties and 2 strains were investigated for the 1st, 2nd and 3rd crops. Purple spot
susceptibilities of natural inoculation in the field for the 1st, 2nd, and 3rd crops showed
a large variability among the 52 varieties and strains. The negative correlation
coefficient between the dry matter digestibilities and the purple spot susceptibilities
(rating scale=1: least to 5: most) for the 1st crop was highly significant, but those for
the 2nd and 3rd crops were small.

The relationship between the dry matter digestibilities and the purple spot
susceptibilities of greenhouse inoculation for 8 leaf blades of the 1st crop was
investigated. The negative correlation coefficient between the dry matter digestibilities
and the purple spot susceptibilities for 8 leaf blades was highly significant (r=—0.873;
p<0.01).

The brown stripe susceptibilities (rating scale=1:least to 5:most) of natural
inoculation in the field for the 1st and 3rd crops showed a large variability among the
52 varieties and strains, but that for the 2nd crop was small. The negative correlation
coefficient between the dry matter digestibilities and the brown stripe susceptibilities
for the 1st crop was highly significant, but small. The correlation coefficients between
them for the 2nd and 3rd crops were small and not significant.

Varieties and strains susceptible to plant diseases showed a low dry matter
digestibility.

5 Relationships between dry matter digestibility and the other agronomic
characteristics.

Characteristics of 50 varieties and 2 strains were investigated for plant height, date
of heading, leaf color, no. of tillers, leaf width, growth habit, no. of panicles, culm
thickness, and leaf blade weight. The negative correlation coefficients between dry
matter digestibility and plant height, leaf width, and growth habit for the 1st crop, and
no. of panicles for the 2nd crop were highly significant, but small. The correlation
coefficients between the dry matter digestibility and date of heading and no. of tillers
for the 1st crop were highly significant, but small, without date of heading.

6) The relationship between dry matter digestibility and dry matter yield

The relationship between the dry matter digestibilities and dry matter yields for 50

varieties and 2 strains was investigated for the 1st, 2nd, and 3rd crops. The negative
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correlation coefficient between the dry matter digestibilities and the dry matter yields
for 52 wvarieties and strains was highly significant for the 1lst crop, but little
relationships were found between them for the 2nd and 3rd crops.

The negative genetic correlation between the dry matter digestibilities and the dry
matter yields for 52 varieties and strains was very high(rg= —0.809) for the 1st crop.
However, the negative genetic correlation between the dry matter digestibilities and
the dry matter yields for 8 early maturing varieties and strains was low (ry= —0.282)_
for the 1st crop.

The environmental correlation between the dry matter digestibilities and the dry
matter yields for 52 varieties and strains was low for the 1st crop.

4. Selection for dry matter digestibility in timothy plants

1) The heritability estimates for dry matter digestibility

The dry matter digestibilities of 24 parents and their polycross progenies were
estimated for the 1st crop. The mean dry matter digestibility for the 1st crop of 24
parents was 59.0%, that for the 1st crop of 24 polycross progenies was 55.8%. The range
of dry matter digestibility in the parent was 15.4% and 9.2% in the polycross progeny.
The dry matter digestibilities for the 1st crop showed significant variability in both
the 24 parents and their polycross progenies.

The correlation coefficient between the dry matter digestibility of the parent and that
of the polycross progeny was highly significant. The heritability estimates for dry
matter digestibility derived from the parent-polycross progeny correlation was 0.891.

These results thus suggest that genetic variability in dry matter digestibility exists
within timothy plants, and can be utilized by the breeder.

2) Difference of dry matter digestibility between the generations in multiplication of
the cultivars

The difference of dry matter digestibility among the 2 generations in multiplication
of the 2 cultivars was investigated for 2 years. A large difference of dry matter
digestibility was found among them for the 1st crop of the 1st year in Nosappu timothy,
and little differences were found among them for the other generation in all crops in
Nosappu and Senpoku timothy. However, the differences among the 2 generationsin
multiplication of the 2 cultivars showed no significance for all of the crops.

3) Breeding for dry matter digestibility

High and low dry matter digestibility strains were bred by synthetic methods using
3 clones derived from 24 unselected early maturing clones. The differences of the dry
matter digestibilities between the high and low synthetic strains was significant for
all of the crops, but small. The differences of the dry matter yields between them were
not of significance for all of the crops.

The high dry matter digestibility strain was bred by the synthetic method using 5
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clones derived from 28 early maturing clones (selected in dry matter digestibility of
the 1st crop). The difference of the dry matter digestibilities between the high synthetic
strain and Nosappu (check cultivar) timothy was significant for the 1st crop of the 2nd
year. Furthermore, the dry matter digestibility for the 1st crop of the 2nd year of the
high synthetic strain was 3.6% higher than that of Nosappu timothy. The differences
of the dry matter yields between them were not significant for all of the crops.

Selection for improved dry matter digestibility by the individual selection method
was investigated. The mean dry matter digestibility of the plantsin each selection cycle
was increased by advancing the selection cycle.

4) Seedling selection for dry matter digestibility

Selection for dry matter digestibility at the young seedling stage was investigated.
Dry matter digestibility showed a large variability among 44 seedlings, while those of
their plants in the field showed a small variability for all of the crops. The correlation
coefficients between the dry matter digestibilities of the seedlings in the greenhouse
and those for each crop of their plants in the field were not significant, respectively.

5. Adaptability of timothy cultivars to environmental conditions

1) Effects of air temperature on dry matter digestibility
The effects of air-temperature on dry matter digestibility were examined using 5
cultivars. In all timothy cultivars studied, the dry matter digestibilities of the leaf blade
and herbage were highest under the lowest air-temperature regime. The interaction
between air-temperatures and cultivars in dry matter digestibility showed no
significance.
2) Effects of soil moisture on dry matter digestibility
The effects of soil moisture on dry matter digestibility were examined using 5
cultivars. The mean dry matter digestibilities of the leaf blade and stem ( with leaf
sheath and head) for the 1st crop of all cultivars were highest under the lowest soil
moisture regime (i. e. the lowest growth). Those of the 2nd crop were highest under the
highest soil moisture regime. The interaction between soil moistures and the cultivars
in dry matter digestibility showed significance for the 1st and 2nd crops.
3) Effects of light intensity on dry matter digestibility
The effects of solar radiation on dry matter digestibility were examined using 5
cultivars. In all of the timothy cultivars studied, the dry matter digestibilities of the
leaf blade and stem (with leaf sheath and head) for the 1st crop were decreased by low
solar radiation. The mean dry matter digestibility for the 2nd crop was lowest under
the 45% of full solar radiation regime. The interaction between the levels of solar
radiation and the cultivars in dry matter digestibility showed no significance for the
1st and 2nd crops.
4) Effects of nitrogen application and soil on dry matter digestibility
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The effects of nitrogen application and soil on dry matter digestibility were examined
using 5 cultivars.

In all of the timothy cultivars studied, the dry matter digestibilities of the leaf blade
and stem (with leaf sheath and head) for the 1st and 2nd crops were increased by
nitrogen application, and the interaction between the nitrogen application levels and
the cultivars in dry matter digestibility showed significance for the 2nd crop.

The mean dry matter digestibilities of the leaf blade and stem for the 1st crop were
highest under the Kunneppu soil regime, while those of the 2nd crop were lowest. The
interaction between soils and cultivars in dry matter digestibility of the leaf blade
showed significance for the 1st crop.

5) Effects of day length on dry matter digestibility

The effects of day leng‘th on dry matter digestibility were examined using 5 cultivars.
In all of the timothy cultivars studied, the dry matter digestibilities of the leaf blade
and stem (with leaf sheath and head) for the 1st crop were increased by long day length
treatments. However, the interaction between two long day length treatments and the
cultivars in dry matter digestibility for the 1st crop showed a highly significance.





