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Natural habitats

habitat (n.) The area or environment in which an organ-
ism or ecological community normally lives or occurs.

Noni (Morinda citrifolia) is believed to be among the
original “canoe plants’ that Hawaii’s Polynesian colo-
nizers brought with them in their voyaging canoes. The
voyagers valued the plant for its medicine and dyes.

Since the early days of the colonizers noni has be-
come naturalized on all the main Hawaiian islands. It
grows naturally whereit isrelatively wet to moderately
wet, from sea level to about 1500 feet elevation. It can
be found near the coast, in open lowlands and grass-
lands, in gulches, as an early colonizing plant speciein
recent lavaflows, in disturbed forests of the dryer areas,
such as the lowland forests in which hala (pandanus)
and kukui nut (Aleurites moluccana) trees grow. It tol-
erates salinity and thrives within solution pits, or inland
tide poolsin which brackish water (ocean water mixed
with fresh water) is found.

Two species of Morindaarerecognized in Hawai'i,
according to the Bishop Museum. Morinda citrifoliais
referred to asHawaiian noni. The other specie, Morinda
trimera, is arelatively common forest understory plant
on some Hawaiian islands. A variegated variety of
Morinda citrifoliais aso found in Hawai'i.

Lava flows
Noni is one of the first dicotyledenous plants to colo-
nize low-elevation lava flows on the Big Island of

Hawai'‘i. For example, young noni plants may be found
growing from cracks in the 1980's-era lava flow near
Kalapanainthe Punadistrict of the Big Island. Thelava
flows hardened into abasaltic sheet several or more feet
think at this location. Windswept noni plants bearing
ripe fruit may be found growing in cracks in the lava.
Noni seedswere presumably dropped into the cracksin
the lava by birds, rodents or humans. Ancient Hawai-
ians seeded lava cracks with various kinds of drought-
resistant plants or crops such asnoni and coconut. Asan
aside, noni may also become establishedin crackswithin
asphalt or cement. Noni, ferns and grasses are some of
thefirst plant speciesin Hawai'i to colonize lavaflows.
These plants may be found growing in the lava fields
near Kailua-Kona, on the island of Hawai'i.

2
Morinda trimera

Morinda citrifolia

There are two Morinda species in Hawai'i, according to
the Bishop Museum (reprinted with permission from
Wagner, et al. (1999) Manual of Flowering Plants of
Hawai'i (revised edition), University of Hawai'‘i Press).
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Tidepools

Morinda citrifolia plants are quite salt tolerant and may
befound thriving in Hawai‘i’sbrackish (salty) tidepools
and solution pits near the coast. For example, there is
onelocation near Opihikao ontheBigIsland of Hawai'i
where inland tide pools support a thriving population
on noni plants. The salty, brackish water level at this
location rises and subsides each day, according to the
tides, filling up or emptying thetide pools. This particu-
lar tide pool is approximately 500 meters from shore-
line. The brackish water risesup from beneath the ground
every day at high tide. Asthe rising tide mixeswith the
fresh groundwater, abrackish mixtureis created. In ad-
dition, thiswater is heated from the active |lava beneath
the surface. Apparently, the ancient Hawaiians would
come to this location to soak their bodies in the warm,
brackish water that wasfilled with fallen noni fruitsand
infused with the essence of noni. Apparently, there was
some medicinal benefit realized from this practice.

Forests

Noni trees are common forest understory plantsin dis-
turbed and native forests near the coastlines of Hawai'i.
Noni plants are common companions with kukui nut
trees and hala plants (Pandanus) and seem to thrive be-
neath the canopiesof much larger plants. Thus, the adapt-
able noni plant growswell in conditions of full sunlight
(lavaflows) as well in high levels of shade (forest un-
derstory).

Gulches

Noni isacommon river or stream gulch plant along the
Hamakua coast of the island of Hawai‘i, and along
gulches of all the major gulches of Hawai'i.

Dry to mesic forests and alien grasslands

The adaptable noni plant, which thrives in tide pools
where roots remain wet for long periods of time, also
growswell in many dry to mesic forestsin Hawai‘i and
inalien grasslands. For example, in areasalong the Kona
coast and in grasslands that are covering some of the
older lavaflows.

Cultivation practices

Planting locations

In Hawai'‘i, there are several categories of planting lo-
cation that are defined by the type of soil that exists. On
the Big Idland, for example, the three types of planting
locations include deep soil (e.g., Hamakua coast,
Kainaliu and someareas of South Kona), lavarock (e.g.,

lower Puna, Konaairport Agricultural Park), and mixed
lavarock-soil (e.g., Panaewa, Kea au). Noni plantsseem
to grow best in rocky soils due to the absence of root-
knot nematodes in those sols. However, if root-knot
nematodes are not present in deep soil areas, then noni
will grow very well.

Propagation of noni

Noni is propagated either from seed or stem cuttings.
The primary disadvantage of seed propagation is that
without seed treatment, germination takes 6-12 months
or more, whereas stem cuttings can be rooted in approxi-
mately 1-2 months. The disadvantage of producing plants
vegetatively from cuttings is that they may not be as
strong and disease-resistant as seedlings, and the trunk
and branches may split and break during the first years
of fruit production.

Cultivation from seed

Noni seeds. Noni seeds are reddish-brown, oblong-
triangular, and have a conspicuous air chamber. They
are buoyant and hydrophobic due to this air chamber
and their durable, water-repellant, fibrous seed coat. The
seed coat is very tough, relatively thick, and covered
with cellophane-like parchment layers. A single large
noni fruit can contain well over 100 seeds.

Seed collection. Only soft, ripened noni fruits should
be chosen for seed collection. The seeds must be sepa-
rated from the fibrous, clinging fruit flesh. First, split
the fruit by hand into smaller pieces. Separate the seeds
from the flesh using a strong spray of water and afirm
screen or colander, washing the pul p through the screen
whileretaining the cleaned seeds. Rubbing thefruit frag-
ments on the screen by hand or with a blunt object can
help force the fruit flesh through the screen. It may take
15 minutes or more of vigorous washing and rubbing to
detach most of the flesh from the seeds.

Seed scarification. Scarifying the hard seed coat by
nicking or puncturing it significantly reduces germina-
tion time, improves germination percentage, and pro-
motes uniform sprouting. Whereas in nature the seed
coat must gradually decompose before water can enter,
scarification overcomes this natural seed dormancy.
Using a household blender to separate seeds from the
ripened fruit flesh can also result in nicking the seed
coats, or the seeds can be suspended in water and sub-
jected to short pulses of blending.

Seed drying and storage. Noni seeds can be dried
and stored, but the length of time they will remain vi-
ableis not known. After cleaning, spread the seeds out
on newspaper and dry them in the shade or indoors for
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two or three days. Store the seeds in an air-tight con-
tainer at room temperature.

Planting. Fresh noni seeds can be planted immedi-
ately after extraction from the fruit. Some growers soak
the seeds until they start to germinate, then plant them
in containers, while others plant fresh seedswithout pre-
soaking treatment. The seedlings are usually grown for
about nine monthsto ayear beforethey aretransplanted
to the field. Some growers just plant fruit fragments
containing seeds directly into the field soil.

Germination. Noni seeds require hot, wet condi-
tions for optimum germination. Unscarified seeds need
several monthsto ayear before natural germination takes
place, but their germination can be reduced to a month
or so using heat. The seeds can tolerate temperature of
100°F (38°C), perhaps even higher. Select the warmest
spot in the nursery or greenhouse to germinate noni
seeds. Or, heat can be supplied using nursery heating
pads under the seed flats, or by placing the flats or con-
tainersinaspecial “hoop house” covered with clear plas-
tic. If germinated outside, partial sun is preferable to
full sunto avoid excessive drying of the medium.

Noni seeds may be germinated in seedling flats or
traysor sown directly in containers. A light medium that
retains water yet remains aerated is best. Suitable com-
ponentsfor aplanting medium include vermiculite, per-
lite, peat moss, commercial potting media, compost, and
fine volcanic cinder. For seedling flats, use alight me-
dium, such as one part each of perlite and peat moss, or
perlite, vermiculite, and potting soil ina2:1:1 ratio. For
containers, a slightly heavier medium is better, such as
one part of perlite or vermiculite and three parts of a
potting mix. Fertilizers should not be mixed into the

medium, because additional nutrients are not needed
until after the plants have their first true leaves.

Growth media. Artificial growth mediaare preferred
to field soil for germinating and growing out noni seed-
lings. These relatively sterile media give the plants the
cleanest start, whereas soil (particularly agricultural field
soil) tendsto contain pathogensthat cause plant diseases.
For example, many agricultural soils are infested with
root-knot nematodes, and noni is highly susceptible to
the disease (known as noni root-knot disease) caused
by these microscopic, parasitic worms.

Growth containers. Deeper seedling flats are pre-
ferred to shalow flats, because seedlings with longer
taproots are produced. Seedlings with deep, well estab-
lished taprootstend to withstand the shock of transplant-
ing better and become established more quickly than
seedlings with short misshapen (“ J-rooted”) taproots.

When seeds are germinated in flats, they should be
transplanted into growing containerswithin afew weeks
of germinating. The plant size and vigor achieved de-
pendsto alarge extent on the size of pot used-the larger
and deeper the pot, the larger and more vigorous the
noni seedling. “Gallon” pots (about 6 inches in diam-
eter at thetop) provide sufficient rooting volumeto pro-
duce large, healthy seedlings for transplanting. Noni
plants can become pot-bound and stop growing if the
pot istoo small or shallow or they are grown for more
than 9-12 months. Fortunately, noni is a vigorous plant
with a strong root system that can easily recover from
pot-bound conditions once transplanted into suitable
field conditions.

Seedling care. Generally, noni seedlings are grown
in potsfor aminimum of 9-12 monthsin full sun before

Noni propagation (left to right): plant from seed; plant from stem cutting; noni seed; sprouted noni root on a mature noni plant.
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they aretransplanted to thefield. Seedlingsupto 3years
old or more may also be planted.

Seedling fertilizer. Seedlings and young plants
grown from cuttings can be given liquid fertilizer once
amonth, or acontrolled-rel easefertilizer less often (de-
pending on the formulation’s rel ease period). Balanced
formulations such as 14-14-14 that also contain micro-
nutrients (* minor elements”) are advised. Young plants
also respond well to applications of dilute, liquid foliar
fertilizers. As plants become established, granular, rap-
idly soluble formulations can be used. Noni isrelatively
salt-tolerant, and fertilizer burn is uncommon under
normal conditions.

Vegetative propagation of noni

Cultivation of noni plants from stem cuttings (verticals
or laterals) reduces the time required to obtain plants
that areready for transplanting. Cuttingsfrom stemsand
brancheswill sprout rootsreadily under the proper con-
ditions. A rooting compound may prove helpful in pro-
moting rapid root establishment.

Select vigorous plantsfor stem propagation. Remove
a branch or stem and check for fresh sap flow from the
wound. If the sap flowsreadily, cuttings could be made
from these materials. If sap does not ooze from the cut
ends, discard the material and select another plant, an-
other location, or perhaps wait for a better time of year.
Sap flow indicates a vigorous, actively growing plant
with relatively high reserves of energy.

Insert the cut end of the freshly cut noni steminto a
pot containing ageneral-purpose growth medium. Again,
an artificial, pathogen-free medium is preferred to un-
treated agricultural field soil. Select alocation with par-
tial shade and keep the cuttings well watered until root-
ing occurs. After rooting, move the plantsinto full sun
and begin fertilizer applications.

Plantsderived from lateral stem cuttingstend to grow
in aprostrate habit and may be susceptibleto splitting of
brancheswhen thefruit load isheavy. Farmers chooseto
make plants from cuttings because it can save a signifi-
cant amount of time from planting to first harvest.

Noni plants may also be produced by air layering,
or by digging up plantsthat have sprouted from the root
system of a mature plant.

Field cultivation

Site selection

Avoid locations where other crops have been planted
recently, due to the susceptibility of noni to root-knot
nematodes. Select asitein full or partial sun with well-

drained, well-aerated soil. Avoid heavy soils, compacted
areas, and flood-prone sites. Prepare a hole about the
size of the pot and transplant carefully. In rocky loca-
tions, “rip” theland (disturb or plow the sub soil) before
grading to prepare aflat or gently sloping field.

Windbreaks

Young noni transplants do not grow well where winds
are strong. Such conditions may exist along windward
coasts; on the Island of Hawai‘i parts of the Hamakua
coast and Ka'u are very windy. If awindy siteis se-
lected for noni cultivation, windbreaks should be planted
for protection. Trees such as eucalyptus, ironwood, or
wili-wili planted 150 feet apart are excellent windbreaks
for noni. Noni isnot adversely affected by planting near
ironwood.

Varieties

No cultivated varieties of noni arerecognizedin Hawai'i,
and no germplasm collections are known of anywhere.
Another species, Morinda trimera, resembles M.
citrifolia but has smaller leaves and fruits. M. citrifolia
var. potteri is a noni with variegated, green-and-white
leaves.

Among noni plantsgrowninHawai‘i, there appears
to besignificant, heritablevariability infruit size, shape,
and number of seeds. This suggests that through selec-
tion, improvement for desirable noni fruit traits can be
achieved. For example, one variation among Hawaiian
noni plantsisreferred to as “big-eye” noni.

Planting density

An appropriate interplant spacing for noni is 10-15 feet.
At 12-foot spacing there are 290 noni plants per acre.
Higher planting densities (closer plant spacing) result
in crowding and may exacerbate certain pest or disease
problems.

Soils

Noni is an unusual plant, because it can easily tolerate
and thrive in a wide range of soils and conditions. In
Hawai'‘i it can grow under almost any soil conditions at
low altitudes.

Pruning

Young plants less than 3 years old may be pruned back
after or during their first production of fruit. In the fol-
lowing years, the pruned plantswill become bushy. Be-
cause noni trees can reach a height of approximately 20
feet, growersmay wish to prunethevertical branches of
mature plants to facilitate fruit harvest. Pruning is an
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effective means of disrupting conditions conducive to
pest and disease outbreaks.

Nutrition and fertilizer

The amount of nutrients and frequency of fertilizer ap-
plicationsrequired by noni depends on the soil and rain-
fall. Noni treesgrowinginforestsusually appear healthy
without the benefit of any artificial fertilizers. This sug-
gests that noni may require only small amounts of fer-
tilizer to grow well. In general, however, if intensive
fruit production is desired in an agricultural setting, a
fertilizer program is recommended. Research is needed
to develop the best fertilizer regimes for noni produc-
tioninthe variousregions of Hawai‘i where noni might
begrown. It issuspected that noni will do best with rela-
tively frequent applications of small amounts of fertil-
izer. Noni, being salt-tolerant, will asotolerate high lev-
elsof fertilizer saltsin the root zone without damage or
burning to the plant.

The strategy for providing nutrientsto noni is simi-
lar to that for other fruit crops such as citrus of coffee.
Young, non-fruiting noni plants are encouraged to pro-
duce lush vegetative growth with balanced fertilizers
such as 14-14-14 or 16-16-16, whereas more mature or
flowering/fruiting plants are encouraged to produce
many large fruits by applying high-phosphorous fertil-
izers such as 10-20-20 or 1-45-10. Young seedlings and
transplants are given controlled-release formulations,
while older, mature plants are given rapidly available
granular formulations. Fertilizer should be applied away
from thetrunk of thetree, at the “drip line” of the plant,
the area where water drips from the edge of the leaf
canopy.

Noni plants of al ages respond well to sprays of
foliar fertilizers. Noni flower and fruit productionisvery

responsive to sprays of high-phosphorous foliar fertil-
izers(e.g., 10-45-10) and products (e.g., seaweed emul-
sions) containing nitrogen and minor elements.

Noni should be fertilized frequently using smaller
amountsof fertilizer, rather thaninfrequently using larger
amounts. In high-rainfall areas, young plantsup to ayear
old can be given 1/2 pound per month of balanced fer-
tilizer (14-14-14), and more mature plants can be given
up to 1 pound per month.

Effective organic fertilizers for noni cultivation in-
clude crushed coral, dolomite, K-mag, 7-7-7, and
composted chicken manure and macadamia nut husks.
Some locations will benefit from yearly applications of
lime, about 1 pound per plant.

Irrigation

Noni thrives with moderate irrigation and can survive
extended periods of drought once established and ma-
ture. When plants are less than 2-3 years old and condi-
tionsaredry, irrigate once or more aweek, applying up
to 10 gallons per plant; for older plants, irrigate lessfre-
quently. Over-watering can accelerate damage to noni
from root-knot nematodes, cause root rot, and leach fer-
tilizer nutrients beyond the root zone.

Harvesting and yield
Noni plants can begin to bear fruit about 9 monthsto 1
year after planting. Fruits can be harvested at this early
stage, although they are generally small and few. Some
farmers choose to forgo harvest during the first or sec-
ond yearsin favor of pruning back the branchesinstead.
InHawai‘i, noni fruits are harvested year round, al-
though there are seasonal trendsin the amount of flow-
ering and fruit production that may be affected or modi-
fied by the weather and by fertilizer and irrigation. Fruit

Possible yields of noni at various growth stages (see text for assumptions on growing conditions).

Month Expected fruit yield*
0-9 Seedlings grown in nursery, no fruit production
9 Transplant into field, no fruit production

12-24 (year 1)
24-36 (year 2)
36-48 (year 3)
48-60 (year 4)
60-72 (year 5)

2 Ibs fruit per plant per month (i.e., 24 Ibs per plant per year 1)
4 Ibs fruit per plant per month (i.e., 48 lbs per plant per year 2)
8 Ibs fruit per plant per month (i.e., 96 Ibs per plant per year 3)
15 Ibs fruit per plant per month (i.e., 180 Ibs per plant per year 4)
20 Ibs fruit per plant per month (i.e., 240 Ibs per plant per year 5)

*Realistic estimates based on excellent farm management practices and growing conditions. Actual yields may vary.
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production may diminish somewhat during the winter
months in Hawai‘i. A given noni field is usually har-
vested from 2-3 times per month.

The estimates for the potential yield of noni plants
given in the table are based on a series of assumptions.
Please be aware that many factors may diminish yields.
Nonethel ess, the following estimates are achievablewith
good farm management and excellent growing condi-
tions.

Yield assumptions: Plant population =290 plants per
acre; good soil fertility and drainage; good water sup-
ply; adequate disease, pest and weed control; adequate
fertilizer plan (e.g., 6 Ibs of 10-20-20 per plant per year).

Therefore, based on this model, at year 5 afarmer
can expect to harvest approximately 69,600 Ibs of fruit
per year per acre, yielding about 35,000 Ibs of juice (at
an extraction efficiency of approximately 50% by
weight). The juice weighs about 9 pounds per gallon, so
an acre of well-managed noni can produce approximately
3,800 gallons of juice per year.

For mature trees or farms older than 5 years, yields
of up to 500 |bs of noni fruit per plant per year may be
realized. However, many factors can impinge on these
numbers. Most farmers do not realize the attainable
yields due to pest and diseases or poor agronomic prac-
tices. On average, one might expect the average farmer
to realize yields significantly less than 50,000 pounds
of fruit per acre per year.

Noni fruits can be picked at any stage of develop-
ment, depending on the intended processing method.
Some producers prefer green fruits, whereas other pro-
cessors prefer the hard white noni fruits for processing.
Most noni juice processors accept or prefer the “hard
white” stage of fruit development for noni juice pro-
duction, because the fruits ripen quickly once that stage
of development is reached.

Noni fruits are harvested by hand by picking the
individual fruits from the branches. They are placed in
baskets or bags or placed in bins for transport to the
processing facility. Noni fruits do not bruise or damage
easily, and usually no special padded containersor other
precautions are needed to prevent fruit significant fruit
damage. Furthermore, exposure of noni fruits to direct
sunlight or to warm temperaturesimmediately after har-
vest isnot asignificant concern. So, noni fruits need not
be refrigerated after harvest and are usually not refrig-
erated.

Fruits are washed at the processing facility before
they ripen fully and turn soft. For juice production, the
noni fruits are held at ambient or room temperature for
1to several daysto ripen beforethey are processed. How-

ever, prompt processing for juiceisimportant, for if ripe
fruits are allowed to sit for an extended period, they be-
gin attract unwanted fruit flies, rats and other insects or
pests. For processing of noni fruitsfor powders or other
precuts, the fruits may be processed immediately, be-
fore they fully ripen. Unripe fruits are easier to work
with some types of chopping and drying eguipment.

Pests and diseases
Leaf spot diseases

Anthracnose
Anthracnoseisassociated with afungus, Colletotrichumsp.

Symptoms

Large, expanding leaf spotswith dark brown to tan cen-
ters and diffuse, rapidly expanding, irregular margins;
leaf blight; defoliation.

Epidemiology

The fungal spores of this pathogen are dispersed by
splashing water and by wind-driven rain, and land on
susceptible noni leaves to start infection. Diseaseis fa-
vored by warm, muggy, wet weather and high relative
humidity.

Control

Sanitation (removal of severely diseased |eaves, removal
and destruction of fallen diseased |eaves); ensure good
drainage; control weeds to minimize relative humidity
in plant canopy; ensure adequate plant spacing to im-
prove air flow in plant canopy; pruning of branches to
increase air flow and to remove severely diseased tis-
sues; minimize leaf wetness and avoid the use of over-

Anthracnose lesions on noni leaves
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head irrigation; periodic protective spray applications
of fungicide(s) approved for use on noni; minimize the
spread of pathogen spores on hands and tools during
harvesting operations by avoiding infected leaves, if
possible.

Risk

The anthracnose pathogen will not attack fruits, but sig-
nificant defoliation and subsequent yield reduction can oc-
cur. The disease occurs primarily in higher-rainfall areas.

Shot hole
The most probable cause
of this disease is an uni-

dentified fungal plant 2
pathogen. !

Symptoms

Tiny, maroon-colored
specks on leaves and
bracts that develop into
lesions (2-10 mm diam-
eter) with bleached or tan
centers and maroon mar-
gins. Centers drop out of
mature lesions, leaving iy
“shot hole” appearance; Shot hole lesions
premature defoliation.

Epidemiology

Presumably, splashing water, wind and wind-drivenrain
disperse the fungal spores; disease isfavored by warm,
wet weather and high relative humidity.

Control

Sanitation (removal of severely diseased |eaves, removal
and destruction of fallen diseased leaves); ensure good
drainage; control weeds to minimize relative humidity
in plant canopy; ensure adequate plant spacing to im-
prove air flow in plant canopy; pruning of branches to
increase air flow and to remove severely diseased tis-
sues; minimize |leaf wetness and avoid the use of over-
head irrigation; periodic protective spray applications
of fungicide(s) approved for use on noni; minimize the
spread of pathogen spores on hands and tools during
harvesting operations by avoiding infected leaves, if
possible.

Risk
Low to moderate. The disease al so does not attack fruits.

Black flag
Caused by a Phytophthora sp. (afungus-like organism)

Symptoms

Black leaf spots;
leaf blight; brown
to black stem
blight; soft rot of
fruits; fruit mum-
mification; severe
defoliation; black-
ened leaf veins;
death of stems;
plant death.

Epidemiology

Splashing water,
wind and wind-
driven rain dis-
perse the fungal
spores; disease is
favored by warm,
wet weather and
high relative hu-
midity. N

Black flag disease

Control

Sanitation (removal of severely diseased |eaves, removal
and destruction of fallen infected leaves); ensure good
drainage, control weeds, adequate plant spacing, prun-
ing, minimize leaf wetnessand overhead irrigation; pro-
tective spray applications of approved fungicides; avoid
spreading the pathogen on hands and tools during har-
vesting operations.

Risk
High, but disease distribution is limited at present.

Stem blight

Caused by Sclerotium
rolfsi (fungus); root-knot
nematodes (Mel oidogyne

Pp.). Y

. I"'H'::' -

i

Symptoms

Foliar chlorosis (yellow-
ing) andwilting; stemgir-  £95 e ;
dling at or near soil ling; Wilt caused by stem blight
internal stem necrosis;

stem rot; defoliation; root rot; plant death.

2
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Epidemiology
Diseaseisfavored by flooded or
wet soil conditions and predis-
posing damage by nematodes.

Control

Avoid planting in low-lying ar-
eas with poor drainage; avoid
plant-parasitic nematodes; avoid
injuring stems with weed-
whackers; do not pile rocks or
un-composted mulch around the
base of noni plants; avoid undue
plant stresses.

Risk
Moderateto high, asthisisarelatively rare disease that
occursonly under predispos-
ing conditions. It can be se-
vere when it occurs.

Stem canker
Cause unknown, presumed to
be aplant pathogenic fungus.

Symptoms

A progressive rot of stem at
theinterface between woody
and green stem tissues; stem
may begirdled and rot, lead-
ing to plant collapse and giem canker

Stem blight symptoms

death. Stem lesions are irregular in shape with rough-
ened, dark borders and an overall corky appearance.

Epidemiology
Epidemiology is unknown; no control is known; risk is
low to moderate; arare disease.

Root knot
Caused by root-knot nematodes (Meloidogyne spp.).

Symptoms

Foliar chlorosis (yellowing) and wilting; stem girdling
at or near soil line; defoliation; root rot; gallsand swell-
ings on roots; plant death.




Epidemiology

Disease often beginswhen seeds or cuttings are planted
in nematode-infested soil. Nematodes are spread in con-
taminated soils, media, on tools and shoes and in water
runoff.

Control

Avoid untreated soil for noni seedlings; use composts,
chicken manure; use of foliar fertilizers; avoid introduc-
ing nematode-infected plants to a new field; use of dis-
ease-free planting material; moderate irrigation; avoid
planting in nematode-infested field soils.

Risk
Extremely high. Thisisthe most important cause of noni
plant death and yield loss; widely distributed.

Major insect pests and sooty mold

There are several sap-feeding insects pests of noni that
cause direct feeding damage and injury to noni plants.
In addition, these pests cause the buildup of sooty mold
(ablack colored, parasitic fungus) on noni leaves. These
sap-feeding insect pests include the following:

Melon aphid
Green scale

Pink mealybug
Spiraling whitefly
Kirkaldy whitefly

Melon aphid

Controlling the pests that deposit the honeydew on
noni leaves can control sooty mold. The honeydew isa
sweet, sticky substance used by the sooty mold fungus
asafood supply.

Additional pests of noni

There are afew minor pests of noni that should be men-
tioned, asthe noni grower islikely to encounter them at
one time or another (see photos on next page). Green-
house thrips may cause some damage if their popula-
tions are allowed to develop to damaging levels where
noni seedlings are grown under a protective cover, but
they usually are not pests of field-grown noni. A para-
sitic seed plant (Cassytha filiformis) may also attack
noni, ultimately leading to plant death under certain cir-
cumstances. Other minor pests or problems include the

o

Green scale
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croton caterpillar, sunburn, or premature and uneven fruit
ripening. The cause of uneven fruit ripening is not
known, but it isrelated to uneven fruit growth, devel op-
ment and maturation.

List of approved pest control products for
noni in Hawaii

In October 2002 the Hawai'i Department of Agriculture
listed the following pesticide products as acceptable for
use on noni (Morinda citrifolia). Use of products not on
thislistisprohibited, and label directionsmust befollowed.

Ecozin 3% EC: insect growth regulator

Pyrellin EC: pyrethrin-based, broad-spectrum insecticide
Prentox Pyronyl Crop Spray: pyrethrin insecticide
Trilogy: neem oil (insecticide, fungicide)

Carbaryl 4L: insecticide (non-bearing fruit trees only)
MV PII Bioinsecticide: Bt-based insecticide
Dipel DF: Bt-based insecticide
Match Bioinsecticide: Bt-based insecticide
Clandosan 618: nematicide
Orthorix spray: fungicide
Azatin XL: biological insecticide
Condor Qil: bioinsecticide
Scythe: herbicide
Soil liquid fumigants (preplant):
Tri-Cal Trilone
Tri-Form 30
Telone C-15
Telone EC

(note: all fumigants are Restricted Use Pesticides)

Additional, minor pests and conditions affecting noni

Cassytha filiformis

Sunburn

Premature or uneven fruit ripening
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Economics of noni farming:
Production methods and practices

A simple economic model

At the present time (in the year 2002), noni farming can
be a profitable enterprise. In this portion of the presen-
tation, | will outline the essentia costs and returns for
establishing and operating a hypothetical, 1-acre noni
farm on the Big Island of Hawaii

Startup costs

I will start with the basic economic projections for this
hypothetical 1-acre noni farm, beginning with startup
costs. One of the assumptionsfor thishypothetical farm
is that the land is not leased, but rather owned by the
farmer. However, whether or not the land is owned by
thefarmer does not have asignificant effect onthe gross
income generated by the farm. The three primary ex-
penses for establishing the farm are: 1) land clearing
(costing approximately $4,000 per one acre of raw land
inthe Puna District); 2) noni seedling production or ac-
quisition (costing approximately $900 per acre); and 3)
land preparation (weeds, planting holes) and planting
(costing approximately $500 per acre). Thus the total
minimum startup costs for this noni farm are approxi-
mately $5,400 per acre. This cost could be significantly
higher if planting holes are difficult to prepare or if
supplemental irrigation and windbreaks are needed. On
the other hand, startup costs could be significantly less
if the land has been previously cleared.

Additional assumptions

Following are some additional assumptionsto help guide
thisbasic economic projection for ahypothetical, 1-acre
noni farm in Hawai'i:

1) The economic projection is made for anoni farm in
its 4th or 5th year of growth (i.e., the 3rd or 4th year
of fruit production).

2) Thereareno significant diseases or pests present (i.e.,
no root-knot nematodes, no black flag disease).

3) Monthly fertilization (at least 1 pound per month per
plant of inorganic fertilizer).

4) Adeguate weed management.

5) Noni plant population of approximately 290 plants
per acre (12 ft. x 12 ft. plant spacing).

6) No supplemental irrigation (sufficient natural rain-
fall to ensure good fruit production).

7) Yield per acre per year: 70,000 pounds of ripe noni
fruit.

Essential costs: (Total = $14,264 per year).

1) Fertilizer: 12 pounds per plant per year (fertilizer blend
is“triple sixteen” or 16-16-16) x 290plants per acre
= 3,480 pounds of fertilizer per acre per year. At ap-
proximately $1.80 per pound for the fertilizer, the to-
tal fertilizer cost is approximately $6,264 per acre.

2) Labor (for harvesting): 12.5 man-hours per week, or
650 man-hours per year @ $10.00 per hour = $6,500.

3) Weed control: $1,000 per year (labor)

4) Materials and supplies: $500 per year.

Projected grossincome: Grossincome from ahypotheti-
cal 1-acre noni farm is presented below, based on three
scenarios (farm gate pricefor fresh fruit, wholesalejuice
and retail juice production).

1) Fruit (farm gate): 70,000 pounds x $0.30 per pound =
$21,400. Profit (income minus costs) = approximately
$5,800 per acre.

2) Juice (wholesale): Assuming 60% juice extraction
efficiency, 70,000 pounds of fruit yields 42,000
pounds of juice. At a weight of approximately 9
pounds per gallon, that yields 4,666 gallons of juice.
At awholesale price of $20.00 per gallon, the value
is $93,320.00)

3) Juice (retail): Retail noni juice prices vary widely.
However, assuming a 16 ounce bottle of noni juice
retailing at a price of $12.00 per bottle, the value of
4,666 gallons of juiceis approximately $447,936.00.

Noni production methods and practices

Noni fruit juices

Noni fruit juice and juice products are processed and
prepared in Hawai‘i by a variety of methods. For ex-
ample, noni juice may befermented versus unfermented,
or fresh-squeezed versus drip-extracted. The “tradi-
tional” juice is both drip-extracted and fermented/aged
for at least two months. The “non-traditional” method
of juice extraction is by pressing or squeezing thejuice
fromripefruits. Noni juicesmay be amended with other
additives or diluted, or bottled in its pure state. It may
be bottled with or without pasteurization. In this sec-
tion, the essentials of commercial and home noni juice
processing in Hawai‘i are discussed and illustrated.

“Traditional” noni juice: drip-extracted,
fermented and aged, unadulterated
Thefollowing parapraphs describe the essential s of pro-
ducing what is sometimes referred to as “traditional”
noni juice.
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1) Noni fruits arrive at juice processing facility.
Freshly picked, ripening noni fruits arrive at the juice
processing facility in a variety of containers. The har-
vested noni fruitsare mainly whitishin color with tinges
of green. Unripe, white or yellow noni fruits are very
hard-skinned and durable, and therefore resistant to su-
perficial damage and bruising during shipping and han-
dling. They require no special handling. Noni fruits at
this stage of development will ripen overnight or in a
few days at room temperature and can be processed for
juiceimmediately thereafter.

2) Noni fruits are washed and air-dried. Noni fruits are
washed using a variety of methods, including a strong
spray of water or by an automated, conveyor-belt driven
washing apparatus. Some processors have modified
washers previously used in vegetable operations (e.g.,
for tomatoes, ginger or potatoes).

3) Noni fruits are placed into fermentation containers.
Fully ripe fruits contain and rel ease more juice than do
under-ripe fruits. The most efficient noni juice extrac-
tion by weight is obtained when ripe, soft, translucent
fruits are placed into the juice collection vessels. When
green or hard noni fruits are placed into ajuice collec-
tionvessdl, thefruitsrelease significantly lessjuicethan
soft, ripened fruits and the green fruitsrelease juice that
is less sweet and bitterer. Furthermore, a light-colored
juice product is obtained from fully ripe, tranducent
fruitsas opposed to the significantly darker-colored juice
that is obtained when unripe or green fruits are placed
into juice collection vessels.

4) Ripe noni fruitsare fermented in ajuice collection ves-
sel for 2 monthsor longer. During thistime, the noni juice
separates (drips) gradually from the pulp. The juice col-
lection and fermentation vessel s should be made of glass,
stainless steel or food-grade plastic. The noni juice col-
lects inside the containers and ferments as it gradually
seeps and sweats from the fruits. The juice appearanceis
initially an amber or golden colored liquid that gradually
darkens with age. After the collection and fermentation
process is complete, the juice is drained from spigots at
the base of containers (and filtered). Fresh air isexcluded
from these containers, and contact between the juice and
fresh air is minimized throughout the process.

5) The final noni juice product is decanted, filtered and
bottled. Fermented, aged noni juice is adark brown lig-
uid whichissimilar in appearance and textureto soy sauce
and having similar qualities to a fine wine. The pH is

relatively low (approximately 3.5), lending a character-
istically sour tasteto aged noni juice. After approximately
2 months, most of the noni juice separates naturally from
the fruit pulp and may be drained from the container and
filtered. The recovery of juice by thistraditional method
is approximately 40%-50% of the original fruit weight.
Therefore, using this method, 100 pounds of fruit may
yield about 40-50 pounds of juice, or about 4.5 to 5.0
gallonsof juice. After all of the noni juiceisdrained from
the collection and fermentation vessel, the residual pulp
may be pressed to expresstheremaining juicefluids. The
leftover pulp and seeds may be discarded, or they may be
dehydrated and used in other noni products.

Pasteurization

Noni juice productsin Hawai‘i are either pasteurized or
not pasteurized. Pasteurization does appear to alter the
flavor of raw noni juice. Because fermented noni juice
usually has alow pH (approx. 3.5), pasteurization may
not always be necessary.

Non-fermented noni juice

Some Hawai‘i noni juice producers and consumers pre-
fer alighter-colored, sweeter-tasting product. If the noni
juiceis not allowed to ferment in the collection vessel,
thejuicewill retain arelatively fruity, sweet taste, rather
than the bitter, sour taste associ ated with fermented noni
juice. To obtain sweeter, fruiter juice, thejuiceisdrawn
off from the collection vessel every couple of days, and
not allowed to ferment. Rather, the juice is bottled it
and refrigerated (or frozen) immediately or until it is
marketed or consumed.

Light and temperature considerations

High levels of light exposure to the juice and high tem-
perature during juice collection and fermentation may
cause undesirable chemical reactions to occur in noni
juice. Nonetheless, noni juice is produced under awide
range of temperature and light conditions in Hawai'i.
For example, many backyard noni juicers place alarge
glassjar with noni fruits out in the direct sun for many
months before consuming the juice. However, probably
the most consistent commercial juice products are ob-
tained where both temperature and light are regulated
during the fermentation and storage periods.

Bottling

Most noni juice producers bottletheir productsin either
clear glass or clear plastic bottles. Glassis preferred to
plastic for longer shelf life and quality control, as plas-
ticsmay allow some oxygen to enter the container. How-
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ever, glass is heavier and more expensive to ship than
plastic. Hawai‘i noni juice producers rarely use dark
glass. Because light and oxygen tend to diminish a
product’s shelf life, choice of bottling container may be
asignificant consideration.

Fresh-squeezed noni juice (filtered,
refrigerated or pasteurized)

Fresh-squeezed noni juice has a sweeter (less acidic),
fruitier flavor than aged, fermented noni juice. When
noni fruits areripe, the juice is separated from the pulp
and seeds using afruit press. Up to 65% juice recovery
by weight is possible using this method of juice extrac-
tion. Home producers of noni juice use awide range of
fruit pressing methods, from squeezing by hand through
cheesecloth, paint strainers, to more elaborate home-
made pressing devices.

Somenoni juice producersuseahydraulic fruit press
such as abladder press for making fresh-squeezed noni
juice. Ripe fruits are loaded into the press through the
top door. Juice is pressed from the pulp and bottled im-
mediately.

Fresh-squeezed noni juice has agolden amber color
and has significantly less sediment than fermented noni
juice collected by the traditional method. Conversely,
fermented noni juice produced by thetraditional method
isvery dark brown, resembling the color and texture of
Soy sauce.

Fermentation of fresh-squeezed juice can bearrested
by refrigeration or by pasteurization. Thiswill preserve
the fruity, sweet taste of the non-fermented juice. Or,
thefresh-squeezed juice may be allowed to ferment natu-
rally in bottles or containers for a period of weeks or
months prior to marketing or consumption.

Amended or flavored noni juice products

Noni juice may be mixed with other juices of flavorings
toimprovethe palatability of the product (e.g., with rasp-
berry, strawberry, or grape flavors). Some producers
choose to dilute their juice with water and sweeten the
product with the addition of sugar.

Noni juice concentrate
Using flash evaporation technol ogy, producers may pro-
duce noni juice concentrate.

Reconstituted noni juice

Noni fruit pulp may be chopped, dehydrated and pow-
dered prior to using it in reconstituted noni juice prod-
ucts for the dietary supplement industry. These prod-
ucts are standardized to approximately 0.8% noni ac-

tive polysaccharides (which is equivalent to the noni
active polysaccharide content of pure aged noni juice).

Noni fruit and juice powders

Noni fruits in Hawai‘i are processed to produce dried
powders derived from whole fruit, de-seeded fruits, and
juice. Noni juice itself may be evaporated and formed
into a powder that can be used in various products, in-
cluding reconstituted juices. Noni juice powder ishighly
hygroscopic (attracted to water) and must be mixed with
anon-hygroscopic carrier to enable it to retain its pow-
dered formulation.

Quality control issues

There are anumber of significant quality control issues
that may impact the good reputation on Hawai‘i noni
juice products, including product dilution (or amend-
ments), product contamination, chemical residues, lack
of standardization for biologically activeingredientsand
poor product consistency (e.g., significant variability in
juice attributes).

Product dilution and amendments

Some juice producers choose to add sugar to their raw
juice productswithout informing their clients. This prac-
tice may lead to a significant amount of alcoholic fer-
mentationif contaminating yeastsare presentinthejuice.
Other producers water down their juice products, an
unfortunate practice which affects the level s of biologi-
cally active compoundsin noni juice.

Hygiene and sanitation

Some noni juicing facilities in Hawai‘i have relatively
unsanitary conditions or poor worker hygiene. This can
result in juice products that are contaminated with un-
wanted microorganisms.

Chemical residues

Fruits that are not washed or plants and fruits that are
sprayed with pesticides may result in juice that has
chemical residues within.

Lack of standardization

Many noni juice producers are not aware of which bio-
logically active ingredients they can or should be con-
sidering when striving to produce a standardized, con-
sistent juice product.

Tips for the home noni juicer
Following is a set of useful tips for the home producer
of noni juice products.

45



Proceedings, 2002 Hawai‘i Noni Conference

Hygiene

Strivefor aclean, sterileenvironment in thejuicing area.
Tools and containers may be sterilized using hot water
or simple soaps and disinfectants. Personal hygiene of
thejuicing personnel isanother important consideration.

Oxygen

Try to exclude air and oxygen for the juicing containers.
The fermentation of noni juice is accomplished by an
anaerobic process (does not require oxygen), i.e., by bac-
teriathat do not explicitly require oxygen for the fermen-
tation process. However, do not enclose the fruitsin the
collection vessel using an airtight seal on the vessel, be-
cause the process of fermentation leads to the evolution
and accumulation of gasses within the vessel that may
build up potentially explosive pressure if not released.
Thus, the use of some type of fermentation lock is rec-
ommended (i.e., adevice that allows the exit of fermen-
tation gasses from of the container while disallowing the
entry of unwanted air and airborne contaminants).

Juice color

The color of juice may be modified (darkened) by adding
green fruits to the juice collection vessal. If green fruits
are cut up before being placed into the juice collection
vessel, the cut surfaces will quickly oxidize and turn
brown, lending aoverall brown color to thejuicethat drips
from them. For lightest-colored juice, juiceiscollected or
processed immediately from ripe fruits and not allowed
to ferment (i.e., thejuiceisrefrigerated it or pasteurized).

Filtering of sediment

Juice may befiltered and clarified using silkscreen (from
art supply store) or paint strainers (from hardware store).
Filters or strainers can be sterilized in boiling water be-
fore they are used.

Quality control

If juice appears overly cloudy or has an unusual or foul
flavor or high pH, it isprobably contaminated and should
be discarded.

Wild noni picking “kokua”

When picking noni fruits from wild plants, use care not
to damage or break the extremely brittle branches of the
noni plant.

Containers

Avoid using plastic containers for juice collection or stor-
age (i.e., plastic garbage cans) that are not food-grade plas-
tics, asthey may release undesirable chemicasinto thejuice.

pH

Obtain an inexpensive set of pH papers to monitor the
pH of your juice. Good, aged noni juice should have a
pH of 3.5 or less. If the juice pH greater than 3.5, there
isahigher probability that it may be contaminated with
undesirable organismes.

Labeling

The major advertising claims about the healing powers
of noni have not yet been evaluated by the Food and
Drug Administration (FDA), and noni (Morinda
citrifolia) does not yet appear on the FDA's GRAS lit,
i.e., thelist of foods and food additives that are “ Gener-
ally Recognized as Safe” by the FDA. Therefore, for
home bottlers of noni juice who plan to label and mar-
ket their product, it would be wise to include on the la-
bel the following or similar disclaimer: “These state-
ments have not been evaluated by the FDA.. This prod-
uct is not intended to diagnose, treat, cure or prevent
and disease.”

Storage

Fresh-squeezed noni juice should berefrigerated. Aged,
fermented noni juice can be stored at room temperature
indefinitely.
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A noni bibliography

Following isarelatively comprehensive and up-to-date
bibliography for published information pertaining to
noni. Thefollowing bibliography isarranged according
to the following headings:
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Pacific islands and tropics
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