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Abstract 
Timothy (Phleum pratense L.) pastures of 3 Total mixed ration (TMR) centers 
in Hokkaido were selected, the first cutting grasses were continuously collected 
from the same pastures on different harvest days over 4 years (2011-2014), and 
changes in the water soluble carbohydrates (WSC) content were analyzed to 
investigate the relationship with weather conditions. The harvest days in the 
4-year period were June 17-22, June 24-26, June 27-30, and July 2-5, and grasses 
on these dates were designated as the harvest date groups. The weather data 
during the cutting period in each year were utilized. The WSC content tended 
to change yearly and it was significantly lower in the 4 groups (67.3 - 82.1 g/kg 
DM) in 2011 than in the groups (101.5 - 130.3 g/kg DM) in 2013 excluding the 
June 24-26 group (P < 0.05, P < 0.01). The WSC content tended to increase as 
the harvest date progressed in 2011-2013 and it significantly increased even 
though the harvest date was delayed only in 2013 (P < 0.01). It was suggested 
that differences in the WSC content among the years were related to the weath-
er condition and dry matter yield of the grass. 
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1. Introduction 

In Japan, various measures are taken to increase the management efficiency of 
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dairy farms. In Hokkaido, centralized management of the main self-supplied 
feed, silage, has been performed and markedly increased systems to distribute 
silage/formula feed-mixed TMR. These organizations are termed TMR centers 
and dairy farms participate in units of more than several farms.  

TMR centers maintain and manage pastures of the participating dairy farms 
and are closely involved in the process from cutting grasses to filling silos. Since 
silage is prepared in many large bunker silos, it takes several weeks and com-
pletes in early July even though grass cutting starts in the middle of June.  

Timothy is the basic grass in Hokkaido. It is mostly prepared into silage and 
given to milk cows. WSC of timothy strongly affect fermentation in silages be-
cause it is a source of nutrients of lactic acid bacteria during storage in silages 
[1]. The WSC content of timothy changes due to various factors and many of 
these have been clarified by experimental factorial analysis by Masuko et al. [2] 
[3] [4], Souma et al. [5], and Wang et al. [6].  

Factors previously analyzed experimentally can be applied to grass production 
sites of dairy farms, but the most necessary factors for production sites may be 
the growth stage (harvest time) and yearly changes. Although changes associated 
with the harvest time may be patternized, the WSC content may change at the 
harvest time within the season or among seasons. In either case, it may depend 
on the weather condition. To investigate it, it is necessary to measure the WSC 
content in the cutting period for several years.  

In this study, timothy pastures of 3 TMR centers in Hokkaido were selected 
and grasses cut from the same pasture on different harvest dates were collected 
for 4 years. Changes in the WSC content were analyzed and the relationship with 
the weather condition collected from the AMeDAS data was investigated. 

2. Materials and Methods 
2.1. Material Grass Collection 

The first cutting grasses of timothy harvested on different harvest dates were 
collected from pastures of 3 TMR centers: Kaiyo DAI and Nakashibetsu Farm 
Service in Nakashibetsu-cho and Dairy Support Betsukai in Betsukai-cho in 
Nemuro subprefecture, Hokkaido. The pastures from which timothy was col-
lected were A-7, E-2, and G-1 of Kaiyo DAI, F-16, G-17, and O-11 of Nakashi-
betsu Farm Service, and Nos. 23, 27, 29, and 32 of Dairy Support Betsukai; 10 
pastures in total. Grass was collected at one site each from the 10 pastures and 
collected at the same site as much as possible. Grass sampling was continued for 
4 years from 2011 to 2014. The variety of timothy, harvest dates, and growth 
stages in each pasture of each TMR center are shown in Table 1. The harvest 
dates were set within the actual cutting period of the TMR centers in 2011-2014. 
The harvest dates in the 4-year period were June 17-22, June 24-26, June 27-30, 
and July 2-5 (grasses on these harvest dates were designated as the harvest date 
groups).  

In 2011, the timothy variety was medium maturing Kiritappu in all 3 pastures  
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Table 1. The variety of timothy, harvest dates, and growth stages in each pasture of each 
TMR center. 

2011 Variety* Pasture 6/20 6/24 6/29-30 7/3 7/5 

Kaiyo DAI 

K A-7 First heading Heading Heading ― Heading 

K E-2 Booting First heading Heading ―  

K G-1 Booting First heading Heading ― Heading 

Nakashibetsu 
Farm Service 

K F-16 First heading Heading Heading ― Heading 

K G-17 First heading Heading Heading ― Heading 

K O-11 Booting First heading Heading ― Heading 

Dairy Support 
Betsukai 

N No. 23 First heading Heading Heading ― Heading 

H No. 27 First heading Heading Heading ― Heading 

H No. 29 First heading Heading Heading ― Heading 

H No. 32 First heading Heading Heading ― Heading 

2012 Variety* Pasture 6/19-22 6/25-26 6/27-29 7/3 7/5 

Kaiyo DAI 
K F-16 Booting First heading Heading ― ― 

K G-17 Booting First heading Heading ― ― 

Dairy Support 
Betsukai 

N No. 23 First heading Heading Heading Heading ― 

H No. 27 First heading Heading Heading ― ― 

2013 Variety* Pasture 6/21 6/26 6/28 7/2 7/5 

Nakashibetsu 
Farm Service 

K F-16 First heading Heading ― ― ― 

K G-17 First heading Heading Heading Heading ― 

K O-11 Booting First heading Heading Heading ― 

Dairy Support 
Betsukai 

N No. 23 Booting Heading Heading Heading ― 

H No. 27 First heading Heading Heading Heading ― 

H No. 29 First heading Heading Heading Heading ― 

H No. 32 First heading Heading Heading Heading ― 

2014 Variety* Pasture 6/17 6/20 6/25 6/29 7/5 

Nakashibetsu 
Farm Service 

K F-16 Booting First heading Heading ― ― 

K G-17 First heading Heading Heading ― ― 

K O-11 First heading Heading Heading ― ― 

Dairy Support 
Betsukai 

N No. 23 First heading Heading Heading ― ― 

H No. 27 First heading Heading Heading ― ― 

H No. 29 First heading Heading Heading Heading ― 

H No. 32 First heading Heading Heading Heading ― 

*K: Kiritappu (medium maturing variety), N: Nosappu (early maturing variety), H: Horizon (early matur-
ing variety).  
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of Kaiyo DAI. The grass was mainly in the boot stage on June 20 and at the 
heading time after June 29-30 in all 3 pastures. The variety was also Kiritappu in 
Nakashibetsu Farm Service, and the stage was mainly at the beginning of head-
ing on June 20 and the heading date after June 29-30 in all 3 pastures. In Dairy 
Support Betsukai, the variety was early maturing Nosappu in one of the 4 pas-
tures and early maturing Horizon in the other 3 pastures. The stage was the be-
ginning of heading on June 20 and the heading time after June 24. In 2012, the 
stage was the heading time on June 27-29 in all pastures similar to in 2011. The 
stage was the heading date in all pastures on June 28, 2013, and June 25, 2014. 
The harvest time could not be uniformed and the grasses were mostly cut be-
tween 9:00 and 14:00. 

2.2. Weather Conditions 

For the weather conditions, weather data collected at 2 observation stations [7] 
in Nakashibetsu-cho and Betsukai-cho were utilized. The daily precipitation 
(mm), daily average temperature (˚C), and daily hours of sunlight (h) on June 
17-July 5 in the 4-year period from 2011 to 2014 were extracted. 

2.3. Analytical Methods 

The grass materials of the pastures from each TMR center were kept in a cooler 
box, brought back to the laboratory, and frozen immediately arriving at the uni-
versity. In 2011 and 2012, the grass materials were dried in an electric drying 
oven (FS-620: Advantec Co. Ltd., Tokyo, Japan) at 90˚C for 1 hour to inactivate 
enzymes in the grasses then 60˚C for 48 hours. In 2013 and 2014, the grass ma-
terials were dried in a freez-dryer (DRC-1000, FDU-2100 EYELA: Tokyorikaki-
kai Co. Ltd., Tokyo, Japan). After drying, the grass materials were air-dried and 
ground to prepare analytical materials using a cutting mill (1029-13: Yoshida 
Co. Ltd., Tokyo, Japan). The dry matter (DM) contents of the grass materials 
were measured using the 135˚C/2 hours drying method [8], and the WSC con-
tents were measured using the procedures in Deriaz (anthron method) in 2011 
and 2012 [9] and a modified method in 2013 and 2014 [10]. The modified me-
thod was as follows: Using the sample without treatment of drying and die-
thyl-ether extraction. 0.2 g sample was taken into the test tube and 30 ml of dis-
tilled water was added. The time of extraction of WSC was during 10 minutes in 
boiling water. Warming time for color development was changed to 25 minutes. 
Other than these conditions, the conventional method was used. Since the WSC 
content determined using the modified method is higher than that using the 
conventional method, correction was necessary. Since the following relationship 
between the WSC contents measured using the conventional and modified me-
thods has been clarified, the values were corrected using the regression equation 
below: Y = 0.9942X + 26.21, R2 = 0.85, N = 62 (Y: WSC content (g/kg DM) 
measured by the modified method, X: WSC content (g/kg DM) measured by the 
conventional method). 
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2.4. Statistical Analysis 

The WSC content was measured in grasses collected from the 10 sites of pastures 
of the 3 TMR centers. The values on each harvest date (4 groups) were treated in 
each year. For analysis by the variety, since the number of varieties was small, 
the yearly WSC content was pooled and divided into the 4 groups. The treated 
values were subjected to one-way layout analysis of variance followed by mul-
tiple comparison among the years or the harvest dates (groups). For multiple 
comparison, Fisher’s least significant method test was used. Statistical analysis 
was performed using Excel statistics 2010 (Social Survey Research Information 
Co. Ltd., Tokyo, Japan). 

3. Results and Discussion 
3.1. Weather Conditions 

The weather conditions in Nakashibetsu-cho and Betsukai-cho are shown in 
Figure 1. Arrows indicate the grass harvest dates. In Nakashibetsu-cho, the av-
erage temperature on June 17-July 5 was 15.1˚C in 2011, 10.9˚C in 2012, 13.2˚C 
in 2013, and 14.9˚C in 2014, showing that the temperature was high in 2011 and 
2014. The precipitation exceeded 18 mm on June 24 and July 4, 2011. In 2012, it 
exceeded 31 mm on June 17 and June 21. In 2013, there was no precipitation on 
10 of the 15 days and 18 mm precipitation was noted on June 26. In 2014, there 
was no precipitation on 8 of the 13 days and 7 mm precipitation was noted on 
June 18. The hours of sunlight exceeded 4 hours on 9 days in 2011. In 2012, it 
increased from June 25 and exceeded 9 hours. In 2013, it exceeded 7 hours on 
June 23 and June 29-30. In 2014, it exceeded 4 hours on June 21-29 excluding 
June 27. In 2011, the temperature was high, the hours of sunlight were long, and 
the precipitation was the second highest.  

Betsukai-cho is only about 20 km apart from Nakashibetsu-cho and the 
weather conditions were similar. Only the precipitation differed. The precipita-
tion in Betsukai-cho was 8, 9, and 15 mm greater than those in Nakashibet-
su-cho on June 21, 2012, June 18, 2013, and June 18, 2014, respectively. 

3.2. Changes in WSC Content on Each Harvest Date among the  
Years and Each Variety among Harvest Dates 

The WSC contents on each harvest date are shown by the year in Figure 2. The 
WSC content changed yearly. The WSC contents of the 4 harvest date groups 
(67.3 - 82.1 g/kg DM) in 2011 were lower than those (101.5 - 130.3 g/kg DM) in 
2013 excluding the June 24-26 group, showing significant differences (P < 0.05, 
P < 0.01). On comparison between 2012 and 2014, no significant difference was 
noted in any of the groups. The WSC content tended to increase as the harvest 
date progressed in 2011-2013. In 2013, the WSC content was the lowest (77.0 
g/kg DM) on June 24-26 and highest (124.0 - 130.3 g/kg DM) on June 27-30 and 
July 2-5 and the difference between the lowest and highest was significant (P < 
0.01). The content significantly increased even though the harvest date was de-
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layed in 2013 (P < 0.01). In 2013, the WSC content was significantly lower on 
June 24-26 than on June 17-22 (P < 0.01). Such tendency was not seen in the 
other years. 

Ryumae et al. [11] reported that the WSC content of timothy decreased from 
June 12 over June 20, increased on June 30, and reached the maximum on July 
13. Masuko et al. [2] also reported that the content was similarly high on June 6 
and July 6 and low on June 21, and Souma et al. [5] reported that the content 
was the lowest on June 20, increased on June 30, and only slightly decreased 
even on July 10.  

Based on these findings, the WSC content of timothy is considered to change 
in the following pattern: It is high before June 20 and once decreases around 
June 20 but re-increases thereafter. The WSC content varied in each year and a 
significant difference among the groups within the same season was noted in 
some years but it was not noted in others. Only in 2013, the WSC content was 
lower on June 24-26, probably because the lower values usually seen on around 
June 20 appeared later on around June 24 for some reasons. Further investiga-
tion is needed. 

Considering that there is a close relationship between the variation of the 
WSC content in each year and dry matter yield, the dry matter yields of the first 
cutting grasses from Betsukai-cho in 2011-2014 were investigated from the yield 
data published by Nemuro Agricultural Development and Extension Center, 
Industry Promotion Section, Nemuro Subprefectural Bureau [12]. The dry mat-
ter yield was 4.52 t/ha in 2011, being the highest among the 4 years and 4.17 t/ha 
in 2012, being the lowest. The dry matter yield of the first cutting grass was high 
and the WSC content was low in 2011. In 2012, the dry matter yield was low and 
the WSC content was higher than that in 2011. Since the temperature was high 
with precipitation and long hours of sunlight in 2011, grass growth may have 
been favorable and WSC may have been actively produced by photosynthesis 
[5]. The low WSC content may have been due to an increase in consumption 
with grass growth [13] [14].  

The WSC content was high in grass harvested on a later date and this may 
have been due to the glucose and fructose requirements with an increase in cell 
wall polysaccharides, such as hemicellulose and cellulose, and synthesis of re-
serve carbohydrates, such as fructosan and starch [13] [14] [15]. Fructosan of 
Italian ryegrass increases with progression of the growth stage [16], being con-
sistent with the finding of this study.  

The WSC contents on each variety are shown by the harvest dates in Figure 3. 
The WSC content of Nosappu (early maturing variety) was higher than those of 
Horizon (early maturing variety) and Kiritappu (medium maturing variety) in 
the 3 groups: June 17-22, June 24-26, and June 27-30, but lower in the July 2-5 
group. However, the differences were not significant. Since the number of No-
sappu repetition was small, comparison in an increased number of repetition 
may be necessary.  
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Figure 1. The weather conditions in Nakashibetsu-cho and Betsukai-cho. Arrows 
indicate the grass harvest dates.       precipitation,      temperature,      sunlight. 
 

 
Figure 2. The WSC contents on each harvest date among the years. Vertical bars 
represent standard deviation. Value with a different letter are significantly different (a, 
b: P < 0.05, A, B: P < 0.01) among the years or the harvest dates (groups).    6/17-22, 

 6/24-26,    6/27-30,  7/2-5. 

https://doi.org/10.4236/ajps.2019.102021


M. Okubo et al. 
 

 

DOI: 10.4236/ajps.2019.102021 283 American Journal of Plant Sciences 
 

 
Figure 3. The WSC contents on each variety among the harvest dates. Vertical bars 
represent standard deviation.    Nosappu (early maturing variety),    Horizon (early 
maturing variety),    Kiritappu (medium maturing variety). 

4. Conclusion 

In Hokkaido, preparation of silage of the first cutting grass of timothy starts in 
the middle of June and completes at the beginning of July in many cases. The 
harvest dates correspond to the active growth period over the period with in-
creases in reserve carbohydrates and cell wall polysaccharides of the growth 
process of the grass. This experiment clarified that the WSC contents in the 
4-year period were in the range of 67.3 - 130.3 g/kg DM, and the WSC content 
was low on June 17-22. The WSC content is maintained at a high level even 
though the harvest date is delayed but cell wall polysaccharides increase, which 
may reduce the nutritive value. The WSC content varied yearly, suggesting its 
relationships with the weather condition and dry matter yield of the grass.  
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