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Studies on the Improvement of Cultural Practices

and Varieties for Whole Crop Silage Maize
in Cold District, Hokkaido.

Hideo Tozawa

Summary

Aiming to produce stably high yielding, high nutritive maize as a whole crop silage ma-
terials, studies on the improvement of cultural practices and of breeding techniques were car-
ried out in the cold district of Japan during 1963—-1982. In addition, how to combine varieties

of different maturity at different zones and growing seasons was tried to examine.

[. Growing characteristics and problems on
production in cold district

1. Growing process and dry matter accumulation of maize in the ripening period in the
cold district were investigated.

2. The basic pivot of silage materials production in the cold district is limitted growing
season without any time to spare, so naturally, the principle of production depends on the ex-
tension of the growing season and its effective utilization. Then, the countermeasure for thé
limitted growing season is the improvement of plant growth and maturation.

3. As the concrete countermeasures, eary sawing, fertilization amelioration and planting
densities amelioration in cultural practices, improvement of low temperature germinability,
lodging resistance and yielding ability assuming that the introduction of early varieties in
view of varieties choise were found to be some of the most important measures to extend and
maximize the growing season.

4. Dry matter content (DM %) of whole crop materials at each stage in the ripening
period was noticed that it was below 20% untile and during the milk stage. However, due to
the ear development, it reached above 20% in the dough stage, and 25-35% in the early to
late dent or glaze stage which might be the adeqate DM contents as silage materials. DM%
in the full ripening stage and after that is about 35—40% which was lacking in moisture con-
tent as silage materials. In summary, it is recognized that the adequate cutting time is the
dent or glaze stage, when DM content of whole crop materials 25—-35%.

5. Increase of the dry matter and TDN yields during the ripening period depended most-

ly on ear development in all varieties. In early varieties, increase of ear dry matter began at
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on earlier stage of the ripening period so that the early varieties could reach the dent or glaze
stage at the cutting time, producing high yield of good materials.

6. Concerning DM %, dry matter weights and TDN yields at the ripening stage, the de-
sirable cutting time in the central of Tokachi region lasted a week for the early varieties, short-
er than a week for the medium varieties and actually zero day for the late varieties respective-
ly. The last two groups of varieties couldn’t get the complete maturation in this regions.

7. In the coastal and piedmont parts, even early varieties only became to show proper D
M% in the late over mid cutting time, but not in the early over mid cutting time. In the same
areas, the materials of the medium and late varieties gained only 15—-20% of DM even in the
late cutting time when they indicated low nutritive values.

8. In conclusion, for increasing the production of high nutrient materials in the cold dis-
trict, in the central part, cropping combination of the early and medium maturing varieties
1s recommended at the present, but it may be necessary in the near future to develop new va-
rieties having medium maturity between the existing early and medium varieties. Only the ear-
liest maturing variety 1s useful in the piedmont and coastal parts to produce high nutrient ma-
terials closing enough DM % at the present. It is need to develope new varieties having earlier

maturity than the present earliest varieties.

II. Improvement of cultural practices

1. Planting date, plant population with adequate fertilization and fertilization amelio-
ration were studied to expand the growing season of maize and utilize it more effectively in
the cold district.

2. Early planted crop was superior to late planted in the growth of early stage, the ear-
liness of silking and ripening. Consequently, it brought the high yields of nutritive materials
through increase of the matters accumulated in graines and ears. It was also observed that
the early planted crop had lower ear hight, thicker stem, sturdier growth and less remarkable
lodging than the late planted one. Moreover, late frost injuly was not recognized as actual
damage in the crop early planted under complete land preparation being covered 2 ~ 3 cm of
with soil.

From the above-mentioned, it 1s recognized the early planting expands the growing season
effectively to obtain higher production of high by nutritive silage materials.

3. The effects of planting densities on dry matter or TDN yields and nutritive value of
silage materials for several varieties were investigated under the proper fertilizer application
at Memuro in the central part, Shintoku in the piedmont part and Churui in the coastal part
in the cold district.

a. In the central part, dry matter or TDN yields of the early varieties increased by about
30% 1in dense planting and was almostly the same to that of maturing groups. Increase of
yield in the coastal and piedmont parts was lower than in the central part. However, the yield

of the dense planted early varieties were higher than that of the late varieties.
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b. There was little difference of dry matter content, as an indicator of the quality of si-
lage materials the early and medium varieties, between the two planting densities, but TDN
in the dry matter of late varieties decreased a little in dense planting compared with others.

c. High rates of barren plants and nubbin ear plants were observed in the dense planted
late varieties compared with others, and those rates were augmented by the increase of lodg-
ing. The nutritive value of silage materials for the early varieties was affected scarcely by
dense planting.

In conclusion, silage materials yielded in the dense planted and well fertilized with early
varieties achieving the dent or glaze stage at the cutting time were clarified to show higher
yields with essential qualities than the late varieties which were at premature stage on the
same cutting date. In addition, improvement of the adaptability for high planting density and
lodging resistance of early and medium maturing varieties seemed to be effective in maize br-
eeding aiming at high yielding of high nutrient silage materials.

4. Experiment on the fertilization amelioration were performed in Memuro and Churui
to find out the better application method of nitrogen fertilizer which was the main cause of
fertilizer injuly.

It was recognized that the basal nitrogen fertilizer caused fertilizer injuly by the applica-
tion of 7 — 8 kg or more per ten ares at the row spacing of 66 or 75 cm. The mineral nitro-
gen remained in the soil after cutting increased by the basal nitrogen application over the
11. 7 kg per ten ares.

The side dressing trials were performed to increase the effect of nitrogen fertilizer. Total
amount was 17.5kg/10a as N. 7.5 — 10. 0 kg was applied as the basal fertilizer, and the rest
was applied as side dressing at the different growth stages of the plant. The period before the
young ear formation stage centering the four leaf stage was found as adequate period of the
side dressing because of the effects on the growth and yield. The mineral nitrogen remained. in
the soil after cutting was lessened in the above—mentioned side dressing. On the other hand,
in case of side dressing at the silking or ripening stage, the effects on yield were almost none
or adversed and the higher level of mineral nitrogen was observed to remained in the soil af-
ter harvesting.

The model being presumed the adequate side dressing time was drawn based on the dry
matter weight accumulation in the seedling stage with different level of basal nitrogen ferti-

lizer application.

M. Improvement of varieties

1. Raising low temperature germinability of seeds, lodging resistance and yield potential
varieties was presumed as the main objective on the breeding of silage maize in the cold dis-
trict. Appropriate techniques to measure these characters were examined.

2. Aiming at the expantion and effective utilization of growing season, a low tempera-

ture germinability test of maize seeds was investigated. This test was different from the widely
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used standard cold test, because the present test was derived from the view point of inherited
characteristics of seed germination vigor under low temperature conditions. The seeds treated
with the fungicide (TMDT) were kept at 10 °C for 12 days in petri—dishes. The relative low
temperature germination rate as on indicator of low temperature germination was calculated
from the results obtained by this cold test and by the test of germination at room warm tem-

perature as follows (about 25°C).

Relative low temperature Germination rate at cold temperature %)
- N - 0
germination rate Germination percentage at warm test

Inbred lines being higher in the relative low temperature germination rate showed shorter peri-
od from seeding to germination and higher germination rate.

The number of days required for half emergence and emergence percentage in the field were
correlated fairy well with the relative low temperature germination rate indicating r= —. 725%*
and —.750** respectively. However, any relatively high correlation was unnoted between the
two and the low temperature germination rate by the existing method. This new method could
be applied effectively for improving the low temperature germinability, and it was supported
by the results brought on mode of inheritance, too.

3. For the purpose of evaluating lodging resistance practically, a simple “Bow pulling
test” method was devised as a simple and useful method in the field without any permanent
damage to the tested plant and its progenies.

In the “Bow pulling test”, the understem immediately below the tassel of the plant is grasp-
ed and pulled to the ground as if drawing a bow, then, it is ingrasped near the ground. The
behavior of the tested plant during the “Bow pulling” and after angrasping is being classified
into four patterns and the lodging resistance of the plant can be estimated accordingly.

A number of inbred lines and hybrids were examined by the test and the results were well
correlated positively with natural lodging in the field during several years. The patterns ob-
tained from this test were genetically additive and the relation of inbred lines to their hybrids
was explained well by the pattern and the rate of lodging.

*Tol5”, a lodging—resistant inbred line and one of constituents of “Wase—homare”, was
selected by the “Bow pulling test”. Three other inbred lines of “Wase—homare” were success-
fully evaluated by this test.

The “Bow pulling test” is hardly applied to hybrids having high stem. Thus it is recom-
mendable to use the “Bow pulling test” for inbred lines and natural lodging test for hybrids
in the breeding program of high lodging resistance varieties.

4. To increase the yield and nutritive value of silage materials through the effective use
of growing season, experiments and analyses on varietal and cultural conditions were perform-
ed for contributing to breeding and choice of varieties.

Under wide range on the cultural and environmental conditions such as plant density,
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fertilizer level and low temperature treatment and clipping in the seedling period, the ear
(or grain)—stover ratio was almost constant. In conclusion, it is judged that planting of the
early maturing varieties having large ear dry weight 1s essencial for high yield of high nutrient
materals.

Within same silking varieties, varieties with the longer maturing period showed higher
ylelds of the dry matter and of non—structural carbohydrate than those of the shorter va-
rieties. It was recognized that differences of non—structural carbohydrate ylelds among va-
rieties depended mainly on the differences of their mono—oligo saccharide yields amounted
twofold in some cases. In the stover, a high positive correlation between dry matter con-
tent and mono—oligo saccharide content was confirmed among the varieties of longed ma-
turing period. It is recognized that the breeding program of maize for whole crop silage
should be performed through increasing dry matter content in the stover as well as increas-
ing dry matter weight in the ear and the stover.

Heterosis effects on dry matter weight and dry matter content in different plant parts
were studies, using two commercial double cross hybrids, “Heigen—wase” (WA1A > WT79A - N
19 » CM7) and “*Wase—homare” (N19 ~ Tolh- CM37 < CMV 3), as well as four single cross-
es which were the components of the two double crosses, to find out the direction of upgrading
the double crosses. The results suggested that the improvement the single crosees for excellent
hybrids should be performed through upgrading the source ability of N19 x Tolb, W4lA ~ W
79A and N19 »~ CM37 and expanding the sink capacity of CM37 » CMV 3. It is confirmed that
developing of single crosses having high productivity are necessary, because heterosis effects in

double crosses are little even between single crosses combined between inbred lines destanted.

V. Variety combination at different zones and growing seasons

I. A map of variety distribution at and combination based on 25-35% of DM yield at
the harvesting period in Hokkaido was presented to lead the production of high nutritive whole
crop silage materials.

2. For the purpose of zoning in the cold district and obtaining an evidence of maturing
difference among varieties, different methods of obtaining accumulated temperatures were com-
pared using the meteorological data obtained at various locations in Hokkaido 1n 1963 1977,
to find out the most appropriate heat accumulation method. Consequently, the simple or re-
vised heat unit (SHU or RHU) which accumulated daily mean temperature above ( °C showed
better utility than others.

As their reasons, even where the daily mean temperature was below 10°C, seed germination
or seedling emergence was observed, and grain yield or kernel weight was increased during the
maturing period. In addition to this, it was recognized that maize plant were physiologically
active under the condition of daily mean temperature below 10°C, because daily maximum tem-
perature reached over 10°C for several hours a day.

Since there are few days showing higher than 25°C of daily mean temperature in Hokkaido,
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it hardly needs to apply higher temperature limitation. Moreover, it is supposed that high tem-
perature itself might give good effects on crop growth under the condition of sufficient rain-
falls.

3. Suitable indication showing different maturity of varieties is necessary for obtaining
proper combination of the varieties of silage maize. Current indications such as “Early-late”
and “Relative maturity” of varieties are devoid of the accuracy and utility. Then, “Hokkaido
relative maturity” (HRM) based on the temperatures in relation to maize growth in Hokkaido

was devised HRM was calculated by:

SHU.G/HU=HRM (Days)

in which, Hu is the average daily mean temperature from the 11th of May to the 5th of Oc-
tober at 12 various locations in Hokkaido district, and SHU-G is the simple or revised heat
unit accumulation based on daily mean temperature by (Max.+Min.) /2 from the seeding to
the best cutting time for silage materials, that is 30% of DM in whole crop. HRM calculated
on “Heigen—wase”, “Wase—homare”, “Daiheigen” and “Hokuyu” are 130, 130, 134 and 147
days respectively.

4. Hokkaido district was classified into six zones one range of each zone having the sim-
ple heat unit accumulations of 150 °C.

In the zones of C, D and E, it is estimated that the combination of varieties are consti-
tuted mainly of early varieties with 130 days HRM and supplementarily of medium varieties.
In the zones of A and B situated in the warmer areas in Hokkaido, the combinations are esti-
mated to be constituted of medium and late varieties over 145 days HRM. In the zones of D
and E, there is no variety which has 30% of dry matter content at usual cutting time at the
present. So, it may be recommended to grow only early maturing varieties at the present ex-

pecting success of breeding a new better earlier varieties.
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