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Young cattle pastured on mixed kaimi clover (dark vegetation) and kikuyugrass (light, low
vegetation). Fairly productive pastures requiring minimum care can be established from mixed
planting of kikuyugrass and kaimi clover. Such pastures withstand severe overgrazing and
underfertilization and yet far exceed unimproved range in productivity.




Culture and Yield Performance of

Desmodivm intortum and D. canum in Hawaii

O. R. YOUNGE, D. L. PLUCKNETT, and PETER P. ROTAR

INTRODUCTION

Forage production in tropical and subtropical areas is dependent upon produc-
tive, well-adapted, and hardy forage species of good nutritive value. In the tropics
many desirable grass species are capable of producing good forage under widely
varying conditions of climate and soils. Such is not the case, however, with tropical
legumes. Little information is available on desirable tropical legumes which can
produce good forage while persisting in a mixture with the more aggressive grasses.
In addition, little specific information is known about nitrogen-fixation capacity,
fertility requirements, forage yields, and grazing management for legumes in trop-
ical areas.

In Hawaii there has been considerable interest in finding desirable legume species
for the wide array of climatic zones and especially for the potentially productive
humid lowland regions. The humid lowlands are located in vegetation zones C1 and
D1 (10), and comprise an area something less than one-half million acres. Few
desirable forage legumes are currently used in this area, because of difficulties in
establishing and maintaining a legume in competition with aggressive weedy vegeta-
tion under conditions of very low soil fertility.

Often in the tropics, forage species tested with success in one area are not suit-
able for other areas, and frequently legume species thought to be wayside plants
or weeds in some situations may be valuable forage species elsewhere. Such is the
case with intorcum (Desmodium intortum (Mill.) Urb.) and kaimi clover (Desmodium
canum (Gmel.) Schinz and Thellung), which are the subject of this report.

At this time no definitive report exists, in the world literature, on the culture,
yield, and utilization of any Desmodium species. This report attempts to supply some
information on the economic potentials of some Desmodium species under Hawaii
conditions.

LITERATURE REVIEW

The genus Desmodium, to which kaimi clover, spanish clover (D. sandwicense),
and intortum belong, is a large genus of legumes of about 500 species distributed
throughout the temperate and tropical regions of the world. Despite the consider-
able number of species, only a few are recognized for their forage value. Probably
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the best-known species in the northern areas is tickclover or beggarweed, D. tortu-
osum, a short-lived perennial stemmy herb attaining a height of 4 to 7 feet, which
is the only Desmodium grown commercially on the U.S. mainland. It has been
grown there on a small acreage since about 1890, chiefly for grazing, but is used
also as a cover crop or game bird feed, and for hay, which is difficult to cure (12).
Several temperate zone Desmodium species are useful for soil conservation or as
a source of food for game birds (6).

Many of the Desmodium group are indigenous to and widely distributed through-
out South America (18, 24), where many species constitute small but important
parts of the forage and browse of the native grasslands. Several research centers
report various species under observation but none of the centers quote their com-
mercial culture.

In Hawaii the fitst Desmodium species of record is D. tortuosum, Hawaii Agri-
cultural Experiment Station accession No. 839, introduced from New York in
1913 (1). Since this first introduction, the HAES has introduced nearly 150 selec-
tions from about 50 species for observation and potential utilization in agriculture.

The first recognition of the potentials of kaimi appeared in Hawaii in 1945 (8),
covering such aspects as adaptation, establishment, and maintenance in pasture, seed
production, and harvesting. Further information stated that kaimi spread rapidly
in rangelands, because the seeds were ingested by cattle and later distributed in the
droppings, and also the hairy seed pods adhered to wandering animals (11).

In 1956, kaimi was reported to perform well in improved pastures when mixed
with kikuyu, pangola, dallisgrass, and native grasses (22). Moderate liming and
fertilization also gave marked responses in yield and quality of the various forage
components.

Elsewhere, the only reported observation on kaimi comes from Brazil (7), where
the legume is stated to be the most important forage legume in the southern areas
during the summer.

Intortum was first introduced into Hawaii in 1947 when several strains were
brought in from different areas of tropical America by the HAES. The legume
produced seed readily and was readily established by direct seeding (23). By 1952,
three well-developed strains of intortum had been selected (21).

Intortum performs well in combination with pangola in Hawaii (9, 22, 29).
Several compatability factors comprise high palatability, rapidity of recovery after
grazing, trailing growth habit, and high productivity.

Following the discovery of toxicity in Indigofera spicata (1. endecaphylla) (14),
or creeping indigo, as it is known in Hawaii, the question of potential toxicity of
Desmodium to livestock was also investigated. Assay of potential toxicity was made
by using the test forage in chick rations, in comparison with alfalfa. Of the 28
selections from 18 species of Desmodium assayed, only 1 selection showed slight
toxicity, whereas 8 selections showed stimulant values exceeding those of alfalfa by
10 percent or more (1).

Elsewhere, some interest hias been shown in intortum in recent years. In Guate-
mala, dehydrated intortum in experimental rations for baby chicks and rats has been
reported (20); also, intortum was under test where volunteer stands were observed
in former corn areas (19). Intortum has recently been introduced into Australia,
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where it is reportedly defoliated by light frosts. Growth of intortum in Australia
does not begin until September, when the warm weather starts (5). Recently intro-
duced into Taiwan, intortum has shown some adaptation to areas below 1000
meters in altitude in central and northern regions, where it appears promising in mix-
ture with pangola (3).

METHODS

In this report an attempt has been made to provide a taxonomic key to the
Desmodium species found in Hawaii. The description and culture of intortum and
kaimi clover are given in detail, as observed under Hawaii conditions.

The results of six field experiments on various aspects of yield performance of
intortum and kaimi clover, with or without admixtures of adapted grasses, are also
presented. The experiments were conducted over the period 1951-61 at five sites on
Oahu, Kauai, and Maui, in medium- to high-rainfall areas at elevations below 2200
feet. For each test site the specific conditions for the experiment have been pre-
sented in the section on experimental results. To facilitate interpretation and com-
parison of diverse field data, all results are reported on the annual acre basis.

The various fertilizer materials utilized were commercial grade except that tech-
nical-grade materials were used for molybdenum and zinc. Dry matter and chemical
analyses based on standard methods are reported on material dried at 70° C., unless
otherwise indicated.

Forage yields were obtained by clipping and weighing the top growth from
measured strips in the various test plots. Representative samples of the clippings
were taken for further analyses in the laboratory.

The beef cattle used in the grazing experiments were improved grade, long
yearling ranch cattle. They had free access to salt, bonemeal, water, and grazeable
forage. At the time of purchase they averaged about 500 pounds in weight and
when sold about a year later, generally weighed about 1000 pounds. They were
inspected and weighed at every change in rotational grazing.

TAXONOMIC KEY TO DESMODIUM IN HAWAII

In order that the Desmodium species common to Hawaii may be identified,
the following key is presented. The local Desmodium species are herbaceous to
shrubby plants with trifoliate leaves and with seed pods indented and chainlike.

KEY

1. Erect or semierect plants.

2. Fruit segments circular; stems and petioles densely pubescent; leaflets oval to
ovate. (Giant beggarweed.)
—D. discolor.

2. Fruit segments rectangular or not symmetrically circular; leaflets lanceolate;
flowers yellowish or pinkish, arranged on open panicles; pods twisted, 2- to
6-jointed, joints rounded. (Florida beggarweed.)

-D. tortuosum.
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1. Creeping or prostrate plants.
2. Leaflets with white-colored area along midrib.

3. Leaflets round to oval on prostrate stem, lanceolate on upright stem; flowers
red or lavender; seed pod notched only on lower edge. (Kaimi clover, kaimi
spanish clover.)

—D. canum.

3. Leaflets ovate or narrower; flowers white, greenish-white, or slightly pink;
pods notched on both upper and lower edges. (Spanish clover.)
—D. sandwicense.!

2. Leaflets without white-colored area along midrib.

3. Leaflets oval to obovate, cloverlike; flowers clustered at leaf bases, usually
three together, pink or purplish; pods curved, 3- to 6-jointed. (Three-
flowered beggarweed.)

—D. triflorum.

3. Leaflets ovate; flowers purplish-pink; pods notched on upper and lower
edges. (Intortum.)
—D. intortum.

PLANT DESCRIPTIONS
Intortum

Intortum is a perennial decumbent plant with long, creeping stems which read-
ily root at nodes approximately 4 inches apart (fig. 1). The long, reddish-brown,
pubescent branching stems are often 15-20 feet long, and 34 inch in diameter. The
leaves are ovate, and 2-3 inches wide and 2.5-4 inches long when mature. The
upper leaf surface is dark green with very fine gray hairs; the lower surface is gray-
ish-green with many fine white silky hairs. Young leaves are usually fine silky
pubescent. Mature leaves are larger in summer, smaller in winter.

In the short-day period, December to March, intortum blooms and sets seed.
The flowers are purplish-pink when mature, % inch long by % inch wide, and are
borne on terminal portions of upright stems 1-2.5 feet high. The flower is complete
and self-fertile, and produces a serrated pod with 8 to 12 seeds. A few flowers are
also borne on short stems arising from some of the upper leaf axils. The inflores-
cence is a raceme. Older petals rapidly turn blue before dropping. The pod (a
loment) is 1-1.5 inches long and less than % inch wide, and is covered with short
brown hairs which give it a furry appearance. Both the upper and lower sutures of
the pod are notched, with the lower suture more deeply notched than the upper.
The pod easily breaks apart into 8 to 12 segments, each of which yields one seed.
The light-brown seed is kidney-shaped and about 1.5 mm long and 1 mm wide.
About 385,000 intortum seeds weigh 1 pound. Some of the seeds are hardcoated
and remain dormant when planted; however, the percentage of hard seeds is usually
greatly reduced in the process of mechanical threshing and the seeds do not require
further scarification.

Intortum is native to Central and South America and was first introduced into
Hawaii in 1947 (23). In test plantings conducted in various areas, intortum showed

1Formerly this was called D. wncinatum, but based on recent taxonomic authority it has been
found that the proper classification is D. sandwicense.
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FIGURE 1. Morphology of intortum (Desmodium intortum) showing (a) habit of growth,
(b) flower, (¢) floral parts, (4) pod containing seed, and (e) seed.
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adaptation in the high-rainfall areas at elevations up to 3000 feet. Intortum, like
most other Desmodium species tested, slows in growth during the short-day winter
period, and little vegetative growth results even if flowering and fruiting is dis-
couraged by grazing or clipping.

Intortum is difficult to establish on poorly prepared land, which is one major
reason for its slow spread and acceptance. However, it is readily established from
seed on well-tilled, weed-free land. The seeding rate is usually 2 to 5 pounds per
acre. Intorcum belongs to the cowpea bacterial inoculation group (2), and no inocu-
lation is required in areas growing koa haole (Leucaena leucocephala), mimosa
(M. pudica), crotalaria (C. incana), or Japanese tea (Caisia leschenaunltiana), the soil
already being adequately supplied with the required bacteria.” The seed of intortum
germinates slowly, and early growth is slow for the first month or so, whereafter
runners appear and the plant spreads rapidly to give a solid ground cover.

Under favorable rainfall conditions, intortum has also been established in exist-
ing pastures. The forage must be grazed or mowed very closely prior to broadcast-
ing intortum and no cattle must be permitted on the land for about 2 to 3 months
after the intortum seed begins to germinate and produce seedlings.

In places where only poor to fair land tillage is possible, intortum may be estab-
lished from vegetative cuttings. The land is tilled on the contour in strips 6-10
feet wide, spaced 20-30 feet apart. Planting may proceed by sprigging mature stem
cuttings with several nodes in holes or furrows at intervals of 6-10 feet. Alterna-
tively, if vegetative material is plentiful, it may be run through a forage chopper,
producing cuttings several inches in length. The cuttings are scattered over the
tilled land or tilled strips and covered by light discing. Mixed grass and intorcum
forage run through a forage chopper and planted in this manner has given excellent
grazing on fertilized land in less than 3 months. Whatever the method of planting,
it is essential that adequate fertilization be provided; otherwise, poor growth will
result.

Intortum, unlike kaimi, will require resting and time for regrowth after heavy
grazing; therefore, light to medium continuous grazing or heavy rotational grazing
should be utilized. Continuous heavy grazing soon exhausts the root reserves in the
cropped intortum and results in death of the plant.

In our cultural experiments, intortum has shown little response to lime, and a
soil reaction as low as pH 5.5 permits excellent production. Intortum has a high
requirement for phosphorus and potassium, which is one of the reasons why this
legume has never been properly appreciated in the region of its origin where the
native soils are relatively infertile and little fertilization is practiced. Where the
soils are infertile, intortum makes little growth.

The top growth of intortum is a mass of leafy, prostrate creeping vines, with
succulent, juicy stems about 34 inch thick, which are extremely slow to dry and cure
for hay. The top growth is readily consumed by cattle in mixtures with grasses or
alone, although cattle require some time to acquire a liking for intortum. It is
readily eaten as fresh-cut soilage. It has not been tested as a silage. As soilage,

2Cultures of Rhizobium more specific for Desmodium species may be obtained from the
Nitrogen Company, Milwaukee, Wisconsin.
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intortum yields three or four ratoons per year. About the same number of rota-
tional grazings are obtained, in which grazing is continued until about 20 percent
of the yield remains in the form of coarse stems denuded of leaves. More intense
grazing results in stand depletion and early extermination of all the intorcum.
Under proper management, intortum will maintain a full stand indefinitely and
will hold its own with paragrass (Brachiaria mutica®) and with napiergrass (Penni-
setum purpurenm).

Kaimi

Kaimi clover is a long-lived, prostrate to upright plant with two kinds of stems,
each of which bears a distinctive type of leaf (fig. 2, 8). On upright stems, lanceo-
late (longer than broad) leaves with a white marking in the center are produced.
On decumbent to creeping stems, oval to round leaves without leaf markings de-
velop, and at a distance the plant often resembles white clover. When the plant is
cut or trampled, there is a development of strong decumbent and prostrate stems.
These root at the nodes where they lie on moist ground.

On mature plants, numerous reddish or lavender flowers are produced on the
upright stems. The calyx is small and the lobes are pointed. Each flower is com-
plete and self-fertile and gives rise to a four- to seven-seeded pod. The pods are 1
to 1% inches long and about % inch wide. The upper suture is straight and the
lower margin is indented. The whole pod, which is covered with short brown hairs,
clings to clothing and to the hair of animals. The pod breaks apart easily at the
joints. The light-brown seed is kidney-shaped and is about % inch long and 4
inch wide. Wild-growing kaimi clover, D. canum, native of the West Indies and
probably an accidental introduction, was first reported in Hawaii in 1916 (17). It
first received agronomic recognition in 1945 (8). Kaimi clover has several desirable
forage characteristics—it is a moderately palatable, persistent, prostrate, perennial
pasture plant readily established from seed in grass sward or tilled land, and is com-
patible and competitive with most local aggressive grasses grown in the lowland,
medium- to high-rainfall areas. Kaimi, being prostrate in habit, is not a heavy yielder
and probably makes its major contribution in mixed forage by stimulating the asso-
ciated grass in yield, palatability, and quality, through its capacity to fix and transfer
atmospheric nitrogen. Kaimi is widely distributed in the moist to wet lowlands up
to about 1500 feet elevation. Its makes little growth at higher elevations or in dry
areas where annual rainfall is less than 50 inches. Under favorable conditions, the
young kaimi plant grown from seed or stolons will spread only a few inches in the
first few months. After 6 months, growth is accelerated by branching and rooting
at the nodes, and spread is rapid if plant competition is not intense.

Kaimi is most readily propagated from seed. The usual rate of seeding is 5 to
10 pounds per acre. It may be drilled or broadcast on tilled land, preferably covered
with soil to a depth from 0.2 to 0.5 inch. On established pasture or range, it may
be broadcast on closely grazed land without further coverage. If seeded in matted
vegetation, poor establishment will result. The kaimi belongs to the cowpea bac-
terial inoculation group (2), and nc inoculation is usually required in areas growing

SBrachiaria mutica (Forsk.) Stapt — Panicum purpurascens Raddi.
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koa haole (Leucaena leucocephala), mimosa (M. pudica), crotalaria (C. incana), or
Japanese tea (Cassia leschenaultiana), the soil being already well inoculated with
the proper inoculation group. Once introduced in an area, kaimi spreads readily by
means of seed pods adhering to animals or it may be distributed in their droppings.

For seed production, an open stand or row planting is preferred. Hull-less kaimi
seed yields may exceed 200 pounds per acre, but usually run much lower (26).
Flowering is indeterminate and begins in the short-day period in March and may
continue into July. Harvesting proceeds by stripping the ripening seed heads me-
chanically or by hand. After the seed pods are dried, the seed is threshed by a slow-
speed hammer mill, which also scarifies the seed for ready germination when
planted. Seed turnout ranges up to 50 percent on an air-dry basis, depending on
the amount of trash in the seed strippings.
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EXPERIMENTAL RESULTS AND DISCUSSION

Performance of various legumes under
partial irrigation, Waimanalo, Oahu

The performance of 11 seeded legumes, from six genera, fertilized at the start
with a basic treatment of lime, boron, and NPK, is reported for a 3-year period at
the Waimanalo Experimental Farm (table 1). The details of the experiment and
description of the test site are presented in footnotes to table 1.

The Leucaena and Desmanthus species reported are normally shrubs or small
trees, but which, when thickly planted and cut close to ground level at periodic
intervals before flowering, produce herbaceous topgrowth readily consumed by
cattle in its entirety. The spanish clover is a low, bushy shrub when undisturbed,
but herbaceous when cropped. The tropical kudzu, intortum, and alfalfa are all
herbaceous trailing vines or upright stems. Herbaceous stems are readily eaten by
stock, wherecas woody material is rejected.

The yield results show that with limited irrigation the alfalfa selections died out
the second year after about 4 months of inadequate irrigation. A further contribu-
tory cause to failure of the alfalfa may have been the lack of available P (phos-
phorus) in the soil. Some 100 pounds of P per acre were disced into the soil prior
to planting. However, a subsequent experiment proved that at the Waimanalo Farm
the alfalfa yields increase with massive P application up to about 1000 pounds per
acre, and that for rates up to 300 pounds, the alfalfa fails during the second year of
growth (27). In all probability, all the legumes reported in this test grew with
insufficient P and yields may have suffered accordingly.

The highest yielders among the 11 legume selections were the el salvador koa
haole, local koa haole, and desmanthus, which all exceeded 10,000 PAY (pounds
per acre per year) dry matter for a 2-year period, and produced in excess of 2100
PAY of crude protein (total N X 6.25). Part of this protein, possibly about 20
petcent, is in the form of mimosine or tannin, for which little is known on animal
digestibility and nutritive efficiency.

The intortums, kudzu, and spanish clover all yielded about 8000 to 10,000 PAY
dry matter. The intortum yields were reduced by time out for one seed crop each
year in addition to the yields shown. Also for this group, the slow growth in the year
of planting reduces over-all performance. The protein yields, free from mimosine
and tannin, range from about 1300 to 1800 PAY, well below the yields of koa haole
and desmanthus.

Segregations of the harvested yield indicate that the leaf portion varies from 40
to 60 percent of the total dry matter and that the leaves contain 60 to 80 percent
of the total protein in the top growth of all the tested legumes. This indicates that
the high quality of this forage is primarily an attribute of the leaf portion, whereas
the stems provide mostly carbohydrates. The legume leaves, with a protein content
of 20 to 33 percent, provide excess protein suitable for raising the dietary levels of
low-protein cattle rations, such as is the usual state of range forage consisting mostly
of grasses. The higher protein values of the Lencaena and Desmanthus leaves sug-
gest thart their leaves contain most of the mimosine and tannin proteins of these
plants.
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The yield performances of the various legume selections are comparable to that
of productive alfalfa on the Mainland but are only about half of the yields of irri-
gated alfalfa in other areas of Hawaii.

Seed and forage yield response of established Desmodium intortum
to molybdenum treatment, Waimanalo, Oahu

The effect of broadcast treatment of 2 pounds molybdenum per acre, as MoOj,
on an established stand of intortum at the Waimanalo Farm, is shown in table 2.
The objective was to establish the degree of need for Mo treatment on intortum,
Mo deficiency having previously been recorded in other local areas for both alfalfa
and kaimi clover (25, 31).

The 2-year mean dry matter yields of intortum show statistically significant
responses to Mo ranging from 2.8 to 11.1 percent for the three varieties of intor-
tum, the over-all mean yield increase being 7.1 percent. The yield response to Mo
is highest the first year after treatment and drops by one-half the second year. This
suggests the need for annual booster of Mo at about 25 to 50 percent of the
original treatment.

The response to Mo in the seed yield for one crop only is shown to range from
23 to 37 percent for two varieties of intortum, or increases of 31 and 41 pounds
clean seed per acre, which retails locally at $2.00 to $2.50 per pound. The response
of intortum to Mo treatment is here shown to be several times greater in seed pro-
duction than in dry matter yield. The much higher response to Mo in fruiting sug-
gests that seed crops other than legumes might also benefit from Mo treatment in
the Waimanalo area. Severe Mo deficiency in Hawaii soils was dramatically shown
for alfalfa on Wahiawa silty clay at the Poamoho Experimental Farm in 1949 (31),
and it would appear logical that it also exists for other crops, including horticul-
tural and plantation crops such as sugar cane and pineapple.

Mixed intortum and pangolagrass yields on bauxite
stripsoil and topsoil, Wailua, Kauai

Since 1958, field experimentation on reclamation of lands stripmined of bauxite
ores has been underway on Kauai, using a wide array of agricultural crops. The
results of various forage experiments show that the exposed stripsoils are readily
tillable with heavy farm equipment and that abundant crops can be grown when
the soils receive a heavy basic treatment of fertilizer and a light application of lime
(30). The initial treatment should consist of N at 200, P at 1000, K at 1000, and
lime at 5000 pounds per acre, disced in on tilled soil prior to planting of improved
crops. On topsoil returned to stripsoil and on undisturbed native topsoil, a rate of
P at 600 appears adequate. The heavy rates of P and K appear to saturate the fixa-
tion complex of these highly deficient soils, and to provide the nutritive conditions
for high yields for long periods with only moderate retreatment.

Yield performance of mixed intortum and pangolagrass forage grown on strip-
soil and returned topsoil at Wailua, Kauai, is shown in table 3. Statistically signifi-
cant yield responses are shown each year of the test for the original basic treatment
of P and for retreatment of K during the second year of the test. The treatment
Oa shows yields of dry matter in the range of 18,000 to 20,000 PAY, or 50 to 56
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FIGURE 3. Vigorous growth of intortum has nearly smothered the pangolagrass component.
Yields of this type will exceed 50 pounds of dry matter per acre per day.

pounds per acre per day, sufficient fodder for 2.0 to 2.2 cattle units of 1000-pound
liveweight per acre per day. Adjacent unimproved pasture or range carries only
about 0.1 cattle unit. Once established, the intortum in the pasture mixture sup-
plies sufficient available nitrogen through the symbiotic root-nodule bacteria to
meet all nitrogen needs of both crops without cost.

As indicated by the lack of response to various other nutritive elements, the
forage mixture received adequate supplies from the soil of elements such as mag-
nesium, boron, molybdenum, manganese, and zinc. Experimentation with sudan-
grass and alfalfa in the same area, however, has shown that deficiencies exist for
magnesium and for zinc. Treatments with copper and sulfur have shown no yield
responses in any crops tested.

Grazing of limed and fertilized intortum and
pangolagrass mixtures, Camp Maui, Maui

The effect on 2 years’ grazing performance of varying rates of lime plus a basic
complete fertilizer on mixed intortum and pangolagrass pasture is reported in table
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FIGURE 4. A desirable grass-legume mixture of forage ready for grazing or for soilage as
green-chop. This mixture contains 40 percent, by weight, pangolagrass and 60 percent
intortum. This yield exceeded 5000 pounds dry matter per acre. When adequately ferti-
lized, production in the wet areas exceeds 50 pounds dry matter, feeds more than two
1000-pound cattle units on a year-round basis, and provides weight gains in excess of 4
pounds per acre per day.

4. As shown in column 2, the soil reaction was altered by varying rates of lime from
pH 5 in the no-lime check to pH 6.2 for 5200 pounds of lime per acre disced in
on tilled soil at the start of the test. Grazing commenced about 1 year after the
test was installed and when the forage was well established. No yield records were
taken during the year of establishment. Short yearling steers weighing about 450
pounds at the start of each year were grazed more or less continuously on each
treatment, which was unreplicated. As shown by the liveweight gains, table 4,
columns 12 to 16, liming was most profitable up to about 3000 PA (pounds per
acre), which produced weight gains of 208 PAY (pounds per acre per year) for a
2-year gross of $57.20, after deducting $26.00 for the lime (exclusive of labor costs),
and pricing the weight gain at $0.20 per pound. No doubt, further profit from
liming would accrue with a longer period of years of grazing, since the residual
effect of liming may be expected to continue for a peiod of 6 to 10 years.
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FIGURE 5. Method of establishing intortum in strips across pangolagrass pasture. Intortum
cuttings are dropped in the open furrow and covered by a second furrow. Success depends
on excluding the grass from the intortum while it is getting established. Later the trailing
vines of the intortum will cover the entire pasture.

The gains resulting from the use of a basic starting fertilizer containing N at
44, P at 84, K at 104, B at 3.5, and Mo at 2.5 pounds per acre, valued at $44.45,
are shown by treatments 5 and 6 in columns 12 and 13, 17 and 18, table 4. The
yearly gain for fertilization is 410 pounds for a total gain of 820 pounds in the 2-year
test period, which at $0.20 per pound leaves a gross profit of nearly $119.00 per
acre after deducting $45.00 for the basic fertilizer (exclusive of labor costs for treat-
ment and pasture establishment, which may be amortized over several years). The
drop in weight gains for the second year in treatment 6, lime only, shows that native
fertility of the test soil is readily exhausted, and further grazing would soon reduce
the returns to near the 10- to 20-PA gains secured on adjacent unimproved pasture
and range. It is noteworthy that test results prove conclusively that nearly unpro-
ductive rangelands can be made profitably productive even when lightly fertilized
as in this test, when planted to high-yielding intorcum and pangolagrass forage.
Compare weight gains of 20 PAY on native range, valued at $4.00, against weight
gains of 800 PAY on fertilized and improved forage, valued at $160.00 at a cost
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FIGURE 6. Young cattle grazing a mixed stand of kaimi clover and kikuyugrass. Kaimi may
be established on an old stand of kikuyu by the simple procedure of overseeding with kaimi
seed at the rate of 5 to 10 pounds per acre. This type of pasture when adequately fertilized
will produce more than 700 to 800 pounds liveweight gains per acre per year.

for materials of less than $75.00 the first year. The obvious conclusion is that it is
folly not to graze improved pastures exclusively. However, Hawaii ranchers in the
high-rainfall areas (more than 60 inches rain annually) have done little to improve
their grazing lands, and, therefore, fail to make the type of income here reported
(confirmed also in tables 5 and 6, with field demonstrations extending back to
1951). This failure to adopt a proven profitable farm practice is quite serious, since
about one-fourth of the Hawaiian rangelands are unproductive low wetlands capable
of trebling the current annual beef production.

The Maui tropical wetlands alone, comprising some 100,000 acres below 4000
feet elevation, are fully capable of being improved in the above manner, which at a
‘production potential in excess of 700 pounds beef liveweight gains conservatively
would give a total of 70 million pounds of live beef, which at $0.20 per pound would
equal 14 million dollars, or roughly one and one-half times the current total beef
production in Hawaii. This poses the question: Why the delay in wetland improve-
ments?
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Seed and forage yields of fertilized mixed kaimi, dallisgrass,
and native grasses, over a 7-year period, Halehaku School, Maui

The performance of variously fertilized mixed stands of kaimi clover, dallisgrass,
and native grasses in the unproductive lower wetlands of Maui is presented in
table 5. All fertilizer treatments were broadcast and disced in on tilled soil at the
start before planting. During the first year of the test the forage was removed and
no data were taken. Yield data were taken during the 2 succeeding years and the
test was then opened to general grazing for 3 years. In the seventh year, grazing was
excluded and yield data were again coliected.

The yield data on kaimi clover and associated grasses show statistically signifi-
cant responses only to lime, molybdenum, and zinc fertilization. In general, 2
pounds of Mo gave about half the yield increase of 4000 pounds of liming mate-
rial, with coral sand and burned lime from coral sand of the same source being
about equally effective in increasing yields of forage during the early period of the
test. In the seventh year of the test the effect of Mo was still very much in evidence
in forage yield, but the content of kaimi was less than when lime was part of the
treatment.

In seed production the yield data show liming to be very effective and Mo and
Zn to be about 25 to 35 percent as effective as the lime alone. The yield data sug-
gest that a continued treatment of lime, Mo, and Zn would be highly effective in
the test area.

It should be noted, also, that more recent experimentation has shown that treat-
ments of P and K, considerably more liberal than those used in this field experi-
ment, are necessary for maximum yields. Rates of P and K should probably be
increased to about 750 to 1000 pounds each at the start.

Grazing of fertilized kaimi clover mixed with pangola, dallisgrass,
kikuyu, or native grasses on low wetlands, Halehaku, Maui

In table 6 are recorded the 4-year grazing performances of four fertilized kaimi
clover-plus-grass mixtures on the unproductive low wetland soils at Halehaku, Maui.
The soils of this area have been in and out of both sugar cane and pineapple pro-
duction and much of it is currently poor pasture requiring 10 to 20 acres to graze
a 1000-pound cattle unit per year, which is a fairly representative production on
low wetlands throughout the State of Hawaii. In this field experiment as in the
previously discussed test at Halehaku School, the rates of P and K treatments were
probably grossly inadequate for maximum production as shown by later research.
However, the results show clearly that any change in the type of forage mixture
that will include an adapted legume plus liming and fertilization, even when below
standard, will produce heavy liveweight gains of grazed young beef cattle. The
fairly adequate weight gains averaged from 1.63 to 1.74 pounds per head per day
over a 4-year period (column 10). The weight gains on an acreage basis averaged
524 PAY for the native grass and kaimi mixture. The most productive forage mix-
ture was pangola and kaimi with average weight gains of 720 PAY (column 11).
The cost of the fertilizer and lime treatment applied only at the start of the 4-year
test was $101.50 per acre (exclusive of labor costs).
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The kaimi clover in this test was a free source of nitrogen for the forage mix-
ture, thereby continuing good forage production and beef weight gains. Also, the
clover carried twice the protein percentage of the grass, thus materially increasing
the quality of the grazeable forage to near adequate dietary levels for young beef
cattle.

It will be noted that kaimi is a desirable legume even in otherwise unimproved
grass pastures and that it adds to the quality of such pasturage without appearing
at the same time to add much to the quantity of the forage material. This situation
results from the fact that kaimi will be preferentially grazed in a poor grass-and-
clover mixture and, therefore, that the clover will appear as an inconspicuous
ground cover which is easily undervalued. In general, kaimi clover should be pre-
ferred over other adapted legumes for pastures that are to be underfertilized, over-
grazed, and otherwise neglected and abused. In such situations, the kaimi clover is
an unexcelled forage legume under Hawaii conditions.

SUMMARY

The culture and taxonomy of Desmodium intortum and D. canum (kaimi) are
reported for Hawaii conditions. Six field experiments of intortum and kaimi in
various mixtures with tropical grasses showed that intortum, when adequately fer-
tilized, yields in excess of 20,000 pounds dry matter per acre per year. Controlled
grazing of intortum and grass mixtures will give beef liveweight gains of 800
pounds per acre per year with only moderate fertilization.

Kaimi clover stimulates yields of associated grasses, but is a poor yielder in pure
culture. Cattle weight gains over a 4-year period averaged 600 pounds per acre on
four kaimi and grass mixtures under low rates of fertilization.

Both intortum and kaimi show marked response to P, K, Mo, and Zn on one or
more common Hawaii soils. Additions of lime, Mo, and Zn give marked increases
in seed. The response of wetland soils to fertilization is dramatic with both legumes.
Inadequate fertilization is shown to cause poot stands and low quality yields of
Desmodium.

Adequately fertilized, the intortum is shown to be fully competitive with ag-
gressive grasses, such as kikuyu, pangola, and dallisgrass. Kaimi is superior in forage
mixtures where little or no fertilization and/or where overgrazing is practiced.
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