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Application of a Simulation Model for Dairy Cattle Production Systems
Integrated with Forage Crop Production: the Effects of Whole Crop
Rice Silage Utilization on Nutrient Balances and Profitability

K. Kikuhara and H. Hirooka*
Laboratory of Animal Husbandry Resources, Graduate School of Agriculiure
Kyoto University, 606-8502 Kyoto, Japan

ABSTRACT : In Japan, since rice consumption has been decreasing with the westernization of Japanese eating habits, surplus paddy
fields have been increasing. If these surplus paddy fields can be utilized for forage rice production as feed for animal production and
excretions (feces and urine) from animal production can be applied to the paddy fields as manure, then the problems of surplus paddy
fields and excretions from animal production may be solved, and the environment kept sustainable. ‘Lhe objectives of the present study
were to apply a bio-economic model to dairy and forage rice integration systems in Japan and to examine the merit of introducing whole
crop rice silage (WCRS), as well as economic and environmental effects of various economic and management options in the systems.
Five simulations were conducted using this model. The use of WCRS as a home-grown feed increased environmental loads and
decreased economic benefit because of the higher amount of purchased feed, when compared to the use of typical crops such as maize,
alfalta and timothy silage (simulation 1). Higher economic benefits from higher forage rice yields and higher milk production of a dairy
cow were obtained (simulations 2. 3). There were no economic and environmental incentives for utilizing crude protein (CP) rich
WCRS, because an increase in the CP content in WCRS led to the use of more chemical fertilizers, resulting in high production costs
and nitrogen outputs (simulation 4). When evaluated under the situation of a fixed herd size, increasing forage rice yields decreased the
total benefit of the production, in spite of the fact that the amount of subsidies per unit of land increased (simulation 3). It was indicated
that excess subsidy support may not promote yield of forage rice. It was, however, observed in most cases that dairy and forage rice
integration systems could not be economically established without subsidies. (Key Words : Forage Rice, Whole Crop Rice Silage, Dairy
Cattle, Whole Farm, Simulation Model, Subsidy)

INTRODUCTION On the other hand. in Japan, huge amounts of animal

feeds, including forage, have been imported from the USA

Rice is a staple food for the Japanese and other Asians
and plays an integral role in the socio-economy and culture
of Asian countries (Islam et al., 2004). In addition, paddy
fields have played many functions, including retaining the
groundwater level, controlling air temperature and
preventing floods, all of which are critical to making the
environment sustainable. However, as there has been less
rice consumption than production during the last decade
(except in 1993) (MAFF, 1994), Japan does not need to
grow excess rice any more. and thus about one-third of the
paddy fields remain set aside at present. which is a potential
loss both economically and environmentally (Islam et al.,
2004).
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and other countries during the past few decades. indirectly
contributing to the drop of self-sufficiency for feed.
Intensified animal production leads to excessive excretions
such as feces and urine. which results in nutrient imbalances
and thus serious environmental problems. At present, 14 %
of the TDN requirement of dairy cattle depends upon
imported forage. which is higher than for other domestic
animal species.

In recent years, integration between dairy and forage
rice production has been encouraged by the Japanese
government. Use of whole crop rice silage (WCRS) as feed
for dairy cattle would be a step forward in enhancing self-
sufficiency of feed, and the application of manure from
dairy cattle to the paddy fields would be desirable to
maintain paddy fields and minimize environmental
problems (Kusa et al., 2006). Nevertheless, since forage rice
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Figure 1. Overview of the bio-economic model for Japanese dairy farms.

production is still a start-up system and requires an
immense amount of time and effort to grow compared to
conventional home-grown feed, the Japanese government
supports farmers who adopt integration systems by giving
three kinds of subsidies in order to promote the use of
WCRS.

In general. integrated dairy and forage rice production
systems are complex, consisting of various nutritional.
management and economic factors and their interactions.
Systems approaches with simulation models allow analysis
of the behavior of such complex systems and demonstrate
the advantages and disadvantages of forage rice production
in the system. Kikuhara et al. (2008) developed a bio-
economic simulation model to evaluate dairy and forage
crop integration systems in Japan. The objectives of the
present study were to apply the bio-economic model to
dairy and forage rice integration systems in Japan, to
examine the merits of introducing WCRS, and to examine
the economic and environmental effects of various
economic and management scenarios in the systems.

MATERIALS AND METHODS

A simulation study was conducted to illustrate the
consequences of feed management on farm nutrient loading
and profitability. The effects of altermative management
practices were evaluated on a representative farm in the

northern part of Honshu area.

Bio-economic simulation model for Japanese dairy
farms

All simulations were performed using a bio-economic
simulation model for Japanese dairy farms (Kikuhara et al.,
2008), which illustrates the interactions of an integrated
farming system (dairy and forage production systems). An
overview of the model structure is illustrated in Figure 1.
The model consists of four sub-models: the nutrient
requirement model, the optimum diet formulation model,
the herd dynamic model, and the whole farm optimization
model.

The nutrient requirement model was constructed based
on the Japanese Feeding Standards for dairy cattle (MAFF,
1999) and used to predict metabolizable energy
requirements (ME), crude protein (CP), dry matter intake
(DMI), calcium (Ca), phosphorus (P) and vitamin A (VA).

The optimum diet formulation model determined the
optimum diet that meets nutrient requirements for the
lowest cost using linear programnung. In this model, it was
assumed that the price of home-grown feed was zero. This
assumption automatically led to the promotion of the use of
home-grown feed. In recent times, the Japanese government
has encouraged utilization of home-grown feed to increase
the self-sufficient rate of feed production

The herd dynamic model calculated the number of cows



218

Kikwhava and Hirooka (2009) Asian-Aust. J. Anim. Sci. 22¢2).216-224

Table 1. Nutritive values* (Dry matter (DM), metabolizable energy (ME), crude protein (CP), calcium (Ca), phosphorus (P), and

vitamin A (VA)) contained in each feed used in this study

Purchased feed Home-grown feed

Nutritive value Soybean Mineral —Beet Alfolfa  Timothy Alfalfa Maize 0 TP

Com  Barley cake mix pulp Bran hay cube silage silage silage rice silage

: ’ e (WCRS)

DM (kg/kg) .87 (1.88 (1.88 (.10 .87 .87 .89 0.30 (.24 0.26 0.37
ME (Mcal/kg) 3.09 2.84 2.95 (.00 244 241 1.79 0.73 .49 0.65 0.75
CP(g/kg) 80 106 461 0 109 157 147 46 39 2] 26
CP(% of DM) 9.2 120 522 0 126 17.7 165 13.7 16.1 8.0 6.9
Ca (g/kg) 1.26 (.62 291 2200 5.11 1.13 1186 147 4.04 0.74 0.70
P(g/kg) 2.68 3.35 6.18 10.00 0.78 9.57 2.58 0.90 0.65 0.71 0.80
VA (1,000 [U/kg) 0.00 0.00 0.00 0.00 0.00 0.00 11.60 4.30 3.87 4.43 746

* These nutritive values are reported in GAFSA (2006) and NARO (2001).

in each reproductive cycle at equilibrium. This model was
constructed based on Hirooka et al. (1998). It was assumed
that the herd size is stable, all replacement heifers are home
grown. heifers are culled when they failed to conceive and
cows that failed to conceive are culled at the end of
lactation.

The whole farm optimization model integrated outputs
from the above three sub-models and determined the effects
of animal performance and management practices on farm
behaviors. production efficiencies, and nutrient losses to the
environment. In this sub-model, the objective function was
to maximize yearly net profit and the elements were dairy
cows, feed production. purchased fertilizer. labor and
surpluses of nitrogen and phosphorus.

Nutrient flows through the farm were modeled to
predict potential nutrient accumulation and loss to the
environment. The nutrient content of the manure produced
was a function of the quantity and nutrient content of the
feeds consumed (Kikuhara et al., 2008). All excretions were
used to produce manure to apply to cultivated land as
organic fertilizer. The manure N and P applied to land were
less effective than chemical fertilizer because of their lower
fertilizer-N and -P equivalency (Kikuhara et al., 2008). The
amounts of effective N and P in manure were derived by
considering lower efficiency of manure and emission of N
as ammonia.

This model can be nsed annually to find an optimum
combination of feed resources that minimize feed cost, to
simulate critical elements of the complex interactions
between a system’s components and to predict the effects of
alternative management decisions on farm profitability and
the environment within the existing framework.

The representative farm and model assumptions

A hypothetical farm was modeled to represent typical
dairy farms in the northern part of Honshu. The farm was
on 18.4 ha of land. In the first simulation (simulation 1), use
of whole crop rice silage (WCRS) as feed for dairy cattle
(defined as base scenario) was evaluated by comparing with
a case for the use of general forage crops (control scenario).

In the control scenario, maize and pastures (timothy and
alfalfa) were harvested as silage. The parameters including
fertilizing and labor requirements, and the production vield
for these home-grown feed in the control scenario were
obtained from Kikuhara et al. (2008). In the base scenario,
forage rice was harvested and given to dairy cattle in the
form of whole crop rice silage (WCRS). The nutritive
values contained in each feed used for the structuring of the
optimal ration are shown in Table 1. The fertilizer
requirements of forage rice production for nitrogen (N) and
phosphorus (P) in the base scenario were 120 kg N/ha and
17.46 kg P/ha (NARC, 1997; NARO, 2003). Furthermore,
in this model, it was assumed that the fertilizer
requirements of forage rice production varied with the vield
levels of forage rice. Considering the amount of N and P
uptake from crops, the fertilizer requirements of forage rice
at each yvield level were obtained as:

N oy =120 +(DMY —8,000)x CPy /6.25
P, =17.46+(DMY —8,000) x Pz

where N4 and P4 are N and P requirements (kg/ha),
DMY is the dry matter yield of forage rice (kg DM/ha), and
CPy;crs and Pycrs are crude protein (CP) and P contents in
WCRS (kg/kg DM). The annual base vield of forage rice
was assumed to be 8,000 kg DM/ha (GAFSA, 2006).

The labor requirement was set as 78.3 h/ha for forage
rice production (NARO, 2006). It was assumed that the
price of home-grown feed was zero. This assnmption
automatically led to the promotion of the use of home-
grown feed. All excretions were used to produce manure to
apply to cultivated land as organic fertilizer. Excess manure
was assumed to be surplus and exported from the farm.

For the performance of the dairy cows. annunal milk
production was set at 8400 kg/cow as a basis. The
composition of a cow population was determined by the
culling rate of females (LIAJ, 2007): heifers and cows that
failed to conceive were culled in each reproductive cycle
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Table 2. Economic parameters and prices* assumed in  Table 3. Constraints and variables for simulations
comparison between the two scenarios for management practice Constraint and variable Simulation
guideline (control scenario) and use of WCRS (base scenario) 2 3 4 5
Control . Constraint
Parameter . Base scenario
scenario Land +* +#* +*
Buying price of feed (yen/kg) Herd +*
Com 36.18 36.18 Variable
Barley 44.74 44.74 Forage rice yvield +* +*
Soybean cake 62.23 62.23 Milk yield +*
Mineral mix 425 425 WCRS CP content +*
Beet pulp 4797 47.97 Subsidy +*
Bran 3095 30.95 * Represents that constraints or variables were considered in each
Alfalfa hay cube 51.04 51.04 simulation.
Fertilizer price** (yen/kg) 95.34 95.34
Milk price (yen/kg) 89.1 $9.1 In the third simulation (simnlation 3). the effects of
Selling price of animals changes in the milk yield (MY) of dairy cows were
Calf (yen/animal) 38458 38458 examined. Simulations were done with +3% and +10%
Culled cow (yenkg) . 1508 150.8 change in the assumed value from the annnal MY (8.400
Annual home-grown feed production cost*** (yen/ha)
Maize 151,775 kg/oow). o
Timothy 77715 In the fourth simulation (simulation 4), the effects of
Alfalfa 55,577 improving the CP contents of WCRS were examined. The
Forage rice 241,830 CP content of WCRS (CP = 6.9% DM) was comparably
Labor wage rate (yen/h) 1,612 1,612 lower than that of other feeds (GAFSA, 2006). Therefore.

* Economic parameters and prices are reported in MAFF (2005abc).

** Fertilizer includes 0.15 N'kg and 0.15 Pikg.

*** Home-grown feed production cost is calculated as total feed
production cost minus fertilizer cost, labor cost, fixed costs. and land
cost. MAFF (2005¢).

(Kikuhara et al.. 2008).

Prices were set to reflecting long-term relative values of
farm inputs and outputs in yen. Prices and economic
parameters are listed in Table 2 (MAFF, 2005abc).

Simulation designs

Five simulations were performed using a bio-economic
simulation model (Kikuhara et al., 2008) for Japanese dairvy
farms to determine the impact of system changes on forage
rice production, feed wuse, milk production, manure
production, nutrient surpluses, production costs and net
farm return (Table 3). The simulations | to 4 were
conducted under the sitnation of a fixed land size (18.4 ha).
whereas simulation 5 was under the situation of a fixed herd
size (47 cows).

In the first simulation (simulation 1), the impact of
WCRS introduction (base scenario) was compared with the
management practice guideline (control scenario) given by
Kiknhara et al. (2008). All farm parameters were held
constant except for the type of home-grown feed (use or
non-nse of WCRS).

In the second simulation (simulation 2), the effects of
forage rice yield were examined. Assuming the technical
and genetic improvements, the vield of forage rice was
increased from 8.000 kg DM/ha to 16,000 kg DM/ha in
steps of 2,000 kg DM/ha.

CP-rich WCRS was simulated with all other nutritive
parameters kept constant: an existing CP-rich WCRS (CP =
8.4% DM) reported in the literature (KONARC. 2003) was
assumed.

In the final evaluation (simulation 3), the impacts of
forage rice yield and subsidies (from 0 ven/ha to 100,000
yen/ha) on net profit were examined under the situation of a
fixed herd size. At present, in Japan. there are three kinds of
subsidies relating to dairy farming systems that use WCRS,
All subsidies are given to farmers, depending on a basis of
the land area of forage rice that they cultivate. In this
situation, a higher forage rice vield would lead to a
reduction in land area utilized. This reduction caused both
positive and negative impacts on farm profitability since all
subsidies were supported depending on the area of the land.
Therefore, this simulation enabled examination of the
impact of subsidy on profit when the herd size (the number
of cows) was fixed but land areas differed.

RESULTS AND DISCUSSION

Comparison with the control scenario (simulation 1)

In the first simulation, the utilization of WCRS as
home-grown feed was compared with the control scenario
shown in Kikuhara et al. (2008) (Table 4). The purchased
feed cost in the base scenario was higher than in the control
scenario. This increase in purchased feed cost was due to
lower nutritive values in WCRS. To fulfill the nutritional
requirements of the animal, the model compensated for the
quality and quantity of the diet by increasing the amounts of
purchased feed. This result indicates that utilization of
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Table 4. Effects of increasing forage rice yield on annual production, nutrient balance, production costs, and net retum (simulation 1, 2)

Forage rice yield

Production or cost parameter 3(2211:11:{1) BTZ: Oifgl;?no 10,0t} kg 12,0t%) kg 14,000 kg 16,0tX) kg
i DM/ha DM/ha DM/ha DM/ha
DM/ha)
Number of cows (cows) 43 47 58 71 83 95
WCRS ntake (kg DM/animal) 2,271 2271 2271 227 227
Purchased feed cost 123268 160,637 160,637 160,637 160,637 160,637
(yen/animal)
Manure fertilizing (kg N) 3.494 3,666 4,582 5,499 6,415 7,332
Chemical fertilizing (kg N) 900 1,108 1,238 1,368 1498 1.646
N surplus (kg/ha) 33 248 303 357 411 466
Revenue (yen) 28,921,160 31,220,330 39,025420 46,830,500 54,635,580 62,440,670
Total cost (ven) 22013330 3(0.049,800 36,581,660 43,113,520 49,645.380 56,188,940
Net profit (ven) 6.907.830 1.170,530 2,443,764) 3,716,980 4,990,200 6,251.730

WCRS as feed leads to an increase of purchased feed. It is
therefore suggested that utilization of WCRS instead of
other home-grown forage crops might be not a solution for
raising feed self-sufficiency rate in Japan. Moreover, a
higher number of cows and higher amount of purchased
feed in the base scenario resulted in higher N surplus.

Most production costs increased with a larger herd size.
Labor and fixed costs all increased with more feed fed and
motre cows milked in the base scenario. Feed cost increased
considerably. but revenue also increased with more milk
and animals sold. Overall, farm net profit in the control
scenario was higher, since both the home-grown production
and purchased feed costs in the base scenario were higher.

Increased forage rice yield (simulation 2)

Increased forage rice yield greatly increased animal
density. environmental impacts, revenue, production costs
and net return (Table 4). Increasing number of cows on the
same land area increased animal density. With more animals
and forage rice vield on the farm, larger amounts of forage,
grain and chemical fertilizer were purchased. The increases
in purchased feed and chemical fertilizer led to much
greater nutrient loading on the farmland. As a result, N
surplus resulted from higher forage rice yield on a land unit
basis.

Most production costs increased with the larger herd
size. Labor and fixed costs all increased with more feeds
fed and more anmimals milked. Feed cost increased
considerably. but revenue also increased with more milk
and animals sold. Overall, farm net profit was improved.
Therefore, the increase in forage rice yield, which resulted
in the increase in animal numbers per unit of land area.
enhanced profitability but caused the increase iIn
environment load.

It was indicated that, in all cases. the net profit obtained
from use of WCRS was lower than that obtained in the
control scenario and thus WCRS utilization was difficult to
establish without any subsidies in this type of sitnation. The

effect of the subsidy will be investigated later in simulation
5.

Altered milk vield of a dairy cow (simulation 3)

The simulation assumed that milk yield (MY) of a dairy
cow can be altered by genetic and nutritional improvement.

The N surplus was slightly sensitive to changes in MY.
Increasing MY caused rises in both the input and output of
N of the production systems. This was because more
purchased feed was required and more milk was sold. On
the other hand, the higher nutrient inputs from the
purchased feed increased the amount of excretions for nse
as manure, Consequently, more manure was supplied.
Assuming that the total fertilizer requirement was constant,
a rise in the purchased feed intake reduced chemical
fertilizer requirement. As a result, when the milk production
level increased (decreased) 5% and 10%, approximately 4%
and 9% more (less) N was applied as manure, respectively
(Table 3).

Economic variables were sensitive to changes in MY.
The high sensitivities of revenue and total cost were
expected, since milk sales provided the highest income. An
increase in MY led to a rise in the revenue via a rise in milk
sales (Table 5). To fulfill the higher nutritional requirements
of the amimals caused by higher MY, the model
compensated for the quality and quantity of the diet by
increasing the amounts of purchased feed. which increased
total cost. When the milk production level increased
(decreased) 5% and 10%, the purchased feed cost became
approximately 3% and 6% higher (lower). respectively
(Table 3). Totally, the increment in revenue was higher than
that in total cost. providing a positive net profit for the farm.

Use of CP rich-WCRS (simulation 4)

Although most of the current forage rice varieties
coniain relatively low crude protein (CP), this may be
enhanced by genetic improvement of the varieties. It was
therefore assumed in this simulation that a CP-rich WCRS
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Table 3. Effects of altered milk production (changed £5% and *10% from the assumed value of annual milk vield (8.400 kg/cow)) on

annual production, feed vse, nutrient balance, production costs, and net return (simulation 3)

Milk yield

Production or cost parameter 7,560 kg 7,980 kg Base scenario 8.820kg 9,240 kg

(-10%) (-3%) (8.400 kg) (+5%) (+10%)
Number of cows {(cows) 47 47 47 47 47
WCRS intake (kg DM/animal) 2,269 2,272 2,271 2,267 2,260
Purchased feed cost (yen/animal) 147,049 153,775 160,637 167,632 174,753
Manure fertilizing (kg N) 3,466 3,563 3.666 3.776 3,894
Chemical fertilizing (kg N) 1,168 1,139 1,108 1,133 1,040
N surplus (kg/ha) 236 242 248 255 262
Revenue (yen) 28,324,290 29,749,200 31,220,330 32,742,000 34,317,780
Total cost (ven) 29,237,270 29.619,580 30,049,800 30,527,530 31,052,090
Net profit (ven) -912,980 129,620 1,170,530 2,214.470 3,265,690

Table 6. Effects of use of CP-rich WCRS on purchased feed
composition (simulation 4)

Base scenario Use of CP-rich WCRS
el (CP = 6.9% DM) (CP = 8.4% DM)
Com 1,621 1,715
Barley 0 0
Soybean cake 589 519
Mineral mix 77 78
Beet pulp 0 0
Bran 367 326
Alfalfa hay cubes 359 359

(CP = 8.4% DM) would be available. The result showed
that use of CP-rich WCRS led to reduction of the intakes of

other CP-rich feeds such as soybean cake and bran (Table 6).

This was because more CP was supplied from the CP-rich
WCRS. In contrast, the ME-rich but lower CP content feed
such as com was fed to compensate for reduction of energy
intake by less ME and CP-rich feeds (sovbean cake and
bran).

There was little difference in N surplus since fewer CP-
rich feeds and more chemical fertilizer were purchased
when CP-rich WCRS was utilized (Table 7). Purchased feed
costs per animal were slightly less (1%) than those in the
base scenario. Most production costs slightly increased with
lower purchased feed costs and higher chemical fertilizer
costs, and thereby farn revenue decreased becaunse of slight

reduction (47.26 head to 47.14 head) in the nnmber of cows,
providing a negative net return for the farm. This reduction
in the number of cows was due to the increased WCRS
intake per amimal. Net profit decreased by 99,930 ven (-7%)
by utilizing the CP-rich WCRS. This simulation showed
that there were no economic and environmental incentives
for improving WCRS CP content because more fertilizers
(N) would be required on the cultivated land.

Impacts of forage rice yield and subsidies under the
fixed herd size situation (simulation 5)

Increment in forage rice yield under the situation of a
fixed herd size (47 cows) increased animal density and
environmental impacts but decreased production costs
which resulted in a rise in net profit (Table 8).

At the increased yield of forage rice with the same herd
size, despite unchanged revenue. home-grown feed
production costs decreased since less land was required,
providing the increment in net profit. That is, the increase in
the forage rnice yield, which resulted in a reduction in
cultivated land area, enhanced profitability but increased the
potential degradation of the environment cansed by higher
animal density.

Considering the subsidies, however, the results were
totally changed. When the amount of subsidies increased
according to land size, the benefits obtained from subsidies

Table 7. Effects of use of CP-rich WCRS on annual production, feed use, nutrient balance, production costs, and net return {simulation

4)
Production or cost parameter Base scenario Use of CP-rich WCRS
{CP =6.9% DM) {CP = 8.4% DM)

Number of cows {(cows) 47 47
WCRS intake (kg DM/animal) 2271 2277
Purchased feed cost (yen/animal) 160,637 158,891
Manure fertilizing (kg N) 3,666 3,658
Chemical fertilizing (kg N) 1,108 1,424

N surplus (kg/ha) 248 248
Revenue (ven) 31,220,330 31,148,820
Total cost (ven) 30,049,8(X) 30,078,220
Net profit (ven) 1,170,530 1,070,600
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Table 8. Effects of increasing forage rice yield on annual production, nutrient balance, production costs, and net retum under the
situation of a fixed herd size (47 cows) and varied land areas (simulation 5)

Forage rice vield

Production or cost parameter (ng‘]zes;‘})mﬁa) 10.000 kg DM/ha 12,000 kg DM/ha 14,000 kg DM/ha 16,000 kg DM/ha
Land (ha) 184 147 12.3 10.5 9.2
WCRS intake (kg DM/animal) 2271 2271 2,271 2,271 2271
Purchased feed cost (yen/animal) 160,637 160,637 160,637 160,637 160,637
Manure fertilizing (kg N) 3,666 3,666 3,666 3,666 3,666
Chemical fertilizing (kg N) 1,108 990 912 856 823
N surplus (kg/ha) 248 303 357 411 466
Revenue (yen) 31,220,330 31,220,330 31,220,330 31,220,330 31,220,330
Total cost (ven) 30,049,800 28,620,530 27,667,680 26,987,080 26,482,470
Net profit (yen) 1,170,530 2,599.800) 3,552,650 4233250 4,737 860

for higher forage rice vield decreased (Figure 2). At a lower
subsidy level. increased forage rice vield promoted net
profit. In contrast, however. at a higher subsidy support
level, increased forage rice yield led to a reduction in
subsidy support due to less land area for production of
forage rice, resulting in the negative impact on net income.
This situation occurred in this study because subsidies were
supported depending on the utilized land area in the current
Japanese policy. This result indicates that excess subsidy
per unit of land would not promote forage rice vield when
the herd size is fixed.

Concluding remarks

It was observed in this siudy that forage rice utilization
could not be economically established without subsidies in
most cases. In simulation 1, dairy producers who utilize
WCRS could maintain their farming systems only by being

20,000,000 ~

—@— Base scenario (8,000 kg DM/ha)
—A— 12,000 kg DM/ha
—&— 16,000 kg DM/ha

15,000,000

10,000,000

Net profit+subsidy (yen)

5,000,000

0 1 ]

supported more than 31,181 yen/10a (Table 4). Simulation 2
showed that the net profit was lower than that obtained in
the control scenario until the forage rice yield was increased
to 16,000 kg DM/ha. Therefore. subsidies would be needed
for forage rmice production, as long as much more
techmological and genetic improvement for forage rice vield
was not realized.

There are three kinds of subsidies relating to the dairy
farming systems using forage rice. The first subsidy is for
feeding WCRS to dairy cattle. Since the use of WCRS as
feed is still unfamiliar to dairy producers, the Japanese
government strongly recommends and encourages forage
rice utilization by supporting dairy producers with subsidies.
The second subsidy is for nutrient recycling. To enhance the
application of animal excretions as manure to crop fields
and thereby nutrient cycling within a farm, the subsidy has
been supported for both dairy and rice producers who

—m— 10,000 kg DM/ha
—— 14,000 kg DM/ha

20,000 40,000

60,000 80,000 100,000

Subsidy (yen/10a)

Figure 2. Effects of forage rice yield and various levels of subsidy supports on farm return under the sitvation of a fixed herd size (47

COWS),
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decide to grow forage rice, produce WCRS, and use he
WCRS. The last subsidy is a crop changeover
encouragement subsidy. This subsidy has been supported
for rice producers who grow forage rice in their paddy
fields. Paddy rice cultivation was first subjected to cutbacks
in 1970 because of oversupply, when 236,000 hectares of
paddy field were set aside. The fallow field has steadily
increased and therefore about 37% of the total paddy field
was taken out of cultivation in 2002, As a consequence,
much of this land has been planted with other crops, mostly
vegetable and fruit trees. In a decade. however, a forage
production system has been originally established for
making use of fallow fields derived from crop changeover
policies.

MAFF (2006) and NARCT (2004) pointed out that rice
producers grow forage rice for the increase of their
profitability by supported subsidies. Therefore, it has been
stated by the Japanese government that these subsidies
should reduce in the near future (MAFF, 2006). The impacts
of a reduction in subsidies on farm management have
already been investigated by several simulation studies
(NAROQ. 2006). MAFF (2006) suggested that higher forage
rice yield is an important option for promoting forage rice
production in Japan This simulation also illustrated that
there was an economic incentive for improving the forage
rice yield when the level of subsidy support was low.

Another option that can resolve this problem would be
to convert the subsidy system from a land area basis to a
yield basis (NARQ. 2006). If this kind of subsidy system
were introduced, dairy cattle production systems integrated
with forage rice production would be more popular in Japan,
because more profit will result from higher forage yield
under such a subsidy system.
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