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Soil productivity maintenance and
cropping system on upland farms
of the humid subtropics

Soils of the humid tropics and subtropics
are, under the natural condition, covered by
evergreen broad-leaf forests which protect the
soil against strong solar radiation and direct
raindrop impact, and establish abundant litters
on soil surface, making the soil surface layer
rich in organic matter and plant nutrients.
Removal of the vegetation and physical stirring
of soils associated with the introduction of
crop cultivation inevitably cause a rapid
decomposition of organic matter, deterioration
of soil structure, serious erosion hazard as
well as leaching of plant nutrients, resulting
in a rapid exhaustion of soil fertility.

The present study was carried out at the
Okinawa Branch Station of Tropical Agricul-
ture Research Center, located in the Ishigaki
Island, Okinawa Prefecture, to find out the
possible means to improve soil productivity
of upland farms by examining the actual state
of soil productivity of existing farmland, wild
grassland, and forest land, and further to
establish a rational cropping system by utiliz-
ing crops and materials feasible or available
in the isolated island. As a matter of fact,
upland farms in the area, where the station
was founded in 1970, had been extremely
deteriorated due to poor management practices.

Table 1.
T
; 5 Fertilizer
Cropping Soils from : R S— —_—
treatment yio1q Index Yield Index
Countinuous Farmland K NPK 26.0 100
| —N 3.4 13
Imperata " NPK 33.8 130
grassland N 9.1 35

Napier grass NPK 39.4 152

incorporated
Not continuous Farmland NPK — —
Forest land [ NPK — —
—N - e

Napier grass NPK — —

mulched

Therefore it was felt that any field experiment
might not properly be carried out unless
improving the soil conditions,

State of soil productivity: Table 1 gives
yields of upland rice grown in a pot experiment
using different soils sampled from the neigh-
boring area of the Station., It is clearly shown
that (1) forest soil is highly productive,
(2) soil fertility has recovered considerably
even in a poor grassland of Imperata cylindrica
during a period of 10 years after the culti-
vation was abandoned, (3) incorporation of
napier grass as a green manure is fairly
effective in increasing soil fertility, (4) mulch-
ing of large amount of napier grass gives
a remarkable effect; the mulching practiced
for only one year gives the yield equal to
that obtained from the forest soil, and (5) a
serious damage by continued cropping of up-
land rice occurs with the farm soil, whereas
no such damage occurs with the soil of
Imperata grassland and the farm soil in-
corporated with napier grass,

The fact that the soil fertility restored in
the Imperate grassland, though it is poor with
0.69 kg of top dry weight/m*, can be explained
by the combined effect of the followings: plant
cover over the soil protecting against direct
solar radiation and raindrop impact, enrich-
ment of soil by plant residues, recovery of
soil structure by dense root systems of the
grass (0.31 kg of root dry weight/m®), as welll

Grain yields (g/pot) of upland rice grown on different soils

1975
Remarks

3.5 9 More than 20 years after reclamation

2.8 7

44.5 115 10 years after a farmland was abandoned

11.6 30

40.8 106 Incorporated at a rate of 4 tons/10a in
fresh weight

38.6 100

70.4 182 Relatively old secondary stand

62.7 162

72.6 188 Vegetable was grown with heavy

mulching of napier grass in 1974
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as no removal of plant nutrients by crop
harvest and no disturbance of soil during the
fallow vegetatoin period,

A method to restore soil fertility: If the
I'mpereta grassland is regarded as a type of
the fallow, perennial forage crops can be used
as a substitute for it, because their effect is
of a similar manner as the I'mperate grassland,
By using adequate forage crops with higher
fertilizer response, a greater effect than that
of natural grassland can be achieved, or the
same effect can be attained within a much
shorter period. In this case, removal of chemi-
cal nutrients by crop harvest taken out of the
field can mostly be compensated by chemical
fertilizers.

In areas with livestock raising it is highly
possible to include forage crops in the rotation
system. The forage crops not only produce
roughages but also serve as the soil-restoring
crop, mulching material or green manure,

Fertilizer response and seasonal production
of napier grass: The most popular forage crop
for cutting use in this area is napier grass
(Pennisetum purpwreum), Yields of the grass
grown with three fertilizer element (NPK)
and without each of them (—N, —P, and —K)
were studied during a period from May 1973
to November, 1974. In percentage to the yield
of the NPK plot, yield of —N plot was 26%
in an early stage, and decreased to 13% in
a later stage, with an average of 21%. Yields
of —P and —K plots were 94 and 93% in an
average, respectively, without showing a
decline in the later cutting. The total dry
weight yield of the NPK plot was 48 t/ha.

In a pot experiment, however, yields declined
in the later cuttings in —P and —K plots,
showing 52 and 12% respectively at the fourth
cutting (176 days after planted), because of
a limited volume of soil used. These results
indicate that if the top of the grass growing
in fields is returned directly or indirectly to
the soil, the surface layer will be enriched with
these elements absorbed by deep roots.

Monthly production of napier grass during
a period from March 1973 to April 1975 was
examined in relation to monthly mean tempera-
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Fig. 1. Monthly production of napier grass
as correlated to montly mean air-
temperature

ture. As given in Fig. 1, monthly production
is almost linearly correlated to monthly mean
temperature, indicating the possibility to
utilize surplus production in the summer
season as mulch or green manure,
Effectiveness of napier grass mulch: De-
composition of fresh organic matter on the
soil surface is extremely fast under subtropical
and tropical conditions. When napier grass
of 50 day old (with basal part of stems slightly
hardened and leaf/stem ratio of 1:2) was
applied as mulch, only 499% of stems and 17%
of leaves remained at 56 days after the ap-
plication. It implies the nutrient supply to
the soil. For maintaining physical effect of
the mulch on soil moisture, soil temperature
and for erosion control, 20-30 tons of fresh
weight per ha are required a year. Therefore
older plants should also be used partly.
Remarkable effect of the napier grass mulch
is given below as an example. In percentage
to the fruit yield of papaya of the fertilized
plot, the unfertilized plot yielded 49%, but
the fertilized and mulched plot yielded 134%,
and the mulching alone without fertilizer gave
1029%. Plate 1 shows a surface layer profile
of the soil kept under the mulch, Apparently
the soil has an improved structure and accumu-
lated organic matter in contrast to the soil
without mulch. Interesting is that a large
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Kept under mulch

R o SRl ol T :
s * i i

Left bare without mulch

Plate 1. Surface layer profile of the soils with or without napier grass mulch

population of worms and other small animals
is observed on the soil surface beneath the
mulch, suggesting of the promoted microbial
activities too.

Conclusion: Napier grass mulch was found
extremely effective in restoring soil produc-
tivity, in protecting soil against direct solar
radiation and raindrop impact, and in con-
trolling soil erosion. In the tropics and sub-
tropies, forest has such an important role.
Effective substitute for the forest should be
found out in developing permanent agriculture

in these regions. The present paper proposes
the rotation system based on perennial forage
crops, in this case napier grass, and the
utilization of forage crops as muleh or green
manure for that purpose,
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