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TABLE VI
Production efficiencies of major West Java crop groups {(expressed as the quantity of energy and
nutrients they produce per unit area of land)

Energy Protein Vitamin A Riboflavin
Thiamine Iron Vitamin C
Niacin Calcium
Root crops Very high High Medium-high High
Legumes Medium-high Very high Medium-high? High®
Rice High High Low Low
Comn Medium Medium Low Low
Green leafy
vegetables Low-medium Medium-high Very high High-very high
Other vegetables  Medium Medium Medium? Medium-high
Fruit Low-medium Low Low-medium? Low-high

2 Vitamin A variable (very high in yellow fruits and vegetables but low or absent in some fruits.
legumes, and other vegetables).
b Riboflavin high but vitamin C low or absent in most legumes.

TABLE VII
Daily household nutritional requirements of West Java families assumed for the optimizations®

Energy 43.96 MJ
9140 Calories
Total protein 184 g
Vitamin A 14500 [.U.
Thiamine 3.72mg
Riboflavin 4.37mg
Niacin 60.3 mg
Vitamin C 123 mg
Calcium 2.58g
Iron 46.8 mg
[soleucine 487¢
Leucine 7.16¢g
Lysine 8.43g
Methionine 523¢g
Phenylalinine 533g
Threonine 495¢
Tryptophan 1.04¢g
Valine 5.20g

s

3 These figures are also the basis for the dashed lines representing recommended nutrient intakes in
Figures 3, 4, 7 and 10.

each crop) varied with precise values used for production efficiencies. Nonetheles$
a consistent pattern emerged from the optimizations as a whole, which could
instructive for least-land food production strategies. The optimal mix alway$
consisted of crops from the following three groups:

— starchy root crops (such as sweet potato, cassava, taro) or functionally sirnilar
crops (such as squash);
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TABLE VIl
The mix of crops which could meet the nutritional needs of an average West Java household with the
least amount of land (expressed as square meters of land devoted to each crop)?

m—
Cassava Wing  Peanuts Unchoi Spinach  Total
bean

— .
No rice of animal products 653 186 201 113 —_ 1153
Rice consumed at level of poor

households 279 106 11 142 — 538
Rice consumed at level of well-off

households 226 95 — 139 124 584
Animal products consumed at level of

poor households 686 153 113 113 — 1065
Animal products consumed at level of

well-off households 694 100 69 100 — 963
Rice and animal products consumed at

Jevel of poor households 274 55 — 175 183 687
Rice and animal products consumed at

level of well-off households 190 — — 73 — 263

s The figures in this table are from an actual series of optimizations. They are for illustrative
purposes only. There is no intention to suggest that actual farm households should cultivate these
particular crops in the quantities indicated above.

— legumes (such as beans or peanuts) or other high-protein crops (such as
coconuts); and

— green leafy vegetables (such as unchoy or spinach).

Staple grains, fruits, and vegetables other than green leafy vegetables were never
allocated land in the optimal mix.

When interpreting these results, it is useful to keep in mind how the major food
groups differ in their nutrient production (Table VI). Root crops tend to have high
production efficiencies for most nutrients because root crops have a full leaf cover
through most of the year. The root crops, therefore, produce continuously through-
out the year, and because they channel a large percentage of their biomass
production to storage in the roots, yields are high. Fruits tend to have low
production efficiencies because fruits are a small percentage of fruit tree biomass
production, and fruit yields are, therefore, generally low per unit area of land.
Other crops (such as most grains, legumes, and vegetables), with intermediate
yields per unit area, have production efficiencies that reflect their nutrient contents.
Legumes are in the optimal mix because of their high protein production, and green
leafy vegetables are in the optimal mix because of their high production of critical
vitamins and minerals.

Some nutrients are easier to provide than others when adjusting a mix of crops to
meet nutritional needs. If a household does not have sufficient land to satisfy all its
nutritional needs, it can still produce sufficient quantities of calcium, iron and
vitamins A and C if it emphasizes crops that are exceptionally effective for produc-
ing those nutrients. However, because no crops are exceptionally productive for
protein, methionine or riboflavin, it is much more difficult for a household with
insufficient land to produce sufficient quantities of these nutrients.
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Significance of Dietary Preferences

Dietary tastes are particularly important for a family’s decisions on the mix of crops
it will employ. Rice is the preferred staple food crop in West Java, while starchy
root crops are considered inferior even though they are highly productive per unit
area of land (Table VI). It is, therefore, instructive to examine the mix of crops that
can fill the gap to satisfy nutritional requirements with the least amount of land
when rice has a fixed place in the diet. (This can be viewed as an optimization
problem for homegardens and upland fields when families consume a given quant-
ity of rice from their ricefields or rice purchases.) Taking the example in Table XIII
— where the optimal mix without rice is cassava, wing beans, peanuts and unchoi —
the amounts of cassava, peanuts and wing beans are substantially reduced when rice
is forced into the mix, because rice provides many of the same nutrients provided
by cassava, peanuts and beans. However, the optimal quantity of grean leafy veget-
ables is increased because rice is deficient in nutrients provided by these crops. This
effect is particularly pronounced for well-off households because they consume
more rice.

Animal products provide a significant quantity of the protein and amino acids
for most households, particularly well-off households. We can ask whether the
optimal mix of crops is different when consumption of animal products is taken into
account. This was tested by repeating the optimizations and forcing fish, meat and
poultry products into the solution at existing levels of consumption. Table VIII shows
that the basic mix of crops remains unchanged, but there is a significant reduction
in the amounts of high protein crops (wing beans and peanuts) because animal
products provide so much protein. The effect is more pronounced in well-off
households because they consume more animal products.

When it is assumed that both rice and animal products are consumed at present
levels, so the optimal crop mix only needs to make up the difference between nutri-
tional requirements and nutrients provided by the rice and animal products, the
optimal mix still consists of similar crops to those in the optimal mix with no dietary
constraints; but details depend upon whether consumption of rice and animal
products is at the level of poor or well-off households (Table VIII). The need for
cassava and legumes is significantly reduced when rice and animal products aré
included at present levels of consumption by the poor, but the production of green
leafy vegetables must be greatly expanded. In the case of well-off households, the
need for cassava is reduced when rice and animal products are included at their
present level of consumption; legume crops become unnecessary; and green-leafy
vegetables are also reduced significantly. The amount of land devoted to crops for
filling the nutritional gap of well-off households (assuming consumption of rice imd
animal products) is only 263 m?, but the total amount of land (the 3358 m* 1B
Table [X, which also includes the amount of land estimated to be used for the
production of rice and generation of income to purchase animal products) is much
larger than the 1153 m’ of land necessary to meet household requirements in the
case of no dietary constraints in Table VIIIL.

CONCLUSIONS REGARDING THE IMPROVEMENT OF EXISTING
CROPPING SYSTEMS

While this paper does not presume to suggest solutions to Javanese nutritiom_ll
problems, there do seem to be some useful insights. The most widespread nutn!
tional deficiencies (calcium, iron, riboflavin and possibly vitamin A) aré a
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TABLE IX
e amount of land required to meet household nutritional needs of West Java families when rice and
animal products are consumed at present levels and the nutritional gap is filled with an optimal (least
amount of land) mix of crops®

- Poor Well off

J—
Rice )
Consumption 545 kg/yr 618 kg/yr
Land required 1362 m? 1545 m?
Animal products
Consumption 57 kglyr 130 kg/yr
Value Rp 69000 Rp 198000
Land required to produce rice of
equivalent value 575 m? 1650 m?
Land required for optimal mix of
additional crops 687 m? 263 m*

Total land required 2624 m? 3358 m?

2 Based on Table VIII.

consequence of a heavily rice-based diet. Some families do not produce enough
calories because they lack sufficient land to do so.

Ricefields are particularly important for calorie and protein production. Upland
fields can also produce substantial quantities of calories and protein. However, the
calorie and protein production of upland fields is not easily increased by modifying
their crop mix because people with a calorie/protein problem are usually emphasiz-
ing already the most efficient crops available and doing so on every bit of land at
their disposal. Starchy root crops (sweet potatoes, cassava and.taro, for example)
are particularly effective for producing calories. The young leaves of these crops
also provide protein, vitamins and minerals. The potential of homegardens for
calorie and protein production is limited because of their relatively small size.

The most promising possibilities for nutritional improvement lie in augmenting
the already significant contributions of critical vitamins and minerals from
homegardens and upland fields. Crop diversity appears to be the key, since divers-
ity per se contributes significantly to the production of these critical vitamins and
minerals (Table IV), particularly when that diversity includes green leafy
vegetables. Improvement may be possible by adding crops that are particularly high
in critical vitamins or minerals, while exercising care that antinutrients do not
nullify the high vitamin or mineral content of a crop (such as oxalate, which fixes
calcium and iron in green leafy vegetables).

Different styles of homegardens will undoubtedly continue to be appropriate for
families with different circumstances. Javanese homegardens are intricate agricultu-
ral systems that are highly adapted to providing a variety of human needs on a small
area of land with relatively low inputs of cash and labor. Most Javanese
homegardens are dominated by fruit trees and others perennials, despite the fact
that annual field crops are generally a more efficient way to use the land from a
nutritional point of view. However, it does not appear wise to alter the role of trees
for nutritional reasons alone. Trees perform numerous important functions besides
nutrient production (shade, production of fuelwood, production of construction
materials etc.) and undoubtedly will continue to occupy a prominent position in
most homegardens.

In general, it appears that the combination of subsistence and cash economies in



42 G.G. MARTEN AND O.S. ABDOELLAH

the area covered by this study is nutritionally beneficial and should be encouraged.
While families use food purchases to supplement or complement their own food
production, the variety of foods in home production provides a solid foundation
for a balanced diet. Nutritional problems are less severe than in nearby plantation
areas where people buy nearly all of their food.!
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