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method is presented that assesses economic profintroduction

management practices, and risk involved with soy-Two critical objectives in any agricultural enterprise are
bean production for three locations on the North Shordo minimize cost and maximize production. Economic
of Oahu, Hawaii, where soybean has not been planteteasibility of the enterprise depends on revenue being
before. Simulations of soybean growth and economigyreater than cost. Other worthy objectives such as mini-
analysis using 768 combinations of cultivar, plant den-mizing environmental impact or maintaining biodiversity
sity, irrigation, and planting date over 20 seasons fommay be included, but for this study, minimizing cost and
each of three locations were made using the computenaximizing revenue are the objectives.
program Decision Support System for Agrotechnology ~ Minimizing cost and maximizing production depend
Transfer (DSSAT, v. 3.0). Economic profit was calcu- on the local environment where the crop is grown. An
lated as the difference between revenue generated froeffective way to minimize cost is to match crop growth
grain yield and the total cost incurred from water, seedrequirements to the biophysical environment, which in-
labor, and other inputs. High economic profit and low cludes soil fertility, rainfall, and temperature. With a good
variation of the profit from season to season were thanatch, inputs and their associated costs are minimized.
criteria that identified the best management scheme oulowever, environments seldom match crop require-
of the 768 for each location. Results from the simula-ments perfectly. Irrigation, fertilization, and liming are
tions indicate profitable soybean production at each lo-often necessary to correct fertility or moisture deficien-
cation is possible if a cultivar adapted to the mid-Atlan-cies, or an alternative location must be used to fulfill
tic states, “Bragg,” is planted in the spring. In addition, temperature requirements. At each location, the combi-
high plant density and irrigation are necessary. Revenugnation of these interventions to correct mismatches is
from increased yield outweighed the costs accrued fronprobably unique. Therefore, determination of the best
extra seed and water. The expected economic profinanagement practices to produce crops will require in-
ranged from $789 to $829 per hectare (2.47 acres; sdermation on the crop, weather, and soil; the effects of
conversions, p. 11). Agronomic modeling with economicparticular management practices; and their combined
analysis was shown to be an effective tool for the rapidmpact on yield.
generation of knowledge necessary for decision-mak-  Information needed to manage environmental mis-
ing on crop production based on expected economienatches for crop production is generated in one of two
profit and an assessment of risk. Such decisions are keyays: through trial-and-error field experimentation or
to the timely selection of alternative crops and practicesystems simulation. The scope of the information gen-
in areas previously planted to other crops. erated in these two ways is different. In field experi-
ments, the scope includes the specific responses of a
crop to the environment as influenced by genetics, plant
R.M. OgosHj G.Y. Tsufi G. Uehard, and N.P. Keffortl competition, and soil amendments at a particular time
Department of Agronomy and Soil Science and and place. Field experiments seldom integrate climate
2Rural Economic Transition Assistance program with crop response to soil and soil amendments because
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this involves multi-year and multi-location experiments, ] Tpree locations on Oahu. Hawaii. that provided data
which are extremely expensive. Because field experifor simulations of soybean growth.

ments can rarely be conducted over many years and Ic /J.,-

cations, simulated outcomes of such experiments ar: \’\ .

useful. Crop simulation models are designed to imitate / . %%

the behavior of real plants by integrating their known

response to weather, soil, and amended conditions P ® \53

Models can estimate crop production under many con- :.:: ® .@ QOQ o

ditions to define precise differences that can occur from \ *f;% rallllire \m ¢
year-to-year or location-to-location, or as a consequenct - % % AN

of finely graded management practices. Specific field %@/ K
experiments are still necessary to generate the new ir Ly k"‘ﬂ-\
formation on crop responses to factors that are not in &*&: S‘f}
cluded or not well simulated in the model. Trial-and- f_/,_f"’ ——‘/‘aﬁ\_/f'

error experiments and systems simulations generate ir M~
formation that are complementary. Field experiments

produce new data that improves our understanding
plant and soil processes. Crop models integrate the im
proved understanding into new knowledge of crop per-

able 1. Soil physical and chemical characteristics of the
op layer of soils at the test sites.

Sit
formance. e
The purpose of this study was to determine the agSon characteristic Kawaihapa® ~ Waialua> Opaeula®
. . e . 9

ronomic and economic feasibility of soybe&iycine g:ﬁ‘y%/" Y gé'é g?;
maxL. Merr.) produc_:_tion at selected sites on thg Northsang % ha 10.0 18.6
Shore, Oahu, Hawaii, as part of a rural stabilization pro-Bulk density (g/cm?) 1.33 1.28 1.31
gram based on alternative crops for former sugarcan@rganic carbon % 2.0 4.1 1.5

7.7 7.2 5.2

land. Feasibility will be appraised with projections from pH
a soybean simulation model. Since large-scale soybeafCS 1976, ‘lkawa et al. 1985

production has never been done on the North Shore, the

model will be used to estimate yields that result from

management decisions such as location, planting dateponths. Annual solar radiation is highest at Waialua,
cultivar, plant density, and irrigation. With this infor- while Kawaihapai and Opaeula have similar, lower val-
mation, the combination of management practices likelyues (Fig. 2). Mean daily temperature is highest at
to give high, stable yield and economic profit will be Kawaihapai and lowest at Opaeula throughout most of

determined. the year (Fig. 3). Opaeula receives the most rainfall, 1046
mm a year, while Kawaihapai and Waialua receive 880
Procedure and 846 mm, respectively (Fig. 4). Soil texture, bulk

Predicting soybean yield requires a biophysical descripéensity, pH, and organic carbon content determine the
tion of the sites to give the model information on theamount of water the soil can hold, water movement in
environmental factors that affect soybean growth.the soil profile, and root penetration. These soil attributes
Kawaihapai, Waialua, and Opaeula, sites on the Nortlare derived from soil physical and chemical character-
Shore, were selected for simulating soybean growth angstics in each layer of the soil profile at Kawaihapai
yield (Fig. 1). Based on experience with soybean pro{Ustollic Camborthid, fine, kaolinitic, isohyperthermic),
duction outside Hawaii, these three locations were asWaialua (Vertic Haplustoll, very fine, kaolinitic, iso-
sessed to contain the fewest constraints. hyperthermic), and Opaeula (Tropeptic Eutrustox,
Records characterizing the unique weather and soitlayey, kaolinitic, isohyperthemic) (Table 1). Each com-
of each site were found in the archives of the Hawaiibination of weather and soil characteristics establishes
Agricultural Research Center (Osgood, personal comthe environmental conditions in which soybean growth
munication) and Ikawa et al. (1985). All sites have awas simulated.
weather pattern typical of low-elevation, leeward areas  After specifying the environmental conditions, man-
in Hawaii. Solar radiation and temperature are high inagement practices can be chosen to test how well soy-
the summer months, and rainfall is high in the winterbean would yield under a prescribed set of practices.




Climatic conditions at the three study sites.
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Options for management practices may include culti-
var, plant density, irrigation regime, planting date, fer-
tilization, row spacing, and organic residue application.
For this study, cultivar, plant density, irrigation, and
planting date were combined in the simulations to iden-
tify the best management scheme to grow soybean on
the North Shore. Four cultivars (cvs. ‘Evans’, ‘Clark’,
‘Bragg’, and ‘Jupiter”), four plant densities (150, 300,
450, and 600 thousand plants per hectare with rowspace
0.6 m), four irrigation regimes (no irrigation, 25% trig-
ger, 50% trigger, and no stress), and 12 planting dates
(the first day of every month) were combined for a total
of 768 schemes (equal to 4 x 4 x 4 x 12). The four culti-
vars represent types that are grown in latitudes from
Minnesota (cv. ‘Evans’) to Florida (cv. ‘Jupiter’). The
irrigation regimes of 25% trigger, 50% trigger, and no
stress were implemented by allowing the soil water-hold-
ing capacity at a 20 cm depth dry down to 25%, 50%,
and 99% of field capacity, then irrigation was applied to
reach field capacity. The 99% trigger was used as a con-
trol treatment and will be referred to as “no stress.” Soy-
bean growth was simulated for each of the 768 possible
schemes over 20 unique weather sequences.

Predicted soybean growth and yield were simulated
using CROPGRO-soybean (Hoogenboom et al. 1994a).
CROPGRO-soybean simulates soybean progress
through its life cycle at a daily time-step and is depen-
dent on the cultivar, temperature, and daylength. Pho-
tosynthesis is simulated through the capture and con-
version of sunlight and carbon dioxide to carbohydrate,
the building material for plant tissue. Protein produc-
tion is simulated from nitrogen uptake through the roots
and biological nitrogen fixation. CROPGRO-soybean
distributes the carbohydrate and protein among plant
organs (roots, stems, leaves, pods, and seeds) as affected
by the stage of its life cycle, water or nitrogen stress,
daylength, and temperature. At the end of the simulated
season, the final seed weight is designated to be the yield.
CROPGRO-soybean was designed to mimic soybean
behavior and has been successfully tested under a wide
range of environments (AVRDC 1991, Egli and
Bruening 1992, Hoogenboom et al. 1994b, Swaney et
al. 1983).

Simulation of the 768 combinations of cultivar, plant
density, irrigation, and planting date over 20 seasons was
facilitated with the software package Decision Support
System for Agrotechnology Transfer v3.0 (DSSAT v3)
(Tsuji et al. 1994).

To decide which management scheme was best, a
mean-variance analysis was conducted for each loca-
tion. This technique presumes that the two important




Table 2. Base production cost for producing irrigated soybean in Waialua on a 300-hectare farm.

Operating costs

A. Pre-harvest costs units/ha in units $/unit $ cost/ha
1. Land preparation
a. Labor to clear land 6.7 hours 20 134.00
b. Machinery to clear land 6.7 hours 35 234.50
2. Planting
a. Labor to plant seed 3.7 hours 20 74.00
b. Machinery to plant seed 1.9 hours 35 66.50
3. Pest control
a. Herbicide: Roundup 1.4 gallons 75 105.00
b. Labor to spray 2.47 hours 20 49.40
c. Sprayer operation 2.47 hours 35 86.45
4. Irrigation
a. System setup costs 3 sprinkler 20 60.00
B. Harvest costs
1. Harvesting
a. Labor to harvest 1.2 hours 20 24.00
b. Combine operation 1.2 hours 35 42.00
2. Commission and excise tax 294,852 $ gross 0.0417 40.98
Ownership costs
A. Management resource gross $ % gross
1. Management 294,852 5 49.14
2. Office overhead 294,852 2 19.66
B. Capital resources
1. Depreciation (est.) on invested $ % depreciation depreciation $
a. Machinery and equipment 270,000 14 37,800 126.00
b. Irrigation system 300,000 5 15,000 50.00
loan $ % interest interest $
2. Interest expense on loan 270,000 10 27,000 90.00
equity $ % equity opportunity $
3. Opportunity cost on equity 300,000 6 18,000 60.00
C. Land resource assessed $ % tax tax
1. Property tax 300,000 1 30,000 100.00
premium $
2. Property insurance 16,000 53.33
payment $
3. Leasehold 92,000 306.67
Total 1771.63

factors in deciding which strategy is best are the amoun$1772 per hectare. The costs for irrigation water, irriga-
of economic profit and its riskiness. Economic profit is tion application, and seed were $0.10 per 1,000 gallons,
simply the revenue generated from selling the grain$1.30 per application, and $0.66 per kg, respectively (M.
minus the cost of its production. Since the alternative tavicLean, personal communication). The riskiness of a
producing soybean in Hawaii is shipping grain from strategy is represented by the standard deviation of profit
Seattle, Washington, the price of soybean grain was aslerived over the 20 years.

sumed to be the market price of the grain on the U.S.  With the mean profit and its standard deviation, the
mainland plus shipping, or $449 per metric ton of drybest strategy to produce soybean can be found based on
grain in March, 1997. Local production cost scenarioa few assumptions. Mean-variance analysis assumes that
was based on a 300 hectare farm on leased land amdost people prefer high profit and low risk, and most
equipment purchased with aloan (M. McLean, personahre willing to accept a lower profit if risk can be re-
communication) (Table 2). The basic production costduced to a “comfortable level.” When the mean profit is
for the non-irrigated and irrigated farm was $1602 andplotted against the standard deviation, the best strate-




gles are thc.)se with high mean and low standard deV|6\5 Simulated days from planting to flowering for four soy-
tion found in the upper left corner of the graph (e.9.,pean cultivars planted at monthly intervals at three sites

Fig. 9).

on Oahu (values averaged over four irrigation regimes,

Further discrimination among the remaining strate-four plant densities, and 20 seasons).

gies was done with stochastic dominance analysis
(Thornton et al. 1994). Ultimately, only one strategy was
selected as best for each location.

Outcome

Results from the simulation

The simulation showed that differences in the daylength
sensitivity of cultivars profoundly affected yield. The
yield differences result from increases in the time from
planting to flowering as daylength increases, i.e., in
spring (Fig. 5). This permits more leaf growth, which
supports greater yield. ‘Jupiter’, the cultivar adapted to
low latitudes, is the most daylength-sensitive cultivar
as seen in its greatly prolonged time to flowering when
planted in the summer months. The least daylength sen-
sitive cultivar, ‘Evans’, had a relatively constant time to
flowering regardless of planting date (Fig. 5).

The greatest yield for the daylength-sensitive culti-
vars was obtained with spring planting dates, while the
lowest was with fall planting dates (Fig. 6). Meanwhile,
the daylength-insensitive cultivar ‘Evans’ had a relatively %
stable yield regardless of planting date. The close relag
tion between yield and time to flowering suggest thatg
yield depends on leaf area. However, yield differencesg,
among cultivars across planting dates were not coma
pletely dependent on leaf area differences. For any plant-
ing date, ‘Jupiter’ was a larger plant than ‘Bragg’ (data
not shown), yet ‘Bragg’ had greater yield than ‘Jupiter’
in the spring plantings (Fig. 6). The yield reduction in
the spring for ‘Jupiter’ resulted from nitrogen deficiency
stress that may have been induced by excessive top
growth. So, the best yielding cultivar changes with plant-
ing date: ‘Bragg’ had the highest yields when planted
from March to June, while ‘Jupiter’ produced the high-
est yields for other planting dates.

Increased plant density can increase yield, but seed
costs make the yield gain expensive. At all planting dates,
increased plant density raised soybean yield (Fig. 7).
The mean yield for plant densities was 1739 kg/hectare
at 150,000 plants/hectare, 2059 kg/hectare at 300,000
plants/ hectare, 2286 kg/hectare at 450,000 plants/hect-
are, and 2437 kg/hectare at 600,000 plants/hectare. The
diminishing gain in yield for each increase in plant den-
sity indicates that yield per plant was greatly lowered as
plant density was raised. The reduced vyield per plant
resulted from increased competition among plants for
water, sunlight, and nutrients.
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Table 3. Ratio of difference between irrigated soybean 6 Simulated grain yield (kg/ha) for the soybean cultivars
grain and rainfed yield (kg/ha) to irrigation water used at three sites on Oahu (values averaged over four irriga-

(mm) for soybean grown at three sites on Oahu.

Ratio (kg/ha per mm of water)?

Location 25% trigger  50% trigger No stress
Kawaihapai 8.23 7.74 4.57
Waialua 7.80 7.90 3.41
Opaeula 8.40 7.77 4.19

ZYields and irrigation water averaged over four cultivars, four plant densities,
and 12 planting dates.

While irrigation generally increased yield over
rainfed soybean, efficient water use in soybean produc-
tion depended on the planting date and location. Except
for the fall plantings, which had virtually the same yield
for all regimes, irrigation increased yield over rainfed
crops for all planting dates (Fig. 8). The 25% trigger
irrigation regime gave a larger yield than the rainfed crop,
but smaller than the 50% trigger and no stress regimes.
The 50% trigger irrigation regime generated yield nearly
the same as the no stress regime, but was sometimes
higher, probably due to waterlogged conditions in theg
no stress regime. The most water-use efficient irriga=
tion regime to produce soybean can be calculated frortg
irrigated yield minus rainfed yield, divided by the amount E
of irrigation water used (Table 3). With the ratios 8.23%’
and 8.40 kg/hectare per mm of water, the 25% trigger
regime was most efficient for producing soybean grain
at Kawaihapai and Opaeula. At Waialua, the 50% trig-
ger irrigation regime was the most efficient at 7.90 kg/
hectare per mm of water.

Agronomic interpretation of the simulation results

In summary, simulated soybean yields varied with site
and the management practices of cultivar, plant density,
irrigation, and planting date.

Daylength sensitivity among the cultivars had the
greatest effect on yield. Soybean flowers earlier in short
days, and delays flowering in long days resulting in a
larger plant with more leaves capable of supporting
greater yield. However, too much vegetative mass can
divert carbohydrate and protein resources away from
grain growth. Hence, the cultivar of choice should be
one that increases leaf area and supports greater yield,
not one with vegetative growth that curbs yield.

Plant density must balance the beneficial effect of
capturing the greatest amount of sunlight and the harm-
ful effect of increased plant competition for water and
nutrients.

tion regimes, four plant densities, and 20 seasons).
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7 Simulated soybean grain yield (kg/ha) at four plant
densities when planted at monthly intervals at three sites
on Oahu (yields averaged over four irrigation regimes, four
cultivars, and 20 seasons).
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8 Simulated soybean grain yield under four irrigation
regimes for soybeans planted at monthly intervals at three
sites on Oahu (yields averaged over four irrigation re-

gimes, four cultivars, and 20 seasons).
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Irrigation supplies essential moisture to plants, butagement scheme was the best for all three locations. The
in excess can create waterlogged conditions that inhibiexpected profits for Kawaihapai, Waialua, and Opaeula
root growth with increased water cost. were $789, $811, and $829 per hectare, respectively.

Because weather patterns proceed through annual The worst schemes, in terms of mean economic
cycles, changing the planting date alters the daylengthprofit, had several management practices in common.
rainfall, solar radiation, and temperature the plant is ex-A negative mean economic profit resulted from schemes
posed to. As previously discussed, seasonal daylength, iwith any one of the following practices: cultivar ‘Evans’,
conjunction with the daylength sensitivity of the soybeana plant density of 150,000 plants per hectare, rainfed, or
cultivar, greatly affects plant size and yield potential.  a planting date in January, February, July, August, Sep-

Cyclical rainfall governs soil moisture status that tember, October, November, or December. The cultivar
influences water stress and irrigation frequency as plantEvans’ had consistently lower yields, because of early
ing date changes. With an inverse relation to rainfall,flowering as discussed previously, that did not generate
solar radiation exhibits an annual cycle that affects yieldenough revenue from yield to compensate for the costs
as plants compete to intercept the sun’s energy. Plantinigicurred for basic production. Planting at a density of
date has important implications on yield as affected byl50,000 per hectare was too low to produce high yield.
plant size, soil moisture, and plant competition. Rainfed crops lacked the moisture to produce adequate

Given the above information, estimates on profit canyield and planting from July to February either did not
be based on the expected yield and the expected costsfice the crop in favorable moisture or solar radiation
seed, water, and “overhead.” However, this informationconditions to yield well as previously discussed.
is inadequate to provide options to make a decision on
the best production scheme since a trade-off exists bezonclusions
tween seed and water costs and revenue, and that tradBais study shows that an agronomic model and economic
off depends on weather that changes from year to yeaanalysis are useful tools for agricultural decision-mak-

ing. In Hawaii, the agricultural environment is complex
Selecting the best management scheme due to the fact that crops can grow year-round and topo-
The better management schemes based on econonmgcaphical influences on weather and the many soil types
profit and riskiness show that generating more revenuereate many unigue niches. Finding agricultural man-
can overcome the extra costs incurred to increase graimagement practices to deal with this complexity has been
yield. For each location, the mean economic profit perdifficult but is possible with careful extrapolation of re-
hectare for each management scheme was plotted agairsstits from field experiments. However, field experiments
its standard deviation for the 20 seasons (Fig. 9). Thare time-consuming and do not quantify the variation in
better schemes are those found along the outer edge gield that can be expected from month to month and
the upper left quadrant in the scatter. These schemes hayear to year. The soybean model coupled with economic
high profit, low risk, or both. Generally, these better analysis helps to overcome both of these problems.
schemes result when fields are planted with ‘Bragg’ or  In this study, crop models shortened the time needed
‘Clark’, are planted in April or May, and mostly irri- to test and determine suitable management schemes to
gated when the soil moisture reaches 50% of field caproduce crops in specific locations. This analysis took
pacity. The plant density for the better schemes rangapproximately one week to complete. To achieve the
from 300 to 600 thousand per hectare. While irrigationsame results, 768 field experiments would have had to
and high seeding rate increased the cost of productiorhe done over 20 years. The faster result is possible be-
the revenue generated from higher yield of irrigatedcause the crop model has the ability to integrate weather,
crops planted in these two months offset the cost. soil, and management information from a site and make

The best management scheme is the same for thealistic predictions on crop performance. With predicted
three locations, but the expected profit is different. Sto-yields, a fast economic analysis can be done to identify
chastic dominance analysis was applied only to the betfeasible management schemes based on profit and risk.
ter management schemes. The best management scheme Predicting crop performance can have a profound
is identified as the function furthest to the right that doesmpact on land-use decisions requiring this information.
not cross over other functions (Fig. 10). The best manfor this study, the question of whether soybean can be
agement scheme was ‘Bragg’ planted in April at 600,produced on the North Shore was answered from the
000 plants per hectare with irrigation triggered whenviewpoint of an entrepreneur. Others who may benefit
soil moisture reached 50% of field capacity. This man-from this information include farmers who want to know




9 Mean-variance analysis for finding best management practices to grow soybean on the North Shore, Oahu, based on
CROPGRO-Soybean simulations.
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10 Cumulative probability curves of simulated economic profit from soybean grown at three locations on the North
Shore of Oahu.
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whether alternative crops can be produced on their land, Survey Investigations Report No. 29, U.S. Govern-
bankers who need to quantify the risk involved in an ment Printing Office 212-613.

agricultural enterprise applying for a loan, and policy Swaney, D.P., J.W. Jones, W.G. Boggess, G.G.
makers who need information on land capabilities. Wilkerson, J.W. Mishoe. 1983. Real-time irrigation
Armed with this information, decisions to commita plot  decision analysis using simulation. Trans. American
of land or investment capital to crop production are not Society of Agricultural Engineers 26:562-568.
answered with a simple yes or no but with estimates ofrhornton, P.K., G. Hoogenboom, P.W. Wilkens, and J.W.
economic profit, options for management practices to Jones. 1994. \Volume 3-1: Seasonal Analysis. In: Tsuiji

produce this profit, and an assessment of risk. et al., op. cit.
Tsuji, G.Y., G. Uehara, and S. Balas (eds). 1994. DSSAT
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