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Conversions from U.S. measure to metrics
In most cases, measurements in this book are given in
the units most commonly used in the USA. For the con-
venience of other readers, the following conversions
are provided.

1 inch = 25.4 mm = 2.54 cm
1 foot (ft) (12 inches) = 30 cm
1 pound (lb) = 0.454 kg
1 ounce (oz) = 28.4 g
1 acre = 0.4 hectare (ha)
1 lb/acre = 1.12 kg/ha
1 ton/acre = 2.24 tonnes/ha (2240 kg/ha)
1 gallon (gal) = 3.78 liters
1 square foot (sq ft) = 0.093 m2

1 gal/acre = 9.35 liters/ha
1 pound/square inch (psi) = 6.89 kPa
1 mile/hour = 1.6 km/hr

the information given is accurate as of Dec.  2000. Nei-
ther the University of Hawaii at Manoa, the College of
Tropical Agriculture and Human Resources, the United
States Department of Agriculture, nor the authors shall
be liable for any damages resulting from the use of or
reliance on the information contained in this book or
from any omissions to this book. Reference to a com-
pany, trade, or product name does not imply approval
or recommendation of the company or product to the
exclusion of others that may also be suitable. The men-
tion of an agricultural chemical or commercial product
or description of its use is in no way intended as an
exclusive endorsement or a substitute for restrictions,
precautions, and directions given on the product label.
Users of pesticides are responsible for making sure that
the intended use is included on the product label and
that all label directions are followed.

This information may be updated in more recent
publications posted on the CTAHR Web site,
<www2.ctahr.hawaii.edu>. To obtain additional cop-
ies of this book, contact the Publications and Informa-
tion Office, CTAHR–UH-M, 3050 Maile Way (Gilmore
Hall 119), Honolulu, Hawaii 96822; 808-956-7036;
808-956-5966 (fax); e-mail <ctahrpub@hawaii.edu>.
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Good crop management depends on identifying and
correcting nutrient deficiencies and toxicities. This

can be done by regularly sampling soils and plants for
analysis and taking the corrective measures that are
indicated based on knowledge of the crop’s nutrient
requirements and the soil’s characteristics. Such a nu-
trient management program can increase economic re-
turns and reduce risks of environmental pollution.

This book presents information about how soils
provide nutrients to plants and how soils can be man-
aged to improve their nutritional status for plant growth.
The chapters are intended to help growers and agricul-
tural extension personnel understand how soil and plant
tissue analyses are interpreted to diagnose plant nutri-
tion problems, and how soil management recommen-
dations are developed to prevent or correct those prob-
lems. The approach is a scientific one, based on  meth-
ods and processes used by faculty of the University of
Hawaii at Manoa’s College of Tropical Agriculture and
Human Resources (CTAHR). Although the details dis-
cussed are about crops and soils found in the Hawaiian
Islands, the general information on soil conditions and
nutrient management are applicable in many other re-
gions of the world where the plants, soils, and climate
are similar to those of Hawaii.

Hawaii’s agriculture has shifted from being domi-
nated by extensive plantings of just two crops, sugar-
cane and pineapple, to an agriculture characterized by
crop diversity and smaller farms, set in a social context
in which there is increasing concern for the effects ag-
riculture has on the environment, and on water quality
in particular.

New crops and new crop management practices
have placed new demands on soil testing and plant
analysis. For example, reduced-tillage practices require
a reevaluation of soil sampling procedures and soil test
calibrations, because cultivations are shallower, or less
frequent. The nutritional requirements of new crops
must be evaluated under the various conditions in which
they will be grown, which in Hawaii can be very di-
verse in terms of soil type and microclimate. As farm-
ing techniques become more sophisticated, farmers
need more precise information about the fertility of a
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particular soil and the nutritional requirements of a
particular crop. As the agricultural economy becomes
more competitive and subject to effects of globaliza-
tion, as it has in Hawaii, economic margins become
tighter, requiring optimization of inputs and maximi-
zation of outputs in both quantity and quality. Also,
increasing public concerns about environmental pollu-
tion emphasize the need for improved accuracy of re-
sults from soil testing and plant analysis.

CTAHR’s plant and soil scientists and extension
experts have, in fact, made substantial progress in de-
veloping improved methodologies for analyzing soils
and plant tissues and in interpreting the analytical re-
sults. This progress helps growers develop the “best
management practices” that make efficient use of fer-
tilizers, resulting in optimum yields while minimizing
the potential for polluting water resources.

Growing a successful crop requires the timely in-
tegration of numerous complex factors, as well as fa-
vorable environmental conditions. This book addresses
many of these factors, with the hope that a better gen-
eral understanding of their interrelationships and ef-
fects will assist growers in properly managing them.

Analysis of soil and plant samples is only the first
step in the process leading to good nutrient manage-
ment. Correct interpretations of the analytical values
are required to identify the problem and formulate a
recommendation for correcting it. An important part of
the process of making diagnoses and fertilizer recom-
mendations is feedback from the users. Feedback helps
to confirm diagnoses, validate recommendations, and
suggest modifications or refinements. Thus, the grower
is an essential part of the agricultural science and ex-
tension process.

Readers of this book who live in Hawaii and use
data and recommendations from the CTAHR Agricul-
tural Diagnostic Service Center are encouraged to pro-
vide feedback on their experience through CTAHR
Cooperative Extension Service personnel.

J. A. Silva, N. V. Hue
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Agriculture in the Hawaiian Islands has a history
that is somewhat unique, but it also has strong

similarities to agriculture elsewhere in the Pacific, and
in many other subtropical and tropical locations as well.
The islands contain 11 of the 12 soil “orders,” from
very young soils to highly weathered ones. Elevations
extend from sea level to over 13,000 feet, providing
variation in temperature from warm subtropical low-
lands to temperate conditions at the highest elevations.
The position of the archipelago in the path of Pacific
northeast trade winds results in significant variation in
rainfall between the windward and leeward sides of the
islands, producing climates from near-desert to rain-
forest. Over millions of years, the domed volcanic
“shields” that emerged from the ocean floor to rise far
above sea level have become sharply disected into ridges
and valleys by gradual soil erosion and massive, cata-
strophic landslides. All of these geologic characteristics
combine their effects to result in exteme variation in soil
and climatic environments. This variation is also remark-
able in that it occurs over relatively short distances.

These conditions complicate methodological ap-
proaches to agriculture. Other places in the world where
climate is more uniform and soils are not so variable
are perhaps more fortunate, in that strategies for man-
aging soil fertility can apply over broader areas.
Hawaii’s “micro-” variation has meant that many solu-
tions to soil fertility problems have had to be found,
and that their applicability beyond their particular situ-
ation has had to be tested and scrutinized. This situa-
tion has lead to an emphasis on “agrotechnology trans-
fer” in the College of Tropical Agriculture and Human
Resources (CTAHR) at the University of Hawaii that
has benefited agricultural scientists and practitioners
in many parts of the world over the past several de-
cades.

 The first human agriculturists in Hawaii that we
know about were the Polynesian colonizers who be-
came the Hawaiian people. In these exceptionally re-
mote islands, they found a diverse vegetation, much of
which evolved in the islands and is found nowhere else.
Their civilization was based on about 32 plants they
brought with them in their voyaging canoes, and on
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their ability to establish a thriving agriculture in their
new island home.

The arrival of European explorers in 1778 began
an extensive transformation of the islands’ agriculture.
Thousands of new plant species were introduced, along
with hundreds of species of animals, and an exploita-
tion of the islands’ natural resources began that deci-
mated some native species. Within 100 years of that
arrival, an extensive plantation-scale agriculture had
developed based on sugarcane and pineapple, in a situ-
ation not unlike that of many other parts of the world
subjected by European colonialism.

Hawaii’s plantation agriculture benefited from the
relatively concurrent development of modern agricul-
tural science. Both sugarcane and pineapple fostered
their own research institutes, and the agronomy of both
crops achieved marvelous sophistication. Precise use
of index tissue analysis and careful “crop logging,” field
by field, allowed yields that were the envy of the world.

But within a second 100 years after European con-
tact, Hawaii’s agriculture began another major trans-
formation. Economic forces ended the viability and
dominance of the two plantation crops, and their de-
cline has led to the present-day agricultural economy
based on a diverse assortment of crops. In 1978, thou-
sands of acres of the best agricultural land were occu-
pied by sugarcane and pineapple, while other crops uti-
lized pockets of land that were often of only marginal
value. Today, much of that former plantation land is
being planted to various crops, with different demands
for particular soil and climatic conditions. Agricultural
operations are generally smaller today than in the plan-
tation days, and this means that more people are mak-
ing soil and land management decisions that affect the
environment.

This book was developed for this new group of
growers, anticipating their need for up-to-date infor-
mation on soil conditions and plant growth. The infor-
mation this book contains is important for soil and crop
management, which has a direct influence on our natu-
ral environment. Better knowledge of the various com-
ponents of crop production allows us to manage them
wisely and enables us to protect the environment more
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effectively. Growers are primary trustees of the land
and must act responsibly to keep it productive for fu-
ture generations. The purpose of this book is to help
those who manage soils and plants both to improve
agricultural productivity and protect the environment.

Soil characteristics—key to plant growth
Soils are the products of weathering—the physical and
chemical breakdown of parent materials, which in the
case of Hawaii include basaltic and andesitic lavas and
volcanic ash and pumice. Through time, soils develop
under varied climatic conditions and different vegeta-
tive covers. The resulting soils have distinctively dif-
ferent chemical and physical properties that require dif-
ferent management.

The soils of Hawaii are relatively young, geologi-
cally speaking. Hawaii’s oldest soils are found on the
older islands, Kauai and Oahu, while the youngest soils
are found on the younger islands, Hawaii and Maui.
Some of the soils are over 10 feet deep, while others
are less than 1 inch thick. Over the past 100 years, sev-
eral institutions including CTAHR, the Hawaiian Sugar
Planters’ Association (now the Hawaii Agriculture Re-
search Center), and the former Pineapple Research In-
stitute conducted research that provided data on the
physical and chemical properties of Hawaii’s soils. In
addition, thousands of experiments on soil fertility, ir-
rigation, and crop management have been conducted,
on a variety of crops.

Knowledge about soil characteristics and behavior
is essential to successful agricultural production. It has
been found, for example, that soils derived from vol-
canic ash tend to have high phosphate sorption (fixa-
tion) capacity, while those derived from basalt fix phos-
phorus to a lesser degree; this characteristic dramati-
cally affects the soil’s ability to supply a major essen-
tial plant nutrient. Soils differ in pH and in the amount
of lime required to raise pH to a desired level for opti-
mum growth of a particular crop. Chemical reactions
with applied fertilizers differ among soils, as does their
ability to supply nutrients to crops. This book was de-
veloped to provide awareness of factors such as these
and to improve the availability of information growers
need to manage crop nutrients properly.

Plants have diverse soil and nutrient
requirements
The diversity of Hawaii’s climate and soils makes it
possible to grow a wide variety of crops, ranging from
tropical to temperate species. To produce a particular
crop profitably in a situation of such diversity, it is nec-
essary to find the correct environmental niche for that
plant and then learn to manage the soil of that location.
Providing the crop with adequate nutrients requires ana-
lyzing the soil before planting the crop, adding the
needed fertilizers, and monitoring the nutrient status
of the crop during its growth. Much research must still
be done to determine how best to sample particular
crops for nutrient analysis and how to interpret the nu-
trient levels found in the sampled tissues. Other than
the studies of sugarcane and pineapple done in Hawaii,
much of the information on plant nutrient levels is from
research on major temperate-zone crops, whereas many
of the crops now grown in Hawaii are relatively “mi-
nor” ones not found in temperate regions. Therefore,
growers in places like Hawaii need to have local infor-
mation about their crops under the given growth con-
ditions.

Agricultural scientists have done some of the work
needed for Hawaii’s major “minor” crops, but crop di-
versification in the state is increasing while support for
agricultural research is not. In such a situation, the more
knowledge growers have, the better able they are to do
their own research and develop appropriate crop man-
agement practices for themselves. More knowledge-
able growers also make more efficient use of the per-
sonnel resources available from agricultural extension
agencies.

This book presents information about soils and
crops, as well as current information about plant nutri-
tion, soil processes, fertilizers, and crop management.
The discussions of soils and plant nutrient requirements
provide a basis for understanding crop management.
We hope that readers will find this book a valuable tool
for learning and a useful reference for questions and
problems encountered in managing soils and crops in
Hawaii and elsewhere.

Y. N. Tamimi, J. A. Silva


