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FOREWORD
 

This report on innovative biological technologies was prepared 
by the Food and Renewable Resources staff of the Office of Technology 
Assessment at tle request of the Committee on Foreign Affilirs. In 
view of the committee's oversight responsibilities for programs of 
the Agency for International Development, it, was deemed necessary 
to seek additional information on the potential of' biological techiolo
gies to helpl developing countries to enhance soil productivity and 
increase food supplies while minimizing reliance on expensive chemical 
fertilizers. 

The workshop on this subject, organized by OTA covered many 
aspects of this subject and produced a broad ranging series of papers 
oi specific technologies with potential alpplication ill developing 
countries. In the interest of stimuating fuither discussion and action 
on the use of these technologies, the committee is publishing both 
the summary and the complete papers presented(l at the workshop. 

The findings and views expressed in this document are those of the 
Office of Technology Assessment or the individual authors and do not 
necessarily reflect the views of the Committee on Foreign Affairs 
or any of its members. 

CLEMENT J. ZABLOCKI, 

Chairmant, Committee on ForeignAffairs. 
(III)
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LETTER OF TRANSMITTAL 

CONGRESS OF THE UTNITEI) STATES, 
OFFICE OF TECHNOLOGY ASSESS.MENT, 

Washington, D.C., August 6,1981.
Hon. CLEMENT J. ZABLOCK.., 
Chairman, Committee on Foreign Affairs, 
U.S. [House of flepreseitativs, Wasi igtoii, D.C. 

DEAR MR. CHAIRMAN: The enclosed workshop report was prepared
in response to your request for OTA to review innovative biological
technologies that have potential for enhancing soil productivity and 
food production in the lesser (levelol)eJl counhties (LDC's).

OTA assembled some 40 scientist,., AID revresentativs, and con
gressionil staff for a 2-day worksho: on November 24 and 25, 1980, 
to examine a range of innovative ways that LDC's might reduce 
their need for expensive chemical fertili.ers n.mlto discuss how AID 
might more fully use such technologies i.'i its prog'rms am I projects.
As preparation for the workshop, OTA comminssioned 10 )a)ers 
from recognized lealders in appropriate fields of science and technology.

The workshop report describes the LDC food/energy problem, 
summarizes 'he 10 technical papers, and summarizes the workshop
discussions regardir,g current and potential use of such innovative 
t,echnologie. in LDC's. Also enclosed are the background papers,
which represent only a s;mptiling of the innovative technologies being
tried arotind ti.e worid. They illustrate some of the more promising 
areas being pu!.3ued but should not be considered an exhaustive list. 
s The question of developing sustainable, productive agroecosystems 
isimportant to the United States as well as to LDC's because both 
could benefit from opportunities for economic diversification, re
ducing soil degradation, and bolstering production while lowering 
cRI)ital costs. 

We will be glad to discuss any aspect of the workshop report with 
you or your staff at tony time.Sincerely, 

JOHN 1I. GIBBONS. 

Enclosures. 
(V) 
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INTRODUCTION AND SUMMARY 

SUSTAINABLE LDC AGRICULTURE: INNOVATIVE BIOLOGICAL
 

TECHNOLOGIES TO ENHANCE SOIL FERTILITY AND
 

FOOD PRODUCTION
 

In view of its oversight responcibilities for the Agency for 

Internatio, ' Development (AID), the House Committee on Foreign 

Affairs, under Chairman Clement Zahlocki, requested the Food and 

Renewable Resources Program of the congressional Office of Technology 

Assessment (OTA) to review ,nnovative biological ttchnologies that AID 

could use to assist lesser developed countries (LDCs) to enhance the 

productivity of soils, their fortheir reduce need expensive chemical 

fertilizers, ac' increase food supplies. 

The workshop hosted by OTA in response to the committee's request 

brought together some 40 leading scientists, AID representatives, and 

congressional and executive branch staff for 2 days of presentations 

and discussions on November 21 and 25, 1980 (see list of attendees). 

The first day of the workshop was organized to allow each non-AID
 

scientist 
to present a paper about innovative biological technologies
 

and to respond to questions. 
The second day was devoted specifically
 

to discussing AID and its 
role in using, promoting, or developing
 

innovative technologies.
 

(1) 



Background
 

Fertile soil is the key to productive agriculture, whether for an
 

Illinois corn farmer or a subsistence farmer in Ghana, Haiti, India, or
 

other LDC. The farmers know this; they know their soil must have good
 

tilth, hold water, and be rich with the necessary nutrients and
 

minerals. They 1earn these principles through education or, more
 

likely, through tradition and experience. But for most LDC farmers,
 

the old ways of maintaining soil quality may no longer be adequate.
 

Population pressures and rising expectations fOL- Chem to demand more
 

from the land, to reduce the traditional fallow periods, and co open
 

marginal lands that past generations avoided. The farmers may turn to
 

modern agricultural methods--for instance, commercial fertilizers--only
 

to find that rising input costs take away even this option. This
 

predicament is common throughout LDCs.
 

Most LDCs, with their growing populations, are concentrated in a
 

belt roughly 30 degrees north and south of the equator. These tropical
 

and subtropical lands contain diverse ecosystems--mountains,
 

rainforests, semiarid regions, and deserts--and house some 45 percent
 

of the earth's people.
 

The concentration of LDCs in the tropics is not a coincidence but
 

stems in large part from inherent physical limitations caused by
 

climatic and soil constraints. As populations of these nations have
 

grown, many LDCs have 
come to face a myriad of severe resource
 

problems: degraded soil fertility, deforestatian, soil erosion, water
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pollution, and land-use conflicts. 
Concomitant social problems
 

including malnutrition, poverty, and political instability--are
 

common as well. 
 Woven through the history of many LDCs is the effect
 

of their being colonies 
of various other countries of temperate
 

regions. Agricultural systems Imposed on 
the LDCs were appropriate for
 

temperate regions 
but not for the tropics. As 
a result, soil fertility
 

in many of these ex-colonles has been severely damaged.
 

The humid tropical regions have some of 
the earth's mcst
 

productive ecosystems, lush forests 
that are the result of eons of long
 

growing seasons, warm temperatures, and abundant 
rainfall. But this
 

apparent fertility is often superficial. Tropical forests have been
 

called "deserts covered by trees." In fact, natural 
soil fertility in
 

the wet tropical latitudes is extremely low, most mineral 
nutrients
 

having been leached away by ages of rain and weathering. Most of the
 

necessary plant nutrients are 
trapped in the vegetation itself; as the
 

greenery dies and decays on 
the forest 
floor, the nutrients are
 

released, then quickly absorbed back into new growth. 

Arid and semiarid regions face different problems. Lick of water
 

limits the type and amount of crops that 
can be grown. Wind erosion,
 

salinization, and temperature extremes all 
work to limit the land's
 

productivity.
 

Agriculture in tropical latitudes must 
contend with these and
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other physical dictates. And it must work within increasingly severe 

economic constraints, too, as the costs of energy, water, equipment, 

and various other agricultural inputs, from seed to fertilizer, 

continue to rise. 

Conventional agricultural methods, many of which were developed 

for use in temperate areas, are not wholly suitable for tropical 

conditions. It is not that conventional agriculture cannot work in the 

tropi,.s; it can in the nhort run. But without c ii nuou commercial 

fert ilizer inpics, poor tropical oilIs cinnot sustain temperate farming 

method!. Also, iii arid and semiarid regions timprat, farminuig 

technologies requiLre sXiejm;ivL! irriation s'stcil/s. 'ihus with the 

increasing cost of Irrigat ion developmenit ind fertili iers derived from 

natural gas, it seems Inevitable that LI)C farmers will look for new 

ways to sustaiu soil fertility and to ensure continued agricultural 

productivity. 

AiD is one mechanism by which the U.S. can assist LDCs In meeting 

development and resource chaLlenges. All) has been commended for nmany 

of its programs, but it ilso ias been cited for its reluctance to 

change and for its tack of innovative vision at a tLIne when innovation 

Seems most necessary.
 

Innovative Biological Technologies 

The innovative biological technologies chosen for discussion in
 



-- 

the workshop represent only a sample of the diverse and adaptable 

approaches being studied by scientists here and abroad. The workshop 

esamined the following:
 

-- Promoting underexplolted plant species, especially native
 

species alradIdy adapted to local clinaes 
 and conditions. Nature is a 

storehouse of gentic joissibll it la; iincluding plants witi
 

underexploi 
 ted potent i ii I, t-id, -idder, oil se-eds, and export goods. 

Native plant ci lhe lot tit ad it a ropping syst ens, reduc ig the 

need for tatrt It iZer, ,tad witer intol alioi Itio,; rasl;tiac, Io la;ts and 

ii[si ao. tlier, aikalso promi,-, a i l t Iitn;, atforts aid tissue 

culture, where ait lVe ;tock irc tirasd toa ;Idlit craps ii) loss-than-ideal 

Ia.V'I rotmet s , tiher, by reduc Ileg t lit i|ul t) it t r t ha otivi roltiatot with 

I -rt I izer, trrigatIon , ind Ither ali is I vt I inputs 

evel o iilt; tul t IIAll -croppitit and Ititurcroppi ng sy;t fiIs suit tba 

for seecific t riopicil eavirolilntS SO is to IXimiZa litoid prodtclivity.
 

li t hIple croppInii Is,: s,l , iiic,r 
 t lire--,ro)Wi m; t wo a r"toar c r ps 

that shaire SIiaCt ;1till1 Ut ii)tlo'i0 to--,ld .-,II pIt lh lir,- 'at unit o land 

tliatt moiiociil ture. Proper design )o t tie or )ppitip p,itt rii--tii g 

legumes, for example--ensuros ailt] t1loiAtica soil(I tInl it' while providing 

farmers witl a rani e t producta. 

-- Reducng the need for comtwrciai i t rogan fertilizer by 

inoculating suitable crops with itnai cial ;ijil 

82-999 0 - 81 - 2
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bar.teria--rhizobia--that biologically take nitrcgen from the air and
 

convert it to a usable form for the plant. Legume rotations, of
 

course, were fundamental to agriculture before the development of
 

commercial fertilizers. Legume inoculants of certain strains of
 

bacteria are used commercially in U.S. agriculture, and suitable
 

stral , are being developed for LDC environments.
 

-- increasing a plant's capacity to absorb nutrients by encouraging
 

the growth of beneficial microorganisms--mycorrhiza fungi--that live
 

in association with some plants. The nycorrhizae significantly
 

increase the root's surface area, the part of the plant that
 

assimilates nutrients from the soil.
 

--Developing integrated agricultural systems that take advantage
 

of the special benefits provided by leguminous trees. Various species
 

of nitrogen-fixing trees (e.g., Prosopis and Acacia) could be used to
 

revegetate deforested landscapes while providing food, fodder, cash
 

crops, fuelwood, and increased soil fertility. Unlike legumes used in
 

temperate agriculture (e.g., alfalfa), many of these tree species can
 

fix nitrogen under arid conditions.
 

--Cultivating "'green"fertilizer for rice productioa. Azolla, a
 

small aquatic fern native to Asia, Africa, and the Americas, shows
 

great promise as a green manure for flooded crops. The fern provides
 

nutrients and a protective leaf cavity for a strain of blue-green
 



7
 

algae, which in turn convert atmospheric nitrogen into a usable form.
 

The nitrogen-rich azolla is 
grown in rice paddies, either before or
 

along with the rice crop. It i.so 
can be harvested and transported to
 

upland fields. 

--Using underexploited animal species to meet local 
needs for 

high-protein food as well as to provide local populations with 

innovative cash crops. For instance, in Peru, guinea pigs are being 

produced as an unconventional, but tasty and prolific, protein source 

for local diets. And in Papua New Guinea, villagers are supplementing 

farm income by tending an additional garCen crop--exotic butterflies 

for export.
 

--Exploring the use of 
natural mineral soil amendments, such as
 

zeolite minerals, that improve soil properties and extend fertilizer
 

efficiency. Because structure, zeolites
of their have unique
 

properties. 
They are used today primarily as molecular sieves in
 

industrial processes, but 
they show promise in agriculture. They seem
 

able to help maintain nitrogen availability in soils and help plants 

resist water stress. More immediate benefits may show in animal 

agriculture, where zeolites 
can serve as feed additives and as
 

decontaminants for feedlot wastes. 
 Zeolite deposits are thought to be
 

widespread in many LDCs.
 

The workshop participants shared a general feeling that a range of
 

promising, innovative technologies exists,, in various stages of 

development, that can help LDCs sustain soil 
fertility with reduced
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fertilizer inpu s. Hcwever, most of these technologies are underused 

and many important ones are being ignored by the development community. 

Many of the innovative approaches discussed are "technologies" in tile 

broadest sense; they are new management systems, not new pieces of 

hardware. Conmonly, research on such innovative techniques is 

underfunded, perhaps because of technological complexity, human 

reluctance to stray too far from the norm, or wetl-intentioned 

skepticism about radically new ind Iproven approaches to agriculture. 

Thus it is all tile more difficult to document their worth. Most of tile 

technologies, while promisin, need pilot-scale testing fit appropriate 

enivi ronments to determine pot ent fa problems or necessary alterations 

before they can be promoted )i i, wide scale. Also, the workshop 

participants tilouht tlat audll of the development of innovative 

technlologie; occurs outside of, and pierhaps L.i spite of, the natioalt 

and intermit [ioa l jiistitit io:; :2,1rmalLy coonsidered reiponsibLe for 

ma intaiining natural resoirces and for deal ing with problena; of land 

qIuality and productivi ty. A part icilarly interestlng lacet of these 

new tecllologies Is that anlly of tliem could beiefit not only LI)C 

agriciil ture but also U.S. avriltiiro b prov[iding oiportunites for 

economic diversification, rducing soil degradat ion, aid bolstering 

production white towering captta costs. 

No new technology, of coturse, can ibe a panacea. Tile importance of 

innovation lies in tile fact that each new approach increases the number 

of options available o deal with problems. More choices thus provide 

increased adaptability to changing social, economic, and physical 

conditions.
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DAY 1. INNOVATIVE BIOLOGICAL TECINO,,,Es (l-IIoHrLIrr's OF
 

WORKSHOP PAxERs)
 

During "day one" of the workshop, a wide range of papers 

was presented by non-AID scientists on specific innovative
 

biological technologies. Assembled below are highlights of
 

the workshop papers as they relate to broad technological
 

themes.
 

This planet is believed to house some 80,000 species of
 

edible plants. Man, at one time or another, has used 3,000
 

of those for food Only about 150 plants have been
 

cultivated on a large scale, and less 
than 20 crops currently

2
provide almost 90 percent of the world's food. ,
 

It is clear that mankind could exploit more fully the
 

range of botanical diversity found on earth. It. developing
 

countries, especially, various innovative uses of plant
 

resources hold great promise in helping to enhance land
 

productivity and increase food supplies. First, it is
 

possible to expand the range of crops grown by using
 

underexploited plant species, especially certain native
 

IMyers, N., 1979, The Sinking Ark, Pergamon Press, N.Y., pp.
 
57-58. 

2
 
National Academy of 1975,
Sciences, Underexploited Tropical
 

Plants with Promising Economic Value, p. 1.
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species already adapted to local climates and conditions.
 

Second, special attention could be devoted to the potential 

of leguminous species, including leguminous trees, that are 

capable of converting atmospheric nitrogen into a usable form 

and thus enhtncing soil fertility while reducing reliance on 

expenuive commercial fertilizers. Finally, innovative and 

conventional crops could be used together in 

multiple-cropping or intercroaping systems designed for
 

specific tropical environments so as to maximize efficient
 

resource use and land productivity.
 

Underexploi ted plant resources 

Every culture, of course, has indigenous species that
 

have been used traditionally for food, fuel, livestock feed,
 

const'uction, fiber, medicine, and other purposes, either
 

gathered from the wild oc cultivated in various small farming 

systems. But until recently, these traditional crops in LDCs 

had been lost in the shadow of the Green Revolution and 

westernized farming techniques.
 

Now, however, there is renewed optimism about the
 

agricultural potential of many of these plant resources.
 

Native plants can be innovative sources of a wide range of
 

goods--food for people and livestock, fuelwood for cooking
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and warmth, materials for homes 
and clothing, oil
even seeds
 

and other exports. The benefits provided in 
these many uses
 

are compounded by the fact 
that native plants can require
 

fewer total 
man-made inputs of fertilizer, herbicides,
 

insecticides, energy, and in 
some case3 water. This is
 

because 
native species are adapted to local environmental
 

conditions--soil type and quality, climate, and 
terrain.
 

Indigenous species 
commonly are more resilient to stress, 
as
 

well; they have evolved defenses for local disease and pest
 

organisms and evolved be
to efficient users of available
 

resources, whether water, soil nitrogen, otheror necessary 

nutrients. The plantnative concept is a reversal of the old 

philosophy of using inputs to ch. ige the soil to suit the 

crop. Here the crop is chosen to suit the soil. 

Examples:
 

Winged 
bean (Psophocarpus tetragonolobus): Generally
 

identified as a 
"poor people's crop" in developing countries,
 

the winged bean's nutritional potential has 
been vastly
 

underrated. Actually, this sometimes
plant, called a
 

"supermarket on a stalk," has at least six edible parts. The 

leaves are 
used like spinach as a vegetable or salad; the
 

flowers are edible, tasting somewhat like mushrooms; the 

nods, similar to 
green beans, are nutritious and palatable; 
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the seed,; are similar to soybeans and are composed of 17 

percent oil and 42 percent protein; the tendrils are also 

edible and taste like asparagus; ;!nd 'he bel ow-gruind tiib,.rs 

conta it f ou itr t I imes the prote i cont ent of potatoes. 

Ama rant tI ( Ama ra itthus Fypochond r i acus): Once tlhe 

mainstay of certain ilnc tent Sout I Aie rican cultureus, Amarainth 

is a fast-g rowigiil;, cereal -1 ike c r.p that produces 

high-protein[ gra ins i, lIarge sorghum-l Ike seed heads. The 

grain is also except iotil ly high I i IysIne--ontsi of the 

critical amino acids usually defNieiLunt Ii plant protein. 

Amaranth graIn is usuatlly parched and milled tIo be used for 

pancakes, cooked for gru el, or blended with other flours. 

Its leaves cin be eaten a i a sp i nac h subs t I tute. 

l.eucaena ( Leucaena Ieucocephal a): Of alt rop icat 

legumes, leucaena proban lyt oIfers the wIde st assortment of 

Uses. It Is a fast-growi ng t ree witich proIuces good, denis e 

firewood; it it Iii soil a t s makefixes togei tIe ; d I leaves 

nut rit ouis cattle forage. The I egumi nous tree Is especially 

valuatile in refores t at ion efItorts. 

Any change In agriculture's use of fertilizer, 

pesticides, irrigation, or machinery would depend entirely on 

the nature of the nat ive plaint chosen for cultivation, 

http:tiib,.rs
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whether the particular plant could be used on an intensive or 

extenstve basis, the degree to the iswhich plant susceptible 

to pests, and many other variables. Fertilizer use, however, 

could be affected three ways by a switch to native plant 

c rops: 

0 Farming leguminous (ritrogen-fixing) native plant
 

species would produce crops 
 with minimal fertilizer 

requirements (such species would still require phosphorus,
 

sulfur, and mcronutrients). 
 The n~trogen produced is 

available to both the legume and to companion and follow-on 

crops. 

0 Some native species may require reduced fertilizer 

inputs because they are adapted to Low-nutrient environments. 

Under such conditions, plant growth and production may be 

correspondingly low, although it will be higher than 

production from nonadapted pILr ts. 

0 Some nontegume nattve species may require optimal 

soil and water conditions and so require substantial amounts 

of fertilizer to achieve optimal production levels, thus 

proving no more attractive tihan conventional crops. 

Water needs also vary with the specific sl)cces chosen 

for cultivation. Species adapted to tropical andsoils moist 
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climates should not require irrigation if adequate rainfall
 

occurs during the critical stages of plant development. In
 

regions of less-than-optimal precipitation, farmers can
 

choose native plants with low water requirements such as
 

jojoba, atriplex, guayule, buffalo gourd, guar, cassia, and
 

acacia species. It is also possible to enhance the
 

effectiveness of water use through management (alternate
 

fallow periods, spaced planting, etc.), water harvesting, and
 

drip Irrigation. Where land is not the limiting factor,
 

enhanced water '.-vesting is showing high potential for 

fostering plant p .duction under desert conditions. The most
 

suitable plants for these technologies are deep-rooted tree
 

crops, drought-adapted species, and biomass plantings.
 

Some native species also offer hope for intensive 

agriculture as certain plants could be developed for 

large-scale operations. If a low-value crop can be replaced 

with a high-value new crop. even irrigation may be justified. 

Close plantings, tillage, pest control, and fertilization may
 

then be needed to optimize production and under certain
 

circumstances might be economically viable. Grain amaranth, 

winged bean, and guar are only a few possible species for 

intensive development. 

Equipment and labor needs also vary depending on the
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specific native plant 
in question. 
 Some species (e.g., guar
 

or guayule) are 
amenable 
to mechtnlcal harvesting. Many
 

others, however, require manual 
labor, 
which could he an
 

advantage where 
excessive unemployment exists.
 

To develop the potential of native plant 
resources, more
 

effort should 
be devoted to identifying valuable species 
and
 

adapting them 
to modern needs. 
 Once identified, researchers
 

need to forlook opportunities to expand the plant's use into 

similar environments elsewhere in the world. Along with an
 

improved understandine 
 of the plant diversity available 

worldwide, there needs to morebe opennesb to innovation and 

acceptance that 
folkways are often valid and could be
 

incorporated into 
a productive compromise between old and 
new
 

customs.
 

Multiple Cropping
 

Multiple cropping is 
intensive agriculture where two or
 

more crops share space and 
resources, enhancing both land-use
 

efficiency and long-term productivity. 
 It is not a new
 

technology but 
rather is at its roots 
an ancient technique
 

that mimics the diversity of natural 
ecosystems. 
 Today's
 

multiple-cropping systems vary greatly depending 
on the
 

character of the 
site being farmed. In general,
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multiple-cropping systems are managed so that total crop 

production from a unit of land is achieved by growing single 

crops in close sequence, growing several crops 

simultaneously, or combining single and mixed crops in some 

sequence. Both "sequential croppiag," which is growing two 

or more crops Ili sequence on the saime land, and 

"intercroping," whuich refers to various wity s ot growing two 

or more crops simul taneously on tihe land, are intluded in tite 

broader ter, "mUI t ipi c roppi ii.." 

G(ene rall , ro duct v it y on muL tp11)1 e-c ropped land is mu re 

stable itnd i:Ol I a it, i he I Oo y, ui it hill i ll ooii Cocil t it r Cs 

(;i ies sma n , pp. 5,6). AlI hougl' each crop in Ile mix t tre may 

y ii d s L Lig t I y I es t han i n monocul ture , comb iltvd product ion 

per onJt a rca can be great er with milt iple- r pped i ields. 

The overal i [ ncreased yll si reciul t buc- sne t h,- comlpomnetllt 

crops dif enug' Ii i I li r, r:L-, SO hlltfer h tlit rowlh I, -C ;0 t 

oye rliapptn,, dem iiads--whet her for suinI i ,6t , w-it e r or 

nuI.r ift ls--are mini mal . nIulI 1 l c ro p p i n g , n V ec t, 

b r o ad eis t Ite I a n d ' L P r o (Iac ii ve c a p a c I t y by more f ll I y 

exploit ing, t lie dimcns t ns of t i me a n d ! pa c v 

it is importitnt to point. out that certain crop mixtures 

will not produce improved yields when Iul tiple-cropped. 

Certain combinations make better overall use of available 
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resources and will be more successful; these crops are
 

considered "complementary." One of the main ways to achieve
 

such complementarity ts by varying the crop components
 

temporally--that is, 
using sequential planting to achieve a
 

multiple-cropping system that avoids antagonistic
 

interactions betwaen the components. Such systems require
 

special management: timely harvesting, the use of proper
 

varieties, alteration of standard planting distances, special
 

selection of herbicides so as not to create antagonisms or
 

residual effects, etc.
 

Another way of complementing crop components ia through
 

intercropping based on relay planting. Direct competition is
 

avoided by planting a second crop after the first one has
 

completed the major part of its development, but before
 

harvest. Research on relay cropping in Mexico 
and Latin
 

America shows definite yield advantages, especially for corn
 

and beans (Gleissman). The success of relay intercropping
 

depends on the correct combinations of timing and other
 

variables so as to avoid shading, nutrient competition, or
 

inhibition brought about by toxicity produced by the
 

decomposition of previous crop residues. Research in 
these
 

aseas is inadequate.
 

Finally, farmers can get maximum complementarity in
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systems where two or more compatible c rop are grown 

simultaneously, either in rows, strips, or mixed fields. For 

example, tradit tonal corn, bean, and squash systems groinli 1i 

Mexico show how three species can benefit from multiple 

cropping. AlI three crops are planted slimul tlluouslIy but 

mature at diffe rent rates. Tile beans , which begin to mature 

irst , use Ihe young corn italks for support. 'ile sqnlt sh 

mattlres last. As the corn matures , It grows to occupy tile 

( p e r c an 0p y . TFhe b eaII S C C I p Y 1 110 mt11111 S a c a nd( td V e he 

Si(Ila Sh Co0Vlr tIlie gtrollld. Re s varcI shows that the system 

achieves bet I. r weed ail l illSUct C o1r 1 thatn where th' crops 

are grown separatt!Ly . Antd wil i t Ile h101l1S llld Sqllla.sihsuffer 

a distinct. yield reduc tion, corn yields are significantly 

It ,ile r t han Itn lairparabl e o utlllc L it res. It lsIt t i 

uncertalin whetier tile higher yiel(Is are ti1e resul t of more 

e fi Cl t res51oulrce0 II.1;0 or if s;ome mlt ll y 1e ie f Lc[Iia I 

Interact c ill is oc:llttr r Ig i llu ig til' c ropI c Ollip le it Is . 

A rofores try, i; It s illtild s , I s a t1n I t ij)l e-c ropp i ng 

masagement technology that combines tree crops with food 

crops, animal agricul Ittre, or both. Like other 

multiple-cropping systems, its goal ItI; to opt in Lze 1and1( 

productivity while maintaining long-term yields (Glelssman, 

p. 31). In the past, small-scale traditional agriculture
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commonly include,, trees 
as part of the 
farm design, but
 

interest in agroforestry's place in 
modern agriculture is
 

just beginning. Agroforestry systems can be used 
 to brig 

marginal 
lands into production--lands with 
steep slopes, poor
 

soils, ur 
widely fluctuating rainfall. 
 But tree-crop
 

combiuat ions can bealso used on prime agricultural or 

grazing land to further increase productivity. The main 

limitations to widespread use of agroforestry practices at 
present is oflack knowledge and exF- icAe and unwillingness 

in the agricultural estahl ishment to accept the idea of 

long-term, diversifiLed yields. 

The key to 
multiple cropping's 
benefits is the Intensity
 

of the cropping pattern--drawing as much as possible from the 
land resource. Despite intensethe demands, such systems 

need n;t abuse the land; through proper design and operation, 
multiple-cropping management can sustain and actually enhance 

soil fertil ity. I)epending on the multiple-cropping system 

used, advantages can include: 

0 More effictent use of vertical space and time, 

Imitating natural 
ecological patterns, 
permitting 
a more
 

efficient capture of 
solar energy and nutrients;
 

0 More biomass 
(organic matter) available to 
return
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to the soil system;
 

Iore efficient circulation of nutrients, including 

"pumping" them from deeper soil profiles when deep-rooted 

0 

species are used; 

Possible reduced wind erosion because of surface
0 


protection; 

0 Promise for marginal areas, as it can take better 

advantage of variable soil types, topography, and steeper 

slopes; 

0 Reduced susceptibility to climatic variation 

(especially precipitation, wind, and temperature); 

0 Reduced evporation from soil surface; 

0 Increased microbial activity in the soil; 

0 improved efficiency o' fertilizer use through the 

more diverse and deeper root structure in the system; 

0 improved soil structure, less likelihood to form
 

"hardpan," and better aeration and infiltration;
 

0 Reduced fertilizer needs because legumes fix 

atmospheric nitrogen for themselves and associated
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nonlegumes;
 

0 
 Improved weed control from heavier mulch 
cover;
 

O Improved opportunities for biological 
control of
 

insects 
and diseases because of increased plant diversity;
 

J Potential 
benefits from mutualisms and beneficial
 

interactions between organisms 
in crop mixture systems.
 

But as 
previously mentioned, certain crop combinations
 

do not lend themselves to successful multiple cropping, 
and
 

some forms of multiple cropping are 
not necessarily good for
 

the land. Sequential cropping, for instance, of two or 
three
 

crops can actually mine 
the land of nutrients and minerals if
 

little thought is given to 
legume rotations, green manures,
 

animal manures, or other fertility-building activities. And 

in light of the biological and physical aspects of the
 

agroecosystem, other disadvantages 
in multiple cropping might
 

include: 

0 Competition for light, soil nutrients, or water;
 

0 Possibility for allelopathic influences between 

different crop plants caused by plant-produced toxins; 

O Potential 
to harm one crop component when
 

82-999 0 - 81 - 3
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harvesting other components;
 

0 
 Difficulty building a fallow period into
 

multiple-cropping systems, especially when long-lived tree
 

species are included;
 

0 
 Difficulties in mechanizing various operations
 

(tillage, planting, harvest, etc.);
 

0 Increases in evapotranspiration caused by greater
 

root volume and increased leaf surface areas;
 

0 Possible overextraction of nutrients, followed by
 

their subsequent loss from the agroecosystem if they are
 

exported as agricultural or forest products;
 

0 Damage to shorter plants from leaf, branch, fruit,
 

or water-drop from taller plants;
 

O Higher relative humidity in the air that can favor
 

disease outbreak, especially of fungi;
 

0 Possible proliferation of harmful animals
 

(especially rodents and insects) in certain types of systems.
 

Even though it seems that the biological and physical
 

advantages of multiple cropping outweigh the disadvantages,
 

there also is a range of social and economic factors that
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Would influence the acceptance and 
use of multiple-cropping
 

technologies in 
various cultures. In of
terms social
 

stability, multiple cropping is 
advantageous because 
it leads
 

diverse agricultural system.
to a Such a system is less
 

susceptible to 
damage from climatic 
variation, environmental
 

stress, and pest 
outbreaks. 
 It is also less vulnerable to
 

swings in crop prices 
and markets. Multiple cropping also
 

demands more constant use of 
local labor and provides a more
 

constant output of harvested goods over the course of the
 

year. And because t;uch 
 systems are highly adaptable, they 

can be melded into many different types of cultures without 

undue stress on existing local customs. Mlultiple cropping
 

also provides farmers with a 
large variety of useful
 

products, depending 
on the type and complexity of their
 

systems. And, of course, 
multiple-cropping systems 
can
 

reduce 
the need for fertilizers and 
other energy imports,
 

thus giving LDC farmers improved economic 
stability and
 

self-sufficiency.
 

Reported lower yields, complexity of activities and
 

management, higher labor demands, 
and difficulty in
 

mechanizing operations 
that discourage modern farmers from
 

multiple cropping. Conventional agriculture is looking for
 

short-term profits 
rather than at maintaining constant 
income
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over the long term, although It seems that the economics of
 

farming may be changing to favor such innovative systems,
 

especially in LDCs.
 

Although the tangible disadvantage of potentially lower
 

yields exists, most disadvantages involved in multiple
 

cropping are derived from our lack of experience and
 

knowledge about the workings of complicated agroecosystems.
 

Biological Nitrogen Fixation
 

One of the most promising multiple-cropping strategies
 

is the increased use of leguminous plants for the multiple
 

purposes of food, livestock fodder, and wood while
 

concurrently improving soil fertility. Leguminous
 

plants--for example, temperate species such as alfalfa,
 

soybeans, and clover--have the capacity to provide their own
 

nitrogenous fertilizer through bacteria (Rhizobia) that live
 

in nodules on their roots. The bacteria chemically convert
 

atmospheric nitrogen into a form that the plant can absorb
 

and use. The nitrogen also is available in the root zone for
 

nonleguminous companion or follow-on crops to use.
 

Legume use is nrl a new technology; generations of
 

farmers relied on rotations of legume plants to restore
 

nitrogen in the soil long before thL advent of cheap
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commercial 
fertilizers. 
 Now, as energy costs skyrocket and
 

fertilizer costs 
become economically prohibitive 
in many
 

developing courtries, legume use--green manure--may 
be the
 

best remaining option for maintaining soil fertility and
 

agricultural productivity.
 

Leguminous species 
could not 
only help protect LDCs from
 

burgeoning energy costs but could also 
improve local
 

nutrition. Nutritionally, legume seeds 
(beans or pulses) are
 

two to thrce times richer in protein than cereal grains.
 

Many have protein contents between 20 and 40 
percent; a few
 

even range up to 60 percent. This is particularly important
 

because 
there is chronic protein deficiency in virtually
 

every developing country.'
 

INational Academy of 
Sciences, 1979, Tropical Legumes:

Resources for 
the Future.
 



26 

Biological Nitrogen Fixation (BNF) Inoculant
 

Technologies: Nitrogen can be converted into forms usable by
 

plants through industrial processes, but only at great cost,
 

especially as energy prices escalate. But BNF by symbiotic
 

associations of plants with microorganisms may be an
 

economically and environmentally sound approach to
 

sustainable agriculture (Halliday).
 

Farmers can capitalize in two ways on certain plants'
 

innate ability to fix nitrogen biologically. First, of
 

course, they can use legumes in their cropping systems and
 

benefit from the nitrogen produced as have past generations
 

of agriculturalists. But recent innovations also can help
 

farmers maximize nitrogen fixation through inoculant
 

technology. With this technique, selected legumes can be
 

inoculated with specific strains of rhizobium, the soil
 

bacterium that associates with certain legume roots and fixes
 

nitrogen. This way farmers can more fully exploit the
 

plant's fertilizing capabilities.
 

Most soils harbor various native rhizobial populations
 

and these strains will associate with sprouting legumes. But
 

because these strains differ greatly in their symbiotic
 

effectiveness, it can be to the farmer's advantage to plant
 

legume seeds that have been inoculated with proven strains of
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rhizobium. The objective of inoculation technologies is to
 

introduce sufficiently high 
 numbe!rs of preselected strains of 

rhizobia into tie vicinity of the emerging root so that tiiey 

have a competitive advantage cver any indigenoos soil strains
 

of lesser N-fixing ability.
 

Commercial scale inoculant Use is com'mon in the U.S. and 

Australia. Birartil, Uruguay, Argentina, India, ind Egypt also 

produce inociliant ;. But while demtand for inoculants is 

growing in mn c totIa tyI I,!; , It iS lot ti110klj ll t 0 i:11) Y Import 

U.!;. or I)tht.t-t- I mII,'t1 r; )8ey t mh1 tci ;e y ntl, he tt1 hI y 

adapt C di t. i,t I I ' ; : A i ! e , i o ;, nI d I rIi t g y, t Lms. 

IiNF c ,t i'- , i.;Ilv .- clt i; e I I, I, i I v' r i I .- I l a i n s 

I rom I Ih 1i I l I 'I 1 i t :1% .r lild t l t u lr l il i tI . IitII atc t he 

o it I ; m j t ; cI I.i ItI ( oi : t t I lit 01 du v . I 1 1) n 1 NI' 

t clliiogle;; Ii prIvs it t L o I i l iiid.toC, %i:iiCr r.titlild[ g o f 

Lie I I' t a:LIt io a;ivnon(, S peeI i I i ;;t m 110.I -; , r Iii ti 1 iaI 

s I. t; i it s , i d v i r ti ; n I ro, i it t :; , r, l , ii. iti 7l na b I II y 

to pr (II ,I wh- I, t ; , i'ivI l n I l-:II :.i..n d t0 i lnoc l ;It tll
 

it t p) it r I Ii t I ;Ir i (, io :i. A 1 
 1 c .T o)I I ',t1[ II, I! ;),- r ;, i eL Ititl 

t rO IIic l ri.li nIn; ,I Io ac ts t I imi t rreva I . ind " ,2 1opmenit 

vii irt s. And because I n[il il ant devel ,preterit. lilld t1 olrequi i t'.S 

;(1*10 t. vciIcal training, it I may not b an easy .echintlogy for 

LDCs to adopt widely. But while legume use holds potential 
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in all segments of agriculture, inoculant technology at
 

present should only be advocated when there is a known need
 

to inoculate.
 

Most legumes in the tropics fix about 100 kg/ha/yr of
 

nitrogen, although nitrogen fixation of the forage tree
 

Leucaena can fix as much as 350 kg/ha/yr and some other
 

species can fix as much as 800 kg/ha/yr. However, the 

benefit to nonlegumes, because of the inclusion of legumes in
 

a cropping system, is small compared to the level of
 

nitrogenous fertilizer used in the intensive cereal
 

production systems of the developed world. It is unrealistic
 

to think that biologically fixed nitrogen will replace
 

commercial fertilization of cereal and root crops, as these 

crops are known to respond to levels of nitrogen far in
 

excess of those that could currently be supplied through
 

legume BNF. Thus it would be profitable to determine ways to
 

increase the contribution of legume BNF as a complement to
 

nitrogen fertilizers rather than as an alternative.
 

Although legumes seem unlikely to replace commercial
 

fertilizers, fertilizer savings thr)ugh the use of legumes 

could represent a significant savings In foreign exchange, 

reduce dependence on energy-rich nations, and lend increased
 

stability and diversity to LDC agriculture.
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Leguminous plants: A great variety of leguminous 

plants--both food crops and species useful for fuelwood, 

fodder, and other needs--exists that coul d be cultivated in 

moist and arid/semiarid tropical cl imates. (For a rnori 

detailed discussion of many of the moist climate species, 

yam a re 

see 

the NAS report Tropical Legumes: Resources for the Future.) 

Winged bean, ias ment Loned, is one particularly valuable 

leguminous species. Tarwi , t epa ry beano and beans 

also nitrogen-fixing species with potential in moist tropical 

environoments. 

So ine legumlnotious species can thrive where water is 

scarce. Adapted plant species thus could be used in arid and 

semiarid regions, serving not only to enhance land 

productivity but also to stimulate depressed economies. 

For example, 1 egumi rou!; trees such as Acacia, Leucaena, 

and Prosopis could be important, fast-growing fuelwood 

sources. Becaase 80 percent of I he wood consumed in the 

Third World is used as fuel and wood shortages are of crisis 

proportions in some areas, the potential of agroforestry 

seems good. 

In arid/semiarid regions, of course, water availability 

is a key 
factor in agricultural productivity. But problems
 



30
 

are compounded in some dry environments where soils also have
 

low fertility. In these areas, drought-adapted, deep-rooted,
 

nitrogen-fixing tree species (such as Acacia albida and
 

Prosopis cineraria), perennial arid-adapted herbaceous
 

legumes (such as Zornia and Tephrosia), and shrubby legumes
 

(such as Palea species) could increase soil fertility and
 

triple or quadruple water use efficiencies. By bolstering
 

soil fertility with tree species, it is possible to create a
 

system where production of food staples is water-limited
 

rather than fertility-limited. And intercropping
 

traditional, annual food staples such as millet, sorghum,
 

groundnuts, and cowpeas with leguminous trees can actually
 

stimulate crop yields (Felker, p. 7).
 

Livestock fodder and cash crops can be obtained from
 

arid species. Arid-adapted, salt-tolerant shrubs (such as
 

saltbush--Atriplex species), the pods of leguminous trees
 

(such as Acacia tortilis, Acacia albida, and Prosopis
 

species), and even cactus (Opuntia and Cereus) can expand the
 

amount of forage available for local livestock while
 

improving soil quality and enhancing the stability of the
 

grazed ecosystems. LDC farmers also could benefit from
 

growing perennial, arid-adapted plants as cash crops. The
 

species jojoba is under development in southern California,
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Arizona, Mexico, and 
various of the semiarid LDCs, and
 

produces seed 
that contains a rancidity-resistant,
 

noutallergenic, i iquid wax with lubricating properties
 

equivalent to oil 
from the endangered sperm whale (Felker, p. 

12). Another desert 
plant, guayule, contains latex and could
 

become a major semiarid crop 
for rubber production. Other
 

Potential lies with various species of drought-adapted 

leguminous trees might be for gums theythat useful the 

exude, cacti that 
produce table-quality fruits, and a number 

of other innovative plant 
resources.
 

Surprisingly, relatively 
little work is being done to 

further current knowledge about some of tiese highly 

promising plant resources. But as energy, fertilizer,
 

irrigation, and 
other costs escalate, it seems 
inevitable
 

that farmers in arid and semiarid regions will 
look more to 

adapted crops. 

Optimal water use 
efficiency in an 
arid/semiarid
 

agroecosystem demands a of
mix nitrogen-fixers and
 

water-to-dry-matter-conversion specialist 
plants. For
 

Instance, cacti are 
a better supplier of 
the energy portion
 

of livestock feed 
than legumes because 
they have a fivefold
 

greater efficiency converting water to dry matter (Felker, p. 

20). However, legume-leaf litter 
is important to create good
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soil fertility in order for the cactus to achieve its 
maximum
 

water use efficiency--so a 
mix of the plants is needed. And
 

because livestock need energy and protein, both 
energy- and
 

protein-producing plants are required.
 

Simi -rly, appropriate use of arid-adapted legumes can
 

increase fertilizer use efficiency. Adapted legumes do not
 

require nitrcgen themselves, and when properly incorporated
 

into a diversified agroecesystem they will reduce nitrogen
 

needs for nonlegumes as well. Many arid-adapted plants, both
 

legumes and nonlegumes, have deep root systems--an advantage 

in that they are thu,. zapa,)le of extracting nutrients and 

minerals from deep subsurface soil layers. Also, the deeper
 

rooted species should capture a higher portion of any
 

fertilizers applied because the nutrients 
are not as likely
 

to leach beyond the root zone. As an added oenefit, wind and
 

perhaps water erosion might be reduced, as many of these
 

plants are perennials and thus keep the soil more adequately
 

protected.
 

There are no major scientific constraints to using
 

arid-adapted plant resources 
in LDC agriculture, but there is
 

great need for expanded research and development efforts.
 

And the potential paybacks could be great. Environmental
 

impacts, too, are overwhelmingly positive, including the
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potential to 
halt desertification 
in arid regions.
 

Political 
and social constraints exist, 
however, that
 

might limit tile use of innovative plants. 
 Cultural
 

traditions, 
for instance, are 
not easily changed and
 

innovation must 
blend 
into existing values systems 
and local
 

behavior. If, inas Sahelian Africa, free-roaming goats
 

devour young tree seedlings because tradition 
allows the
 

goats to forage unrestrained, reforestation attempts 
must
 

take this into account and 
devise goat-proof protection for
 

the young trees.
 

Other social influences, 
too, can make the acceptance
 

and use of inno-ation difficult. 
 This is especially clear in
 

research 
centers run by scientists 
either from or trained in
 

developed countries; consciously or not, they 
sometimes
 

strive to promote their 
own cultural 
values and ignore tile
 

methods and effectiveness of 
native farming systems. As was 

tile case with Acacia al bida , the scientists 
may not he 

broadly trained--the agronomists failing to thesee tree's 

food potential and the foresters underestimating its uses 

because it does not grow in forests and hence is not part of
 

standard sylvicul ture concepts. It is not lack of noncern 

that causes this problen but rather that some agricultural 

scientists 
tend to be overspecialized and 
limited in 
their
 



34
 

experience. Also, administrative structures sometimes thwart
 

attempts to develop integrated, innovative programs.
 

In practical terms, such innovative biological
 

technologies offer real hope for LDC farmers. And the scale
 

need not be so big. A farmer, for instance, could plant I
 

hectare with 200 Prosopis trees at 15 cents each for a total
 

cost of $30. Land, a shovel, and buckets for watering the
 

seedlings are the only prerequisites. With protein and
 

nitrogen contents of 12.5 percent ard 2.0 percent,
 

respectively, pods from the trees could in 2 or 3 years
 

produce 60 kg of nitrogen and return the $30 initial
 

investment.
 

Many of the innovative systems now receiving attention
 

from various segments of the scientific community are
 

actually widely used by subsistence farmers in developing
 

countries. However, the plants under cultivation mostly are
 

of unselected genetic stock. It is comparable, in fact, to
 

the use of unselected races of maize and wheat that were in
 

use in the late 1800s in the U.S. and Europe. So, subjecting
 

the innovative species to a rigorous research and development
 

effort could be expected to produce yield increases--perhaps
 

twofold and threefold in 15 years--and other beneficial
 

refinements of considerable value to people of the Third
 



35
 

World. 
 And yield Increases in tree legume production, 
fuelwood production, 
cash crop production, soli 
 fcrtility, 
,and ensuing staple food productinon would have repercussions 
throughout 
the economy: 
 more Inc ce greater de:aands for
 
goods; a larg;er t;ix base to support- roads, schools, and 
health servies; and Increase 
d employment. 
 But working
 
Within 
t Ilk oblnds of the ecosystems , innovat ,ve pl anti 
resources can help a$ra riia societies ensure sustainable and 
.itable ag ricul to re. 
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Mycorrhizal Fungi
 

one of the nutrients essential to plant
 

another approach to enhancing LDC agriculture
 

Nitrogen is 


growth. Thus 


without inputs 
of commercial fertilizers is to find ways to
 

increase the effectiveness of the plant's use of soil
 

nutrients.
 

Selective plant breeding, of course, still holds great
 

potential for developing varieties of innovative and
 

traditional crops with improved resistance to 
environmental
 

stress. Geneticists have made extraordinary strides in
 

breeding varieties that respond to commercial fertilizer
 

help locate and develop plants
inputs; similar efforts could 


that would grow and prosper under less-than-ideal
 

variable climates, or
conditions--marginal lands, 


This potential amplifies the importance
nutrient-poor soils. 


both in seed storage
of preserving native plant resources, 


natural habitats, because geneticists
facilities and in their 


hardy, native stocks as sources of
necessarily turn to 


genetic material to improve or strengthen cropped varieties.
 

There is another "biotic fertilizer" that might aid LDCs
 

in their quest for sustainable agroecosystems. Mycorrhizal
 

fungi are beneficial soil fungi that live symbiotically with
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a vast range of plants. Mycorrhizae are 
the structures
 

formed--part plant, 
part ungus--by tile symbiosis. Thefe
 

structures can extend up to 8 cm from the root into the
 

surrounding scil providing
, a bridge to transport nutrients
 

back to the roots. 
 The host plant obtains nutrients via the 

mycorrhLzal fungi, thewhile fungus obtains sugars or other
 

foods from the plant.. The a;ssocat lon results in 
 a marked
 

I ncrease i n the hos t 
 pl ant, 's growt h. 

There are many species of mycorrhizal fung i that form 

mycorthizae and caln enhance plant. growth. These fungi are so 

common, in fact, that literally any field soil sample from 

the Arctic to the tropics will contait some (Menge) . The 

common type, vesicular-arbusulamost (VA) mycorrhizae, occur 

on liverworts, ferris, some conifers, mostand broad-leaved 

plants Including agronoi9ically f,,porlitnt species such as 

wheat, potatoes, beins, corn, a 1faI fa, grapes, date paIms, 

Sugar cane, cassava, and (dryland rice. Only 14 plant 

families are consldered primarily nonmycorrh tzal. 

Tihe fungi essetttially increase the surface area of the 

plant's 
roots for absorbing nutrients. They actually can 

increase the plant's absorptive area by as much as ten times 

(Menge). The fungi also extend the host plant's range of 

uptake; nutrient ions 
that do not readily diffuse through the
 

82-999 0 - 81 - 4 
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soil--such as phosphorus, zinc, and copper--can be tapped
 

from beyond tile normal root zone by the fungi. Absorption of
 

normally immobile elements can be increased by as much as 60 

times by the plant-fungi symbiosis (Menge, p. 9). Pe rhaps 

tile most important benefit provided by mycorrhlizal fungi is 

increased phosphorus uptake. 'rihey al ,, st imuLate plant 

absorption of z inc, c Ifon, popper, aag ties tumi, iauc, c 

manganese. Plant piake of mobile soil nutrients such as 

nitrogen and potassium is rarely improved because normal soil 

diffusion typically supplies adequate amounts of these 

regardless of root size. 

Mycorrizal fungi also can assist plants by their ability 

to enlance water tranlsport , prevent water stress under some 

conditions , Ceiihanii salt ulerance, act increasea t o aid to 

modulation by symbiotic nitrogen-fixing bacteria such as 

rti zobi mIn(,eug,,) 

Hlowever, l imitat ionso . ist for using mycorrhizal fungi 

as biotic fertilizers. ,lycorrhinal fungi already occur in 

most soils and thus already grow in association with inst 

agronomic crop plants. Beciuse these fulgi are so 

widespread, immediate needs for inoc it i o are Limited. The 

inoculants available are for use on disturbed sites 

(strip-mined areas where indigenous mycorrhizaL populations
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have been destroyed), on fumigated 
soils (any forest, crop
 

nursery, 
or plot that has been treated to remove soil-borne
 

pests), and in greenhouses (because sterile soils lack
 

mycorrhizal fungi). In these 
situations, inoculation with
 

mycorrhizal fungi has proven beneficial--for example, 
in
 

fumigated sand or soil, VA mycorrhizal fungi will increase
 

the growth of citrus by as much as 1,600 percent, grapes by
 

4,900 percent, soybeans by 122 percent, pine by 323 percent,
 

and peaches by 80 percent 
(Menge). Growth improvements also
 

show in cotton, tomatoes, corn, wheat, clover, barley,
 

potatoes, and many other crops.
 

But even though large-scale field inoculations with
 

mycorrhizal fungi 
are rare because of adequate indigenous
 

populations and because of 
limited Inoculum availability, It
 

seems 
likely that such applications might be much 
more
 

valuable if, for instance, scientists develop mycorrhizal
 

fungi inoculants that 
are superior to native populations.
 

Because many indigenous mycorrhizae are relatively
 

inefficient symbionts, improved strains of fungi could
 

enhance plant growth, even in nonsterile soils. And because
 

huge expanses of tropical soils (such 
as the Brazilian
 

Cerrado) are either deficient in phosphorus or immobilize
 

added phosphorus fertilizers, mycorrhizal fungi 
cotild improve
 



40
 

the productivity of the marginal 
lands if fungi having the
 

ability to extract small quantities of phosphorus were
 

developed and added to 
the soil. Ultimately thouph. 
cven
 

with mycorrhizae present, the 
soil's phophorus supply could
 

be depleted and phosphorus would have to added
be to maintain
 

plant growth.
 

Even though mycorrhizal fungi inoculants are used
 

commercially in some circumstances, their importance is
 

limited and many questions about their effectiveness remain
 

unanswered. For instance, fumigating fields with methyl
 

bromide, a biocide that 
is extremely toxic to mycorrhizal
 

fungi, oftei. is followed by stunted growth in following
 

crops. Yet little work 
has been done to determine the
 

feasibility of 
field-scale application of inoculants even
 

though it seems that such inoculations should be economically
 

possible (Henge, 
p. 17). And even in nursery crops grown on
 

sterile, nonmycorrhizal soils, inoculations 
receive limited
 

use 
in part because detailed information regarding their
 

value il lacking. For tree 
crops, however, some of the
 

answers 
may be soon in coming; the U.S. Forest Service has
 

undertaken a massive testing program using 
commercial
 

inoculum on tree nursery sites throughok t the country. When 

the tests are complete (within 4 years) they should indicate
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the Commercial feasibility of producing 
and using mycorrhizal
 

inoculut in fumigated tree 
nurseries.
 

Three major obstacles hinder 
further development of this
 

biotic fertilizer. 
 First, no large-scale field experiments
 

using mycorrhizal fungi under normal agricultural 
conditions
 

have been conducted, yet 
such work is a necessary forerunner
 

to actual use the
of fungi. Second, cost-benefit analysis 
is
 

warranted to 
determine the 
economics of mycorrhizal
 

applications. 
 And, finally, agriculture itself must 
shake
 

loose of some conventionality; it 
seems locked to practices
 

for increasing soil fertility 
that only involve use of
 

commercial chemical 
fertilizers.
 

Because mycotrhizal fungi increase 
the efficiency of
 

fertilizer use, they 
can be thought of 
as biotic fertilizers
 

and could indeed be substituted 
for substantial 
amounts of
 

some fertilizer components 
(Menge, p. 12). Considering
 

estimates that 
75 percent of all the 
phosphorus applied 
to
 

crops is not used within the first year 
and thus reverts to
 

forms unavailable 
to plants, especially in tropical soils, 
it
 

seems that further work on 
improving mycorrhizal fungi
 

effectiveness 
could aid LDCs in developing sustainable
 

agricultural systems.
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Azolla/Algae Symbiosis
 

Rice--one of the most important staple crops in the
 

world--demands rich, fertile soil. But traditional legume
 

crops do not make good 
green manures for rice farmers; they
 

are reluctant to devote part of the valuable growing season
 

tu a relatively slow-growing legume crop, and most legume
 

crops cannot grow or fix nitrogen in flooded or waterlogged
 

soils. But both these disadvantages can be avoided. Through
 

the use of azolla, a small aquatic fern native 
to Asia,
 

Africa, and the Americas, rice farmers can have access 
to a
 

fast-growing green manure 
that thrives in paddy-like
 

conditions.
 

Azolla is a genus of small ferns that live naturally in
 

lakes, swamps, streams, and other bodies of freshwater. Its
 

important agricultural potential lies in the fact 
that azolla
 

lives in a symbiotic relationship with a nitrogen-fixing
 

blue-green algae, Anabaena. The delicate azolla fern
 

provides nutrients and a protective leaf cavity for the
 

Anabaena. 
 In turn, the algae produce enough nitrogen to meet
 

the needs of both plants and then some. Under the right
 

conditions, the fern/algae combination can actually double in
 

weight every 3 to 5 dayj and fix nitrogen at a higher rate
 

than mo!it legume/Rhizobium symbionts. In 25 to 35 days,
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azolla can easily fix enough nitrogen for a 4 to 6 ton/ha
 

rice crop during the rainy season or a 5 to 
8 ton/hn crop
 

under irrigation during 
the dry season. The nitrogen fixed
 

by the fern/algae combination becomes available to 
the rice
 

after the azolla mat is incorporated into the soil and its
 

nitrogen is gradually released as the plants decay.
 

Azolla's value 
as a green manure for flooded crops has
 

been known for centuries by the people of 
the People's
 

Republic of China (PRC) and 
Vietnam. But its use was
 

relatively limited; 
few families knew the intricate
 

techniques needed to overwinter and 
oversummer the sensitive
 

fern successfully, and these 
families controlled the
 

distribution of starter-stocks in the spring. After the
 

recent revolutions in the PRC new
and Vietnam, the 


governments eventually recognized value of
the azolla and
 

began promoting its use officially, but their efforts 
were
 

minimal and progress was slow. It 
is only recently that
 

worldwide attention has focused on the plant and that
 

continued serious efforts havebeen 
made to search for hardier
 

varieties for widespread use.
 

Azolla's ability to enhance soil fertility occurs both
 

because it is an input of nitrogen and of organic matter.
 

Nitrogen, of course, is a necessary plant nutrient. Humus,
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the rich organic material formed through plant decomposition, 

increases the water-holding capacity of tie soil and promotes 

better aeration and drainage. Organic matter also can bind 

soil particles together, thereby Improving the soil. structure 

and its productivity. 

Azolla also is important in thie cyci ing of nuitrients. 

While it is growing, the plant not only fixes nitrogen but 

absorbs notrients out of the wate r nutrients that otherwise 

might he washed arway. Some nit rogen aand ot her not rl ent s 

then, are stored In the living plant mat ter unt i1 the 

fern/algae mat is Incorporated into the soil and begins to 

decompose. Becau se I t ha s a rather hI gh I ignin cont ent, 

azolia decomposes relativuly sl owly--6 weeks or more before 

all the nutrient s are released. ihis natural slow-release is 

ideal for the developing rice crop. 

in addition, It seems that azolla suppresses tihe growth 

of certain aquatic weeds--in part because the thick azolla 

mat deprives young weeds of sunl ight and in part because the 

interlocking mat physically inhibits weed emergence. Rice 

seedi irgs are not harmed because, when t ranspI anted, they 

stand above the azolLa mat. 

Using any green manure crop requires some adjustments in
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a 
farmer's crop management 
scheme. Depending on 
the local
 

environments, azolla can 
be grown as a monocrop, Intercrop,
 

or both. the
If fern 
is grown as a monocrop, it grown and
is 


incorporated into the soil before the rice is harvested or it 

is grown and transported for use on upland crops. Azolla is
 

often intercropped in areas 
 where there too ofis short a 

groing season for successful monocropping. One method grows 

two rows of rico plantid about 4 inches apart wit h the azolla 

growing in larger, two-foot spaces eitheron side of the
 

double rows. The azolla 
will he Incorporated by hand or with 
a roLary rice weeder. Combining Inonocropped and lntercropped 

azolla provides nitrogen before transplanting and throughout 

the growing season. At. present, azolla's primary role is as 

a spring green manure and its secondary role is as a fall 

manure. It is highly suSceptible tio pests arnd temperature 

ex temes and generally is not. grown in summer. 

To be successful, azolla requires phosphorus fertilizer 

(0.5-1.0 kg P/ha/week), but this is not necessarily an 

increase over thre fertilizer needed to produce a rice crop. 

Rice, too, requires phosphorus; so, rather than applying it 

directly 
to the rice, the fertilizer can 
be given to the
 

azolla first 
in small 
weekly doses. Once the azolla is
 

incorporated into 
the soil and 
begins to decompose, the
 



46
 

phosphorus becomes available to the rice crop. Ot her inputs 

that enhance azollit ),,rowth In certain soil s (e.g., potassium) 

are usouaL Ly also a 1p 1 1 e d I or t i gh I I v-iy idlg ri ce c rop a nd so 

canit be cycled 1t11 S I ila r way. 

Wi t er Is r liu p r I mta ry e I Vi to itent al const rta Ilit on azollIa 

cult ivat ion. Ats it f reta-Iloaft i , aql it c terit , a zo I at c ii 

otily Arow Lni a tea s w I t It honi) da if , sta it I v wa ei r s it 1p)1 es. 

ALlt ho igh I t c i i I; itst for tii it h!; ittde u rrti rig c at I mi, ti, 

1) a itit Cl ile t s1 IVi v t " mTc r.- I hat1 aat '- W l1o itr " mi d ry s il 

stir f act ! itiitde t, d itt.c '; -In* !; iti. Ih i I I : vi I. ie t - st m c And " .1 

i ow av a iI aih) e a rt- iot v ,c ;y I ol e t i it ',I ; I ! ; in, I I a caHiiti)i 

L ive i ii w tI it r oit t ; i d (J" -t o-40
m

C ti tip I. I dl t)r aidl qt;[ ! t. 

lr ow 1 t I,(!t &1y i -etm t. m mture i irhould s tay f.l 1 11 1 tHmmp wI 

35°C. ihnti d I t y aind pif a I o tre va r ia h le i iia zo I I a r owt I. 

Because t lie technol ogy to grow izolla fr omn seeds 

spores) does not exist, some plant ; (I to iO percent of the 

i noculat ton reqol renients) rnust be maini ined thruighouit I lie 

year. Becaise o i;oLia'!; ';ensitlvity to temperature stress, 

tie overw interiug, t aild oversntnIier ig vi Iots ire critI iciIl 

The plant Is lso sos tuI ble to nittthe r t 1|l;viect a I I 

V e L': L:11 1Vdi seas C I e .i.St: me St a tr 0 1 dc;I r t I i vt, diri t llg 

the ; tinnie r a nd must b.! co t rol led iiel- t ill 1y. Ii il.t , thme 

prit ma : y rcLa s o i wIt y a z o it i s io t c iti i v tt ei d in g tL l k ie IiTiinCt 
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is because of the destruction caused by 
rampant insects.
 

There are 
also cultural and economic constraints on
 

azolla cultivation. 
As with any innovation, it can be
 

difficult for people 
to accept 
an idea that is foreign to
 

their traditions. The idea of growing an aquatic legume 
is
 

fundamentally different most
from farming societies' norms,
 

and in many hungry countries, the idea of growing a crop just
 

to plow it under seems utterly impractical. Azolla
 

cultivation may be 
slow in gaining acceptance, too, because
 

it demands a year-round commitment not 
usually required of
 

rice farmers. And 
because azolla cultivation is not
 

applicable 
in areas where rice is broadcast-sown, it 
is not a
 

viable technology for those 
regions that 
do not plant rice In
 

rows.
 

Finally, social 
and political factors can 
work both for
 

and against azolla's use. In 
some regions, especially where
 

there are unfavorable land ownership patterns, low prices, 
or
 

other strong disincentives, farmers may not willing
be to
 

shift from their immediate-subsistence, s 
 times-haphazard,
 

plant-and-harvest approach because 
they may not see long-term
 

benefits as to their advantage. Political systems, 
too, can
 

have an effect. The successful azolla programs in China
 

(PRC) and Vietnam depend heavily on specially trained "azolla
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teams" made possible by the structure and discipline of their
 

farming communes and cooperatives. Societies less centrally
 

organized could have difficulty adopting and transferring
 

azolla cultivation techniques as readily.
 

One of the major constraints on the development of
 

azolla technologies is simply lack of information. Although
 

it is an ancient agricuLtural system, its use has always been
 

limited in extent and it has nout received much scientific 

attention. Research efforts are disorganized, scattered, and
 

often repetitious. There has not been an international
 

discussion of azolla research priorities. And once again,
 

traditional segmented research approaches have proven 

inadequate as many of the problems that remair, to be solved 

require a multidisciplinary approach. It is within the power 

of current funding agencies to provide some of the needed
 

direction. 

At present, azolla is cultivated as a green manure on 

about 2 percent of the harvested rice area of China (PRC) and 

about 5 percent of the spring rice crop. In Vietnam, azolla 

grows as a winter green manure for 8 to 12 percent of the 

total harvested area, and about 40 to 60 percent of the 

irrigated spring rice in the Red River deLta. But these two 

countries are only two of many that might tap azolLa's 
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potential. 
 With research, strains could be found 
that are
 

less sensitive to 
summer insects and temperature.
 

Cultivation could increase 
substantially. 
 In essence, using
 

azolla in rice production exchanges labor 
for nitrogen
 

fertilizer. 
 In countries with 
a shortage of cash but
 

plentiful labor, azollA technology could be 
a needed step
 

toward sustainable agricultural productivity.
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Animals
 

Those interested in having developing countries improve
 

their standards of living tend to promote resources and
 

technologies with which they have already had experience 
or
 

for which they already have respect. One hears much, for
 

example, of how genetic engineering can be expected to make
 

such conventional crops as wheat and 
corn into nitrogen
 

fixers. While understandable, an exclusive preoccupation
 

with increaFing the productivity of "mainstream" species
 

overlooks the potential of others indigenous to developing
 

countries that have the further advantage of' being relevant
 

to the customs and values 
of their citizens.
 

If, as discussed elsewhere, there are unfamiliar plants
 

ripe for development as sources of food, feed, fiber, and
 

fuel, so are there unfamiliar animal species least as
at 


promising. Man has traditionally relied for meat 
and hides
 

primarily on animals that have been domesticated since
 

prehistoric times. Domestication of some creatures not
 

usually raised in captivity could pay dividends. In some
 

Countries, in fact, it already has.
 

Small animals, for instance, are particularly suited to
 

domestication in many developing countries because they
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require little space, fit well 
into village or urban life,
 

and require no refrigeration, 
since they 
can be eaten in one
 

meal.
 

Moreover, many of 
these 
species withstand the 
climates
 

of developing countries better than do 
sheep, cattle, and
 
pigs, and 
they thrive on 
readily available diets 
that larger
 

species could not 
tolerate. 
 Thus snail farming in Nigeria,
 

giant toad farming in 
Chile, and guinea pig farming in Peru
 

are being developed to 
supply native people who otherwise get
 

little meat or 
fish, 
with much-needed high-quality protein at
 

affordable costs.
 

In 
addition, the experience to date is at
that least
 

some of these ventures can become the basis of new
 

industries. 
 Thanks 
to the efforts of 
researchers 
at the La
 

Serena campus of 
the University of 
Chile, for example,
 

intensive methods 
have been developed that furnish grocery
 

stores, restaurants, 
and canneries with 10 to 
15 tons of
 

giant toad leg. 
a year. Because the 
meat 
has an attractive
 

white color and tastes 
like a blend of 
chicken and lobster,
 

it 
could prove to be a lucrative export 
as well.
 

Making this 
more likely is 
that the giant toads are
 

reportedly easy and 
inexpensive to 
rear. Once put in
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isolated ponds (so that they will not cannabilize other 

aquatic life) and supplied with insects attracted to their 

homes by flowers, shrubs, and rotten fruit, they require 

little attention and reach their market weight of about half
 

a pound in 2 years.
 

The domestication of exotic species is, in fact, already
 

producing foreign exchange for at least one poor 

country--Papua New Guinea. There, people wlho used to hunt 

crocodiles in the wild are now more profitably rearing 

hatchlings in captivity for the world skiu market. And in 

remote jungle villages butterflies are being raised on "farms 

without walls" to meet the rising international demand from 

museums, entomologists, private collectors, ordinary
 

citizens, and the decorator trade.
 

The upshot is that two crocodile species, once headed
 

for extinction, are now flourishing and that the number of 

butterflies is not diminishing because the program relies 
on
 

healthy wild populations to keep the "farms without walls"
 

stocked. Both projects demonstrate that development and 
the
 

conservation of natural resources can go hand in hand.
 

They also demonstrate something else: that to succeed,
 

such projects need not only a concern for development but
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also a sensitivity to local environmental conditions and
 

knowledgable inputs of 
science and sociology.
 

In Papua, 
New Guinea, for instance, the introduction of
 

western-style cattle-ranching or crop-farming could threaten
 

the fragile tropical forest ecosystem, and natives would have
 

to master unfamiliar imported technologies. By contrast,
 

crocodile and butterfly farming that 
can be based on sound
 

ecological principles would make it advantageous for the
 

natives to use indigenous renewable resources wisely.
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Zealites
 

Zeolites are natural, three-dimensional, fine-grained
 

minerals about 1/1,000 mm in diameter containing silica,
 

alumina, water and alkalai, and alkaline earths. Zeolites
 

can 
lose and gain water and gases reversibly, and readily 

exchange some of their constituent elements without major 

changes in their structure. They contain open spaces in 

their structure, and as a result certain other compounds
 

having the proper size can move into these spaces, but larger
 

molecules cannot. This property gives rise to the name of
 

this category of minerals--"molecular sieves." 
 Nearly 50
 

natural species iave been identified; over 100 other forms
 

have been synthesized in the laboratory and 
are now the
 

mainstay of the multimillion-dollaT molecular sieve
 

businesses that have been developed for variety of
a 


industrial purposes by U.S. and foreign chemical and
 

petrochemical firms.
 

The widespread dispersion of natural z~olite sediments
 

of volcanic origin and 
their special properties should make
 

them of interest to countries wishing to rely less on
 

to food. More
expei,.'ve imported chemical inputs produce 


specifically, they seem promising as a to improve
means 


certain aspects of animal husbandry, fish production, and
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crop yields. Although their existence has been known to 

scientists for at least 200 years and they have been used 

since antiquity as building materials, their potential 

agricultural 
and aquacultural applications were virtually
 

ignored until about 
20 years ago. Even now this technology
 

must be said to be suffering from neglect.
 

Zeolites, when added 
to animal feed, can inhibit
 

development of mold during storage as well as increase the 

growth rates of swine, rabbits, poultry, beef, and dairy
 

cattle. Moreover, animals raised 
on zeolite-enriched rations
 

tend to be free of diarrhea or other ills. 
 Consequently,
 

zeolites are a 
possible alternative to the controversial use
 

of antibiotics 
for promotion of livestock well-being and
 

growth.
 

Besides thriving on zeolite-supplemented diets, 
animals
 

fed these minerals produce excrement that is almost odorless
 

and an exceptionally good fertilizer. 
 This is because 

zeolites capture the ammonia ion from the feces and hold it 

in open spaces inside the zeolite crystals. Thus direct
 

zeolite treatment of manure to reduce 
odor and improve its 

efficacy as fertilizer is feasible. And the absorption 

properties of natural zeolites can be used to obtain pure
 

methane for energy purposes from animal or other organic 



56
 

wastes.
 

In summary, the application of z-olites to animal
 

husbandry appears promising from the perspectives of
 

livestock production, pollution control, crop yields, and
 

cheap alternatives to conventional fossil fuels on individual
 

farms or in small communities.
 

Zeolite technology also has potential for commercial
 

breeding and raising of fish that is fast becoming a major
 

business in the United States and elsewhere. Fur one thing,
 

the rations now fed to fish in such enterprises are quite
 

expensive. Because the nutritional requirements of fish are
 

similar to those of poultry, the indications are that zeolite
 

supplements could be expected to reduce feeding costs.
 

For another, many fish species are raised in closed or 

recirculating water systems where the accumulation of
 

nitrogen from their droppings and the decay of uneaten food
 

commonly results in fish sterility, stunted growth, and high
 

mortality. Although various means already are used to deal
 

with these problems, zeolite regulation of the nitrogen
 

content of fish ponds has been reported to be cheaper and,
 

under low temperature conditions, more reliable.
 

Similarly, the affinity of zeolites for nitrogen can
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probably be brought to bear on ponds and small 
lakes where
 

eutrophication results in an oxygen-poor environment
 

detrimental to fish life. Tests suggest that the 
ability of
 

these minerals to introduce free oxygen into stagnant water
 

should increase the number of 
fish that can be raised or
 

transported in a given volume of water.
 

The properties of zeolites seem to improve the
 

performance of some fertilizers
chemical and herbicides and
 

to serve as an effective carrier of these and of pesticides
 

and fungicides. For example, zeolite-treated soils retain
 

the nutrients supplied by chemical fertilizers longer than
 

soils treated with the fertilizers alone, and the presence of
 

zeolites as soil conditioners (also known as soil amendments)
 

has also been found to pace the release of critical nutrients
 

from fertilizers for uptake by plants. Improved yields of
 

wheat, apples, eggplant, carrots, sorghum, radishes,
 

chrysanthemums, and sugar beets have been reported as a
 

result of zeolite-treated soils. Zeolites also 
can remove
 

toxic heavy metals from the soil, thus preventing the metals
 

!tom moving up the food chain from plants to animals and,
 

ultimitely, to man. Consequently, zeolites may play an
 

important role in agriculture in the safe use of sewage
 

containing heavy metals.
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Nonetheless, the commercial use of zeolites in
 

agriculture generally has been small-scale and limited mostly
 

to Japan and other parts of the Far East. Even though a
 

number of domestic companies have undertaken zeolite studies,
 

or
little information is available on the long-term benefits 


adverse impacts of these minerals on food production or the
 

environment. And much of 
this information is propcietary.
 

Though the desire of the private sector to keep its 
data
 

confidential is understandable, this cannot help but lead to
 

duplication of effort and slow progress in this field. Some
 

researchers suggest that Federal, State, and perhaps
 

international agencies provide sustained funding to
 

underwrite large-scale field tests of zeolite technology,
 

with some field trials being carried out in developing
 

countries.
 

Cooperative venturea might be arranged whereby the
 

United States would contribute sustained geological and
 

agricultural assistance in zeolite technology to a developing
 

LDC might cooperate by exploring for zeolite
country, and the 


deposits in its own country and undertaking long-term or
 

large-scale testing projects under field conditions.
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DAY 2. A ENCY FOR INTEIiNATIONAL I )EVELOP31ENT
 

Agricultural Activities
 

During tile second day of 
the workshop, AID staff
 

reviewed AiD's agricultural development 
activities and 
the
 

various constraints under which AID operates when carrying
 

out its agricultural mandates. 
 Their discussions 
were candid 

and are summarized in the following text. (Tile 

organizational chart in effect 
for AID in November 1980 also
 

follows. ) 

Budget and Goals 

In fiscal year 
1980 AID carried out about 
$600 million
 

of ag rcultural projects and research related to solving
 

agricultural problems 
 and developing agricoltural
 

opportun 
 ties in LDCs. tlirther, AID spent $43an additional 


mii on to I ransfer f rt iizver, much Of 
it go ing to Sr i
 

La ; ka , Z.avihi a , and Ba ng I a d.;h. iI rIug 
t ile f I r t. qutoar te r of
 

Y 'H I, t mirt iIIzer trais ers to India, Ke nyi, Zambia, and
 

BangIa d ushm Wt.rce 
. I5 I II . AID's mai't thrust in
 

agricul tore is 
 to isa st:LI)Cs to increase agricultural
 

product ivity, especially the product ivity 
 of the locally
 

accepted basic food crop s. 
 By doing so, AID's goal is to
 

assist L1Cs 
 to improve their economy, nutrition, and the
 

general well being of their 
people. 

IAI)D filated fertilizer purchases for FY '80 were at the 
I mW',st IL-vel since 1965. 
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But for AID 
to step beyond traditional approaches and
 

promote innovative technologies to solve LDC 
food and
 

agricultural probl ems is risky. All) l: not , research
 

agency; its goal. is development. Therefore, AID rommonly
 

supports research 
 that holds promise of high Immediate payoff 

and tends to avoid research that may have long-ru,i payoffs.
 

Similarly, AID 
 feels that its development projects should 

focus on the short term, have high visibility, and show 

positive results quickly. It is not surprising that some AID 

agricul tural isis bel ieve that "when you only have $2 to bet
 

you don't go for 
 long shots." To compound tile problem, AID's 

small budget for innovative activities 
Is often one of tile
 

first targets 
during budget cuts.
 

The U.S., 
on the basis of its gross national product
 

(GNP), now 
ranks 14th of those countries that provide
 

development assistance 
to LDCs. For example, Sweden
 

contributes 1.0 percent of 
its GNP whereas the U.S.
 

contributes 0. 19 
 per cent. 

AID's budget dilemma is complicated further by a growing 

list of competing development needs such as forestry, 

Women-in-development, 
and environmental 
concerns. AID has
 

been many things to many people but it 
has not been perceived
 

by Congress as a technical transfer agency. 
 AID stressed
 

that there remains a lack of understanding among the public 

and tile Congress about how 
science and technology relate to
 

economic development.
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Current Innovative Biological Activities of AID
 

AID participants presented a brie" overview of some of
 

their current activities involving va.'ous innovative
 

biological technologies. Examples included biological
 

nitrogen fixation, tissue culture, and applied soybean
 

research. In addition, through a collaborative effort, AID,
 

the Joint Research Committee (JRC), the Board on
 

International Food and Agricultural Development (BIFAD), and
 

30 land-grant colleges and universities have developed three 

Collaborat ve Research Support Programs (CRSP) to study small 

ruminants, sorghum and millet, and bean/cow pea production 

systems. These activities involve 30 U.S. universities, six
 

International agricultural research centers, and one 

foundation. Work is carried out at 28 LUC sites with 

collaboration of the local LDC institution. Two new CRSPs 

are being developed in nutrition and soils. These activities
 

will expand the number of participating U.S. universities by
 

eight and LDC sites by ten.
 

CKSPs are viewed as long-term research endeavors, at
 

least 5 years in duration. AID funds up to 75 percent of the
 

CRSP and the collaborating U.S. colleges and universities
 

contribute from 25 to 50 percent. At least 50 percent of
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AID's CRSP budget is 
spent in participating countries. 
 AID's
 

minimum budget for FY 
'82 CRSP activities 
is $1 1 million.
 

AID plans to , est a 
minimum of $88.3 
million 
in CRSP
 

activities from FY '82 through FY 
'87.
 

Biological nitrogen 
fixation (BNF) 
is not a new
 

technology; it recognized
was in Biblical times that when
 

certain legumes 
were grown in alternate years, 
the lield of
 

the following year's crop 
was improved. After 5 years of
 

research, AID recognizes 
that BNF technology still 
could be
 

improved. 
 can
Because it provide nitrogen to plants in a
 

usable form without adding expensive commercial nitrogen 

fertilizers 
it has important potentials for uDCs and
 

developed countries 
alike. Furthecr, 
BNF is a simple
 

technology to 
deal with from the point of view of 
the farmer
 

but does require faith. 

Rhizobia, the nitrogen-fixing 
bacteria 
that live in
 

nodules associated with 
the roots of certain plants, 
can be
 

used in some instances to inoculate the of
roots plants to
 

enhance nitrogen production. No infallibl, technique to
 

inocul~te seeds is known but this is an area of resear n AID 

is addressing. (The information 
on BNF summarized elsewhere
 

in this report is based on 
research at the University of
 

Hawaii sponsored in part 
by AID). BNF in tropical grasses
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also is being studied. AID is working on in-country testing
 

of BNF technology, building inoculation production and
 

distribution systems, developing profitable BNF cropping
 

systems, and providing continued help in improving BNF
 

technology for LUC use.
 

AID believes that commercial fertilizers play an
 

important role in LUC agriculture but also believes that BNF
 

technology can help LDCs reduce their need for commercial
 

nitrogen fertilizers. Considering that commercial nitrogen
 

fertilizer may cost as much as $I a pound by the year 2000,
 

BNF, which ultimately may be able to reduce the need for
 

commercial nitrogen fertilizers in LDCs by 25 percent, could
 

help LDCs tremendously.
 

AID is supporting some research on tissue culture to
 

supplement its traditional research on standard crop-breeding
 

practices. AID believes tissue culture to be an inexpensive
 

technology and one that has good potential for use in LDC
 

agriculture.
 

In the past, agriculturalists selected plants for
 

reproduction by handpicking those few individual plants
 

having certain desirable characteristics out of many
 

thousands of the less desitable specimens. Space and time
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severely limit the 
number of plants screened this way. With
 

tissue culture, desirable plants 
can be selected and
 

propagated quickly and easily. 
 For example, an
 

agriculturally desirable plant 
can be used as a cell source
 

for a desired special 
characteristic 
such as salt tolerance
 

needed for growth in irrigated areas. A tiny slice of 
the
 

plant can be used to 
grow large clusters of cells that 
can be
 

separated in the laboratory and screened to 
find the cells
 

having tht required charaLtkristics. 
 These cells in turn can
 

be grown to 
full plants that themselves can be used for seed
 

sources. Current 
research has demonstrated that the new
 

plants will survive the particular soil stresses 
for which
 

they were screened. This technique enhances ability
our 
 to
 

design plants for the 
especially harsh environments in LDCs
 

and holds real promise 
for improving LDC agriculture.
 

AID provides support 
for the International Soybean
 

Program (INTSOY) as part 
of its effort 
to support innovative
 

biological technologies. 
 INTSOY works to improve and adapt
 

soybean-
 for tropical developing countries 
through germ plasm
 

selection. Some of 
their applied research deals with finding
 

improved ways to store 
seed for extended times in LDCs and
 

improving soybean processing using simple technologies.
 

INTSOY also is studying the Cole of soybeans 
in the LDC
 

farming economies and 
in the national economy as well.
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Possible AID Approaches to Applying
 

Problems

Innovative Biological Technologies to LDC Agricultural 


Two sharply different approaches to applying innovative
 

biological technologies to LDC agricultural problems,
 

rising fertilizer costs, surfaced
particularly the problem of 


during the workshop's discussions. The first might be called
 

was most non-AID
 
an "agroecosystem approach" and stressed by 


The second reflected a "conventional
participants. 


and was mainly an AID viewpoint.
production approach" 


focuses on applying
The "agroecosystem approach" 


the
are to 


and social limitations of the local
 

biological technologies that tailored fit 


biological, physical, 


sustainable agriculture can
environment so that exist within
 

approach
natural resource base. This 


includes a concern for energy conservation and a desire for
 

research and development.
 

the constraints of the 


truly interdisciplinary 


to LDC requirements for
The "agroecosystem approach" 


on developing new agricultural

food, fodder, and fuel focuses 


systems and on accepting rediscovered, and perhaps improved,
 

A wide spectrum of agricultural crops

agricultural systems. 


as
a number that might be viewed 


This approach emphasizes restoring,
 

is considered including 


nontraditional. 
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maintaining, and improving 
the natural resource base while
 

offering the 
LDC farmers a reasonable 
chance for economic
 

betterment.
 

In comparis)n, the "conventional production approach"
 

stresses production and increased yields. 
 It tends to focus 

ol a limited number of crops for which a market already 

exists. The ecosystem is adjusted to provide high production
 

of these crops by using intensive inputs in the form ot 

commercial fertilizers, pesticides, pumped water, and 

petroleum-powered farm equipment. suchSome systems commonly 

are categorized as "green revoluo ion" technologles. Major 

efforts have been devoted to malnstay crops such as rice, 

corn, sorghom, and soybeans, aud product ion increases 

generally have been ou tstanding. 

The variety of crops dealt 
with in this approach is more
 

limited than in the "ag roecosys tem approach" and monocuL totes 

often are economically advantageous. Production efforts 

typically are aimed at fostering crop growth by overcoming 

local environmental constraints such infertileas soils and 

water scarcity. In many cases the technologies promoted are 

adaptations of technologies that 
have been used successfully
 

in developed countries and 
temperate climates.
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There are, of course, instances where the two approaches
 

overlap but these are exceptions. Proponents of both 

approaches are trying t assist LDCs to improve the 

well-being of the populace--their methods, however, include 

quite different agricultural styles and practices. The 

workshop also focused on thr eportunities shown by each of 

the systems for helping LDCs reduce their need for expensive
 

commercial fertilizers while enhancing soil productivity.
 

Participants agreed that agricultural research and its 

appropriate implementation in lesser developed countries is
 

an AID/LDC cooperative venture and that good communication is 

essential for success. They discussed the inherent 

difficulties involved in using U.S. expertise in LDC projects
 

because many U.S. experts lack the special training that is 

appropriate to the physical and biological environment. Many 

U.S. technical experts used by AID are drawn from U.S. 

land-grant universities and consulting firms where 

familiarity and experience with LDCs are slim. And because 

the U.S. historically has little experience in LDC--i.e., 

tropical--agriculture, AID has difficulty finding contractors 

who are able to grasp LDC agricultural problems quickly and 

to recognize the appropriateness or inappropriateness of
 

temperate region agricultural solutions. AID has provided
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grants and other support to numerous U.S. universities to 

help them develop their teaching/research enpertise so that 

it can be tapped to help solve LDC agricu tural problems. 

lany of these universities have set aside land for use in 

agricultural research and teaching, but again agricultural 

research results commonly are not readily transferable from 

region to region. Further, because pilot studies commonly 

are cumbersome to conduct , take considerabl e time, and lack 

significant recognition, few university scientists are eager 

to devote effort to projects relevant to i.iDC agriculture, 

even though certain aspects may also hold promise for 

improving U.S. agriculture.
 

Pilot projects, demonstrations, and field experiments 

carried out in L)Cs by U.S. and host-country 

interdisciplinary teams on innovative biological technologies 

are essential first steps before new technologies are used 

widely in I.l)Cs. Section I(03A of the Foreign Assistance Act 

directs All) to carry out pilot studies. Further, workshop 

participants agreed thar the private sector, whether U.S. or 

LDC, should be encouraged to participate in biological 

technology development and its transfer to potential users. 

Only where new technologies can be shown to be economically 

profitable is there the likelihood of their being pursued and 
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adopted by the private sector. For example, Thailand
 

recently established several innovative programs in alcohol 

production from cassava through direct links between the 

private sector and Thai research institutions. It was also 

pointed out that In many DCs and LDCs, farmers learn new 

agricultural techniques from salesmen. 

All) believes that during the 1980s it will emphasize 

technology transfer but hopes to sponsor increased adaptive 

field-oriented research and ass ist cooperative research with 

LDC scientists. The Agency sees the need for multitLered 

development efforts bur recognizes the difficulty in 

coordinating them. lhere is an acute need for I.DCs to 

establish thi r own national research priorities rather than 

having tlhe donaor CoMMUllIty do so or rather t ha n condocting 

reseairch based on the Clrrent scieatific activities in more 

devel oped count ries. 

Pilot-scale activities that receive partial support from 

AID do exist at rte International agricultural centers. But 

whether or not all such institut tons strongly emphasize tile 

"agruecosystem approach," agriculturalespecially tichniques 

that are aimed at enhancing soil fertitlty aid redicing 

reliance on expensive commercia, fertilizers, was debated. 

AID bel leves that much of tile work carried out at tile 



71
 

international centers is innovative, but many of the non-AID
 

participants felt that these centers pay little attention to
 

low fertilizer, low-energy agricultural systems. 

Further, AID was criticized for currently spending $43
 

million of its $650 million agricultural efforts on the
 

transfer of expensive commercial fertilizers to LDCs without
 

providing incentives to try new agricultural m"thods that
 

minimize their use. LDCs must develop the resources to
 

continue appropriate fertilizer use, but along with this
 

should go development of efficient new agriculture systems
 

that largely use biological processes to complement soil 

nutrient availability. The use of mycorrhizal technologies 

(see section on Innovative Biological Technologies) seems to
 

hold great promise for reducing fertilizer needs, but AID is
 

Lot working with this technology. Although AID agricultural 

professionals in the Development Support Bureau have tried to
 

initiate mycorrhizal research, it has failed to place high 

enough )n their priority list to warrant funding in each of 

the last 2 years. AID interest in biological technologies 

has expanded, but the Agency staff feels funds remain the
 

limiting factor. They feel their involvement in
 

biotechnology research might help speed transfer and
 

implementation of its resuirm.
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Workshop participants encouraged AID to place
 

agricultural scientists from nonconventional fields of study
 

on AID peer review panels of field projects and research
 

activities. Because AID seemed to
committed conventional
 

agriculture, the other workshop participants believe that 
AID
 

needs fresh ideas to help their agricultural .rofessionals
 

move away from conventional paths and into new areas having 

potential for high agricultural payoff for LDCs. AID's
 

current peer review was likened to "an old boy system," one 

in which acceptance of new ideas 
was slow. Non-AiD members
 

also viewed the U.S. Department of Agriculture (USDA) dimly
 

in the field of innovative biological research because they
 

felt that USDA, too, primarily is committed to 

conventionality. Some participants thought USDA was not
 

helping AID with the question of how to maintain productive
 

soils 
in LDCs while reducing the input of expensive
 

commercial fertil izers. 

In the view of "agroecosystem" proponents, AID and some 

international agricultural centers place the greater part of 

their efforts on a few traditional food crops but do little
 

to develop underexploited, nutritionally important 
new food
 

crops. AID was viewed as having no interest in these
 

"odd-ball" crops even though such foods contribute
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significantly to LDC diets. Proponents of the 
"agroecosystem
 

approach" proposed looking into any food crops that fit into
 

the local ecological system. Therefore, the resulting mix of
 

crops might be radically different from thc crop mix
 

recommended by the "production approach," but one that could
 

be sustained with lower fertilizer inputs.
 

An agroforestry system aight be instituted that would
 

integrate, for example, tree crops for food, 
fodder,
 

firewood, and erosion control; native 
food crops;
 

microbiological systems such mycorrhiza and
as rhizobium; and
 

local mineral resources such as zeolites into a
 

low-energy-consuming system. Participants encouraged AID to
 

SeL aside a certain percentage of its appropriations each
 

year to look for new, low-energy agricultural systems. The
 

Agency could continue to back its efforts in "bread and
 

butter" crops--corn, rice, etc.--but should be willing 
to
 

Commit some of its resources to nonconventional approaches.
 

All partic'pants agreed that AID should be encouraged to 
take
 

some risks and not merely to back "winner" crops such as
 

soybeans. Soybeans were innovative crops in the U.S. 30 to
 

40 years ago, but remain innovative in much of Africa and
 

tropical South America.
 

Most non-AID participants, as well as some AID members,
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believed that the Agency needs a more flexible mechanism to 

provide funding for small-scale innovative activities.
 

Currently, AID seems unable to transfer small amounts of
 

money quickly or easily for such projects or experimental 

activities. The Agency claims that processing a small amount
 

of money is as time-consuming as processing large grants or 

projects. Pressure within AID to obligate program dollars 

rapidly makes dealing with small projects bothersome. Though 

AID's agricultural professionals in the Development Support 

Bureau, for example, may wish to support certain Inexpensive 

innovative activities, they are discouraged by internal AID 

procedures and the program office's strong control. 

Consequently, scientists outside of AID who have special 

useful knowledge and who wish to participate in solving LDC 

agricultural problems feel that AID is neither open nor 

interested in outside assistance. Yet most participants felt 

that many aspects of both the "conventional production 

approach" and "agroecosystem approach" coul d be integrated 

with positive renults. 

The non-AID scientists elaborated on how it is generally
 

difficult for them to obtain needed support for innovative 

approaches to low-energy agricultural systems. The picture 

was similar for the varied researchers. First, there seems
 



to be little support for funding the 
broad range of
 

innovative biological technologies that may be of assistance
 

improving LDC agrictltural systems.
to This is particularly
 

true at U.S.
most universities because 
the universities find
 

it difficult 
to support activities 
that seem remote to the
 

sources of university funds. too,
Then, researchers who rely
 

on the university for 
their salary commonly do not want to
 

jeopardize their security 
by conducting nonmainline r.search.
 

Some of the non-AID researchers admitted that to carry
 

out 
their chosen areas of LDC-related research they sometimes
 

resort to small
using amounts 
of money from other projects
 

that are not LDC-related ("bootlegging"). Other common small
 

funding sources for LDC-related research include variety
a of
 

Federal agencies orier than AID, although AID does provide
 

Significant support 
for the biological nitrogen fixation 
work
 

at the University 
of Hawaii. An AID grant provides partial 

support for azolla/algae research. Because Federal support 

for LDC-related research has the habit of vanishing suddenly, 

non--AID researchers face constant doubt about the continuity
 

of their funding. 
 The National Science Foundation, some
 

United Nations institutions, small university grants, 
and
 

private industry and institutions sometimes 
are funding
 

sources as 
well. Private industry support seemed lacking for
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applied research in these fields.
 

Underlying all of the above problems was the strong need
 

for a significant increase in the number of tecKnically
 

trained professionals in agriculture and 
natural resource
 

areas 
in AID and its missions overseas. Existing technical
 

professicaals need to spend Increased time Ln tihe substance
 

of their projects and less dealing with bureaucratic 

constraints. Without such an environment, All) may find it 

increasingly difficult to maidtain or expand technical 

competence within its Washington offices 
or missions in LDCs.
 

A need for improved communication between scientists and 
the
 

Congress was restated several times during the workshop, and
 

activities similar to this workshop were cited 
as a step in
 

the right direction.
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Perceived Constraints
 

AID's major efforts in innovative agricultural research
 

are directed primarily to the 13 international agricultural 

research centers to which AID contributes financial support. 

Much of the AID activity, however, depends upon the work of 

the AID r.. ssions and the ability of the professional staff te 

relate to the scientific community at large and to the
 

missions and regional or geographic bureaus. A number of 

problems in these areas were identified by the workshop 

participants. 

Mission Agricultural Activities
 

AID missions largely are removed from current science 

and technology developments in the academic and private 

sectors. Consequently, AID faces a difficult task in 

channeling new science and technology to field activities in 

most LDCs. In addition, AID workshop participants explained 

that many missions feel that adequate technology already 

exists and that nev science and technology are not needed. 

The missions want AID technical people to solve the problems 

that tihe missions identify, using established technologies. 

This approach frustrates AID professional staff, including 

staff in the Agriculture Office. 
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CGIAR 

AID considers its cot ribution to the Consultit lye Group 

on International Agricultural Research (CGiAR) valuable and 

feels that the nonbureauc rat Lc inst ttut ton funct ions very 

well In addressing agricultural development problems and in 

Lmlp em,,- !I ng res ea rch res i t s. AID sees Korea as a model of 

successful development where effective technology transf-.r 

has occurred, jnd feels that the Korea e:ample should be used 

as a model for development. activir ies by ot.her iDCs. 

Agricul tural Staff 

All) agricultural professionals attempt to maintain close 

contact with aigricultural experts in Ihe scientific community 

both within and outside of USIDA. But th,! number 

agricultural scientists in All) is so s;mall that maintaining 

regular contact with their scientific colleagues can be 

difficult. ALL, empl oys a bout 4,000 Inudividuals yet Its 

De vel o 1)IL at. Souppo rt Bu reia ii (D S ) , t ieu hau ai hli t 1)rov ides 

technical support to all of AID s regional jr geographic 

bureaus, his only about 25 agriclilrural professionals. These 

25 people managed about $70 milI ion itn agricultural projects 

In FY ' 80. Further, only about 1(0 percent of All) mission 

personnel worldwide are agricultural officers even though 
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some 50 percent of AID's development programs are
 

agriculturally oriented. Because AID commonly reassigns its
 

agricultural professionals to new missions or back to the
 

U.S. about every 3 to 4 years, many agricultural programs
 

suffer from the lack of continuity. AID's workshop
 

participants felt personnel rotations occur too frequently.
 

AID workshop participants felt that the Agency's
 

emphasis on natural resource management should be increased
 

but that this area is not receiving much Agency attention.
 

Natural resource managemenL requires an interdisciplinary
 

approach, but because AID is segmented into numerous
 

administrative compartments it is extremely difficult to
 

conduct interdisciplinary activities. For example,
 

agroforestry activities were to be transferred recently to
 

DSB's Office of Forestry, Environment, and Natural Resources,
 

the successor to the Office of Science and Technology (OST).
 

Agroforestry, by definition, combines aspects both of
 

agriculture and forestry, yet in the new arrangement,
 

agroforestry is separated from agriculture.
 

The mandate to identify and test innovative and/or
 

emerging science and technology and to transfer promising
 

ideas to AID's Mission and Regional Bureaus belonged to the
 

recently disbanded Office of Science and Technology. This
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office served as AID's "window" to the science and technology
 

community and gave AID the opportunity Lo tap a broad array
 

of innovative science and technology to help solve LDC
 

problems.I
 

A problem that AID workshop participants highlighted
 

agair. and again was that of the expanded role of AID program
 

officers in decisionmaking and priorit)-setting for
 

agriculture projects and research. Program officers commonly
 

are generalists having little or no technical agricultural
 

training. Organizationally, they sit between top bureau
 

administrators and agriculturalists and other professionals
 

and exert a strong influence on AID's agricultural efforts.
 

AID agricultural professionals feel that they are continually
 

second-guessed by program office generalists and that the
 

technical content of proposed agricultural projects and
 

research many times is adversely affected by the action of
 

the program office.
 

Program officers commonly evaluate project or res,arch
 

activities. But AID's evaluation process seems to foscer a
 

strong desire to have evaluations that show positive results.
 

IAs of May 1981, a new Bureau for Science and Technology was
 
formed. (See section on recent AID organization changes.)
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Without positive evaluations, the difficulty of moving
 

subsequent projects through the AID system and, therefore,
 

through the program office may increase. This perception,
 

whether true or not, discourages some technical professionals
 

from pursuing innovative opportunities in science and
 

technology because the element of risk in innovative
 

activities generally is higher than in traditional
 

approaches. The overall effect of having an inordinately
 

strong program office is that agricLltural professionals
 

introduce fewer innovative technologies into AID agricultural
 

programs.
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Summary of Workshop Suggestions
 

a variety of 	suggestions generated
Summarized below are 


by the 40 workshop participants during the course of their 

Some of these topics received
 
days of discussion. 


others much less. The
 
considerable 	attention and 


were encouraged to exptess their points of view
 

were relevant. By doing so,
 

participants 


freely on any issues they felt 


upon a variety of topics, many of 
the participants touched 


detailed examination 
 than could be 
which deserved more 


issues that surfaced, however,

in 2 days. Theaccomplished 

in theirCommittee on 	 Foreign Affairs 
should assist the House 

of the Agency for International 
oversight responsibilities 


the role that. innovative
in determiningDevelopment and 

in enhancing 	soil
 
biological technologies could hay' 


I:'G,-. developedproduction in 
fertility and improving food 

need for expensive
the countries'
reducing 


commercial fertilizers.
 

countries while 


the number of in-house
AID should greatly increase 


in the missions,
 

* 


agricultural ptofessionals in Washington and 


especially in decisionmaking positions.
 

* 	 AID should increase substantially the number of 

who are agricultural professionals.
mission directors 
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Similarly, effort should be made encourage the
to selection
 

of an increased numoer of people with professional
 

agricultural training as ambassadors for LDCs.
 

* AID should encourage the U.S. and LDC private 
sector
 

to participate in pilot-scale projects testing and developing
 

innovative biological technologies.
 

* AID should appoint some outside experts in
 

nonconventional agricultural technologies 
to its advisory
 

committees and to its peer review panels.
 

* AID should broaden its inventory of scientists who
 

might assist AID to expand into
its efforts nonconventional
 

agricultural practices.
 

* AID should streamline its procedures to encourage
 

increased outside participation by U.S. scientists and
 

technologists in small-scale innovative agricultural
 

activities.
 

* AID should set aside a certain percentage of each
 

agricultural 
project to integrate some new, innovative
 

biological technology into the project.
 

* AID should fund some small-scale, pilot-type projects
 

on the kinds of innovative biological technologies presented
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at this workshop and encourage the participation of outside
 

scientists to work on the project 
as members of
 

interdisciplinary 
teams. The need for pilot testing of a
 

wide variety of innovative biological technologies by AID was
 

stressed heavily and 
the need for risk-taking was encouraged.
 

* AID should increase its activities in agroforestry 

systems. These activities should be expanded to include both
 

humid, tropical regions and arid/semiarid regions. Pilot
 

testing of the arid/semiarid systems should be 
carried out in
 

the Southwest U.S. and LDCs.
 

* An expanded inventory of innovative biological
 

technologies that 
could help LDCs reduce their need. for
 

expensive commercial fertilizers should be prepared, and
 

institutions and individuals who have the 
skills for these
 

technologies should be identified.
 

* OTA should conduct a full assessment of a broad range 

of innovative biological technologies that could help LDCs 

reduce the need for their use of 
expensive commercial
 

fertilizers.
 

* AID should emphasize the transfer of technical
 

information to LDCs and 
to AID mission agriculturalists,
 

particularly on innovative biological technologies that might
 

help LDCs reduce their need for expensive commercial
 

fertilizers.
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Recent AID Organizational Changes 

The Administrator for the Agency for Internattonal 

Development (AlD) oil Majiy 21, 1981 alnnounced it reorganization 

for the si ructure of AID (see following rhar,). One major 

change was 0 of atie foruiation new Burea for Techinology and 

Science to rep! ice the oId Bureau for Developri nt Support. 

Str c ttally , I his c ha ng, g I v ; ) re'. r p orL'nlnl nlcll to I lie 

role of science and te(chnol oiy Iti All) Ithlin his ex i!t -1 

1irev I s I y . Aboout ,ni mont h I ;it r t hei ba i er i eu i was naie d 

the Bureau for Science i., Te c Iti n ol, o y . UltI k e t ite o t Ie r A 1) 

bureaus wi lch are headed by Assistati Admini rar.ors,t lhe 

Burea for Science and Technology is healded by it Senior 

Assistant Administrator, tothus giving added strength 

science and technology In All). 

8z-999 0 - 82 - 7 



Attachament to AID General Nolice
 

(May 21, 1981)
 

Agency for International Development 

A DRJOO ORHE 

GENERAL.COUNISEL A E PUTY ADMINISTRATR IIFAD SUPPORTSIAFF 
OF 

GGNERAA ANSPECTOR EECIVE SECTARTOEGSDOTR
 

OF THE
 IEGILTV tOFFICE SCIENCEAVISORLI S AToItE AFAIRSF 

L OFFICE or OFIE0i
 

PUILICAfFAIR$ IPOTNIYpjGJ4
SJ-


BMAO F RICA EA FOR OFFIA O TFFOIRA A TIEAIRIA URUFRRAR AT 

BUREAU FOR FOO O PEACE[*OI . FORO BUREAU BUREAU FOR 
EXltRXAL ItELATId VOUTR .SAND PRIVATE ENTERPR E UMELI'LTAtoBIGT TEOLNOLOGYAND SCI.ENCE 

I I , AN 

R ERCA ME) TILE CARIBBEM,BUREAU (OR.AFRICA BUREAU FOR ASIA -AT BUREAU FOR HEAR, EAST 

AI1D GEO 0GR A P HIC 0 ITG A N I Z A T 1 0 X S 0 V E ITS I A S
 

• Th~e Director, SOB. also reports to the Office of the AdmniStra tor an those functloas which by law require that relationship.
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PAPER NO. 1. THE GENE REVOLUTION' (MAXIMIZING 
YIELDS IN THE TROPICAL MOIST FOREST BIOME) 

(By J. A. Duke, USDA, Econo-nic Botany Laboratory, Beltsville, Md.) 

It in the skills of' plant geneticintn, rath than largre amointn of 
artificial additives such as pent icdeni and furtiliere, that have led to 
one record after another in crop yieldn in ... both temperite arn, tropical 
zones. (Norunn Meyenr, The Sinking Ark, 1980) 

Sunmrri ry : 

Should there be a Gene RevolutIon, based on low-I pIt ul t liI extenSive 

agroecoisystems, to supplant tIe Green Revolit Io, haiil (I hO1gh I IIputintens Ive 

agriculture? Genes best adapted to the marginal envtronent; of the hunild 

tropics should be pooled, combined and recombined to produci moderate-Vielding 

well-adapted multipurpose nitlve or Introducen ;pectes. Thevs cihio;t ainons and 

recombinations of genes sholld be tested, not for thei.r yildh in ionocultuiral 

si tuations, hut in well-planne d mult i-tiered I ntercropped agroec,,s'stems. The 

search for apprnpriate genes can be scient ifical ly if rected by a computerized 

catalog of the varieties, cult ivars, and species of potentially economic native 

and introduced species. Species from the various tiers of tie multiple inter

cropped community should further be tested, not for conventional mono-use 

yields, but for multiple yields. Technologies required to make such a multiple

use agroecosystem include small scale biomass- or alcohol-fueled or solar plant

extraction equ'.pment, as well as fermentation and distilling alparatus, designed
 

to be run on some of the products of the agroecosystem. In summary, the Gene 

/Talk to be delivered at OTA (Office of 
Technology and Assessment) workshop,
 
November 24, 1980. Due to short lead time, this paper has not been cleared
 
by USDA and reflects the personal views of the author.
 

(89)
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directed toward a multi-tiered, multiuse polygenic low-input
 

The Gene Revolution should
 

Revolution should be 


agroecosystem, fueled and fertilized from within. 


pull together the five major ingredients which have long been 	 advocated for 

intercropping
marginal environments (1) tolerant germplasm (2) multiple and 


and plant residues) (4) bio(return oF animal 

and (5) whole plant fractiona

scenarios (3) organic gardening 

of pests (including alLolopathy) 

tion and uctlization for such integrated agroecosystems. Such systems should 

logical control 

not from the forests.
be developed from existing farms, 
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Introduction
 

"... Plant gernmplasav can be selected and superiorcultivare developed on the 
basis of their adaptation to problem soils. Although we have moved sla.wly to 
capitalize on this information, it offers great promise in reducing energy
inputs and irprov~ing the reliability of crop yields in both developed and 
developing countries." (A. A. Hanson, 19?6) 

The highly weathered soils of the humid tropics will rarely support
 

conventional crops for long periods of time without a high level of inputs,
 

a level barely, if at all affordable by many developing tropical countries.
 

If these couatries cannot afford the inputs required for high-level pro

duction of conventional food crops, perhaps their targets should be instead
 

a moderate production of nmn-conventional crops with toderate inputs. The
 

green revolution, which called for maximum inputs, has pretty well run its
 

course, maximizing produclivity where high inputs are possible. It's time
 

for the Gene Revolution, to tailor existing plant cvs, vats and their
 

hybrids to ma. imize output with minimal input. The genes still exist in
 

nature, but they are disappearing fast. It is up to the Gene Revolutionists
 

to get the genes together in the most meaningful manner, to maximize pro

ductivity under various low input scenarios.
 

With the end of the cheap energy era, developed and developing countries
 

must reassess their imports and exports, their agricultural inputs and outputs, 

and their needs, often with a view toward substituting botanochemical fibers,
 

fuels and pharmaceuticals for those derived from petrochemical feedstocks. The 

complexity of such issues is such that a systems approach might be needed for 

rationalized options.
 

Energy-hungry developing countries should closely watch developments at
 

Peoria (Northern Regional Research Laboratory). If the botanochemical appioach
 

is practical today o: tomorrow in an energy-rich country like the U.S., then it
 

is at least twice as practical In energy-poor countries of the humid tropics.
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1. Natural (and agricultural) productivity per unit area are higher 

in tropical than in temperate zones, other things being equal. Hence, there 

should be much more biomass for a total-utiiization scheme. 'he Gene Revclu

tionist is charged with finding the best geov and combining them in the best 

plants for maximizing output in the marginoit low-input tarm scenario. 

2. The diversity of useful species upon %lich to draw for our total

utilization orcept is perhaps ten 'imes as high in the tropics as in the 

temperate zone. ience, the array )f combinations for the recommended 

intercropping Approach is staggeringly complex. The multitiered inter

cropping agroecosystem being studied seems to be one of ie most highly 

productive terrestrial agroecosystems, competing with tie highly productive 

aquatic ecosystems of the tropics. Yields of either of these sys tems can 

be improved vastly by the addition of ameliorated sewage sludge or other 

natural fertilizers in lieu of artificial fertilizer inputs. However, sewage 

sludge Is recommended for biomass and chemurgic crops, not food crops. 

Today I will try to respond to the central isue, the highly weathered 

soils of the hot, wet tropics -- i.e. those soils rich In aluminum, silica, 

and iron, and poor in the common plant nutrients. What could EBL do to 

Improve "biological productivity of such soils without using much or any 

chemical fertilizer?" That is tht charge put tto me by Dr. Parham. Let's 

analyze that a bit before proceeding. Is it rare that wt, can improve on natural 

biological productivity? Nature has done a good job ,f -,xmini :ing biological 

productivity under nature's constraints. If I contrasted productivity, I would 

only be contrasting useable with total productivity, And if we are talkintg 

about the Maximum Useability Concept, then we are lot talking conventional 

agriculture at all.
 



93 

Before laying out my pli.ns for any country, I would analyze their
 

import-tacles, es'-ecially the energy columns. 
 Then I would plar the multi

tiered agroecosystem that would n.ximlze benefits to the cntontrles Import

export situation, seeking out the best genes to maximize output for a 

modicum of inputs, under the ecological conditions peevailiog. Ceneicists 

could mximize the yields wilie American technology can serve to maximize 

tte extraction of useful products from the totA yield. 

blomld tropics has been 'arlously defined. Most of my examples relate 

tto what is calle; tileTropical iosst Fort, where asniual bi(temperatures 

are greater tian 24'C and annual rainfal I is between 2000 and 4000 mm. I 

have spent years In the Tropical hoist Fores ts of Latin America, and am still 

awed by thei diversity ot economlmc producets endemic to tie area. There are even 

more exogenous economic species from Stint ecitlt .l ziontetile its'.dcLatin 

America. Unlike Dr. HcKel , 1 do not sti ess using the nitii' species, but 

share tis beliefs that we shult not totroduce -*xottcs lint ire Ill-adapted to 

the area. E3I,'scomputer system helps fInd i . right s rmplasm for a given 

tropical ecosystem. Drawing on these other tropical gene pools, the (Cene 

Revolutionist has perhaps more than 75% of the world's species to consider, 

perhaps 2' ),000 spectos, each a unique clemical factory, nanuf acturing biomass 

wh ich ve may need to ,:r, tipon;is a si;O; c e of energy, if there are no break

throughIis. The preface of a recent NRC book (Conversion of Tropical Moist 

Forests) bee ins "The tropical moist forest biome is biologically the richest, 

and least well known portiin of the earth's surface' (NRC, 1980). 

unde~laiht bt.

Unfortunately, much of TrIF is / ferralsols (stron ly weathered soils 

of tropical regions, conslstling mtnly of kaolinite, quartz, and hydrated oxides,
 

and having a low base exchange capacity). Dudal (1976) summarizes thf:mineral
 

stress phenomena in such souls.
 

I 
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1. Deficiency in bases (Ca, Mg, K) and incapability to retain bases
 

applied as fertilizers or amendments.
 

2. 	Presence (pli<5.2) of exchangeable Al, toxic to many species and
 

active in binding phosphates.
 

3. 	Presence (adid soils) of free Mn, also toxic.
 

4. 	Fixation of phosphate
 

5. 	Deficiency of Molybdenum, especially for legumes.
 

6. 	Fe and Mn toxicity shown by paddy rice.
 

Such soils are said to occupy more than a billion hectares, mere than 8% of the
 

world's soil. Could we get 25 billion barrels 
of 	oil from these soils?
 

There are those who say that conversion of TMF to agriculture will lead
 

only to the so-called "red desert". Ew.l (1980) says, however, "The red desert
 

view of mature tropical ecosystem destruction is incorrect. Nature abhots a
 

vacuum, so sites laid bare by human activity are quickly covered by some kind
 

of 	community, although not usually the original one. We must face -he fact
 

that successional communities are going to be 
the dominant tropical ecosystems
 

of the future."
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Economic Botany Laboratory
 

Still awed by the diversity of the Tropi:al Moist Forest that embraced 

three of the best years of my life, the Economic Botany Laboratory (EiL) has 

begun to try te sort out the information pertinent to the Tropical Moist Forest.
 

There is already so much information that we ard dependent on computers to 

assimilate the informution. We are primarily concerned with the medicinal 

plants of the world, especially those with anticancer activity, and !;econdly 

concerned with cataloging agronomic, ecological, geographical and utilitarian 

information oil economic plants of any description. From hisa studies alone, 

Schultes (1980) compiled a list of more than 1,300 species employed by natives 

of the northwest Amazon alone as medicinea, poisons, or narcotics. Our computer 

files already contain entries il more than 4000 folk medicinal species, some 

of which double as food ilaita, fiber plants, dym plants, etc. We have yield 

data on some of these, under variousi ecological regimes I i the Tropical Mist 

Forest. With careful expansion such a data base could catalog the data oil 

ecology, utility, and yields of all economic plants, to giilde the Gene Revolii

tionists in their search for the right genes or germplasm. Details of some 

strategies that should he employed in tin qu,;t of tolerant germplasm are 

explored in Duke (1978). Ecological data on more than 500 species siltable 

for exploitation in the Tropical Moist Forest are tabulated. I will not relate 

all those data here, but will pull o1t a few eXampile for the tables that con

clude this paper.
 

We know the conventional yield figures for only a fraction of tropical 

crops. Biomass or residue figures are even rarer, although such numbers 

are necessary for systems analysis of the yield potential of a muttiise agro

ecosystem. According to Westlake (1963), conversion factors range from 1.3-4.0 

for estimating aerial biomass from conventional yield units. I called all the
 

experts I could find, in vain, in my search for the biomass figures for the
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temperate lentil. Who would I call for such figures on the myriads of tropical
 

products. Repeating, the numbers do not exist. "The accuracy of productivity
 

measurements is the lowest in tropical areas. -Vie key to future refinement of 

our understanding the global productivity capacity lies, therefore, in the 

study of tropical primary productivity." (Lieth, 1978) If biomass is a viable 

competitor in the energy field, it is time pertinent numbers were generated
 

by baseline research programs.
 

If I were Secretary of State, determining what strings wt-, tied to AID
 

funds overseas, I would see to it that funds went to carefully distributed re

search plots in developing countries. These plots would be funded to generate
 

the numbers needed for Maximum Utilizat~on Concepts. How much biomass can we 

grow and harvest under various scenarios. Which scenario gives us the greatest 

net useable returns. I would fund no studies that did not give biomass yields 

related to climatic and edaphic data, and I would fund no country that did not 

make a commitment to preserve their current forests, and concentrate on increas

ing the productivity of current croplands. Having said this, I must admit that
 

it is difficult for me to convince a republican that the remaining forests
 

should not be converted into agroecosystems. Thousands of undescribed species
 

will be lost forever before they have been named. Thousands others will dis

appear with no studies of their economic potential. It is difficult to put a
 

price on their heads. One in ten species studied has shown anticancer activity;
 

still only about 15 of the first 30,000 species studied in our anticancer pro

gram are of sufficient interest to have reached preclinical testing and only
 

one of those has resulted In thousands of remissions in e.ur. The superstar,
 

Catharanthus roscus, th, Madagascar periwinkle, is now a pantropical ornamental
 

and folk medicine in Tropical Moist and Dry Forests. Thi re are probably nine
 

more superstars awaiting discovery (if they do not fall victim to the trnpicsl
 

axe). Can we afford to extinguish them?
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The Quest for Tolerant Germplasm 

Elsewhere (Duke, 1978), t have advocated and outlined 
measures for seeking
 

out the genes we need for marginal environments in the tropics. Spain (1976),
 

having worked with the CIAT screening program at Carimagua (pli 4.5, 80% Al 

saturation) summarizes "Tner,- are 
very wide differences between species and among
 

cultivars in the same species as 
to tolerance to soil acidity". 
 In the same
 

volume Foy (1976) notes "The correction of Al and Mn toxicities by liming is 

not always economically fesible, especially Al 
toxicity in strongly acid sub

soils. 
 However, plant species and varieties with species differ widely in their
 

tolerance to both factors, 
and some of these differences are genetically con

trolled". It Is such differences we hope to capitalize on In tile EL Quest 

for Tolerant Germplasm. It is cheaper to increas tile yields by finding the 

tolerant cv that will tolerate the acidity, and its complications, thanl te 

increase the yields by importing six tons of lime per acre. This is just the 

first step in the Gene Revolution. Incorporating the appropri,.ce gehetically 

tailored species, varieties, races, and cultivarn in a multitiered multiple 

cropping system requires even further genetic selection, manipulation and 

experimentation.
 

http:appropri,.ce
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Intercropping
 

t
 
Work on multit ered agroecosystems is proceeding moat rapidly in Asia,
 

but temperate systems are familiar to us all, at least two-tiered systems,
 

with hay, legume or cereal crops alternating or intercropped with rows of
 

fruit or nut trees. Potty et al (1979) describe just one of the thousands
 

ol possible combinations possible in a tropical three-tiered system. Pine

apple trasplanted as the ground crop, cocoa as the first story, and pepper
 

Pa the second story. Total harvestable crops and residues from such systems
 

usually exceed significantly the expected :rops of the individual species,
 

had they been planted in monoculture. Advocating agroecosystems that simulate
 

the natural ecosystem it replaces Hart (1980) says: The replacement of weeds
 

by analoguus crops and an increase in crop diversity will usually reduce the
 

amount of energy used by weeds and pests.
 

Those systems of tropical forestry and agriculture that have been success

fully employed for the longest periods are those which favor the maintanence of
 

large mycorrhlzal fungus population ... Traditional shifting agriculture in
 

small forest-enclosed plots probably attains mycorrhizal homeostasis. Mycorr

hizae seem to minimize the expense to the host of seeking-out minerals. Culti

vation of annual crops may lead to Increased prominence of non-mycorrhizal
 

species and grasses in weed communities. Soil sterilization can eliminate
 

mycorrhizal fungi, and fungicides used against pathogens may adversely affect
 

mycorrhizal fungi as well. Noiocultures of crops that are probably non

mycorrhizal, such as grain amaranths and chenopods,might markedly lower mycorr

hizal fungus populations and jeopardize subsequent mycotrophic crops. (Janos,
 

1980)
 



99 

Legumes
 

Even the nitrogen fixed by legumes is not 
free. Under conventional farming,
 

there is 
a price to pay for the nitrogen contribution of the legume. 
 In an
 

unpublished paper, I pulled, at random, biomass yields for pure stands of C-4
 

grasses, C-3 grasses and legumes. Though relatively higher in nitrogen and
 

protein, the legumes yielded only half 
as much total biomass as the C-3 grasses,
 

which in turn yielded only about half 
as much total biomass as the C-4 grasses.
 

These are the biological costs 
(1) for nitrogen fixation and ) excessive
 

photorespiration. 
Although no oneseems to have accepted my simple 1:2:4 ratio,
 

I believe 1.-
 So called super yield targets In the U.S. 
are for 100 bushels of
 

soybeans; but 400 bushels of corn.
 

Appropriate combinations 
of legumes and grasses seem to give the best
 

yields for forage or hay, and probably for maximum utilizable biomass under
 

renewable situations where water is not the limiting factor. The C-4 grass
 

might give highest yields for 
a while, but It seems doubtful that such yields
 

would be iiustainable without the help of added N, be 
it from legume, crop
 

residues, manore (green or brown), 
or sewage sludge. For high quality leaf
 

protein, the legume seems indispensable for most scenarios (without the sewage
 

increment) whether the protein is foe animal food, human food, 
or chemurgic
 

utilization.
 

The amount of N fixed by legumes varies of course, but some of our economic
 

legumes play a larger role than making beans 
and fixing nitrogen. According to
 

Nigmator et al (1978), 
the cultivation of the 
legume licorice (Glycyrrhiza Blabra)
 

showed a marked ameliorative effect 
on saline soil in Uzbekistan, Russia. The
 

licorice, 
in pure stands, did not form a complete soil cover during the 
first
 

one to 
two years, but this was achieved by sowing it in mixture with sudan grass,
 

cowpea, and lablab. 
 The mixture decreased the evaporation and the rise of salts
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to the upper roil layers. laines et al (1978) reported that undersowing. sycamore 

(Platanus occidentalis) with clevers and vetch In a disc-cultivated two-year 

old plantation suppressed weed growth to the point whert, height and volume 

increments of the young trees were significantly increased. 

Ar :ordtng to Felker (1979) "Legumn.c trees have a unique advantage over 

annual legumes in dealing with the inhibitory ef fect of drought stress on 

nitrogen fixation because tile deep-rooted leguminous tree,, may reach moisture, 

and thus relieve the plant of water st ress for a longer time In tile year than 

is posslb'.e with ainuals ... An illustratin of the ability of leguminous trees 

in semi-arid clirir(es to increase the soil fertility .atre than annual legumes 

can be found 1i. West Afrlio whnere yields; of peanuts are incrased if grown 

beneath Acacia albiia trees. 

The work on -t-ni'hing the grasses to lix niltroen" .oe no. hlt does not 

generate ,- 'any headlines -as It u!;ed to. Nitrog-i-fixat ion i; leing reported 

In more and more non-legumes. lust this month, I iere! l albstract dealing 

with nitrogca fixation in blackberries. Becking (1979) assaveal nltrogenave 

act lvi ty hy .ic-ety lene redl(t ion in det ached RUthus el lijt en root no ules. 

It wa :imtlar to that in several non-legume 12 fixing nodules. The endophyte 

was an act iomycete. 
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Fertilizer
 

Legumes are one source of fert Ilizer for our multitiered agroforestry units, 

tropical azollas might be another. Returning spent residues from which various 

extractives have been removed can often be a rich source of mineral fertilicer. 

The oriental night-jar has much to be ;il for it. Iithout drinking beer, my 

urine volume 1i more than a metri" toin per year. Of that volume, approximately 

0.002% i; Nitrogen, g;od ior hmid tropilo ;,ils. 

Chinese are known to add night oull to their rice piLddts. Th'ehuman 

excrem.ilt is then ing; Itel hy fkair which ire ii trn iigested by huriins. Mile 

not advocat in
g 

thin iit i,iit tary h lrr iii i tinth f o ..I c al i I i I m ipresned by 

sicI natural fo rt lI: t i. CIrrk (1980), revhIwi ng tile AzlIh approach in 

Chlna, notes that Azoli "s.d" ar ;tirtei in irr!ins cu 15 m silare rand 

decimeter deep. fio. ivel Ie rn ire lotr-i lord fir,,ctiyiito rice paddies. In 

some i reas, twn row!; of rice ire plainti ci 10)drl ipirt .ith the Aeol la growing 

in larger 6 rim roiws on either side oi thl diohh. :i.- row'.. Yt i of I Hir/iia 

of rice and I so ir of Ae)Ila ha , !ii for t ;rirre ; cult iv;-i-n0 rii,,rtii thi, ;lIrI 

tiollmethii.i. Rice griowln .iti i ronvent iont I ttort 1 izer. iv,r. , , 1i T/haii MIo 


(Wlirk, 1960). No olot It -ar, Iirt I romoOn i d,- (it t ii;h i)i .; ,l d ;oillco

ystem!;. ('ond they ilso inrest i5 ii itti Sli hiS !io reportedhi from 

,et -reriral i irliiiniori fihpoid; (fed ;. b not fe'l). mmoin andit (Ph 

Avau t 10i ). tra;; car p (Wteno fiurvoj ol i iiid i-I1 ani T lap ,imn!;au ! ca are 

sa iidto hin 1io I, hicks, and 

l 

re ish A;ol )i, which, bii ted ti eartht cItickenin]) 

has eveni h-1r u git-i ttd r hti ri p Yields of grat.; carpIIire nearly 

ten times i high til ti tropic (15()) kt/ha) is Ii ti,. terper. te zone (164 

kg/ha). 

Unfortiruately, We 1) nt 'iniw tiiat Clurk's 150),MT of Azui is try weight 

or wet weight; if iry weight, we haveuur fertilizer factory producing biomans 

equivalent to some of the higiint repl rted, whil i ncraning tiie Yields rrf the 

rice cropr alilo t incri-lihlt. Herl t el eplilt nit seroloi n if 1lict siof inter

est facing ISIA oflicla] , ther ire- putet .l, locictis "ii u)iplliient sn if tile initro

dction if lary if the hiolsr onlldiers of the world, Acacia, Azrlla, Leticaeia, 

Prosopis, etc., the opponents hoping thrat the ,idvuicritos are willing to four 

the bill shiild these mirdnigit wcrnlern become the major weed (ifthe 21st century. 

82-999 0 - 81 - 8
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Azolla
 

I mention Azolla first because it is being championed as a free fertilizer,
 

one producing 150 HT of biomass, while increasing the yield of rice by 1-1/2
 

times. These are the "facts" hailed by the advocates. Azolla pinnata can
 

double its biomass in three to five days, maybe five to ten days in the field. 

Some claim that Azolla will suppress other weeds in rice, if not the rice itself.
 

Other reports indicate the Azolla can elthr prevent mosquitoes from laying 

their eggs of their larvae from surfacing. Bome say it releases N while alive, 

others only after death. Vietnam reports I NT/ha N f xed per year, China 0.7-1.8 

HT N. (LeRoy Holmes, pers. comm. 1980) 

But there is a weed potential lurking there. Weeds cost he U.S. $16 

billion last year, if my memory serves me correctly. Would Azolla introduced 

to the U.S. increase yields of the few aquatic crops we grow, or would it clutter 

up more ponds than it helpsit.iespooslble weed scientists as loudly and justly 

proclaim their fears as responsible forward-lookers champion this "free" ferti

lizer. There is no cut and dry answer to the cutting question: would the intro

d iction of new biotypes of Azolla help or hurt American Agr icrltu.2,! American 

Ecosystems, or tire American Economy. 

On the negative side of the Azolla equation: 

In Japan, complaints about Azolla covering the rice seedlings. 

In Philippines, Noomaw calls it a weed In rice. 

In New Jersey, has csmpletely clogged up water channels to boat traffic. 

In S. Africa, farmers claim it killed fish, prevented cattle from drinking 

the water, pipes were clogged. 

Holmes'notes say I ha Azolla requires 360-500 kg P2 0 5 , 3-5 NT ash, 5-7 liters 

insecticide. Tnlike the 150 MIT/ha reported by Clark, Holmes found 

2.8 MT/ha dry weight in India, 1-2.5 in U.S., 3 in Denmark, 8-10 in 

S.E. Asia.
 

increase
 
Unlike the 150% yield reported by Clark found 114, 117, 122, & 140 in
 

Australia, 112 to 216 in U.S., 106-138 in India, 100-160 in China.
 

(1lolmes, pers. comm.)
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Heat or Heat
 

Unlike temperate U.S., the tropics may not face the heat or meat decision
 

that temperate countries will face if there -e no energy breakhroughs soon.
 

According to some estimates, more than 90% of U.S. cereals and legumes are
 

destined for animal food. If Americans went vegetarian tomorrow, and quit 

exporting grin, more than 95% of our agricultural biomass could go into ethanol 

production here in the U.S. Some of us (50% of my family e.g.) would rather 

be warm and do without meat, than be cold and eat meat regularly; others find 

vegetarianism repulsive. According to Meyers (1979), much TMF biomass goes
 

tnt.'cheap hamburger for the U.S. Would it be better converted to fuel for the 

TMF? 

I have been a human guinea pig on three human nutritior, studies at USDA, 

all involving high fiber and/or vegetarian diets. In one, 20 male subjects, 

none vegetarian or particularly sympathetic with vegetarianism, aere fed soy 

protein in lieu of meat protein. Noie suffered adversely from the soy as opposed 

to meat. On the contrary, there were no significant changes In the health of 

the subjects, at least by the standards Investigated, From 40 to 50% of the 

human subjects preferred each soy analog to its meat counterpart. 

Thanks to coal America need not face the heat or meat crisis 

immediately. Thanks to the temperature of the humid tropics, the THF might not 

face that choice either. But they might need to decide whether their biomass 

residues go into animal production or fuels for their machinery. 
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Wood 

Even today In the U.S., wood is said to provide more energy than hydro

electric or nuclear approaches. Wood is a valiible byproduct of the multltlered 

agroecosystem, and the Gene Revolut[onist should remember that in tailoring 

speies for rIr. 

'he growth rate of tropical weed trees chaiacterlstlc of the humid lowlands 

are quite remarkable. I have measured natoral ly regenerated Trem mlcrantha In-

Costa Rica's QSA Peninsula, which were 9 is L11 Iit one year, and more than 30 f. 

tall at 8 years. It Is thes, fast-growing, low-density trees which will consti

tute tile wood resource of the itimore !,smatorj tropical forests are felled and 

regenerate," (Fwel I, 1980). Ewel's figores for 1-month old regrowth In :arlous 

life zones are TWF, 12 MT/hat; Ti)F, 10 MT/ha; SWF, 6 iT/ha; SElA,
F 

HT/ha;I and 

Tropical Motane Rain Forest, I fiT/ha. 

Ii !, not idvocate rii'la-erset ,f wood as a source of energy for cooking 

and heat in the T!F. I do advocate he producotion (if cheap wood-burning devices 

for distribution to the poor. lost (If tile tinbers of the tropics go up In smoke, 

mostly 'Ianted. With evergy-conservng wood stoves, there womild be more hiomass 

available for the production and distiIllation of alcohol. 

Liqaid fuels for use in cars, trucks and vehicles should be produced by 

all but the smallest farms in cheap mass-produced stills provided by the tech

nologically well-off.
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Sewage
 

There is justifiable concern that maximum utilization will strip the soils
 

of organic matter. If we only utilize the above-ground biomass, we leave the
 

below-ground biomaas. (For example, Westlake [1963] reports that root biomass
 

represents 2% of total biomass in Hordeum, 13% in Secale.) According to Van
 

Dyne et al (1976) "Belowground production is more titantwice abovegrouitd in
 

annual gassslands, but standing crops of biomass belowgroond may be five to ten
 

times as much as aboveground standing crops."
 

The humid tropics do not need the water like the arid tropics, but they do
 

need organic fertilizers, if continuously harvested. Here I take the opportunity 

to introduce into the tropical scenario, an idea that I think shou'd be exploited
 

in the U.S.: piping sewage sludge out of the cities of the world and into the 

energy farm areas of the world. The pipeline roites could parallel proposed 

coal-slurry lines, natural gaslinea, Un petroleum pipelines. Oil shale mines,
 

strip mines, any type of old mine site could be partially or totally reclaimed
 

or improved with sludge-planted area6. The highest biomass yield reports I find
 

are from The Wealth of India, where such yields as 160 MT/ha for Pennisetum
 

purpureum are reported for fields irrigated with sewage. Westlake (1963)
 

reports unusually high yields even in the temperate zone. With sewage irriga

tion and intercropping, he reported DM yields of mixed alfalfa-orchardgrass at
 

26-39 NT/ha, at least five times greater titanthe expected yield of alfalfa
 

alone, without sewage irrigation. This compares with 40 MT for Phragmites
 

australis, which Westlake describes as the most productive temperate community.
 

City planners should adopt the Design With Nature Concept, building above
 

the productive alluvial plains, clearly the most productive lands in any biome,
 

with nothing but natural inputs. Alluvial plains and energy sumps should occupy
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the fertile lowlands, while no more building on the floodplainn should be per

mitted. These most fertile lands are being gobbled-up by suburban creep, here
 

and elsewhere.
 

I decry the cancellation of plans to barge sludge to lHalti, because I 

belicve sewage sludge could play a big role in the greening of Ilati or the 

Sonoran or Negev deserts for that matter. We could concomitantly alleviate the 

shortage of water and organic matter in the desert scenario, with its low-real

estate values, while alleviat't.g the waste disposal problem In the cities, with 

their high-real-estate values. If we can ship coal slurry east from the desert 

of tihe U.S., we can ship sludge west via the same or parallel conduits. 

Water to the humid tropics is like coa! to Newcastle, but water-borne sludge 

could prove a boon tf) the bh:id tropics. If sewage sludge can double yields in 

the humid tropics, the reverse pipeline could he shipping ethanol out, still 

leaving a positive balance in organic matter In the humid tropics. Once the 

pipelines were established, the sludge could he a free Input, doubling outputs. 

Hence, I see this otrled concept as one way to double the productivity of the 

humid tropics, or treble the productivity of the arid tropics, with a free input. 

The excess vields could he devoted to production of alcolhol, for internal or 

external energy utilization. 

Such an area might appropriately he called an energy sup, and would not 

be an attractive place to live, but the products of the energy sump could make 

jobs there, and a higher standard of living elsewhere. 

iiere, as much as anywhere, the talents of the Gene Revolutionists will be 

called into play. The genes for maximizing productivity in the energy sump will 

be very different from those for maximizing productivity in the unaltered humid 

tropics. Planti.ig, cultivating, weeding and harvesting technologies, even the
 

recommended varieties, if not species, will be different for the two scenarios.
 

http:Planti.ig
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Oil Seeds 

Back in April, 1977, 1 suggsted that palm oil might someday be competi

tive with petroleum. Today, foreign palm oil in New York is 
still higher than
 

domestic petroleum at the pump, but at the rate the gap has closed since my
 

paper of 1977, palm oil will be as cheap by the year 2000.
 

Oil palm is one of many species with varieties tolerant of the allic soils
 

of the humid tropics. Oil palm is currently grown in countries that show
 

deficits in both edible oils and energy. It has already been shown that simply
 

growing legumes between the oil palms can increase oil yields by 2 MT/ha/yr
 

(Broughton 1977) or the equivalent of six barrels of oil per hectare, simply
, 


by the selection of proper legume for intercropping. These legumes (Centrosema
 

pubescens, Pueraria phaseoloides), in addition to increasing our energy budget,
 

at little or 
no cost following planting, can provide food, conventional or uncon

ventional. I am sure, based on temperate figures, 
that more protein per hectare
 

will be produced if the whole aerial biomass of the legume is harvested, thrown
 

into our energy vat, the leaf protein extracted for human consumption, the carbo

hydrates for ethanol production, the residues for return to the soil in other
 

than energy-sump scenarios.
 

We have spoken only of the oil yields of the oil palm. There is still a
 

lot of unused biomass, which could go, depending on the outcomes of our systems
 

analysis, into ethanol production, internal or external combustion devices
 

and/or soil amendments.
 

Not all, but most palms, survive or thrive in the humid tropics. Like the
 

oil palm, they are multiple-use plants, prime candidates for the upper or inter

mediate stories in the multitiered agroecosystem for the humid tropics. Could
 

we not multiply the yields of these unstudied palms by 10 as we have done with
 

the Hevea rubber plant. Let's look briefly at one mentioned by Amazonian expert
 

R. E. Shultes (1980):
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Orbig ya martiana: "One palm nly produce a ton of nocs a year, 196 pounds 

of which is kernel ... with up to 72% of an almost colorless oil very 8sillar 

In composition In use to coconut oIl. The qeed cake remaining, containlng 27z 

protein, Is an excellent animal feed. I read tillsas a ton of blornxis per year, 

more thanfl 100 pounds of which is oil. I don't know thtilthese figures are more 

or leas reliabl. than those with which Calvin derived 50 barrels of diesel per
 

acre. Conservatively, 
 It would take 4 of these prodwtlv palm-ito prituce one
 

ba~rel oi oil per year, or 200 trees to produce 50 harrels. From my experience 

In Latin America, I would pin my 50 barrels/acre hope on the palm h,-fore I would 
last 100Calvin's Diesel Tree. 
 Calvin figured ;It/ trees per acre, but ilis tri'es were
 

I m In diameter. 
 I don't know any palms; that hip. Thin c.inopied palms would
 

permit Iitercropping of food crops, whIch 
 I speculate would t.eImpomshle In the 

shade of "dlesel trees. 

Note that wIth our hypothetctal Orlijyil with no genetic research, we are 

getting 50 barrels of palmotl per acre, with a residue of I'o0 pounds per tree. 

We have assumed a tree producing 2000 piilu,i - f rlts If()po unts of whichl Is 
1 


oi (3,300 pounds are reported, with io oI1 yield In excs; 200 oilot pounds 

per tree). Assiiie 300-350 n plr barrel if oil. We cin Prtlier Issumti 

after the extraction of our 10 pourd of oil, we ta i~ 1900 ponds of bomnss 

In the pot, 900 pounds of whirh might, c ri,;ervatIvely,be water. Of the remain-

Ing 1000 pounds , perhaps there Is an.ther 10() poonds of proteln, her tree, and 

900 pounds of carbohydrate, etc., 400 pot,,idio f w ichi mIght give us another 

barrel of ethanol per hectare..S, hypothetical ly we tiare 100 pounds of protein 

and two barrels of ethanol as byproduct from our one barrel of palm oil. 

'The technolgy needed for thil ollpalm scnarlo: 

1. oil extraction (avallabli for oil palm) 

2. carbohydrate fermentation and distililatiun 

3. protein purificatIon and saniltation, for human or 

animal product ion.
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There are palms for the arid tropics, f.r the humid tropicH, for bracish 

swamps, for freshwater swamp situations, and for our sewage sump, all poten

tially iatercroppable with other fosd/eneigy/chemurgic crops. But tile Gene 

Revolutionist has not started to tailor timesespecies to specific environments 

and to increase their yields. Aid we have not even talked about the waxes, 

steroids, leaf-protelois and ethanol that could produced by the leave,. Some palms 
will dicao;mot-r Ifore we have stud Ad hel r otintitlal. 

Production of conventional pal oil (from Elaeis) was expected to total 

ca. 4.3 million MT in 1979-80, cepared to 3.9 million MT in 1978-79 (Chemical 

Marketlrg Reporter, Nov. 12, 1979, "Prices for tile oil will Ialways follow the 

lead of the soybean oil nirket." 128.54/lh, Nov. 12, 19791). Whether or not 

vhese are viewed as petroleum alternatives, vtcoy ol seeds ire handled in the 

U.S. i Reo ildoe- cc,.l d ic for or or as iteltkt. u.-il alcohol pictlane generation, 

soil amendmecnt. 

Some prices quoted in tic, Checnical Marketing Reporter for various tropical 

oilseeds during 1979 are avocado ($3.13/1b), ctor oil (0.40/1b), coconut 

(0.57/lb), corn (0.50/lc), (ottccned (O.18/1b). olticica (0.60/lb), palm 

(0.33/ib), palo kerccel (cc.42/lb), and scoyibean (O. ,gi.b). The newly generated 

market for jojoba "oil has , colt r,f followers, but t'mis o-called oil is a 

liquid wax, onique to tihe Jojobm among plants. Soy oil, peanut oil and sunflower 

oil iave been used as diemi slbt itntes. 
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Allelopathy
 

To the author's knowledge, allelopathy has not yet been developed to be an
 

alternative to herbicides. Rut 
if different chemurgic species are selectively
 

herbicidal, as 
one gathers from reading the allelopathic literaturt, tnen all
 

these relative herbicidal activities should be cataloged. Residues of the
 

nllelopathic species inight chen be returned Lo that povrtion of the intercropped 

agroccosystem where the divergence between its negative effects on the weed 

species and the crop is greatest, i.e. where its herbicidal effects will do the 

most good and leas% horm. One can even suggest how coumarin-containing residues 

(Melilotus, TrIgonella, etc.) can be used to stimulate rooting in tilesoft-wood 

cuttings used for propagation in our tropical agroecotystem (Lipecki & Selway
 

1977). Steenhagen and Ztmdahl (1979) show that the hydrocarbon

producing Euphorbia esula reduces the frequency of quackgrass and ragweed, but 

also reduces the growth rate of tomato seedlings. Dry leaves of tilemedicinal 

species, Partheniutm y~t(Eophorte, inhibit growzh and nodulatton in legumes, 

branching in tomato ted plant height I11regi (Elentintincorac-ana) and reduce tile 

yield of bean, tomato, and ragi. On th! otler hand, the leaves stnimulate tile 

growth of Pennisetun amricanum (Kanhan and Jayachandra, 1979). iuch data are 

being generated rapidly, bu: there seems to be no computerized caltalog to enable 

us to evaluate and utilize these data effectively In planning our multiuse 

agroecosys tem.
 



Drug Crops
 

EBL specializes in medicinal plants; there are often huge residues of
 

biomass following drug extraction. It takes 1-1/2 MT of dry stem and hark of
 

Maytenus to yield a gram of maytansine, one of the anticancer superstars of the
 

last decade.
 

Bruceine, caseia, caffeine, cocaine, heliotropin, ipecac, papain, pilocar

pine, quinine, quinidine, reserpine, rtin, steroids, and theophylline; these
 
harvested
 

are a few drugs that can be / in the humid tropics. Many of these are
 

million dollar items which could be extracted on-site as income producers, leav

ing behind 99% of the biomass for food and/or fuel pruduction. Some of our
 

drugs might be byproducts from conventional foods, e.g. caffeine from coffee and
 

tea, theophylline from tea, steroids from legumes, rutin from buckwheats. The
 

steroids once derived from tropical dioscoreas ("barbasco") are now largely
 

derived as byproducts of legumes and agaves.
 



112 

Eabentil Oil 

Currently tLe U.S. Imports nearly 10,000 HT of essential oils at clone to 

$100 million per annum. This probably represents the distillation somewhere 

or one million MT of oinmass, 99% of which could have been funnelled into food 

and fuel production as byproducts. no oil of thesely means essent il oils are 

humla tropical species, but I list a few reported to me from the humid tropics: 

Trees: bay, bergamot, camphor, cassia, cinnamon, clove, 

copaba, grapefruit, gualt, lemon, lime. .ioloe, nutmeg, 

pet itgratn, ylang-yLmsg 

Forbs: cardamon, cittrnella, gin',t r, lemongrasn, palmrosa, 

patchouli, vetiver. 

The trees night he considered as alternating trees or strata with other 

trees, like palma, in the tipper strata of our inol]i-tiered agroeconyntem. The 

forbs might be considered for the ground layer. Our Gene Revolutionists should 

already be looking for tolerance to shade and root competition In our lower 

tier, and tolerance to root competition in candidates for the upper tier. 
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Fiber Crops
 

On the last day of October, 1980, an official aliledfrom the Strategic
 

Materials Department to ask where in our 50 states we could grow several stta

tegic matrials. Among them were two tropical fibers, abaca and sisal, the former 

adapted more to the humid tropiLs, the latter core to the arid tropics. With 

sisal, fiber yields are only 3% of the leaves. From the remaining 97% biomass, 

I am certain that steroids, waxes, leaf protein and alcohol, even tequila, could 

be produced. Many natural fibern can be produced in the humid tropics, among 

them abaca, baobob, coir, cotton, ennete, hemp, heoequen, jute, kenaf, ramie, 

roselle, sisal, snakeplant, sunn hemp, etc. AS the cost of petrochemh ls rise, 

some economists predict a return to natural fibers instead of synthetics. 
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Gums, Resins, and Balnams 

Some chemicals tn this group apji-oach the classical ,trochemlnl or "neo

classin1l" botanochemicalv. 4'oedisi' md Finnish firms are reported to have 

developed an efficient turpentine car engine which rune on turpentine produced 

from the oleoresin of scotch ploe. High ro~d ml- uge Is claimed for turpentine 

(Noble, 1979). Pr,!smimbly, yieLds of tropic1l t i. In the Philippines, e.g., 

may be higher than the temperate pilne; i ing viewed i tnergy ources. The Gene 

Revoluot o tlwoId 1i charged i t InIrtia;I nl both the (]pinvon) and turpen'Lh nit 

tne for specl fted Intercropptg streittgems tinder speeifiel -t l.ogli( conditions. 

Ihe copala oil I Lted In CMiRar trolln, at over 52.00 per killo nly or may 

not be tihe aint ;Is Olt )il I frin Otlvin's trtpltcal "ldieel tree" Copafermt Clvin 

1_ 1.orfkf. (COWNewt; tor Telvl diio, ';eptemhvr 11, 199). Aicording tit Dr. 

Calvin (pt.r+on,,l it. m i tl,ia iin, blr 1t17, 191 9 ) 1-1/2 in. hotes are 'rilled 

halfway tirough arge tree t; ibotit (-ti a:iovt the grundtt . S;och holes "#t 

reporre(i to yl dil thitot -) lit, rt o I e , " (m:ii tly 2 or 3 culin C-15 uesiulter

perie and 30 or 40) ottr C-IS t julteriten In two Iours. 'hi hlte; are 

bonged and rtlijiptdt i ol inl i ibotilt ix rtittl;, Iol 'ild ti "Ild itnothi er 20 

literi of dlinrel, or 40 literi of ll-te;l per y'iar p.r tree. 1i,;in v.ctly the 

Same yield repirtetd In ri ,-;'q M( H lerlerbil , 1l9H. lr. Col -u, jperhap; 

optmIntltirallv, c:t tlaci thit ia 2't otf 1 perwe g orr, -I t!,, js r ri-cr 

year (in a sstatinihh i:itnit from H it li i(palkatrio (Mttugh, 1979). Unfortutnately, 

the tree seemsli Lo Ibe ntili'r.iit of frontt. I will b- gettiig r l frll, in 

equally productive tIithr sp't-e, i (:otffer'_ doring, i trip lanama.n-xt to 

Gum uribitc, g tar, kariy, loticst, myrrit, oli hiii, aind tragetmnth ire 

among some of the vegetCAult gtiros wiho traidlng I listed in OAR. With problems 

in irn, a ina jor pr,)tilti r of triguactnitl, prIren oi trigauanth have risen conid

erably lately, In April 1979, 56,900 pttindn if tra.acanth were imported with 
a value of $608,34tu. Mire than 23,0010,0100 itooln oif guar gum were imported in 

that name month. Acaci,; Tam-rIndu; ,iiii Stertulitt ire major tropical sources 

of gums which can provide renewable harvests In intercropping stratagems. 



Rubber 

As Schultes notes, the first Hevea plantation set out in the iar East
 

yielded about 450 pounds dry rubber per acre, while currently available clones 

yield about 3,000 lbs/a (<10 barrels). New chemical treatments applicable
 

during tapling can increase the figure to ca 6,000 lbs. an improvement of 13.3 

times. These yields are available while leaving the biomass intact. Other 

options might be to grow whole plants for rubber extraction between our upper 

story palms in the humid tropics. The Petroleun Plant from which Calvin once 

projected 50 barrels per acre could be grown in the humid tropics as well as 

?he arid tropics. Detractors from Calvin say yields would be closer to 
two
 

barrels than 50 barrels from the "Petroleum Plant '. More recently (Solar Times,
 

October 1980), Calvin's plant has received new headlines, under the name of
 

gopheiveed (Euphorbia lathyria).Lelvin Calvin, Nobel Laureate in Chemistry,
 

believes that the U.S. could produce more than 2 million barrels a day of gopher

oil by 1995. The Department of Energy has granted Calvin $250,000 to continue 

his rezearch. Marvin Bagby, head of the Agriculture Departments hydrocarbon

plant research project, thinks thot gopherweed is the leader among fortyfive 

hydrocarbon-bearing plants that have commercial promise.- -Diamond Shamrock, 

starting a pilot plant In Arizona, hopes to get 25 barrels of oil per acre, 

costing from $20-60 per barrel." I think they may be optimistic, but I hope
 

they are right. Other species of Euphorbiacee are better adapted to and more
 

productive in TMF than the headliners Calvin promoted. The latex of milkweeds
 

could more appropriately be funnelled into rubber production. Be It spurge or
 

milkweed as hydrocarbon sources, the whole plant would be thrown into the extrac

tion vat, with waxes, drugs, rubber, leaf-protein and ethanol as feasible by

products, all grown between our upper-story palm trees. Whether Calvin gets 

2, 10, 25, or 50 barrels/acre of petroleum or rubber from the "petroleum plant", 

"gopherweed", or "diesel plants", I maintain that the ethanol potential from the
 

residues has more energy content than what he milks 
from the plants.
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Wax Crops
 

Waxes tend to he more frequently derived from arid lrond plants than humid 

tropical slecie. But if the wax be taken an a byproduct, like othanol, follow

ing extraction of edible leaf protein, humid tropical waxes might heriome export 

money-mikers. In the Chemical Marketing Report, one fin&1; ,nllh waIxes an11the 

temperate bayberry way (ca $'.(ili/kg), the arild lnd. clindellla wax (ca $3.()i/kg), 

and the, subtropical carnaulba wx (Ila $4.()()/kg). Yfolds rarely Ixciel It (if the 

plant , leavitng 99% of the hillm:Il als wa;lt-, or bvt te-r an leaf -irolteln or inrgy 

s tock . Ont! ;ecco I-growth %"Je " (:a l21lha _Iltorl, if th,a I mldl tro~pics, could 

siourre f 1o11x,wax, i l ,f haInall;ilerve as fllr and Ill,,M!,ll,.1 Could m l mlmlillI till, 

famlIy . ,According toi Sc(hulLvs. (1980), tht. CalIth-'t 1,;i-,an;tly porol),jgattd with 

as many a!; 3,J000 pldlmt ; 11cr E11*1tiui, l lrl'n lip tol 70 ioord1 ; oft w'I x per acre. 

I project that wou111 ldas- -it least 29,7(00 pomoullli dry 1ight of billalibl In the 

vat for lI-,af pro}t(-n ,iol t-thlanoil p)ro)do(tion. '['fIt; I-.,w-t to t.iptl-d, thv ondth r

gromidt ro~ot ti. A,,rilE hlomas; yields; of 18 H'T/haI nflg h[ co,,pho nt Lite - 1blu

ru t ,d Ci. I ath,-.a al loo_-I. - ( I ' F ro)ot /ha ), . !rr,, a,; w It h t he w I1nI'cd b.a n, , taunt3 

r(-mh tr th;it Incr*,las- In thi- t(Ix- 'oa-gromid ft ' ,, will o-oalll y i,( ('oraltcre atted 

for b~y loss-y;r Inl i,ll e-Iroond yE*'lds. A-i wiJthl K)inanal, (al].ilII'; aold olthe(r 

trop l:l pllnts, [1111wal hIut lim-xploltlli, 11111yltild food, fiber, fuel, 111,] residue 

for the (,nergy farm of the hum I rojpli-. 
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Weedsq
 

iNeither the Woeed Science Society 
 of America (WSSA), nor the OfI Interest"
 

hawne iodly advotacre the lse oif binis as an energy alterrnative in thle past.
 

I find It Ilntreting that 
 tIier were fItve Itm,; In ti,- Oct ober N wslettter of 

tile WS!;A hilt iIng tt planti ;i. a sour(ce of- -nergy. Not iut-elisnrily believing the figures, 

eyneif, I !;irnliriz( tile, -;t Inatt-I mr tha WO;A ritwsletter.
 

E,eerbf a Sf)-125 /hhl/ea
 

Sa Istela Arizina granl ti "eie , from tel RrisiLiai n OLstle, 

a ser[lee .it .
 

Aec Ieiera lmprowne varit-ty oif ml 
 cowueel he, seorce eef bioniaeen 

for vni.t hi , foi, 1; nd rieflmit l vdste kt d it s oulrcei nai 

ef fat , pritiIrit o I, nd I IfIer ... .a esltilrate_- of
 

00 iils /1h, 'ril. , I
 

iartenem Nele pr-ividie; ,1 ifix whlich ,.,r N, lleI for fue,
 

fiet r,' +:ll .,l],i ;i113 reef), lrr.
 

Sim n iie.Sond, S 1,lJ the,it 1-,l ,, t f-l -- tor-- ii 1111 mlght er heece 

1It i 1 it h l id 'l htf l f :, ,; fln , I ,t e i.-I ,of5f-l25 ebbls/ha Ire, 

h 'lii irt. lil -eel , I, -. i i!r,-,e f r I ,oII nl t i t ti I re gr l ls 

ilel rg -itp;lt '3 'htf -. !,,- i t I j I.1elfi ' I '! t I /f rl I"I'lltilli i it tietile' e -125
 

ieil;/, lIs tpli Iv fe, 'f.1i lt I 
 . Xi, , Se i , .ilI]ef31e t 11-i li" rgl i,,iit. reef oIreI 

to it tf 3; i e ! m l.3 "I t 3, rr, Ir f ."- i Ii Iride ti lie, w3bll i-iiiei. 

A ore i-,' 'l', t1l l ,!. 'EIhi-I-Ic -'e t',l,eii-r: 9 . 1i'u8f, 'Accoird

1 in tIlI h e I ' K I .1t I "1,f f If eIf1 flw. l I , r, 'i. - r fi1, 142 ga Ii olirn 

;il a ,i. Ali, -Ie' ' g iiioill 1-hol rein ei,/ ii't hivo ti dIf Still peae tt tee 

get oli, eol Jl' ' lee' the m. '. ,elI c'it t .e pf. i t s lillet 5 1)3 ;e glloit.' 
3 2 

The 1 galI lin, il l-re iss! itIl n L te lesal e eit Cleet lI barreln pwr hlectilr!. 
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This shows the wide disparity in figures used by optimists and pessimists.
 

Scientific research should rectify this disparity.
 

It seems doubtful that the herbicide industry would encourage hand harvest

ing of weeds and their conversion into alcohol and/or protein. I advocate just 

that in TMF countries with unemployed hungry people. Almost all studies show 

that hand weeding, though utilizing hunwn labor, results in better conventional 

yields that herbicide controls. in some cultivated communities, weeds constitute 

8-27% of the shoot biomass. This 25% might represent 2.5-5 MT on a tropical 

hectare, which could be harvested and converted to fuel, at the same time increas

ing the yield of the crops the weeds were competing with.
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Tropical Moist Forest Biomass
 

Do energy farms produce more biomass than the pristine moist forest produces? 

Those who speak of highly productive TIF inention great quantities of biomass. 

The climax forest is In equilibrium, metaholizing as much as It synthe

sizes, so that although gross production may be extremely high, metabollsm 

erases the profit, leaving no net biomass increase. Do agroucosystems produce
 

more total biomass than 
 native forest ecosystems? I cannot ;ay categortcally. 

The optimist figures in arid land WeedS yieldi;ng 50-125 barrel,, of oil per liectare, 

the pessimist peanut prospectus Iles at less tloll 0 i pir Andbarr!ls hectare. 


we see estimates of tip to 150 HT dry weight from 
 some t rpical grasses under
 

sewage irrigation. 
 These figures sugges;t to me that agroforeStry is more pro

ductive of biomass than tile climax 
 forest. E,;tites 1OS tilte net prluiary pro

duction of tropical forests (Tabh 1) presented by 141SO (1978) range from 

9 to 32. 

Table i. Estimates of net primary prodoction OIf/ha/yr) in tropical forests. 

(UNESCO, 1978) 

Forest type 
 Iocat ion let 'reduct ion 

Eqoatorial Yangambi, Zaire 32 
Equatorial Khan Chong, Thailand 29 
Secondary forest 40 years 24old Kade, Ghana 

Lowland dlipterocarp 
 P sa, Mlaysia 22 
Bamboo In monsoon forest flurma 20* 
Sobequatorial (Banco plateau) Ivory Coast 17 
Bamboo in rain forest Burmra 16* 
Dry deciduous Varanasi, India 16 
Lower montane 
 El Verde, Puerto Rico 
 16
 
Subequatorial (Yapo plateau) Ivory Coant 15 
Seasonal rain Anguededou, coastal 13
 

Ivory Coast
 
Mangrove 
 Puerto Rico 
 9
 

*Estimate does not include roots. 
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More specifically, I list i, 
 'e computer printout estimates of standing
 

phytomass and net primary productiviLy for some of the various vegetation types
 

that micht be expected in a tropical country with elevational releif enough to
 

range into subtropical formations. I believe, but cannot prove, that intensively
 

managed agroecosystetn 
 i,d in places formerly occupied by these forest types
 

could produce two to flve times as much (except for thew alluvial swamp forests).
 

I do not advocate replacement of forest with agroecosystem, but better management
 

of existing farms.
 

For comparative purposes, 
I list in Tables 2-5 conventional yields of
 

tropical crops which can be grown in 
the lands oczupied by some or all of the
 

forests mentioned in Table !. 
These data, gathered from a wide diversity of
 

sources do not consistenzly represent maxima, minima or 
means, nor are such data
 

available to me. Hence, the fact that 
one species in the table has a higher
 

yield number than another has no significance whatsoever. These numbers cannot
 

be compared. The generation of reliable maxima, minima, and means would be another
 

string I would tie to any AID money I controlled.
 

I defer to an appendix a printout from our embryonic biomass data bank. 

am proud of it. It did 
not exist two weeks ago. Today it has close to a thou

sand entries in it. EI, is probably 
the best equipped lab in the USDA to compare
 

biorass potential of different monocultural, polycultural and natural ecosystems.
 

Consequently, I have 
brought my computer to this workshop so you can check it
 

out on the spot. Incidentally, EBL is 
probably the best equipped laban the USDA 

to give you the ecological amplitudes: nutritional analyses, and folk-medicinal
 

attributes of the little known economic plants of TMF, some 
of which now extant,
 

may soon be extinct.
 

I 
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Table 2. Tropical Fruits
 
(Yields in MT/ha)
 

Trees
 

Akee Blighia sapida
 
Almond, Java Canarium indicum
 
Annatto 
 Bixa orellana 4.5
 
Apple, custard Annona reticulata
 
Avocado 
 Persea americana 13.5
 
Breadfruit Artocarpus altilis 
 9
 
Cacao Theobroma cacao 3.3 (sd) 
Cashew Anacardium occidentale I (sd)
Cherilmoya Annona cherimola 5
 
Citron Citrus medica
 
Coconum 
 Cocos nucifera 5 
Coffee 
 Coffee arablca 6 
Durian 
 Durio zibethinus
 
Grapefruit Citrus paradisi 45
 
Guava 
 Psidium guajava 16 
Jackfruit Artocarpus heterophylla 9 
Lemon Citrus limon 100 
Longan Dimocarpus longan 19 
Mango Mangifera indica 50 
Mangosteen 
 Garcinia magostana 25
 
Orange 
 Citrus auranthium 50 
Papaya Carica papaya 100
 
Peachpalm 
 Bactris gasipaes 3.5
 
Soursop Annona muricata 20 
Tangerine Citrus reticulata 50 
Treetomato Cyphomandra be tacea 5.4 

Vines
 

Barbadine 
 Passiflora quadrangularis 200
 
Granadilla, purple Passiflora edulis 
 23
 
Granadilla, sweet Passiflora ligularis 15
 
Passionfruit, banana 
 Passiflora mollissima 45
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Table 3. Tropical Root Crops
 

(Yields in MT/ha) 

Arrowroot 37 

Canna 85 
Cassava 56 
Gallan 120 
Ginger 30 
Groundnut (bambarra) 4 
Leren 12 
Lotus 5 
Peanut 5 
Sweet Potato 36 
Taro 128 
Turmeric 35 
Yambean 90 
Yautia 32 

Table 4. Tropical Vegetables
 

Banana 18 MT
 
Cantaloupe 14 MT
 
Eggplant 24 MT
 
Garlic 10 MT
 
Okra 23 MT
 
Onior 29 MT
 
Pepper 14 MT
 
Pigeonpea 13 MT
 
Plantain 45 MT
 

Pumpkin 23 MT
 
Squash 23 MT
 
Tomato 22 MT
 
Tomatillo 36 MT
 
Yardlong Bean 10 MT
 
Watermelin 20 MT
 

Table 5. Tropical Spices
 

Trees
 

Allspice: Pimeita dioLca 
Bayrum tree: Pimeitta rici.,osa 
Camhor: Cinnamomucj camphora 
Cassia: Cinnamomum aromaticum 
Cinnamon: Cinnamomum verum 
Mace: Myristica fragrans 

Herbs and Vines
 

Lemongrass: Cymbopogon citratus 95 MT WM
 
Patchouli: Pogostemon cablin 36 MT WM
 
Pepper, black Piper nigrum 6 MT (fr)
 
Vanilla: Vanilla fragrans I MT (sd)
 
Vetiver: Vetiveria zizaninides 2.5 MT (rt)
 



_________ 
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More specifically I list (from printout)In Table 6 estimates 

of standing phytomass and iiet primary prorlo(- t ivity for some of the 

various vegett[(on types that might be expertted in a tropical country 

with elcvatlonal relief enough to range into suitropical formations. 

believe but cannot p'ove that intensively Irlaged ;groecosystems lsed ill 

places formerly occupied b,' theSe lrosit Lyies could produce two to five 

times as much (exCept for the al lvil swamp fOrest!;). f (10 not advocate 

replacemLent of forest wLth agroectsystem, blt hott- r ranaemnt of existing 

igroec..ystelAis. 

labe 6 
NET RII\RY IROIUCTI V ITY 

Rtepublic of Panama 
IPhyt oulass NIT'

________T/hae Hli/ha ________ 

TROPI-CAL 240 18
 
11U1.ID TRO ICS 
 440 29
 

Bright Ferral litici.verpreenL 650 30
 
Dark Fe rra II itic Eve rgroen 600 
 27 
Swamp Forest 500 25 
Bogs 300 150
 
Monsoon Fo rest (Savanna) led 200 
 16 
Monsoon (lark Soil) 80 15
 
Alluvial Fo rests 
 25( 70
 
Mangrove 
 130 10
 
Submontane LveI-r(ell 7)0 
 75
 
Sulrimonti llu.Olli 
 450 29
 

SFI-iAR_[0 TiRO'ICS 
 107 I4
 
Xerophytic Forest (Ferrallitiv) 250 -17
 
Grass Shrub Savanna (Rlelbrown) 40 12
 
Grass Shrub Savanna (Bliack) 30 1
 
Grass Shrub Savanna CSolov-ts) 20 7
 
Swamp Savaini;l 60 
 14 
Alluvial (;a c,'y 2010 60 
:;il) viontanc' ::urlplivyt 1 '."rest 200 15
Sub montanc Savanna 40 12 

A! 1)1'ROIl I CS 7 2 
Savanna (re d-br)wn oiwl;) 15 4
 
Al liivia I gall ry' 150 
 10 
Tropical Desert 1.5 1
 
i'sanmiophyto on sand 
 1.0 0.I
 
DLesert (Coa lessed soII) 1.0 
 0.2 
llalophytes (solanchaks) 1.0 0.1 
Submont-anei esert 7.0 2.0 
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SU BTROPICAL _133 14 
IU1 Du11SUIiTR0--I--S 360 25 

Bright furrn1lit 
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lrai ri 
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[tecomile d.,L toloi,; 

Research should Ize:arialy 

Z. sstahled yield potentlil (ifall tropical tree lpecies (Including 

plilm.) o.ed for food, drugs, riliher, oil, cliuwi ng gum, etv., witi 

eiphasis oii specl en thait ippeir it he ;lpproact,,hilg 0i11 end, i)tre, 

staItils 

h. whl,.e plilt or r',sldo, i.rgv pltintl if the triplc.a ,coouc.tmlt 

specles, grown nder v;arioil; eu'ti;gl';aI c',narioq. Mu'hlit Cilovelilt[alr 

yields Ire atttinab, with mi ni, I or Iipott? What residuii ylnlds 

rein., Iio? Sith noribi rn i pre;enit arF, tiL-,l nveledmiiv,I lal 1 t , c r I y 

for atoy in ionliitti I I nvstem ,lil ' ;i;. 

ynierg i stli i t of tLrri'' i-," , nc. the LI dmlitaig:nlI!;tI I in termi t Itw; 

In Intrc ro1 1) in' t;chetlI a . (;allwe c)nt rutI weidmi iil (Ii ;emls arid
 

iww'Ls wi tih rie,;Niom,; fromi ilhtiniiri| vrip1 -;.
 

d. relativ grto+s mil Int yields if fuel per litcLare, toi barrels per 

liectare. 



126 

References Consulted
 
(but not necessarily cited)
 

AID. 1976. Proceedings of workshop & plant adaptation to mineral stress
 

in problem soils. Beltsville, Md. Nov. 22-23, 1976.
 

Becking, J. If. 1979. 
Nitrogen fixation by Ruhus ellipticus J. E. Smith,
 

Plant and Soil 53(4): 541-545.
 

Broughton, W. J. 1977. 
 Effect of various covers on the performance of
 

Elaeis guineensis (Jacq.) in different soils. 
 Internat. Develop. Oil
 

Palm. 804 pp. Inc. Soc. 1anters, Kuala Lumpur.
 

Buchanan, R. A., Bagby, H. 0., and Duke, J. A. 1979. Botanochemicals and 

Chermurgy in the Petroleum Drought Ahead. Am. Ass. Cer. Chemists 64th
 

Ann. Meeting. Abstract.
 

Clark, W. 1980. 
China's Green Manure Revolution. Science 80 Sep/Oct
 

69-73.
 

Dudal, R. 1976. Inventory of the major soils of 
the world with special
 

reference 
to mineral stress hazards. in AID, 1976 (which see).
 

Duke, J. A. 1978. The quest for tolerant germplasm. Chap. I, pp. 1-61
 

in ASA Spec. Publ. 32. 
 Crop Tolerance To Suboptimal Land Conditions.
 

ASA, Madison, Wis. 343 pp.
 

Duke, J. A. 
1977. Palms as energy sources: A solicitation. Principes
 

21: 60-62
 

Duke, J. A. 1979. Comparative nutritional values. 
 Appendix A. pp.
 

305-307, in NAS, Tropical legumes: resources for the future. National
 

Academy of Sciences. Washington. 331 pp.
 



127
 

Duke, J. A. and luke, P. 1975. Organic energy farms: will they free 

its? Org. Gar:l. (Sept.): 135-I138, Reis!tied Iit 1). lWailace. Energy we 

can live with. Ro.iale PresS, En .Pavul; 

)uke, J. A., tlHrsL, S. A., and Terrell, K. E. 1975. Ecologlical dli;tributlion 

of 1100 ecrnomie plants. Informaeionii a t)lia Alerti. I ICA-Tr)picos, 

Agrittiomia No. 1. 32 pp. 

,wel, John. 198(. rropi 1 siccevsi ions:manifo d r(eti.; ti nititri ty.
 

Biot roplica Vol. 12(2) l;yplerierat. fiI sutccsimit;.
'ro cal 


Felkor, Peter. 1979. h,-;yitte, an all purpo,;e l.cug:iotis artid land tree. 

Chap. ' _iiAAAS Pe'tod Sympo hi;i 3. New Agrieiuttira] Crop; - West

v ,w"Pres,, 1;' i '. ,h~ rC?,,loI.,
 

Fo., C. D. I); C7i-.ril prii-iphl,; involvtt vri plaTitts for!n rvnin, 


.thim iri.nrmdu ~l!, l,, toher.anc-, iriAll) (1970) (W'hich e )
 

lialin's, ,;. (;., Ill .'-s L.. '', and lli . (,. 19t78. Iegrl m im~u; plant4 

iticr-.t t sy catire g r oitlI In rtrithrn AIli ;hio, S.SA i.uir. 42(1): 130-132. 

llan!;OT,A\.A. 1976. Pr-face in AN), I97n. (w'hich - -, ). 

Itart, R. 1). 1980i. A .tiir;ril 'i ' " ain log ,itly)rivIlito the ds Ign 

of i evvIottaI crop t;tri t irio i l I (iri;vt -Tivirioimiq'[tv. in 

TIrop~ical , , Blo*,,;:! t itrc 
pi, 12(2): si;liplor.s.rit: 73-8-1. 

Janmlo;, 1). P.o 198H] . ',*r h ;, in~f]lunc ,- tr~i il~ siircv('[ ;q [ion in 

'rioplcal Sicc.-;i,m, Bit ripic-a 12(i): Si)))P.,',itt:'i6-64. 

Katinchan.S. I). and .avachandra. 1979. Al lIopathilc efforts of Parthelntu
 

hystf-riphoruis L. Plants and Soil (1-2): 27-35.
 



128
 

Lieth, II.F. H. 1978 ed. Patterns of primary production in the biosphere.
 

Benchmark papers in ecology 18. Dowden, lutchinson, & Ross Inc.
 

Stroudburg, Pa. 343 pp.
 

Lipecki, L. and J. Selwa. 1979. 
 The effect of coumarin and some related 

compounds on the rooting of softwood cuttings of Prunus mahaleb. Symp. 

Growth Regulators. Acts Horticulture No. 80. 478 pp. 

Haugh, T. ii. 1979. Unlike money, diesel fuel grows on trees. Science
 

206: 436.
 

Meyers, Norman. 1979. The Sinking Ark. Pergamon Press (Biddies Ltd.
 

Guilford, Surrey, UK). 307 pp.
 

Nigmator,
 

Noble, B. F. 1979. Car fuel from pine trees? CANOPY (Apr. 1979). p. 14.
 

NRF,
 

Plemmons, B. and J. W. Avault. 1980. Six tons of 
catfish per acre with
 

constant 
aeration. Louisiana Agriculture . 6-9, 

Plucknett, D. L. 1976. Summation, in AID, 1976. (which see).
 

Schultes, R. E. 1980. The Amazonia as Source of Newa Economic Plants. 

Econ. Bet. 33(3): 259-266. 

Spain, J. M. 1976. Field studies on tolerance of plant species and culti

vars to acid soil conditions in Colombia. in AID, 1976. 

Steenhagen, D. A. and Zimdahl, R. L. 1979. Allelopathy of leafy spurge
 

(Euphorbia esula). Weed Science 27(1): 1-3.
 

UNESCO. 1978. Tropical Forest Ecosystems. UNESCO/UNEP/FAO. 683 pp.
 

Van Dyne, G. M., Smith, F. M., Czaplewski, R. L., and Woodmansee, R. G.
 

1976. Analyses and syntheses of grassland ecosystem dynamics. Preprint
 

180. Ft. Collins, Colorado.
 

Westlake, D. F. 1963. Comparisons of plant productivity. Biol. Rev.
 

38: 385-425.
 



___ 

'CONDI1C .,C?&,Y LAP44ATAPI 

AG-- LOLA71U.,. STA.V1, AhN4AL LEAF SOURCE
 

01T/AI (KTIKIA) IK4ul! 

A91F>,'. A,Az CA 4 131ITTT'S-31'N: x 61ASKERVIALLE 19bS4 CAV - 147 " -_______
A"IO '.K AA4, OAN V7 - lI b15ERILe 19" 5 * iA2 o -41- Clf
 

A'1S o..S4A~44 
 A'A.01 13 AL1Kz0KILLE8 V;4 

* AAX 11AA 111, A AHATIA.Ei 19b6 

A"13 1~3I,1.i14 ' ~ "A A 13 1 SAO 19b64 

X1T1-1 ',-7ILT l. A ,,LA 191. 

*~ ~ ~ ~ . ~ 1'. ACI~ Li'' ~ ,n A.A 11 

ZA~ALA i... '' ., P:4 7s .rKTLA1 At 146. J
 
all 57J. 1I&141 01 A .,-F3 - =
 

A' 1 L .
7 Tl - *!12p7 1 r 41ASF.A 9
 
AH A KT TA I& 1 AOT 

* A.4 ii'12 ,il CA' 
 KA PS~17 
IC - iT7C 1 ..' C I 17 405 1974 

' A7 .,707 1 11 C'013 -T 005T-T37Z - - ___ ____ 
*~~ -'A -,I-2-. ---------- . 19701
*7.1 ~ ~~~~ 12 ' 34r~~7 01 

A C ..' SNeI c, N;'.,J1 A . u Z 7~ K 4 1 l 1 7 
l7 
 7 - T IT O 

-iI 44. x 17 

TWLNI ' N 1.1 7;Y7 T A1 . 1,.. 7K ? 478 1 

ALSO '1K'41 A KA 14A.T 17 S1 

http:AHATIA.Ei


ECOS.091C b137A9y LASAnAA 

spCAI'S AlA. LOCATION STAbSIA 

AST/AJ 

Akw.kL 

(?14 1 

LEAF 

AllAE 

SUALCE 

*~~~~~M/A A. A)A&..AAJAADeLA 555 A 

* AAJJ i AAA'A 
.....U' 

A 

A..... 

IJ I, Z 
CA/3SAA 

A A 
A 
'ALA 

x bA.AS 
bS0;lA 
-D, 

1177 
197 

A* d/.A 11/5AA IA A A ./L'-A
AS LAA 

A 4i x LAU LD A 
' " A/ IL IllyS 

A P '9C,ALIA.A 

A 

xA A, 

AL 41 

A 

A In 

xA ,909DA9N 1977 

A I LO77 

*~~~L ALCI Y~.A 91 A DU1AlA 1971 

1A*.*/* 

AVAC.IS 

//AL 

AYIO/ALAI 

A LA 

I.DAiAA 

A 

A 

A 

I2A 

DA : 19L4LS 

90.09 1977 

L/ 

^- ... 
*Q A ,lAI I ,Y1A .L 

*~~~~~~ 
AR/AAC, AAN-qJsn1 5 

17 ".G. 

* *A AC. I 1(A ~ 
A " " " '*L /r 

A4AACIA sF SA 

/IULSA 
X 

A 

A 
A 

- L 
V.MEZuEL% 

IALIAL.UAU 

CALANILA 
-llAA -L A 

IA 
A 
A 
A 

A 
- A -

A 

I 
I 

4 
A 

At 

I 
44 

---------r 

r 
x 

A 

1 

AVAJASLA : Ir 
909.119AN 1977 
UASAxw /"7 
60D ALFL 1979 
A X 1LO 7/ 

AADAN 1977 

111A ,1*5AA/
AE 1979 E 97 

0M 

LA/A/IA 

* AA/pSSOS/A 

*. . * s... .. r ~ / L 
* ACUA S11IAAAAs 

A At/At/COI 
5 

LqBAL 

A 9 . Al/
CA./I 

A 

A 

A 
1 

A1 

A.'1 
4 

rLAE16 

A 

.-

S1ODAgI 1977 
A S. 1 A/I 

D'019 177 

1/ P19 s 0 
L.A( .5S5/A 

A I, A 

AA 

B AA /L 

ASY-

A. 11 

Ag 

1DA.!?L 

r7 

L 19 6 

....-.. ...AICAlA t)iA I 9 C 

BEpIA /AOII 
9 

.A 

IA 

IA/A 

IA 
A. 
A4 

LI 

JAPLO 

APA Al 

'AAA 

A 
A 

11 

A-1, 

A AALAAAA VN7 

"9 0IP 19 Y6 

AXE/T01963 

'-;U6S 01 29 1 Ab00 9 BZIVIC19 67 



FC').,O IC br'TAXy LAFUPATU ¥
 

.. .. PtCl AGI) LOCAT IN TA.DII. AhRdA . LFAf" _UUC 

.. . .I t/ A) (.T/HA) 1NUI!. 

6" " 111L21NI OVAmTO"U 11, z WLC 9 

'--b TP: Z-+RL ..... . . UKTy + "- 5 . ... {- - UW IG I& 1 

FTULA V;-L.+, p 4 AT Uh T Tw- -I & " I 

• u. TULA V R.Ucll % U 1 21 A I J 'I 4 TUN L "ArI.WICK 1 q59 

. TULk W, "U& I -- -- -- -- ---- J, ,4 A x l G d 96 

bJT"A10C,;LJA CAU AI CA ,4 x A I DPI' F 1,78 

• d3THRIJC,,LJA 'AwW• Ix A i I Ul'.E 1)7H 

r 

AOAd AE 14K £ {JL 
• 
[A 

• 
•i 

i x 3L 
CIA 

v 977-
197 

- -

_.RAC.IIWIA b-IN I ('uLO'. A A I L- GCAN~ 1977 

.. C. I 1 ':'CA' A K A " XI nD I19 

£CnI:A AullrLAKJ x nI Ca AN 

qaACPIAVIA I P L A A Ax_= K .%rA Nla 1977 

x 5~l.w x +4x b-O(.DA 1977 
R -.C  , 4, 

' A=' P T A 6 OL A 1977IFY FL I [ 97 

• u~ qI S -:r ml ta I UlrAYLEFILF 1979 

n-(J: T +I-',Z~] t i A 17_, ?U RTC- AL I _E L rI~ 1 

q1 1 101 k hiL 0LA 9 77O 

.,A~l K 197rb L 17 

T7 ... . ... - .5iL V 6nL' A T 77L 7[] 



Ac Th" A -I ,Y 1nA 'I :7 F u~ 

'"T/n7) ( iH'rv- ' __ 

CA,' 1~ AAP, 

.~17-A7A7 
CAA.AA;7 
r - -A 

A 
17 

1'&A 
JA~'4 1L39 

IlqA 1 
19 . __ 

* CUA!ANJP'z. 'lp "fl% 
--C ACJ, SC-,S T-lU 

.2 JA-',, 
IAAal z~ 17.1 

x.2 t. 

-r : !IT 
* '0 

9 
A 

"'L1 
*~~~~~ C772P A ,1l, A7 x1.-. A A% 1177 

*~~~~~' **A.9. Al~l 

.-- tMR 
* 1CI7AI 

rlIA T" 
CIL! 1l. 1 A 

I "A 4.1A 
ALAAI 

I - 7,7L- 7A V4,;'77-__ 
1111AA.A77 

* CpAC~s r7L I, A 1lIA IA7 ,s1AS 1,77 

*LL * ' All) W A 1.TTTA 

* C.rAOSF.,A PA AAI. ' I U %.A* ,O(2,4 1977 

* 
* 

AAl 
CE7,O',A 

991A '..IA A C ~ ~p'~9SA., . 
A . 

P 
9. -A' 
A AA 

.9)) 
IT" 

7 

LF'AOALL)-.,,A"H '1 0 A * ~L WA lgA 

It~~t~T1A4 I -A Al 7 7 V .,. 19 7A 

'LOkTA AA.% "I A x AP A. 117 

CMLI,179 11A4 A ' PIC A A 
4 -

Al 1,77 
-t~t177A11A17A 

CAU.AI9 A97; A 

X'*7" r 
*I7ILA-.) 

X I 
A 

n-

. ~ T 
9 

u971 
'l)A' 

77 
!q977 

--

t9 71T A 7PIA7 A 94 - <11 1V77 -
CMAA1 AAAAAR 1A31I 

.t?!7W1 ttA A A-~A -- AA A A' 1. 

* CLAIIJ, .9AI7A~A 79 A DU.
9 

VIEL.I7...7 1979 

* CLITlPIA T37A. 3 .k CAAA A IAA 9QrA 1177 

- CLATUFLA TA9.k71A A A A IA 7 337397 117. 



.A.,IC.AIAY LA',7ATAAA 

(vEx, 3 SYr 
t 
r5ss PirjICTlVTY 5AE 

I.T/ A) (AIIAA INiI!A 
-______ 

CJI LAA -. A 

t~iA~~f~77.~7l 
C4.TXALA JAqC A - A 

A 
L 

.A?'75 
A 
A 
A7AA 

Ax 
.. 

X 

,'A A 
7 

HOLTAX 1377
fC Z9C6A(.29) 

CPPOAI I-,A1C
1777 'i,-r .i _r7,T-1 

I 

-j4-

.AAA' 

JAAAAT4JI-
J~ 

7 
1 

'o 
14 -

As 

I Z_ 

TA.. AL AAW 
TAbA.1 FTjAl 1965 

_TAT __ AT 

- AAvp!2~7 AP.C 44 JAA 4 A?-1 1J.0 TALA.1 FT AL 1?65 

J1oiJ 37vr171Ji'A , AN 17.7 1T1,vk rFT 6E5 

CV.AOL. A -, A PI- CY 

AVJ7k, 0. 1-

CA2.L..1,J.A 
,ThuL CA .. 

- cAAC JS. cALT1.As 

- yjj,Yi7 kS I" 

0y6Y0S TA 'A r'1 

P r 

-tA 

A 

A 

-----:-- I- -l-~~o--------

A m 7AA 

A AA 

AH'7 I 

Ab 

A 

A 

A 
Ajl 

A% 

Aug 

.. 

1 d 

1 
A 

I 

AL 196O.LA 17 

600 A1 -.T D K I L 11 

s 
LOlIOAN 1177 
Ok-A 

. 61 l 

0l 11 

A001771 

_ 

____ 

_A 

AYID FLAS A~ A rA o.m 1'? 

ItCA7.A LA .I A.. A A AO.!A 1,7 

* 

ISAA",L 

L .SDN" 

&, A 

A~LLL 

A 

L n!l 

L.il 
"L7 (FLL 

:'A., 

ILA 

A-

7 

I.~ 

7, 

A '.A 1177 

A A------ 177 
A OANp 1977 

K.7l- 0101h 1177 
it. -,A O.AA 

XA7LAtA AA 

c'ADLD% 
L...LrTV Vj. 

A 
Ax 

L~.S.A 
liAA 

A OLCAN 
A7LAL 

1,77 

b'DAIL- AA 7AA7 ALI A AA. A OA7ADAN1977 



COhOMIC ,GTAS9 LA UAAPk

~ACAAE L CAI I U ST Ah'1 N9 AP.WUAL LEAF SOURCE 

VA~Iu, '.A~A1AA.,* A 

MARi) 

.ANII.LA 

.!IA)A-G 

A A UUAlt 

LUICIIAATHIU.. AN.ULATAA 

A______- crurr-
x --------161 

A 

A 

I 

77 

i ~ l 

bODAX lv77 

A1C,7A4lr4AJ 

Ai UL 

-ICAJli.17A 

IIAINI,.,CtlCi~~vA 

A 

IA 

16!)1l 

A 

x 

it 

7 

xA 

1 

IPCA% 1977 

lIE 197.

.191.01-' 1977 

9 

111AIACUR-iA 

A 

A 

A ~.A 
C I9lA 

x 

1 .7 A 

U A'lA 1977 

b0IDIN 1977 

UIIIIiAI Aw~ll.., 

-- u 10rI,!I I6'A 

Alllit I. 

A1A1AA1 I~LIA2IA 

IAIAIAAI4U ,A. 

111T114 ~CJAAN 

A 

A 

AA-1 

~ 
A 
X 

GUYANA 

PUATU, jICO 

PLAkTU 11710 

udA A 
A A~A. 

.1 

A 

A 

A 

A 
A 

A 

A 

12 ba A7G 19,77 

42 1 .0118 97 

46 X b010AM 1977 

xI ijOrAM 1977 
A l 0 ItLt~Itt 

X__7 tODAM 1977 
_rZ--------------r---- -- T ------ A Li 
.1 b0t111 1977 

JIY 

iu.r~lu 4C7,ALS xv A x bOC'AM 1977 

6""IAIA91.AAA, 

G~~lI.. A~ 

DIIAAA~AlA 

.IA RIllvl A.'.CI 
A1A1?AAI A'-iA1A 

A 

ATAAL 

A 

PU-AA Ai 

CAMI.OA)76 

LA.,JA 
PU AT0 IICe 

A 

A 
A 

A^ 

44 

'0 

A 

0 

1 

10111AMI 177 

AAln AI 
bO(.DAN 1977 

AI. 97~"0 A 197 

IAL1A1A111WAA 

AICiGIAka SET0AL.iA 

-- ~..IA.A.. L" 

x 

A 

UYANA 

GUYANA 

U 
0 

A4tl 

A 

A 

A 

6 

9d 

Ix 

b011AM 19774 

10111DAM1977 

M; IOM17 

A CvJA-11C A A31,77 
l~~l.1~~&iI; A IAIAI A 1 XALAI 1 DAM 1977 

00STILL0,ACT1A 
ULAAAUAA AAAALIA"lsls 

£CIAI----------

A 

X-Y-AY 

JAPAN 
A 
AR'A 

123 

A -- --

19 
VA 

--

9.8 

0 

UbIIJA19810 

1001 97 



tF 'AURAAI tLL 
EC0AOATC bOTAhY LABUAT1R7
 

SpAcI!s AG& LOCA?1A9 SIA.YIXG Al7Iv1L LFAT 
 S.OURCE
 
A9LAAA -yTA.KA-' r$U~UUTLIT1 A IA 

D~A7ADAA
pC,17m0C91DA Vu'kZU7LA ?I AAA/17
 
'"':ur'LuA VANAAAL, A x AODAA 1977 

ECHINOCHLDA k'OLY/TA:AYA 
 A VZLA A 'in x bDADA 1977 
/.fllNA9.JAALID IA TA6VAN bn.At~c INEIHDACIPISRX 
 A us 15 
 9 XFDYIEI.DFILE 1979
 

ELEOLf9ARIS UuITATAES-
 A - 5 Xl4 LI
SIt VIELDFILE 2979
 
--- MULUU9A9AA- ./AAI.L, 
 A '11 1 A uAgt i'IA/f LI 1-V9* tLiulrh, cuAAAA A !,.516 A K bDADAN v,77
 

* LUA!h- INDIC. A -ALI A 
 .1 x ADA4DAN 1177
 

* ANITFRO0,AA.; hkc7AS,&C!U. A1 K944. 
 A 1 .1 A 1Il) 1.DA197 

* RAGNIA CLAPA4LAS 
 A T,.nAA A 
 lit x b10175 1,77 

* /.AGxD37AS CA5AU~k 
 A TAMIA 
 A p 7 SDAW 1977 
AAIOSCAS 1AAAD= 
 A SAU4lPAC A JA .0ADAN 197
':RACA~A CrULI A SJTi AI. A i I 70A 1977 ; 

4RAC,/OIAS CURA.UAk A xA/. A x7 A'IA977
 

LR~ACRD4CAS supt/A 
 A 1.416A 
 K .0A.A 1177
 

*lLAC IrTAI ANAS'AL CAL A 1 R6. I7 IL AYO. 
* CC9~tIAATIht, 
 A 1./JA x XA* UC7/LAA.NAN AICI1 bAA/AO A1,i 
 A A4 .rOC 17 

CA9A.AC/AAA 
 I90±6 A 4 7 1 


UCCIA !XA611 


x DAUC197 

lkA L49 
 x AOADA, 19io77
 

1111t A./JA
AAIOLA' A U, 170 7 2.9 .1 A,1c 

FLA lS 1~p A A/ApA. 37v 13 X DCC A.AALILPVICH 1967
 
"; RI/L TIC. d' S.15 A 141 L/.7 A/Alp
" 

*iE!CIA eRATA/./C. A I A 1/ UAF 197A
 
1IC.. ....tN4 A U, A , A/"A! 1979tLP Ll
 

* LIC 't: 'AA A ADALA 9 I7 11/A/ 1977* CTytIsr4 TA I U.MDI A x bAIAN1/
11.11191 9AA A I97"I A Al b AhA 1Y77
uCrPtCI9WMA A IeAAA 
-. Y.7715 n t, A ~ /ANA 11 1AlA 
 x bOGDA M 19717CC/Nr "I A Al A 11 K ADASAN 19//

.LYC1N, "6A A X 
 A 4' DDIP 1978 

: " AA.U.1L X1 t lo/AAOAAN 
A bOADAN1977

LT ,rtlI/II A 8/ILyA A 

http:UC7/LAA.NA


-
.A ~ ~ G I 

IA::z.l 

'A17.OMI.. ,CA.. 

A7,, 

LAFAUL 

A.'7 

"AdT' 

*AAL 

7'rY 
LEAF 
A7AA 

SUugcl 

.TAYChl7,C 
7 

AAAAA -A- AUA& .tLrfL 1971) 

* A QJCJA9,fIA -nI.,5,I A 

* OfiIIALC.tA 

A 

A A 5 

;AAF11 

WtLA 16 

r v2 9 

* Yt A.PC94 

.~WIA A A 

hflAA9 
0 

A'IA 

0j,PLAIA'A 

-A.72 

A",. 

A 

1 

7 I .A 

CU~T 

II.AI 

I 

A,"A 

-

x 

-.

nDAA 1977 

,Vl~r -1T7 

ACA% IM7 

IItr JUI~wTr . 
*LAt IIIAI., 

-~ 21 :31 1, . - .' 
I' IA CAAZ3&IEANAA6AA 

* 1mel:U,A A! 
1-A I tt Z 

- S:hF~ASAC A OI 
InAAL*AAAC..Ll 

* ISCA7',t' 
* 

lA,IA 

IT _ ----
1 

- - -

7CIAAAAATtAIWA 

- I -A -

-

A 

AA__x--rl 

A 

A 
A 

77VAA 
AAAAAx 
!;A.Aw.. 
S.AAII AA 
2II A-2 K-

A 

A 

A 

A 
A 
- I 

A 

.4A 

A 

-

41'A 9I'7AIL 1A 

1 2 -I 
AIAIAAI 197F1 91 
BOANA 1A;7A 
AAIA 1177 

117 I'll_______ 

_I 

.AT OA7A tITA - -1 A - - --- -- A ~ fl T L 6 

* 7I .SCOAAATA A C-S6 x 2.77. YIFLAAILF 1479 

* ,= AII OAIAl 

* 'LA IA A'..AA ICI 

A 1AACO1 A 19 

A' , 

A 

I.A 

*A~ 
,, 

LA ILI2 

tEAACAA1942. 

'tll AttIA . iusr) AA A .1",i A,'IiS7 

* LANI 

* I.AA 

LSI 

A'AAA 

AILAI 

UO1, 

96 

1 

IziAl 

1A* 

- , _ 

A 

n 

__ "i. 

1 

A AVIMAIA 195 

210011 

__________ 



* 
8 

5886 
8 

A9l ILIt 

SPiCLES All .2UATIUq SAAOIVWI. NKAL LEAr SOURCE 

____________________________________________________t.)hsj (I.118A) A~uIEl 

ILI.AAu(AA,1.S1.All1 TU)i A1 l~nS A x OIVAN 1977 

* tLIA*SOAAa UWIIAM A 14 x 6184 V11 

L- -tVULIA AISLIA 
LEU~CAENALE.UCA1-09ALA 
M*UUU1ALA8LLU1CUrOA1A 

*L UCA!fk8 Ll C.,EO ALA 
*1161 tUAt4ACA 

*L!UCA8SL L,UFOHALA 
* TAA6ALsUUHAA 

*L!8SCA9:sA L-_ucO1?:s"ILA 

A 
A 
A 
A 
A 
A 

A 

8 
AUSTR5ALIA 
ASIALlA 

l"lALL 

hA.All8 
AUklTluS 

St.. Cl18'A 
r A.A. 

A 

A 
A 
A 

A 
A 

A 

A 

0 
A 
14 

48 
t" 

.5 

12 

8 
8 

x 
I 
1 

.61 15
68681 1977 
dIA. .111 

bO(.flkW1977 
b0111 1914 
ho DAx 1977 

011 17
U5AU& LIT 

*LC..A LIUCOCC_'A LA 
*LtALA-.:A L.6UUL'-rALA 
*L-!JCAES L~auco..tIALA 

A 
A 

A 

9I1 1A 

8AG11s I 

A 
IA.~A7 
A 

1 
19 

I1 

x 

.OAI~1977 
bU.A 55 
ksOI.1 1971 

*LllIAVI4S5A'5 -ussLAP 
8 
.9 A Us 12 ~ 4 x HIITIA.ER .966 

LOLIAS MULT8,L"ss 
*LJLIA ' IUL151AA5 

Lo*ISAOMII 6A,,Sl7 

A 

A 
A 

FSAC. -
U 
XUST8ALLA 

-A 

A 

I x 
I
8 

.1 DE480('46J 
D44 T-~rfIM Mt 
AiI06AR 197,. 

1959 

*Li)TUMUNi A' ASil 
*LUVIsU LaS 

4
. 

A 

A 
Av5IAALIA 

8 
A 

7 
A 

x 
UU15*k 11,5 

119F! 1579I 
61,11'"U:̂* USALLUA 

U3II!~ITl 

*86011IS IATUtA 

A 

A 8 A 
A 

7 8 
L;u.l' 

LbUn E 'I 
LI; W7., 

SA8P8.., 
H*No 

"AR8015Is 
ARTL4 

A 
A 
A 

N'. 
T81154C' 
I4Pc~U8.S8ALa 

A 
A1A 
A 

.5 

0 1 

b60101 177 
bAflflUt ""5158 

80(.C.8 1577 

*Z ,,1.TIA.A5AI5 A -ALL A 41 8041D 1A1977 
'U6M"rA,pIS

*sAC(5AAtAA 
A VA 

x 
A 
A 7 

A 
8 

UAEa yl-tl*Lt 
UU88! 1V7s 

L19 

* slClAAAA 
lrAA11SIA 1*11A 

* Ul!AC81 FAT VA A 

8 

A8zWpl
I., 

A 

A 

7 

44 

8 

x 

U:! 197, 

1101fl40
88 581O6 

* 64461AL.S.ILMA.MA 
.sL8LOrtl. I AICA A 

AAAAA 
1fA A 18 

1.1 
8 

UsLUl AL 1909 
IDAM 1977 

AE9LIIO!81 UFtlClhkL!5 A LUA8RE81978 

*luv 
* SUUSIIJNUIt,11 
* ELIMTISM8.ATIILU-

'lUHIMNFl~uTLU8 

---- hAII..IUTI.A
* rr-.-81111 AIMAU1SL 
8!LIM!5 MiAU8SA1,8I 

A14115III8LUCALUMalA 
A LOU A8,: 

A CULASIA 

A CSLTA. 
T M 

cA 
A C-lIA RiAA 

* 

f 
A 
AA 
A 
AAA41 

A 
I 

8 

12 

888 
9 

A 

~ 

08 17 
604UAK 191, 
OGDA1641977 
cASU 'OUIA 15 

IAl.19"7 
08818 
! 7 



. F -.. . . ... .. . . .. . .. . . . PhYT ~iMIFitz 

~ ~ ~ ~
" 7IOT IIITA.KY I.AOPTTF'I U;t IT + 

. tul n +l ( '/HA) 11~r 

FhITI Aqll~ I i )UX, 17 

AYPI: rL A~l' x .1xuU) I L ) +1917 

U.F] I1+L-DFTL! 1979
 

~~TFLDIL
i-'&,,l,:rl l t 5vLD "£ 17 19792 


.-- 'xlm-'c5t-,-. ,:-c .. . . . 1,7i- ++x- __ __ + .. - ~ lm; -- trr 

":3b~lil [ l A wA/F-CTa x bOLVAN 1 77 

-r TNl I UKP"' 17
 

¢II,~~~~~ 
 Pu T I0 • P• 7X x~' 06D 177
hGAN 


http:IIITA.KY


70lC 0TvA. Ill,9AAR
 

SPr.CIFS ACE LOCATIO S1t1al1N AkWIJAL LEA" OFC 

________________(NT/di) (Kl117A) 11971 

* CS1.U AATAIX:Y11tfl 
14 l(11A 11 A l , I 

VAIU 
A IOf DAN1 

P.71,AAT.U,. A 1..7 1 1 77
 

* PAA.UNKP*N9A 7pt.nL1 A I U .17A. 
*£7mA.CA A~ArAA 8 X dI1IA, 1977 

-. 	 NZUA A 41r 1 ^7* AMCUiICATO 41 	 I13..A "" A x A x 171.1 1917.
 
* PIarALA. CASATAANAA 1 OUEL-NALAXL A A .04.AP 1977 
PISPALUM Coll-,,.u1 
 A 	 IAAA1 b O.A.17
 

PSPAAA CU lJAT. 
 A SAP4VAE A A I blr.IAN 1977 

AIUA
* PSPALuACu97j11£ 	 A SARAIA9E A % 17 t91.r 
* PSPAAN AN"£AU,.A A 140 1 U7914. 7' 1979 

* gArL "LLA/g rAI X II7 U1ANkl
 
- PUPALA- AlTA 
 A" Lg 
 A4 
 X 901A 197!
*PASPALtp4 DiLAATA A Cu-6q9LA,40 A x oIIM 197 

*P"SALAI nILATAT.N 	 A A* AIAL.ANUAFUT 	 .4 X lA 1,7.
nAAAA 0.9 1971* IASPALA" NAFAPA- £ACAKIAS x 4 1 A8lCIA9 1, 77
 

eASPALu-N NICLAE 
 A 'OIA1I£I O'..lIA4 1977 
* 4'SPALU- 47A9A9 A IA.TTALIA A 7 07.1 97* PArA W -	 K~t 1 	 TA,I LAN 	 P1 .1A117 
P.PALAA 

PI 

,
rALo: gINA.L 	 AsClA A b/A£ -0DAx 0.1977yOlT17 

*PASPALum .AT'u. 
 A IV$A 1Z 
 OAI17
* 	 P 'KLUN SZIA C fl I.A A IC 019* 9/ 
FkSAPALUM NUTA-A A TTU. 	 nGUAIY1.L9197
 

* 	 P1,PALAC NUAAt.: A U..,A 
 9460A 107
 

* PAPALA, NoAAA A 7)9 A I 

VIbVALAN1 *ATA AN A A 4zg"1'1
 

0.1917
 

* !IIIiA
C~ICAAA 
 A1~ 
 A .0 
 x 501.711977UTE 7

* '11£~g9'71l, 
 A .TA AA. 
 '01177 
*'..I.TN 1 lCU. A I79711L A 1.3 x .7LfA~ 177
 
ER* l A9,,a
r51194A LU A4ALA 10
Sq OUDILA4IM
 

e' ASLA CL&,'L7911 A AS7A 	 9 lILAN 19771 

http:Coll-,,.u1


1,; LO A I 'I A I " I 
T M L, 

1 4111. 

T' AVI'TD-

LVII 

AI'll A 

7 OnLrA 7 

-:tt I T-
'N'S.-T 

-i -:t'L AT" 

I-T-4 V 1 17 L L I I I 

F I lr L-Tz- UT,V T I Z -TI 'J 
S-, 1,7111 1 

I . 
I NI f-7 I P,'!. I ' i 

TTt i u,, n 

rI I7zSTUr r U r r, z -ur 

L'L 

A 
A
" t:
A 

A 
I 
A 

A 

x 

I 

" 

r 

INIl 

I I 
TNII-
7,119 

L 
'- i A 
iklil 

WTI.Ll 

il 

A 

'A 

A 
A 

A
A 

A 
I 

A 

7 
-

i 

x 

T 
1 

T 

I 

x 

-77 

OLnAk 1177 

I 
' 7 

1,77 

li 7 T,.-ll;T7 
rLr'Ak 1 77 

I L, 1 11'' 11-17 
brG-,.X I'Vr7
tl'- 1$77 
in cr, A N 1 -1 __ 

OLDA 1 77 

I I L 
I- WI ZT-j-

I 
lr . ,r4-
'r Ms 

I 
rtjt- ,u-

Pu t V -u-

A, 
I 

A 

1 

Ii ZTL 

A IL 

17 1-% -11AICJr-l CA 

A 

A 

A 
A 

I 
1 

il 

I 

rI 

IIIA 1177 
-17 

DIDA. 1 77 

r)" J 1 77OtVAI 1117 

1-., Vlr-j. 

e L ,!u 

u 

U, 1, 
ru-1 "P-,r 

,E E 

It" 

1, ,kLMAII-

A 

It 

.1IIIA' 1 77 

IZ, A. I. T T 

13,77 
rA, 77 

7,14 -0.4.--A-U 
'Tu D-UT7 'l 

A 

A .,I 7t 

tjnIrlh 1 71 

DliLrix 117 7 
n PAN 1 17 

S e 

eHALA,1, 

T -1-11 

A OA-JC 

A 
I 

Tilrl 

I , , 'k 
Tll. IV-L 

x 

I 

A 

I 

T 
1 

-V zlurx IV17
tt. 197. 

46) 

VIC'. AlIE" 

rlr ' * I" t3 
PI CIA AILE5 

HCE& AfkEl 
ct, 

"I C-:l Atqo 

I 

11 

APA4 

1 " 
ik-14 

A' 

IA-A 

JX AT
JAP,4 

L" 

" ---
16 

x 

A 

Al 

. .. 
A 

I 

I --
x 

1 

7 N'T u 

-vTllVTuv 
OTINT,)% lit,, 

4700 1 9.6 



re V7-Al 'ILI
 

e L 

C'.,uA , ,,r l. 
z+sli .".TC .YA 

-. I-T T 

-X 

-+ 

J;, € 
I 

' 

T-

I 

KC/o+ 

UVLN6I OC 
GV,[NG, 

f 
I~, 1 

. .. . . 

q 7I 2 

4F- -FTA% 

* "1,.) 12,L.V N T N I5 

O" 964-Y"0 - q 5 

C.t. 7 loT 

l] O P/. T . -,L 19 07 

PTC - IT -, "tNGu I 

1.XU"1 V- T 
U +T 

A-
J+A 

2m 11 
+ . 

vIS 
UV£kT3k 1 



FCO.O.C CTA.,Y LAP Au2K9 

~,C-,AG, .)SCAT 29 STA~u1K,. 1KMAi11 LEAF SUtkC,. 
1YEX4 FhYlr25xs 

1fhkJ 
FUrMTTTI1Wr1

(AIP4A) 1Al.E 

1117 SYLIAA 

,'I., S V. 1TC.. 

14 

il 

IIA7 

ti..9 

S. 3 4914CTO 

29i1K 

19! 7

1911 

vJ77IS 1, TLVS:tu 14 UA A7 UflITUR 197 

-u-

1917.,~.at 
V* U 

F-T17 Ja7';, 

a, Nur' 
- . A - A 

I 

* 
1 

1577 I VF5 

r.vaa13*t' 
,q49f 

A'X.1 I6917 

*A-,, 
-:A.,I 

2
T-2. 1' 

74r,,LVNV 

3.l,.d. A.7.7. 1 

A 

I', 

12 
s 

3~.. -. 7 
C 

A 

a 

I? 
x 
x7 

....I CA494 LI .A .3 
Al I.77 1117CZ -19 

aAP.1A M91,95 197; 
V97F 1 9 5 7 

-2,1 TI COLT "2K19A7U 1, 

-E'5 - R? 9K F IA 0 

S'6711792 ,*.l Ia' .1 N I 

Alt'1)~ ~ A.7.tI 77"D52:TLL %2 I'. ,3 

-"PAA1 % 2 7,. A 6,5CL1 --- v 910.727I 

l-ltAj l P,-r17,. A . 1211IOAAP 



_________________________________________ 

- -

-- 

0 -0-1C OOfA.Y LAAAIIR 

~
CE
AAC~ Jckllo STA7UIN6 I.NUAL LEAF suA.. 

t.T/A (.rI9A1 111971 

1 
' A..AAIU7 ua 137 X 91AT E,19

9'U~ ,U~ 	 21 U. 42W-V7FAUAAt14As A Ua 421 is 6.3 IT AKER 1966 

cU,.'2LA ' 4 Ut 12 .A7 ALI.A111 

- ___-- r- fl37U - -.- r: -V~ U 1950 

cUA2U .,' Al 'AU, All A I UVINITA~s 1961 

* .- lAC'~1.U, A 7,A~AA A A AM 1977 
,,SOT A LI.lA (.L,A,l A UAA' A .77 b0l.AII 1,77 

C AA A n , I , 	 .0 -A ,, A .U A x ,,O UAX 1 977
 
A ',A..1&. 7A 
 A' 'TL~UA 1

zc1W . .7,",- _jILAT ~ ~ 2 X-- fI-- T 7 co 

U72,I., A.,A Fiji A .17 Oc,4 1977 
AAlT.AI UA 	 A ,,Ua' LE AU/VI 1jL27

ALLIUT3 AUU AILt~ 
 U~E IA199AL Y 

VI"L, 
 U YTT 

* A , A U, A A AA ILF L 9, 
-AI7; 7 -~A A 7 *'1 L A W 19 1Y U , 


-1 A AUA.AAAA U A-Tr 197 

A AJ A 2,07 i17AO.AI. 

:= . '; 1 A 	 . !./. A XAA 0 t9,lDl 1977 

A , CA)ANALAA Al A UA .i 1 7 

s'A,,!A~~~d A /7 DAYA-II977 

777. AN -,u 1 .1 A 4 K .OLDAN 1 ,77 



FECOhOMqIC OgTAY LABOVATURN 

bP= i: .T 'I  3 11 TA.P1.N AUIL LtAF SUUkck; 
. ... ......... [ Z UZ lPHTTTr]L15Sy mc n~12 TITT] AV'LI- " 

__0SlaUm r.?tm 

*- ORU"~tr'L~t" + 

S. CO,11:Al..? 

• 

x 

uz~-KA+I 

SJUTHU,I%0 

ISZ"r C.r 

S,17 lk. A 

A 

A + 

q6A137 

A ql7 7 

EVUrl 77tl-

OICAq0 177 

•~~~~~~ 

0. +lu 

+U ILP:g 

+++,,,3 Sx 

ml 

+3i. 

I+ bCt.DAS IV77 

EXT 1O 1,77 

V~~H 

illlT 

C., U L: 0 k A1..... 

x 

__ 

nLuA,1 77o 

2 

__BGLIJAW-197 

. ... .. 

ThFJ itm 
l' lff Lln'm +PXF£ 
L~~, 

ZI'I't CII I_''T 
T.,l l-,..' 

l 
• 

+i 
lX 

l 

.0, AS 

13SU r 
:el 

19"77 

1 . . . 
17 

. . . . 



FCONOMIC iOIAmY LAPORArOAA 

&i.CIEA AC4 L3AATIUR STAftDAN ANNUAL LEAr SOURACE 

AaimvkA Ca?/MA) INUIA 

1.1ILLA.4 ALtKA4L, 

TAAFJLAU, ALLXAJU 
I" m 

IXA'4 
x 

x 
AAAKLA) 

U.(FLORADA) 
I 

I 
A X 

A 
AOAAM L97 

b0GA 11 1977 

TAirJLAU.4 FoA'4OsAK A A.ASTAAL A x Mr.ISEL1YILE 1979 
!2lrdLlU,. LMCAxATA7 
r-TvMMu. eF.TA'. 
TAAFJLAA,. frEC.S 
""' "' "U. ....AAKh.. 
tIPiACLU. IP', 

A-

A 
A 

A 
A 

x 

x 
x 

.t6 

AAAL., 

1 

A 

Ar--l.
A 

12K 

'7 

12 

I
K 

K 

D!17 

-ZAEf 1111bSAP. 192, 

..04.DA* 197 

TRIPSACU,. LAA2K A Kt'IIA A 11 x bOADAM1977 

""AAA 
* SUCA C..AAI.aS 
15- JUAAAUAA 

* TSUC E-,oe.HLLA 
A 

23 

C 

.PAL ~ 
EAA~A~Aiv 

A 

12 

A 
131 

x 

I 
A5 

KARITIA.E. 1-66 
V7 Uhl;1 . CAkOLP. CMEITE 
OA ASKA 
ow OYAA7N1 

"I",J~INtSL
",.KA 1L.U. 
AKieKA LAI ' LI, 
T yP (AA t F.)L.A 

A 
A 
A 

U,. 
*AIACDTA 
A 

K 

1' 
A 

A 
A 
A 
A I 

LIAUP!---A A. 11 
lAUYAADFILE 1979 

11- 1-P -AU!Avi 
U&AlP! EKDfILE 1979 

ULfA CUtAPAUi A I I X U. l EtlFILE 1979 

1AAC.LQ*-K2SAKAAc'.A5sl A STR.LI A 7';4AAK17 

uACnLjA uKAA.AAA.1 A 11311 A 4 tAAIA. 17 
VAAA"A A iAI.A. A .1 x DALE V ELLAIL,; N99 

"LUCA 1A11 
. lCI A297191 A 

II 
X 

l 
A 

itA~ 
A 

A 1U5AL 4AAAA 

l:nK 197 

VI "-,AA7ALA A Ut A ,K AlA 1977 

"N!K AK.ULAA1el BKAKAL A Al I AAI.AN 107 

VI'M'RdI AIT AAIZr;
AsS, A 

7-
K1 

bGAI11 
AUFIIA 1'77 

KILN AKAAL A A A A xL.1 lILAN 1977 

V1.VKA U%ASACAL..'A 
1IK1,, A1ACALA;A 

A1 ,. UJ'ACAy 

A 
I 
A. 

7Il' 

fAjAK 
TALIAP 

A 
A 

A 

ilI 
.% K 

I 

.0LEA). 1977 
50"UA. 511 

DOAW lKAKDFILE 1979 

VAblAIS-TAAA A 4 .AL 525 A A 1ADA 1,6. 
V. AbChLL", $A

KCAL'lCVUKO'J, AA I A A.I A'l.A IADAA IVI!KFLOIL;U 1 9 

VTEK2-CADAOASFl/t-ll A FKAmCL A 5 X LIATIM 1978 

F SA.!U/l HtLA A4 AASTlk7I A ILIA 1978 



A'T" A ___I____L_ 
z 'OMA AIIA L ,TIM!LI 

I~~- It,~ A 'E A A~ A ~ _ _ 

-ii IL 0vC17uiJAON 
-~~~7n A Cl.Al. A A~rN A, ALtY117 

_______ :"_ A'.~'l FT AL IVS9 

-7, * AAA 11LLL "'tI "'tLC A,'FTT! 1915 
I U" UL1Av- uTEscr 1-97a 

A A' r' ''~~'-- --- - ----- A AN A 

VTA'7 
T717Xr 

* flSA' '>1>6, 

" . 
r:'' 

AjA1 

~~A [74" 

DUILREJAUC & ILA!Yr.RLA'SA.T 
II!16 - -__ 

AA.6 LA' 

1610 

- A'T'A A'1A'.A~~-' 

* ~~ ~ -AUC- '-1 ~ ~ ~ ~ - 3-
' A AlA4 

- -
11. 

1 1 
Rr,1~AYIA.A 146 

_ _ _ 

7U 14A- EA' A -? ----- 3,4, 1- *HITA&Fk . *C ~196 9 

*~ 

AA 

~7L 

* AYAPA'A,-, 

-----------

,IA.>A.l 

'Al, 

A!A.V 

' 

IA 

.. 

A 

1 

LIT 

tt!T 

AA? 

1 

ttr------

A k~A6A R7; 

9'6 

i_ . J - *L A. *~A. -I A I* t,5'A[ L ~ 

ATU'A *A.AIAAAA*I*1J 
 AL 'OrA6. 146A 

T'A -',1.O .A l' . '.7 -AN ET AL 19b5 

AAAAA'AA .~i9'A',I A I',CDAST A 13 A AqESCO 197 

A ASA,~~,AI.AAAAAI~A 
'9Y'7I!1.ISPAT'A 7 )' ' 

ATAA'.'~.1,IC'' 
A 
A 

ALA AA 
319 
Al-A)IA 

' 
A 
9 
A 

. 

A 
-''"" 

A 

LIETh 1974' 
tAAEA'7""' 
l)TA 7) 



!10i.Os. 7OA.Y LAS*0ATURV
 

ACE LOCA1104 S13a014, 06500L 
 LEAF' 
 SUIIICE
 

tNT/MA) 
 (II IHA) 1W1EA
 

* O1IICCACS!
L9A~S)

.	 00YCOAST A 
 15 x UNESCO 1673
 

* IT1.&14A , 4A Af'L E UU" A X L .51 ~ 
* TI0L1-CA~bA 
 Q
914, 
 A 10 x 1ItT. 192
'nt s, 
 A 14*9 *4 .1LA A1 At. IV,** OTPIA 
 9.1.11 36 
 A C 6O,.LEV ET AL 1975 

* V1103F, 
 A IOAILAIA 445 A 10.7 00101 L.7 IL 190,5
- A--~rr TCaLAMA. ____nIA11.5_ 2~ 11
 
* I/111A11L AL llllIZlI.0 	 AA.r. 	 IWO5L4AN x 15nl U1.151 ±,78

*??0P ,/S~~~R,,.) 
 A T.AALA"i 3 A 
 A 00110! IT AL I "b
 
*V?1s01,0A,. j 
 ' .61 
 0 A AAELAN.
1	 E *COL 1900
 
* V10!AOeIC AI FO 1ST) 
 A T. LLA9 ol A ~ K I1LUTIf AL 1975
 
* :T1?AO9,. 1 i~C.3sUDl"l FOAt'ST) 4A CA.OI A p4I OOcO17
 

TSillUrpI A", AS A IAIAll A1, - - - LLS! 01 AL 1M. 	 0* 91TSI.AFAOSJA 
 U)13 0 *lhZOI-s!9i 1966
 

WyVt(Sl,1,SCA0AZ DkA 	 A us 511 lr1. *AltAo16
* 5411 ' T Crl100T1oS 	 A gOALl - 13.A HITkfAiqL. 0*1 1.416
 
,*~TA'CD Os 0ill AILLEOS) 11 D A~ 
 O000 .£LVC 97
 

. 114 Ar 0111011
 * .1160 1.l Af I Go~ 

*~~~ 	 SOOPAIA 
 13;(~oA . 0.4.AZLCH 1967 
- IOACA0/'!AL FORLST) A -J910 A A .I!0 

S IA ISAL F AO 1' AO 	 b' 
 I ~ ~ TrlT.

97 

TA(V/CL A.A1)1) A IA~' 600 A05 RA bALTL"P6ICH 1967
IAlorL1ARL.f AV A )0'TACA.. l5L 9OiCSljA 	 ic . All15AL/1CM 19670S/ 0 01 0 900*ACLVI16 

* 0A(AC',//AL "VA11O111,9o3 SIL.) A OAAL 7.50 
 1i' 0116 0 6A7LFlCl 1967
 
11A(AO/A 
 AAS-S0Oo)* .25 .109T 	 0 sOLl. bAZA.EVICH 1967 

* SAI/20U1S 0.''/A
KTAtAMAP)AAL 	 x LILTn 197P


A--I 
. 	 11!,17 

* 	1A(J0A110 SC.115 
I NUPLn-I~r iIA . )0 	 KAATq,IALJL 

I 
1 :1-11 0 ~ rL is17TA(.0. 	 19-118* S10901.1 701',)A 	 . io11 

U' 4,4 12.6 0
. y-~r a1AAR =.Oy-u.,u.1' 	 OO AS~IV191671 .11:.y ----- Alr; 1 * ]102551 j ~ . . 

V!(.a 1I* 'd 0 A1Al~) 	 A .1	 10L' 44V 10 x OCOS ' 10!VCI16 
* A( ;T
lI 1OASA A, 0/rU 17 5 OOS ZIIICA 197 

*IIS,)L.lA*CA
!. V S 	 :u L' 1 0!, x /Ilk 4 BkLLfVICH 1 "7 

Vl(0l5 )S1.A,PJAiL) 
 A SIS 9 . x sO.0T AILEV1CH 1967 



2 
K K. .J..1K'.A'K K. *KK,% LEIF SUt..C,: 

t~~ -~ 
K'(IKK~O 

-r r---~ 
I 

~ L 
,S,'. 

37: 7. 5 r 
K.1 

61 ZtLIVU T97 
KAI.FVICH 1967 

YT 
V7AK -,', 

,KK "K. 

*KK,~~~ 'KKK 

* KAKKIA1'r K.I'~K 
T'L~rr 

7A!.K KO.;j 

K.KKK 

K 

* 
-Z-

A 

KK7 

*K>*, 

*~K-
iVj7t" 
*,,KKZK 

[7 
c~ 

[1 

,7 

.4 
I 

x 

X 

.0, IN I xKLILrVIL V.67 

.UI. KLISNICK 19 7 

L'.K%.K97. 

O,LIN ALK*jK.KVTCHFIS7 

koLIK AZKIKIVICH 1 "7 

7KK('& 4K W.Kl *K I, 
tX7KsK'KCK 

K 
-KKK 

K.' 
- -K7r3 

[K *. 
1 WKnT-; K1ITLKTt 

'LKK K bALILi 9-CK16 
Oc 

* K .I1JK .A- ' 

VK 3').'-7S. , ~ 
'-AK( l )tK 

* KK..J.,,KK.I('K[~A, .KJK 

-O I- T~ *,' *.9 
,. D z K.K., 

* K 

K 

K.L~,, 

K~~ 

*K2 

CU. 
Z1'KC.L 

;VK-

, 

,'K 

[ 

i 

3K 

2 

K 

I 

K 

KCL~k UT&ZL!WICHfIV67 

KLIKh UTLIVICHK 1,67 

OKKK~ KK AZLFKKCH 17 

OKLIh K AKILFWIC4 1 967 

KKKKK1KKUIK 
OK K!.K K 16 

KK(KKKK~~~~K[.tK.~~,K.K 

* K.3KjK.,~.K~ 
r 

S'KK'1 

KKCKKJ 

KUK 

K , 

. KK 

K 

K 

KCLIh 4 KAlLFV9ICP 

K..KKK~tK~SK -

ODI% I K&ILE IC 

1YO57 

KyO 

1167 

* K3KK6KK.CK .K' MKIK,F 

* ?AKKKKKA.KC .......,p~') FOKI 

.bTA(KO.KKKFj4 'LPtF'SJLOKK!K CkKK.01E) 

K 

K 

K 

* 
1 
K-

*K.K/ ~ 
i 

K 

x 

IK, 

7Ib*6 

CLI. 

bKK.)LK ICK 

K 1L*1.H 

S kIL'VKICH 

1,67 

)67 

1967 



__ 

4 CL , 


v k(S'),Tknel AP?0 rALL Yj 


VTA(StIdT OPIC AqL I H~y 


WTA(.U.T.,OV[ I ,iiD .1,) 

T(SU._ e[ h:i AL&# 
VTA( _~ LneI U-Tlb .-0 T~ S 

Q'I11: .TZU~l 4'~) 

VTA(SIF.TXOPIC nU~sOlf , A 

=~ e C I"..MI II -~ii-TrC zH T D i '~-S F 1 

ITA(I" / C: ¥ P ~ t J r 
r All 4 A V-1, T 11ch 


VTA(IEMdT.01T l t$ 


vTArl r A .r) 


VTA(fFJPZAT S r c) 

Vr-f- T LUlLE¥-C 

WT A( FU . 'P/
I)Ul U 

T ,JI WIAII~dg _'4'i~nII AUn ISIU 


ITA(ZEP --Tz 14ASL./, ~q 

¥TI WaI L~vTWU
I 


CnbQMIC bOrA.Yi [.41,ATUvi
 

AG-_ LOCATIus STA 014, A.M.AL 


2X 

A 0 

x 14JRLn I iL 

% uOLI 200 

£ ; l 
A 

€, n 4 
jqi 

A -UOL 21C 

l" L JC)'r i I 

IVVI 


A I 11 

II -L •117=:T 

AEl~ W•L 13 

•A~~Ev up,,: I' 


x 

4I xGL xx14. 


I 


- - Iu~ U x 12 

lAiK; iv~ f 7 
n
 

I x.
OL
 

LFAF 


x~~ 


x 

y~ 
I 


x* 


x 

x 


x 

lX~ 

suuick:
 

-POUT- . dfILEVICH 1967
 

kOLI. . AILFVICH 1 17
 

XOLA 4 bALILFVICH 1967 

FOEX9 AZILT'.YCH 1957
bt 

OL.o b AZIL¥bTH 1967
 

kOLT, . ALTLFWICH 1967
 

i. 01141 FICH 1967 

OUl vALILFIw l 19 . 

ROCIh I AZKILFVICH 1S67 

O0 LR~~ 19.7iXIT6 R 1 6 

OLT . dAZTL LF II 199
 

KOVL)Ih 1 5L V CH1 6
 

kO I~ V A H
O¥/FVU l 

':TL w aOIWAIrV TM-
O1R9 719t
 

:H-,mL - ta U -

TL' 9E~ lgf3n 
aIcl A. U ZqoI 

Or •bIL¥IHq¢l 


f T.l bLLiIH1
 



S-LCIF. Ac. 

!:coho ic boriay LvL= ATUrv 

LocAl[o% s thrlN A&WbiL LEAF Ouukcz 

I A(CTP 11C 

VT(Y PlC 

.aL,r TZ" A'1 ) 

VY/(T PzC-V~PL~ ~~~kLTC 
( ul YI O^ Tr~ T 

A 

A 

OLD 

0 

NO-L. 

40, 

340 

4:0 

---

12 

X 

LI1.TA. 1. bLTLEVICH 15067 

Il•ZTLEVTCH 19ET-

Oblh AILLEVIH 1967 

liA ipic AL 

•~~~ 

OIL)a~ 

ZOYSIA~~~~: 

A 

TLL 

JLel 

T191S1. 

15 

IA 

3 

1 

X 

ofE I L 

'ILI'OG~ 1 

U 17 

EVIC 196 

-

6! 

vt&(TP>ChIL ~0.7. iC S4 .. .. . . . ....0..LIN.. .. . ... C 



PAPER NO. 2. MAGIC MOUNTAIN, 2000 AD 

(By J. A. Duke 1) 

Twas the year 2000 on Magic Mountain, Tropical Moist Forest Life Zone. 
Norv of tile natives lived by the river anymore. After tile last flood they
abandonod th1e alluviallast honesite and moved up on top of Old Magic. This 
freed 100 of their most productive hectares for agriculture. Untended slopes

yield 30 T/ha/ann.'hlomass and tile ridges where they now havQ their 
residences 
yield only 15. The bottoaland they abandoned, fertilized by the floods that

used to destroy their hones periodically, yields 
 150 .T/ha without fertilizer.
 
'4ith the help of leaf-proteln extraction equipneat, they 
 are getting 3 MT
 
protein per httomland hectare, but the bulk llf 
 thl ir butt lmland biomass goes

into barrels, as ethanol. Lo 
 and behold, they are getting 2 barrels of alcohol 
for every 'IT of tlona!s, using firewood and res'lues to fuel the distillation,
 
applying tile ashes back 
 to the farm. That's big maney these days with ethanol 
at S100 a barrel, oil at $200. Instead of sending them arms, powdered milk,
 
peanut butter, and fertilizer, 
 the U.S. sent them LP (leaf protein) extractors,
seeds (computer-selected for this3 ecosystem), ilnocultim, %tills, and energy
producing portajohns.
 

Back In tihe 
9 
0's some of the donors from tile overdeveloped countries
 

realized that they could nitrogenate more acres In tile tropical 
 backwoods
 
with a kilo of tinnoculated legume seed than a kilo 
of nitrogen. Adventist
 
Missionaries made their point 
back in 1990 when they showed the natives that
they could get 10-20 t imes as much protein from leaves if they did the conver
sion themselves rather than lot tile cattle do it. So now for eacih hectare
 
they have three 
 tons of protein Instead of 300 kg. As a by-product they have
 
100 barrels of ethanol, worth 10,000 dollars. WILth tieir tropical , limate,

conducive to higher productivity, they are now exporting ethanol to tile U.S.
 
at $100 a barrel, while the Arabs 
 are having trouble finding buyers for their
oil at $200 a barrel. Instead of bananas at 5¢ a finger coffeeor at one clam 
per kilo, the barge that chugs up the river hauls ethanol out for tilse profli.
gate spenders up in the U.S. who are still ,Ilttflg tin their coal, to give them
 
the energetic 
upper hand in case the Russians don't get out of Poland, Afghani
stan, Syria and Iral (all of whose oil had been burned up by saboteurs). Neo
phytes to the tropics thought thst Magic Mountain was Virgin Rain Forest, but
those of us in the know knew that nearly all of Magic Mountain wasl a multitiered,
multiuse agroecosystem. The Virgin Rain Forest was the nekt ridge over, by
Rocky Rapid River, i.e. Meyers Mountain. 
Rocky Rapid River still provides
cold clear water and tile electricity consumed on Magic Mountain. Meyers
Mountain, now a State Park, has several endemic species, wlich are being
studied by the Natural Products people looking for better contraceptives and 
cancer cures. Neophytes thought this was Virgin Forest because it had more 
than 100 tree species per hectare in at least two tiers. Palms and legumes

stuck out on top, with coffee and cacao i tile lower tiers of some, leguminous
vines in others, lemongrass in others, yams ill others, and zingiberacous 
spices in the shade of others. 

-/Fictional Presentation by Jim Duke to Office of Technology Assessment,
 
Novenber 24 
Personal opinions of the author, (not cleared by USDA). 
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Finding forest on nagir mootatin ;,mj '.1l. 1,mt if ar-irhair rot anists,
who, hark in the 80's p'red cted that the I othrloan fimr,-'t 
 --ol I be, reduced to
savanol*d 'red le,;ert' fol low! ng tthe Int-rin' ri(-an hw.1y t1rm1 i, the DarienCap. But there were ;t leaIt three st rUs a I.tlost the dri ;vlert" ) i1.1Sishvi t
(1) Sec retamr: of State Il' ,!, Ii,,er hid convi Ti-' I res Id,-nt 2,'a I t hat trees

alleviated rather than aggrav.mteii tIe pol lut ion 
 problim, ;o ArIL-rians weren't
runnig a f"Down With Trees'' cmp,, ign (2) Natives had expiorien ,id Ve'we r bg and
di sease problems in thei r mo~t it lired ,-igrm..cly..te*; than in thei r brief msnocultural -qperi;-'nrit ,;, and1 (3) Amerlcans had nc-rag ed a forest "barrier"
bitwe,.n the hoof-and-noiit h .i si;,st of Colom"!l a nd the Ic)ion i! '1 Farns In Cent ralAmeri-a, st ilI devid of aftTi l. rim! 'ieophivti' thoight that t Ih,' Anuricans
 
had taui ht th,. lndfan', this mult t- lerd ap/ro~irh, but, in fact, the Indians
 

1 E, In tc/per.it,, 'An'rlca, t,' Ilndians were inter
had taugi'ht tOt A;-rl'.iio. 

c r'" 1 ii AI, -'n CO tl"I-Ill1, go t 'Irri,,141th iln; fix ng a 
 litt I, nIt r o n tto si pphvl!'. lit ri t left b t1' , Cm,ltnlg fVi:;i they plnce, w t hrue r C-4 rcrn ;vedi. TheC-3 pi mtlfkins we':.,'i for ',ir Thinko;gIvi ng pht ' wore us;i I by thi Indlans ;' well.'tt ile Intiew that the cliflii ts in'ithlfi rivd weeds I oig ti' fore y'I lg Dr. i)uke

tiarar cuiuri s riot only smoith,,ri'd tile w,,ds, but l lllochsmlcal ly
 
,1i Oclilrg'! Iti-m.
 

Th.-'' indird of ivi Tg w.S; iImo;t is ith I i l,i g -"iIi ' ilt ill, isi t walt in 
o,-w York City. A few plllplis ,;iid nalltuiralli its thiiig t It w' ii ,'tter. It

' ,in that In !;piite if im rei ul Iiiveiitll t sn;In ;oIa r ,l'llerjy ,ilii i eriy illconerva
tlIii (1,1im I i tilecillo |lit ono f If lI' vldilial aiii !;) 1wii , .Ii , thie liwrlcans wirestill i'IIrfy g,,znlr. hevy now h-iI el ctric nail .lItpl rs , 'IctrIc c lImhsi,

an! IIt rlIc t,-icIgmI:k, c 
 nd tilly had t o rehiarge thir ',li-t rc cars ii iff
peak hlillirs wi th th.ir p l i il and i'thniol-flll']lI- iiti 'r.sir;. Tiiese were_
locati (l)t i ffihir iargi';- for thl, ri- ifit oif tile 
 i.irr s-;if tininml palm' and
ofI fIow n in I iron the lliotroli cs. 'Te g;r ii 'till hiat; hi l hom ';Ix

riiiiti-; 
 ,f t ie year to 72°F aii,! c Ao It six : 

1 
i(,ntih'; if tito vi ,ar ti 62'F, wear-


I ng short 'ie vi's I n tile 'fIlit'rtfm, 
 i rqoillll til,. how;',. and lcia t iot t I ol ir Ill

ii aii r-cond 
 it Ined 'mln r . .nir l)iie s;iIl yli ils liI fu iI An,,rIc wi th ;i'wage-Irrlgatid hilimait s (If Alo-rl(.an; wI'it voi,''tmrlan) .ind MeIvin Calvin o aIId Arizona 
pilanteid laiyrIs cool I(
needs of the I!.S., anl ;ziii and K'njom m you 


ti I) . ip t rtlmIn 
8

nIit (E u rphorbia ) 'it tisfy the 'i-n rgy
-aid -oild lo I t w I BiTUi bushe,;.

Bit Almrca we-nt il aimtll pived Its hottotllalaltl 
I It non t proiduct lvi' f;armlannd,
 

now ';el ling at $200,000 per hectare. lb ono
' rilm ly knew who was right. SihoIld

they have ii'I i.ved Vergara ,11i+ Pirnrlmittiwho c;ai i that a]inI tue i)lomaiss In the
l.S. would ;ilpport only 2-1/2% of titmIr etnergy needs (while OrA, 1980 concluded
that hirom',v:; already supply 2Z of II.S. energy co:o;tmptlon ;ind ciiil d supply lip

to 20% by this year), or !st.Imnt,-; 
 of 10. (like Duigas camve up with in Callforii), or Falkitm1 (1979) who said U.S. cris';omption amhoit ,w,ils th net ann 
alstmrage of ';olair i'nergy In U.S. biorna,;s, or Vietmeyer (1980, oTA) who accepts
Calvin's s;i'!tIn that Arizona planted with I-troheum plant!n:ould fuel all 
the U.S. " 

l'lmre aren't too many anil11, on11iagi ll otn ;mId thes, are there morefor hmlontrol thatn for mat. S.i"; Swinill ats a hiumnch lif pfgF witiclt ire
rotmtLmd from line 

1 a livial farm tif anothemr whien tim nutpravsn gets limt if comtrol.
Seems thmat the nltgra;s was evolving Jmosmtnis fa;st as; the herbicides. ritelast go-nm'ratIon of nutgra;m; iirMlcide,; rilduced yield; of th, crop imy 50%. One 
group of hilppiis down ia cotyana had start,.l naVlng a hI'virage (Chufa Cola)
out of the nmtgras tiLmberi, ilslng the aerial h orav;ms to generate time energy 

http:Alo-rl(.an
http:tc/per.it
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to run their opt, rat ion. ht notgrass; got ;o r;ir. ro, nd t;'oorg, titownthatChof; Cola Is barely coipetitlye with Cii' Cola itivislire. Ti...iy Tricker inter
crops turkeys wi t he ll'l;I-l in i orihi-rd'; ]rly to c04ltr Oeis is!;ugogi.;ted hly SurfilaIze (191i9) .Joe Groit.; hl; i ita ever tile goat'; li, 'tiks,.; 01t whentropical hIlii !; til( grlln't; |titrobc it-d for lletr l)o, xat i,1 gil!iof hand. The Rlic-AzolI i fairiner; Itt 

ulit 
otler weeL'Ids,w i (I _le ;!;i;ca rp 

tht,p,,.;e h.lp the Azol I t I-eo'p di,wn thii.1ill Pt" kc~,-psdow.n tIt,- A: o I].i indl f flo|islhes off till(
zeolite-tore;it.t'i hi ;ilid
humanT r.fu,;i. y'_re rI-,'turi t r,,; Ifit,.; from t lIt ;,oil s t i-sl t julI il provilf.d by Al), to the ;o I. 1!lnt mot .iu;I aiuy ri musy,hi .
Seem; thit h;it'kill lI8"r nr .1)l1.e
(lIi I t tIllk i i, 'c;iljlp i r I z..I a I I I Ii'it 'ih I a tlliw-
In. .iI h 1 v.vnt- (and t Iir r,--;Wi;) hiiilup . til. Irv '-ff I'; i Ik . aIl fiI; itl-lds in wIl i,'tr Ij'i cropi ill tire than tron t 'hi '!; ill Wi--idi . :,..t . 3n !T ll t i i f 

g,-ntn I itr. it S ;orm, hit l 1i t ly, t I l , 'rii ;; .VtI 1, 1 , e ;i €_- f nciir,it 1i.( ii l 11rc;i d 
 ut to o, - m llt ,i ;ti'h t t yIl . ; o f t,,n- fri-.; b 
y 1r ' i ii I I tr;by 157. W ithrthe corilmt, rI,as wf~ll it!;humi- ,v4i, -i,t- 111.1d t -r,-, l.it)ryIn asV!i; f Lhe.110;pt,(cl.!; .;lhI ,. s.-cttof ';Ilentic i'm',i Ir id'ithor, wi'll; r,-il,iid furtiph vniin gv:i 1 

lit in.o litrb ltiiV I itt?n,-yi-r 'rs ng,.drif l wd of h-,llt --'|l-.[ilh lop ithlic g|lwy irhi i ;.i"'r It ,.!; alf- m djll ' Pll[ I];l.; elil. tI w,[tf,r 1.1-'d,; r,..i'I a~nt tro....1,rot r ito ;s. I i t hI,-I o;t 
t on 

, broch Iofs lia ',;im-m,,I h~ If "ItthIl.Iri;t>')r I It. 'll,d )lf;I
mi nor df !;c,)wtry lid sr h,. i-ff-.ct of dtoubl I i, 
;u~ i l~-; i - ,,'n (C-;ui; i fI -' r I 

1iuiiro t i) t or it i I" ilIfi i r fot i I f 
tho-Ir 'ylof ds of d ry I t,; , .ll- , ,;i,- ilt I i- i 

tllii ; ' ) 
1y s ;otr iis nI-li'; itp 

hn 
111, t(vad to p)I ; , I r*" 

fi ,. tur l ron t r 'ittir. i I b-tinlilt '; i; r.-,'l f Pli- - o rt ott I -,II or i,l i s . t I) y 'tiiSi 

Fo II wI 'g ipIt t ., l ' !;i, . l on 1, k. itl1980, tItl, ,- Mo-ii nl ,.-, rs;
 

tsIng" by -pr t'l i fT trthIw.Ir,,v(-rstitry t - tr)14 l i,,(, , ,~r il 1, du, .-r 1)1 t ci Ixodo I'at it)t)to ;tIrmuI t,t rr ..it . g I nfiow-'ttt ITiyg oft Ii, c"' 
 l; II,- ; int )to Ild,r I I.~ l... (........ n hw; 

' I rc km' l'aIs t fley hatr,... root 1; of tr l l bv itl!;hown,/1t o ; tI I a;tco tt Iig'n. I,- sBo th t ht 
 ;lit; 1t ' 
ait:Ill,f isFt poI!|5 o~it), are' ada1)t -I 

r (Iairi ,.n;t.(wr;-1 for toot h
!3-I . , Ihi -.-lwIo lI i) P I,,, 

rh. .
to T ..-,r , h livwr !;Ito). of the, Subt ro lIcalItlonlt
a n Forot s . (Gral(ualII y t onka I-iwin, ,od ill I-priihici Iill I lrl%a ta d Il,;.lItro-es a re ti ng Ilitrodhoc. Ilto tfi- fo -;L f,.i nopy t, " t" r ',I,.-c-; ;ir, felIh-do r d iv. "'!lagIo ?Ill,h t ta Im , r-; ; tIIl don't |, I ,w . t ! f~tlln ,.; ]*I , 1111 (.|-Y,:.,il
}Ltat ]25) barri-Is oI "d I.-;,- I" p(-,rI t c I .iro- fr,)n I I o,Ir i(-IofI,,;. rr v -;," C:r)j,;is:1)., bu t t 1w re.s n | ; now, -- r 
If(,ra

itl, for 'd] ..0M) s
ably it fe.w hlundr- doil l.r.;wor'th atvl,-

.aI o ,indthi,¢ (-;tit harwv- l r,,[.-m" 
r '1o; lth,, at, horv,, i Iri 1...t, ,ItI',lhc- erulw|ir , I ior-ypa , (fll(] Ini e , a|iL) n1; ll t oII!Z ', it-oI r orn "'PF


Mo()illta;i na~tulr(, 
-;I- t- ,,,.,v,.r .liu Mvyvfr'Hn. "'tI'l! 1(,vi-rrilt I;ll prof4,r t,) ),;i )io.r t ho- Ir Ii -.r-v; r,'i- fromi.wablyorMe'
s H unltain 
Nat frma] Foroc; t, wi+ll](- tht- hor,0)-l,]ls ;ori,.rr;,tl'plantIng th,.-r
l~l anl':;! molq[l
y mI,1'
ikin t r--i.; for tli# ,ijj:,.r,i ry of 1.- 1 ro lorl r -!,tlry -nlto-r

1)rI c;,!;s. 

orl( t
In Ihk! 'alt-rthl .. Eli-i,upi. .r; r|li,-;twL[ patfl'|) i'i';If i I utl.l'vlt 's.li,i r' " pm;t,, ,')l I-;t l,,y(I tfnIiirt -xpi lr'l t p.trk,triii -;h a,ty wind
li lI!o
Loo rilcl aIrld;. f.; wa~t-r ,'.'.~ ihl;tl,. fill ( lt his, trrm odlihisrff-;Il andt jra'.llyl,..H dww.n l' 507.. H--]lim t ro,,bl,- '" t Irng Ill !,iIll ,;; tI i(I Ir,-,-t Iy ttot|i. .I. . E till,,.rodl-. p ,-t: I !i)rl£- d ,; illt i Il i- i i I . I t IIt it it iv:t Ilcrocod II-!; nI l,,t -,r,ini thsn lI,,+.or 
 n t 1, lliIi. Atiothi-r '1;,,r 1-intlat im -li. tf-.+nexport Inr . idt t -rfIl(,.;tit t v .].;. ,notilItI , rd ii,. ,] 'p .,-thle po rt. W,'o.n t lit f., 

I ; I ,opN, O;t t iff rm,,r +il),toid
w wd trIt!;ojIt-ratI orn, tt. ' p-, ' W".11'';' .X.t I r t, 



154
 

as far as Magic flountain was concerned. Perhaps they still exist over on 
Nleyer's lountain. Another was exporting amre.trth s-ed to tire U.S. health food 
market until APIIIS stopped this traffic, trying to avoid the Importation of 
another weed. floyscout back in the U.S. quietly filled thiis market need by 
harvesting tie amaranth seeds from weedy cornfields. Tile amaranth news shared 

the headlines with other weed species tile Mlagic 'loulntaIlneers were finally con
sliming. Organic Gardentng, at least the Spanish Edition, cane in oio the barge 
each month. 

On thle gravelly litnest ne ridge, where the 4 m annial rainfall quickly 

percolated throughr, some of Felker s ProsopiS was doing well, but tile natives 
still preferred the etmarinds (i)ialium, Tamarindus). Of all things they tend 
to vary tieir riiets with lther lgurires, some menritm'd by Felker; Cassia, Entero
lobitm, Ilymenaea, Inga, Ptrkia, Prosopis. Tie Prosopis yield of 12 1iT/ia didn't 
carry so much weight bere in tile humid tropics as it did Iick on tile Chilean 
desert . One Chilean tree was reported to yield at the rate of 12,700 kg fruit/ha, 
clearly a good yield, if accurdte, for the desert. lRut none of the Arid Tropical 
spei es compete well In tire IlrrmidTrropics and vice vors ,. As Felker points 
out, the Chilean yield I,; "300-fold higher tuln romeyields (14 kg/hIa). 

A cord of mesquite will yield 310millin lri compared to 25 millton BTII 

from a ton of coil (Anon, 1980). Arizona pnon-jnrripir yields 18 million ITU. 

And Mlagic Mnuntalneers, still coekl inry With wood, Werre Impre;sed by Vietmeyer's 

(1980) statenent chat a hectare of Li olela would yield II timees as mitch wood 
as a well managed pire plantrtation. The To.w fuel-efficent stoves the Swedes 
sent ini had cut do o ftirewood consumption, leaving them wil less ash to 
fertliie their vegetable plots. 

Since ttrey weroil't fond of ltrl;s beef, Lire rat ives of Magic lountain 
werei' t fond of leitcaenia, some of thei even Iaiontlng that they hadc sownoIt 
for cover on tire old landslide. It's seeds were coning up everywhere, but it 
didn't seem to ho a real weed anywhere except oil tihe scarp. Nitrogen Is, after 
water, the most frequent limiting factor til tire tropis, sioLericaetia Is viewed 
by s;ome as a good N soltrce. Our Magic hllortaineers were Impressed with 
Hallilday's statement that tIMF is "economically more sotuld arid envtromoietally 
more acceptable than nitrogen fertilizer rtse in agrtcutlture anni his statistics; 
most legumes fix 100 kg/ha, wi th lercaena at 350 Ktg/ha, and a potential of 
800 kg/ha. [ill Lielhardt estimated Rhizoblal Nitrogen f iation of pure strands 
of Leiucaena at 50-900 kg/ha. Still certul ii government agencier r;crit millions 
of dollars worth of N to tire third world, wren apprpriately tinnoclated legumes, 
cheaper to distribute, would have done the job renewably. Efftetency was the 
excuse, it takes less paperwork to sprend 100 million at o1e fell swoop than to 
make 100 separate million dollar Investments. 

Tile Chinese on tie steep slope-, of tile wet side of the mountain are litter
cropping azolla, rice, fish and dck, in their Intricately terraced rice paddiles. 
They were getting 15 UT rice per hectare as Clark had reported in 1980. They 
were not getting 150 HT dry weight of Azolla as suggrsted by Clark, but they 
fiad devised a system for raking off tilebulk of tie Azolla every 10 days, after 
it doubled Its biomass, and adding the biomass as a mulch to truck gardns on 
the ferralsols. As back in the days of tie Canal Zone, tile Chinese grow the 



b 1Vf' g 1 5 e5 we d . , 

Sbept vegetableas inlPanaia. And they, sell a lot of Ozolla-fed' fish and ducksof terice terraces.q There s 'apersistent rumor they are adding nighit 
t 'ot' cto theidditheferms. But therfrrart.. .... ,ia sloes..are is. 

as tileallouvial bottomland. 
 n 

a-4 , i r;-rteh Ot-drb-. f'ti; blanr.Pgsdiis:•had'always 
 pushed thl sunchoke (sunflower x artichoke).as iss 
candiate orie'emperate zone. The Chinese have squeezed it, like so winy

uS oftrite1rgunchoey accoplshedoin
flI fL*rCtlOl - sttt~or.t......" tt..So, ti ings'enlthusiast s for perennialI corn .ceT fireSf5were pushing back in the 801s


Theroots arepere nnl and produce 
 20 T/haat least r edible root, leavingmK
4behind$more ,than enough to reseed itself and feed the last of the wild peccaries.~Th >iiinual sunflower parentwould have to be replantued but not the artichoke,


itkept comingiback liKe a song, more like 
 a weed. One faraer who wishes to go
into a different agrotechnology had o borrow the bioontrol pigs to clearhis 
land of, sunchoks. Chinese learned to add the raw artichoke at the last minute 
to Chinese dishesi to substitute chestnut.for water Turns out that the -a'urialbiomass, cut three or four times a year, was good for leaf protein and ethanol 
synthesis.Still this sunchoke did not yield as highly as some of the other
Sscenarios. Some of the Magic Mountalinersgaccused Johnny Sunchokes ed of ILtr9 
ducing a weed to the tropics. Take it home, yankee, i 

lown in the swamps, the natives were producing closer to tle lower tha 
the upper predictions of DOE back in 1980, 60-270 barrels of ethanol per hectare 
from cattails. They were getting higher yields from soe of the native swamp
species Acrostichum, DieffenbacliTa, Gynerium, Eryhrinu, Mont richardia, Panliruml
and Pennisetum, speces that DOE hadn't even considered Nick in te 80'9. 

Before Panama took over the canal, U.S. gertplasn specialiats provded bimny
useful palm for trial oilfagid Mountain. Finally the Orbgny from Brazil wasbearing seed,' but the snuggled seed had triggered an Incident. Brazil broke 

; relations with Panama and the U.S., for collecting guermtlasm without aipermit.
Back in the 80's at a congressional OTA workshop, Duke had taken some of 

*Schultes' optimistic numbers for Orbijny2am in, some trees of which were 
Sreported to yield more than a iTof fruit per year, 10% of which was kernel,

50% of -hich was oil for a yield of 40 kg oil per true 
or a barrel of oil for 
every 4 trees, accompanied by 40 kg protein per true and perhaps 350 kg carbohydrate per tree. Duke feared these projections were optimistic, like MelvinfCalvin's estimates of gopherweed oil. Still hierecommended that OTA urge
investigation of all palms,
because of some of their adaptations to marginal tropical habitats. Some of
the Miagic Mountaineers did gefl nearly these high yields with trees at 100 to 

1
200 trees per hectare. Above thin per-tree yields dropped off. 
 Still some
 
of our Magic Mountaineers are getting 100 barrels of palm 
oil per hectare onmarginal soils. There was 
almost as much protein, and mare carbohydrate for
 
ethanol pr'duct ion.
 

ingMagic Mountaineers had really been impressed with Nunpton's zeolites, increas-
rfish-biomassby 10% with 5% clinoptilolite, chickenfeed efficiencies


"by 202 with 10% zeolite, beef profitability by 20%, calf growthjby 20% with 5%
 
zeolite, and swine growth by 25-30%with,5%clinoptilolite. They are using the 
clinoptilolite in the treatment of feces In their portajohns, lessening theodor. The nitrogen is held longer after the zeolite Is applied to the soil. 

If 

2j ....
 

a 

{ 

http:artichoke).as
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Zeol I tic catalysts are beiln u L.d in the production of th .thit:i,,l .-:ported to 
the U.S. Neuir Panama City, the z:eollt(e ,,.re bling ino;rtci fron the Interior 
to slo-down plant Optake of heavy ::etil; Hn thyei;L! lod);e e11--.:;y firmI; ln, 
in tlie pur if icit t on of lo.-iT t hanet ,inipr luce i liv inlitrohic fk..r: t, ll tlIon Of 
beef eXcI-elivllt ill Mclinlld 'siiulr~'i Farm. 

One oilllhin fur'ier with tivural dozein iect,lre; psrsOi Id ili grizlh] Ibef 
and milk cows in the pil rl iIA lih ii"r his ii ; :ii i i-nic nt . Il1 ' liu;ard 
that he Culi i'lr..";e hi; o l yields by 2 'I (m 6 biarrels) pr it il Imply
by iuler1 illiTt imp with tri lcianl kilsiil iint iltIertrfl ika. lie fmind that byI limit
ed grizing, hlie -- i d t ilil i his (,I1 pr.. t[ictj-1. ll il-d iit !le a,*ls iiiillg 

with Ilk; ,ii Ii t c hilli d, r Arnic M Ll',, ftervlI' ,li roils lIll 
illr (-i;ip lll httllro; . ,y ci i''irc '; -', , ii t t I 'i ,,u (r trlllrum 
hIinur).or) for $2.00i. Sirt hint it iith milei, plr t hit 'i; l . i",l' ii, on 
of our hyprolicts hire. And thc Atiolliln ;ll - lriiiilnf their ciyh' l firms with 
diesel trictors; fuiillli with llil: 11 Wtliuh i!; comid, rl iv celic p,p r 111n111n;yoit." 
"And whaLt ,IhilLt your mi lk?' Oh, we iohyd rlt - ht li nd it II Lice Aner -
CIls too. I lurierst;lulhl It rIrt iit nlicit Illii r r'lill ll i tiil l; 

http:hIinur).or


PAPER NO. :3.DEVELOPIMENr OF LOW WATER AND NI-
TROGEN REQUIRING ILANT ECOSYSTE'IMS TO IN-
CREASE ANI) STABILIZE AGRIU([TLTURAL IROI)UCTION 
OF ARID LAND )EVE'LOPING COUNTRIES 

(By Dr. Peter Felker, Department of Soil and Environmental Sciences,
University of California-Riverside*) 

ARBTF'ACI 

A low ind1 tr i al input, corl odit, oriented a lroil(.ho toi ,tivmd Lintir
 

econorliec of arid 1roidcouitrie, 
 of arid land countrie k, decribed uninq
 

arid adiptod plant 11,. 7roe le~u'e t iov' 
 fatr', uwirtq .lhicda, [eljcaena , 

mid( PT1J 0 livlr',it iro .u' j-qItvf1 to ;r i d imcr1eoeod ftl ood. li(lr*i'a d 

(;oil f i tiliry ind IT ull/in, .ltor j,.(- ofli( ienc crmfII tiv Ilif'v(l blyUS1 

of dlopi/ rootld dr'O ;ft aIllda tod trO,(,rilf1,er", ,uoh i,,A acia altbda and 

i-rn hi ',cin 'ar'ia . 'table productiono ntf ,h (Tpi woiijlil hf proTidildl , 

frorririd aIdlptell 'iich if,, ]ojolb ' i,j ),hr 'i i[:1,"nd'J 1nn rid quo/ale 

(['lrh Pr'.Opv~. and Acac.il flod',, itr"le, ffwVHqf., c rn~u~tdr.Inl~,] i~). 
 ! nt~ 


tol'l , II'Id C III, i c1 ild inTlr' live',Lock .jiio food io'. Iml(.r-il ff
 

)1'(Htlij, n it[tlo'aiIJi tra if ,Uh i' lillet.," t'ialid ieIinuL1-, or'Il 

cn 1, *l VII ly1,y iTternloip, t ir with i.Ti I I d eddible' ,,. A redult,iml 

in thl ',pr',i 0It dle ,rtiflc,itirr cotould hJwvh v.ithto (li d jr;v -,i,Jv, rhlqi'irefm nt 

of 'IO'I, r'ontlnnef p'1 qTCfl I tf llelveIIaflt .rI nn treTnt Tt n I'ie;l ll he 


,vailidie to ',piort. t ,,v tiviti', df,pite their
t lidi- prl;ld ' e by indi

, iOI', feirT! T", it ",tIeai' t l'T Vl , ; 
, rCh , li ....Oi',IiT t lro(ri'm 

,1ii l T'l, n , ll.,h 1 iTii qir,!lla r coIlleo tioff %, tridtn oi ct jTnd 

r 

11 t'; t.I ' u f i Ir OTTn ,. ; tr .r t hifn '(eF/ I 1lIT)f* h 
 IftLfT rt . I 1''" t.I

tJl huT ,ttI- l, ,th (.inb,',!'tcr.' non without ',I lorT.nt,l iTrrillptin 

Ti' ri'Ji11 /ll '; dtl r ,,ithlrl If) r T f~ TJ ll ifdIl I( " h/I/ ,11r1; TJIll' of 

Vi/, nun]i finf.ill. ilho',p,i f(.rtilizf.r, and rhizob ial, w ;t. micronu trielit,,, 

irnuilitirn ii,- r u i rfd lilt th' nitroqen Tli'd If the fillh e pro

vid id by ritri,:ln ' ,'fixinq plant . MIchinr, ry to till thel ,( ygtoi will be 

I lhl i A I r ily', III v 

rli IlgI')i 1 *+, [IOXIl i 

(1.57) 
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less than for annual plant systems. Widescale implementation of these systems
 

would greatly enhance agricultural productivity at the local level where
 

it is most needed, and indirectly stimulate non-agricultural sectors of
 

the economy. Increased economic well being of lower farming classes could
 

lead to decreased political unrest and !treater stability of governments
 

in arid lands. Foreign policy efforts to strengthen the peace by buildup
 

of military hardware systems has proven futile in Ethiopia, Iran and Iraq.
 

Development of arid land plant production systems is a viable alternative
 

to enhancing peace in politically-volatile arid land countries.
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INTRODUCTION
 

This document was prepared at the request of tht 
Office of Technology
 

Assessment (OTA) of the U.S. Conoress to provide guidance in development of 

low energy, nitrogen, and machinery requiring agricultural systems for semi

arid developing countries. The format of this document closely follows OTA
 

requests 
 to address specific issues and questions. ior the convenience of 

the reader these requests are reproduced on paqe 4. 

Identification of plant physioloical, rci-pholoical, arid ecological 

characters that lend themselves to a vi riral machinery, capital , and fossil 

fuel derived energy input aqrictilture is the suthject of a paper by Felker 

and Bandurski (1979) in which orchards nou ccieof le(jurm i trees Sugested 

to most closely approxirmate an ideal systemi for r inmizinq industrial inputs. 

Other closely related shrub ecosysters have been sufjfested by MlcKell (1975) 

to achieve sirilar objectives. Identification of arid land plint species 

that would lead to ore ,table and productive co;ysteds hu, been Most in

tensively investigated by relier (1979). Pecent review ,'olures (Anon., 

1979; Ritchie, 1)79) and ',yrposia (Leliouer-ou, 198f Ilurgess , I -,O) have 

dealt at length with arid land plant '(.0ur:es. This document attempts 

to synthesize the identi fication and developrient of arid la,. plant species, 

with development of minimal enercy input agriculture into a pragmatic cornodity 

oriented framework designed to provide Major needs such as fuel , forage, 

and food staples required for arid land based economies. 

-3
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September 25, 1980
 

Work Statement
 

Development of low energy input technologies to increase and stabilize 

productivity of agricultural ecosyst,-ms In dry regions of less developed 

countries.
 

Contractor shall: 

i. Describe how tie technology operates and what beneficial or 

adverse impacts it has or iI glit have oil enhlanciug the sus ttined 

production of food and forage f ,tn tropical and subtropical soils. 

2. Describe where this technology is being used. Descri[be 

whether the technology is being osed on a commieril level, a 
or betng applied Only in the 

research state. Describe who is corlidictklag the rijor reseirch on the 

technology. )escribe what organ izaittons (At), FAO, ald others us lo , 

subsistence level, as a pilot program, Is 

U.S. fuid;) are funding developmrent of tih teLchnology and what 

organizatins ire tmpidLeeeti)g it oin a project scale. 

3. Explain in somele,lci:;L dtill fhow tin s Ltchiiology 

increases or decreases the need for feart it i.ers, ps;t ic ides, 

irrigation, and maclitiery when applid to tro)icat/subt roptcal soits. 

4. Discuss the potent ial role f tois Lichlotogy beintg used to 

restore, improve, or usthlin lit perpettiIty the o)d .111md torige 

productivity of tvtop teal and sribtropit.il sotls, and th.- likelihood that 

this technology will he osed widely. 

We aptirecli'e that the ,ithor may not be a snecialist in economics 

or sociology; however, his epirelnce andinlslflts oil tle folliwin 

questions still ;ire still of interest to OTA, e;liitiwtlly is they 

relates to lesser-developed (:ountrLes;. Therefore the contractor shall: 

5. Describe a tlaisible research, developlint , and 

Implementat ion scenario in whli(hi this technology realizes its potential 

in enhatincin g productivity OF tropicil t;oills. What org;anizati oas weuld 

be involved? What levels of capitall and trained personncl wouLd be 

necessary? What degiee of attltldiiial changes would 1re neces;ary for 

consumers, farmers, government agrteicttirl experts, brireaicrits, 

politicians, foreign idvivr;, polciymalkers It forign aid or lending 

instf[tutions, etc.? What biophysical (soils, AifInati,! toplography), 
Cultural, arid sco iecoiiUOnic coditionis Wouldtbe mtn)St CoIIdiCtve to 

successful irriimlementaition of the technology? Where do thes:e Coiditions 

exist or where ire they Ilkcaly to) develolp? ro Indicte tie priority of 

the various steps that rieced to) he taken on tti s technology, contractor 

http:sribtropit.il
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shall discuss how he (if he were the head of 
a wealthy foundation)

would spend $10 million 
on research, development, or implementation of
 
the technology.
 

6. Describe the major scientific, environmental, cultural,

economic, and political constraints on 
development and implementation
 
of this technology.
 

7. Describe how Implementation of this technology would affect 
the need, in the region where it was implemented, for inputs of capital

(agricultural chemicals, machinery, credit, seed, and other materials
from the implementing farm), 1;,hor, and land. 

8. Describe what the impact of wide-scale implementation of this
technology would be on the socioeconomic structure of agicilture in the
implementing regions. For example, does the technological
implementat ion give rise to economies of scale, or diseconomies of
scale, that would make large or small farm units more competitive? Howwould the technology either displace or create demand for farm 
laborers?
 

DELIVERABLES:
 

The contractor shall deliver to OTA the original copy (not a
3 
report, acceptable to

reproduction) of the typewritten 2
5
-to- 5-iage 

OTA, with abstract and literature citations, by November 24, 
1980.
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I. Beneficial aspects of semi-arid plant production technologies
 
on semi-arid developing countries.
 

Development of leguminous trees (Felker and Bandurski, 1979) and asso

ciated semi-arid ecosystem plant components such as saltbush (Atriplex spp.)
 

(Goodin, 1979), leucaena (Leucaena leucocephala) (Brewbaker and Hutton,
 

1979), cactus (Opuntia and Cereus spp.) (Monjauze and LeHouerou, 1965 and
 

Xolocotzi, 	1970), jojoba (Simniondsia chinensis) (Hogan, 1979), and guayule
 

(Parthenium argentatum) (Vietmeyer, 1979) can make a significant contri

bution to meeting the major commodity needs of people in semi-arid developing
 

countries. Some of the main biological needs and appropriate approaches
 

to supplying them are as follows:
 

1. Need: 	increased availability of inexpensive fuelwood.
 

Approach: 	 use of leguminous tree biomass farms with Prosopis,
 

Leucaena, and Acacia species.
 

2. Need: increased soil fertility to triple or quadruple water use
 

efficiencies of food staples so that productivity is water

limited and not fertility-limited.
 

Approach: 	 use locally well-respected drought-adapted nitrogen-fixing
 

tree legumes, such as Acacia albida and Prnsopis cineraria,
 

use of shrubby legumes such as Dalea species and use of
 

perennial arid adapted herbaceous legumes, such as Zornia
 

and Tephrosia.
 

3. Need: production of cash crops for farmers and for foreign exchange.
 

Approach: use of perennial arid adapted plants, such as jojoba,
 

guayule ant high value drought adapted annuals and ephemerals,
 

such as ses~ime when grown in conjunction or rotation with arid
 

adapted nitrogen fixers.
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4. 	Ncad: production of livestock food and 
forage.
 

Approach: 
 use of arid adapted salt tolerant shrubs, such as
 

saltbush (Atriplex species) in conjunction with high
 

water to dry matter conversion plant specialists,
 

such as spineless cactus; 
(C uotid ficus-indica) and 

hinh protein and/or SuCar content pods of leguminous 

tree species of Acacia tortilis, Akcicia albida, and
 

Prosopis 5IpI). 

Need: sustained prod, 
tion of traditi )nal food staples, such 

as millet, sor,:h 1, oroundeuts , and cowuIas. 

Approach: itercrop the annuIal staples with5nitronen fixing 
trees 

previously der nstratrd to stir ulate annual legume yields 

such a; the asociatiorn with ra,.iaalbida and ceanuts. 

6. 	 leed: slow soread )I ei-r i ficat1on. 

Apnroar.h: when intensive ma'r~ent rf foran:e, fuelwood and staple 

oroducts are carried out as cutlined above desertification 

will he qreatly reduced. 
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II. Geographical areas of technology use and stage of development
 
(subsistence, commercial or research).
 

1. DEVELOPMENT OF TREE LEGUMES FOR FUELWOOD
 

A. Area where technolonv is beinn used
 

Prosopis alba and P. niora were reported to have fired industrial boilers
 

and steam locomotives during Vorld War I I in Argentina (D'Antoni and Solbrig,
 

1977). In Chile the leguminous trees chanar (Geoffrea decorticans) and
 

espino (Acacia caven) have been widely harvested by Indians and present day
 

subsistence farmers for fuel (Aschmann, 1979). Mesquite wood and charcoal
 

(Prosopis species) is highly esteemed and widely uscd in sou hwestern United
 

States in steakhouses for barbecues and home heating. From 1956 to 1965 

78,000 metric tons of wesquite charcoal and 200,000 m3 of mesquite firewood 

were recorded as items of coinnerce in Mexico (Lorence, 1970). In the Jodphur 

state of India, Prosonis was declared the "royal plant" because it provided 

the bulk of the fuel to the local population (Gupta and Balera, 1972). Acacia 

forests are harvested along the Nile 400 km upstream from Khartoum, Sudan, 

and brought to Khartoum for brick making and other industrial uses (A. Houri, 

1979). In the Sahelian zones of Africa many of the Acacia species such as
 

A. tortilis, A. seyal, and A. senegal are consumed for woody biofuel.
 

B. Research facilities supporting legume fuelwood production
 

The Central Arid Zone Research Institute in Jodphur has been condicting
 

research on lequminous trees as sources of biofuels since the early 1940s
 

(Ahmed, 1961). Their work ismeagerly documented in the scientific literature
 

and, from the lack of recent papers in literature, their current research on
 

tree legumes does not appear to be very active.
 



165
 

The Forestry Research Institute in Khartoum, Sudan, has received about 
S200,000 from the International Development Research Center (Ottawa) to eva
luate Prosojis species under approximately 200, 300, and 400 in annual 
rainf. l1 reirimes, Much of the seed aterial for this experiment was s,:pplied 
by the H.C. Piverslde esquite project. The United Nations [nevelopeent Program 
(UNlOP) Provided support for Fell'er to supply seeds, mesquite rhizobia, 
plants, containers, and consultation to conduct varietal trials with 30
 
selections of Ice'uminous trees (r"ostly ) irosonii Sudanr
the at the 
Forestry Pesearch Institute. Over 400 acre% of I'roso is have been planted 
alone, irri;ation canals in the ',udan courtwsy of the Sudan Council of Churches 
to prevent sand from ,lo,,ino into Ilid fill inq tne canals ('hal ira, 1979). 

Dr. J. Bre.hnake.r at the Univer,,it! of Haviaii ras Len( noircnd
tin e 
tensive research in Hawaii, GolorjLnia, and the Phiiies, on tihe developr'mnt 
of Leucaena as a biofuel cro . In t.if. United Ctarts, th 1!.S. De'pt. of
 
Eneroy has funded research on Prnso; i s under 
 lel 'er at th, lniversity of 
California, Riverside, to develop arr arid adapted sermp1asc collection; to
 
evaluate the collections in 
 field conditions, under droufiht, heat, arld frost
 
stress; to study 
ritroePn fixation and salt tolerance; and to clonally 

propariate outstandin sin,;le trees. 

2. USEOF NJITROGEN FIXING TREES TO INiCREASE SOIL FERTILITY 

A. Areas where technolony is eino used
 

Prosqjis cineraria has 
 been used on a subsistence level by farmers in 
the India-Pakistan region to 
increase the yields of their pearl 
millet crops.
 
Soil chemistry studies 
(Shankar et al. , 1976) corroborated increased nutrient
 

82-999 0 - 81 
- 12
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contents and forage yields under P. cineraria trees versus other trees and
 

open control areas. Acacia albida is widely used on a subsistence level
 

in - e West African countries of Seneqal , Upper Volta, Mali, Niqer and Chad 

to increase the yields of sorqhum, millet, and peanuts grown beneath the 

tree canopies (Felker, 1978). Parki, biqlobosa was observed by this author 

growing in sorqhum fields in a 400 ri'mannual rainfall reqime where farmers 

stated the Parki-a also increased the yields of their crops. 

Yields of grasses and forbs iroon in a provith cha ber onlsoil from 

beneath esqui te canopies woer four tice , arter than herlate yields grown 

on soils frori outside mesquite canoeo cover (Iieder ,ann and Kleimedson, 1973). 

The ,timulation of forare yields after v:esgru ite relwovl in slUthl-estern 

Uni ted States is Iproliably dUe to increases iii soil frtil itv ;upported by 

nitrogen fixation arid reduction in coi'ypetition or .;ater. ',risqiri nitro(oenl 

fixation and Soil fertilitv increar;o-; on the 7' million acres (Parler ind 

artil, 115 2 pre' , hv 1P tir,'estrr States,erii CUlied :'Ol(Ji t r Wni ted 

is all lre coorlized r'(oiiar'ce. lejcienti rl Icucaena r:ocepilhala) has, teen 

widely used in tee hi I pints ill rotation with other crops, as a com

palion crop, arid a'; a rnel llanure '.,i th other crops to increas;e soil fer

tility (,ron., 1977). 

R3. Research or'ani za tions c.,rkinq on nitroien fixinq asjects of 

Dr. Y D rmrirer ' ',.jorkin for ,PSTOt in [,akar, eneqal , West Africa, 

has conducted rhizolial inoculat ion trials wi th many African Acacias including 

Acac ix aIlbi da and at thi s wri tint is actively invol ved in ni trogle fixation 

aspects of semi-arid soils. D,-. iabish at the tiniver;ity of tJhartoum, Sudan, 
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has published excellent papers on characterization of Acacia-rhizobia
 

synbioses (FHabish and Khairi, 1970) but is now a dean at the University and
 

no longer actively involved in research. A University of Arizona group,
 

funded by NSF, with Dr. Penper as principal investigator, is collecting
 

and characterizing rhizobia strains from many arid adapted legumes. 
 A
 

three-year $650,000 NSF grant has 
been awarded to quantitate nitrogen
 

cycling in a mesquite dominated desert ecosystem in southern California. 

This project involves: (1)an ecology group headed by Dr. Philip Rundel
 

at the University of California, Irvine, that is conducting dry matter pro

ductivity analyses, (2)a U.C. Riverside soils group headed by Dr. Wesley
 

Jarrell, the principal investigator of the entire project, that 
isconverting 

dry matter productivity measurewents of the Irvine group into nitrogen 

productivity, and conducting soil 
moisture profile mea,Jreftents with 20 ft
 

deep neutron probes, quantitating soil chemical characteristics on and around 

the site, quantitating denitrification, and developing in situ acetylene
 

assays, and (3) a Washington University (St. Louis) group headed by Dr. D. H. 

Kohl that is correlatini the above-mentioned findings with natural abundance
 
5t/14 measurements to develop qualitative and perhaps semi-quantitative 

assays of nitrooen fixation from dried plant samples.
 

A Department of Energy funded study with Felker as principal investigator 

has studied cross-inoculation of 13 Prosois_ species (Felker and Clark, 1980),
 

has conducted greenhouse studies of effect of heat and drought stress on
 

Prosop_s nitrogen fixation, and has developed nodels comparing efficiencies
 

ot water and nitrogen inputs to increasing productivity of semi-arid range

lands (Felker et al., 1980). USDA scientists Drs. A. L. Black and J. R. Wight
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From Sidney, Montana, have demonstrated that fertility can dramatically increase
 

water use efficiency of rangeland species in a 10-year study on Montana range

lands (Wight and Black, 1979). The US AID supported Niftal group at the
 

University of Hawaii ,aintains large stocks of Rhizobia. Basak and Goyal
 

(1980) at the Central Arid Zone Research Institute at Jodphur have published
 

cross-inoculation data and temperature and salinity tolerance characteristics
 

for rhizobia for semi-arid adapted leguminous trees in India.
 

3. DEVELOPMENT OF CASH CROPS ON SEMI-ARID LANDS
 

A. Areas currently under developient
 

Jojoba (Simmondsia chinensis) a non-legume, is one of the most promising
 

cash crops for arid lands. The jojoba seeds contain a rancidity-resistant
 

non-allergenic, liquid wax with lubricating properties equivalent to an oil
 

obtained from the endangered sperm whale (Anon., 1971). Jojoba is under
 

development in southern California, Arizona, Mexico and many of the less
 

developed countries of semi-arid regions (D.M. Yermanos, 1980). Mature jojo

-1
ba plantations should yield over 1,000 kg/ha at over one dollar per kg
 

which yield gross return of over $1,000 per hectare (Anon., 1977). Guayule
 

(Parthenium argentatum) a plant native to the Chihuahuan deserts, contains
 

natural rubber and is under extensive development by both the United States
 

and Mexican governments (Vietmeyer, 1979). There is no reason guayule could
 

not be cultivated in other semi-arid regions of the world as a cash crop.
 

Hydrocarbon bearing plants such as Euphorbia lathyris have been suggested
 

by Calvin (1979) as raw materials for oil and gasoline production. The
 

drought adaFted tree legume Acacia senegal exudes a gum from wounds of the
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trunk and stems known a- gum arabic which has many industrial and food uses
 

(Glicksman and Sand, 1973). Eiqhty-five percent of the world's arnual
 

supply of gum arabic amounting to about 50,000 to 60,000 metric tons is 

harvested and exported from the Sudan at prices of about $1 per k(g(Glicks

man and Sand, 1973). Other Acacia and tree legumes such as Prqois exude 

gums which could be developed for cash crops. Seeds of the fast-growing 

drought-tolerant annual sesame sell for S1-2 per Ky and show potential 

for an arid zone cash crop (D.Yermanos, 1980). The fruits of the cactus
 

Opuntia ficus-indica can produce dessert or table quality fruits. This 

author was served an excellent cactus fruit with a meal on a Chilean airline. 

Commercial (5 ha and larg-r) Opunjtia ficus-indica orchards are currently 

operating in southern Californi. to supply these fruits to supermiarket chains 

(Felker, unpublished observation). There are several little-known species 

of cactus which possess fruits equal or superior inquality to puntLa_ ficus

indica which could also be developed (Felger, 1979). Due to the high water
 

use efficiency of cactus they should support fruit and cash crop production
 

in semi-arid areas.
 

The pods of carob (Ceratonia siliqua) are broken into pieces, kibbled, 

and separaLed into seed and pod fractions. The pod fractions are sold for 

livestock foo(:in Europe and are imported into the United States where tiny 

are mancfactured into chocolate substitutes (Anon., 1979). Industrial 

quality gums are extracted from the seeds. In 1970 the world production
 

of carob seed gum was 15,000 tons at prices ranqinq from $0.62 to $1.10
 

per kg (Rol, 1973). The pods of Parkia biglobosa and P. clappertoniana,
 

and a fermented product of the seeds known as dawa-dawa are sold for human 
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food on the subsistence levels in markets in Senegal and other parts of
 

West Africa.
 

B. Research facilities supporting arid land cash crops
 

The most extensive germplasm collections, plantings, and cytogenetic
 

studies of jojoba are being made at the University of California, Riverside,
 

under Dr. D.M. Yermanos. Work under Yermanos has been funded by UNDP,
 

NSF and the California State Legislature. Another large-scale jojoba
 

research operation is being carried out at the University of Arizona
 

under Dr. L. Hogan. There are numerous comnercial jojoba developers, some
 

of whom are quite unscrupulous. Donor agencies should contact Yermanos
 

or Hogan before dealing with private jojoba developers. Dr. Yermanos
 

has also developed non-shattering sesame types and mechanical harvesting
 

sesame devices with UNDP support. The USDA has a multi-million-dollar
 

budget to develop guayule in the southwestern United States.
 

The Diamond Shamrock Company is currently supporting a multi-million

dollar project at the University of Arizona Office of Arid Land Studies to
 

develop potential of hydrocarbon producing plants such as Euphorbia lathyris.
 

The Canadian IDRC is supporting a research program to develop gum arabic
 

for West Africa through the "Eaux et Foret" in Dakar, Senegal. The Uni

versity of Chapingo, Mexico, has a program to develop spineless cactus
 

(Xolocotzi, 1970). Dr. Richard Felger at the Arizona/Sonora Desert Museum
 

has identified numerous arid land crops with potential including several
 

outstanding cactus varieties. 
Dr. Felger has had very limited financial
 

support from several extramural agencies.
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4. PRODUCTION OF LIVESTOCK FOOD AN1DFORAGE
 

A. Areas where production is takinq place_ 

In Mexico, Prosonis olandulosa var. olandulosa and Prosopi s laeviqata 

are presently harvested from wild 
trees and sold to wholesale dealers for
 

incorporation into livestock rations. 
 In 1965 40,000 tons of mesquite pods
 

were sold in corrpercial operations in lexico (Lorence, 1970). Undoubtedly, 

many more pods were used or bartered locally that never entered into the 

agricultural statistics reporting services. thousand haOne of P. juli

flora has been established in the Peruvian coastal desert under partial 

irrigation. By providing 250 xii of irrigation the first year and 160 nmr 

thereafter, pod production of 6-7 t ha "1 have been obtained from the Peruvian 

plantinqs (report of P. Peck to IDRC). In nearby Chile, 30-year-old P. tana

rugo trees Orowing in tile Atacara salt desert have produced 6,000 kq ha 

of leaves and pods which is used to support a sheep-raisinq industry 

(Salinas and Sanchez, 1971). Twenty-two thousand hectares of P. ta.Maru o 

have been planted by tile Chilean corporation CORFO (7elada, 1980). Felker 

has visited these areas to assist COPFO with veqetative ropaqation, selec

tion techniques, and nitroqen fixin(: inoculants.
 

In southwestern United States mesquite pods were the staple for Indians 

in southern California and Arizona deserts (Felker, 1979), but today are 

only marginally important in supoorting wildlife habitat. In West and East 

Africa the pods of A. albi-da and A. tortilis are highly rerarded as a supple

mental livestock feed (Felker, 1978; Anon., 1979). Some A. albido pods are 

collected and stored for later rationinrn to cattle on a subsistence level,
 

but no organized or commercial use of pods has been attempted (Felker, 1978).
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The forage of Acacia xanthohlea and A. hockii supplies much of the diet 

of giraffes in the Serengetti National Park in East Africa. Pellew (1980) 

has suggested that the Acacia-giraffe ecosystem he oanaqed for weat production. 

Forage systems based around the spineless cactus (Opuntia ficus- ilndica) 

have been widely used in Mexico and North Africa where the spineless pads 

are fed to cattle. Selec' ions of sal tbush (Atrilex species) are high in 

protein 	and caroteno,10 and consti tute a useful ivestock forag]e. The 

Chilean 	corporatinn CORF) has planted thousands of hectares of sal tbush in 

contour ridges along the Chi leani coast for' use as cattle food (Felker, per

sonal observation). In Tunisia coirrsercia1 ';cale (overnreent sUppo-ted plantings 

of salthush have taken place to provide forage for qrizinq animals (Iladri, 1980). 

In fexico cattle rations have been fornulated f mi hi ih energy, sweet, 

highly-palatable resqite nods; hi(h protein, hiqh carotenoid and low pal 

tability saltbush folia e; and hi(lh-eneroy containinq cactus pads (Lorence, 1979). 

These three plants possess the complimentary physioloqical characters of hiqh 

salt tolerance in saltbush, hicih water to 'Yinmatter conversion efficiencies 

of cactus, and nitroen fixinq properties of riesquite. 

B. 	 Research and develoj)vsent support of livestock food and
 
forane plants.ardIMa 

Surprisingly, little beinq in support of the previouslyis done mentioned 

forage producing plants. The Toni sian and Chilean governments are supporting 

the largest developments of forane producing plants. The Chilean company CORFO 

has planted thousands of hectares of Atriplex. CORFO has investigated plant 

spacing, canopy closure, and pod productivity as a function of age for 36

year-old Prosonis tamaruoo plantations (Salinas and Sanchez, 1971). They 
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are just begirninn to 
become involved with selection work, nitroren fixation, 

and vegetative propagation. The Tunisian fiovernrent has employe!d large 

earth-movino equipient and water transport vehiceI ps to estahIi sh sa Ithush
 

and cactus plantiogs (Hadri , IPPP). 
 The Al erian (overnh,.ent as al so ini

tiated some Opurtia p1antinos , onia uze aid Le4ue)ro, 
 Pr. 


LePouerou, forrerly of 


I D) Henri 

the Internationl Livestoc. (enter (1 CA,) in Addis
 

Abba, has been ikey fiqure in %orth ,t:ric,m devel rj!nrt's of 
 Atrij .e,and 

O£puitia . 7he Cha i)ineo Ariceulturil 11,;)rirent 't_,ition,utsidi of .exyico
 

City Ila,r-ado selection of rp iritia ,ith rodi'iri} 
 ioror(wij( crharaicters 

(Xolocotzi, 1970). Lopez wC.ai. '1r77; at th, Aintormo ;ar'roAr-oicultural
 

Universit,, in SalCil lo, '(-ict , tis onidtc od a 
!throitouh 11al vsis of the 

productivi ty charai;ter;md ,cos/ C ft of oconoiqical]! i,'or-rint ,psiects 

of P)ul ti a rO uc C on in ,Y'i i Tir, Interria tional ' -'pe opent (eijtrch 

Center L tC) Ptta,,a is 'upfortin the Pro.sop.is iIfl eca foraie ptoductio 

pro jec t in Peru. 

In te Cnited Stat-s , Dr. C' ;"CrI1 now 'if Plmt Pe-ouri-', itt. 

Salt Lake City, mnd Dr. 1. oodin of "e(as Tech rtivers it , riv-e ond ct'd 

eateniive r os-ircror devilopr-erit of saltfttsii as art conorricall , ihfortant 

forare crop. F l ,'erit J.C. )i iors id . -a '," ro"ori' . IhI for-tIrorn,
s 

pod produc in': cha "ateri,rr:tI5t( irln r,,tinr i t h ;r. e r arid ;ar er , at 

the USDA Weste rn n,!tix1r r.aF o C rici t )trh c ia (' pro IroatelIo iolUt t.!d 

analyses -and fIed ir': trial; r)riCner, dt, 

5. IlTtPCRP PPI!r; ' tAD TIrl c-CCf A, WITH ,ltI ADAPTED LEGUMES
 
T, , TAI5, i ; C t- T;',
)i,F 

A. Areas ihere deve lo-ent i taki to place
 

Prosopis cineraria has been widely used in the 
Indian-Pakistan region on
 

http:Pro.sop.is


Wancette~an Poln 199~ Chrra ia,16, 90an ekr
anoieorage crops
 

gonenat itsian opyhu(Man a.ndShnkrnran' 16. -cc'ali",:has.: 


opverso dsen
The Fubisenc easeyel ofapearltille andcomersfone th 

r.
 ' Research and development: B'; stunorting intercropping of food 

soil ferti ty studies carried out by Danctte and Poulain (1969)and Chasreau
 

and Vncet(and5)ouAIDcomissioned a state-of-theart rep965 aer' bida
n l 


in:n1978 (Felker, 1978). 

as1978Keh Senegal, dedicated to raisng enough Acacia bida seedlings
 

!i! FAO supported a nursery scheduled for termination i
 
in , 

topant 1',000 ha per year at 45 trees per' hectare. A CARE project in Chad •
 
tsP someomanner in reforestation with Acacia abida No seiou
involved in 


fild study haslver been conducted to deve'op genetic stock and nagement
 

practices for arid adapted leguminous trees to improve yields of traditional 
food staples. " n'rrateeoumes 

6.-SLOW THE SPREAD OF DESERTIFICATION IN ARID REGIONSr
 
si ttle work is being carried out in this activity. K Khaifa working
6. 


for the.Sudan Council of Churches has planted 400 acres of Prosopis alo 
 bda 

irrigaton canals to prevent thetInd drom filling them hut. The Indianigs .
 

Sgovernment has been planting shelterbelts with Aca a Norrid o
 " L ittlwor isben cri ou inti ctvt. K 0o hifidokn
 

for theiSua"ouclofCuchshslne.40are
adapted trees since the 1920s and 1930s(Kaul, 970). fPrsps ln
No serious efforts
 

cnal revnt
irriatin to he ind romfilingthemrhu. Te Idia
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enloying arid adapted shock, e.g., 
Prosopis, Acacia or Leucaena, and modern
 

forestry practices have been applied to control of desertification in less
 

developed countries.
 

I1. FERTILIZER, PESTICIDE, IRRIGATION, AND MACHINERY REQUIREMENTS
 

1. Irrioation requirements
 

Probably well over 90'Xof semi-arid land masses in semi-arid regions
 

must rely on rainfall without supplemental irrigation (excluding areas 

whera water harvesting technologies are possible). All of the desert
 

adapted trees, shrubs, and ephemerals described here have the capability
 

to lrow dryland (without irrigation) in semi-arid zones. If water is not 

available these plants can close stoirtes, shut down photosyrthesis and 

transpiration, allow their finely divided leaflets to reach air tempera

ture and adjust their water potentials to minus. 40 to 50 bars and wait for 

the next rain (Fischer and Turner, 1978). Annuals would wilt and die under
 

the same conditions. Reasonable production from reproductive structures, 

such as mesquite pods, jojoba nuts or cactus fruits cannot be expected 

below 250 rn annual rainfall unless they are located in water drainage 

areas, or areas where water accumulates. Growth of verjetative parts for 

wood or foraqre production probably will continue from 250 to 150 ni annual 

rainfall. The dee: rooted tree and shrub production systems tend to integrate 

rainfall events and avoid transient effects of moisture stress Commnon to 

shallow rooted annuals. Optimal water use of the a(lro-system will use an 

optimal mix of nitrogen fixers and water to dry matter conversion specialists. 

When it is possible to use cactus with a 5-fold greater efficiency of con
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verting water to dry matter than leqines (Fisher and Turner, 1978) legumes
 

s!ould not be used to produca the energy portion of livestock feed. However,
 

legume leaf litter will be required to create good fertility in order for the
 

cactus to achieve its maximum water use efficiency. For the same reason
 

cactus should not be used to 
produce the protein and nitrogen needs of
 

livestock when it is possible to use legumes. Livestock need both energy
 

and protein rations and both energy and protein producing plant specialists
 

are required.
 

2. Fertilizer requirements
 

A central 
component of this technology is widespread incorporation of
 

arid adapted nitrogen fixing legumes that are capable of fixing nitrogen
 

under conditions too harsh for temperate legumes such as clover, alfalfa,
 

etc. 
 These legumes will require no nitrogen themselves and when properly
 

incorporated into a diversified ecosystem they will 
reduce nitrogen needs
 

for non-legumes as well. 
 Many of these plants, both leguminous, e.g.,
 

mesquite, and non-leguminous, e.g., jojoba, have very deep root systems
 

(Felker, 1979) capable of mining nutrients found in clays, bedrock, and
 

parent materials such as calcium, magnesium and potassium. Additionally,
 

these deeper rooted shrubs would be expected to have a higher capture ratio
 

of applied fertilizers by not allowing nutrients to 
leach beyond its deep
 

root zone. 
 As manmy of these plants are perennial, they would be expected
 

to reduce wind erosion and perhaps water induced erosion. Under rainfall
 

situations as low as 300 imn
it may be desirable to practice clean cultivation
 

or use herbicides between rows of mesquite, cactus, saltbush, jojoba and
 

guayule to increase water infiltration and to reduce water competition from
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grasses and forbs. Once established, the risk of wind and water erosion
 

present with clean cultivated shrubs and tree crops should be less than the
 

similar risk with annual crops. Drought-hardy shrubs and trees not under
 

severe physiologic water stress should make more effective use of applied
 

nutrients than water stressed herbaceous annual crops.
 

If drought adapted legumes are widely incorporated into managed arid
 

ecosystems, phosphate and sulfate will ultimately become limiting and
 

will have to be supplied. Both nutrients stimulate legume production
 

and can be supplied in single superphosphate.
 

3. Pesticide requirements
 

It is difficult to imagine how the plant ecosystems described here
 

would be more or less susceptible to insect or bird attack than any other
 

ecosystem. Ooce established perennial tree and shrub crops would survive
 

competition from grasses and forbs without weed control measures. 
 However,
 

their productivity probably will be qreatly enhanced if herbicides or cul

tivation were used to eliminate water competition from grasses and forbs.
 

For the first one or two years of shrub and tree stand establishment, com

petition from grasses and forbs must be eliminated either by herbicides or
 

cultivation.
 

4. Machinery requirements
 

A variety o' options employing varying degrees of mechanization are
 

available to establish tree and shrub plantations. This author envisions
 

that most plantations will employ containerized seedlings planted with a
 

liter or two of water. This can be accomplished manually with dibbles or
 

post-hole diggers or mechanically with an 80 hp tractor pulling a transplanter
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capable of planting 1,000 trees per hoiur. It may prove useful to establish
 

a seedbed for seedling transplant with the same level of preparation given
 

to annual crops. However, after the first year an annual deep cultivation
 

as required for annual crops will not be necessary. Where fruits are to
 

be harvested, !.g., jojoba, mesquite beans, etc., light surface harrowing
 

or disking will prove useful for weed control, to increase water infiltration,
 

and to provide a clean surface to pick up the fallen fruits. Pruning of
 

tree and shrub crops will be necessary to allow access for harvesting of
 

fruits. In biomass farming operations, where complete canopy closure is
 

desired,annual cultivation would be unnecessary and impossible to carry out
 

after canopy closure. As required for annual crops an annual ground prepara

tion and planting, carefully timed with arrival of rains to allow germination
 

and full utilization of the rainy season, will not be necessary for the
 

tree and shrub crops. Peak labor shortages may occur at planting time
 

with annual crops which do not allow farmers to plant as much as they would 

like. Established annual and perennial crops will not face this labor shor

tdge. The light cultivation that may be useful with tree and shrub crops
 

can be performed on a much less rigid schpdule when labor, draft animals,
 

and/or machinery areavailable. If herbicides were availible and acceptable
 

they could be used in lieu of light cultivation. Tree and shrub crops would
 

require much lighter equipment than annual crops and the yearly intnsive
 

site preparation necessary for annuals could be avoided with tree or shrub
 

crops.
 



179
 

IV. RESTORING AND SUSTAINING PRODUCTIVITY OF SUBTROPICAL SOILS
 

Use of drought adapted nitrogen fixers to increase yields of staple
 

crops as described earlier in this report is a key component in this
 

strategy. No environmental degradation is perceived that would not allow
 

these systems to sustain themselves in perpetuity. These techniques are 

already widely used by subsistence farmers. Research and development is 

required to optimize the tree legume-annual staple cropping systems developed 

by subsistence faners.
 

V. 	 RESEARCH, DEVELOPMENT AND IMPLEMENTATION OF ARID ADAPTED PLANT
 
ECOSYSTEM PRODUCTION TECIHNOLOGIES
 

An outline of research required to develop these plants and cost
 

estimates to do so are given in Table 1. Research centers are proposed
 

in six locations to collect and store (;erinplasm, to plant germplasm nur

series, to re-evalu; promising nu:sery selections in larger sized plots, 

to compare input/output resource ratios of different plant systems, to 

evaluate monoculture and polyculture arid adapted systers, and to provide 

material and administrative support for the research.
 

The research program outlined in Table 1 is appropriate for the first
 

phase of the research. Extensive qeroplasm collections and plantings would
 

be required once at a cost of aporoximvately $1,500 K. A funding effort 15"'
 

of the initial level would be appropriate after initial collections and
 

plantings were made. Funds used for collections and plantings in the
 

first phase should be allocated to weed and insect control, cultural opera

tions such as harvesting, pruning, and planting methods for nursery stock,
 

and 	extension short courses during the second phase of the research.
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OUTLINE OF RESEARCH PROCEDURE
 

Level of support
 
per year
 

1. Develop germplasm collections where none exist
 
A. 	Collect single 
tree selections of leguminous trees
 

over broad range for:
 
1) pod production
 
2) large size
 
3) thorn characters
 
4) leaf litter
 

B. Collect followino genera:
 
100 K 
 1) 	Acacia tortilis and A. seyal 
in East Africa

100 	K 2) A-c-a'c-aaTb-id
n East and West Africa

100 	K 
 Ta 5
3) P--5 oo-osa in west Africa100 	K 
 4) 	Pron is ci-neraia in Indian-Pakistan region
200 K 5) -rosops ala- articulata, P. chilensis,
 

southes-tern Unre-F-Sjates, Argentina, Chile, 
and 	Peru
100 	K 6) 	Make cactus collections in southwestern United 
States and Mexico100 	K 
 7) 	Short, shrubby legumes, Dalea in southwestern
 
United States, Tephrosia Tineep South, and Zornia
 
in Sahelian Africa
 

2. Obtain good selection of following arid crops already

subjected to gerriplaso collectic znd screening:
 

25 K A. Jojoba - Drs. Yermaros & lHonan 
B. 	Guayule - USDA 
C. 	Euphorbia - Dr. Calvin
 
D. 	Atriplex - Drs. McKell & Goodin
 
E. 	 Leucaena - Dr. Drewbaker 

3. 	Plant out four replicates of five trees (plants) of all 
accessions for geroplasm nursery a 300at nn and 500-600 mm
annual rainfall regime in: 

100 	K 
 A. East Africa, e.g., Sudan
 
100 K 
 B. West Africa--Senegal

100 K C. India-Pakistan region

100 K 
 D. South America
 
100 K E. Southwestern United States

100 	K 
 F. 	Site alone coast to 
irrigate with seawater for
 

salinity trials
 

60 K 4. 
Evaluate Niftal collection of rhizobia suitable for tree
 
lenumes. 
 Develoo techniques to insure effective nodulation.
 



181 

Level of support
 
per year
 

100 K 5. 	Conduct protein, sugar, fiber and toxicity analyses
 
on pods that are produced.
 

120 K 6. 	Develop clonal propaqlation techniques at central
 
facility*
 

A. Rooting of cuttings
 

B. Via tissue culture
 

450 K 7. Evaluate cetrnplasm nursery for:
 
(6 sites x 75 K) A. Height measurerents first year
 

B. Stem diamr.eter rmasurements yearly 
C. Pod production and/or pod chemical
 

characters 
D. Make clones of outstanding single trees 

1,200 K 8. Evaluate clonal outstandinO .,aterial in replicated 
(200 K x 6 sites) 0.1 ha ,ninh-rwr-sized plots. 

180 K
 
Multiply arl ditrilute lest .elections to interested(30 K x 6 sites) 9. ,
individual and orcanizations. 

1,200 K
 
(200 K x C sites) 10. 
 Evaluate corparative advanta'res of selections developed 

above in rono- and oly-culture with Opuntia, jojoba, 
nuayule, atriple,, etc. 

400 K 11. Evaluate lar;e N fiin tree', with staple cereal crops 

(200 K A 2 sites) in field plantinrl. 

short N fiers witM jojoha, luayule, saltbush, etc.600 K 12. 	 Evaluate 
(200 K x 3 sites)
 

5,735 K 	 TOTAL DIRECT PESLAQCH 

4,265 K 	 Support facilities, travel, secretarial, library,
 
statistical analyses, computer services, etc.
 

10,000 K GPID TOTAL 

82-999 0 - HI - 13
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Large genetically diverse germplasm collections and promising plant
 

selections are available for some of the plants described here such as
 

jojoba, guayule and atriplex species. For other plants, germplasm collec

tions and selections of promising lines will have to be made. The plants
 

which require gerTnlasm collection and selection of promisina lines and
 

the methodology for dcconiplishing that is as follows.
 

Seeds should be taken and maintained as single plant selections from
 

Acacia tortilis and A. seyal in East Africa, from A. albida in East and West
 

Africa, from Parkia biglobosa in West Africa, from Prosopis cineraria in
 

the Mideast and India-Pakistan region, and from P. alba, P. chilensis,
 

P. tamarugo, P. pallida, P. articulata, P. tamarugo, etc. in Argentina,
 

Chile, Peru, Mexico, and Hawaii. Short, shrubby legumes of the genus
 

Dalea should be collected in southwestern United States, Tephrosia in
 

Texan-Mexican area, and Zornia in Sahelian Africa. Cactus genera such
 

as Opuntia and Cereus should be collected in southwestern United States.
 

During these collections, attempts should be made to collect for as much
 

diversity as possible as well as to collect for economically desirable
 

characteristics, e.g., heavy pod production, size and sweetness of fruit,
 

large trees, presence of large amounts of leaf litter, and presence or
 

absence of thorns. The plant should be collected over its entire geo

graphical and ecological range.
 

All of the collections should be evaluated in uniform treated planta

tions with a minimum of 4 replicates of 5 trees per replicate. For the trees,
 

height measurements should be performed the first year, stem diameter measure

ments for biomass estimation should be performed every year, and pod productivity
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jieasurementsishould continue indefinitely. 1 One germplasm planting shouldq ; 'I 
be evaluated iin a:300 and 500-600 mmannual rainfall regime in thei India

region, Pu East"PakistanAfrica, i n Wes t, Afri ca, in the uni ted States, 

and in South Amrica. The purpose of the American planting would be to 

povi meeri s ogical reea.ch material and exposure 

to these different cropping systems. An additional site should be located 

near a seacoast to use seawater irrigation to screen for salt tolerant 

S germplasm. 

The Hawaiian Niftal rhizobia collection should be evaluated for rhizobia 

for thn legumes and techniques developed to insure effective nodulation of 

field plantings. Soil samples from native stands might contain rhizobia 

i.with unique properties and should be used to inoculate native plants for 
compapative purposes. 

Most Acacias (Self-el-din, 1980) and probably all Prosopis (Simpson,
 

* 1977) are obiigately outcrossed. As a result trees will not breed true
 

&from seed and clonal propagation techniques will be required. Both tissue
 
culture propagation and traditional rooting of cuttings should be examined. 

Rooting of stem cuttings is possible for Prosopis with difficulty, To

i 'achieve success in rooting of cuttings required for large-scale plantings,
 

a thorough evaluation of rooting of cutting methods including evaluation 

of mist, atomized fogging, and tent humidification devices, screening 

trials of hormone mixtures, evaluation of out-of-doors and greenhouse grown 

stock, and use of growth chambers to determine optimal light, temperature 

and humidity level for cuttings will be required.
 

MI-ost
annual legumes are highly self-fertile and breed true to type.
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These selections will not require vegetative propagation but germplasm
 

multiplication areas will be required.
 

Laboratory analysis of crude prctein, sugar and fiber should be
 

conoucted on pods, fruit or other economically important plant structure.
 

Single tree selections should be made from the germplasm nursery on
 

the basis of 1) height and biomass determinations, 2) pod production and
 

pod chemical characters, 3) presence or absence of thorns, and 
4) other
 

characteristics deemed important. These selections should be clonally
 

multiplied and re-evaluated with 4 replicates of 0.1 ha minimum sized plots
 

per selection. Sufficient quantities of the clonally multiplied material
 

should be made to allow distribution to requesting individuals and organi

zations.
 

Once reasonably productive single tree selections of the lequminous
 

trees and cactus mentioned previously have been developed they should be
 

compared with advanced strains of jojoba available from Yermanos and Hogan,
 

from guayule available from USDA, and from saltbush available from McKell
 

and others. The comparative advantages and relative resource requirements
 

for these crops should then be evaluated as monocultures and polycultures.
 

The large nitrogen fixing trees P. cineraria and A. albida should be
 

evaluated in various spatial configurations with the staple crops millet,
 

sorghum and peanuts. The short shrubby and herbaceous legumes of the
 

genera Tephrosia, Zornia, and Dalea should be evaluated with jojoba,
 

guayule, saltbush, and opuntia.
 

As with all cropq, solutions to weed problems, insect problems and cul

tural 
practices will have to be developed for these ecosystems. Herbicide
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and cultivation methods should be examined for weed control 
and insecticide,
 

biocontrol , and integrated pest manageanent should be evaluated for insect 

control. Harvesting, pruning, plant spacing, and planting methods also 

require development. 

It has been the experience of Dr. Yermanos with jojoba and of this 

author with mesquite that once genetically superior strains have been pro

duced the demand for the strains and the technology associated with them 

will greatly outstrip the supply. Elderly ladies with 100 square ofeet 

desert in their backyard in Yucca Valley, California, business executives,
 

and ministers of agriculture in arid developing countries will ask the 

project leader to visit their backyard or country from one (Jay to six 

months to set up the appropriate technology. It is imperative to develop 

sufficient plant material for further multiplication and to train extension 

personnel who can assist farrers, businessmen, or government leaders to 

develop the appropriate technolony. Short extension courses provided by 

staff involved in qernplasm nurseries and evaluation centers would be an 

ideal method of disseminating the infornation that is developed. 

The staffing of the germplasm nursery and evaluation centers would 

require a Ph.D. project leader for: 1) Acacia tortilis and A. seyi, 

2) Acacia albida, 3) Prosopis cineraria, 4) Parkia binqlobosa, 5) the 

American Prosopjis species, 6) the shrubby and herbaceous legumes, 7) the 

cactus, 8) the atriplex complex, 9) quayule, 10) jojoba, and 11) other 

overlooked species. A central tissue culture and clonal propagation center
 

should develop the techniques for clonal propagation and have at least two
 

Ph.D.'s, six B.S.'s and/or master's level technicians and 6-8 support personnel
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preparing media, washing dishes, etc. Each research center should have
 

two B.S. or M.S. full-time personnel and 6 non-skilled laborers rooting
 

cuttings and/or multiplying germplasm for research and/or further dis

tribution. The availability of a statistician and computer for analysis
 

of field experiments is essential.
 

A major effort will be required to develop support facilities for
 

research in arid developing countries of Africa. Telephone service,
 

mail service, ground transportation, and freight services to and from
 

Europe are too unreliable to make effective research possible in East
 

Africa and perhaps other countries. It is absolutely essential that the
 

plant research be conducted in the climate and on the soils where it is
 

to be utilized and this requires development of support services for the
 

research.
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VI. 	 CONSTRAINTS FACING DEVELOPMENT AND IMPLEMENTATION OF ARID
 
ADAPTED PLANT PRODUCTION TECHNOLOGIES
 

There are no major or theoretical scientific constraints to utili

zation of these technologies, but applied research efforts are required
 

in several areas. Techniques need to be developed for clonal propagation
 

of all materials described here by both rooting of cuttings and tissue
 

culture. Planting techniques, and greenhouse and field cultural practices
 

need 	to be optimized. A continued effort to identify and prnpagate better
 

genetic selections is required.
 

Environmental constraints to development of these systems are minimal,
 

as increased vegetation in arid developing countries has the effect of
 

halting desertification.
 

There are serious cultural constraints to development of perennial
 

production systems since the perennial vegetation in Sahelian Africa is
 

viewed as community-owned (Thomson, 1980). Thus, the pods or fruits from
 

trees can be taken by anyone, even if the trees are on privately-owned
 

land.
 

Similarly, people can cut branches from non-protected species of trees
 

for fuelwood even if the landowner planted the trees for his own fuelwood
 

use. Freely-roaming goats which eat young seedlings constitute a major
 

problem in the establishment of perennial production systems. Control of
 

the movement of goats is probably an insoluble rultural problem and thus
 

goat-proof devices for protection of young seedlings will have to be devised.
 

Political constraints for the development of these technologies stem
 

from politicians' and bureaucrats' unfamiliarity with use of these perennial
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crops. This is most accurately described in Pelissier's explanation of
 

why Acacia albida is not more widely used in West Africa (translation 

from Felker and Bandurski , 1979). 

"One cannot hel) but he astonished that an aqronomic research center 

established to study the Serer peonle (in Senenal, West Africa) is not more 

interested in the methods and effectiveness of native farminq svstems. 

Thiese researchers i(Inore the rili ee of naturally-rettenerati'ls Acacia 

stands by which they are ;urrotioded. This wark of i nli fference and 

incorpreheosioi for Africain techniques is too o)ften waniifest hv [utopean 

special ists or those trained in [urope. il Oider to proll'ote their own 

cultural values, these e ue,;ta,'cietie ''-odern' and 'scientific'se jeepts 

as if latoratory and firld teciniques are (c i!,le'elv inapplicable, for 

social or ecinoric r'aslrlp, to the trulY native tarlirq systems. Acacia_ 

atI ida suffer,, f ir' the di visinn nf the, t ihni(atI svices . lhe ajronomist 

re(Tiards the pt',epetnce ot the tr tO in the field i, p aidversary to he el iminated. 

lhe forester i not. interested in th' tree li'at,i e aiJi tlhid idoes not 

iroiw ir wthat cootll t tortred a fore, 'nd i ,. the k,'for', lint capable of 

beli' dhilt l, iith Fs Atarildrd Ylittuiturte tncept,, The role of Acacia 

ralhiha, injladiti I -i1(ti tt aid tlertw iation condit tion , illu,.trates its 

marvelopis hiara:t, .ic ll ato t ho di pciated ftrowe it qjeilaitoe aqri 

cul tural settitit and i I tIstt' ttc the, neps ty rt deep-setteid action to 

aid the farilno iopulation. At this tiie in our intimate knowledqe of 

political techniiques for rural aniaale ent, an enid must be placed to the 

absurd division of atriculturallv-related disciplines v:hicn encloses aqri

cultural development specialists. It is not lack of concern in the develop
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ment specialists which causes this problem hut rsther their over

specialized trainino, and above all the administrative structures which 

thwart their action and hinder an inteqrated developssent plan which alone 

can be effective." 

VII. EFFECT OF TECHNOLOGY IMPLEtIENTATION ON CAPITAL, LABOR, AND LAID 
REOUIRE'EIITS 

The intial inputs required for these systems are low hit the output/
 

input ratio of the 
 system is hioh, such that yiold increases will tend 

to stir:ulate more invests erlt of the techolnOly. For example, assume a 

farrier will plant 1 ha wiith '00 Prosoriis trev,. The wholesijle seedlino 

cost should be approxirately "0.15, requirinq an outlay of ',30. P,ese 

seedlinos could hr plated on hi o,'wn liod with e'l y a "hovel, and some 

huckets for waterin the seedlin , after transplant. If illanted in reqions 

at 500 r, arnnual rainfill, at year 10 the tree snrJld he pr'sdu(nn ,0)0O kn 

of pods per hectare (Folker et a I . , 1120). Thfse p& Lodsv! i ralIy have notei n 

and nitrocen contents of 12.5 and 2. , rlspectivel y I[.:Fer and Grosjean, 

i.
,1980). Thus, the, pods contain P(I kf!o f vt.hich worto ",tI) at today's 

erice of $50 per 100 kh of N;. Fo achieve capture of 0 , of t! in pod, 

from cherical fertilization, at least double, the aammirt. of ntrosen in 

the pods, or 160 kq of N would have had to have been ippiied. Thus, the 

cost to provide thc nitrocsen found inr the pods would have been $80 per year. 

Recall ino that the far- er's casrh outla for seediniqs was S30, his annual 

return on the seedlinq investscnt from nitronen alone is 270 . H.'s $30 

investment in seedlirls prnhly ,.acild be returned from 60 kq of N fixed 

by the olants in 2 to 3 years.
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Because most of these trees are outcrossed and plinted only once every
 

30-50 years, it would be most advantageous to plant clonal material from
 

outstanding individual trees. Thus, the coreiercial tree nurseries would
 

be required to supply young trees to villaqes in the countryside.
 

Hopefully, farmei s would recognize the importance of obtaining high
 

quality clonally nropagated seedlings for long-term plantings, and would
 

support commercial village level nurseries that would be an effective
 

vehicle for delivery of superior genetic stock to the local population.
 

Fertilizers other than nitrogen would be required. Phosphate and,
 

to a lesser extent, sulfate fertilizers stimulate nitrogen fixation in
 

legumes and would be a worthwhile investment. Phospnate fertilizers have
 

approximately the same unit price as nitrogen fertilizers but only 10%
 

as much phosphate as nitrogen fertilizers would be required. Annual crops
 

such as maize may caDture (Olsen et al., 1970) only ao-50% of applied
 

fertilizer partially because of leaching beyond the root zone. Shrubs
 

and trees such as Acacia, Prosopis, and jojoba commonly root to 10 meters
 

,Felker, 1979) and would achieve higher capture ratios of applied fertilizer.
 

There is no reason to suspect that pesticides would be required any more
 

or less than other kinds of systems since insects would be just as likely
 

to attack tree or shrub crops as annual crops. Due to the low till or no
 

tillage requirement for many of these shrub and tree-based production systems,
 

agricultural machinery requirements would be expected to be less than
 

those of conventional plant production systems. The harvesting of the
 

majority of plant production systems in arid developing countries is by
 

hand. With increased yields of traditional crops stimulated by association
 

with leguminous companion crops, the demand for labor at harvesting time
 



~wi1 Production 'f large quantities of tree, legume pods, jojoba
icrease. 


~nuts and fuelwood will also -increase the labor demand fo r hatvesting operaius
 

I~~a;; and the lack of a nitrogen '>;
Tile low requirements for tillage machiner'y, 

a~fertilizer requirement will1greatly reduce credit requirements for these
 

!two traditionally high credi~t requi ring areas. Onthe' other hand , the
 

''several ........
years' wait.prior to harvest.rops'wtof require credit
 

toipay for the seedling costs. :
 

VIII 	 IMPACT.OF WIrE-SCALE TECHNOLOGY IMPLEMENTATION ON THE SOCIOECONOMIC
 

STRUCTURE OF AGRICULTURE INDEVELOPING COUNTRIES
 

Most[of the ,plant systems (technologies) discussed in this report
 
' are widely used by subsistence farmers in .he deveh,,itng countrieF. The
 

plants/currently used are primarily voluntie' seedlings of unselected
 

genetic stock which the farmers iray :.areprune and for' (Plissier, 1967).
 

This system is comparable to use of unselected races of maize and wheat,
 

as would havebeen done in the late 1800s in the United States and Europe.
 

Placing these widely-used, but scientifically unmanipulated plants into
 

a resea.ch and development framework probably can be expected to give
 

/liincreaaesyi similar to that achieved by first inbred and then hybrid 

lines of maize and other cerais. 'Vigorous, naturally-occurring tree
 

legume hybrids have been observed and clonally-propagated by this author
 
and demonstrate the ease with which hybrids, can be formed. Maize yields 

increased from less than 20 bushels per acre in the early 1900s to close 

t 100 bushels per acre at present. The plant systems described ere pro

bably have the potential of achieving the same yield Increases. Perhaps , 

a two-	 to three-fold increase in plan, productivity can be expected in5
 

444 ' f. 

http:resea.ch
http:IMPACT.OF


192
 

to 15 years ard a five- to ten-old increase in 50 to 100 years. Unlike
 

maize, these systems are based around nitrogen-fixers and will not require
 

fossil-fuel-derived and energy-intensive nitrogen fertilizers.
 

Assuming these kinds of yield increases in tree legumre pod production,
 

fuelwood production, cash crop production, soil fertility and ensuing staple
 

food production, returns to farmers can be expected to increase in the same
 

approximate fashion. As the farmers income rises, his demands for goods
 

and services will rise and stimulate the economy as a whole. A greater tax
 

base will theh be available to support more ioads, schools, and health
 

services, which will in turn decrease unemployment. The economy of a country 

with an agrarian society is inextricably tied to the primary productivity 

of the ecosystem. As long as substantial progress .s being made towards 

achieving the economic goals of the rural population, the population pro

bably will be satisfied and there will be no economic grounds fosterinq
 

political instability. Past efforts to stabilize the political systems
 

of arid developing countries, such as Iran, with military hardware systems
 

have proven futile. !t is imperative to develop plant systems which have
 

the capability of directly impacting the smallest farmers on the local
 

level to increase his well being and decrease economically fostered
 

political unrest.
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advantageous and disadvantageous, are discussed, considering
 

that the perspectives for multiple cropping systens in agri

culture in the United States show great potential. Research
 

needs to be oriented towards testing these alternatives.
 

MULTIPLE CROPPING SYSTEMS: A BASIS FON 0I1VELOP INC AN 

ALTEIRNA IVE AtR ICIL1i 11 

BR,: Pr'. Stephen R. OI iessman. 

I N [ K C P II C I I C N 

Multiple croppiq is nti 'Ia t Forili of' aqri'cult ural f.(clino 

10 Coy 1)u t jis tt ad aIi aIT i ii1) t IC 1 L)Ii II t InIS V 1'r 1 VITI 1 1t ia had0S 

I1)1VeI I OrC:ti crLc iii lalll\ OF lit whe I ,I i itis'O .f) 1t ,,rx i I
1 dl'IS WO 

zir, I ind )roduct:t i it I N iii s .Iec l'i ki r'e a IrtI srISII1 I 'lr'dot I. 

Gerne ral Ily svotkiI'l j ', ,e t.er've t lie p r' l I 't ot" p 1an 1 iii Iwo or' -

o,, srilie . d a mdt' ,CCorIiO, 

cal r C u riol wheI,.' reo5 i,',ila I Ilal id I, iIh(r I iert tires .spria 

nor' crops th I ii e.ar i1i1 iNI t p 

h cmpc 

ov I," t-h(. ar Ttore I avor lbFc for' crop prodtct orl.NCar lI colt i likl I 

As populiation lis increased, ifI r'CIS fI1 thIC Hie d For' ijri cultu

ra I product ion, thO Use oF rFtiI t- rop ni, s S: lIIIs is riori p ovL

letnt. ThocnIili tir Ili 5Fcr\ 0oF ITImi)IC crOppfi iq cri c, flt! toriuLc is 

.eptf: ias r(-CeiVetd VtI'\ l it t at:tenitioi Iroil aqli iculttiral s-iel 

tists, ard what I liited interest existzs lias conic ibout very r 

cenlt I y. 

One iay isk wlic thliis ilite r'st: ias begun to increase so dra 

mati cally ili stcli a slhort timie. Food sliortaq(s ili iarry parts 

of the worl , aS sI1 I as tIr threat oF ir suFici ent supplieus For 

the uicu, a tiothtrs iif Fear- olt: i lues to st i1cr rillore i it:eris i ve 

agri cul turi riv st i ati Oil i a s,1r'ch tor trr' l)reoclct: i ye alter 

nati Ves. As a CorisC(etlltie i t ipp hlt we are about t-o em -Hias 

bark on a new phase of air iculturalI re searcl. Exa:tlv what form 

it will take is still Inot known, but tIf re asons For tii s new -

approach are rapidly becoming apparent. 

l 
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First, we have recently begun to observe a level ing off in 

yield increases brought about by the types of genetic manipula 

tion that gave us such rapid and impressive yield increases du 

ring the "Green Revolution". It is Iike we have reached a - 

"yield plateau" with the current lines of resctarch and crop se 

lections. Large scale single varieties (for example, some of

the Internrational Rice Research Institute-IRRI- varieties of 

rice most widely utilized) with broad adaptabi l ity, produced 

major breakthroughs in yields, but it appears that such broa 

dly adapted varieties have almost reached the r maximum yield 

potentials. These varieties have been distributed widely, but 

in many areas with specific soil and climatic conditions, they 

have not performed as well as hoped, especially on land more 

difficult to mechanize or, irrigate. Thus it is becoming ob -

vious that we must begin to leok For varieties with more speci 

fic adaptabil ity and selected for specific environments, or el

se consider alternative cropping systems. 

Second, most of the dramatic yield increases during the -

past few decades have been on the best agricultural lands where 

soils are good and water control is easily brought about. Futu 

re increases in production, therefore, will have to come about 

through a new and innovative way of managing these highly pro 

ductive lands, as well as looking for methods oF making more -

marginal lands increasingly productive. Only 20,' of Asia rice 

land, for example, is irrigated, arrd the new high yielding rice 

varieties (and also high requiring of fertilizers, water use, 

and pest control) have not penetrated much beyond this bounda 

ry
 

The third factor is the oil crisis. Oil prices continLe 
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to soar', and with t:hic , I he cost of fre t I izers, petsit icides, 

kild IlIe Il do'd b 0:1 rri m lIIIo I n I 'llld :ove i'e r i ' i to i I d d FIo pie 

qJotion Water'. Co.st olt ilulto Co otlif t'o t llose( inptiiv 11ost 

ti 10011 i: c 

i ncre s.i'. J t' iil tIll' " -'Lti I\: Vol lt oil", 1din d['" Ieacid Wi Ih 

rh lwci essI t>, of IIavi ll t o C ISllsIIit'l' ollhe0 ' 11i Ii'l-llIt IVe, 1 11,111 --

IIIi IIh ' I ow t, to sul, s I I tI t Ie so 11 iih 1LS! p l t s W iin 

r'CspoiS.bl lel t' 01 h ell n to , 'nll jt-h di'Ifllt i ld 

I)i ioIio i I ii'r C i Ii 5C ~Iflli ii 

crtopj iii iilk ii he t 1 will 'ijs 

Vot ivi' co Ort loIll i t)Pd 11- 'it -,. MoJIt 

p I c' i i l' iiS of' Iii ll 10 llpolr 1 1i ppro liq of' 

these( ol teriat ilos. 

CONCItPIS ANIP l F I I I iN 
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M11 tiI)It'P 1 I I. e lt ll I I Iii t, Illk ,il i ii- li I ll l ii Ii i t ces OIlit! 
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TABLE 2. 	 Re I ated Terminol oy Llsed in Mu! tiplI e 'roppirrq
 
Systems.
 

Sirlye Stands: Tie .irowin q of' one erop variety alone it pure 

st-,rrds it ror'rr, delnSity. Syrronynrous with "Sol id pl anting", 
"sole croppi lr". Oppos ite of "Inultiple eroppi .rq". 

Molocu I t r liI rep'ptfi t:i vn i rgi of' tie crop on file 
me I rid. 

t .row same sa 

Ro:a0t i ott: lIhe V lrrr horer'IpeL i tiye rrow i oI two or o Ie er'ops or 
mu I ti pl e 'roppifl i 1at i ortls tie tilLr 1orrb orr sa fi0 Ld. 

Cr'opp i rrl PLt: tr1' n: irhe yeril y serIrU'rrt'. ,nd spatial irranqument 
of' crops, or of crops arrd f'illow, orr a Ji vr'rrarea. 

Cropping vsster: Mre 'r'opp i rry pat terrs rlse'd or d lrl 'rrd their 
int-er.ri'-riorts with r0'1r r ofthe' o'n-er'prises, ti l'SoUrce s, f',rr'rrr rd 
,vr i I ,il t-r'lr tirl rrrn r i rrrketp.'e iol riy it: t i h m 

F'n! Crop ste rs 01,11 e oF 

'ro.,S r d .r l III I S.
 

MiI 6'ir Mtr: i r hita vo i vtv I 'a i itr 
, irr 

Cr'opp I Ir I d "' . llelr rilrbnr" of' cr-ops . rowll per illi rr ott .J I ve'll 
rr'e of lord \ I00. 

Re Iat i v Yield ota ( RYI ): Fire sUM 01' file itrrr'-roppr'd ' iV!Irls 
divided hr %it' lI( of solt.i 'rops. The same. colrrrepi as I rd eqoI 
vd I Cit t a'tf-i os. "Yi('In" caI htd' as ,edaS rrrr Ircl' -r ronrhe rr .l' r) prodne 

tiort, jr.'lin ,ie! It Iu'I'i r'tI uptaLke, C'rr.t''Iy\ , rI' pl'ort' irl IrtOdLI.
tion, as wr. I I , s iN Iaro 'kt'r Valle of' itle crops. 

l_-.nd LIquiv,1!lit: (I.E Ilre io rie r'ere onRr: ios C): 'o' of' aWVl ed 
der sol-e to on'" IrIder r iw e'r'rppI'opp Ir( thie 	 i ,equalirrVC L 
arount:s of' i Id ot irrlll,' rrM rrly rrtl t I v I I h.' eL[IR is tievi t:he 
surr of,' Ihr lI'rc torls o!' fit(or i eilds of' rl-l i rtrre crops relat ive 
to th 'ire strue-crop . I'!LIs. ItI is .Iui %d1 ('1 t o iYI, e .pressed 
ilr cofrlrt-r'c'i Il i I'I's . 

Irtcone Eu 	i v,erIc rt ( I ER): ca of' are, dled urri o i rdt: io ie tn 
der soI e c'p p i tj to pr'o tlCe irhe s ,1r1e y'OSS i ncomrIe 'is I S )0i .1 

ned l'r'orr I h of' i itrrecr'oppi 11,9jat ihc s1m . rnattRIrre r I e ve. 
TIre I ER is tlit cn versnion of' fl LEI i rto t'rrnom in' lerrs. 

.Source: Saicre ( 1976) 
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mixtures based on 572 pu.)l ished experimen,. 

From Trenbath (1974)?
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The fact that advantageous mixtures do exist demonstrate
 

the need For detailed research in order to take proper advanta
 

ge of such systems as alternatives in the near Future. But --

For such systems to he consideredas actual alternatives we need 

to understand thoroughly the biological and agronomic basis res 

ponsable For the observd response, as well as the advantages 

and disadvantages to their use. Before )eginning a discussion 

of each aspecl-, a basic outl ine of such characteristics is pre 

sented, separated broadly into biological and physical aspects 

on the one hand (Table 1) and socio-econormic aspects on the -

other (Table 4). In many cases it is understood that there may 

be overlap between the two classifications, yet is is hoped -

that in the course of the Following discussion that such as 

pects will be clari fied. 

B. General Resource Use: 

The most commonly accepted reason for why it is possible 

to obtain better yields with crop mixtures is due to the Fact 

that the component crops di Ffer enough in their orowth requi

rements that overlap does not take place, or at least is grea 

tly reduced. Such combinations of components can be said to 

"9

be "complementary" 

TABLE 3: Comparative listing of the advantages and disadvanta

ges of multiple cropping systems as compared to sole-cropping 

or monoculture systems, in regards lo biological arid physical 

asDects OF the agroecosystem (priority not establ i shed). 

A. Advantages: 

1) It is possible to obtain a better use of vertical space 

and time, imitating natural ecological patterns in regar'ds to 

structure of the system, permitting a more eFfici ntt capture (of' 

solar energy and nutrietfs. 

2) Great:er amounts of, hiormiass (orgaini" matter) c!an he retur 

ned to the system, sometlmes even of' a befter qual ity. 

3) Tire.-e exists a more el'ffici .rt circulat.ion of nutr iert s, 

includirg their "pumping" Fror tlwr deeperp -,oil pro f iles when 

deeper rooted shrubs or tr'ees are included. 
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4) Damary ins effects of winrd car. some ti.mes be reduced. 

5) Systems very ,,pp,'opir iat. For- (but not rest r icted to) mo.I 

gi nalI areas or' areds witI cou[si dC,'idl V Vdr'i dli I ti , IWeidiS e rrul 

tip t ctropp i ni s> s tems -dlit ietf('r' t ke odvr ,i I ,. "i of vu i 1blc -

so I type, toporajt'pl%, .Oid steveper' slopes. 

0) 	 Mir tlt: 1( ' r(-I-oplp s e sot di'' l,-iWibj'tt to v ri'bi1)le I t .WS 

Iity iif c limat i c" i Ii iof l , k.f 
tt 5 

. I II v \t i.tlles cif 1'ai n al I 

terllpe I'atLI r'( , or' I, i fll . 

7) Reductiont O' t-. por'oit ion of' ,.S,,ld.r t'ronil the soil sur'ace. 

Incr'vi's ii fii CrOliidl , 'tiet tVi ill Hit' so i . 

9) Avo i doicut or itd t ill oif Iurt'itce Iros oil olI rite soi I -

thriouqfh phys ico, pr'o tect l oll. 

tO) Fee't i I i C-01 I b 1orek tiheII 1ore eFl ic ie tUi' hdl I tIhoioiutih I 

Cap tL r'e of' Mit' it'lil S fly d 1110i'C di vt St, .lr1d dfe+por root s t ruc t re 

itn the S",stcll. 

It) Possiblfe to lfllptov' oil stictur-'( (molt stilo e soil -

-aqjyr-'e.jtes ) , avo id itl() the Fo lmat io of , "'Ildlt Idpan", as we 

as pr'o oti inJ( betterevtion IrId F'i I trarti on. 

12) Lejuies (os we I I ds a Few ot i('t' pla d t fnti I i es) are - 

able to fix and iircor'por'dte nitf'o.Hen inlto the Sstem. 

13) Heavier mulch cover' over the soil aids in weed control, 

as we II as differtint physical betli ts. 

14) Retter' oportuni ties For- olotlical contirol of insects 

and d i sea3es. 

15) Crop mixtures better permit the Functioning of' complex 

mutual isms ldi beneficial ilter'ctjons between or'l, iisms. 

16) Better use of time, with: more crops pe1; unit time in -

the same area.
 

B. 	 Disadvantaqes: 

1) Competition between plants for I ic)ht. 

2) Competition between plants For soil nutrients.
 

3) 	Competition between plants for water.
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4) Possibility for allelopathic influences between different
 

crop plants due to plant produced toxins.
 

5) Harvesting of one crop component may cause damage to the
 

others.
 

6) It is very difficult to incorporate a fallow period into 

multiple c,,opping systems, especially when long lived -

tree species are included. 

7) It is sometimes impossible, and many times very difficult, 

to mechanize multiple crop systens. 

8) Increase in evapotranspiration loss of .ater from the -

soil, caused by greater root volume and larger leaf sur
 

face area.
 

9) Possible over-extraction of nutrients, followed by their
 

subsequent loss from the system with the increased expor
 

tation of agricultural or forest products.
 

10) 	Leaf, branch, fruit, or water-drop fall from taller ele

ments in a mixed crop system can damage shorter ones.
 

11) 	Higher relative humidity in the air can favor disease out
 

break, especially of fungi.
 

12) 	Possible to favor, a proliferation of harmful animals (es

pecially rodents and insects).
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TABLE 4: Compii'ar i ve I isIitic of tIle dova1taes ond di suo lI I 

.9Cs o 1111I i it ,'Ol i l 1 5.'t 15I SOS nlllpdred to SolI.

cI -Opp i 1 , IlOllO tI II t ll'f. s ,>s tfeB 5 I le bl rd5 to !;c a II 

,I.Id ('t'1;Ii lji"c .1Se t S 1 fli' ,jr'oe o'tFs 'ItI ( Pr i oI' It., I s 

.,t- v's t 11)l ished). 

A. 	 Aoa ntaoes 

I) 0111 o01' suchOlil'ld.'Ili.Oi( c1Op is aVO i ded, tialt fih -

HVVat Va'iahil I ill pricos, Iall'rkt, c I ilmaI-t!, ad pe-sts atl di 

.- i'-<." do t0f li,lxL.'51l dr'st c c i'Fcckfs Orl cO llli j Oi llOnlt' 0f 

lit- CV l.fI ' 5s ci-ll. 

2) Less llwcd to imlpOl't 'lic t p, to tile sys'te , .s -w I I as pay 

Foi' -xt rI piO ti 'd l t Vi a 1 or ld Ilacl, i ,10r\..I m s depit oil 

3.) Wi Idi Fe is il'voi'ed, sIICIh tbat with a rat iona'l e.,,pi i t 

t ioll it cilcon cOilst i Itito Ill I lllpol't'1111 sourct oI" protel. 

4) ti oiluc1 1intill' o l aI oI l' r f i I :t, Is. 

) here is much ' Ij ter li I itv hei di hstril ,ii of ' tio, 

0 i:1abo, over the course, of tile year'. 

6) 	 Possilie to I'ccovxC" iIIvestIlellts ill M1,101 less tiflie, espe

* i 	 l init 1 O'011t',Ill)+ot; VI'V comb i ticd sho() 1,1ofIy 0F Wod LC t:i Oi w ithI 1It'nm 

,Ili 1,i cu I turll crop~ s. 

7) Avaiiobi' tN of hal'vt'st over I" much lo it e period of' time, 

i F 110t O1ne ClOp, t It1,1-1 Of' 5t'l'it.S Of Pl'OpS ill S t' llte. 

S ) 	 1In areos 'Ind t i[litl's of,1hi 11 ullp .)3llelnt|, mill tiIl~le crop-IlON 

p i 119 SyStemIs cal ocCCUpy MUcih mo I abo'. 

9) The Forler of' I i tt I ecolloil i c 'esouces cm produce a 
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large variety of useful products, thus lowering the outflow of 

funds, such as firewood, construction materials, flowers, honey, 

crops for home consumption, all of course depending on the type 

and complexity of the multiple cropping systems. 

10) Certain multiple cropping systems permit a gradual chan 
e 

g in more destructive farming practices to more appropriate 

technologies, without a drop in productivit).
 

11) Promote a return to 'he land, as well as a maintenance 

there, of the agriculturalist. 

12) In systems which include tre(fs and/or animals, such com 

ponents can constitute a type of "savings" For the future, whi 

le short term crops satisfy immediate needs.
 

13) Because of their diverse nature, multiple cropping sys 

tems promote interdisciplinary activities, stimulating inter 

change and group activities, lead~ng to more social cohesion on 

the long term. 

B. Disadvantages:
 

i) The systems are more complex and li'tle understood agro

nomically and biologically. Statistical designs for experimen
 

tal analysis are much more complex.
 

2) In some cases yields are lower, obtaining only a subsis
 

tence level production. 

3) In many actual economic systems, multiple cropping is not
 

considered to be economically efficient, due to the complexity
 

of activities necessary to make them function.
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1I'Ud for'- I1ij1-I .11)01llIt,1IsldIy w-itd4I) Nov~a .1 "lo" 

')So111 Ili \cd LI'oI) 1 St I01iS iJOliJ of14 I- Stit Fi C I 'itIi 'it Ilill it, 

t 01 CI-i i 11COInS Idt-dr'ii '', 0 1-01 ICt ' si; i 1 1ld'd .1f I I 

t) ) 1-01 I' fl OkILiCt V'1 W j I It I Illi I l kCOiio:1i I C [- 01 1 C5 iIi 

A- I i 1.' to r'110' e' I III' .illi I'L. I itiI 1 1it i'1% 1 1me1 I 

I I' (I '0j)I) I [I() - 0111S5, 110 C11(11LII7 1 1 11 i'' I 'l t 1 i i O I HillI I Ii J 

I 1) ,i 1, I U,
r., oppfIpO I I ili fr11t51 - )1(%1 sm.i'C ii 'Ii 'lI~0101 i adi pi. I II 

qI(,t-k~ I'L'5 d OIW I 0.Fi I. I'I I 110 I)in1- 0 v li 

Nill 0nld '1 .1i1.Ils I I111 f~Ii ) c i IIn o F iIt I)r I I In drIIrCI 

p Io c rlopp)I I (I s\ I c(IS . 

lril r'lli oI)) Ilu V i It (It' II' VI I I IcIk ofI know Ic. 
1 ni' or Ij of[' 

rlit 1)pie i.''oppj JI 11%' "deuj- Si Onl nlnrkt''rs , .1 I ' i ll t,Us .iI I ti 

sIt Cfl i 11I 1,t' I' II 'i'ii10 I j 'VV'S.di i II fo V 'C SUcrr'C'I to, flki SiIChl S', 
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also the possibil ity of using no-ti lage planting with certain
 

of the row crops.
 

Another Form of cnomplementing diflfe rent crop components is 

through an intensification oF the sequential cr'oppint} system -

erronJuh to aclhieve an1 intercr'opp in syste11m based on rel :lyplan 

t i no. Tire same avo i dance of over I app in plan1t lrwr,:h requ i re 

men ts is ai ned, as we! I as the avol dance oF di -'ect plant inter 

Ference, by pl ant i ny a second crop after the Fi rst one has con 

pleted the m.n;oi' por't iI j s de ,l:rpent , 1.t:t beFore' hrcvCst his 

taiken place. ;e I atiVI V I I CIe 'Cst arc' 011 re I a,, Cr'CpirI ''s 

lbe0, donCe il the 1Ii i tCd States, and most often has demonst raed 

-
liLtle i F any vield advanIl tlae For crrpor'rn, into wheat or
to)
 

'In the oth:er' hand, in Mexico arid Latin Anerica, inumerablc 

exarmp I es of re la plan in yih i del i it i te yield dvanltages have 

been reported, especial Iv For" corn and bears. 

Again, the iupo r',inrt, arid as .yet i leI tudied, aspect of 

relay ploanti rig si-icss depends on the corr-ect C0orl1ihat iors of:

tirilg and vaI'it't i.S so ,rs to avoid sldi 1rr, nutr'i ent Competi 

tion, or' inhihin i ehrouJh Jtiboithy tox icity produced hby the 
12 

decomposition of' a previous crop residue. 

Final ly, the max iMr Oulr)li'lr,iI fiy is ICh ieVed Iy ir'owing 

two or more crops sirrult,rreousl , Viithel' in rows, str'ips, or mi 

xed, but takingi advart_-og ' of' the spat il arrl' are(jrrrirllt: oF thIe di 

Fferent: cr'ops, as wel I as knowCledge of' theire iidividual r'owtl 

requ i retiernfnts. Agaain, most exarmples of such syst:ems come from 

outside the U ited States. One particularly wel I-docrmented 

exarIIpI e i s a tradi ti orl corn, bean, and squash system in Tabas 

co, Mexico.13 

http:Mexico.13
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SCorn is planted at a density of 50,000 plants/hia, cl imbing beans 

in the same hole at a density of 40,000 plants/hia, and thle squash 
intermiixed among the rows of corn and beans at a'densi ty of' 

3,330 1plants/ha. All are planted at the same time in t:is case. 

~K Benns begin't mature Fi rst,_ usingtilecornst~l-ks forupport;.... 

Sthe corn matures second; the squash is thle last to mature. Ac

rial space is divide such that corn L .upics thle upper canopy,

'~~boans thle middle, and squash covers the ground in between. Be

~.tter weed control is achieved, and insect pests arc largely con 

trolled by natural enemies (work in progress). Corn yield was 

signiFicantly higher for the polyculture as compared to difFe

rnt densities of mionocultures, but beans and squash suffered a 

distinct yield reduction (Table 5). interestingly, the LER-

(Land Equivalent Ratio) value of' 1.73 tells us that the sum of' 

p' the yields in the mixture can only be equalled in mnonoculture by 

planting 1.73 times the area divided proportionally among thle 

three sole crops . Thle advantage of' producing a greater yield 

altogether on less land is obvious. Thle much higher total yieldti~ C, , 

of' biomass in the mixture is also very important, because much

of this organic. matter is returned to the soil, bringing imporL

tant consequenses in soil fert.ilIi ty, humidity conservation, mi

cobial activity, etc., allI related to the success of' the follo 

wing crops. Currently, studies are bein~ carried out to try to 

determine i F the higher yiel-Ids comec about due to more elfficient 

resource use, or if' in fact somec mutually beneficial eff'ect bet 

we en crop components is taking place, for example, thle bean pro 

,duci ng nitrogen that the corn can absorb. 14' Tliis example demons 

trates the enormous potential that multiple croppin5g systems 

offer Far the Future. 
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TABLE 5: Yields of corn, beans, and squash (kt/ha) planted in 

polycu lroas compared to low and higih densities of each crop 

in nioFiocuI ture. Pat, ai'e pree nCted ri l'rain orfell t i.Ids, 

as well as for total biomass. 

CROP .NOi l[IIIRES POI YCll 

Corn: Donsit ,,, 300 10, 000 0o,000 100, 000 ;0,000 

Yield Q()0 1,150 1,230 1,170 1,720 

teuns:PDensi tl n, "000D,4,000 100, 000 133,200 40,000 

YiCld 425 7-10 010 nQS 110 
L_
 

1,200 075 

Yield 15 25) 430 225 to 

oSqtiashIns it I , 7, 500 30,000 3,330 

T
 
otal biomdSs dry weigqi
CROP 


2,S 3,119.4 


Beans 152.9 h95. 1 442. 1,390.4 253.1
 

U1 Squash 240.9 9-0.9 1,254.0 SOl.Q 47S.3 

E 

Cor, .,-22.9 4,477.5 4,70. i,927.2 

0 
 Total rolcultlure Biomass 0i0S.6 

ach pol ycu lture
sum of ields of 
LER (Land Equivalent Ratio)-

Sum of' hi lest \ ield each inonlocoItUre 

SO
110 1
1720 4
LED 
 1230 740 430
 

= 

LER 1.73
 

13 
Source: Amador, 19S0. 
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prtiiiro iitoalb natural resources 

J14cu~sion Ox~ti at 

N*~~~	~otoKVflo~ ~ WoIA nfiilapcso this in~ 

404a~'.~ 1' 0F10"arthe poe Imot.t asa 


t A~ *IDIto t y Aigrowcosystem a very im 

4 '4r*aq" 4**t Of P*OONtiiY rWIt~d to tile amount or Iight ; 
0011W10 40~vtk t 'k414h~rWti h~n~ityto vegetative Material, 

th"*$tt ~ * syutom has a photouxynthetEet"Ti"4 cchVopokntg 

ti 	 Poalkl f*4' ~iWo .04t*its of conv~ersion 15 . Monocul 

V~w#."04;v of .1tiua,~ 4witally have a much lower poten 

f-vt,, 4 tis covet- not or *tho thploo 1 complete, else 


I $4 Ot ~ n~ ~rn thr <jwwinq season, leaving the
 
?Mesfe t'rro cvpacit Vltji tile ploriting of
 

0,ho# aeptf crve, t,-qt tt 1~Ieothier resaurces where a resor
qvis afu t~ Pt-)ntq tUw, ita the flod ari s Rather,
 

P* h4* to )!. UAae't osfto# it, Pa4 ae~i avai Iable4 thus)
 

oif 4e- bvvs 4 *%r- fweKwaifs fovor. A multi-layered pal ,
 

~~y- .14,00&4~ more raitojCap-turwe auch Itight energiy, 

A bo~ Mfw~," qua#titv 4~F liht nbsorbod, its quality it 

A ~ ~ ~ th~. A4L'11 64, io passed throuclh t leaflayor is at 9 
w,%v- arr , borbrd and others penetrate. 

if tv ?1yreot4thne.nd to adapted -Anjle canopy be to 


)kat * .t 1,t. t wolI~ -%tkidetf only in natual veecti)

f) ('i. t )hw b~on studied in detail
 

lp~ty for, o*~~ tm from, the point of v iew of in-
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creasing effective photosynthetic leaf area For the single crop. 

By manipulating species with different light requirements, gre 

ater phosynthetic potential can be achieved. Th is is made - 

easier by using dominwit species in the polyculture which do not 

develop a closed cank :-. al lowing considerable penetration to 

the next levels, terminating with the mcst shade-tolerant plants 

in the lowest levels. In such a system, the soil surface is -

effectively covered completely by plants. This manipulation of 
17 

plant architecture has been studied in detail ezological ly 

and has considerable application in multiple cropping systems. 

By insuring that a greater percentage of Ii glit is absorbed 

by the leaf canopy, other aspects of the crop microcl imate are 

also affected. Crops in the lower layers would be subject to 

less water stress, but care must be taken that root system com 

petition for water does not become a problem. Water loss by 

soil surface evaporation could be reduced, but transpiration 

from leaf surfaces might be overly increased in the crop mixtu 

re. Soil temperatures would be lowered, an advantage especia

lly in warmer and drier, environments, aiding in the conserva 

tion and buildup of organic matter in the soil. Protection -

from wind would be provided For the lower canopy species. Care 

would need to be taken that the increased humidity in the lower 

canopies does not promote higher incidence of certain diseases, 

especially fungi, either of the roots or foliage. 

2) Soil-Plant Relations in Multiple Cropping Systems: 

Any time that we try to combine 2 or more crops simulta 

neously in one area, there exists the possiblity for complex 
3 

interactions between the plants and their soil environment 
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When totol collementarity it, ol:hiuved, the roots of' time co rpo 

nent SpeciCs occup, dit['eret soi I hor'iZors, rudiuwiql considera 

bly the pol:hM~til CompCtition h[eWCm'mt IeC iVs, dld inlcl',dsdI%) 

the e'ficieny of' o ,il nut:rient' uptake. III comihi nmml Otis of 

deep-I'ooted Wit-h shlmWlow-rooted spicies, esp.' iall when trees 

a'e plmnted With J"sssu or 1-r1op,lrl'eeS d 'C CepObilCmImituSl 1t 


of 01hSom'hmi i 1tu'Md emmt lime>
urmellm lmt r11 ntm ht ,m'e 1'cihted iltto the
 

soil. lieht , tlhr'ou.lm mehi ' to ol i.i~t,, calmt
o r'amm-i.spor't tie be de
 

posited oi :he, Soil stir l',mm'e miJa i Wih tll dl drop
 

Iratlt'r'c'roppi l .stm'mm mv'l, ee.m to dm''ihmvc sihowi -tin'I 'xl'I'det 

lio 'i'C r 'r m It lm'1 mt +Iml (S ITIu Vi-' timdo i 1Il m' roimp Ill l j ij s per' -
Uni i mtm'm',!oF I ,mmmm. In1 ~,+Vimt'r, ompl 'mm' s+ttmi. SIimh m'm'm ,11mm|flqi l+o p Is i)m r'im id.1,11d.mTT, pmmmj'mmdmm'm midmtI'l > riecsof' ( smi' vI'mmtmr mm's 

Im.,mmn'5 mm I',im 'msm'm'. lii hii.'-J'~'tt si mmll e I ' \ in, d ol mi'inm wm 'e 

1mihmmlin i t + thim mmimmmmmm'itI mlVm.', mitt ii,, ".mitiiim mmj l Is+ mm tim,' t +mm 

) m'LI +p- I ,IF tm'm mrmi m' ( m m" I Upmml pl'.I. o Im iT ,' ',Iv'm 'Im,-I , I 'I I - I m mm

t~,il s (iR'I) m.m'', mi,,sU + limijimm'. in l mlim"m, m mmttr m~tlm'tim, mmw',m5' ' 
01 Iml11IL oIT 1 1lr 'lt , t\1II I Ii I mo in' o 

hi lhmu'm, irmm tlm ' mmrl51 t'' '- ,,,wi I. him',rmmt' jinl mm' i. , mii~ ,t"-, .m,.mt is 

0m1' S C p t 0 . I I11 ' l 1' '0m . % I: mm' I,t mm , m I 1 W I, 

ct r osl Ip tp liitI I I' rmmw I ItIt i l't W mmmir 'ro I I 'm sms I m.'I minI', 

t , I itt ' I I'm t itI, I pI I rh i t i''mm m I ml\ l ' .11"> ih Imm l'mm,mm' mrmm Ih, ' 

li'l li m'r ml '.1 11i't' f5, mit'mmmomm I , l(, I tll ' ,t t' Itm' m',m, mI' I1m''m rtim'I i 'm' 

"'
I" hd 0 mI' m1 I m t rimm l i 1 -I t .m'1' 0'\1I I't' II mII m.mmi , Imt 1 tomi. , mS 

F0mI- o 'mm It m'tmIo m r'tI lI m vc j 1)pt',o I II mitll PI i mn'sIl t I nimo mjl(i1CmmM ml1, I Inim', m,tlIis h1i t I ci t,'m~'mms,- I 'ItmmtII l',l -, j - m 'mmiI 'tI 

tl o~t] ti t I Illt(' t WO L'0 ) fOcl('1 IhL'IP dr rLT" ,)i l I x 1 1Il t l- rice coc<+h -

.is mIotht r', i'5 't'ilt'l m hmhl m , ll tim, th t ,l 11,1d -,m mrntl m,,, ik'sd 
u) l'mm' thin f''mIm't Iot,. LtCI Immmi ll- lt kc - i i\t Imm'm' ', ' ',mtt mm.l i I I 

V:oi I . 

The Y'dtie Uptake of' roti'iits ill crop mi',tii'Cs is Sdiit 

http:tlhr'ou.lm
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TABLE 6: Effects of mixed and row intercr'oppinq on yields and 

nutrient uptake of Corn (C) and Pigeon Peas (PP) in St. Augus

tine, Trinidad, Lxp'essed 01 eelat ie oield totals (RYT). 

Paraneter 

Sole Crop 
PP 

N1ixed hite;'crop 

C PP YT 

Row~ I rter'cr'op 

C PP RYT 

Gr-ain Yields 
(ton s/hd) 

3.1 1.9 2.0 1 .7 1 . 54 2.o I . 1 75 

5.0 4.9 1.74lotol Dr.N Matter 6.4 5. 1 4.2 3.S 1.40 

4S 100 1.56 54 127 1.SSN upt,.ke (kg/h) Ob 119 

5 1.52 11 7 2.01P uptakv (kg/h) 13 6 9 

K uptoke (kI/ho) 51 37 37 32 1.59 46 33 1.79 

Ca uptake (kg/ha) 10 22 10 15 1.68 9 19 1.76 

Nlg u)t ke (kgj/ha) 12 14 9 8 1 32 9 12 1.61 

19 3 
Sour-ce: Adaptedfrom Dalal (1974) , cited by Sanchez (1976) 
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to deplete the soil more rapidly, but an aspect that needs to 

be considered is what proportion of this nutrient content is re 

moved From the system with the harvest, as compared to the part 

reincorporated back into the system. In Table 7 an example is 

presented of a corn/bean pol yculture as compared to the corn 

monoculture. Total biomass production, as wel I aF, yield remo

ved from the system is consid :rably higher From the mixture -

(10.24 tons/ha vs. 6.68 tons/ha total biomass). The percentage 

of' this total which leaves the system is sli ghtly lower for the 

mixture (61" ", vs. 66"), but the actual amount of organic matter 

returned to the soil in the polyculture (3.98 tons/ha) as com

pared to the sole crop (2.32 tons/ha) demonstrates that althouglh 

more material is produced by the infercrop system, a greater 

amount returns, possibly offsetting any increase in extraction

of soil nutrients dod permitting the Iong term management of the 

system.
 

Another way to increase the return of nutrients to the sys 

tem is to plant "nurse plants". These plants do not conitribute 

directly to the biomass harvested and removed from the system,

but their capacity to capture nutrients and continual ly recycle 

them in the soil would be of definite advantaj. Local farmers 

20in Tabasco, Mexico, use this concept in the management of weeds, 

Icaving those that don't interfere with the crops and removing 

those that are harmful. The constant cover over, the soil ggained 

by such a practice pe'mits, apart from nutrient conservation, the 

maintenance of better soil structure, conservation of water, more 

microbial activity, and over the long run, less need For the - 

application of chemical Fertilizers. Ry including plants Wiich 

"trap" nutrients, such as legunries, such benefits can he improved 

even more. The wide-spread use of legume trees for shade in - 

2 1 coffee and cocoa plantations is a classic example .
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TABLE 7. Biomass distribution (in tons/ha) of dry matter in a
 

corn/bean polyculture as compared to a corn monoculture, in Ta
 

cotalpa. Tabasco, Mexico.
 

(B) (B) (A)-(B)
 
Leaves (A) Removed (A) Total
 

Crop. - -Roots Crown & Stern Grain Total Matter . Re incorporated_ 

Corn 0. 49 0.60 2.29 4.76:: 

+ 10.24 6.26 61% 3.98 

Beans 0.15 0.00 0.45 1.50' 

Corn 

Alone 0.34 0.41 1.57 4.36". 6.68 4.36 65% 2.32
 

a Weight of grain of corn is unhusked, including cob and husk, in 

the manner that the harvest is removed from the field in this re-

Indicates the removed portion of' the biomass. 

5
Source: Adapted From Gl iessman & Amador 
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3) Witet Use ill Mul tiple Cr'opping Systems: 

An di SCuSSi Of of tqdtt,' List ! iu oIl' d ideration of' -Is coos 


t.,cs i l 
root il) )at: ri' . I t COLi be Sulp1osed tI Wi i- It'i pl V Ct opp iII 

systeils, espec iol y II 'll [pS IlI li t-h seve CP with dil 'etI ' dr-i'rdvid 

root: .-S tHtIS , tHI, It,J i trdl Volti ttl OF Ihli - I , so1i I1 iiCtip iJ) d 

dd thus7 idteIf Use Cl' iCi¢,CW i I1 ti hi 1 '.I I i,- i.oi Id Ie use

u I oii ti. outr liid i ai 'i'i is 'iiC'e wartt' -til I CS- 'i I in iIit'd,an)d 

o t l i oIIet( 'r to idke ilMO'i' 1oiilpI C t I i ' f"1 COo I I I\ iI I' I t I 6 , iu ti'. 

It: lis bet.f1 propli, .l It I -I CVlapS iI oA'lardt' S ti 'over W St i mIii d tIdee)CP' 

'o t i lt l tI t' ' - liI'I cii iit p Ak poi'i iids of w i ,ic' isi iiI 

23 
cit'iic 'tupd suIh 1,tei'use Ifli i* (oI I A 0 111 i1 I si s t v-,I 

Iy I i tlie witei" inl t li ' ,i'i IIip diOve nei soc S Ii I i Vee.tir, of" 


p I it: Wh t, 0 ill t'I. lh ll i cr ii o i' l' tlii t e dvdet il:e of" 

1-lie tiMiiSued Tu I St I '0 2 

Il deeds Wb.h'. ,ti i, is ,SCVe'tV I imit inq, ()filli oild hove to 

bc eaii-t.1Vtl11iot to p I lit;:c'ops s i t:hI oV'e I- I appl oiit wot't i'eqtii i'i erlllS , 

beCcaUse ii1 Ve 1",di'1 y ' s ilt'Itn of- Ill rei (-o lIif l1V otnI ' ii i xlt 

conipeti il h\ ti I t(,0tliii-v Comb i 11 i likt t-iso ciiips wS it I sf j11 1,1 \ LiverI -

I app i i lctt:i' teeds, lte other' ionl Id l, tt) ,advoit I" t hind, ' iis.td aii 

tte iii ,1rea's W i Hl w i I v I nCt o ti i I ; !-, lI I I- ti illl S . II a dr> 

eatdl', Oneo Il ' I nI, il a) eCI r I iiVc(oiiipOliciit e 'ViO ed, d l sit . i )iiter', 

ttuti l t oi itj prlo' II al I c hia1s' t si of 01 1tc,-t on o i I ll' Ot t' , VUi'V 

year. ,tldit S a1- a1) I i iii1 at hl 'id' oil, coilp I t-i, ilhOf W i vdi 

ii of' of olIs-:td i s or' wa:t:e eUds et-,),li iiIuiilit i-Cop 0 m i,li 

SysteTiSltiU Cli t i C-l for 'per fIIaIjialeVIIelit . 

Me import tnt: V Ih'['ct:s of tin IIr) ie1t eopp i onIi -l t:oHisurva -OIe 
ktw20,27 

t:iou of' watt' and soil Ire we I I known , ptimar Il5 achi eved 
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through the maintenance of I more complete vecietative ctover over, 

the so i I . I , i s important: to I,',-eile r fII at apo I' : Ir-ornI i prov i Int 

CoVer while ite crop .1I'OWi rrr, liiu)ltipI' c S)steits is Le Oppilk IiII 

towarids ira inta ini jnl this Cover" bitW('1 ,avest:s. Ii s is ichie

ved b1y r'-dLci r Ilh t irm• e rt ween bla rvost rInd rcpI ant i nt in seqne._ 

t i sl pI ant ,I' ne' rii) iii) tH r' i 1 ' IO Cr'r1Op Inrut,sy sterTs, i 'r'op o I'C 

il p i ter'r'opp1ed tyerr. useand continual i 0 1- , it 1 a)rI VC lire 

o f t ree ;, e tie rI as , i di ,rac ks , or for" soi I t rib I i z t on on cro 

ded IIi I sid.s or' i1n PLc, sdUj etk to br' '1t Ii (at in , kan lIV 'Ii

ra'nted (;r',ltI yI ,> iil, in ii I'tIlkII jit c'rops or p'Ist in' ( ira.'sses 

(see discIussionl on AI-'o" st' 1). 

Ii ,i iui tni'y , 'Il Ithoii lh i t ,llrf OPt',i'5th ItiII I i 1) 1 (Lr'orjnpi fill syvS

t:ei:Is use 1ro0i' wtCr, thI ii1r 1i I ii:\ to oir dil Wdt('I' rotl nvni aI il i 

to Ioror I t itr'es , use 0i0 witer- rriori I f' L i I , IId o t r'itimute -

S (Ii i\i OL ti O il COIISCIVr I t ioni, kLItiIrio StPOI CI a f'tin'fiIe r poten

ti I' fortin i P rrror'r wid0n.'pr'cdid LISe. 

4) Pest, f) i SCIS , ,111 We'd hNOI : ions: 

As con le secCi ii Ihir Irv3, hti.I'' exist possibl i I it ics f'ol'

nru it i pie cr'opp i i() ss ti s eoi o iii rtiLvIa t (neouls aid d i s1Livari 

-
i1 '0i dt ion poii of pets, dieS, dild weeds ' 

Thit pr'oblem has to do wi 1 tl ic'"'at complex I t of enviio'm n t l 

f'actor's 11)( tir in' dL\r rMrik" I icer'act ions wi thi tie rr'opp i ii sys -

fOg'aOLS to CMs di sIseS -

H 


tIctlis, whto' dai) is i ni nii' 1 ii ' iir' tfi iciic,dl assiSt:i i i i, s' tni dvo 

[lot: been occ ltpl'C ed %,(- ob l~ 'V"C I It, tlilt' Illd ill IlTIC01I, of ('Oll rot() I 
, 

Oil hhtptCst, dI i St'dge, nund L-Cds i ,citc ,v d tI heI ni h nd iii'otiifi i0-

I O LIi C, L ilttol , nu1d on tilL1 0otin1 '' Ir 'r iruil t hI' liriiirit' ItI' V f a" -

30
 
CqIrC lt: V ISi t:y u*L'i'opj it pat frlis, ho t 1' ii tp 11r. milr spacehLi e i i 1 

I t: iis suyptes:vdLil trill I t- i1 1iv cr',opp i I( S\ stlris per'rr i t ibeeni iit 
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such a cont 'ol beciuse tile>' ore much less subject: to at tack 3ec, to,2 c 
31, 32 iIis COies Obout bee .,ust tli nCi XxdC cropp irII syst7em (I) 

prevents spread oF disease s 1and1pests by sepa'tilli suscepthible 

plnlts, (2) one spucics servil'ir Is I trop crop, proie:tin the 

others, (3) associattid specii's st "'i' as a ripel anlltof the pest 

o' diseast -o w ihiChthe 0tl('r clops r', sbjitr. Ct, drd (4), a twr.e 

,iter, abundanOce of' r,.ttsr'aI ;)!'edatrors of, pa rasItts of pestskdoe to 

a hi'liher' diverit. of' adeql atn t' licros i',s and ltai i 'trate pre'. 

llow vi , can ti'1e Vor' a 111111t A 7i'oppl s lti, Wi Si sonS ,it ii i p I lili .>'-

may hi' mOr' SuS-;c pt ihI to at tt'k: ( I ) re'tduce d cul ti vat lon 'i[d " 

*.jrC t'er s1h,14i n) to ne,tle ,Issoci aItI (2) dUt i t ll e 0f specIits, 

assOt' i 'It.tc. crops S ,'vI' s I 0 t' I'lr' t e h i I,- td ( I) Cr1'p res'i ftieS 

trOt ontlet:t'op lla> i''t' IS a of- i ocuSOulc'e II 1 11f orl' ut Io lier's. 

All of tht,St' ,IVdIltdi. ia ti di stlvirit aI'V (cS i '\ SI , tll iidtcl -

F tllt SftNttd ilk-COSssary fte i t)s tliihe[' iS 110 tlI i eve' conib i Il'i whi i 

vi' tit most po.Si i VC I'esu l :s 

jIt tileA f"ew txampllc sIt' ii I serv t onsit.'ite ithe spi'ci ticit)O 

tciit iII nf IIulI t:i pi t-i'Or pp)irJ+ iii " bi lotittal I I.tnIrrdoIt Out "itUi34.
 
dy 3 it- was siiowil thaI thi' pl ant ir1[ I of I Iocal II ued ir it i ii I,l 

her1) (ClI nojokI i i auWribro si Oits ) in S1t1tori c, Wi it corn or' ,ans, 

retc cIt:e t~hl i i coi ' , oI itili it o t' p pl I'It i ous i 11 1 li. sti i I , ti' -

non Sr t i tri al p tl t i llo t' t'dtt-lo ,Iriti t oin ill, r'to S,l ti i he 
[bt' to 011d c-ot'rl [l'O)-+, . 4tis ~ rt to'.li Ito ile(, Mri'rlfO+ICSy WUVtP I I 

l , i',t Id irto th i ot I itl ti ' it'sI t",V 't r o it iit'Itliil )tt'S wervt' il 

hibi 'd . I 1 11101 IllIi' I l , '. it' I Ik ItI Coit I On tut1 1 -I .'I w iit i tSit 

i c i des, I t i ltt'i'tlr ti 'd Itih so r'ilhtli , st< '. 2-1,' l1.rIi,,' 11 ,1 

sp oeIfdtL uloottl I+ ttt'-, Iliw lr,'di tor I, , I lhot o, diumlltllcrt Xcdt IS ritl

ccr hlloitl rot.o ct toll htl Il+~'rl pr-' llor" Iit ,mot110,1 c"ISC 

lI I I r.r1,1 wt,\Wrins til t'oI'lrl ,],tocIi dit%,i I t t".ii1,lt hi wit',m It.,, , 

1)1'oll t11 tI n t, n tir . Ii rt irci it rlt:', inI ww 1it - ,ut11'e-st',iii 



226
 

beans intercropped with corn were attacked less by rust as compa 

red to beans in pure stands, it is felt that corn functions as a 
37

barrier to the dissemination of the fungal spores 

Weeds, on the other hand, present another problem. I t has 

been reported that weeds are much less a problem in multiple cro 
29 

ppi ng systems, .-specialI y in intercropp i nl, the idea being to 

occupy the space normal ly available to weeds, with other crops. 
38
 

The aggressive nature of weeds is well known , but recent work 

has hegun to show that weeds can Fill an impor tant. ecological 

role in cropping systems, by capturing! unused nutrient:s, protec 

tiny) the soil, altering soil Fauna and flora, serving as trap 

plants for, pests and disease, and changing the microhabitat to 

39,40al low for hgil populations of pest predators and parasites. 

The understanding and use of a "non-weed" concept by farmers in 
20 

rural tropical Mexico , where each is classified according to 

positive or neglative effects, demonstrates that we need to under,

stand in more detail the biolo ical Funct ions of each component 

of tihe ajroecosystem inr order to estahl ish the str'uCture that --

Will al low adequLate weed, pest, and disease control. IF part of 

this contro I can be achr i eyed bN rrrere I y ,ranipulati ig the crop nHix 

ture i n time and space, great strides towards a more efficient 

agricultural ranayement can be made. 

5) Mutual isms and crop coexistence: 

In natural ecosystems it has become apparent that a great 

number of interactions between different species are mutuall> be 

nef icial for those organisms involved, leading us to believe that 

there is a strong selective pressure operatiir to select combina 
41 

tions that coexist rather than compete. 1On thie long term, suchr 

a coexistence permits a more efficient use of resources, with the
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y.T , - !,:!, ; 

,coponntorganisms itid! no one another' rattler than intoracting 

negativo Iy. Moro energys con be put inito growth and r eproduction 
Srather. than into di rect. competi t ion., 

iTocertain
extent, nurse crops or companion plants func,

tion In this way, 'Legumes, because of their symbiosis with nitro 
~, ~goo-fibnq Iacteria, can coexist with corn without competingr for
nitrosion, InFact, port of this nitrogen may be available for- thle 

14corn reduc n overaI need For Fe rti Ii=iation. Studies with - 

coffee and cocoa shade trees have demonstrated the same re I at ion 
ship; the troes provi do shado, nitrogen, and an organi c mu lch 

21
 
over the so i . 

As already mentioned in previous sictions, the presence of 

ono crop may have beneficial effects on others through alteration 

in the microclimate, pest and d;sease protection, etc, Thus,apart 

From looking For crops that complenent one another by avoiding 

overl ap in requi rments,we need also to look For crops that are -

C " interdependent to the extent of mutual ly beneritting from fhe- 

association. Crop selection programs Faced with stimuare a very 

lating chal lenge in this respect. 

6) Use of Space and Time: 

As mentioned in the beginning of this review, one of the 

most important aspects of the management or multiple cropping 

systems is the facility they ofer For the intensi Fication of 

production through manipulation of space and tiuve. It is with1in 
; this context that the previously meontioned aspects of resource 


use takes place. S achieving tile most ideal com~nation of' the 
iinteraction of the two, w will achieve the greatest productivi

tyjj " On the one hand we attempt to occupy the available resource 

, (r! 
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space is efficiently as possible, combiningl. species that compl_ 

mient oech other in 'elation to the availabi i tv, oF resources, 

et attemptifl to ovoid overl'laps that lad to ileoative inte rac 

tions. 

leesour'ce use ill space is their corikjied with its ise ill time, 

try i no o chi evc. O-OrtIt use of those! f'-.sot''t5S , id leh For'1. 

thi s i'cosoi iltipu 1
) cropp i Ily systOiris ,r'C i I .eiIsi'igd h\ seqlIw-1 

i Il , ,oy, ond l ii \,d p Ilint, ill,, 0 1 i shiyl l) ollstd lli: 'sourcere (.i 

use iithi,rii lW LerVIroImeritil I m impul d .'itoloyji le I i t o 1,\ the l 

L-011
1 tf i 101Of 1-1 1 Ii 'ty iii. I if I ifi 50- i ' , W( i ' i V iii V 5t,11tll i 

th, I -- 1 1 iIl. I udii, l CO Id s ; i - 'll , i ,sOt iation1lI) of e't ri rt 

,of'iuhi] cIr ups; n1 nl',eS 1:-:!hIlhir diuii fi t 'w w ritor thc 

tr' , - ', iir imie tio o 't'lp the jr'l.ea. Tliti , dmi, ioId reducr iion 

roitrlhi ,ioiit dur'i nl tie i r' u iu l seasoii is Frio1or'rrr,iI 1'rostl- yro% 

I"0 th,11 eClipr1sar id V'a lbytre II lo 're r Ii I ro e' p 'rdutt i Oi. 

Add i r-ijon IIy , mu I f 1)1e -o pp i nyI -s. s, ii ptor Ili t Ire I t vr st I 

h, li ii pi o 'i-t-:ioii, dn spi ti vcur'i, i 'l i c. S icar ir rI te phy jr 

liti ou's Ii i-ih' p liir inll ar'oi. ri,i s hiii c .vd Ih ie i Ui'i ty 

t-h,itthIe, or d i oil i orn I otirt iof f uII d orF onir e r r si' n) -id oii 

wi I Ie ' u~kIL1L L ' i dlOf t one. n 'ril .r o I hi(' Il I t i) 1e ( r'opp i IF y h1 l i 

syst r . Nos i hih the irnore hrlOO )jein'Ouii, le tvur dr'i ricl aorid struc 

!ure'd soi I s hi,, put/ prUthcrt ioir, the mwr (' ,or d1 u mraiIIlOcll inrto u. 1h 


y II, I , I Irds S W r.qI ,I sp- il tC ciritloui> ii order, o m cwi 

themni rplr t lC0. IiIiiOi c oius i dl f'O I'rh i o ricr i t ilII-i i vi prl'o 'rns 

rri, i ii p)u1 
oI) Ir of' soilI md wol c ' ,i ti Hi tu 'dek fo i i is, iII l nitthi,iri I zod 

lii yi I d i no rmOOkul I'Cres do iS ''t ecnoi1i0 so CL CCHO iCIil I', 

F rot col1gi call , pr'ohilhui t i re. The basi c Fr,omewor'k i i a\ a 

1)1- wi thII locus ol riul tip) e :'oppi y110. I n ovati ve co Firnl)iriltions 

riced to be sear'ched for and tested. 
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D. Agroforestry: a Multiple Cropping System:
 

AgroForestry is a technology oF laud manllaellelt tihat i ipl ies 

thle corlbi nat ion of for.e~st trees wi ttlaI-i C I tu' I' crops, with 

aniimal raisirig, or an\ combi lnation of I-he two. Coilibinttions can 

be simultaneous, or stacg|lerd illhotlI Iilmi alnd Spdc(. The italJor

objective of agroforestr\ is to opti i,: pr) tlCf iOll - 00a.h un itnc IE0 

of sulrFace ar~ea, keepirigl illlind the e(d I o 11,6itail loitg term 
4 3 4 4 .
yieid 4 2 ' ' SmaI l sI 10 trad it i a -ti' 11t1,1tVCithaS a I w,11,S 

incItIuded ttCs s it eI d c l lt'ts ft ', ,Iiat1,1 iCt-l, hutim ott-

IN 1 cellttly has t'V. ed t pp li itiOtt f'inltrest locti itIizll ii aC o 

ag l'o illtO agr'i IiOc'stt\y pt'lCtics 1oidci'l ur.tllen 


11e Of'tieaiitittcrest lII'Ot' es1tt s s.t\Crt has its baof ill 

.is itt Itttt of tHitc saute reat-Usons ,fhseVli 1' tinMultiple c'oppit ig -

sstutas ;' geerI' . flhe ever-i Itt'Ocasi g tttatd for prtditct-Ott, 

yet thte i siitt cost oF o11ai ti tt it, las I'rlld its I I (, . aojai t 

sys used1cot] t th ' P'to sotlte LtcStt 1 1 i i 11I p isi1 kcti I 1p0d i olts, 

attd st i I I iii illIcss dc-e Iloped atl1s lie cip Itsi i'd,titid 

For, i r'eivootd lid littitI' i a p ced ii c.''ilh e pw essul'ti' ot Iile -

Forest. i-d ar'',t .f lih' t,'oi 'i id, i'tpt'ii atlk suit o)iI I- p i ca f 

CalI eg~ i otus . 465 L-011 I i 111Wti al it Ieei tPtVf'0 rest, t i Ott 11 O I' at elfI' u .
pI'O tI-olw oa fo ti, a, 46 RUt t s of ef i'e(o st ti ot il s i1tip l. .i otl itvol 

1) 1 C . FoCus, tot o v b.l 

sic ticeds FO t'F od, C 1tt 11i till, 1t1d 0thi0r- ItIUcss i t:i Cs wI i(t I tIitc 

vi i l utiLti use do a I I W Fit thc so I i S> in] oF 

Flot our. crop tMid raig' Iatids. Titus i t woulId sce n Ifoi coIi tiht 

pressureM For bott f ttCst aid ag9l'i C1.ttPa I p'OdLiCts wou Ilis1 iIulf a 

te theit' combh tititil illd(troloPcstt'\ systttHis. 

AgroForestr>- practic es cart be h.oadil N cliassi fi eC' into three 

types47: ( ) combi neid i Ilvi cultt.al s,stoe.rs, (2) combitiuedIlo 

82-999 0 - 81 - 16 

http:s,stoe.rs
http:cultt.al


?, -

restryeandgraing, and (3) simultneous combinatios of res
 

w; H1-'raps -a.dd ra i ..Exam,les .eLoch f those claI aS iFf
 

c o.s ore preonted n "Table 8. The focus vaoies I
o s 


'mprovemen t,-erosion-'ontro-I,,wi nd-beaks,.-anl'shade. on teoe 

haid and on lumber, firewod and leForesIf tIo i lot l ;fon 
e
Thecombinations are essentially unlimited,d p ning on the de 

andsald or Ated sono it migl appearfh ra'strei
Afir'stcla ce 


that agroforestry ytems are most applicable oimarginal lands,
 

-'of, stecp slopes, Poor, soil;' o areas wi th widely Flu6ctuati ng 

trainfalregimes. But we must also consider the widespread appli
 

ofagroforestry even 
 -, <cation for prime agricultural or grazing land,i 

:bcue as mentioned before, production needs to be increased 

both by opningl new areas as well as by Iookin innovatiup a for 


v e ways to increase productivity of already exploited lands.
 

The principle limitations to widespread use of agroForestry
 

.practices t the moment are economic and tochnological. Ecolgi
 

ncalIy, the advantages are well known (Table 3), but technic ly
 

.westil I do not have the inforation necessaryilgi to n irnedia-: 

to implementation. With the present focus in agriculture aimed 

at maximizing single crop yields, and theorefore economic profits 

From their management, there is as yet a lack oF acceptance of 

the.idea.thatyilds need to be thought oF morehon a long term,

,diversified basis.~ Agricultural research has not yet accepted.~-'
 

>,the challenge that such an integrated focus to forest and farm

4management requires.
 

E. Socio-economic Implications of Multiple Cropping Systems:
 

Perspectives for the Future: 

In al I of the aspects of multiple cropping systems that this
 

V r,"view has considered - yield, resource use, pest and disease 
'r - ? b ; +,, , .i. 

U 
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cWeeds, use of space and time, types of planting sys..ms-


Smuch of the evidoece indicates that generalIy there are more ad
~'vantagesthan disadvantages of.~a biological, physical, or agrono

cainsu e possiemre.f cropping
 
.;Ia,
---- mrc.-.no w - n" -o -s aatl ~~... ho''t r'+ .But j 

As can be seen in Table 4, the types of advantages derived
from multiple croppirg are many and varied. With a greater diver 
sity of crops, a farmer is less effected by market fluctuations, 

{being
able to shift from one crop to another depending on price and 

demand, at the same time having the harvest spread out over a Ion 

Scr period of time. Less dcbpendence on outside sources of energy -

for system management has obvious advantages , especia Iy in areas
 
+iwhere capital is+ limited. Labor, instead of havi'gqto be concen

4 - trated in certain specific periods of the year, can be more evenly 

distributed, an aspect very important in relation to the migrant 
farm worker problem. In times of higher unemployment, multiple 

cropping systems can offer more and steadier work. . 

Most oF the di sadvantages of an economic nat'are are derived 

from our lack of e erience and knowledge with multiple cropping 
, ; systems. Reported lower yields, complexity of activities involved:
 

in their matiagemont, the higher labor demands, and the difficulty
 

in mechanizing such systems are all important components which dis
 

courage modern Farmers from participating in multiple cropping 
- "

practices. An important aspect of this hesitation or resistance

comes from the emphasis on large profits that governs so much of mo 

dern agriculture today. Maximum profits on the short term, rather 

Sthn being concerned with maintaining constant income on the long
 
term, governs the decision making process on most American farms 
-
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today. But with the incredible rise in farm costs, a new focus 

is necessary. All of these increases cannot be passed on to the 

consumer. Many of the advantages listed previously of multiple 

cropping systems in this aspect deFinitely need to be stressed 

.rore for use on farms today. Smal ler farms, with a greater di

versity of products and acti vi ti Cs can function guitLe profita 

bly, due to less dependence on hiqh cost energy inputs, Lower 

costs mean food can be produced at a lower price, the bunel'its 

being rece ived in this case hy the .gerral population. 

Socially speakink., with smallerr farms, we need wore farmers. 

To a certain extent multiple cropping systems mean a r'eturi to 

the land, with the incentives necessa ry to keep the farmers there. 

The gIreat diversity of activities in multiple cropping systems 

will necessarily promote airl increase il i ft e'd i sCipl ifnary acti 

vities in their investi ation, installations, managlerfient, and am 

plification into present day aqriculture. This s"' mulation of 

inte rclian e and col laboration on the long term can lead to glreater 

social cohresion. Rural recrionrs once ag.ain take or the social im

portance they elrj';-d ill tihe post. he probliems of lack of trai 

ned personnel, arid social, pol i tical, ard economic rest:ri ct. oils 

on multiple croppin systems, all call be overcome by t-horonugi and 

conscientious pro grams of research aimed at determi iiig the pro 

per, methods, varieties, and practices necessary. The be! ief that 

multiple cropping is only suitable for maAinal or underdeveloped 

regions igiores the fact that just a relatively short time aqo, 

such systems were tihe most common type of' agriculture, but Iiov- 

been replaced by monoculture systems dependInnt oi tie use of' ma 

ssive quantities of inexpensive hitlh energly inurputs. or tire me 

ment, this time has passed, and tire need to relearn from the past 

in order to reshape agriculture for the Future, provides ,greatest 

chal I Ienge for present agr i cul tural research. 
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TABLE 8: Classification and Examplesor Agroforestry Technologies, 

with a description of the benefits and aims of ea-h system. 

I. 	 Combined Agrosilvicultural Systems (Trees with crops): 

I. 	Agrosi I vi cul ture - establ i shment of trees, i ntercropped with 

agricultural crops durin( initial stages of tree growth, un 

ti I tree c,',op ies cI osC ,Ild Force tle el imination of tile 

cropping. Production avai albe in early stayes of tree de 

Velopment, and cultural Iact ivities simmli taneousl heneficial
 

For both crops 'Ind trees.
 

2. 	 Forest trees of conmnme 'cial Va le ilncrop systems. Ma i n tenan 

ce of trees in crop areas, either planted or niatural, at low 

densities so as to not interfere, yet of val uC il the future. 

3. 	 Fruit trees in crop systems. A system that ,ollows for fruit 

production and grain or vee t all producti on Si mulItaneouslIy. 

4. 	 Trees that serve Wasshade tor certain crops or improve the 

soil through nit'ogcn fixation, organic matter incorporation, 

mul ch, and iii crocI inmate nlod icat ion. 

5. 	 Trees used as hedge cows, fence I nes, or windbreaks around 

cropping areas, whose management is intimately linked with 

the needs of time crops. 

6. 	 Trees around rivers, lakes, or artificial reservoirs or - 

tanks, integrated with fish or waterfowl management, provi 

ding shade, food, and roostini. 

II. Combined Forestry and Grazing Systems (Trees with grasses): 
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1. Grtzing or forage production takes place within Forestry 

plantations, aiding it avoiding weed Or brusih builId up, 

lowering fire risk. 

2. 	 Criz n r o Oi 'foraqie production ill yOui-ld1toll'dl Forsts, with 

SORt OdkIVrlt dIagS ds dIhOVt. 

3. 	 Forest tvrtes of' coiit e a'CillvdIut' ill past.iure., either plantt:ed 

or" tatiUra I, ,t dii si t ' tHti: do not inteilr ie With tire pas

tore spccrit-. 

4. 	 1 V 'ci'-S i pa) t urt', ci' t ic 

t \ I i i tIUS Itr r 

i b( ' t ,s r. p I ttrI cd Iii' raIt I"i I , w t I tIc 

eotp~lc 1 o 'it gr r ,trrd t V I I , I I I OWL' 

red to Ccrt i I izr, a, I IIe ,Iw t i it- ut ir im rci I, va let. 

5. re'es 	 itt pastrurt, titI t prov id sh,ldv for a ilil and a idtieI l 

n i ipr'ov iri ttt so I i th 1'o1uthit I O' '.11 I I \,It dl ltrIt t r lri i t 

e t p'aut i ort I'oii d .eopi r o I Ivvi , 

( . fr'oe s , t Iicr it 1ii r,' t pas VIll -s , or' I, lo res ", tIIdt pro 

dI I e dn I i a' r Iiii I'11 , V , Iu1 Io I a tot i rl iiIrtiita I I, p i t . -

Of us tire 'i'tiri tir i [ ciii iiipi r[tlItrrt for' ,tr rhris. 

of 	 froth tut is ,tri .t int Is. 

'treesa'tounutd 1rast rltes aIs ir(cItle tows, 't-fice' l i ties, ot' wid - 

tr'e,tks. 

I I 	 i.S i tult-ticous comhIit rr1 its o FFor'estrs wi fIt Crops and 6 ',tzio ii: 

I . fot'ist 1 i,lt ,t. tof)t, pI ,1llsi(-d s i t (7:tOps 'Iti 1t'.s) S S-S, pe 'rrtt.

1tit1t rr ' iIllt I , t t' VrettI iroI ti - tgtri I t ij't,,i i ri alrl v, fr to 

wander' or' enc 1osed iit speti fic areas. 
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Especially adapted to smaller animals, such as ducks or 

pigs. Requires close control of activities and use of 

specific crops.
 

2. Trees associated with crops and grazing, either planted 

or natural, in densities that will not adversely influen

cc the crops. Example of scattered trees in and around 

cropping areas that can be periodical ly pruned and used 

as forage for onimals, with the timber harvestable at some 

later date.
 

3. 	 fledge rows or I ivipsg fence I ines around rural communities, 

serving as shade, windbreak, property divisions, forage, 

frui ts, timber, and firewood. !n this sense, the system 

takes on a truly multiple use aspect.
 

47
Source: Combe & Budowski (1979)
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11-) t Exwlliple a Mixed 
Sy'steL. 'Turrialla, CosLa Rica. 
. I. of Corn/Beari Cropped 

k, AA 

Photo 2. Exa:rpLe Of a Crn., Pineapple, watermelon 
relay intercr.,ppi:nq sysLem, Turrialla, Costa Rica. 
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photo 3. Example of a Pineapple/Pigeon Pea Inter

cropping System, Turrialba, Costa Rica.
 

r% 

Photo 4. Example

L ,' 	 of an Agrosilvi

cultural System 
of Agroforestry, 
with coffee, cocoa,
 

bananas, and a
 
legume shade tree.
 
CATIE, Turrialba,
 
Costa Rica.
 



PAPER 	 NO. 5. AGROTECHNOLOGIES BASED ON SYM-
BIOTIC SYSTEMS THAT FIX NITROGEN 

(By Dr. Jake Halliday, College of Tropical Agriculture, University of Hawaii) 

Terms o" Reference 

Describe how the technology operate s and its lienefic ii1l l ve rs e 
impacts, exist ing or 1 potent iaI, on the susta iIed IroIIduct ion of food and 
forage from t ropi cal and suht op ical soi Is. 

Describe where this technology is being used; describe whether the 
technology 	 is being used oil a commer11ial level, a s ubsistence level, as 
I p i lot progral, or i hi ng Iied only in the research St te; descr ibehCI1)) 

ICOliiUCt inIlV is 	 i l ile m1ijor 1esea rch oil the techlolog;v alld disc ribe 

What Ui'ganin';i tions (All), FAO, and others usino I.S. fuds) are fundi jig
developmiient of the techniolog ' Aod what organi::at isis ire impllentnlUg it
 
oil a pro)jcct c ale.
 

lI:xplain ill ole technical detalil li, this teclri loii, iicre ise: decreasesor 
for , 


p111)1ied to tt ipical MId/or silit rolicil ii Is.
 
the need ' liei i 'aipet icid(';, ir1rig tiOll,ilIdIIacIIIi'IrV i'iien 

[i sCuss potent ial abi Iit v of this Leclnnoloiv to i'C'tol'e,improve, orsiist un in 	 perpetluity Ii food florage ity of tlop i I :liiithe liittiv 

suhtropicIIc i;ioi Is, d iti Il ikCI ihood tha;it this ,y be usedtecChloIogv'i i 
iwide l'. 

CesCr ihe i p1 o;iliI re e ":uicidevelopment and Ielletliatiil sceia ri o, fil) 

iii whiicl thii!tCeC1io 1ogy ie;I i 1s its pot en t i:I iii enc Ihliig p rodlic t iv ity
 
of' tropicil soi ls. CO.lti"etii ill Ld to the fol lowing:
-[lie shi iiclt IL'eplisS 
lhat orgll iz:i t ioilswould be invoilved? 1 :tthIleveI> f C;p it i I and t ra ined 
iersonnel would he iiecessary? hat deLre';s of'att itudin il cihangis Would 
lie necessary for consimiers , Cartler ') Overlitilt agiricultLral experts, 

polI1it foreipn 
or lending institutions, etc. ? Iat biophysical 
burea icr;ts, ic iatns, adxvisors, pIol icymakers i i forei gn aid 

(soil;, cI 	mate, topography), 
cultorial, and socioecouoiic coiiditions Would le most CoindUClive to sICCessftl 
implementation of tie tecolo gy. TIere do0 these conditions Cxist or where 
are they likely to develop? To iindlic;ate tih priority' of tie vaIriou-s steps 
tlht ied to be t;ken O this techololy, the contractor shall discuss how 
lie(if liewere thieheaid Of ftouiinlit slend $10 milI iona sealItIi' i)ll)loUld 
oi resealch, development, or inIIIemIelt ition Of the t iclliog>' 

Iescribe the! major :;cienti'ic, ensVi rolille t;I, CUitlt :i I ec bomOTi C, :id 
political collstraillt5 oil dveloplmeiilt aiiid impl -mental iol of this technology. 

Iescribei how impl ementit ion of til' teclonologyv ill ;a r'egionl would affect 
that region's nied for ilinput of capital agriculttotal chiiuicals, malchinery, 
credit , seed, ;iLidother miteri; ' froTI the imiplement illlfarl) , lahi", and 
1and. 

DCscrible the l)otiCtfial i3act of wiie-s(caS I im1pleen t tion iif this 
tecltuolIogy on tie .;oc ioecoiom ic stIructre of :1,iric iil tore iii tie implement i 
reg iois The coot ract or s l II ild'ess tIle foll IOwi: [)oes the technonlogical 
implementation give rise to economics of scale, or diseconomies of scale, 
that would make large or small farm units more competitive? Ilow would the 
technIology Cither displace oi create demanild for farmi laborers? 

(243) 
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Abbreviations 

ARC Agricultural Research Center 

BNF Biological nitrogen fixation 

BTI Boyce Thompson Institute (Corncll University) 

CB 81 CSIRO, Brisbane, Rhizobium strain 81 

CGIAR Consultative Group on Internation.l Agricultural Research 

CIAT Centro Internacional de Agricultural Tropical (Colombia) 

CGIAR Consultative Group on International Agricultural Research 

CRSP Cooperative Research Support Program 

FAO Food and Agriculture Crganization (of the United Nations) 

IARC(s) International Agricultural Research Center(s) 

IBIT International Bean Inoculation Trial 

IBPCR International Board for Plant ;enetic Resources 

ICARDA International Center for Agricultural Research in Dry Areas 
(Syria) 

ICRISAT International Crops Research Institute for the Semi-Arid 
Tropics (India) 

IITA International Institute for Tropical Agriculture (Nigeria) 

INLIT International Network of Legume Inoculation Trials 

INTSOY International Soybean Program (University of Illinois) 

ISRIE International Soybean Rhizobizm Inoculation Experiment 

MIRCEN Microbiological Resources Center (UNEP/Unesco project) 

NGR 8 New Guinea, Rhizobizen strain 8 

Nif AL Nitrogen Fixation by Tropical Agricultural legumes (University 
of lawaii project) 

OTA Office of Technology Assessment (U.S. Congress) 

SEA/CR Science and Education Admin:.stration/Cooperative Research 
(within USDA) 

UNDP United Nations Development Program 

UNEP United Nations Environment Program 

Unesco United Nations Educational, Scientific and Cultural Organization 

USAID United States Agency for International Development 

USDA United StateF Department of Agriculture 



Sg theo ipchyoat in nu ne o dtivi I "'t 
lonputfa tiped 


t gYcii.o.tl imthuus to if- croppnent 

h. ifwo MiIt g s %p In the tfro l; he subtropsesn -.

altly t bed ff for. nitrogen 
uiplyerthis. iNortupn~et, n r~rs frmt lvisofatmosphericC' arit.fr-...'r 4 4" 

;"..Ut 
4.' Biologicalnirogen fLiaioi (lNFl , , X<7444" 

protflusynthesxs; Tb pioctsr can be accmplished ingdustriill yh .. tL fi 
A">t'a&Vtyy high enierlty cost.' 	 ''fo :by. ' A ,,-.;p,,. ' ' 7,4 t ,--.&t ....symlotlcii~totatw-'ofplants with microorganismA is cionomillciy,
 
4 t4t "l .4< de. irrimaent4ial mor cceptabio han nitrogen fertilizer
 
usJ in2griulurv. 
 '" ''n 

S' p *'e'' .4+'4t j,5|JI nraig 	 : ,44' 7...Augftithyooy based ot WOWby lewaoms has two facets,' the use of leguaes
 
andtnoculmat :chnolegy. Curently leguiegare nsed lr many systems
 
wi,thout ally sevific attempt to wxmv t!rnitrogen fixation through
 
iaocustl, Yielis can he Used fertilieertehology; i"11r Mid nitrogen 


resiuronmnta redloue through, tplemennzt.on of appropcutc inoculant 

t.chnology. Kiaimw arieo
gainstfroe KAP In agrlt;akttore will from
 
thnovativ use, of legumosIn refLn iti rOses they have nt. ocupied
 

h
p. pi'#iuly. jirod tht their nodulation and rltrgeevnfixation Is
 
red Wit leiguac. int the troipics "fix" out 100 kg/li/year ofabhe "
 

nitrogen with lvlsk invol eSui toctrin or
3$0 kslha/yeac f the forage tree 
l-ucar kl and fixation s high W0ekg/hai/year within the potential of " 
tometspecie. Fertilizer savings throutgh the use of legwues represent 

44not only significant savings in foreign exchangei but, also reduced
 
deplendencte oi the ol-rich a1t loni who;einfluence over tl cost and .. .
 

74<,.a:i lailitvsfpeat}g f riiiendii s in ally ct "g. .
 

the Uu of leguacet involves the maaeetof legume spicivs in farming4 4

fl tfrom a the multiple uss of 
'7' ,nr p:*ducts thhegregtr ofmaixed-cropit g, -is :ni ttabriity 	 opposed 

moctvp systeas, but indirect 

4 r' a4bility it)somec se s to make A net contribution of nitrogen to
 

tho sot) And thereiiy to -,mrvnion or follL.'iing non-legumnnus crops.,
 

o i ilsofor benefits arising from their
 

otfh tech nology 

'high nualbers of prelselvcted sjtraijns the vicinity of the
 
ne.underlying obectie noulant is to introduce sufficiently - 

of rhizoblai into0 
* 	 ' merging reot that they have a compctitive advantage over any indigenouts soil
 

lsralint lesser N-fiinrg abilitY ill of root-nodules.
of the formation 

' ' inloculation technology involves; selec tion of strains of rhizobia th~at
 

are~ compat'ble and effective N-fixers with Particular legtmes; multiply'ing
 
94 elected strains to high population densiti , SIn bulk cultures; inccrpto

49 rattig tihe liquid rhizoubtAl cultures into a carrier materil (usually
 
frinnly milled peat) for packaging and distribution; and finally, coating

the 1eeds of legume* with the carrier or implanting so(ilthe with the 

, "4: the...d drill.inoculant directly into 

Legtme Art, alr'%dy used widely and consistently,. bt aS minor crops, n .. .farming systemsig of the tropic!s. inoculait technology Is in Use Oil a 

mteaningful scal# only tIn ; few countriesi other than the U.S. and Australia. .
 

8.2999Q 1 
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Greatest future potential would appear to rest illthe development of:
 
legutse-based pastures and viable mlt iple-crol)pi sy'stems including
, 
legumes for utder-utilized sivannahs; agrofrestry systelu; that combine 
fast-growing, ni trogen-fixing tree:i, leguiniiious and other crops to meet 
the food and fuel requirement,; of tie rural poor; fast-growing leguiniolis 
trees for reclothing water catclmejit lt-as iollowillg fol'est cl-ir'aiice; 
legume-based Ci-opplllg ySteLmS to give sIUst;tliIndprodLuctivitV ilicleared 
jungle soils thich typically exhibit a rapid decli e in fertil ity under 
Conventional Cropping; ielectiotof deep-root-d, droglht-toleralt leguillilous 
trees that can erve as brow,:;e :;pecies Ili the world's dry lads. 

The major coiist raints to full impleineiitat I ili of It-ic ised ltNF technology 
in the tropics relate to ile delivery anl acceptability of the Iechnlology 
at the fainm level, and are politicil, cultul'al, SOCotCOOlIi)jlc all, to a 
lesser extelit, scieltllCi: Ill itlc. The mlliajor ;ctnt ific Costrlailnt is 
inadequilate uniderstaniding (if host lutne x rhioblal Iral x eilvirinlilent 
interactions resilt iog Ill inabi Iity to irdI citwhcther a g'iVt'li legiiTe will 
respond to inoclIationll pit ila r region or Tiot. A contstraint totti iti 
deri viti a bettf-r wlLTIe i d 111, Of the;(-sc t l iZt 1acioti iS t ile lick if 
trained personiel ill tile tropical IrietytilS to 2XeCtite I it- litctillatiOll 

deteI11iiti tlti 
inoculation). A lack of dltistic lloc l in t productioll iillts, iTT t1C 
najority of Counitries a lsi clistraills r-eseat ich, dt-en: lollietit and prodtictton 

ntert r ises w i th I egornes 

trjiil, flot tg t cOtli i iCillld iMti-ftt ;Ittr'lltt'ithIil- to ] lclne 

The scenario illwhich legite-Itasd BNi techiiol ogy seould tal ti 
potential ,iIould ticLhide: increasii: ecolIollic atnd politictal plresStute fol. 

greater energy efficiency iltagriculttlre; ilcreasci recogilitItio,by 
decision inAkers ill funding lijnitj.e Mid ITT gcOt-iit::ic-ittt:; it til potelntiatls 
for exploiting BNt ilitile aigrictl tUlr;i 1 -SCti0l lI COil OIlI]I of'If tIe IevelIoIi )g 
COUlitl'l- ; a111JTICl'as ll lth-Cd -c of tI'litIed ])lot :jIlltll;; ,lilt t-chll iC ]lls 
illc ttlttiic:; of- the tropics; Ilpriovesd llltetli t loll of ihgtlie gllllp i':n 

tltllprtvllltltI lr'ogralls and Il!Itme hbactelrittloiiy ri 'ifll1; C0 l c t I:11i) lCatiorl 
of intel-istioral furtillg to catalIs.e estahl i;Imcit if at hNI: Re,;otce Center 
staffed, equipped alnid budletcid to trovide techll al i-i it~illc , offer
go,.17rlplgaslmmild ilnforill~t loll {;jl)c.; p ovide r fe ! f M L; LI techinical 

traltitn g iild COMilItct sutch IteSe.lilcht ;i11 may Im, Ilcii -';tIty fo L iaptat loll itf1


BNIF teltioilogy to individual needs of developlll cotititric hut which is 
beyond the curlielit capability of loical I) ii c't ;rs itprle- OI)p)oItUl[it 

fur inte-chalnltge of fintdings trom fiold riLCrch Itlogrian:;; intplentt-lt;lt lill 
of A cOMlpUt lItly eXeCuteI Se(utClIe ift ,t itIlitldI.eI c-l lslt s de ried 
to quaintify tile econlomic y'ield herlcfit 'ttributable: to les{lllllc! Inocullationl 

under field c,.ditionis d folloc- ilt by 'tUdlIC, tlo,uantly tlt- nitrogen 
bilalice IT mnl tiple Croplping 5;)':tcln5 that incltde ]egule:'. 

leg 1it illocillatiolltlot s llot 'tiist llt: Il]y lift-ct the itt--d for talnt labor. 
1


[lie illo,itllati is i l ed I of th, methodo tccttlnljt ih ;t- ;ill jiutt slt lig 
wheth-ts r by hand Or -,t-d If fert i ztli- , normiallyilecllli /lAiltert-. T. ire 
appl Ied, e illi lt oltil tleeTit'n- 1t I Vtdtict"- c;1ii It I Icltof lot t-:llI the 
but no ;ulbttnitt;ti l labor ,ziing I; rua I ;:et';othe: feetili-:, ;till 
liced to appliled. ')f I ~UTI111, o b.,.fit Compai olIle ]HitiT,;,! " onlll following 

cropts t5 cOltsil tnllt1itti tile Iainting -;ysItt-Il:; t Iletly ticeli'V Ilt , iiI tile 
tropics. 10, i:,t logtiule-fIXed Ilttrtogll for, i,i ;Ilit l Cereal pro
duction illthe iS. would tece; itate;c;IdOti Of Iiintt-Cd-cropini systemns 
that 1iec not mechl; ized l 'IhItIS lilt ic';Icd dvilluidfr labocasl IV z 
would be alt iMaict . he inlmajor posit ive iMIpIct, if IN: technologytre 
itidi rect through eI tillit iot of the Til t itueI cf-gIt vle c ioientaIl 
impacts associated wi th nitrogel feit il eizrproduiction, distributiloll and 

use iii agriculture. 

http:itIlitldI.eI
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Introduct ion 

Beans and peas are well-known examples of food products from the array 
of plant species that belong to the legume family. Legumues are especially 
attractive when sustained productivity is sought fromt low-input farming 
systems. This is because of their unusual ability to be self-stifficient 
fo" nitrogen sopply. 

Nitrogen is an essential component of all life forijis, b)eing a cornerstone 
illthe chenical structore of proteins,. Ironically' nitrogen is abundant 
illthe atmosllphre nldthe air we breathe is 809, nitrogen. In its gaseous 
form, however, iitrogen occurs tsdinitrogen IToIectleS, each havin g two 
nitrogen atols joined by a triple bond. This is among the most stable, 
inert molecules known and cannot le utilized dircc tI. Tihus life on 
earth is totally depeindeint oiltralsforlattions of atmospheric litrogen to 
a form in which it can be used readily byI plants, and subseltently, by 
anitmtals and sltan.This process is referred to ;s 'lliittogell fixatiollt' and 
ilcoIVeS splitting dittitrogeti into two nitrogen atoms which tre then 
reacted with hydrogen [geierated by sIlitting Wtter nol eciles) to foirm 
first I'y lllmoti a and Subse lot ly a;aIllge(iftilt t'igOtlti coUSpoundS. 
Nitrogen fixat ion can be accompl ished indistrial I', but tileprocess is 
otte of tiletiost energy denLiinidig ill today's atgiriciilture. The energy cost 
of fixing iittrogent illtilefortll of' allllnotililllmstlphalte or allimiOllioitei, ilt 

nitrate is cotilltuded by tileadditional costs involved ini its translort 
and appl icat ion. Addit ional ly, tlie rather smal I proport ion of N-ferti I izer 
acttly taken h' is and tileseriousI ly ilt tie crop to which it app Ii ed 
enivi roniMtentil 1)01llt ion that cZii ihe caused by' 111t rogeit lost from agricultural 
laitl through nt-off illeincentives for appraisingt alternate N-sources. 
Self-sufficiencn for nitrogen supply 115 eXenlifiIed by tilelegtumles thisis 
a highly lesirillile trilit. 

The biological nitrogen fi it ion (BNF)process 

Biological nitrogen fixat ior(BNI: ill legumes is possible b) virture of 

the itttally beneficial association (symbiosis) which cal form between 
leguLisit511 plhuts ind certain microorganisis fromtl i specific family of 

soil bacteria knowin hi,u. . l ithizolhipenetrate tilerootsis b-,t' can of 
legties and give rise to highly specialIzed organs referred to as root
nodules. These are quite different from ttutitors or other swellings that 
cotmnonly occur tin plant roots as a restilt of infection by disease-caiusiig 
( athogenic) The structure flltt iot notIaItedorganisits. lilid of legutIes 
is modified ini such a why that cari'rhiydailtes (sugars) produced in the 
leaves of tile plant during photosynt lies is are delivered to the nodtulated 
root where they are respired to provide energy. In the nodules, this 
energy is consurned to mtaitltain conditiotis Linder which nitrogen fixation 
can proceed and also to stistain the growth requirements of the rhizobia. 

p 
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Gaseous dinitrogen enters the nodule from the air spaces inlthe surrounding 
soil. An enzyme, nitrogenase, which is the unique contribution of the 
microsymbiont, catalyses tie splitting of dini t rogen molecules and the 
reaction of'their componrent atoms to to nn anmoria. Neither the sequence 
of reactions and transt'omatiols that follow initial fiXation nor tLhe 
precise site'; iii tie todlille where the eelt; occur are fully understood. 
The steps involvc very rapid incorpiorat ion of lmmoniia, which wolld 
ordinarily be tosic to(both symlionits, into lJtrog(1IUtS COIIiOlttiS SuCh 
as ajin acids, amid-s anl/or tr,.ide'; depondig on tie pirl icular lgume 
specliCS. 1luhe'.e ire rLt1veid tfrom the inodul e in the plitnt's tralnspiration 
stream to be useid throuyhout icle plant as building blocks for plant 
proteins. 

AgroteclhttiogiCs hasvcl ii,lI1. b), I" g l!; 

Most faniiers in the t l'tipiic do niot ktnoiw that t lnitogen ililigu/ilet. ix 


their root tuidule;. Yet tradi tional ilodteril tg )I
;nd fallilif ;Ystelll; the 
trtopic:; iltll'tinval'iably luegitsi." Ilui; ciultivationt include (1,2). leutie 
ie tllt,; tfut r'ecolg i t Ilil ly falliers o'er ilaly ciii ili c, th;lt legurites are 

Valoitlghl(' c Mitutt lluts itt talutlllng :;yrIett.I rsither tani flOill Ilntelntional 

e iloitat lull of hlolo, ill r l ti al F .; Il t 'li fei lont -

A lrotechtn lo)y tl ,ln htI: by etune: lai, tIhrf l liw liJtutjir isltucts. 
tne 'Clat,.s too the dcl i ultct tu 1i tOf I 'lvi!*' illK l01)u n 5tetOsSil til s),' to 
dc i .. hitcel'lt; Itlll tltLI I Illt iigti f iI(tti llt. 'lii tliet cuiCll'crit; t le 

Ilitnel tiolldl IW: ( i p t ict; i;t iui (-L ii fli itiono j) IC ;ft : I * ictl j x by 
legilnes. For c ivel ic.cc Ite;e two I:,,t , WN"lo, t'chnoli y will Ib 
reF tiilud to l; 'u ;- of IncdrsnI'';"itt,) "illuu ulatIliii t(chltol iy". I 11. 

distictitill is dr;iwl uijh l l t ly ar,' ilto laj l'rnllt atlie lit II 
widlIy with Ic'1 s tha lt litatt11lI bei.efit u it 4 b,li -t iii litfrom hif,t , 

;yihlIot i C atCIivity r Ycd hue I' I e iLO
a; tis. hdt IV citoll be ied I hlilyh ii 

I oii istire v ti i 
legose'; Ili the role they currlr)ly pla1 i: the airicul tual siectol MUch 
gre;lter gall3ts ItI prIt(lctIVity toldi 'CiutlOMili' of' f lilt redIced 

lppirop..i iat tchLIl loogy cif tltI synh nit rogen. i ti.atiol biy 

fertilizeir requi retmelits will b. rca iitei tltrutigh II u )tiat liV USC Of 

legomtes ini ilOlesthey have not occupludi prlvious;ly iI piroductio ;Y.stems, 
e.g., tileu;e it fas;t-griowir l,!lIsitllItt'; tree!; ill al'liif lestl'y ysterls. 

Production airts will ie gre.atest if tIte use if le i Sit';Ilwaiys,
conmpleitiertted
fly app~ropriate illoculanlt technology. "['h1'1,; becau ,e 

leguTles can onily benefit fully frontbiological nitrogen tiXatioll iF they 
circoutite.r rhizobia with which they are gernetically compatible, so that 
root infectio aid titltl ation can occuilr arid it the strain which firns 

nodules function; effectiv-ly ini fixing nltrolen. 

The use of Iegumes 

The benefits from lNF through the u:;e of legum, fein farting systems are 
both direct, because the legume has an intrinsic value, and indirect, as 
inclusion of a legumne affords greater yield stability in adverse growth 
conditions arid can benefit coplanion or following non-leguminous crops. 
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Direct benefits from biological nitrogen fixation by legunes ill cropping 
systems arise from the multiple uses of plants ill tile legunle family. 
Though known primarily for grain, forage or feed productiol, legumes are 
also cul tivated in the tropics for timber, furelwood, green manures, oils, 
fibers, guts, drugs, dyes, and resins. Additionally they may be used as 
hedges, ground covers for weed, insect alild disease control, ;is soil 
stabil izers oil terraced slopes; or silmply for shade or as ornament als (3). 

Indirect benlef its ,CCIIll fnr the stability of perfollllallc' anid assir-ance 
of some eCiOriuiJC l'et ln For at least (rle ComljpOlell t Iidr tll frvolrbl Itc 
cornditionris when legteses are interieropped with other cropls. tab ility is 
afforded, for exarspl e, ill erratic rairifal I Zones when tile comonents ini 
tle iltCrC ropi rllg system are SeJira teil ill tilrae sich a; Wiith SOrhOll/ 
pigeon pea and grolludit/cottin (I,5). ifien; there is an artbreak of 
pests or diieases, mi ize/iear; ainsd othe- iit eCropa afdftsl' s abi I ly of 
yields alld income (0, 7) . Other iild reI hrefI t -c Cre frli A) lityel'C t he 
of leguires to make a ilet cirlitribltion of llJ loerll to tile soil under anne, 
ci rcrrsstaices, t he reby ritdir i rrg tire N- fe rt i Ii -e r neotl i lel-l ilt for a 

compall i oil otrIf II0w i olill - I t i li llol S C roll. 

Inocul ant t-ic I I I o t 

Ihere is ,r coi nlrrIy Ire Id vi ew (8 ) t Iat t ropi i ir I I egVuites a re rlutIch more 
lromiscuoUs thall temperate legluses ill that they inodulate freely with a 
wide range of tropical rhizbia; aird that tropical soil s are ladern with 
such bacteria air which ri effective rrOllatioinrto extent vi rtually rir'rteCes 
without inoculation (9,10). lhis view i:; no lnrger' well-foundel. Some 
spcies anrl rcces siolls froi generi;l jIrev ioll'1Iy Collsidered ti be lprrliSCtious 
(8) require specific stralis of :,:: :e' , ,12,13) or for; highly 
effect ie syrrbiose:; with only a few, out of tile wide array nif straiws ith 
which tile)' irodulale (I,,15,I . iieent iterrsific tion of interest ill 
tile tropical legur;es and thir r izobia is revealing imuch ritcr variation 
ill genetic Collpatibil ity and nit l'ci tfiXat i0i efi'ect ivernes; iITorg l rpiCrl 
rhizobia than has generally it. e ackrnowledg-ed (17,18). A pl-a iras !een 
made for recogiition that tropicul legt'ncs fall into one of three 
cntegories (18): 

Prontiscuous effect ive (IT) grou_ in whIrich nodulalion occur:; with 
a wide ntrinnly uf rr zirir isolated froim Iminry Ilegrnac- gen ;lf tile 
resultant symbioses ilrr Ilrrdoaiinrutly effcil ive ill lit riogel 

fixation. 

Promiscuous ineffective (I) vroiel in i rihdulation occurs with 
an array of strau ins of rhiz(bia isolated from many legrere genera, 
but in which fully effective symbhioses foinn; with only a few of 
those strains. 

Specific (S) groap iii which onIly those ;trains from the saie genus 
(or, commonly, a restricted riunbier of other genera) fora effective 
symbioses.
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Just as with the temperate legumes, the likelihood that compatible

effective rhizobia will not always be encountered already present in

sufficient ntnsbers in 
 the soil microflora is the basis for inoculation
technology for tropical legumes (19). When a tropical legume seed is 
sown uninoculated in a tropical soil, a native rhizobial population of

strains differing greatly it, their symbiotic effectiveness compete for
 
the finite nunber of nodulation sites on the leguine roots. Many forage

legtnes bear only 10-20 nodules on which they depend 
 for nitrogen during

the first three months of their establishnment. Thus it becomes critically

important that each of the inodIles which 
 forin on the root containi a
strain of 'h:>;!iws that is fully effective in fixing 1 t rogell. The

underlying objective in inoculation technology is to it 
 -oduce :if'ficiently
high umlbers of lreselecte strain-s of hizobia into tile vicinity of tile

emerging root that they have a comptutit ive advantage over any i idigenous

soil strains of lesser N-fixing abilit) in the format ion of root-nodules. 

Inoculation technology involves: selection of strains tof rhizoliia that
ale comipatible and effective N-fixe-. with part icular legumes; mul tiplying

selected stra illsto hig!h pl)IIlation densities in bulk cultiles; 
 inco rl o
rating the liquid rhizobial cultures 
 into a carri er mvaterialI (usually
finely riail ld peat ) folr packaging andd ist iihut iotn; and final ly, coat ing

the seeds Off leotes with tile carrier- or imp lant ing the ;OiI with tile

inioctiIlant directIy' into tile seed drill 
 (20,21, 16). 

An i noctl tun s t ra i oi . 'z :: I!,' recoltmseiidcl foir a pait icnlar )ost must lie

able to foIll effect ivL N-fixing nIoduIles With tha t1i0't Wider a wide range

of' field conditions. Nitrogen fixation 
 effect iveness is oily one impolrtant
critetion for ill iloctlanot straii. Other criteria intclude: cormpetitiveness
in nodlite forll;Iltion, plticullarly' agailst les; effect ive strains; persistence
in the siI in thie abseice Of the host, Ce. ial IY for strin its for annual
 
species; promptlless to f"01111 [IodLiles; abi I ity to fix il t geii tlotll 
 ;I ';ingeof soi I teIitlptei;ltIIre cotlditionts; toleraitIeI to peCt iciLde;; totlerilnce Of low
 
soil pll; nodilIat ion ill tile piresel ce of' high levels 
of soiI nitig en; and 
abi Iity to tii-w alnd suirvivyeiiipeat illOcoIliltS. 

The host genotype interact ; with the infect Ing st ain of t In::it: 
detelmining tite level of nit rogen fixation w ith the host playing the 
doninant ri le. Thus two SOUllces o)f variat ion (plant an kt'h t strtaini)
call e eIlXphi it id ini selection proiitgints . Mo;t commonly, thoulgh, the plant
is sl ectedl indtfeleident ly ;jiid a soitable st rain sought thereafter, thus 
allowing onily fol' exploitationl of strain variaility. The range of 
specificities of host genotype interactions i: ell illustratud by 
siiybeani (22) and in tile Africai clover:; (23). 

Such specificities give three options in the alpproach to selection of 
straints for inoculiilat;: URisereIMIsittocolaiit.s, each with a highly ef'fective 
straii fort iidividual species; 'wiide-spectrlitIsI str;liills that vary fro1
good to excellent ir N:, fixation with a iange of legumes; 01r multiple
stra itt intocullaIts c0itatiiiiiti the best str.ii for each host species. There 
titay be a conflict between tile option that woiild be chosen for commercial 
expediency and that which is scientifically excellent (21). In Australia 
'wide-spectrinn' strains aire used when these are available, but there is 
increasing use of specialized inoculatits with s p.ecif'ic strains for 
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individual hosts. 
 Despite findings which suggest that multi-strain
 
inoculant should be avoided because of possible antagonistic and
 
competitive effects in culture (2S) and tilelikelihood of competition

in nodule formation from the less effective strains (26), this is the 
approach used successfully by the U.S. inoculant industry. 

Strains for testing can be obtained from other laboratories working
with the same species, from nodules on plants in the native habitat from 

twhich they were originally collected for plant-i o roduct i 
on/eval iat ion 

programs, and from nodules formed on the legume by native strains after 
sowing uninoculated seed in the region where the new species is expected 
to be used. None of these sources is invariably better than the other 
in screening programs. 

Most legiuse ilnoculants are lprepared by adding liquid cultures of lhizobitn 
to a finely-ground carrier base material such as peat. Although mixtures 
of peat with soil or coIiIIpost mixtures, lignite, coir dust aid some other 
organic materials have been used, peat has proven to he tile most 
acceptable carrier worldwide. Agar, broth Md lyophyl ized cultures 
are not recommended because of the very survival of tlesepoor fons
 
of the iinocIIuhm Oil seed (27,29,29).
 

l'eat cultures can be prepared iii two ways. 'ither groiutd (milled) peat
is mixed with a hig h viable count (more than 10" rhizobia/ml) broth 
culture ill sufficient volum1e to provide the minimum number or Ihi::ebiUIn 
acceptable for use, sterilized peat inoculated withor is a small volume 
of culture and incubated to allow miltipl ication Of tile rlizobia in tile 
carrier. The choice of method will depeid oin two ma in factors--the 
survival of the rhizobia in leat ill ninbers high enough to meet a minimum 
standard of quality, and the availabi lity of -suitable, steril izaile 
containers and sterilizing facilities. The two factors that most affect 
survival of rhizobia in peat are temperature of storage and sterility of 
tie peat. There are difference; aMon g specicc anildaIso betweCen strains 
of the same species of Rli;:ob iem in their ability to survive well in peat 
(3D). 

like all biologic;il Iroducts, leItile inoculants are prone to loss of 
qua Ii ty owing to variat ioin in the o rgan iSol curnce rned aid frori iiiifoireseen 
factors affecting some aspect of growth or slrvival. It is therefore 
essential that a quality control system be established. In Australia 
large-scale manufacture of legimss inoculants is b) private enterprise, 
and a separate, official (government) control laboratory is responsible
for maintaining a high quality product. The control laboratory maintains 
and supplies recommenled strains of Ihi.;:nIiAn to tile iniid ustry, liceCks 
strains annually for ahui I ity to fix N2, assesses quality of cultu-es 
during and after inufacttire, and contdiucts such research ias Illay be 
necessary to overcome problems associated with production aind SUtvival 
in the final prudluct. In the II.S. the industry is free to select its Own 
strains and officiai control ensures that the product can form nodules 
oii the legume for which it is recommended. 



' " 5..4. " 5I g5 s ' l 5" €, rO"' ' e 5.A >" 
Althoughhcontrol of quality of inoculants is primarily in the manufacturer's ,4'
interest and therefore his responsibility, power of control by external -'..- 12'; 
bodies provides protection frompless scrupulous operators and genuine 5. , 's5,,failure of a strainzoutsidemanufacturer control 'Not all countries back 55
('heicontrol labswith leislatiot. A controligroup requiresu it
 

spqualified and expe'rienced'personnel'iwith facilities to pcrmit normal
 
asept'i culture otr plant.growth facilities suitable for legumes_
 
ovrthe rangt.for which inoculants arc manufactured. Methods of assessment
 

these may 'vary'according'~of to competence and experience of manufacturers 
"'~and the standards desired., In Australia this control extends'to holding

"stocks of the strains used Ininoculants. This Is not the case In the U1.S. 
2 

(13,31). 
 In addition to assessment of quality throughout manufacture, it " 
7'' 'is Important to monitor quality of product in retail outlets. Standards
 

acceptable at this level may vary from that at manufacture' and between
countries. It is Important that standards be realistic and within the

capability'of manufacturers yet ensure that sufficient viable rhizobia are
 
applied to the seed to provide a satisfactory inoculation. In may instances
 
this can be as few as 100 rhizobia per seed but in case of severe 
environ
mental stress as high as 10,000 or even 500,000 (32,33,28).
 

The prime objective of inoculation of legume seed with rhizobial inoculants
 
is nodulation of the introduced legume host plant. 
 Rhizobia introduced
into new environments must live saprophytically in competition with other
 
rhizobia and soil microorganisms in an environment which may be adverse
for their growth and survival, until such time as 
the host seedling roots
 

4 provide the ecological niche to which they are adapted. Thus steps should
 
'5 .be taken to assist inoculant strains; remain viable until the host seedling


is at the susceptible stage for infection; compete with any naturalized
 
rhizobia forinfection sites.on 
the roots of the host legume and so form
sufficient noduletissuato permit maximum nitrogen fixation; nodulate
 
its host promptly and effectively over a range of environmental conditions;
and persist in the soil for at least several years in sufficient numbers 
to maintain nodulatlon of perennial legumes 
or to achieve prompt nodulation
 
of regenerating annual species.
 

The first attempts at inoculation involved the transfer of soil from -,'one field to the next, but with theisolation of the organisms -responsible 
.for nodule formation, artificial cultures soon replaced the laborious soiltransfer technique. The usual inoculation technique is to apply the

inoculant to the seed just before swing, either as a dust or as a slurry'

,with water or adhesive solution. Adhesives such as gum arabic and sub
'stituted celluloses not 
only ensure that ,all the inoculum'adheres to the

seed surface but also provides a more favorable environment for survival .:
 
of the inoculum. Pelleting of'seed with finely ground coating materials
 
such as" lime, bentoninte, rock phosphate and even,bauxite (32,34) have
 
been used to protect rhizobia'during their time on 
the seed coat., Pelleting

is 
a simple on-farm technique (32i35) but custom-pelleted (by seedsmen at

farmer's request) and preinoulated seed is now more popular. 
This latter
 
procedure is potentially able to provide high populations of rhizobia on
the seed for long periods of time (one growing season to the next) but
 

ti'has not yet 
been fully developed or exploited. Most preinoculation
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Production statistics for the tropical grain legoiLI. are seldoll accurate. 
klost of the product ion is oil a sobsi stence scale on smaI ti'ans and tie
 
yields are seldom Included in official stat ist ic. ill; at figure of l8¢,
 
million toll; (412) should lie regarded a:; alldl'statemtl
 

rhelre Ire ',cry many agenc ies sulllOrt iog and crndiic u rielill .I't t'atUd
 
to tIle rise Of legLCS . ITterliat nill ilge t" , SUch i; FM , il I Pi;lI
FAll NI), 

aid the IAR{:> a I I hive arid io'ag legume prugr flll. UISAIll
giall/ pltv 

together with te gov'inrileiital Ia;,'cIc jt iiif many coutlt II.e " cligael Ill
 
fol ign agriclti ur l devclipmitenit plipllort '-,e;IrcI {Oil IVelIU:c . l h Iorld
 
biank and :;t 'eta 1 l'iv;it e i11l11i I iv"i f n ditI !, ilns, -;lippoIit lli
;i Ileg 

rcs ;circh. The author I ; llot iawir it"aln), oitvl ill tilt- r 
 p ic, that
 
dues not have a lgnie 
 project within It' oftic*i1,1 it:T~l trill l i'a:I;tlll.
 
Additionally, uliiivesi,tles; 
 a ld igi:-iul' tLi vol 1 v-l,. in tl'o )l(i l CountrLt-; 
usia I ly have leguit. ptroriam-;. '[lie-c j ivt.;vie ci ht l"ilcvlogt, plant 
tiut I it ion , ronlomy, pat h lio 'y, Itiil I IN ' , itl IIdi tI o'tL ing -,VCII loll 
of vegiUlle crop;. Iliisiia " as i Ni pr c:, eds ati :) l Vitev Iie tI oIlvl:I by
 
the jillt' :; ibility to 2le iler ;irbhitllratc t o it hIl t iodul., mw,
 
techiologies that Improhve ov''all pI'liit Ilelt;tvl7 ivI 
 - :I1"'- I Itv, I } lv%
 
I bentiefi':iil impalct oil modulait lo l;iiidi tigiil I'otfisit I 
 tiI. I -I it il ' fcIwv
 
1)i'ojccts, hlowe{}eit., g I vl' aivd'iI ;It temtlIll] ,pel-c I Ic I C, 1ll) 
it to tC .'lu ior 
max iil z illg lioIigic;il Iit oit fllt loi t 1ll -bytilt II", lerI I !ei ulllu. Ill t'ac t 

tillell r se;v;ilrch p-ogirali with 1ge):tlt ire t' 0 1 ct,- iil-JII'l" illtI 'Co-ll-f'rt i i ied 
contitions or ill fertile, N- rich soiI-;. lir--di og f)or hligh.lI IeldIl g' 
varieties l dell ,uch coidit i li:; has resulted t it i lint t.l:s ilich ; a:i i teIly
 
weakly symbIii io ;itd he;lvi ly deipledeit ii; ;oi I it roi!fill; ci.. Ibtl;h bell
 

1.£I1W~t?~ :'!( ]'°73 ? 1 : ':l I ',:. deCVCI lied Ill [ilt Uiltedt ?;Lt l , 

G(ivel tIle Ilsjpiirtaill iIoIl If gii:il it le iie,, :1, liv itli Ji dilcItI ) I citi ll 
solrce for Iow - IhieOte pi o'p, iln tIle :liel,opiI: collt rI .i., I I l i 1llI ly 
SUl lri i1ll' thiat *,iich I mill t tiit iut iOlW ll IIll: i i 1ii". .111d il I I li Itlli: 
i}rgaiiagt uii,; Ittult 111 e-give { ti :,rcJ h ; I gl:'lvIie t 5 ul i,. h IIt 
it it; to Ile expected that thtr :;lwill le o. I .llili, Ii ii; aiill tItIes 
of nitt rogenu fi xei(I .r- m Iliul-lli' lic rf(i us i.'lcc uy I o!win. i t tit role , and 
oil tile acreei tile) ,ill l'ent lv )i tlull,ni mll iii ,, i . i tileill iII through 
Use of legumlme:; will hI l I I , ll tire1ic.; i it tile liT i llt ili,i 111 iilch 
IegLmes are growl aind ,:pc .llly tic -CiiiiiviUi'., of I e'tl iltIl'L Ill 
titi I ized legIites. 

(b) Z)':&';;: : IJ*Or{C U 1:11t I e,1110 o i:p)" I . INlrIIJ~ln , ldelIyI tcCI 

on a coiinnrei;il s cale m;iinly iiiti devcliipeii count iLeU, tue Ihilted ;tate:; 
atid Al-tra liti h;viiig iibhst;iltlial irhiluitri--. h i proi ul ict ion, di.t ribiitJl 
and iairketing of legiili,:' i1uoCilUZIut ;. Ihlel Is il-'u omielvI tI11- c ale

' Iroduction in fira i l, [Jillg;iy , Ar-genit IIl , Ind ia and i;gyjit. I/iocul;iait 
;Ire Iva i lihble cinielerc I;IIly i; nvilly ot hel countl 'vs iiit plodiiccii ill 11. S. 
o r Austla i;i l; I (ii lat(I- I , for ulI]I{iiT;it iI il d M.1Ioket ig iiIh'A '-;lbIlditr' 
of tie pa relt comLTnyIii 0 1 lier,, of Ilegi:nle Ciii,. . tih. ,Nit la lgi 
Company, Milwali . e, iii: :,lhhl i:, ii-' v, iniNIe.)II.,, VeZ11.:ll .1;iu d ArI:ltllt0 
atid distribute, iiocilint-; woildwide. 'utli re;cii cl ur;, socii ;' 
CIAT and theiltUniversity il' lawaii Ni'I'AI. Prijiect prolit ic iin cul;nt; in 
pilot-scale llalt,, ;I; ;I service Mainly to ITe :tiLal t-Chf"Si lid Oc;sIllally 
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N from legumes to other crops (from lenzell, 1977)Figure 1. Pathways for flow of 
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60 - 90% of the nitrogen accumtulated in legliixi is removed as grain 

depending on the species, harvest index and harvesting practice, or as 

animal products depending on the intens;ity and ,clectivity of grazing. 

Thus in an intercropping ;y;tem only 10- .10 kg nitrogen could potentially 

benefit other crop,;. Samv of the organic 1iltrog ln of the legi me residues 

is mineralized r;pidly and the re'st i; added to the soil organic matter 

pool from which it i; miner'alized slowly over a much longer period. In 

the studies that have been performed, 00". i; probalbly the maximum portion 
of the nitrogen in the organi re-sidue of a legoine crop that could he 
mineralized in time to benefit a following crop. 
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Using 50% initial mineralization for the purposes of these calculat ions, ill 
a cropping system in which the legtuse fixse, 100 kg/ha/year only 5 - 20 kg
of nitrogen is likely to benefit the following crop. olne practice that 
would substantial ly increase the contribution is green Inalltuting. Oil tile 
basis of tfe level of nitroget i t ioii c teditoiVe, (100 /1 
residual hellefi t oif 5) kg/lha/year to i f'oIllIwillgcrOllc ul he ;I[tI ilgited
iter iniCorpiirt ion of onuey'ei t'proluct jol iht o tile;ailastreal rior to
 
rais ilg teie l 61-Cltti l St ct lIoe -foll owing c roj. enefits I I coillt rilIetl
 
if the grCtt rIlntite ;a I;irge p todtic t ion i tet is cit:ric2d for i rico ipiIioIs'l-t 
i',tiOtt illto ;ISsiIl Ie CrC topll t Uotic n si . ielice Iis; 1lowt, cr,t Ill 'l 1 Fxpt Iiowe.ie 

tlftt Cro ti ot Cie ;trilv t) Lte tp Ot-s J eI'CC!; O lOt 'Ace 'rest,; ildI esijgg!t icit i if 

sIIliitiiS. There ft uluiu itl glt wi,1iiiti'ill is
ie f l )'stei'is, which ccii 

ec0itoiisicst;l )' 'e,.Sib 
 (,43,46) ;illCtlitld i; titt tip withot iluiiclisi;te
 
ecitnoiic return. i lt: t isstiinilgg i' i)1' iCe , o1 g'teli matter
g uC i it 5 t5lllt 

pler. hlec trlleC i s all :ccv pitd it I l at/ IOtltlit 1
i (pit lii 0itll ithir7. 

M;ILu diiti(Irl 0' o ii l 0 kg/lha if lllriietl 
 i t lilt i il, (it' Whicih Oil ibtiul
 
20 kg wotlld miiti l ii lill' i iI tt'lfit Ot" tlhi C lle.
IZ':l Ittd, tiiougl
 
Iimited, ;iipport'. ;tutl it CS't uslstv. I i ,it loriicult ii!,utir d 22 kg: of
 

15 k (ISI., 


Mt1 1uill to i i1:,il'l tl liIii t rit:Ti Ul' ultllV so1l)l cOi'tit if c'tIu , il
 
Which t le itil -Iliiulell i IIll: Iieit t l t t i iLlt ittil
I Ceuule t10t ti t COlCi 't 
IsS11i0lt' C0111111Vs. Le :giLT'V 11usuil I ' t ikIe 1I) 1 i-I ii t1 ) t'on cous)peit it ioilull L 1 iii 

witt1 lill-i egits'us st grI-ui t Cr frusIct its( o11 tilIt It O)(tll t ie)l iCcitHil I;ittL-I iil,[ 

In It ii tXd Crop01) ius i So it uItrpt y tlrtll Ci2l rtL'og)tIr. ctlu111 r, lg tit i gell 
stt i (tit (I it t c I lue il1 . 5 :. 1;; i' ) C' ic' t itrcu 110
 

;ignificLint:lN, f e trll It:irle
)I IlF it ui ii , lcti ill ollii ilturt, (li . filil;i
 
ittril tetd t itI ctiiput it it Ilbctwt cit tle ai1i it lhlittiwllifiir 11
light
 
inld Ilut rtitt ert. ifit I iek II liit 'r
I itlii>ng tl ii, ill , tflluii ' ;ict citvi 
itn tle tilt iritltil is; I C tie I N. sill le SI; kIO'll lit e fund tiOMteit 1l tlt,1 tt itt 

IS Csil r11 i t
I lie t-W CN: Ic ;I i . :. ll it teh i C Ct Of il[tI'r, 

k:rolppIill!()Il lIt t IX ;Iti10l Ill 11"ttI' iMV'it;IIrogul'l 1 -IV)Ill' 1 1i1()t~ilr 11 t )ii I 0)11ll! 

i;ys t tlis; , 

It I5" i c(lmimll ll i oil ut l i f lilt I tIeI t str ,t 11t il st sife ri slh i;11 ICCtI t tsll 
o 'it I t ri)uc i ft111 tIlt I cg)itt i tt'isit 1 L t Iiit ,t- cto)sIllri it ic C It, i ill sXed 
crtp iniig 'y)stvill. l'cre is; ito Ct lvi li' ll: t'vidoit t l tiact ivc I ro rI ig, 
!esil thy I .lsgitcs, w tet h,!gri i it ttI 1!(st, isc et 's';i" ieiti isItItiril Of 
lilt rogeti fromst tlilt I ro it; or . .,r tulit 

'Ilie ltylotlie is trg insIi lItIllitieSld liyVit;t ili ;itil COt-woitikit (50,51,5 
2 ) 

tillt Suirl;iet e.cUcti ll (If' ;1:10iii CtMliiiltiillsdi f'islliit'tilthy , fuIct iiutillg 
legitille ic-_. ili of' ;l lific;lit 
of" llt rogllrt to I elgtusic cllii t liii sictits; h(lis utittrlli Iittlc tii tit illl 

rtott- i il cs'; ulte d direct g iftisitit itics 
p p.l 

other Woirkrts (53,51,5)5 ," * 5;71. 

StLISCqiterII t reStli: " CisisOI 
1
CtC f l IQIi intitionu II s lll, tile 

fox ioxI t ecliiIitu (58 i t itiI cat cil t fit t xc ret i tin of ut w itle ti iilge of 
substinces frot piiI uiut rits ti(c;Ocutt, but thilttile (ilt it ies iIuIoveil 
are sinall, being less thaln .5, of the plant's iitrogen (59). Statted 
differently, ai crop fixstig 1VO kg of nitrogen ;iyetr wtuld excrete ottly 
0.5 kg to the soil. 

http:Iiowe.ie
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Nitrogen benefit to non-leguminous crops through association with companion
legume species is considered to be of an indirect nature through loss 
and decay of shoot, root and nodule tissue, or by recycling via tile 
grazing animal, rather than by a direct pathway (60,61,62,63). 

Clearly then, mixed cropping systeiss that aim to utili.ze legLine-fixed
nitrogen for the benefit of a companion non-I, mie species must match 
species such that the non-legumIe is longer-lied than tile legtneo because 
nitrogen will Ihe releaeud in significant amounts only after cessation of
active growth and decomposition of tissues of the legrine. The iaize/bean

association used widely in latin America exemlplified this principal.

Estimates place fixation by beans at 20 
 - -10 kg of nitrogeni per growing

cycle (64). Asstming 7i', removal of' nitrogen protein in the
as legume

grain, this leaves only 6 - 12 kg in legitne residues of which 3 - 6 kg

(assuming 50% mineralization) will miiinerali. ed time benefit
be in to tile 
maize. Some estimaItes p)liace the mineral i:ation that can benefit a 
companion species as low as 20% Mid consistent With this it is not
uncomm11on for there to be no detectable Ilitirogelr belefit ill companion 
crops that are iltercropped with legimies. 

From tIhe precedin1g quaintitative corsideratioi5, t is clear that tile
biological nlitrogen fixat ion lieniefit to non-IJeImies due to iniclusion of 
legunes ill a cropping system is small indeed compared to the level of 
nitrogenrous fertil ize'r use in the 110rre intensive cereal iruOCtiorn systems
of tLe developied world. Thus tile principal contribution of biological
nitrogei fix;it ion to himian nut rit ion will cont inue to le :)i.1 the protein
ii legutne ,riins. Al important implication of the data discussed here 
is that any suggestion of substantial replacement of nitrogen fertilization 
of cereal; arid root cr-ops by lbi ological ly fixed ni trogen is unreal istic 
as these crops are known to respond to levels Of iritrogeri fert i l izer far
i1 excess of those which cold( current ly 1e supplii ed through BNF by
1egosies . Thus there is an uirgent need to dvise ways of increasing the 
contribution which BNF1,by legumes c;in inake croppingto systeis as a
colplemiiernt to N fertilJ er-hased prodict ill rather thlill a.s; nal ternative 
to it. 

Le,,nIueS Celnrle inaiiagel to thle ir rtl-i1 ell Celntri nition toincri-ax ll coliparrion 
or following crops. Thlyv v;rV in total ritrogeni fixed, tlel proportion
retained ir non-ltharvested residIes, thle perentige nit roger level in 
residual tissue and facility which thetile with organic nitrogenr is 
Tinerali:.ed. The greater sire these narMleters , tile greater will Ire tile 
residual nitrogen berrefit. Given this situation, tire priority given it 
lIegtime breeding programs to improving their harvest index, i.e maximizing
tire fraction of each plint's total piroduction that is removed as grain,
should he called into quest ion. 

Il r suminari-y it canirie saxid that tile principal benefits from BNF through
thre ise iif Iegimls ill farmiing systems of the tropics are derived from 
the dietary protein of the legume grain, the multiple uses which legtiles 
serve for the subsistence farmer, and the greater stability of yield and 
financial returii of intercrops over nonocrops. Tie indirect benefits frori
contribution of biolog'cally fixed nitrogen to companion or following 

http:Tinerali:.ed
http:utili.ze
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At toso ~thoe.snsuflclct~reiabl daa +o wh'ei ordebep 'a\An; 1afiiaccepte" 

der~q~ b.rot th* inciulAnt technology, the nitrogen fixation 
W',to9kal 1estis~' vafand ab~ovethe lovel which~would be anticipated

from panto nodulation with'atie strains already present in the 
I l ld 3e .rh.i..laIocultion alwaysbe performed. it is,~t~ng.tu~c~iLbiiol~nou~a o ofal -leglnesowlgsa a 
SIns hiceuraginsYte'eris uiodastioif e bfailures that would 
oewocr.,j :lowver,Inocant ,noc l o srlogydoes represent a cost, 
AlbeitIId does add aegr e eaeouldxi ty to the' sowing practice.
TUl;;t tehnoogy shul d n eoonlybe' advted when tris known to 
a-tot to andthdemonstrableobenfittherefrom., Additionally ' 

th. teneptn4 practice of Inothalnthtechnology is so foreign to farmers', 
nomalrctlnsthat its1o lo44not be recommendedTlightly. A subsistence' 

fame ca befriefrntcmprehending nor accepting a technology.
t~ht' no ves tiakinS btack powdar containing bacteria to his seeds. 
Tsontradicts co pt abouth ich he has only recently become educated 

"namiaeythat bacteria are bad(and clean seed Is important.uIt is to be 
Iuetioned. whether Anoculant technology In this form will ever be accepted
widely among subsi tncefamers In the tropics and subtropics. Further 
discussion of this topic follows later. 

trials pefomed toA valuate inoulant technology with 
ttopical legumei under tropical conditions have been performed with imported~?
1soculants which may not have contained acceptable levels of viable rhizobia 
ot the time of use.~Lack of~response to inoculution in such trialsf does 
not prwiotude the possibility that the legume could potentially benefit'
from Inoculation. Heore recently coordinated networks of trials5 have been,
ItijtAted to detemine whth there. is an econoic yield benefit from

oculatio of dogumesor not. INTSOY conducts rinternational Soybean~ ~NkXuM InOCUlAti.n Experimen ts (SR lE)throughout the tropics. CIAT
distrbibts an lIn.rntioniA an Inoculatien Trial (IfIT) throughout Latin 

*rtIa, The U ,niverity 'of Hawaii coordinates an International Networkofat~psv Inoculation Trials; (l?(LIT) offered for 13 agriculturally Important
It o argW indlvolving A*$.stsg. experimental program in which cooperators
t?9,pushout the tropics select strains specifically for their legume
N'Atenty And local soil cotitions thereby axmiting the opportunity
for ytlt response foll'~iAlt inoculation.. 
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tr*In he .wyztams 'in which they occur' (6S), j, 
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for which ie is dependent oii others, large-scale f'riiies considerl 
primarily the economic return and faci lity of management assoc iated withi 
the crlops they will choose to plint. A g'tl'er prefereince for cereals 
over legumes, ,ien the graill is to ie ltil'keted, would ie tinde istaiidliile 
It is usIUIl fol' yields of Celcal gi its to to is smuch a.s four times higher 

than leguiiies (typicalIy 3.) t/ha i.i 0.7 t/11:1. AltIIiigh tile tirotein 

content of leg'uiies is much Iigher iTT l, tlles (30'I thian iT cereals (t) 
the IMarket vt tie of Ieg1,uie g :t Iii; ;aIlhe it hi I Iv h1 l1 t'o cereals, does 

not competisat C the grower for t tit IrIo relt i e ie . 

Many factofs will cont riltiti e it0i I i lel'aUse 11 tle Use of' legumIIes. 

Cereals Ti Ill conltill(te lo heI)(? n ji ot :iol 'Cce of Ilroteiti ;aId calor'ies 

('Ofr ihtul:ii ' iil a iIiIitil'l l11 i l I incCi aCvt in) is1por'tanTIce OfI nitI oill I hZIe Iv 

root anld tullei Crlops anld li;lllt; I iIS O i" the ICXI tqw 0 tiI li'' tilectdeS Is 

nt ic ipat CI I(IT) . leg i CAII II' t'Xs tCe ti ) hi 'iil' 11,5Lls et* ctlllplemieiit iigiiie5 e 

the diictaty) (t1i;l ly o i :;tI C' l) I Otl, that JIrC dti I Cot ill i'Otit ill.the-, 

Another f:ctor t ii:it h1i; lI eady ici lled a irtc--apjta isi ll 1 1iolog',i tI 

l1 lit' oi f Vi .) tilII I l)hI l it i I t ' ' i c iathc AVI ; Iii i ii 0! "t cr' gy 
for Ill-OdLICt I i l ll ' II I ( t -cl,11t1 1 1' gt'll t'l' ' ;,. A lfeI d2;111- , Ili" CC I' I I i~I 

hLlU COlotlt i lt Iiiti[le [U.S. ic t S'i-ilti1 tct ii ve ' ii lv i" tt* 1 ii" elivi'gy 
e i l ; I I if I l l l0 i eit t iIIOll 1viit I l , 0 t I t ti 1 k t t tIIII- v i' 

I;I ttPOT i I ii ' tvl i:,Ci I rii'' l- i lil' gectlculatId p Iii tIll 
ot' $'K, - S10)5 pcr I'M, It I , pre1"dIted thAt hy I, eitllk a: 1984, 111)',of' 

the Ii' l'5 allo llia [ril lict 1(1ii i ill ici I i lTl,,IN SR, I I 't V lIlI I ; i1
 

th IC vl i)1tll 1 tiltlIi -,, :iiid thu illI l tt l I vi t i lI itiil'tL 't i101 iii
l 

Il t tollhu ii l y I liv i lhlt. o1 l % l 1t I ,lMITI t' I e li f il I i Of' 

I lltl lv l lI tltI I 1t) I ti I t \vitt I lt tYtit ill T i i I i 

o t it to tttiiil( v i x ll lo v i otllt t ' 'i 1 suc" ill U l Iv[ t
 

iiiiiiv I . illi-a Nliiit Ii A111 Ii 1 NII1i 'il I l litii i t
liwe iiii vi ii l/ 

hut ecolmol:1i, pr kl't',e ;Il'ltic Ii] II(t '.il~l' ll ce.t IJIlpt I til tl hllm( icall 

111t 'O ('l I'I' tI *)l ;tt ] ttihl lI II ' 1 ],i l lI I)t I ipel lng (11'1111111t liit 11111 O f" 

l'Ct' l '" hC'lle t I t', I'l 111:1E'N]: I+}" It'c lll.Wt' th' !t A;II- l'C I IIk'Tit Vy Il - ' 111)lll. d 'Ilhe 

d l+ Imtlil ic lllL:I, Il kL Tol lll('c'r ?t tilt i NI ' ilct, tiltl t'ljct'l' y) .s:;': o 1973/4 

anld 1979) h;. bJrku, In it 1t 1L-dcl thIl .:1: ['Tt r)H%.I }! d ,e I e->l, :1 11i d / d o'll s: 

\1 ho1 ;t0 C0)]IC( I'll1 ITIt!T 1.1i , 11 it ' Al> It IIl'Ild[1c t l ' l l'I .ll llIM/l1 ttCCIlll)otg 
+ 


Illow r:Lthe " ti ll l it% t , ' n I ,I; l iIucd p ,[itt l i I] l' I t tIll Ilutt ll't I i
 
shIould elC l t t tIll- ZtI Jl' l 'Ul Ito['AlI reCSe-A I-Ch COMtIlIIIIIit t t H ldvl'tA . X;e I
 

c(Illllpl't.'h l:;jC' ]prtj'r'at I I t .chlllo os )" du\%elol cli't Ill ,I\jch te relative
 

d1-,tr-ihb tiIID Ii" foundin}', lIe gs I S II:;ti Ca I Iy
 :111dIil~lllpowc Cl I mcl t r-Ca 
pIi' tI Zell. 'Ihtjl!i 1'C - llCh ;IlInetC I iltl :;[ ) I I 1i 11 T l 1e ljljjle Ih sIt SI A I ; 11 

lI .elIy to i nc I a:; tIile Collil tIh t I Ir olf 1iolool' I a 111frl ,ell fIx\:t in i It 
) 1't 'OplIc : It ,l 11l';l ) 11 '; eli to ;I ! YV;eIttL'Ir eX I Cot thi 1,11 tU:1 1it h e - SCl Ch 

On il II I N : procul;.;t:, y ' ill T'l'%lill I cj'ulllc-'; . S;iIlnl I rl Y, lr >tlch,I' llfVOl v ing 

l 1CCT i noilIi |fOrl'u lI imt' IeC111111; 1 ; 1 1 th 05 1dp IC o) 11 dI c Je g - 1 t illtCI e the il a 
I' it U ;l l' tie od0 ll'It'1,: uilde I- tit i I i.e savanaighs , alld dieulIolml t of' 

' I ; IN , ( canI,])til l l e ti - hI d IM .SttUI'e III;lIjI)}CL1WltIlt ;l111 1 t i I Ii -- t I )IT t ClillolIogy 

Ile eXlec t el Io1)1r inl about a I11ajITr increa se in1 lile rise of1 b1itolog IcalI
 



nitrogen fiXta iocvlenithour rthner research on the BNF process paer O
ii:nthose ihesl ' 	 rthat -!".tegum l statements assume of" course those B 'omponts ofe legume production package that are acknowledged to . ' m


,each 

'a in'dise canbe guaranteed,e,.', effective Since r
c s'abe i no'dulution. 

Stlis I ?nit ii'ays the case, thse"r'pecific aspects 'of research
tBNIr
44hi'chftackl 'cthe, factors which liit'i idulatinadntognfxti 
ib):legumes 'intropicai so• lsshould be, singled out and given' highestof!~-. Pl' t'e-basedUnless pursued concurrently andswith, ''0t'eenoo'f an Intensity", f£--:$ t'4Apraort. 	 pt ,n s 4,.ricile""1 hr ' . noc!at "tJ'" 

F'~cnlgyaebokn4o)n ertndhv "le' that aoassre s' <
'sht4$outputon the6BNF-6rt 'o
4 
Ny 	 Aad
oocibiht-for-eaeh--legume are:,in-synchrony -With
 

O$ther'1idadvances In the use of'tho~s'e l6iins, performance of the 
 legume " 
,packaget will be y 4" 	 4 . seriousl impaired. 

Constraints to imple of BNo technologydentation 7 	 . . 

gf4Theru dre~stiil many unknowns in the scientific understandin~g of 111W, 
v' j'niresearch Into the biprmistry and genetics of thn process is particularly


intense-nd competitive h'' s i
 

J 	 But fewIif any, of ' are really constraining the'tSbunknowns 	 implementation

oflegume-based 121:rtechnology. The basic principles of inoculant
4'technology have been known for many years'andhave already made major
 

contributions to agricultural production. initially inAustralia 
and, more 
recently,'worldwide esdta'cymbnat-osoybean'cultivation has been Theas
4h , ag4om''ndcobooiclincreasing. real' 4); ''2' 
constraints to fuller implementation of BN technology relate to deliveryof the technology, both to potential inoculant producers and to farmers, 	 "" 
and acceptability of the technology, again by both the inoculant producers

and farmers. '.. 

gTl''re has not been adequate demonstration, under realistic, farm-relevant
 
conditions in the developing countries, of the yield increases and/or
reduced fertilizer needs that are repeatedly stated to be the benefits 

techno gy. iIhn somecases, inoculation trials have been perfomedand no response obtained,, But thcse trials have beenmainly with imported ''
4idoc'ul ts,,the quality of which at the time of their usewas not or could
 

not be verified. Thus a related constraint is the lack of trained
personnel 'with the essential combination of agronomic and microbiological 	 ' 
skills for executinigproductien-oriented research on 111Wtechnology.
Such research 'isnecessary for adaptation of. 111technology, Including
devr'apment of appropriate 'Rhirobiwn strains and Inoculation procedures

for use under the variety of circumstances encountered In the 'tropics

and'subtropics. sit must be remembered that current inoculation technology
 
as used in th US. and Australia issuited to legumes grown under 
 ' 
favorable'conditions with relatively high complementary agronomic inputs.' 	 4'Transferability of this technology to situations where the legumes are
 
grown usually in marginal conditions with minimal Inputs, and confronted
 
with one or more soil and climatic stresses is in some doubt (68).
 

It'is the genotype of the legurpe which is to be inoculated that is the
 
prime determinant of the .strain used in rhizobial inoculants, rater than
 
the characteristics of the soil Into which the inoculant will'be 
introduced.
 
This 'iscontrary to what is expected by many first-time users of inoculants.
 

0 18 
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For example, in providing inoculant services in Latin Anerica and Iawaii, 
it has been common to receive data from soil analysis together with 
requests for inoculants. This illustrates that farmers expect that the 
selection of legume inoculant is made after consideration of local soil 
and climate, just as would he the choice of crop variety. Yet there is 
only one instance in which an inoculant strain recommendation for an 
inoculant in commercial production takes into consideration the soil 
characteristics into which it will be introduced .. h::;L,, Strain 
Ci 81 is recotmende0 d for rL2,:.:,i,'ts 7it '.u" i.,l ill acid soil aidIl 
N;R 8 for alkaline soils (69). 

Mien soil bcharacterist ics arC very di fferClt , tile rIes rlist' to iiociilat ion 
and the relative perforinance of rhi:obial strains is also different. 
lven when soils were selected for their apparent sili larity, the performance 
of I-hizobia in those soils was very different. It is not surprising, 

'therefore that smie athlrs have advc;!ted that ,iifillu "need-to-inoculate 1 
trials always be performed at tile local level title to the unpredictability 
of the response to inoculation (32,11,15). If carried to its cor'cliislon, 
this suggest ion would resul t ini legume iocilat ion heiiig tested essent ial I)'
by trial-and-er'ror, at every site wIhCre le!ILeS ire to ae gron. It is 
certainly to be hiped that intoculation techniology Is sort. traniisferalble 
than this, otherwis;e its value ;is III agrotecltilOlugy is, lliet ojillablo, 

It is Well known that there are s i gui ficant diffie-ncs btetween ites 
in the size of their iiid igelnoti s ii .)i i pOl[lllati(ns (70,71) and ill tile 
ra ge of strains of ;:',::s sic,' in thet itidigeliu' nicruflo)ra (72,71). Such 
dif'erences have been attributed to the effect of Soil factor: (72,73)
tI oughi tle possibility' Of' widespread corrulat ions butween specific soil 
eiracteri stic; ail rhi::olial Occtirrelice ill l ri)ical ,oil:; hil: [lot beell 
critical ly examitned. 

It i1 iso a;icsok wlt dg.ed that tli re ttiise by I I'Cica I I'gissnt, tii 
inoculatio withtlt rlh1 i i IIrlo'.ii tr01 ;lite tto ',ite (32,10,7.1,75,151. Such 
variati Ot has; cell att ibuted tit: dli fVItt', ill 1111tues)t.'r,effectivCiIss; 
and colnpetitiven s of native ;tra iri, (76,77,71,171; ar iii) in quality 
of tle iiloc li atiant its t inc of ise 18); ttld t o var att i il Ii soil IItrate 
levels (79) . i I ity I t it tIe stlt:: tt
p~redicted Oil tile bIMs Of" ;I illl'rU t 110r0u),h & -cscriltiolliol ',oil atnd 
entVil-olnmentlt ] Chara';Cter'iStIcs ha": [lot btenl te,,tcd. 

71)) 'sIIe i u'je iIoCtlit ;1 t 11 t ldIo be 

It is Isit kitO;in that tile ve 'l't 'iA"t t ilS led ttderrelati peif iilice e tlec 
opt ilial coitliitiot; fitr a -lec ific leute is v;,ri:tltl , de ei nl) ott( tile site 
to w'hich thley' are lilt 'oduced ]II ). h'th ifloc LIll t , thla t Colta Io ari xture 
of' St l'l I is of' 1.:l;,: + I 'l, it I S cutasl,: lIi' Oine sti sait, t o liliit l ' In the 
nodule otlsuI at itl t hat retiult ;t ''ull till: itt)culation I I. Th1L possilbilit) 
that rh1tiztlial strail ; nig.ht Ite electud foir adiptit i,: i0 ):litlcuilalr sioil 
:it elivi l littiselltal coll itilll is, it ItI'esc'tIt .V L-XcI t,5,Id Ill trojiiCsI 
agricli lire. 

A serious cotstra itit tO fsl I cr iljl el)i litat it of' 1)1NI: cc lilioI)t , is i1on
ava ilt i Ii ty of dolust ical Iy-piroduced, high qual it)' inoculanlt s wi thin 
each of, tile couintri ,s of tile tropics and stht ropics. Thus f'actors 
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which deter government organizations or private enterprise from undertaking 
inoculant production in a particular country are also constraining BN: 
technology. Among these are: high capital cost of inoculant production 
plant (of type used in the U.S. and mistakenly assumed to be a prerequisite
for any production plant); high operational cost associated with retaining 
a proressional and well-trained staff to the plant; opcrati nalrun riks. 
associated with losses due to such factors as contamination; abse'rce ill 
most developing countries of an adequate infrastructure that would permit
marketing and distribution of a biological production with notorious 
vulnerability to damage by high temperatures; reticence to embark on an 
enterprise in advance of official control standards being established 
(confounded by official reticence to set standards until there is an 
industry to be control led); insuffic ient present demand and uncertain 
future demand for inoculants. 

As has been referred to already, the p resent nature of tile technology 
meets consideL-able falsl1er" resistence, i.e. the coating of seeds with peat
inoculallt. IlII Brazil, packets of inocrlaint are included "free' by some 
seed distribuitors with all seed sales. however, the irioculant is frequently
discarded by farmers riot oly because Of tile nnuisance associated with use 
of the inoculation oi a field scale, but also ill part because of air 
unrfortunate impression that if' inoculanlt is "free" it is suspect anid of 
little value. 

The cost of inoculants is riot usually a coistlairnt to the Ise Of irroculant 
by farmiers whnooutlay capital fonr seed. InuoculIiant will seldom exceed 1% 
of tireseed cost. 1(0- subsistence Fanners who do riot Ordinarily purchase
seed oil'- the- falln, tile capital outlay for- ircoularit, albeit snail , may
be a disi ncentive to tire Irse of inoc,,lallts. Cost becomRIes a more importalit
consideration with grarrular formrs of inoculant which tire ratein of 
application is much greater than witlr seed-applied inoculant. 

INF technology is a difficult technology to deliver by normIal extesiSior 
mechan isms. Thus ar lack of il listrative arid explanatorty panlphlets and 
otiler aids both for extension agents aridtie farners with whom they have 
contact is also ; constraint ol implementation of BNF technology at tIre 
farm level. 

Furthenaore, few of t le sen ior adliiI ist ra tors ard dec is ion makers who 
determine agricultural pol icy in the developing countries are fully aware 
of the applications for legtnine-based 1NF technology in tire agriculture
section of their countries. Most policy makers are aware of some of tIre 
attributes of legInnes. Ielatively few of those individuals appreciate
the role played by biologic7I nitrogen fixation in legumes and among those 
few an even sialler proportion recognizes that it ray be essential to 
employ spnecific technologies to enIsure that oit rogen fixationl occurs at 
all, let alone it a maximal rate. Thus tirere is a need for educational 
material, specifically developed for this cli:nitele group, bringing to 
their attention tIre real need to ,lapt currently available technology 
to the particular circumstances in which it is to be employed in their 
country. 
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As IINF technology is being implemented, new constraints are emerging that 
are best described as "scientific" and are researchable. For example, 
some count ries do not hae peat deposits suitable for carrier mTiaterials 
for inIocularit production and alternate materials must be identified and 
val ilateid. Also, ;pecitfic soil and climaiological .;tresses such as 
extreme soil acidity and the .Isociited high levels of toxic elements 
like allraiillm :]aill i . i) iqiliei select ion (if tta i' If rhiz-obiax ilille 


tolerant to tho e coniditioIns fi ui fi in oc iilli ts.
 

It coul d b, !;iiet cd tHIit tilc large number of researchers with tile 
c0IlliICteIicI,: rc;q li ['l 11.]1 I i'eCliCh1ut wiii eWlieIiid their energies antd 
resillIc.t r'!calchii I sice t ii l ,thef t~ill l iilltiljg f';ICtOrSSuch 
a; tileeXampiles cited ivi alI, ,I oiloii is Constrilint fuller inp]ellientat ion 
of INF l ]:lid in ajg'licivi+ho nlot alw;ics rcigili::e a distinctiontechn logy. 
ietWel id ;pl1aid lesss is(A Iie(':e ih that colietes for I'eSOIlrces Illdel
 
tileg I; isiiiijc t :*;itt are;a l fixSat ion.
e r ifhiol",ic nitrogern Biological 
llltli ei fiX:itiOn has i'iit pelt lcm-ft to :glicliltore product ion if) 
developing c(mii trie; ])hutiot :il le.v :i' chCoiiliiLited iiiide r tie BNF tuybrella 
i :Iiplical il a ric till s

1 i1. of P"NI
:Sc els r io fo hill i l., a t cl teciholoy'y 

t Ih:J 

1i"t !,, . i tt I'mcti:icinlli Ih c ul ll;il, - o, l ic ald political 

Civi t l lc itll llil iiinol r ili l,:lm.intsitis n Of tlNI techinology are 
i C1 c 

IIlCt'o,:Ifill' D / : I I '1Ilnl tc M :(I1:1llht !iC I\' isk,,l~ W U Lt212 I ll 

'lhe c r'1 cutI tI*C!l t oil, i'd lilFi',y-V Cl ' i C lilt f:li l 5\s;teCM', ti eCilIlce 
C;ipIt I oilII' for f,riilt ii I hi t :7luit be ilportI.d ca be expected to 
cOIlt I ue i t. l 11,1nLI illltll,;1 ' t lit e cilel''y C Iill;tll ticII d(i rl1u , 
ll lil t't L Ill "i0lIlt l' el ei''t I i ' I", , tie I 'l C ;IIl lI; I i liI i ty i 
iifluetuced i;lll, liy (i]V rratbflyC iuch lns, "li'l'e i' , tided ;itt'Ictivetuess
 
ill;ltel'll;it( liltl'llell i' to cCei I
lliCl iVOiLI furithel clelle llce ofi foieigl 
iOWe I"r. vI.0li'-laei : ItNFh y ifjo[MNL lllOli, I the ijoir t ill ;isa i lalble ;irid 
is likely t oi be ri'vOrtcd to Til .Indimore. A; h;l been de criied, tile use 
of le'il (111Qv ;I1 li lleOllI-Q trt il;V1i i l t teih ill. I ,.' Il ; the )otllt I;l toC 

incrc ease tile :irili ot ' i l ioloi i' lIalN-fixed lrit ) e lte 'iiri giia r icilitill'al 

Iroduct iog vtei,. Illll iter cit th e Ill C'ti ic of glislies Is their high
protein :ra in, rather thaiii tie I lii tri ller c nt ribution to iiiiir-leigurlintiolv 
food crops sricI ;Is cer{esi alnid root crops, tile ' l'ii ft- 'lii rcaI: it.;tii 
of iNF tec ligvll(:y', potet i:ilwiilld need tl ilcltlde ;iswing it) ci I,,ulner 
pre fe r'ic en iwii from crops tI:it depIeid ',0 heiav i 1y' (1I1 li t ioig el feert i I i ZuI'. 
Ths, in tie gambit it lN re;ealch priorities, attention will rieed to be 
given to leaerning tile cultuiral irnd ;cierittific hases for the,;e pire'erences 
ald to ;i leviilting ici e pw; ,ble tire colst raints; to greater coIistiisee 
aJccept lci of' letullses 

As exlaind iarl icr ii this report , tile major increases it renefits frot 
legu ie-bascd lNIFtechnoloigy will arise through: an increa;e ill tile total 
acreage ililegume iprotuction; iilovative use of legumes ill roles they have 
riot previot1mly occupied; a'rd by elsurring that biol ogical niitrogen fixation 
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in those legumes is maximal through appropriate inoculation technology.
Much remains to be done to improve the biological nitrogen fixation 
components in the technology package for legumes thein role they currently
play in agriculture. There is a wide discrepancy between farers' yields
and the known yield potential of the grain legumes. Furthermore, it is
disconcerting that in the majority of reports of legume trials that included 
rates of nitrogen fertilizer application, the legiumes respon.led to nitrogen
fert i I ization--d isconcert ing because this mean s that even when legumes 
were grown under favorable managelent ill experilment stations, let alone 
in farmers' fields, the symbiotic association of the leguise with Rhiaobiirn 
was defective. There is therefore the potential to double or triple the
nitrogen benefits described in this report through development of technology
that would assure establiishment of maximally effective rhizobial symbioses
in tropical egiUses under tropical conditions. 

Greatest future 1)otential would appear to rest ii thIe develOIol)nt of: 
legume-based pastures and Viable multiple-cropping systes including
legumes for uruler-iit ilied savtannahs; agrofores try systems that combine
fast-growing, nitrogen-fixing trees, leguIsinous and other crops to iTICt 
the food and fuel requireslents of tile rural poor; fast-growing leguminous
trees for rec lIothing water catchment areas following forest clearance;
legulme-based cropping systems to give sust-iined productivity in tropical
soils foIlowinitg jungl!e cI earanlce wihich typically exhibit a rapid decline
 
in fertility under conventional cropping; selection of deep-rooted,

drought-toleant legtmlinois trees that cai serve ItrowS
;s specis ill
 
the world's dry lands.
 

Reference has already been made to the need to exploit folly the variation 
iit host plant x rhi-obial straint x environment interaction in selection of
the optimal BNF package for each circuITIstanIce. This would require that all 
current legomLe progralms retain the services of a trained professional
microbiologist, a suggestion that is just not practical. First ly, few
legume programs call afford the luxury of a full-time microbiology position
and secondly, there is currently a worldwide shortage of professional
soil microbiologists that is unlikely to be alleviated significantly for
about ten years. The world's major tultidisci p linary legtme programs
should, however, have their own microbiologists. This is already the case 
with the IARC programs for beans, cowpeas, pigeon peas, groundnIuts,
chickpea, and the tropical forages. INTSOY, working with soybean, has 
its own soil microbiologist. Also there are several national legtmle 
programs into which niicrobiological support is integrated through a 
participating institute with expertise in the BNI: area fe.g., Brazil,
 
India).
 

The needs of the multitude of other leguse programs for BNF expertise
could be met through the provision of one (or more) BNF Resource Center(s)
established to provide technical assistance, offer support services 
(germplasm and information), provide professional and techtical training,
and conduct such research as may be necessary for adaptation of BNF 
technology to specific local conditions but which is beyond the capability
of local researchers. Such centers would require a critical mass of BNF
researchers to be able to carry out a comprehensive support program and 
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5 t prIgI.rtain otoacc pabIIyty respond to.techn.ical assistance requests
thatmare sometimes difficult to anticipate ThenNrResource Center(s)
 
would best be located at universities indevelopedcountries and
 

lprferal tiledtropics.- Center at a'1 the LocationoteUBNP: Resource 

rds4 oiistainthLlrow' BNa Short-term,gountd c n iprogaim.non-degree 

nesPnsiblotrforproviding bacteriological backstoppirg to praduction
chd gvan nvolVIng the legume/hiobiten nsymbiosis.
resrdntin n 


iismore effective Inrhe short-term than'h.D. or M . '
programs 
whihtendh to be a passport out of researchintoobetter pid administrative 
j'positiorn for,manyg raduates returnng to their home country'.Tha short 
courses shouldc be mounted In cooperation'with'developing 'country Institutes ._ )Strng-porms cchnologysho of rTlould tO iNFt - e 'b red -prange
to genarateha regional capability for offering such courses. 'They should 
be complemented by on-the-Job training ailored to the needs of selectedindividuals that would be conducted 'atthe N Resource Center and include 
visits to:pertinent Industry' facilities.
 

SuchBN! Resource Centers would engage Information specialists for 
development of communications materials suitable for the many clientele 
groups to whom N technology has to be delivered. This would range
from newsletters for administrators to pamphlets for extension agents and 
Include updating de'velopintg country researchers, who often do not have 
access to libraries, on progressin hNl research. r 

Therc has been an increased tendency in agricultural research to focus
 
'manpower and resources on improvement of single commodities. Thus the
 
IARCs are characterized by multidisciplinary teams with specific crop
 
and/orcgeographic mandates. Similarly inthe CR ! activities under Title XII
 
a commodity approach has emerged.. for establishment of a
cThesuggestion
BN!'Resource Center would be consideredby some as going against this trend 
and viewed as a return to discipline-oriented research. This author ' 

contends that the key element in the acknowledged success of. commodity 
programs such as some oflthose in the IARCs has been that they are hioh 
fused and activelya Sad In pursuit of well-defined research ior t es 
rther than aterutakbe sothe commodity approach per (o..hA program 
investing manpower and financial resources in an actively managed, carefully 
prioritized UN!'program sharply' focused on 'the constraints to full 
implementation of UN!"technology can be expected to makelreal progress
toward that end.' The specialized and sophisticated nature of Rhizobium 
bacteriological expertisa and the scarcity -f experienced manpower is 
further justification for assembling a critical mass of rhizobiologists
 
ina single 'UN!'
Restource Canter. 

An additional advantage in the. existence of such' a UN!' Resource Canter
 
would be a capability to extend UN!'technology developed at a particular
 
IARC to crops and regions outside the crop and geographic mandate of that
 
IARC but in which there: is a strong likelihood 'that the 'technology is 

-, immediately utilizable. Staff of theN' Resource Centers would travel ' 

S.as required and undertake short (1-3 months) or longer (3 months-S3 years)
 
assignments In support of specific outreach activities when warranted.
 
Conceptually the personnel of the BNF Resource Center would have their
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attention drawn to researchable constraints on lINFtechnology in real 
agricultural situations in the developing countries when intercting with 
local cooperators dtiring duty travel. ile tNF Resource (.enter would 
embrace within its research program specific projects aimed at resolving 
those constraints. Additionally, the Resource Centers would work closely 
with other univors i ties and research organizations to which specific
research on factors limiting INFiutil ization could be referred tnder 
sub-contract when ti- )e inst itUt ions are recognized centers of excellence 
in tilepertilent sub-disc ipl ine and have a comparat ive advantage to provide 
tilerequired support. 

The BNI:Resotrce Center would need to devel op links with coMmercial 
illoculalt producer; to m1oun0t appropriate assistalce prograllls for government 
organizatioins or privats eliterpritse ill dCvelop ItJ 0ounltries c0nttmplating 
iniciUlant product ion. SUcIIprograms would cover not only technical 
aspects of the product ion of inoculants but ilso the bus iness aspects
 
of snilalenterprise product ion, market ing and distribut ionof inoclifat:s.
 
The BNF: Resource Center should develop spec ifications, including sources 
of all tequipment for proluction facili tic-sthat would be
items, inooltlCtiit 
feasible at levels of Capital Investlent ranging from $50,000 to as high 
clS$1 111illiott. It Cenlter shoI d also advi so g oet-verllnts otli i lappropriate

mechanism for quality coiirol. 

The Center wold also need to deve lop strong links with major legume 
goInnplasM centers old thiose illvolved iii legume improveentt to encourage 
simultaneous exploitation of host legume and rhizobial geormplasm itn 
selections for particular soils and climates. 

The BNF Resoilrce Center would take a major organizational responsibilitty 
fo, calling such workshops aid scientific meetings as may be necessary to 
coordit!te international ,xperilcntation ald provide for dissemination of 
results. 

rhe major aitivi ty to be undertaken by tle BNF Resource (:enter would be 
tilecoordiniation of a colnpetently eXeCuted sequence of standardized 
exper-imett, Iesiitned to genlrate tile data lecessary to qluantify tite 
economic field belnefit attributable to legtmle inoculation under field 
condititis. Such trials would also serve as local delllstrations Of tile 
bentfits from leglme inoculation. 

ThO core budget for such a IIN Resource Center should be guaranteed by 
the host goveriItIt through its agency responsible for internationlal 
developent. Te host insitution (Livlivon ity) cannot realistically be 
expected to provide direct financial support for such a Center given that 
the Center staff will not have substantial conventional itstructionaI 
responsibility and that the research ouput will aid mainly foreign 
nations with only minor spin-off benefits for agriculture itt the state 
or province where the Center is located. "h'bmandate of a )NI:Resource 
Center is internationl-I tand,-.".fore tilesupport should be internatjonal. 

There is under. tandable reticence oi thIe part of international funding 
agencies to expc-td resources illa center located illa developed country. 
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PAPER NO. 6. A LOW FERTILIZER USE APPROACH TO
 
INCREASING TROPICAL FOOD PRODUCTION 

(By Dr. William C. Liebhardt, Plant Science Department, 
University of Delaware-Newark) 

ABSTRACT
 

Low fertilizer use in the tropics appears to be a desirable goal
 

involving several strategies aimed at increased crop production with
 

minimal use of inputs.
 

Due to the nature of the general response curve from added nutrients, 

the use of small amounts of an input may result in sbstantially increased 

production. The philosophy employed here is to use less than maximal 

inputs in order to achieve the highest output:input ratio or to make maximum 

use of inputs rather than to maximize yields which often requires a much 

greater use of scarce inputs such as fertilizer, capital, etc.
 

Because of their inherent high fertility, limited inputs are necessary 

on the high base soils (18 of tropical soils) when there is sufficient water.
 

Small amounts of nitrogen, phosphorus and/or micronutrients are sufficient. 

High yielding varieties should be used on these soils to take advantage
 

of the naturally high soil fertility.
 

On the low base soils (51%of tropical soils) which have high soil
 

acidity and aluminum and the associated phosphorus deficiency, the production 

package should be considerably different. Lime may be necessary to reduce 

the availability of toxic aluminum. This will also increase the availability 

of phosphorus. However, additional phosphorus and/or sulfur will probably
 

be necessary for increased yields.
 

The use of crops which will tolerate adverse soil conditions should
 

also be employed on these soils. This reverses the philosophy of changing the
 

soil to fit the crop (an expensive procedure on these soils) to one which takes
 

the soil as it iso;-changes it only minimally and uses crops which grow
 

well under these conditions. Examples of such crops are upland rice, cassava,
 

sweet potatoes, cowpeas and some grass and legume pasture croos.
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With both high and low base soils, nitrogen is probably the most
 

limiting element. Low yields in rany tropicail areas reflect a low 

level of nitroen availdbility. Low yields and the lack of nitrogen 

result in low levels of protein for local human consumption, resulting 

in malnutrition. An excellent source of protein and of nitrogen are 

leguininous crops, the,;e crops haw_ the potential to biologically fix 

nitrogen from the atmosphere .hen gjrowing in association with the correct 

bacteri-i. When these crops re used(, the ritroqer input into the cropping 

system can be increased several fold. 1hi,, technoloqy is inexpensive, 

easy to use and aviilable. :oWet ih:,portant, it can substantially increase 

the yield of crop plants as ,,el] is seat arid milk production to the benefit 

of the sriall farmer and the landless poor. 
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The Tropics
 

The tropics are that area of the world located between 23.5 degrees
 

north and south of the equator. Thirty-eight percent of the earth's
 

land surface (about 5 billion hectares) and 45 percent of the world's
 

population (about 1.8 billion people in 1975) live in this area. 
 Most of
 

the world's developing countries lie in the tropics, although some areas
 

in the tropics are not considered developing and many developing countries
 

are outside the zone.
 

Because of the proximity to the equator, the tropics experience little
 

change in temperature during the year. Variation of daylength is also
 

relatively small compared to temperate zones. Rainfall 
is the variable
 

which differentiates tropical areas. 
 About one quarter of the tropics
 

mostly near the equator, have a rainy climate. 
Seasonal climates - those
 

with a distinct wet and dry period 
- cover about one-half of the tropics.
 

Dry climates usually having a short wet season, cover 16 percent of the
 

tropics. Tropical deserts comprise the remaining area, about 11 percent.
 

In 1960, the world's population reached three billion; by 2000 six
 

billion will inhabit the globe. 
 Much of this population increase is
 

taking place in the tropics, primarily in Asia. This population explosion
 

will 
place a much greater strain on the resources of the tropics. Presently
 

malnutrition, particularly protein deficiency, is widespread throughout
 

the area. Protein deficiency, a lack of high protein food, is more
 

specifically, a lack of nitrogen in the soil-plant system.
 

Protein synthesis in the plant only occurs when there is sufficient
 

nitrogen in the soils, therefore, a lack of soil 
nitrogen decreases the
 

rate of protein production in plants and hence, in the food supply.
 

Inexpensive and efficient means 
to increase nitrogen in the tropical
 

system are presently known. 
 Use of these simple technologies could increase
 

protein production and eliminate much of the misery and suffering in the
 

82-999 0 - 81 - 19
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tropics caused by poor nutrition.
 

Land Use
 

About ten percent of the tropics are cultivated for food production
 

and pastures and meadows account for an additional 20 percent. The
 

President's Science Advisory CorTilittee estimated that only 500 million 

hectares were cropped in 1967 even though the potential for cultivation 

was 1.7 billion hectares. Grazing occupied one billion hectares although 

the potential was 1.6 billion hectares. These figures indicate that there 

is potential for much expnsior, in agricultural production for the tropics. 

The use of land will vary depending on soil facto-'s, climate, economic, 

social and political factors. In general, the farming systems are vastly 

different than those practiced in the United States.
 

Farming Systems
 

Farming systems according to Sanchez (1976) are:
 

1. 	Shiftirj cultivtion, where the land is cropped and then abandoned
 

when yields fall, cover 45 percent of the tropical area;
 

2. 	 Settled subsistence farming, comprise 17 percent of the tropics; 

3. 	 Nomadic herding, covers 14 percent of the area; 

4. 	 Livestock ranching, make up 11 percent, and 

5. 	 Plantation systems, whici, cover 4 percent of the tropical area. 

If food production is to be increased and the majority of people benefit,
 

programs must be aimed at the small farm rural popuation since small farms 

are the most numerous. In tropical Asia, 75 perceit of all farms are 

smaller than '? hectares (5 acres), (Har-wood and Price, 1976). Sixty-nine 

percent of Central American farms are smaller than 5 hectares (12 acres) 

according to calculations from data presented by CATIE, (1974). The
 

average farm size for twenty tropical African countries reporting such data
 

in the 1973 FAO Production Yearbook was 5.4 hectares. Studies by CATIE
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(1974) and Pinchinat et al. (1976) showed that about 70 percent of food
 

consumed in Columbia and Central America is produced on small farms.
 

Therefore, any strategy dealing with food production in the tropics must
 

deal with the small farmer. 

Tropical Food Crops
 

Most frequently named tropical crops are sugarcane, pineapple, bananas, 

coffee and tea. These crops, however, contribute littlL to the nutrition
 

of people in the tropics since they are exported, largely to the temperate
 

zone. The major food crops consumed by tropical people are rice, cassava 

(root crop), corn, sweet potatoes, yams, wheat, sorghum, peanuts, potatoes, 

and dry beans in order of decreasing importa-ice. 

The total area cultivated for these twelve crops is only 300 million 

hectares compared to one billion hectares of pasture and meadow. In sunmary, 

we can characterize the tropics as a region where population pressures are 

often highest and likely to remain Lha way in the near future. On the 

positive side, there is a resource base in the soiis don climate to expand 

production and meet population food needs. The introduction of simple 

technologies could greatly increase food production, helping to stabilize 

these countries in many ways. 

Much of this increase must come from a better utilization and under

standing of the tropical soils' capacity to produce. Therefore, the bottom 

line question becomes a question of soil fertility. 

Soil Fertility Concepts - A General Statement 

A fertile soil has the capacity to produce a high yielding and high 

quality crop. More specifically, it is a soil which does not limit production 

due to physical, chemical or biological constraints. 

Numerous essential elements are required for crop production, ircluaing 

carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, magnesium, 
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sulfur, iron, copper, boron, zinc, manganese and molybdenum. The first
 

three are obtained from water and the carbon dioxide of the atmosphere.
 

The rest must be taken up from the soil by the plant's root system.
 

Another important element is aluminum. Although not considered essential
 

to growth, if excessive, it is severely toxic to plants, reducing plant
 

growth and crop yield.
 

Soil tests attempt to predict crnp yield for a number of elements.
 

These tests determine as nearly as possible the soil's capacity to supply
 

the elements necessary for plant growth. Where the soil's supply is
 

considered insufficient for a desired yield, additional amendments are
 

supplied to the soil increasing its 'fertility", or ability to produce.
 

A typical soil test crop response curve follows:
 

Relative
 

Yield
 

Percent
 

Relative Soil Test Value
 

The response curve has three general areas. Area "a" is the part of
 

the curve where small inputs of nutrients result in increasingly greater
 

production, i. e. the output:input ratio is favorable. Area "b" is a relative
 

plateau where increasing fertilizer inputs do not result in increasing yields
 

and the output:input ratio is poor since yield can be maximized at a lessor
 

input rate. Area "c"represents the portion of the curve where additional
 

nutrients actually reduce yield because of excessive ur toxic concentrations.
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Obviously this is a situation to be avoided. This is the situation with
 

aluminum in many unlimed soils of the tropics. A few simple equations 

help to explain the relationship between the soil and plant nutrients.
 

The general relationship between elements in the soil and plants may be 

seen ". the following where E represents an element used in plant growth. 

Soil Solid phase(E ) - Soil Solution phase(E ) 

Plant Root (E) t Plant ToP(E) 

As the above equation indicates, an element is taken in by plant roots and
 

moved to the plant top as a soluble element dissolved in the soil solution.
 

Elements are generally considered to be available when they are in the 

solution phase of the soil. Inmany instances an element is unavailable
 

to the plant because it is not in a form the plant can use, that is, not in 

solution. Another equation helps to exolain the soil fertility - plant
 

nutrition relationship. Again, E represents an element necessary for plant
 

growth.
 

Unavailable(E) Available
 

This simple equation shows the equilibrium in the soil which determines
 

if the nutrient can be used by a plant. This equilibrium is controlled
 

by the soil environment - soil plH, microorganisms, oxygen, water, temperature. 

Soil Acidity and Liming
 

Soil p11 is a term used to delineate timerelative acidity or alkalinity
 

of soils. It is important because soil pH affects the availability of
 

most nutrients. The soil pH scale follows:
 

1 2 3 4 5 6 7 8 9 10 12 13 14
 

More Acid More Alkaline
 
or basic
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Early in history, man learned to cultivate high base soils (soils high
 

in calcium, magnesium and potassium and low in aluminum)because they are
 

naturally more productive. The majority of cultivated soils of the tropics
 

are not acid, (Sanchez, 1976) although the majority of soils of the humid
 

tropics are acid. Soils of tropical America are more acid than those of
 

tropical Africa and Asia.
 

Liming of acid soils has been a long standing practice. For a long 

time, the practice involved adding sufficient lime to raise the soil pH to 

7 (neutrality). However, in the early 1950's soil chemists showed that 

exchangeable aluminum, so toxic to plants, was thp predominate element in 

acid mineral soilsa5 contrasted to organic soilswith a pli of 5 or less (Coleman 

and Thomas, 1967). Exchangeable elements such as calcium, magnesium and 

potassium are positively charged and are held in the soil by negatively
 

charged sites. Stronqly acid soils (p1 less than 5.0) favor aluminum
 

availability to plants, whereas above pH 5.5, calcium, magnesium and
 

potassium prevail.
 

High soil solution aluminum, the available form for plants, causes
 

reduced plant growth because aluminum is toxic to plants. Evans and Kamprath
 

(1970) found that an exchangeable aluminum saturation of 60 percent (%of
 

negative sites with aluminum) was required before a large amount of aluminum
 

was present in the soil solution. Work in Guyana showed that an aluminum
 

saturation of less than 60 percent resulted in less than one ppm -one part
 

per million - in the soil solution (Cate and Sukhai, 1964). Increasing
 

fertilizer results in an increase of aluminum in the soil solution (Fried
 

and Peech, 1946). Therefore, use of high amounts of fertilizer could increase
 

aluminum toxicity if the soil is sufficiently acid. Available aluminum
 

in the soil solution decreases with increasing organic matter since
 

aluminum forms very strong complexes, making it unavailable.
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..
 Research by Kamprath (1970) showed that elimination of all the 

,__.h e Iyield i 

and greenhouse studies. Maximum yields of corn, soybeans and cotton were
 

achieved with aluminum saturation values of less than 45, 20 and 
o
 

ercent respectively where soil pH was low. 
 Growth of sugarcane was
 

severely depressed on a soil with an exchangeable aluminum saturation of
70 percent. 
Addition of lime to reduce the aluminum saturation to 30
 

percent resulted ina four-fold increase in sugarcane growth (Abruna and
 

Vicente-Chandler, 1967).
 

Finding the Correct Lime Level
 

The work cited above, plus other work, has shown that lime should be
 

added to reduce the toxic levels of aluminum. This results ina much lower
 

soil pH and the use of much less lime than the traditional approach of
 

liming to neutrality. Liming beyond this point has resulted in reduced
 

yields on soils of the tropics due to deficiencies of manganese, zinc
 

arid/or iron. Like aluminum,manganese becomes available as 
the soil becomes
 

more acid (Block,'1967). Some soils are low in aluminum but high in
 

manganese, I~neither case, liming will reduce the availability of manganese. 

However, since manganese is an essential element, liming must not be so 

high as to make the element unavailable and reduce the soils productivity. 

Our liming philosophy, therefore, should be to add sufficient lime to 

decrease the availability of aluminum without limiting manganese to the point 

of deficiency where that is a problem, According to Sanchez (1976) the 

factors to be considered are (1) the amount of lime needed to decrease the
 

percent of aluminum saturation to a level at which the particular crop and
 

variety will grow well, (2) the quality of lime and 
(3)the placementmethod.
 

Kamprath (1970) suggests that lime recommendations be based on the amount of
 

: : exchangeable aluminum and that lime rates be calculated by multiplying the
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and soil-incorporated lirr.applications.
 

When very acid leached soils are limed to p115.5, most of the root
 

development occurs in the top soil. 
 The highly toxic aluminum in the
 

subsoil prevents deeper root development. In such cases, plants suffer
 

from water stress during short term droughts even though the subsoil is
 

still moist. Gonzales and Kamprath, (1973) as cited by Sanchez (1976)
 

incorporated lime at 0 to 6 inches and 0 to 12 inches in 
a Brazilian soil
 

having excellent granular structure which permits deep incorporation with
 

a roto-tiller. 
 Deep placement of lime resulted in deeper root development,
 

diminished water stress during drought and increased 
corn yield of 20 to
 

25%.
 

Nitrogen
 

As previously mentioned, nitrogen is very crucial to crop production
 

and the availability of protein to tropical people. 
 Acid soils contribute
 

to that problem largely because nitrogen fixation by leguminous plants is
 

reduced by soil acidity. In nitrogen fixation, the nitrogen of the
 

atmosphere is made available to 
plants. Next to water, nitrogen is the
 

most limiting factor in crop production in the tropics. It is necessary
 

for protein synthesis and production. Plant-availuble nitrogen is derived
 

from organic matter, leguminous nitrogen fixation, fertilizers and animal
 

manure. 
 The main source of nitrogen in the tropics is organic matter
 

decompositicn. Therefore, practices which maintain organic matter in the
 

.,Il are essential. 
 Organic matter not only provides nitrogen, but it
 

improves the soil's physical c~ndition and water-holding capacity increasing
 

water to plants and decreasing the soil temperature.
 

Nitrogen Supply Process
 

Nature has provided the nitrogen for crop production since the
 

beginning of time through natural proce:ses. However, seldom has it provided
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an abundance of nitrogen for long and sustained periods of crop production 

on the sa-ueland area. Moreover, natural supply orocesses at their best 

have seldom provided enough plant-available nitrogen to achieve the level 

of food and fiber production needed to meet the demands of present day crop 

production. Bartholomew (1972), states the natural supply processes include 

(1) mineralization of nitrogen from soil organic matter and from crop 

residues and the reverse process of iimobilization in the decomposition of 

plant and animal debris and soil organic matter; (2) fixation of nitrogen from 

the atmosphere, largely through biological processes; (3) addition of nitrogen 

through rain and other forms of precipitation. 

The nitrogen in soil orlanic matter is an important source of nitrogen 

for crop production. However, soil nitrogen is not inexhiaustible, it 

declines in quantity in the soil as it is used by ciop;s (liown on the land, 

harvested and consumed. Nitrogen in soil i- ia rqely organic, repleni shied 

by periodic additions of fresh plant or animal residues. 

Uinder normal conditions, nitrogen is added t0 the organic supply in soil 

each year through crop residues, (imiobilization) but it is unavailable to 

plants. Also through bioloical decomposition, organic nitrogen in tile soil 

is continuously converted to the inorganic form, (mineralizat on ) which is 

available to plants. Under any sustained system of crop and soil mangement, 

these two processes tend to approach each other in magnitude so that minerali

zation balances iviiiobilization, (Bartholomew and Kirkham, 1960). When this 

balance is attained, the system is considered to be in equilibrium. 

The implications and consequences of an equilibrium in the soil's 

organic nitrogen need to be evphasized. At equilibrium, the amount added 

to the supply of organic nitrogen is essentially balanced by a like amount 

of decomposition. The total quantity of soil nitrogen remains unchanged 

and the net amount that can be and is supplied to a crop is zero (Bartholomew, 

1972). During periods of virgin or noncultivated conditions, such as a forest,
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certain soils tend to build up organic matter, accumulating as much as 

10,000 kg per hectare of nitrogen under virgin conditions. During the
 

first years of cultivation, these same soils may supply as much as 400 kg 

per hectare of available nitrogen per year to crops (Schreiner and Brown,
 

193d). As cultivation continues and the organic nitrogen declines, the
 

quantity of nitrogen becoming available each year also declines. After 

long periods of cultivation, the soil's organic matter becomes exhausted 

since it is the major source of available nitrogen and, unless legumes 

are grown, or the soil fertilized with nitrogen the annual available 

nitrogen is depleted except for the limited amount from rain water and 

nonsymbiotic nitrogen fixation. 

Many of the major lar;d areas of the tropics have now been cropped for 

extended periods and the organic matter stored under v rqin conditions has 

been dissipated. With little or no use of nitrounn f-rtilizer, tropical 

crop yirlds reflect tile paucity of tile natral I itrnqjen .upply from 

rainwater and nonsymbiotic nitrogen fixation. 

Yields of corn of 60 - 1200 kq per hectare ind of wlhea t of 400 - 800 

kg per hectare require a nitrogell supply only a little larger than could be 

expected from rain and from nrnsyxjitotic fi.-,ation. Yields this poor remove 

no more than 15 kg per hectare of ni tronen from the land in the harvested 

grain products. S-'uih minimal yields can be ;ustained for a long period of 

time without fertilizer or-legumes but do little to sustain the protein needs 

of animals or humans . 

However, with inclusion of legumes in the rotation either as a primary 

food crop or as a green manure, the nitrogen supply in the soil-plant system 

can be increased substantially. This will result in increased crop and protein 

production, x eeting the primary vialrntritior problerr of the tropics. 
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Biolonical Nitrogen Fixation
 

Despite the great use of chemical fertilizer today, biological nitrogen
 

fixation processes have been responsible for providing most of the
 

nitrogen currently used by and tied up in plants and animals and in the
 

decomposed residues found in soil, supplying the major part of the nitrogen
 

for crop production in world agriculture (Bartholomew, 1970).
 

According to reviews by Henzell and Norris (1962) and Jones (1972),
 

Rhizobium bacteria fixation accounts for 100 to 300 kilograms of nitrogen
 

per hectare a year. Whitney (1975), hoa4ever, in tropical research reports
 

an annual range of 47 to 905 kilograms of nitrogen per hectare for pure
 

stands of an improved variety ot Leucaena leucocehala.
 

Obviously, the notential to increase the nitrogen in a cropping system
 

several fold (15 ky/na vs several hundred kg) using lecumes in crops or
 

pastures is possible. Jones (1972) found that differences among adapted
 

species within a specific environment were closely related to dry matter
 

production (total growth). This suggests that there is little difference
 

in the capacity of legumes to fix nitrogen as long as they are adapted to
 

the environment. Factors affecting dry matter production, suLh as moisture
 

or nutrient stress, solar radiation, diseases, and other factors will
 

determine nitrogen fixation.
 

Pastures and meadows make up the greatest portion of the land which is
 

managed for food consumption, therefore, potential increases in food are
 

large if this segment of tropical production could be increased. Another
 

important factor to consider is that production from pastures and meadows
 

results in increased meat and milk, both high in quality proteins.
 

Some individuals consider cattle to be a very inefficient source of
 

protein for humans in the food chain. This is true when animals and humans
 

compete for grain. It is not true when cattle convert forage from pasture
 

and meadow lands into meat and milk. The determining factor will be how
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how much and what kind of land is available for cultivation.
 

Productivity of Improved Grass-Legume Mixtures
 

Beef production will normally increase by a factor of two to four
 

(Jones, 1972) due to establishment of grass-legume mixtures. Few experiments
 

provide long term data. Sanchez (1976) cites Shaw and Mannetje (1970)
 

who introduced a legume, Stylosanthes huinilis into a Queensland pasture
 

and followed beef prodiction for seven years. The following table summarizes 

the results: 

Beef Production Systems in the Tropics 

Treatment Beef k/ha 

Grass alone 1/ 24 
Grass & fertilization - 62 
Grass & legume 93 
Grass & legume & fertilization / 148 

-Annual application 10 kg P/ha as 0-20-0 and 40 kgK/ha plus Mo.
 

It is interesting to note that the grass-legume treatment produced
 

more beef than did the fertilizer treatment. The grass-legume mixture
 

plus fertilizer more than doubled the beef produced by grass alone plus 

fertilizer, demonstrating the effect of adding nitrogen to the system via
 

the legume. 

Another plant, a fern, Azolla, grows in association with rice, the major 

crop of Asia. Azolla does not fix nitrogen itself, however, it grows in 

symbiotic association with blue green algae Anabaena azollae (Clark, 1980). 

About ten percent of China's rice (3.2 million acres) are grown with Azolla. 

He states that yields of rice of six tons per acre have been reported along 

with 60 tons of Azolla. Rice with conventional fertilizers yields about 

four tons per acre. Preliminary experiments indicate that Azolla will 

produce 50 to 180 pounds of nitrogen per acre, making it highly attractive 

as a natural nitrogen source. 
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Another nitrogon fixing system has been reported by Dobereiner and
 

her associates in Brazil (Dobereiner, 1961; Dobereiner et al., 1972;
 

Dobereiner and Day, 1975). Their work has focused on nitrogen fixation
 

by nonleguminou. plants. This work has a great potential if efficient
 

strains of bacteria can be found. At present, this rate of asymbiotic
 

fixation contributes only about ten kg nitrogen per hectare per ycar.
 

Recent evidence by Dobereiner and Day (1975) suggests that symbiotic 

nitrogen fixation takes place in some tro[;cal grasses. The nitrogen fixation 

takes place in the rhizospheri (soil close to root), however, since this 

nitrogen is taken up directly by plants. it is considered symbiosis. 

Laboratory experiments ,uggest that the magnitude of this mechanism may 

be on the order of 1 kilogram of nitrogen per hectare :)er day. This system 

needs to be taken out into the field in order to du t( -mine nitrogen fixation 

under more realistic conditions. 

Field beans, Phaseolus vulgars, a staple in many i i-in American Countries, 

appear to fix little nitrogen (Sanchez, 1976). This is attributed to poor 

nodulation characteristic- which may he due to low phosphorus or high aluminum 

which inhibit Rhizobium .ctivity. When these legumes are grown, they 

contribute nitrogen to the systii, in an organic form becoming part of the 

organic matter and eventually available via minerali7ition or the breakdown 

of complex nitrogen compounus int.) sir'pler nitrogen compounds. 

Nitrogen Release frim Orl anic Matter 

Plant-available inorganic nitrogen in most troiical areas shows a 

marked seasonal fluctuation (Sanchez, 19i6). This is characterized by a 

slow nitrate (available form to plants) build-up during dry season. There 

is a large, but short-lived, increase aL the beninning of the rainy season, 

and a rapid decrease during the rest of the riny season due to leaching. 

Since the level of plant-available nitrocen inmany tropical soils is
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low, the use of extra nitrogen (green manure, animal waste or fertilizer)
 

will almost always increase yields of crops if these crops can make use
 

of the extra nitrogen. Therevore, if nitrogen fertilizer is to be added,
 

it should be at rates which can be justified 	economically.
 

Since most nitrogen fertilizer is very transitory due to itV soluble
 

nature, the use of niLrogen in particular, should be timed to the needs
 

of the plant in order to avoid excessive loss due to leaching rain or 

denitrification, the loss of nitroqen as cias. Numerous experiments 

in both temperate and tropical climiotes have 	 shown ti:}tthe application
 

,
of nitrogen soon after planti eq when deland i hiqhe;t will result in 

higher yields and more efficient use of the 	 ipil led ritrogen. 

This is not a serious proolem with orpanic nitroqen from legumes or 

anixal waste since thes,, comple." or(anic miaterials 're not subject to 

leaching like the more selubli inor(honi fertilizer. This suqgests a 

,
greater efficiency for orive ic forin in hi'h 	rainfall areas. In some 

:ases e,itroen additien 'ee will not increase productiviIy substantially 

:s other elements way be deficini or ,oxic. tlSclu the with acidc is cs 

soil. Lime wil promote lequme ,,talisi hSient ald qr wth by i-ducina 

alumin,,i axailahi lity a1d increa,,iwl the ,,lvi! 1 ilit v lf hosphorus. 

Phosphorus deficiency is a ;orioris ornhle' iiii ,,i tropical soils and 

must he considered in tho f,rtility ,m 

ihnsnhorus 

Following water arnd nilroren, phosl) "us i, probably the most limiting 

nutrient in the tropics. This is particularly true in the acid soils of 

the humid tropics inrce the hiolhaluminum and iron concentrat ions renoer 

ihosphorus unavailahlf, to plit., ie to' used to denote this is 

phosphorus fixation. Wher i, iisrhwe-, is added as ,oluhlo monocalcium 

phosphate (Ca(12 po2 ) the soil 1i is reduced to 1 to 1.5 (very acid). 
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The acid dissolves aluminum, iron, potassium and magnesium compounds 

and unsoluble phosphates of iron and aluminum are foriied. The higher 

the phosphorus - fixing capacity of the soil, (Sanchez, 1976), the 

higher the conterL of iron and aluminum oxides. Higher exchangeable 

aluminum also increases the soil's phosphorus fixation ability. Because 

of the fixation process, h gher rates of l)hosphorus must be added to 

achieve the same level of plant-available phosphorus compared to a soil 

which does not fix phosphorus. The amount of phosphorus added to a soil 

to get 0.? ppri phosphorus (adequate level) in the soil solution can vary 

frorll 20 to 30 pounds per acre to as much as 1500 pounds per acre. A 

qeneral reconiendation for corn and rice in Latin America is 100 to 

150 of kq 0, per huctire 'r rrn ied fr'm 0 to 60 kq for upland rice. 

In many cases soils rescind only AIirihtl/ to phos!phoru-, unless they are 

first limed (CIAT, 1971). In an ex.perii,ent, limed corn plots showed a 

marked response to 50 kq KO per hectar'' xith a yield increase from 0.8 

to 3.2 tons per hectare. Irr fiTced plots rice did not respond to phosphorus. 

, 

t'larra moerit of ;hosphorrs ertii zer 

lhosphorir r' .irrnix,'' ire c(omri in oiry tropical soi l. Well calibrated 

soil test procedures ciri identif 7tyim oil s with a hiqh probability of 

phosphorus reponse. Ptolio Ar,rirr iii soils witi rrl)derate fixation(e'ior 

capacity is usually a sJripl i lepro-dtur,' : '! ll inral rato', of SUperphosphate 

can be broadcast sliralJover trip if ;,i,) and incorpor'rated or banded 

(placed in a bend near the, eed). 

In soils wiith higjh Mhioi'; orus fi-ation canacity economically sound 

phosphorus management involv-. several approaches ( aichez, 1976). Two 

general approaches are ,sod to deal with nigh phosphorus fixityr soils: 

One is to apply sinall to coderate rates in bands near tr- plant. The other 

is to apply a ]arrgo amount at one time saturatiri the soil's fixation 
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capacity, eliminating the problem right away. However, there is a
 

disadvantage, the very high initial investment and need for adequate
 

financing. In a high-fixing soil from North Carolina, Kamprath (1967)
 

studied the residual effect cf massive initial applications versus small
 

annual maintenance rates applied in bands. The data follows below:
 

Yield of corn as affected by phosphorus application
 
seven years after the initial application
 

Yield_ tons/ha
 

Annual Maintenance
 
apjlications (banded)
 

Initial
 
application
 
_kI P/ha None, 22 _g.YlIa 

0 1.7 5.7 

168 3.9 6.2 

337 5.5 6.8
 

673 7.0 7.1
 

LSPo.05 = 1.3 tons/hectare
 

It is clear in this case, that the small annual banded application is
 

superior to the massive single dose.
 

Applying phosphorus fertilizers in bands is a simple practice that 

satisfies the phosphorus fixation capacity of a small soil volume, making 

the fertilizer directly available to plants. In usring a system of mr1inimal 

inputs, banding is very appropriate since the goal is to increase crop 

production with minirmal inputs without chan inI the inherrrt fertility of 

the entire soil volumxe. Sanchez (1976) cites Yose (P. S. Yost, North Carolina 

State University, 1974) who ,tudied banded versus broadcas! .,plicitions in 

a high phosphorus-fixing soil of Brazil. The results showed that broadcast

incorporated applications were superior to banded applicat ionls in the 

first crop. [anded applications concentrated corn root development around 

the band. When a temmporary drought struck, these plants suffered more 

than those of the broadcast plots, which had a more extensive root 

82-999 0 - i1- 20
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2system. In time, however, the effectiveness of the banded treatments
 

< Annually banded
increased while the broadcast treatments decreased 

treatments began to approach the broadcast treatments as the phosphorus 4I 

7 became mi ed i n-the" soil 

Sources of Phosphorus
 

Research in'temperate regions indi,3.tes that phosphorus fertilizers
 

should have at least 40 to 50 percent phosphorus In water-soluble form to
 

insure an adequate supply at early growth stages (Engiestad, 1972).
 

iaryina
ryand triple superphnsphate and monoammonium and diammonium
 

phosphate meet this requirement and can be used effectively in soils with
 

low to moderate fixation capdcities.
 

In acid soils whlch fix large quantities of phosphorus, application of
 

less soluble phosphorus sources such as rock phosphate may be more effective 

and econumical than the slightly soluble forms. Rock phosphates are more
 

reactive in acid soils and usually cost one-third to one-fifth as much as
 

superphosphate per unit of phosphorus (Sanchez, 1976).
 

The literature on tropical agriculture is full of research indicating
 

the desirability of high-quality rock phosphate 'so'urces over superphosphate
 

in acid soils (Motsara and DaItta, 1971; Awan et al., 1971; Englestad, 1972)
 

and the poor performance of low-citrate-solbbility rock phosphate sources in
 

,j ;acid soils (Alvarez et al. 1965; Viegas et al. 1970; Miranda et al. 1970).
 

Studies at TVA by Lehr and McCellan (1972) indicate that when rock phosphate
 

deposits (North Carolina and Tunisia) are given an index of 100, rock phosphates
 

with a solubility index of 70 percent or greater can be recommended for direct
 

application without testing. These are largely concentrated in North Africa,
 

the Soviet Union and the southeastern United States.
 

The effects of rock phosphates of varying citrate solubility on
 

flooded rice yields.in an acid sulfate soil from Thailand was studied by
 

Englestad et al., (1974). The initial andresidual effects of the rock
 

--i .' U} 


http:yields.in
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phosphates were highly dependent on their absolute citrate solubilities.
 

The yield responses of the North Carolina and Florida rocks approximated
 

those of triple superphosphate.
 

In the tropics high-citrate solubility deposits are limited to relatively 

small areas in Peru and India (Sanchez, 1976). The Majority of the deposits 

in most tropical areas, including significant ones in Brazil, Columbia, 

Venezuela, Togo and India have relative solubilities lower than 40 percent. 

Most are unsuitable for direct applications, but their reactivity cal be 

increased by fine grinding or by thermal alteration and fusion with silica 

sand, sodium or idJjneiulm carbonates. These silicophosphates, called, 

"Rheneni d'or thersophospha tes appear to have promise for acid soils that 

fix large quantities of phosphorus because of the blockirp effect of silicon 

on phosphorus fixation sites (01son and Lnqlestad, 1972; Fassbender and 

Molina, 1969). 

The potential effectiveness of these cheaper forns of phosphorus in 

acid soils is illustrated in the following table: 

Behavior of different fertilizer sources on wheat grown in
 
Oxisols of southern Brazil.
 

Phosphorus Relative yield 
.-Source vaer5-year aje_ 

No phosphorus 100 

Olinda rock phosphate 1/ 179 

Simple superphosphate 206 

Thermophosphate 218 

-


Source: 	 W. J. Goedert (personal co:Vuuication) as cited
 
by Sanchez (1976)
 

LoI/
Low citrate solubility
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The low citrate solubility Olinda rock phosphate was inferior to ordinary
 

superphosphate; but when thermally treated wilh silicates and carbonates
 

to produce a thermophosphate, its effectiveness was superior to that of
 

ordinary superphosphate. In view of the substantially lower costs of the
 

rock phosphates and some thermophosphates, both seem desirable alternatives
 

for soils with high fixation capacities.
 

An additional strategy, sometimes feasible for Managing soils with
 

high phosphorus fix .i, capacities, is to reduce their fixation through
 

amendments that wiMl block some of the fixing sites in the soil. This 
can
 

be accomplished in some soils through liming or silicate additions (Sanchez,
 

1976).
 

Liming soils to pH45.5 generally increases the availability of
 

phosphorus by precipitating exchangeable aluminum and hydroxy alur~inum.
 

This has also been observed by Fox et al. (1964) in high fixing Hawaiian
 

soils.
 

Applications of silicon or sand (an unessential element), usually as
 

calcium silicate, sodium silicate or basic slag, are known to decrease phosphorus
 

fixation and increase phosphorus uptake by crops. Suehi,a et al. (1963)
 

reported that grass yields increased fram 2 to 7.6 tons per hectare and
 

phosphorus uptake rose from 4 to 15 kg phosphorus per hectare when one ton
 

of silicon per hectare was applied without added phosphorus.
 

Silicon is generally not considered to be essential to plant growth,
 

however, positive yield responses have been achieved on highly leached soils
 

of the tropics under intense cultivation of sugar cane or rice. Soils having
 

low contents of soluble silicon are most likely to show response to silicon
 

applications. Fox et al. (1967) suggested that the critical 
level is 0.9
 

ppm silicon in water extracts. Responses have been obtained on the leached soils
 

of Hawaii, Maurituis and the rice soils in Japan, Korea and Sri Lanka.
 

In these rice soils, silicon applications increased yields because of a
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more erect leaf habit, greater tolerance against insects and disease
 

attacks, lower uptake of iron and manganese when present in toxic
 

concentrations in the soil, and perhaps a rise in the oxidizing power
 

of rice roots (Okuda and Takahashi, 1965). An element with plant
 

requirements very similar to phosphorus is sulfur. Sulfur deficiency
 

results in a reduction of growth and protein deficiency, often resembling
 

nitrogen deficien,:y.
 

Sulfur Deficiency
 

Wide spread sulfur deficiencies and responses have been reported all
 

over the tropics. McClurg et al. (1959) observed sulfur responses in 

the Brazilian Cerrado in both savannas and recently cleared forests. In
 

Central America, sulfur deficiencies are also widespread, (Muller, 1965;
 

Pctts, 1970). sulfur deficiency has also been found in sub-Saharan Africa
 

and the sandy soils of central Africa according to a review by Bolle-Jones
 

(1964). They have been reported in Asia by Olson and Engelstad (1972) 

and in Austrailia and Hawaii by Williams (1972) and Fox et al. (1971). 

Sanchez (1976) sunmliarizes sulfur deficient soils as high in allophane or 

oxides, low in organic matter and often sandy. Soils subject to repeated 

annual burning are often sulfur deficient since about 74 percent of the 

sulfur is volatilized (goes off as a gas) by fire. Sulfur-deficient soils 

occur in unpolluted, inland areas where the atmosphere is low in sulfur. 

Sulfur requirements are similar to phosphorus in tropical conditions 

ranging from 0.1 to 0.3 percent of plant tissue. A sulfur deficiency at
 

early growth stages may disappear later when the roots come in contact with 

the sulfur-bearing subsoil.
 

In jeneral , small rates of sulfur (10 to 40 kg per hectare) will 

overcome sulfur deficiencies. Sulfur as part of either nitrogen or phosphorus 

fertilizer, is usually sufficient to take care of sulfur problems. If not, 
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any soluble source containing sulfate will work as will flowers of sulfur
 

which is oxidized to sulfate. The last major element to be considered,
 

of less importance than the other nutrients considered here is potassium. 

Potassium Deficiency 

Potassium deficiencies do occur in the tropics, however, lack of
 

potassium is not nearly as widespread as nitrogen and phosphorus deficiencies. 

Boyer (1972) in a review article suggests that the absolute miinimum 

requirement of exchanqeable potassium - the amount considered to be available 

to the plant - is closc to 0.10 meq/lOO q of soil hut that this may vary 

between 0.07 and 0.20 meq/10() q dependinq on the kind of crops qrown and 

the soils. 

In Africa the most severe potassium deficiency appears in the savanna 

on sandy soils. In the lower Ivory Coast, potassium application resulted 

in very substantial yield increase with oil palm (Boyer, 1962). Potassium 

deficiencies have occurred in tht southwestern Cameroon (Valet, 1967) in 

Madagascar (Vely et al., 1965) aird in Brazil on sndy soils (Van Wariheke, 

1970). Laudelot (1954) in the Congo (Zaire) showed that the exchangeable 

potassium increased from 0.067 eq/100p to (1325 riep/l1O after burning a 

forest. Thus clearing a forest by burning substantially increases the 

potassium content of soils. Busch (1958) found that the increases in bases 

(calcium, magnesiurm and potassium) persists for a number of years after 

burning. 

When soils are potassium deficient, fertilization with moderate amounts 

of potassium usually corrects the probler. High yield crops which contain 

high carbohydrates such as potatoes haie a higher potassium requirement than 

a grain crop such as wheat or rice.
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Rice
 

Since rice culture differs from other crops due to the flooding
 

requirement, it must be considered separately. Regardless of their
 

original p1lvalues, most rice soils reach a pilof 6.5 to 7.2 within a
 

month after flooding and remain at that level until dried (Sanchez, 1976). 

This increase in soil pli is a result of the release of 0H- (base) ion 

when Fe(OH) 3 is reduced. Consequently, liming is of little value in 

flooded rice production. If low pil is a problem, fl odin two to 

three weer4s prior to transplanting may eliminate this danger. 

Ir.flooded soils oxygen is consumed, therefore, nitrates will be 

lost via denitrification. Since amrmonium is ilready reduced, it is stable 

in reduced (flooded) environments. Organic matter decomposition proceeds 

at a slower rate without oxyqen, however, materials such as rice straw 

which has a high carbon to nitrogen ratio may mineralize more rapid'y under 

these anaerobic conditions thus providing a source of plant-availar 

nitrogen. Soil solution phosphorus increases upon floodinq (Sanchez, 1976) 

explaining why additional phosphorus in flooded conditions is rarely needed. 

Nitrogen use in rice is very critical. An anrionium source is generally 

used when fertilizer is used. It is incorporated in the soil before seeding 

or transpl anti nq, or broadcast at different stages of growth. Incorporations 

of two inches are usually sufficient "or constant flooding conditions. This 

places the nitrogen below the oxidized layer, a necessary condition to prevent 

denitrification (Mickklesen and Finfrock, 1957). Nitrogen uptake proceeds 

throughout the growth cycle of the rice plant but it is particularly critical
 

during two physiological stages: at the beginning of tillering and at the 

panicle (grain head) initiation stage (Matsushirna, 1965). Adequate nitrogen 

at tillering inrreases tillers which is closely correlated with yield in 

short varieties. However, excessive nitrogen after maximum til ering and
 

before panicle initiation may result in a large proportion of unproductive
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tillers and premature lodging in tall varieties. Excessive nitrogen
 

after flowering may extend growth duration and increase susceptibility 

to some diseases. The efficient use of nitrogen if very important 

economically. Scientists at International Rice Rese~irch Institute (1975) 

have almost doubled the efficiency of nitroglen fertilizer by either mixing 

it in mudballs or makinq urea briquettes. fifty pounds of nitroen per 

acre in this fashion was equal to 100 pounds per acre applied On the 

surface.
 

Rice rarely responds to :hosphorrus fertilizer except in hiqhly
 

weathered leached soils (Sanche,* and 
 lBriones, 1973). Traditional soil 

tests for phosphorus do a poor job in predictinq the need for phosphorus 

under flooded conditions. 

Zinc deficiency is probably time most widespread nicronutrient disorder
 

in tropical rice, o(.c rring in parts 
 of India, Palistan, the Phillipin-s 

and Columbia under low lowl and conditions (tanaka and Yoshida, 1970; 

Yoshida and Forno, 1971; (1I1,T, I'7 IRRI, 1971, 1I ?). It: 1lo occurs
 

throughout the Cerradn of 
Prazil inder upland conditiovns (lie ouza and 

Hiroce, 1970). In lowland rice, zinc deticiency is av,',ociatvd with calcareous 

(high base) soils and is iccentuma t/ by rolrnqeud flnodi .N [i ficiency can 

be corrected by applications of S to 15 iloqrmv, )f zirm pr h,('tare as 

the sulfate or oxide incorporated into soil before ,F-edinqr (Giordano and 

Martvedt, 1973). An alternative is dippinq the trw.; mm mfdlinj,, in a 

one percent zinc oidf, susjpension before tran, plrmtirl: ind rmi inq zinc 

oxide with pre-soa ,ur rice seeds before direct vedn,; IiJa mndFnrno, 

1971, CIA. , 1971). Yield increase of two tn thr , tr, m h(tar,, have been 

achieved with one to two ki log(ramr, of zinc oxide per h#ctare I rady, 197/). 

This again is an eariplo of ferti1iziinq the plant and nomtthe soil, a much 

More economical and em y aipproach than treating the whole soil. 
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Potassium deficiency is rare in lowland rice as these soils 
are
 

usually adequate in exchangeable potassium and receive potassium in the 

irrigation water when flooded. Soil tests are good for estimating potassium 

deficient soils (Sanchez, 1976).
 

Up to this point this paper has concentrated on soil modification in 

order cnat crop production miqht be increased. Another approach is to select 

or breed crops which will tolerate and produce well under natural conditions 

considered to provide a hostile environment for plants. 

Plants Which Tlerate Adverse Conditions 

Certain crops grown exclusively in the tropics norLally grow at p11 

levels which would kill corn or soybeans (Sanchez, 1 76). Pineapple is 

perhaps the best known example, but coffee, tta, rubber and cassav also 

tolerate very hiqh levels of exchan(eable aluminum. AIIioniq the pasLure species, 

several grasses and leriuief are apparently wf y well adapted to acid soil 

conditions. Iropical isst- Such as (Ii i ra e , , a..cIil m i iluI; jragi a, 

Ily'pa1rrharea rufa ; violasses irass , tiel iFLia iitul i efira, and several species of 

tee rgenera Paspalum and lIrafliaria irow well in Very icid soils. 

LerJurves are considered Very susceptibhieto ,oil aridity because of 

their high calcium reqLliF,10lit.s for Fodulatioln, htiwi sewr, several tropical 

pasture 1PeurMes are strikinqly well adapted to acid coriditions. Sty_1_osanthes_ 

spp.. Desmoditmi spp, Ceritrosea pp, Calojioqoniu . s ,) and tropical Kudzu, 

Luerar'ia heaseoloides are, the principal ones (tanchez, 1976). Aonir] the 

grain legulies , cowpeas arid pigeon peas are mrote tolerant of acidity than 

field bearis arid soyheans. 

Many of these .pecies rave evolvsd in acid soils arid have genetic 

properties which tolerate conditions associated with high aluminum levels. 

On the basis of their research, Spain et al . (1975) have produced a 

list of species adapted to high soil acidity and alumvinum: 
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Crops and Pasture Species Suitable for Acid Soils with
 
Mini mum LinmeRe_cLu ..ireire-nt-s-


Lifre A1
 
Requirement Saturation Crops
 
(tons/ha) (i) pH (Usinq Tolerant Varieties)
 

0.25 	to 0.5 68 to 75 4.5 to 4.7 Upland ricp, cassava, wango
 
cashew, citrus, pineapple,
 
Stylosanthes, DesmodiuTrn,
 
kudzu, Centrosena, molasses
 
Irass, jaraqua, Brachiaria 

decumbens, Paspalum plicat ujlur
 

0.5 to 1.0 45 to 58 4.7 to 5.0 	 Cowpeas, plantains (?) 

1.0 to 2.0 31 to 45 5.0 to 5.3 	 Corn, black beans
 

In a review of tolerance to 	aluminuT, Foy (1974) concluded:
 

1. 	Some aluminum-tolerant varieties keep developin and are not 

injured. 

2. 	Sone alumirnuli i-; increanne the nilof Irnwth irreditolerint vi 	 urn
 

which reduice rain bhility of 	 aliminiri whreas 'esi ti an ones 

decrease mil iW iphi I 	 i r " r l. 

3. 	 ' ome tolier,irt pir iw, : I ti l uini: iii the ir root', or 

i~l],utranslo.arte ( L~lii,: orL l' ,11 i er niJ ii gtoe l op. 

4. 	 Aluniru in roU, do;-, int. inhihi I 11w qitl]' rind transliocation of 

calciulT, ;dof1(e'J1n:n cM' ,tli i , in tol rant vairieties, whereas 

it 	 doe , in it ai .o i vaei', tiw, 

5. 	 Hliuh plant il i(,oni, . ocJintf ri,iJmir1 tolerance in certain;.iinil i 


rice variintie..
 

6. 	Aluinium toleort vmt ietiey do not inhibit phosphorus nuJtake and 

translocatinn i- a varieties species.c(uch sinceptibi( or Al so
 

mary aluminumn tln]erant species or varieties are very tolerant of
 

low phosphr,-.s levels.
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Cassava Manihot sp., a tropical root crop growing widely on very
 

infertile soils that are frequently acid, has acquired the reputation for
 

being a crop that yields well under very low fertility conditions (Cock
 

and Howeler, 1978). They conclude that cassava tolerates low soil pH and
 

high levels of aluminum and manganese as well as low levels of soil calcium, 

nitrogen and potassium better than many other species. While it has a high
 

phosphorus requirement for maximum -;.owth, it can utilize phosphorus sources 

tilatare relatively unavailable to other plants. It is highly tolerant of
 

uncertain rainfall patterns and is an extremely efficient carbohydrate source 

on low fertility, acid soils with low levels of fertilizer applications.
 

Cassava yields of 36 metric tons per hectare per year have been obtained
 

under conc :ions that are suboptimal for many crops.
 

Rachie (1978) states that an estimated 1.57 million people live 

in the tropics and this number is likely to expand to five billion in
 

fifty years. This rapidly crowing population will have to increasingly rely 

on plants as sources of both energy and protein. In the semiarid to subhumid 

climates, two-thirds of dietary calories come from cereais while in the humid 

tropics the bulk 6f dietary carbohydrate comes from root, and tubers. The 

production of starchy root and tuber crops is inherently more efficient than 

the production of cereals, expecially on marginal lands and/or land itith 

minimal external inputs. It is estimated that with roots and tubers, at 

least two to three times more caloric energy can be produced per unit of land 

and time and with only one-third to one-half the production cost of cereals. 

It is, therefore, suggested that an increasing proportion of human energy 

needs will be derived from starch roots and tubers. The tropics have a large
 

amount of infertile lands, ill suited for many crops with moderate to high 

nutrient requirements. One of the most serious problems of some tropical soils 

is phosphorus deficiency and fixation which seriously limit crop production. 
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Plucknett (1978) in a review article suggests that sweet potatoes
 

(Ipomoea batatas (L.) Lam.), long associated with poor people and less 

productive soils, may be one solution. There is good reason that 

the sweet potatne is grown so widely under such difficult conditions. 

Fox et al. (1974) found that sweet potatoe had one of the lowest
 

phosphorus requirements of the crops studied (Lettuce, Lactuca sati-va; corn, 

Zea nays.; and Chinese cabbage, Brassica pekinesis). 

The International Rice Research Institute (IRRI) 1972, classified 

arieties of rice that are tolerant to sensitive to low phosphorus. They
 

are also selecting varieties for tolerance to iron deficiency or toxicity
 

and the presence of toxic soil reduction products.
 

In suITiary, it is apparent that high production can be achieved on 

rather hostile soils with selection of tolerant species or varieties of 

plants. This would be a stratagem which relies on no or minimal inputs and 

yet can increase food production substantially. 
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PAPER NO. 7. AZOLLA, A LOW-COST AQUATIC GREEN
 
MANURE FOR AGRICULTURAL CROPS 

(By Thomas A. Lumpkin ' and Donald L. Plucknett') 

A. Introduction
 

The air we breathe is 79% nitrogen. Plants need nitrogen to make 

the proteins that allow them to harves,;t sunlight and carry on natural 

processes. Unfortunately, nitrogen in the air Is in an inert N2 form 

which cannot be utilized by plants. Orly two kinds of organisms have 

the ability to convert inert atmo!;phuric nitrogen cc a usable form 

such as ammonia. These two organisms arc blue-green alga (cyaiobacteria) 

and certain species of bacteria. Nlizo f inm bacteria are the nitrogen

fixing partners of the well known legume/Rhizobium symbiosis of soy

beans, alfalfa, etc., while the blue-preen alga, Anabaena, are the 

nitrogen-fixing partners of the virtually unknown Azel la/Anabaena 

symbiosis. 

Until this century, nitrogen-fixing Uacteria and blue-green alga, 

existing under freeliving or qymbiotic conditions, produced most of
 

the new nitrogen entering the cropping system. Almost all farmers 

had to include legumes in their crop rotation in order ta maintain 

soil fertility. This traditional practice continued until the dis

covery of fossil-fuel-dependent methods of producing nitrogen fertilizer 

which radically changed the economics of agrfcultore. The use of legumes 

in crop rotation was (on considerud to be too expenilve and trouble

some, and fell into di,suoe, ,xcept when grown as a cash crop. 

l/ Denartnent of Agronomy and Soil Science, University of hlawail,
 
flono'.ulu, Hiawai i 9S622. 

2/ CGIAR, World Bank, Washington, 1).C. 20433.
 

(311)
 



312
 

The change was most apparent in developed countries, and In developing
 

countries that adopted the "green-revolution" technology.
 

However, during the 1970's, this change began to reverse itself.
 

The rapidly rising price of fossil-fuel-dependent nitrogen fettilizers
 

caused the economics of agriculture to shift again. The rising prices
 

are causing researchers to seek alternative methods for producing
 

synthetic fertilizer, and causing farmers to reconsider traditional
 

methods for maintaining soil fertility.
 

The traditional legume crops are and will continue to be the most
 

commonly used nitrogen-fixing green manures, especially for upland 

crops. However, they have certain weaknesses for rice farmers. One 

of these weaknesses is that rice Is traditionally grown on the most 

fertile and, consequently, intensively managed land. Rice farmers are 

reluctant to use part of the valuable growing season on a relatively 

slow-growing legume green manure crep. Another problem is that many 

rice paddies are flooded or waterlogged, particularly during the 

potentially productive early part of the rice season when most of the
 

transplanted rice is still in the nursery beds. Unfortunately, under
 

waterlogged or flooded conditions, most legumes can not grow or fix
 

nitrogen, so usually the paddy fields stand 
idle for a month or more
 

while the rice seedlings mature in the nursery beds.
 

The fast-growing aquatic Azolla has neither of these two weaknesses.
 

1. What is A.olla (Figure 1.)
 

Azolla is a genus of small aquatic ferns that are native to Asia,
 

Africa and the Americas. Three Azolla species are native to parts of
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the USA. They live naturally in lakes, swamps and streams and other
 

large and small bodies of water. Some have been spread by man or
 

natural means to various parts of the world. Someare strictly tropi

cal or sub-tropical in nature, while others grow and thrive in either
 

temperate or tropical climates. Azolla has been of interest to
 

botanists and agriculturists for years because of its symbiotic re

lationship with a nitrogen-fixing blue-green alga, Anabaena. Recently 

it has come under scrutiny as a green manure for flooded crops, parti

cularly rice, since it is a.ready used in rice in China and Vie'nam. 

The Azoll.a/Anabacna relationshiji (Figure 1, photographs 3 and 4.) 

The most remarkable feature of azolla Is its symbiotic relation

ship with the blue-green alga, Anabaena azollae. The delicate fern 

piovides nutrients and a protective leaf cavity for the Anabaena, which 

In turn provides nitrogen for the fern. Under suitable field conditions 

the fern/alga combination can double in weight every 3-5 days and fix 

atmospheric nitrogen at . rate exceeding that of the legume/Rhizobium 

symbiotic relationship. Azolla can accumulate up to 2-4 kilograms of 

nitrogen/ha/day (equivalent to 10-20 kg of Anunonium sulfate), and 

since the Azolla/Anabaena combination ,row:; in aquatic conditions, 

it can provide a potential nitrogen source for flooded crops such as
 

rice. The exploitation of this potential is a challenge to agri

cultural. scientists. 

2. What are the benefits of using Azolla? 

a. Producing nitrogen fertilizer for increasing crop yield;.
 

•Azolla plants are described by the Chinese and Vietnamese as 

being miniature nitrogen ferrilizer factories. Indeed the Vietnamese
 



call them indestructible fertilizer factories, since azolla continued 

to-produce nitrogen fertilizer for Vietnamese rice paddies even during
 

Sth~e height of the Vietnam war.
 

The nitrogen fertilizer fixed by azolla becomes available to the
 

77riceiafter the azolla mat is incorporated into the soil and Its nitro-


Sgen begins to be released through decomposition. In 25 to 35 days
 

azolla can easily fix enough nitrogen for a 4 to 6 ton/ha Lice crop
 

during the rainy season, or a 5 to 8 ton/ha crop under irrigation
 

during the dry season.
 

b. Maintaining soil fertility.
 

As a green manure, azolla's influence on the fertility of soil
 

W' is due to its organic matter and nitrogen. A humus compound is formed 

as a result of the incorporation and decomposition of azolla, Humus 

increases the water holding capacity of soil and promotes aeration,
 

drainage, and the aggregation essential for highly productive soils. 

Organic matter can bind together soil particles, and makes clayey soils 

more friable. 

In addition to its influence on soil physical properties, azolla 

is important in the cycling of nutrients. Mhile azolla is growing in 

the paddy, it fixes nitrogen and also absorbs nutrients out of the
 

wa 
ter that ilght otherwise be washed away. When the azolla is incorporated 

into the soil and humus is formed, these nutrients are slowly released 

into the soil as decomposition progresses.
 

Even though azolla appears to.be a rather delicate plant that
 

would rapidly decompose, it actually takes six weeks or more for most
 

::!.5. , 

;
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of the nutrient.; to be rele:i;ed because of Its rather high lignin 

content. Slow decoorposition gives a natural slow release effect 

'hich t. ideal for efficient abo;rption of released nutrients by 

the developing rfce crop. Another factor iii acol la effectiveness
 

as a manure its loW carllbon nitrui;en ratio of about 10:1.
green it; to 

This high ratio co;urtes that azolla nit roicn will not be tied up by 

bacteria that areiJv'.olved il d'compoi;ition of an over hbundance of
 

carbonaceous plant Ytk:.iduV!o.
 

c. P1o cLc ,.Li,, r ,_ , dtck;, , _nl El.oh (Figure 2.) 

Azol la has ( r:di t ion;il I been used ,i!, a fodder throughout Asia 

and parts of Alfi ,. It i,. f d to pi1g:;, duck:; , and fi:,. The grass 

carp, (Ctc':1 1,.1 -l_ ) _i,?!1 .L~), I t;rael i C:irp (CV riuu r a__C; ) and 

Tilapia r ;. i,.r 1ll ,ver t or a; ap ou: t,. ot aqua Lic weeds 


;ource Of fo.d. i::ll u:; o f a:-01 h 
 % ',"; in u7CuIs and ponds
 

tS f0ou Li pie. :1 
 u, oiro ubiqui t011; tl-rglui' i. ! outherit China. 

Azolia s . fE dI , l l b h a! it sljrl-r hi!,t )rv th,in as:; ,reen manure. 

There i ,iy even 1t, i,,tcntial for direct conftur,ption 1,'., man. The wife 

of Dr. P. K. Sin,'h in lndii !:,a;. e!; a tau;tv deep fried di h of azolla 

mixed with lbatLtr. 

On a dry weihlt ba!;is, azolla ha:; a protein contellt bletween 13 to 

24%. One hectare of azolla can produce 1 to 2 ton; of fodder per hoc

tare per day, equivalent to 10 to 30 kilo grams of protein per day. 

When these statittL c: are con:;idered, an:olla has i tres:endous, potential 

as a fodder crop in developing countries; and also in the U. S. 
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Recent work in India at G. B. Pant University indicates that
 

azolla may be useful as a fodder for cattle. In trials there grow

ing heifers gained 0.33 kg/day when fed 0.9 kg of dried azolla with
 

2.1 kg of a 2:1 ratio of dry wheat straw and sugarcane tops. Control 

animals that were fed the :onc amrount of wheat sL lw: sugarcane tops, 

but also received 1.5 kg of a concentrate feed gained only 0.14 kg/ 

day (Dr. Frands Dolbert, DANIDA, personal communication). 

d. Suppressing the growth of aquatic weeds.
 

Agricultural economists have estimated that Asian farmers, parti

cularly women, spend more time weeding than on any other activity re

quired for rice production. Although research ha.; been insufficient 

to date, it is commonly believed that azolla suppresses the growth of 

certain aquatic weeds. Weed growth is suppressed when azolla forms a 

thick, virtually light-proof mat. There are probably two mechanisms 

for this suppression, the most effective being the' light-starvation 

of young weed seedlings by the blockage of sunlight. The other is the 

physical resistance to weed seedling emergence created by a heavy 

interlocking azolla mat. In some weed infested rice fields, the 

benefit from azolla weed suppression may even surpass its benefit as a 

nitrogen source. Rice seedlings are not affected by azolla's weed 

suppression effect because, when transplanted, they stand above tile 

azolla mat. 

B. The Present Status of Azolla 

1. Where Azolla is beinp used in agriculture (FIlgure 3.) 

Azolla is already being grown commercially In China and Vietnam, 

where its usefulness has been known for years. Once restricted in use 
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LUMPKIN AND PLUCKNElT: AZOLLA 

.. , ' i' \/$"%.-

Disihution of Azolla species. 

Figure 3. Distribution of Azolla species throughout
 
the world. This distribution map is rapidly becoming
 
outdated because many azolla species and varieties
 
are 1,eing moved about and introduced into new places
 
as research on azolla grows.
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because of azolla propagation problems, the fern is now being used in 

larger crop areas.
 

Chinese use of azolla goes back hundreds of years, at least to
 

the Mlng.dynasty. Its use 
 in Vietnam dates to the 11th century. These 

two are the only countries with a long history of azolla cultivation.
 

The practice probably began with recognition that the spontaneous
 

growth of wild azolla 
 in rice fields had a beneficial effect on the 

crop. Organized use of the fern could not occur, however, until reliable 

methods were developed to overwinter and oversiunmmer the fern. Since 

azolla can only be grown from vegetative material, it must be protected 

during seasons that are too severo for its survival.
 

The 
 original sites of azolla cultivation are thought to have been
 

ZhejianL Province in China and Thai 
 linh Province in Vie tnam. Until
 

recently certain villages in 
 these places had temple , dedicated to the
 

mythological discoverers of azolla. At the 
 end of tle' 19th century
 

azolla v'.s being cultivated at favorable sites along 
 the east Asian Coast 

as far south as 20°lN latitude on the Red River delta in Vietnam and
 

northeastward 
through Cuangdong and Fujian Provinces to Wenzhou District 

near 28"N latitude in Zhejiang Province, China. 

A major push for expanding the use of azol la began in China and 

Vietnam in the early 1960s. Before that time it was cormon for certain 

families or village!; that had Mastered the intricate techniques of over

sumr.ering and overwintering azolla to control tl;e supply of azolla

starter-;tocks in the spring. Peasants had to travel to these vfllag;es 

to purchase their spring plants. 

After the revolutions in China and Vitnam, the new governments 

eventually recognized tie worth of azolla, and began officially prormotinp 

Its use and organizIng the construction of propagation centers. 
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During cojonial days in Vietnam, French scientists reported on the use 

of azolla and( did son' pre I imitarY research, but its cultivation was never 

promoted officially. At the end of the colonial period, a-olla was grown 

on about 1,,ono bect.ilr,i as a green manure dvrlOg the winter for the spring 

rice crop. In 1958 the new goveritircnt establi:1hed in azolla research center 

at the Crop Production Res{earch bit itte and set up all exten!;ion network 

with over 1,000 inoculuss production bases to s;tl:',.ite utilization. 

Despite this; prci';ing; ise tintss, howevet -, the hip push I izolla 

research, a:; inI C'hinsa, lid sot -:!c' until the rarly 1960 ;. Art icle., oil 

azolla btis ppealt'ii; ini %I?, c IlInr:;it It in s;evet'raI art ices and a 171 

page bool, by Vo ant al~:u in 1970. 

Since this itntridtn(ti llof high yi 'ldis 1 rico virliti '. to Vietn Ma 

ill the early 190,G v.1,t 11,Pll g ll i a :1;lO'-r il be'fOre tleh.;, h0e-'1 

spring ri(c re i.';tci 1 fro! toand ,t, dl', dcu! ld illclt i.;, 1965 hoOut 

700,000 I drtr', it) 7,. As; is; Iis;, ulrsIt ivatti sl ip, ;ildol l 

practicied islS;uo'sMev t iLll-.at tOf hig;h tit: ,tu;'qand i su,;it hiisctptiblity 

of the A. vir. cist2 ;.tis' I'' t;' .'si, iContil; nt.liull-ata isri an 

Vietisas',is;;' lcct-1 ovi i varietics; of local aiolla,ci'nti' t!; h vi.';(1 ) 

an;;d ha.s; si']r sIsq'ioi s;ttis ;t i hctel; t, cold, 5iai t .liOdatid toher

anllcef;l.i!'p it; th :.-' ld allv!'is; t 11,1.It d lV17 t csorimiji's; .;usd cooperatives 

have not adoptud th,!, i;rprssve. i;-la vrietii-. 

Tue Aiins rtiry is muclh the sac ;IS; tL t sof Vietnlacs, although ,nch 

more was i'nsss45 of the \'ii'tn riec.e ex.p;rience bt,c.--;e (if tihe availability 

of publicationsi is :nijli,h and Frit;ci :i,;well ,-;in Viet nsasese. Recently, 

information from (lCi ;,;, I., rs, . illsh.iv il',.lc.sd. (li5. ;, 1l s' i gric .Lic1., 

1975; GuandOts,; Bur. Agliic., l97,; ;hi;'jiang Acad. Agric. .;cl., 1975; FAO, 

1978; LuOMkli and l'ilsIkE ctt, J'OO). 

1/ 1 hctijre - 2.47 icres. 
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Today, azolla is grown as a green manure on about 1.3 million 

hectares of rice in China. Research and development activities have 

increased significantly, as have extension activities to promote its use. 

Larg~e posters have been produced to inform the public of azolla's 

usefulness and of its management requirements. 

How Azolla is used as a Green Manure (Figure 4.) 

Azolla can be ised as a green manure! 

(1) by growing it as a Ionocrop and then incorporating it as a 

basal manure before the rice transplant-e-d; or transported to anotheris
, 

site 	for use on upland crops; 

(2) growing it is on intercrop and incorporating as a top d-'esstng 

ralnure after the rice is transislnted; or 

(3) 	 by grcwiei it both as a nonocrtp and in intercrop. 

All three ,'vters can he successful but, as is conmon in agriculture, 

use of the green rin re crop rLc;lUirs ;(,77e ad!',;tments in nonagerent of 

both the green manure and the T-tjn crop. 

(1) M:enocrop A;' I! i i; us, in i!nt ' tn..d rl,; winter and 

spring to produce nltrog;n: for t!,- lirig rice crop. 'hie same technit;e 

is used ti produce nitrogel for t,, early u, :rr rice crop, but this is 

less corsiln since t0., )roeth (if lc,. 1!;I affected by high terperature 

and heavy pest atto , i rin; mi,! - to late ,, ':. r. 

(2) !tA)e11. _l i' , uuaily ;'rn with the 11(t' in places where 

tl.ere is ito tire avail.tile in tHi crypplog sd'. for tie r'.csrczuir,; of 

azolla. As an LnteCr I; zI,,I wi I b, i i tico r; rittd is hand or 

rotary rice s.,eder rl then lat,' ii i, ' ,hdic1 ; .mnd,''r hih 

temperatarci -- with scOlequent IIcocyo:itisni release ,f nitrogen 

to the crcp -- at th, stage of n.ixlraim rice tillering. 
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Figure 4 

manure for rico. Both photos I and 2 were taken during the spring of 1980 in 
Guangdong province, China. Photo I is A. filiculoidea, Photo 2 is Atolla imbricata. 

J"Phoo 3"shows an asolla beater being used to spread Inoculum atolla after ,twa 
Introduced into the field of a second late summer rice crop to grow vith the rice
 
as in intortrop,
 

-li" ii ,,.... atolls 11 itPhoto 4 above shows an azol~a pusher which Is used to spread Inotulkno 


- Is applied to a rice crop after the rice Is transplanted. or is used to concentrate
 

and collect szolla in a nursery4 The' Illustration below shows a bamboo pole boOn,
' TV.Used to collect 420114 growing in a ranal.
 

a*, i 
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(3) Growlj.joth monocrop, and I ntercropped Azol La is a technique 

that Is deslgned to usL the g rouil period for azolla before the planting 

of the rice crop, i:_.i; production of added nitrogen for the crop through 

cullLtVation of lntircrcopped :J; lla. In this syitem two dii ferent vareties 

of ;a: 1111 ,lv he U--11 ill each of the diffircnt perio;ds Different 

tcmperatuic 1l1 I iht !;eou;itiVitics of iol la varieties :Ike possible.o thi; 

2. ishf doi,3tn A: l .r :,arch? 

A numl er A , tlc tr ,ciidtlrti ; zi;,lli rt, h. MonL of 

thi s : i lei , t !v ,'. "Id, Both (hina and Vi tictin 1ire ;tudyin g 

AA_,ll..J_ tin t. va . i:'t.i , ulh'r thir ,'.1 contdititul;. 14, otly, the 

Zhiej i;; ,\c~idc. 0tf ,:) icuutttul , c 'lico, hI 1 l.d anllppp rtullity to 

V; l I I t i Cl othe I .I: i t, (Ic roI litlti , fl i, ul ilh,s, roxicina, 

Inic '-_ .'. 1 , an,l i 1ict c-.I) for i Ini Chi n . 

T1)' ti%- 'p ii; CotLInt rice ri ,aiiCh CcL tt r;S l't hein a, olla 

re,.r 1,,l 1o, t wi t littIe ,iiccc to, date. ProbOyIhi ti1e MOst :;ucceSSfUl 

prura. i int Thii! od, .here th, lMinisti rof Agricultue has been 

sponsr: L:n t, azolla , ;rta. thit ha; pro 'jt:;ed through the regional 

exLet;ii 1 t1 tion; ad lit; liow icdi ll d the :;tag;e of dcmo;n;tration plots 

in th t iulds of prolrussive firmters. 

Ti,-. iternati(,nil Rice R.e :iearch Institute started ain azolla 

resiarli n'r nl *ight ,' it ,go (gItainabe it al. 1977) . IPRI 

Is stulyin; til Ivi.. , f severil . l la species for use in flooded rice. 

Thcrv ar, t.hree -ajor ie t rs (If aiwlola tevieirch III tie USA. 

One is the .itive of Hawili, whore arUll,.tiC alnd ;hyi,)A1igy studies 

are unteriy to clirm-terize and onderstand tie ut;efulneIs, of all azolla 

species in tropical crop production systems, including rice and taro 
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(Lumpkin and l'lucknett, 1980). The work is led by T. A. Lumpkin v'ho was 

selected by the National A-ademy of Sciences to conduct research on azolla 

in tHe People's Republic of China in 1979 and 80 at its foremost azolla 

research center, the Zhejiaing Academy of Agiticultural S lences at Ilangzhou. 

Studyin, an.olla ldnalg,,nent to fit temperate broadcast-sown 

produrtion sy teis is the focus of the research program at the University 

of California at Davis (Talley and Rafn;, 1980). ReO;earch object ives at 

UC-Il include u of -A. fil 11 aides as a tonocrop basal grett sanure crop 

for ,;prtui;se.:, rice, %.:ic: u;ia;, in Theand a a; initercrop rice. work 

i!; ed U'v S . N. l'ally and I).1. Rains. The 'CIlprogram received a grant 

fr,:I tieI I UA Co pt it ive (riants l'i-rotra: in111 SO and a giant fros tie 

I i o . . I ,! - Fou: l td.,I i oi . 

BcIi" .'Oti lo,, :tiIto:!, ire '-he focus of the protram at the
 

o'ltrinlb" r.; , Ill. L:er, l d Peters has oon' tllliel
t: 'Ihi'e 01 ,taldin; 

the 1o1_i , : . i:rel tion hip (Petere , 1977) . The pruogram il; bte 

i fr,,p.NI a in ( te et it1 ' nt culd grant 197!1 fo1 o USDA Co: iVC 

(;iG lI t P I: ,lan 

Anotl,'l a.:o!la res;earch progral that we know less about is at 

Virginia Cotn::niwnealth Univoti;ity, where tile isolation and reconstitition 

of thw AoA:1 t.i_1011: association are being studied. This work has been 

s;p;orted l"' a 'rvpt from the USDA Compel Itiv (rants Program; the first 

rail t .as made I1n1 ,79. 

Dr. ilc ;, wttt n of lh, USDA iii Peoria, Illinois 1ha5done some 

re ;tVrCh o1 i lt lO t i0i ,ll from A:,ol Ia. 

Clilt1t io, thlL hV.,'- illiti,It:d or p1111 to illitiate azolla research 

iae oude: Indii, Nepa, Tlail Ild, BaIrlaldlshLl, iurma, Indonesia, Malaysia, 

The llilippine:v, ;,rlL.ana:, f)lTt . Peru, and the '4est African Rice 

Developwent As;;oc litlo .iiidiuartered in Liberia. 

82-999 0 - 81 - 22
 



an teIn addition several Other countries have expressed an interest,
ro
AI ,4.... 
 44	 . .. .. . .
 

i'n the- fern and its uses. 
4 , 

4 	 n a i n (2g a t ) . ." "
4 	 . 
3. 	1hat Organizations are Financing'Azolla Recsecar chIi? 

Current fnnil supr o i e~h'~ h b Comes ~ 
Sfrom AID (a small 211-d grant). the National Science Foundation (2 grants) , 

and the USDA (Section 406 adCmeiiv Grants), The USDA Competitive
 

Grants office has made three grants totalling $278,000, to the Univorsity
 

of California at Davis, Kettering Laboratory arnd Virginia Commonwealth 

University. National Science Foundation has made two grants; 
one each
 

to University of California at 
Davis and Kettering Laboratory. In all
 

probability, less than $300,000 per year is 
now being invested in azolla "
 

research in the USA. 
The 	work at lHawail is sponsored by small 211(d)
 

grant for nitrogen fixation from the Agency for International DevLopnent 

and 	by a research grant from the U.S.D.A. under the Section 406 program of
 

the 1966 Food for Peace Act, and by Hawaii Agricultural Experiment Station
 

funds.
 

4' 4 4 

044 



327
 

C. Azolla 's Igffect on the need for Agnriculural Inputs 

1. Fertilizers
 

Successful cultivation of azolla requires the application of a 

certain amount of phosphorus fertilizer (0.5 - 1.0 kg P/ha/week), but 

this does nor necessarily mean an increase in the amount of phosphorus 

fertilizer required to produce a crop of rice. The application of 

phosphorus is usually necessary for a good crop of rice,but instead 

of applying it directly to the rice, the phosphorus can be given to 

the azolla first in small weel~ly applications. Once the azola is 

incorporated into the soil and begins to decompose, the phosphorus 

becomes available for the rice crop. Thus phosphorus originally 

intended for the rice crop is first cycled through the azolla. The 

phosphorus enables the azolla to grow and fix nitrogen that will be 

used by the rice. One kilogram of phosphorus applied to azolla results 

in the fixation of 5 kilograms of nitrogen. North Vietnam is deficient 

in petroleum products for the production of nitrogen fertilizer, but 

has sufficient phosphate deposits to fuel its miniature azolla nitrogen 

factories.
 

In certain deficient soils, azolla res:ponds to the applications 

of other nutrients such as potassium, but these usually ,u.st also be 

applied for a high yielding rice crop. In some rare deficient soils, 

the addition of small amounts of molybdenum and/or iron have proved 

useful to increase azella 's rate of nitrogen fixation. The Chinese 

often apply river mud, ash and animal manure to supplement the phosphorus 

given to azolla. 
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2Pesticides _I 

SAzolla is attacked by larvae of severalispocies of- moths aid 
midges.and by~certain kinds of sna'ils and beetles. These pests are 

especially'destructive during the summer seaso, 
and must be carefully
 

controlled or the azolla can be devastated. However azolla is usually 

n~ot cultivated on a large scale during the seasons when insects are
 
rapant but is maintained in Over-summering nurseries. In addition,
 

even when azollaeis cultivated in the field during the summer season,
 

the pesticides-normally used 
on rice crops, such as diptenex, sumithion,
 

malathion and carbofuran are usually adequate for controlling azolla
 

insects.
 

3. Irrigation 

Azolla is a delicate freefloating aquatic plant. Although it 
can
 

-last for monthsin a refrigerator, it can not survive for more than a
 

few hours on a dry, soil surface under direct summer sunlight, Since
 

technology has not been developed for 
the use of azolla seeds (spores)
 

in cultivation, a small amount 
(1-10% of inoculation requirements)
 

of azolla plants must be maintained through the seasons when ael,!a
 

is not being cultivated in the fields. This means that in tropical and
 

subtropical areas a certain amount 
of water must be available throughout
 

.the year either to maintain azolla 
in nurseries or to cultivate it in the
 

fields. The oversurmering maintenance of azolla should not be 
a problem
 

in~regions where standing water is present throughout the year, such
 

as in Bangladesh, or 
in regions where azolla can be maintained in small
 

nurseries beside mountain springs.
 

Ii[ 


-7 "' , : . . 
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The period when irrigation is most critical is when azolla
 

is to be grown in the fields as a green manure. If azolla is cultivated
 

as a monocrop before the rice, which is the most effective way, water
 

must be available for flooding the fields. If water is not available,
 

e grown as.
azolla cultivation will have to be delayed until it can 


an intercrop with the rice. Azolla grows as an intercrop with rice during 

tLe first 20-30 days after transplanting. In this period, the paddy fields
 

must remain flooded with at least a few centimeters of water. Although 

some species of azolla can survive on mud, as is commonly seen in Hawaiian 

taro fields, they need standing water for good growth. Thus rice paddies 

dependent upon rain water, where short periud, of drought often occur
 

during the first month of rice cultivation, will not he suitable for azolla 

cultivation. Also, if extremely hot periods occur when water temperatures 

exceed 40'C, cooler water must h- available for pum-ping into the fields to 

prevent the zizolla from dying from heit atresu. 

Even though azolla cultivation require some extra irrigation water, 

it must be remembered that in fields where little or no nitrogen fertilizer 

is used, the cultivation of azoila will significantly increase the efficiency 

of water use. If azolla increases the yield of rice from 2.5 tons to 5 tons, 

than the efficiency of water use has nea.,ly doubled. 

4. Machinery
 

The need for machinery is not a handicap to successful azollo 

cultivation. Even the most primitive villages can manufacture the basic 

tools required for the cultivation of azolla. These are made from such 

locally available raw materials as bamboo and wood. -A simple metal/wood 

tool, costing a few dollars, for soil incorporating intercropped azolla 

can be manufactured In villages by a black-smith. This tool is not 
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essential, but is more efficient than soil incorporation by hand. An
 

even more efficient multiple row incorporating machine, with a small gas
 

engine, would have to be manufactured commercially.
 

D. The potential Ue of Azolla
 

1. 	How does azolla affect the productivity of tropical soils?
 

Azolla affects soils in the same way as any other nitrogen-fixing
 

green manure. It contributes nitrogen, which, after water, is the most
 

common limiting factor to higher crop yields. The application of nitrogen
 

to 	increase crop yields is the 
corner stone of the"green revolution". All
 

new rice varieties are 
bred for high yielding response to nitrogen fertilizers.
 

The loss of organic matter is a primary cause of decreasing crop 

yields in the tropics. A decrease in soil organic matter results in soil 

structure deterioration, lower plant nutrient reserves from the organic 

matter, and a lower cation exchange capacity. Cultivated tropical soil 

tend to have lower organic matter contents and soil nitrogen than undisturbed 

tropical soils. This is especially true with Oxisols and Ultisols. 

2. 	The potential use of Azolla.
 

What is the likelihood of its widespread use?
 

Azolla is cultivated as a green manure on about 2 per cent of
 

the harvested rice area of China and about 5 per cent of the spring rice 

crop. In Vietnam, azolla is grown as a winter green manure for 8 to 12 per 

cen: of the country's total harvested rice area, and about 40 to 60 per cent 

of the irrigated spring rice in the Red River delta. Estimates of China's 

terrestrial green manure crop (mostly legumes) are as high as 7 million 

hectares, or about 5 times the total estimated cultivation area of azolla 
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As strains or species of azolla are found that are less 

sensitive to high water temperatures during summer, the areas of 

azolla in China and Vietnam will probably expand. 

The major areas where azolla should prove useful in rice 

production in the tropics are those where: (1) rice is transplanted, 

(2) labor is plentiful, and (3) some control of irrigation water is
 

possible. Also, countries with effective research and extension
 

services may have more success with popularization of azolla. 

Azolla technology is not applicable yet for areas where rice 

is broadcast-sown, except as a monocrop, prepiant, basal green manure. 

An azolla mat can cause suppression of tiny broadcast-sown rice seedlings;
 

for that reason, intercropped azolla will probably not be successful in 

broadcast-sown rice, unless it is inoculated in the fields after the 

rice seedlings have become established and are growing well above 1h. 

water surface. 

With the above criteria in mind, the most likely countries to 

adopt azolla include parts of India, Bangladesh, Thailand, Indonesia, 

Philippines, Nepal, Peru, and the Dominican Republic. 
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E, A kc!;t rch, v _ !.l l _t .hdLl, le:, ion J'rrai, 

1. The Program l:lecii ts. 

There are two b,iji icol; lY.IyeI'1t sy;tern; that need research 

attention; the;e ,ire: 

(a) tropical, 1,o, int:nsive ;:;tems and (b) temperate, capital 

(;)I!t-' Q :._} it dovLt:: ,2 hi nuC,!;2]minly' tndveler'..-_l_ 

COi.-nt---( ;, and w'ill follow the principles: 

- labor iltensive
 

- land intensive
 

- siall fai- based
 

- crop ntun!;ive
 

- maxluzin, opijiorLtil! ties for 'ir-roUlnci productio-n 

- first priorit.. to !-Iore itern! ivt- use of aoolla in tra;IsiplanLed 

rice : tUM; 

- second prioritv to u;c in l'rdcast-sown systems.
 

The tropical ; ld Sor-:1.tet the tllo in ,,ob jct ives 

(1) To find ,, Vvaii ,:tie4ithlt ,irv 1e.,! sensitive to hii'h later 
temperatures ( 21°C) ,lnd'/c pt-; and die an att a:.k [This 'oIli have 

the effect of c:.laanding; azolla use from it.5 prsent prilary role a,, a 
Spri__igreen manure and its ;econdarv role a; a .fall grin anure to the 

point sqletre it could be a prirary green 'ailo'e ill -;UI::, ill tr;iio ,p1.m1te-d 

rice].
 

(2) To collect and charac erize ill of the !;ix b'nowi, ... ., c,pec Ic,, 
and to evaluate them for use year-round in trepical trii,;pl.illted lic 

production systems. [Note: in 1980 prelimin,ry studies by Lut;1ikiind hii; 
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Chinese co-workers in China, A. microphylla shows great promise as a 

summer green manure in south Central China, and a winter green manure 

in the south. Also, A. nilotica shows promise as a fall green manure 

in China. Neither of these species has ever becn tested in rice before. 

Further mission-oriented research could have high payoff in the near 

future] . 

(3) Following characterization and early testing, to distribute 

promising strains to national pr gram center!; for synthe;;is, design, 

and testing of new rice cropping ;ystemt; ba;od or. a:!olla s a green 

manure. 

cqitiil+ )iv' 'r~itict .ion}ccl'.q p}ritrarlyb. T..y.: tlaltep .intent: r'ice ,._r2,, 

centered on broadcast -non or drill-sewn rice. This work should focus 

on developed countrieos, aid on t:liddl-inIcuIe countrie!; (e.g. Brazil and 

Colombia, aod other countries, prii-;arilv iii l-ttin America where similar 

rice production system:; are us;ed). 

2. What erganirat ion!; sho u ld be involved? 

In the U.S.A. there ar two laces there azolla is being s;tudied 

for use in ag.riculture. Ihe Uniivcrl;ity of Cal if rnia at Davis is alrealdy 

conducting res;earch ont azolIa foLr ue itntelwperalt ,toe, broadca!;t-;own 

rice, and would the lo;Ical leader for the terperate rice work, The 

University of Hawai:. has a program on evalostion of azcolla for use in 

tropical production sy;tem-, and would be the logical leader for the 

tropical efforts. Kettering Laboratory VirgiinLi CommonweIlth Univeisity 

and USDA have sec ialized programs that could .ay ;bas icsutpportin 

research roles for the temperate and tropical programs. 
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Linkages to developing countries 
will be necessary. important
 

programs elsewhere include the 
7hejiang Academy of Agricultural Sc1,qnces,
 
Hagzo 
 People's Republic of China, (the UniVeLsity Of 1Wihaa
 

cooperative program there. already); the Fujian Province, PRC 
(IRRI has
 

links with this group); IRRI, and 
national programs in Thailand, India,
 
and Nepal. 
 Several national research programs were initiated after in
 

Ao-sponsored lla training mission by T. A. Lumpkin in 1977. 
 Also
 

T I Lumpkin and J.L. Walker of the University of Hawaii, on behalf of
 

the IJnter-American Development Bank, vi3ited Uruguay, Brazil, Peru and
 

Colo) ia in 1979 to assess the potential for azolla in those countries,
 

The West African Rice Research and Development Association
 

A)DA) "is also interested in establishing an azolla research program,
 

and they should be tied into the 
tropical network.
 

3. 
What is the necessary level of financial support?
 

We will speak first of priority areas of research. There is
 
need to carry out 
several priority activities soon. 
 These include:
 

(a) More extensive and complete collection of azolla species and
 

varieties, for evaluation in agriculture, Indeed, collection should
 

take precedence over efforts to breed azolla, for the array of
 

variability available in nature is clearly great, and this should be
 

collected, and characterized before consideration should be given to 
support
 

of breeding programs.
 

(b) 'haracterization of azolla varieties as to tolerance of high and 

low temperature, phosphorus levels in water, pH, light and other growing 

conditions should be of igh priority. 

(c) Testing and fitting existing azolIla varieties into rice production
 

systems should receive high priority.
 

1lii4 
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These three priority areas should receive first attention for
 

funding. Related basic 
 research on physiology of the Azolla/Anabaena 

symbiosis, biochemistry of the association, etc. can probably be funded 

through basic research grants from NSF or USDA. 

The applied aspects of collection, characterization for use 

in agriculture, and fitting into rice production systems could be done 

for the tropics for about $400,000 to $600,000 per year. This would 

allow funds for collaborative collecting trips to assemble a wider 

gernplasm base, to conduct screening trials for tolerance to the 

physical and growing environment, and to run first assessineuts of 

potential usefulness in production systems. Such funding would also 

allow some limited funds for working with CoIlaborators in a tropical 

azo in network. It would be desirable to have some funds for assisting 
, 

through small subgrants, the conduct of specIt ic desired research 

programs in cooperating; countries. Training;, boti non-degree and degrve, 

should receive attention early In the progr,i:, The firs;t training slhould 

emphas ize aolla re;I(rcI tecIinlqu; (e.g ., Tiny progri.s hitve fal led 

because researchers did not know hioV tO keep azolIla Al In during hot or 

cold weather) . Later, training could begin to !tres fIld r.otnr, 'ot. 

We believe the general principle to follow in funding izoll i reanirch 

is probably t1.t continuity of funding over th first o;evera1 year-a will 

be more effective thin heavy fundin; over a ,horter time. ('ollecttlng, 

d tvailillt ing" it p'rod ct Ion :%',;tI2'a'; I I- 1 If1'i,0C 1 M .' 
l'n;,
ch.-;racter i l s 

t'am that till requilti ctc'itinuity fir efaet lv '. >'.• ;u . t ll.

include an a I gologist or cytnobac te Ila spec i.I it. It liould have access 

to laboratory, greenhouse and field facilltii;. The tropical leading 

institution sheuld be able to grow azollain the field at any time of the 
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year, and to grow azolla in such a way that all growth stages can be 

available at any time. 

The temperate progr.n will probai ly reiiIre fimning In the 

same order of iit'iUii aL, the tiolic.l1 plojjrlu. Th.' temiperate nietwork 

may be a,;ier to et,talbi,,h en ,,, (1) the 1tteritlal t ntrie,; Involved 

are ,itt.r iii the d(el,.u-!p-d or -i llel it w" ' IteLot I illd thelre fiire 

may have not, . e, Iii, . It their dlpoil, 1i0 (2) Ox -, entriev,' 

invtjtulti'I.' n, t .: t w I.,,iIpIl he' lI t " ,i ; th-,ir tho-xe (f the 

t ropical liC; 

Sor-x,! FsavtiI ', 1:i.,' te . Ii' ,iI( ef Ik i -In ueal titI I I glt cIotie 

i t'eten tIn, .. e i rr Jointc oper it u ti i t . ud titrip I pro I ,,. 

coll ecti.in tri pc; ind cI ,, , Il.,t-n, I t o j r, iitt I; - d t.t, :lixiied protocols 

for tcstii ind evluni, in, withini tl., nit"I'-, '-, o'Ild ",Ive both time 

and fundsk. 

4. :hlt are the ;,;unnel ridurernt ? 

, liiet. r . l nittur.,, I, 

toward practicril idLiptati ii of ll;olla to i, i iioltuvrol pt- I .iition. Ihetefere, 

airunotri;tc; with cti nj- l,-,.u.,I,.: nid fi(,I,! prodictii it tlckic .rcundt,. will be 

required. A, was, ptevi,-,I 'iti' , .t l-lit' Inh i .green alta 

inil te ln it r 

tve t3. rt ilii ,ritlited 

should to. i.O It tI., i rcrii iit it ,,n r nii y. 

"lh pro-ri'.,. , p t l- i r - I,3ir ry and grectinhnusec 

aisistanic , a,; weI I a!, tield -- ,r -r; , I r th- field experitents. It is 

probable tlIt 'ninoe If thl,; s'-t i,'; Iv priviled by giaduate students 

and student heilp and -ii ci;t i,.' ir tit3,ut sl~ farm ,t.iff, but store 

full tire aw.lltalne h-ilbe te, 3,,I. 

Research an;.;t tit,J.,p,, .- Iuld et- provided in the program, In 

order to get the tralriln)- pr-ram. going as early as possible. 

http:tiolic.l1
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5. 	What are the attitudes of those who would be affected?
 

Most research organizations have become aare of arolla and 

have some idea as to its potential. A few extension specialists
 

(notably in rice) probably also know somethin;; about it. Beyond that, 

except in thc PRC and Vietnam and a few individuals in developed countries, 

the fa'mer's would know nothing of the plant and its potential use in rice. 

It may be that since azolla is already used successfully in 

VJetnanr it lay he easier to populariZ Clsewhere.China and 

6. 	 What are conducive condition!; for implenentat ion of the technology? 

A!; has been mentioned before, for the tropics these are: 

a. 	 transplanted rice 

b. 	 rural labor supply 

c. 	 assured water supply and some control of water 

d. 	 also: as of now - place!; that grti. spring or late sur!'er/ 

fall rice crops - because of the high temperature susceptibility 

of A. oin_1jl-a, in s%:,xier. 

For tenperate rice, the condilcive Cdolltions are I'luch less 

certain, because succos; has not yet been c.clusively demonstrated. Factors 

thought to be Important include: 

(a) for broadca;t-sown rie; 

1. 	 growing cold-tolerant azolla (:uch as A. filiculoides) as 

a raonocrop green natnure to be incorporated into the soil 

before sowing; 

2. 	 growing heat-tolerant, shade-sensitive aolla as an 

intercrop with the broadcast sown rice during the summer. 
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3. Ilaving an assured source of water to grow the monocrop 

azolla before planting of rice. 
7. Were do condicive conditionr exist and where are they likely to 

develop? 

Host of the countries of Asia have conducive conditions for use 
of azolla. Special opportunities for success se em to be piesent in 
Thailand, llanglardesh (irs iroip) mail the Phi l piioes (I rrig;ite, dry sea;';

crop).
 

In Latin Aerica, Peru 
 and the t),llni.n Reprll i( would appeor 
to have tie PIoper rice porduction !iy!;ti to c:ake Azol i u!,, I potsi lIIty. 

8. What is tie sequence of ;t.epsleadiitj t, !tic ce!!;fui :;ipliotrtt,ation? 

The first two thingiis a couiltr- rth h IaiI to do ;ire how (1) to
 

keel) azolla 
 planit materials alive yeai-roitnd vto (,') to 

multiply a l i stock; it order to hv t ct i'ttltlt th ",t,i llible 

for use it) the rice crop. Principle., for ;tt(i t liniqut-,( i heIi hiritnd
 
in tralinin' 
 pram;p , at the tietwll hidtt rt. i 

I. aol li l ,esi(ch 

centers., Such t chii iltn! reld to ie lit.it id,!v in, It,. ittn wlorers 

and to inrtova tfve farmcerti.
 

In someo cotnditioniit 
 in Asia, A. jIn.ti , A. itnnlra var. Imbricat,1 and 
perhip0 A. fill tiloides could be u-ied now is a monocrop basal fertilizer 

before transpilanting of rice. This should be easy to lioli;arize for the 

late winter o, ,rly prI . 1 rice cto)s.
 

Before azolla is 
 il it rite, hotiwever, it should be testid under 
local conditiont . As was sitatel, 1eepin; azolla ilive tlirrutlhtit the year 
and finding ways, to coltll it for fiel; us.e are the rost irpurtant st;;. 

in beginning prograrm.a The next step is testln1' under local conditions, 
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to find ways to fit it into the existing production system. Use as a
 

basal fertilizer before transplanting is probably easiest, but if the
 

crop cycle doesn't allow for time to grow an azolla green manure crop
 

between rice crops, then it will be necessary to grow it as an inter

crop. In that case the rice must be grown in rows, in order that 

incorporation of the azolla can be done. This is just an illustration 

of some of the considerations to he dealt with In using azolla It agri

cultural production syStems. 

F. Constraints to the Dovelopment ani IsL,'[enta ion of A0 la Teclnology 

1. Scientific Conn'traints 

The global azolla ro.search effort is disorg .anized and much of the 

work is repetitious ansd often useless. There has never been an inter

national discusS;ion of re:;earcls priorities in tizolla research. Certain 

probim areas, such as those involving agricu]tural engineering, have 

been totilly ignored. luch of the .upport 15; goin:; to finance work Wihich 

i; of an esoteric nature, while many of the people doing the research have 

little or no understanding of the problems uhich prevent aaolla's wide

spread use by peasant farmers. Much of the work is Involved in tryig 

to improve laboratory specimens of azolla, while the vast differences In 

wild varieties remain unexamined. 

Many of the problems prevent ing the widespread use of azolla require 

a multidisciplinary research approach, but so far azolla research has been 

cloistered Into individual department!;, even in the international iistitutes. 

Funding agencies can assist in ensuring that azolla research will be 

directed toward real problems and needs, by requiring multidisciplinary,
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i1nked efforts that foci- ,n use of azol la on farms. l'hi; does not mean 

that bai;c research will Ibe precluded, but It will ensure that practLI

cili, missioll-tr icentiled1!.L11 I W 11 no: be neglected. 

II it2. Env. I _ 11 .!,tir21 St 

a. Wit- I';t IT - a Itr1vll i :t aiil Ico'tilinllt to the ciltieI t ion 

of azolla. A;iolla I; aifrcefloatin , ;iquLtic fi t an-! Is tlerofore livilted 

to location:: that hi'' IT,;1l lthit', ;t.able witie .;kIpply duri . field 

cu tivat ion. 

). Tet-i tl hi: ii '.u. 'or practicail purpo;e!,, a O lla ;U1_-ri iii,! 

vlves Within tht, : r t:> , l i l 'ctn, (if {i to !,.()C;I ,'(:l tl estige, 

death ,:Ill rt -Ilt. Durin' !i, -Iic 1.ivat ion, for 'idh'iuat t ;'rithi, the 

daytI1e water I .::,r tu l :iri ld t;,. with in the rane of 15 to 15 C . 

lit ldity ,i; t ..:,I . tt.,:i,Jtit ro t In t!ie.4r ef I ct I'; a-o l lII. \ ry high 

humidity ;wit ! 1 1 :..; .tioze 'elv u I :peratureI sr -.- .:itiland 

are Iboth I!( tL .. I , t 1;,gro 'wth 

c. pil. (h! th,, IMd ,; I:ilivs in irort;mt pal t in the, 

ability ,I atslo1; to , rvi'.e. ' :,idii. iffectiE;- directl. tihe 'ro.'thiof 

azol a, p11 a]'o1 ifet' t -ti' .' i I ,Jl it. et ftI o(f cliint::, ipetlilly 

l 1o1';in! 1:1h fort-at ion of ini;oluble com

pounds that t i( Ip avail, I(. lhrwihorto; the phosphorus in such insoluble 

Compoundlts is ti.av.i Ib to Ol 11. 

pho;phorus;. ao pilcn caite 

ao 

Azol la grow; best ,i ti, in a ill range of 5 to 7, and call survive a 

range of 3.5 to 10. 

d. Av;ilal le nutri-nt-t;. Azolla gro;thl i. dependent upon ;inadequate 

supply of essential et]ent's in the water or in the surface layer of mid. 
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There e I olents tls t also be relatively balinced. Usually the addition 

of u1 ltid otmetinmer; potassium is al that is necessary to enpho:porus 

sure jood growth. 

3. 	 Cult il..,d come.:.ii- Const raint,; 

fmo;t , i, be an entirelN new conlo r:t;r I:: n ; l cuIt: Ivat io would 

cept in p0 1e :imu in:' . ;:, e a of Itlt;t (LUt:ic p for ;uchI:ti t 	 U!;ili: aint 

purPO::1 I; i!; 1111t 1).- Ft 0 f 1:' t ;I ' I f ('11 t li . 1e0 F., iA I it,3i . Imelr's.I; trop1ic il 

Asti 2 t r.tO itit 1 1 ,i;-., i ,' it ip itld 1 ,: 1 ,rtop!, tich ivi milk vetch 

or I III .If(: ! tl;i:, I . pp) I t ' i 1Jt1 I-,t; ::I t e to ii ntt rico c -o, . 

!':0 ,t .: V, III 'V. }I'I' %".':! 111 {(2c!i:: en't' i I I: r ; ly g::i, , and hatve ravlre y i' ll
 

a 1,I .;, 	tIIi t i :, It L I L'(, 1tr" flr; ,teCl'Op . TO IsoI::e eI pec [t1 IIy the hutogr, 

p I :';I crp t ,t Is C)oh plot,:ed under :t: a recn rtiure s5e21s itS

A.olLi con hr ti:%-d ai;a fo;!ge for pig!;, ducks anIt fish. h:evor, 

the I.;it. du.ciktic, 0 
It i tiltUlCot.;tiollll; i n ot;Oe place;s. Also,nt of duel:.; 

it iI: I 1 ,, I;lt tiOU; that cattle d water Ilff;lI(gl,ernl ie ft tntetted, 

wil Iv-' 	 eat az:o II:n, 

Theh,0yelr-ritiutI cUItivIt iol of azol la ij there coimp Iex than the cu It i\'a

tion (f rice. Vilhout .Uitpliort, li.V por utntducaiteI rice farmer!; probably 

WoulI Iot or co t ifInL g ro ,: Ili. lil iptiLt rice fart ers, such as those 

ill Ne:pa I or Thti i I :t , rot abIv cYdiI 17a;titer ;yZo l1t cillt ivi ti o tecin i quC. 

just a0; fartilt:, int (11I 1;i a nd Vii:titmi have . At It remilt of unfworable
 

land tit.ier!;Itip tori:, li, ptr in 	price:; anttd Otlher 't;cil or econt:ic 

difficulLies, :i i:, pei!;alt rice 1tirrers d(,little more than ha;phazardly 

pltnt their field:; trid then .:.lit for harve:;t time. For them, meticulous 

23
82-999 0 - 81 

http:come.:.ii
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farmiing does not yield sufficient benefits to their family. Also, much
 

tranplatedric insome, parts of Asia is not even planted in rows, a 
necessary-measure=L, for. zolla-to be, incorporate,&as, a-basal fertilizer;-

Also, many farmers who could not be convinced to use nitrogen fertilizer 

in the 1960s when it was inexpensive, will be unlikely to cultivate 

azolla. The exceptions might be peasant farmers who want to improve 

their crop yields but do not have the capital to purchase nitrogen for

tilizers. Also, farmers who have given up using nitrogen fertilizer 

because of the high cost might be convinced to use azolla as long as they 

• 	can'afford the cash outlay for relatively small amounts of phosphorus 

fertilizer and pesticides. They would have to purchase about 100 kilo

grams of single superphosphate to grow one hectare of azolla for 4 to 5 

weeks. If properly applied, the phosphorus would rentlt in as much nitrogen 

as 500 kilograms of commercial ammonium sulfate fertilizer.
 

Azolla cultivation could significantly reduce the fertilizer input
 

: 	 costs of raising high yielding rice crops, but would still require the
 

purchase of certain inputs, especially phosphorus fertilizer. Farmrers
 

unable to obtain these inputs would probably find it difficult or impossible
 

to raise azolla.
 

4. Political Constraints
 

At present the widespread cultivation of azolla is found only in 

cormunist countries. Azolla was cultivated in both China and Vietnam be

fore the present governments came to power, but on only a small fraction 

of the area that azolla covera today. Analyzing the elements of this 

situation is 'difficult because at present the cultivation of azolla in 

' I
 

. - 

,~~A.±-A,~'i.), 	 n'A -': . -- A~ A' 
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;;China and Vietnaim cannot be compared to its cultivagtion in countries 

-with a different political system. Because azolla cultivation is just 

b-cing.introducedto farmers elsewhere, there has beeninsufficient tiMe I 

for other countries to dewvlop successful azolla programs that are in 

line with their different political systems.
 

.Even without an adequate comparison, it is obvious that the success

ful azolla programs in China and Vietnam owe a considerable amount to
 

the way their farming 	systems are organized. The commune and coopera-


Live organizations of these countries that use axolla have highly trained 

azolla teams, whose sole function is to ensure the success of azolla
 

cultivation. Training workshops to learn the newest techniques are held 

annually from the national level down to the local azolla team level. In
 

addition, every level regularly publishes pamphlets about the practical
 

applications of azolla.
 

The higher levels of the Chinese and Vietnamese systems can be 

transferred with minor modifications to other countries, but not the lower
 

local levels. Most governments do not have the power to enforce their
 

will on independent peasant farmers as effectively as China and Vietnan
 

can influenc6 their communes and cooperatives. Nor can a peasant farmer
 

be expected to master 	all the intricacies of successful azolla cultiva

tion that are known by a highly trained commune azolla tean,
 

C. 	The Effect of the Implementation of Azolla Technology on
 
the need for Inputs
 

1. Capital
 

Capital requirements for azolla cultivation are quite sma~ll. 

For most farners, only a small amount of phosphorus fertilizer, often no 
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more than would be required for the rice crop, and pes;ticides to protect 

the azolla from pests and diseases are all that will be required. 

2. Farm labor 

In essence, the cultivation of azolla e'changes labor for nitrogen 

fertilizvt. The pri:,cnL azolla technology i!; based on the Chinei;e and 

Vietname.ie riodels and thus is extremely labor intensive. In fact, the 

cultivation of azolla can not be adopted bv countrie!. Wi i mechiani zed 

rice farming y;ystemis uiil new capital ilt(i!;ive techlologqy i!s developed. 

Adoption of Izo 1a cultivation by a devel opIT country can lvon' in

crease the dicand for fart: labor, e:;peciaill' ihn nur:',,r stocks Ire being 

multiplied and duriy; fie d cxiitiva' ion. In ;Iddiitill, , fw worker:; W¢ill 

have employient ye:ir-roti:id icitO:,; of the o m azollall i il.iiii IiIoratesries 

during the off sea:;on. 

RiCe requiri's aiho t 20 k of nitre ,1:nir toiIlof the haivestv,! (rop., 


About half of thi; is recycled into the !,oil in the crop r:,idue ;h,.refore 

about 10 kgJ of llitr'oln 11;removeid icr ton el harvested 'ci i. A !,!% ton 

rice harve.t removes about 60 kg, of nitroqen fnir (III ,i), equivol,:11t to 

300 kg of sul fate fertilizer. If a:1olli t,,:;, forau:rmoniur -mbtjtuted 

airnonium !;ulfate, nearly all of the monlev required to oll h:!.ithe 300 kg 

of amrnonjum sulfate fertilizer could tieiorttc;till" be u:md toa tni a 

labor to grow azolla, or to gain a greater return ol fa:ii. labor. 

Azolla appears to offer :;Iecial op ortuni ti.!, for !T:,al]fartw;, Piar

ticularly family farms with abundant labor. Conversely, suitable azolla 

technology for large mechanized farris is (il availbile. 

http:Vietname.ie
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Azolla is used successfully on lari'e communes in China, but tile 

organization of these communes i; difficult to relate to family farms. 

Azolla should iprV the coLi e itlItVte situiltion of scial! peasant 

farms In detcloping co lt-r'is 

3. ,ind 

The land required for azfolla cultivation is; mainly lcl-tod to 

nur!;ery imd! li(i IILuLo] Ii I u tion. For o've.' in ttring r r overSu u rln , 

w'ory urills 1 11 t 01d l or i (, I d are more1,1 CL '1- lilnt.' I a ras:; reujl i rod, iln 

thw lrt. ,:1ll ga'r.nu) t:; tsh. l f ield . Hr,; whenI I )lir lhw'.vtr, 

azoll]. 2ul5 l L ica:tion for field i ll Ilat ill0 k 0 to I- aiciivcd, mouch mllol-e 

I ll] if, I . liI-u , luch.i :; ouc .'; P) I , I .:it of tw ri - crop area 

to Io inoscullstud i ; a 'I et c:ito of thu. 1 ind aruts rwol-sd for a 5zola 

fi " d .n i 1il :.t "oo. i;' l:'andi!, n,,t tit d uI l un t 1:. , 1,wssever, 

but it I IJl t deIshtd :slti;IiI.tin f,;l iI Il SC0 Lrt,,aissllts rn1 th or rI1 

to fit cli ] at il11. 

t'istvr.; LI;0 '.IlI ) incorporatedFor failchjrij] thIlt ;is i' 1a Isil I, scsi I 

;roLn lanlullre thL rice' , I nd 1)(- lintobefore crop ;al )f th to 1) 1 ant ed 

r i, and fert 1 ized with ;IslIa s il 1eedto be dCvsstId to azolla cultiva

ti n for t)rob h I s rif1,th1 t iri to t ans;p I lanti lys. 

In s tILilt iols: whir, .i,,] I a i!, us5ed a a so iI- i ncorporated , topdre.,;sied 

oliurn; sfr a!; all illl t t rpo ltl'sd iniL rcrop %i th rice, no land wil 

be requi r,.dtIo i) devot ed .ole v to azo1 la, xct.lt for the i noc lat ion 

llt I'm, I. ius . 
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11. Conclusions
 

Azolla is being used as a primary source of nitrogen on an increasing
 

land area in transplanted rice crops in China and Vietnam. 
The largest
 

use of azolla in these countries is in the spring rice crop, mostly as
 

a monocrop grown before rice 
as a basal, soil-incorporated green manure.
 

Less is used as an intercropped topdressing green manure in transplanted
 

rice that is planted in rows.
 

Use of azolla in the summer rice crop is hampered by high water 

temperatures and heavy pest attack. 
A search for suitable temperature

tolerant species or varieties could have high payoff.
 

Species used in agriculture today are A. pinnata, A. piinata var. 

imbricata (sometimes referred to as A. imbricata), and A. filiculoides. 

A. pinnata and imbricata have been used for long time in China anda 

Vietnam, but their susceptibility to high temperatures and pest attack 

makes them suitable only for spring and some fall rice crops. A. filiculoides 

has just begun to be used widely in China, especial]y in areas. where -

because of its cold tolerance -- it can he grown in
 

late winter and early spring as 
a green manure for early spring rice.
 

Although A. filiculoides has proved useful in China because of its cold 

tolerance, it is even less tolerant of high water temperatures (above 

25-27°C) than A. pinnata. Mat needed, is an thatis then, azolla can 

tolerate high summer temperatures, up to 40'C or so. A. microphylla, 

collected by T. Ltimpkin in the Calapagos Islands, shows promise of becom

ing a suitable summer green manure for central China and a winter green
 

manure In south China.
 



1 need andkheL isa great to collect and, characterize species 


varieties of azolla extant in nature. This work is of the highest
 

priority. The potential worth of A. microphyll in Chine has already
 

been mentioned. However 'it may be useful to point out'that A. nilotiCa,
 

collected by T Lump'dn in the Sudani has -shown -the highest-nitrogen.
 

fixation of any ezolla studied, Lumpkin was only able to collect 3
 

SpCeLlens of A nilotica, yet many more strains and types are available
 

in the Nile Basin, and these should be collected and characterized as
 

soon as possible.'''
 

All species could prove useful. For example, varieties of filiculoides ' '4 

look promising now for use in certain agricultural situations. The same 

can be said about microphylla, imbricata, pinnate, and caroliniana.
 

Research programs should stress multidisciplinary approaches, with
 

close linkages between institutions, Both trepical and temperate farming
 

systems should be emphasized, but these programs should be centered in
 

different places that are committed to the two systems. Both temperate
 

and tropical research programs shou', be linked, and should cooperate in
 

collection and characterization of species and varieties. The tropical
 

program should focus on using azolla in tropical farming systems, notably
 

small peasant farms, and the temperate program should focus on capital
 

intenive mechanized rice production systems. An international meeting
 

should be held that will have as its major agenda item the setting of
 

international research priorities for azolla. The primary focus of re

search programs should be'to find a useful role for azolla in farming
 

systems. Basic research should not 'be neglected, but the ot ential
 

usefulness of azolla is too great to delay Its wider use in agriculture
 

through emphasis on more esoteric topics at the expense of applied research,
 

.'+ 'i 

'A....
 

< * 
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PAPER NO. 8. NATIVE PLANTS: AN INNOVATIVE
 
BIOLOGICAL TECHNOLOGY
 

(By Dr. Cyrus M. McKelI, Director of Research, Plant Resources Institute, 
Salt Lake City, I'lah) 

ABSTRACT
 

The concept of native plants concerns a new direction in botanical
 
developnent. The term defines that 
 idea that rather than adapting the
 
environn nnt to the plant, an indigenous plant expresses the best adaptation
 
to an er /ironment and by improvini on this expression will yield various
 
benefits. We are approaching the situation where bringing marginal lands
 
into widespread agricultural utilization is evipl4inq technologies and 
plant species inappropriate to these situations. This is occurring with 
a total disregard for the cliiatic limitations of the environments within 
these areas. A new approach is required. It way even benefit traditional 
aqricultre and forestry practices. 

Oevelopment of' native or indigenous plants, particularly with reference 
to those adapted to tropical and sub-tropical soils, will be beneficial at 
a variety of economi es of scale. In some instances, their development will 
be small and amenable to utilization by individual farmers or farming groups.
On the other hand, there will be instances where development will be large 
scale and have international implications. 

Native plants can be particularly useful in sustaining fertility on 
depleted or marginal soils and improving general productivity. They connect 
the need for production with the new apprnach of al a(Iroecosystev. Polycultural
(mixed) cropping systers especially applicable in tropical locations rely
heavily on the potential of adapted or indifgenous plants to perform their 
beneficial functions. In this regard, native plants represent an under
utilized resource and constitute aln onportunity for positive botanical 
development. 

Numerous aqricultural and forestry development progrems have produced 
more problems than they have solved. The coordinated, integrated development
of indicenous plants could allow for multiple and additional benefits greater
than the initial goals of soil fertility, food production or raw materials. 

There is an imniediate need for inventories of existing native crops for 
their development potential. The wcrld's tropical and sub-tropical qermplasm
is poorly known. Throughout the world existing knowledge of plants and their 
uses by indigenous peoples is disappearing due to conversion of farming systems 
to monocultural uses. Germplasm storage of potentially valuable varieties and 
strains requires iiediate attention. Demonstration of practical working models 
with specific native plants must be performed. 

One limiting factor to the development of native or other unconventional 
plants is an institutional bias against their development. The major emphasis
of plant research during the last 100 years has been directed at the dozen 
or so primary food crops with the exclusion of most everytfinq else. 

To overcome this institutional bias will reouire innovation in policy,
research and development, and program implemeetation. Development of 
native or adapted plants should allow for an integration of these concerns. 
The capabilities of various governmental and non-governmental institutions 
should be directed towards the goal of sustaining soil productivity in both 
the short and long term context.
 

(349)
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I. INTRODUCTION
 

The purpose of this paper is to present a non-technical description and 

evaluation on the utility of "native" plants as an innovative technology 

to improve productivity on soils in tropical/subtropical areas. The paper 

addresses several major questions that appear as subsections. 

The termrnative-plant may not be fully understood and ne( ; clarifica

tion for purpose, of this paper. All plants mnaybFeconsidered native or 

ind1tlenous to sorie locrtion on the earth, but when a plant is taken to an area 

where it is riot found, it becorwis an introduced specis. This distinction is 

too constrannq ariil caln easily overlook the importart attribute of adapta

tion jidied rithor from actual observationr or from sciertific evidence of 

ecoloqical sn11i lirity. from trie ,tandpoint of the objectives of this report, 

native 1es be corli ',."ed as triose plant species qrowirilq in an areacry 

that have riot bieen exploited for co;rierc ial de'velopiient ind export. Some 

native species iw,, have desirable attributes ,rndi ptentl for intensive 

use whilet others may morely servo to fill in the siimcs irf the plant comimunity 

in a iereral wa/ nd rijve hut minor dovriopierilt iotential1. This paper, there

fore, is limited to iridi(ierious species that have riot been extensively developed. 

Native ilarts hold fIreat iroi irse for '!wfetinq the expandinq needs of society 

for food, fitbe , fuel, and enhanced kind produc tivity. Often overlooked in 

favor of iniimportewd species, in the search for a pl ant or plant product to 

serve i arket or doivs tic need, plants native to a qiven reqion nmy already 

express the range of adaptation necessary for sustained utilization. A good 

exanlple of indijenous plants beinq overlooked in favor of introduced species 
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is in rangeland improvement programs in the western U.S. where native 

shrubs were removed in order to plant introduced grasses (McKell 1976). 

Plant exploration and introduction have been carried on by the economically 

developed nations but the search for new plant materials has emphasized 

conventional crops and uses resulting in many native species being over

looked.
 

In the past, the corimmon procedure has been to examine the files or 

materials found in plant introduction stations to find new plants and
 

plant products rather than explore the locally available materials for 

possible new products. Because of the increase in energy costs and the
 

energy component in existing products and production activities, a new 

look for alternatives is justified. A particularly attractive opportunity
 

for development of native plants exists in areas of tropical and sub

tropical soils. These areas have not generally been of interest to the
 

developed nations as a source of plant materials because the developed
 

nations are, to a large extent, located in temperate climates. This
 

approach has limited the extent of germplasm collection, research testing, 

and introduction to the primary crop species. Additionally, most American
 

primary crop species are introductions from the Old World, and these
 

have been genetically developed over long periods of time for intensive
 

agricultural use. In contrast, many indigenous species have been ignored
 

in favor of traditional crops.
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II. THE ROLE OF NATIVE PLANTS IN SUSTAINING
 

FOOD AND FORAGE PRODUCTION
 

Native plants serve a traditional role in many countries with tropical
 

and subtropical soils. Various indigenous species have been used for food,
 

fuel, livestock feed, construction, fiber, medicines, and other purposes on
 

a sustained yield basis either gathered from natural plant corinunities (forests, 

rangelands, marshes, etc.) or harvested from farmedSm11 plots under various
 

degrees of cultivation. Cultures as Sri
diverse as Mexico, Lanka, and Indonesia 

have well-documented histories of wide utilization of indigenous plants for 

medicines, foods, and other uses. 
 Most of these native plants have not reached 

a level of development sufficient to make theico mriercially useful in the 

market place. Notable exceptions include rubber, corn, pineapple, potatoes, 

etc., whirh have been developed worldwide. Most species, however, are
 

unspectacular in their attributes and find beneficial use in the day-to

day 	existence of the local people. 

Over-use of native species brought about by population increase and energy 

shortages is creating adverse impacts on many species and their systems of 

production. Where previously a conservative level of plant utilization gener

ally assured their natural replacement and did not reduce 
their genetic
 

diversity, exploitation of land resources by overgrazing, intensive agricul

tural development, forest clearing, 
industrial development, and widespread
 

soil degradation threatens to eliminate many useful species. For example,
 

a recent National Academy of Science assessment of environmental degradation
 

of the groundnut basin of Senegal (NAS 1980) indicates that overuse due to
 

population increase and cyclic drought has resulted in the disappearance of
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many native species used for fuit and livestock fodder. Theoretically, some
 

of these species are still present in the non-cultivated bush areas. An
 

example is Ziziphus mauritiana, a desirable fodder shrub, which had essentially
 

been eliminated from areas adjacent to the intensively-cultivated farmlands 

by overuse. At a recent conference in Australia on Genetic Resources of the
 

World, concern was expressed that valuable genotypes and gene combinations 

were being lost due to the impacts of human population expansion. Associated 

with the direct loss of genetic resources i a substantial reduction in soil 

fertility and an increase in less desirable plants.
 

Another equally important role of native plants is their linkage to 

improvements in crop performdnce and diversity. Indigenous or locally cul

tivated relatives of many conmmon crop plants offer significant potentials 

for crop improvement programs within the temperate and tropical latitudes. 

Recent discoveries of wil,: perelnidl reiatives ot corn (Lea mays) could 

prove extremely important to the future development of this crop. Similarly, 

the expression of expanded environmental adaption often inherent in many 

native plants could allow for much wider cultivation of the species while 

reducing artificial inputs. Recent work with salt tolerance in major grain 

crops and tomatoes relies heavily on the adaptive qualities of various native 

and overlooked indigenous variation of these important crops (Epstein 198U). 
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III. WHERE NATIVE PLANTS ARE BEING USED TODAY
 

Native plants are presently being used all over the world. Many species 

find extensive use in developed agriculture and some native species already 

enjoy limi ted coininercial use in areas of optimum adaptation (Table I). Opuntia 

cactus fruits in central Mexico are collected and sold locally. Fibers are 

removed from Agave lechuuilla_ for use inmaking Mexican mats, shoes, and 

baskets. Numerous species of native trees such as Mangosteen (Pa-rcinia 

_jqon
stana) in southeast Asia, Naranjilla (Solanum quitoense) in Columbia
 

and Ecuador, pejibaye peach palm (GuiieMja aa-s-ijiaes)
in Central America and
 

soursop (Annona.muricata) of the West Indies produce exotic fruits for local
 

markets.
 

The important point is that the usefulness of sore species is known only 

to local people or is generally not appreciated by a wide audience. A number 

of examples of fruit, vegetable, fiber, oil, and forage sp)ecles are described 

by the National Academy of Sciences in their stud ic, on underexploited plants 

(NAS 1975). Such underdeveloped species iay unosielni 'luu features that 

could be useful in new oppl ication', or Supplemert vxi,,ting crop plants if 

they were screened for optimum sie, shape, produ:t qil I ty, and adlp.

tabil ity to variou, management practice,. 

The genus A-triplex is an example of a group of seri -arid sub-tropical 

plants currently used but possessing significant potential for increasing 

rangeland productivity. Various shrubby Atriplex species are valuable as 

livistock forage during seasonal dry periods when grasses are dry and below
 

required levels of crude protein for animal nutrition. The protein content
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is high and balanced with other nutritional requirements. The exploitive, 

subsistence-level grazing practices and extensive gathering of shrubs for 

fuel on the rangelands of Syria, Iraq, and other middle eastern nations 

has nearly caused the disappearance of these valuable fodder shrubs (Thalen 

1979). An inteqrdted development program of collectin and revegetation 

with native shrub species and other adapted Atri0))ex species fro similar 

cliiTates could substantially restore rarigeland productivity to this region. 

Anotier example of , nativye plant that is receivinq mcOlividrable at

tention o1 a pilot scal, level iv ,ioiao (SvitirlmPndsi chiumneit), an ever

r
r'een ;'trub dliqenoeu to !.i ' mon .ai,'t Of th, Uni ted ,tate; and 

Mexico (flqanI 197)). i'hepl'nt Ior tht,ltliid o ,x(:ontainedis valued q 

ill it!,cmvi. ltu, '. 1.is siiilar t( ' emTr' l ae (II 'Old 'ti" <Ipotential 

!(it"(I,' IIr' I ltrl ttl'l1r.i11 'irn ' '' , Field I t-t .iave been made 

inI iI'inmth. rniittit , V .'ell.co, ' i ;v.trillt. A" tl:(, planit is 

m,]nii,t r 
j rlinli,mJcl! I. * ' mIx clt ll (lttv tt it I intclOe ) it cotild 

i r tRl' owed '..',1t0tit ,dm'ii comi'mercial ri ,er*"' i'' quia',ile(0.rthli i l 
arrientlt. il:) i t-1,1111',)IVI O IrI ,( O 1 ' M A PIT(,'t~! '' ' f Vl 'I'd* I*; 1111Jrd lo
 

t11mitt'i Of, Itt t'tt',I I'lo.i ' ytt' InatIVe
!' tI.',.ti't ttm 'i till 

1tliii uvrti~n "c %trtiitn'a.ti J timim I el I vfficac it t I, ido Ip tcT wchI1(11"
'ilIQ Is (Jr IOld nowI ,I,iI(I flri 1 l)", u -, Id tOr Ilrit " I ;. ')[)UnII)t I, I IIo l fIit115 o f 

otuavL tinWl I rsq t. tii va e',.itt the IJ.5. h/ ttu m n 'orrubbter companies. 

'oxicIo tm, an t11d't ptWoitnar'i oI deveIpment invitI vinq assessment of native 

3UoIyale'tpoij,I oi ada t ns for a processing fac i ity. 
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IV. RESEARCH EFFORTS ON NATIVE PLANTS
 

Research on native plants is being conducted by many different groups
 

ranging from private individuals and companies to state, national, and inter

national agencies. However, no coordinated research effort can be expected
 

because of the div(rsity of potentially useful native species, the various 

countries in which they are growing and could be grown, and the risks involved 

in developing new crops for presently ill-defined markets. 

As has probably been the case over the !pan of time that man has developed 

a civil ized society, plant resources have been developed to meet existing 

and short-tery antici pa ted needs. The difference today is the high cost of 

bringing new product:; into hiq, ly coi:;petitive naikets. Opportunities for 

new products or uses firirnative plants can occur is d result of changes (or 

potential for marines) in consumer preferences or a,; exlstini pr'ducts cove 

into short supply and can be replaced by I native pirt product. 

It is difficult to Jlearl p identif/ orqrinizations performing research on 

rtive plants, hut they fall into tie followig cateqorres: 

1. 	Broad spectrum arencies sponsorinq exrloriti on, colection and evaluation. 

Examples S USDA, plant introduction, plant materials centers (nationwide) 

0 FAO (food rind Aqriculture Jrginiazation of the U.N.), 

seed 	exchanrge, interiatioral developiment 

* 	 SIDA (Swedish Intfernational DveIepiment Agency) sponsoring 

projects to preserve genetic resources. 

2. 	 Agricultural experimrit stations doing work on individual plant species 

with local concern.
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Examples - 0 	 University of California Agricultural Experiment Station, 

Riverside, working on jojoba wax 

• 	University of Hawaii Agricultural Experiment Station working
 

with Lucaena trees
 

3. 	Private organizations, agricultural enterprises working to develop products
 

from various species.
 

Examples 0 Firestone Rubber Company working on quayule for rubber
 

development
 

* 	Native Plants, Inc., developing new technology for tissue
 

culture propagation of various plants
 

0 Jojoba International, Inc., encouraging establishment of
 

comnercial plantings of jojoba.
 

Funding of native plant research is very dependent on the species in question.
 

Obviously the potential for some species is greater than others depending
 

on the scarcity and quality of the expected product, the abundance of the
 

plants and the ne: s of society. Currently, there is a high interest in
 

native plants with potential as sources for biomass energy. Unfortunately,
 

there is little, if any, coordination in research funding for native plant
 

development or in the establishment of priorities as to which species offer
 

the best potential. As of 1979, the total U.S. funding for research and develop

ment of underexploited plants was limited to less than $10 million of which
 

half was devoted to jojoba.
 

The uncertain path of development for a natural rubber product from the 

native shrub quayule (Parthenium argentatum) illustrates the problems of
 

developing a native plant. The National Academy of Sciences (1979) pointed
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out that in 1904 a company was formed to extract rubber from the guayule
 

bush. By 1910 this company was the 6th largest in Mexico but the wild
 

stands of plants quickly becae depleted. Expelled from Mexico by Pancho
 

Villa, 
the company continued limited operations in Salinas, California.
 

Cut off from natural rubber supplies from Southwest Asia in 1942, the U.S.
 

took over 
the company and planted over 12,000 hectares of production and
 

experimental plots of guayule. 
 These fields were just coining into produc

tion after the war in 1945, but because natural rubber was again plentiful
 

and a fledgling synthetic rubber industry gained 
the needed federal price
 

supports, the guayule fields were destroyed. Recognizing the need for a
 

dependable supply of natural rubber, Congress passed the tative Latex
 

Colmnercialization Act of 1978 which iakes $30 iillion in federal funds 

available for research. Subsequently, Firestone Tire and Rubber Company 

and Goodyear Tire and Rubber Company have initiated field trials in the 

Southwest. In Mexico, plans are underway for a natural rubber extraction 

facility southwest of Saltillo, Coahuilla using guayule from riative stands 

amidlater from established plantations. 

Obviously, 3 more integrated and organized effort will be needed to bring 

the benefits of other native plants into eality. The research coninunity and
 

society simply cannot be subjected to political and economic vagaries over
 

a long period during the development of a new crop of national value. Coord

ination is needed to stimulate innovation in policy planning, research and
 

development funding, and connercial implementation.
 

To bring native plants into comnercial production, substantial, integrated
 

programs are necessary. We know that the genetic quality of conventional crops
 

and appropriate cultural practices have been improved over a long period of time.
 

With this history of development, we can expect that new crops/products from
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native plants can be developed with much greater efficiency. Significant
 

breakthroughs may take place (such as the application of various biotech

nologies) but for the most part, research funds, time, and vision will be
 

needed to unlock the resources represented by most native plants.
 

One of the first research steps consists in identifying promising native
 

plants and describing some of their characteristics. A recent survey sponsored
 

by the National Science Foundation (Soil and Land Use Technology 1978) described
 

six new crops with a potential for development ir the arid and semiarid United
 

States. A thorough coverage was given to ten new agricultural crops (Ritchie
 

1979) that alrddy have received , - development attention. Goodin and Northlngton
 

(197g)helped to stimulate interest in native plants with their conference on
 

Arid Land Plant Resources. Probably the greatest stimulus to the development
 

and use of native plants in recent years has been the series of bulletins
 

published by the National Academy of Sciences. "Underexploited Tropical Plants
 

with Promising Economic Value," (NAS 1975c) describes 36 tropical and sub

tropical plants that have a high potential for use as cereal, root, vegetable,
 

fruit, oilwee., forage, and fuel. "The Winged Bean - A High Protein Crop
 

for the Tropics" (NAS 1975b) provides information cn a tropical legume native
 

to Southeast Asia and New Guinea with a potential for improving human nutri

tion. "Guayule: An Alternative Source of Natural Rubber" (AS 1977) is a report
 

on the development potential of a subtropical desert shrub of Mexico and South

western U.S. that produces a latex product similar to natural rubber from
 

Southeast Asia. "Lucaena: Promising Forage and Tree Crop for the Tropics"
 

(HAS 1977) provides information on a vigorously-growing tree and bushy plant
 

that produces nutritious forage as well as restoring soil fertility. Other
 

benefits Include timber, fuel, and pulpwood as well as soil conservation and
 

stabilization. "Tropical Legumes, Resources for the Future" (NAS 1979)
 



reports the findings of a group of legume specialists on 200 species that
 

warrant research and development to achieve 
 their optimum potential. "Pro

ducts from Jojoba" (NAS 1975a) gives a review of the chemistry of the liquid 

wax obtained from this shrub native to Southwestern U.S. deserts.
 

These publications all hijhlight the inimense 
 potential existing within the 

botanical world to augment agricultural, forestry and horticultural production, 

particularly in the developing countries. These and other surveys consistently 

document the immediate need to develop thorou(lh inventories of indigenous 

knowledge concerning native plants and their uses, germplasm collection and 

storage, and conservation of existing habitats. The rapid disappearance of 

extensive semi-arid, sub-tropical or tropical plant cormnunity compounds the 

problem of collecting, researching and developing these under-exploited plant 

resources.
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V. HOW DO/COULD NATIVE PLANTS INCREASE OR DECREASE
 

THE NEED FOR FERTILIZER, PESTICIDES, IRRIGATION, AND MACHINERY?
 

Any change in the present use pattern of fertilizer, pesticides, irriga

tion, and machiery would depend completely on the nature of the native plant 

being developed, whether the particular plant could be developed on an inten

sive or extensive basis, or the degree to which the plant is susceptible to 

insects and diseases. However, any move to increase productivity would gener

ally require an increase in the level of inputs. The adaptation of some 

indigenous plants to multi-cropping systems or polycultures could significantly 

reduce the need for artificial inputs. The scope of such production systems
 

is just in its infancy of development, however, and models appropriate to 

widespread application are virtually non-existent. 

Some specific examples of inputs required by various native plants will 

illustrate their variable nature.
 

A. Fertilizer
 

Three possibilities relative to fertilizer use may be seen:
 

1. 	Legume species may have minimal fertilizer requirements consisting 

mainly of phosphorus, sulfur, and micronutrients. In turn the legumes 

and other species may fix nitrogen and release it in the root zone 

to companion and follow-on crops. 

2. 	Some native species may not require high levels of fertilizer because 

of their adaptation to low nutrient environments. 

3. 	Non-legume species may require substantial amounts of fertilizer to
 

achieve optimal production levels.
 

A brief discussion of each possibility will illustrate the fertilizer re

quirements.
 



Leguminous native plants are particularly attractive for development
 

because they 
can serve to increase soil nitroqen as weil as provide useful
 

products such as fuel, forage, e-d wood hioikvss. Fast growing Lucaena trees 

have been shown to provide foliage containing 100 to 1300 lbs. of nitrogen 

a year ind can restore the fertility of tropical soils depleted of h..roJen 

and organic matter ( t S, 1977). Felker (1979) su(Igested that mature tree

leugume orchairds rcei vi nq r1o irrigation or nitrojr fter establishment may 

inicrease soil fertility up to four times qrliter til non-leluminous tree 

species. Numerous lequo s ruiis anil tres su:h i; Ac j[,a Prosp: . emodiurrr, 

Cassia aind StyIosanthes 1 t1y dire tera rice ol 1 frti 1 th ,arie time serving 

as live fences rop interrlariin';s or ranq, an I pii turn fodder . M.ly examples 

of soil fertility irlcr',asr r e Iiv,'i in lriopitic l Li, rs P o i ,s for the 

Future" (NA" 1979), 'Tropicl assurs" (Sherman 19N/7), d in paerlis presented 

at the Intenrational yiios ivo on irows in Afr-i (ILCA 1 
Some native stiel no ur e ir olets Of ferti I111er because 

they are adapted to soils of t, di x i l),a fI .rti ility. Under ,ui cnndi tions, 

plant qtrowrin and pro0duction coi H tIe ,Cietilitwl to [,,, :oPir(-,iiiiudinqly low. 

If high Yields for coITirnrcial noriiuctin are desirod, the level of fertility 

must be inicreased accordirlI /. Intonqirvn croppinri has shn tosiowni deplete 

soil fertility arid any continuous produiction in a rinw ar ricultural location 

would eventually requlr, a rergular soil fertiliiiton proglram. 

lron-legurie native plants a, require larrje increments of fertilizer to 

produce at levels sufficient to be cori-ercially attractive and to cover costs 

of production and development. These species are those requiring optimal soil 

and water conditions. Pssi!Ile requirements for fertilizer and other inputs 

for such crops are suhrarized in a report prepared for the National Science 

Foundation (Soil and Land Use Technology 1978).
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Another potential strategy is represented by the selection and development 

of native plants adapted to saline environments. The ability to tolerate 

the environmental constraints and still produce utilitarian by-products is 

one potential avenue for overcoming high fertilization inputs. This is an 

approach to native plant development which has virtually been ignored in 

plant research. The existence of salt tolerant wild selections of existing
 

crops could improve the infertility tolerance of these species and therefore 

potentially reduce their existing needs for fertilization. Such possibilities 

will require concerted efforts to determine and enhance the range of adap

tability for most crop species. 

11. Pesticides
 

Very few if any of the na tive plants having a high potei tial for develop

ment have been studied from the aspect of insect, disease, or leed problems 

normally associated with intensive cilti va tion. Whereas many insect or 

disease organisms may ie hold in check in a diver-e plant coriulunity, they 

may increase to epideiic proportions when their host plan is grown in a pure 

stand. An exarple of such an epidemic occurred when black grass bug popula

tions nearly devastated pure stands of introduced wheatgrasses which had 

been seeded to replace ar nlrus h and other plants in western ranqjelands 

(iois et al 1978). Plantin(gs of native species will require research and 

plant protection measures similar to tiose already necessary for the produc

tion of conventional crops.
 

In tropical countries where multicropping systems represent the most 

sustainable method of farming systems, the pesticide requirements could be 

minimized by host/predator interaction within the farm plots (Gliessman 1980).
 



Testingand 	development of such modelsneedeatly e 

aver.
 

C Irrigat ion
 

4 r Requirements, or irrigation wili depend on the kind of native plant,,
 
trselected Asc for:development. a concept, the useof plants indicats an
 

adaptation to a;specific environment and its constraints., Species adapted 
 2> 

ils not 

adeqaite.and jmeets the critical stages of plant development. Areas of
 
btropical'ils typically-have-periods of rainfall deficiency and various
 

ttropc is 	 i'camay require irrigation if the pattern of rainfall is 

'strategies 	miust be employed toobtain production under such 'conditions.

These strategies available consist of the following:
 

1...Choose native plants with low water requirements that can be grown
 

indesert or semi-desert conditions. Some examples are: jojoba, :
 
atriplex, guayule, buffalo gourd, guar, cassia, acacia species
 

(Revelle 1978) .
 

2. Develop technologies to increase the effectiveness of natural pre

cinitation or irrigation, Alternate fallow, spaced plantings, water
 
harvesting, or drip irrigation can be effective inobtaining plant 
r
 

establishment and production. Where land isnot a limiting factor,
 

these extensive practices can be economically effective. Evanari
 

et al (1971) demonstrated how an ancient desert civilization survived
 

3 	 inthe Negev desert by using precipitation optimizing practices such 
as water harvesting and spaced plantings. Recent work at the Univer- 

sity of Arizona (Fraiser 1975) indicates high potential for using 

water harvesting to foster plant production under desert conditions.
 
Biomass plantings, deep rooted tree crops, and drought adapted species
 

would be most suitable for these technologies.
 

44 	 ii 
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3. 	Utilize available irrigation water to support maximum production
 

of new crops from high yielding native plants. Where soils with
 

a high productive potential may be available for intensive use,
 

possibly by replacing a lower value traditional crop with a high
 

value new crop, irrigation may be justified. Close plantings,
 

tillage, pest control, and fertilization may also be needed to
 

optimize production. Grain amaranth, winged bean, and guar are
 

possible species for intensive development, but many others may be
 

considered with adaptations of irrigation techniques to meet plant
 

needs and weather patterns.
 

D. 	Machinery
 

Because of the varied nature of n.tive species available for development,
 

no definite statement can be made regarding machinery requirements. Several
 

items would certainly be needed for land preparation, tillage, and trans

portation of crops to storage and market. Harvesting may be done by machin

ery in the casp of a uniform plant such as guar or guayule where leaves and
 

secHs are easily available for cutting or removal by a glade or catcher.
 

Where fruits, stems, or rjots aie not uniformly exposed and are retained on
 

the plant, either ,and libor or a specialized piece of machinery may be needed.
 

Regions of the %,nrld where hand labor is abundant and available for
 

planting, cultivating, and harvesting, the development of new crops from
 

native plants using nand labor rather than machinery is most appropriate.
 

In other nations, labor intensifying machinery can be developed. This has
 

been the pattern followed in the development of conventional crops starting
 

with tillage and land preparation.
 

Itis important to recognize that the development of native plants
 

for their various uses can be directed at local levels in response to
 

specific needs as well as to wider industrial and international markets.
 

Machinery and labor requirements will be dependent upon which level of
 

development is pursued.
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VI. WHAT IS THE POTENTIAL ROLE OF NATIVE PLANTS TO RESTORE, IMPROVE
 
OR SUSTAIN FOOD PRODUCTION OF TROPICAL AND SUBTROPICAL
 

SOILS AND LIKELIHOOD OF GENERAL USE
 

There is 
a high potential for some native plants to positively affect
 

food proiuction of tropical and subtropical soils. One of the most promising
 

strategies is the increased use of leguminous plants for multiple purposes of
 

food, livestock fodder, and wood while concurrently improving soil fertility
 

(Sherman 1977). As fertilizer costs continue to escalate in response to
 

energy expenses, fertilizers will become economically prohibitive in many
 

developing countries. Incorporation in the cropping system of a legume
 

rotation, green manure, or animal manures derived from legume feeds may be
 

the best remaining option to replace fertilizers (NAS 1980) and maintain
 

agricultural productivity.
 

Non-legume native species have various potentials for positive benefits
 

to food production. Many species are already known locally but have not
 

received sufficient notice to be introduced or developed for use in other
 

(similar) regions. To achieve such recognition may well require:
 

1. 	A shortage in food from existing crop plants.
 

2. 	Development of new lands that are better suited for new crops.
 

3. 	Adaptation of new crops to economically compete with conventional
 

crops.
 

In any of the three cases above, some form of research and development
 

intervention would be needed to raise the perspective and incentives of local
 

people. The likelihood of general use depends on the individual species.
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For example, the general qualities of seeds from the jojoba plant have been
 

known for many years (Hogan 1980) but only until recently has any develop

ment effort appeared substantial enough to bring the plant into widespread
 

use. The shortage and cost of sperm whale oil is a big factor motivating
 

jojoba development in more than five countries. Some applications will be
 

less spectacular but no less needed.
 

Plantings of the legume tree, Acacia albida in Mali (Webber and
 

Dulansey 1978) hold considerable promise for improving subsistence agricul

ture production there, but the effort is but a "drop in the bucket" compared
 

with the needs in that area of West Africa.
 

In view of the diversity of native plants available for development
 

and the number of countries with suitable environments that presently
 

producL below their potential, judicious support of native plant develop

ment programs seems justified. The likelihood of spontaneous development
 

or widespread use of native plant resources seems unlikely without external
 

encouragement. Otherwise, many useful native plant species and ecotypes
 

stand in jeopardy of becoming lost as deforestation, land depletion,
 

industrial development, or other activities eliminates the natural plant
 

comnuni ties.
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VII. WHAT ARE SOME RESEARCH DEVELOPMENT AND IMPLEMENTATION SCENARIOS
 
INWHICH NATIVE PLANTS COULD REALIZE THEIR POTENTIAL
 

OF ENHANCING TOPICAL SOIL PRODUCTIVITY?
 

A. The program of planting seedlings of Acacia albida legume trees 
in
 

Mali (Webber and Dulansey 1978) serves as a model 
for development of the poten

tial of a native p~ant. 
 In this program, CARE set up production nurseries
 

to produce tree seedlings in soil-filled plastic tubes. 
 Acacia albida is an
 

indigenous legume tree native to sub-Saharan Africa. 
The tree has the unique
 

feature of being leafless during the rainy season. 
This allows for cultiva

tion of other crops directly under the tree. 
 The leaves and pods provide
 

fnddPr and green manure and the roots fix nitrogen. It is an ideal candidate
 

for selection, improvement, and application to various semi-arid agroforestry
 

systems.
 

In Mali 
teams of local farmers were employed to plant the seedlings in
 

preselected agricultural/pasture 
areas of good soils. Planters were paid on
 

a per tree basis for planting and protection. Subsequently, these local people
 

were encouraged (in their work training orientation) to take a special 
interest
 

in the seedlings 
to see that they received appropriate management/protection
 

to ensure their survival from grazing animals. 
 Benefits expected are increa

ses in soil productivity and livestock feed.
 

B. A scenario for planting a live fence of a legume shrub to 
enhance
 

soil fertility by N-fixation and livestock manure might be as 
follows.
 

Seedlings could be propagated at a government research station after selec

tion from depleted stands of palatable shrubs. These plants would then be
 

distributed to village elders for allocation to heads of families for planting
 

around the fields and houses in the immediate vicinity of the village to enhance
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kitchen garden production and feed small livestock through the dry season.
 

Excess fodder could be utilized on the farm plots as green manure. 

C. A scenario for developmer.t of a high value native tree fruit crop 

would logically start with a eroqram of selecting the most desirable biotypes 

for their fruit quality, tree size and form, and maturity pattern. Because 

of the long term requirermnts for genetic improvements that would combine the 

best qualities in various selections a dual develoiiemnt program would be 

undertaken. The first would be to veqetativelv propaqitn (by rooted cuttings 

of a few plants or by tissue culture for thousands) the best sloction(s). 

Propagules would norrially b rown in container, until ready for field trans

planting. Sufficient wcrelageoud be planted to jrovide experience in 

intensive managci'lent arid priduction for a local,regional (city) or international 

cash market. A- experience is gained with product acceptance, the criteria 

for the genetic breedinq proqram would be modified. By the tire suitable 

genetic materials would be, available, the market requireents would be suf

ficiently known to guide large scale devol-opment planting arid improved cultural 

practices, poss ibly involvirig aciInery. 

Levels of capital and [anpower needed could he determined or extrapolated 

or the basis of experience with a pilot pro(ram. Pilot deirionstration pro

grams are therefore a most plausible way to approach development of promising 

native plant,. 
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VIII WHATCHANGES IN ATTITUDE ARE NEEDED? 

One of the most critical attitudinal problems in developing .ew crops 

from native plants is one of in',titutional identification with ,ustainable 

nd diversif ,iedplant doveloprm,,nt. Tr, ,itior,. crow , ;;.j)tly of temperate 

(rigin, have i teiv',l ' iijority If , ,''Wliotnlatteritijn whether they 

,e (lovernrent , i1,l Ir ,' more innovative.c-rirr-l (C. ' 07r' A nsqv anri 

t ! lilt i i'd1 when1re er'ring.ppr tr,:h 'd'-' I ' r'* to native or adapted 

plant devI'iOpiet, , vi'l'm' ,.itt. 0rup;directly affecL these development 

effort'; ntlude the h 1 Wlrif: 

Cul t 1vi to r, 

fI ,., , t,.-,iiouH intclude the local farmers who would be cIo es t to 

j ;v,i' priI t,]t.Ihe o i.ctiv would be to seek sufficient involvement in 

lennino,a plantinl, and isariaement to bring local people to thinking that 

tr i itt thlei rs -- not somethileq imlposed fre outside by qoverrment 

TIf' 1 T i fffort', of an i ndiv1dul, farrer it the Dalotas to bri tl sunflower 

1rit) efi dpred cuItitv. i on reflects the importance of th.i s el ement in the 

I ftr-ll tion.1) of ,new" 1rOo, 

I s ld )5.t 1'. 

Poli.i 1:1 ,,'iould le encouraged to provile a favorable and stable 

1if for innovt ve product development , to be optimi s tic but not raise 

nri,,jlistic rgoals and expocctations, ant' finally to be willing to support 

Iin)nc ti )e until full scale developnent perseectivesn7',of pilot project 

'an ,he !eter"'i ned. 5I, efforts of the Guayule CoriniCs ion Is ii example of 

tI ','(1ordinited it policy and implementation.iffor' 
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Financiers
 

Banks/bankers need to be edjcated about the realities and potentials
 

for development of a new crop. Available capital for second phase development
 

would he needed if the private sector is to follow the pilot development.
 

Orientation and involvement would be needed to assure support when it is
 

needed. Tax incentives and loan guarantees may be useful methods for finan

cial institutions to foster more rapid development and diversification of
 

new crops.
 

International
 

Policy makers within the international donor community need to clearly
 

understand the risks as well as the opportunities for a successful program.
 

Stepwise project implementation is a desirable approach in which needed 

research as well as development experience is gained as the program develops. 

This approach could be directly implemented by requiring agricultural, fores

try, and horticultural development projects to direct a certain percentage of 

the program to research and developnent on native species or varieties which 

could improve the overall program output. Involving host country politicians, 

research people, and local farmers should be a cardinal operating policy. 

82-999 0 - 81 - 25
 



374
 

IX. HAT BIOPHYSICAL, CULTURAL AND SOCIUECONOMIC CONDITIONS WOULD BE
 

CONDUCIVE TO PROJECT IMPLE FNTATION
 

Obviously, the best place for a native plant development project would
 

seen to be where it is needed most. However, there are qualifications to
 

this simplistic statement.
 

A. 	Biophysical Conditions
 

A high degre. of adaptation of a native species to the climate, soils,
 

topography, and animal uses, including resistance to parasites, is essen

tial. From an ecological standpoint, the approach sluld be to seek areas
 

that are ecologically equivalent to the original habitat of the native plant
 

species. This is usually done by testing of plantings in various locations
 

of similar climate. However, the time period during whirh the plantings are 

under observation may not be sufficient to experience the range of environmen

tal extremes that is cosion to the area. Detailed experiments under laboratory 

greenhouse and controlled environment chambers mtay help to document the full 

range of adaptation possessed by the species being tested. A development
 

philosophy should be to adapt the crop to the land not the land to the crop.
 

B. 	Cultural Conditions
 

For a new crop or agricultural product to be successfully produced, it
 

must not be contrary to the cultural traditions of the people to grow, consume,
 

or use. For example, an improved high protein maize (corn) variety was con

sidered for development in India to meet food shortages. However, the yellow
 

color of the seed coat was objectional because it resembled a grain product
 

fed to animals (R.Cummings 1972). A social 
custom study would be advisable
 

to determine if any taboos, customs, 
or adverse values exist regarding the
 

potential crop and its required production practices.
 



:375
 

C. Socioeconomic Conditions
 

Critical to the development of any new crop from a native plant is whether
 

the product is socially acceptable and is within the ability of local people
 

o handle the costs of development. There is less chance of gaining social
 

acceptance of a pruject if the payoff period is too far into the future.
 

An early return on the investment may be needed to maintain interest and commit

ment to a project. Further, the amount of capital required for development
 

may exceed the capacity of individuals or banks to handle. Thus, smaller incre

ments of development and interim returns to investment may be desirable and/or 

nece ary. An example with animals should illustrate this point. A small 

farmer could finance the purchase of several animals of an improved breed of 

goat or a pen of rabbits but may not be able to finance a cow or bull, not
 

to mention the greater risk in having a high amount of capital tied up in
 

one animal.
 

The above conditions are most likely to exist in the less developed
 

tropical countries, in the more rural and remote regions of such a country,
 

and with people of tribal or nomadic social organization. The less educated
 

people would likely be more difficult to reach and to gain their acceptance
 

of a development program.
 

Communication tools such as radio, newspapers, and films should be
 

developed to help both in the search for useful plnts as well as to disseminate
 

information on new uses and opportunities for economic diversification.
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X. WHAT ARE THE MAJOR CONSTRAINTS ON DEVELOPMENT AND
 
IMPLEMENTATION OF NATIVE PLANT USE?
 

Development of a native plant species to commercial 
or economically
 

significant levels would not be easily accomplished based on current obser

vations of jojoba and guayule. Many constraints must be overcome to satis

factorily bring a native plant into development.
 

A. Scientific Constraints
 

A major scientific problem in plant development is lack of tehnical
 

information. A sufficient amount of general 
information is needed to iden

tify plants of high potential. Additional species information can help
 

determine feasibility for development and the suitability of products or
 

uses to meet identified needs. Progress toward development may well depend
 

on 
technical data regarding planting, management, harvest, processing, and
 

conservation. Pilot demonstration programs designed to answer technical
 

problems and work out procedures are essential to guide development.
 

Particularly needed are scientific studies 
on ways to establish plants
 

and obtain optimum productivity under arid, semi-arid, and tropical 
condi

tions. 
 Problems dealing with microorganisms and plant growth, drought resis

tance, physiology of stress, and application of engineering to improve
 

adaptation present challenges for scientific research on 
indigenous plants.
 

B. Environmental Constraints
 

Existing land uses may pose one of the largest constraints to development.
 

Such commitments of land must be seen in relation to the long term value and
 

need for the land as it currently exists. Where decreasing soil fertility
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and vegetation degradation are occurring, a shift to a leguminous native
 

plant could bring multiple benefits. For native plants with industrial
 

potential (i.e., guayule) processing may influence air and water quality.
 

Whether utilization costs can be internalized in the value of the product
 

or plant use must be determined. In most instances, it must be stated
 

that the environmental benefits of developing native or adapted plants will
 

most 	likely outweigh the negative impacts. The potential to reduce existing
 

environmental degradation and more sustained land utilization must be consi

dered a positive consequence.
 

C. 	Culture Constraints
 

Impacts of development may cause social change, community growth, and
 

increased need for services. Such changes need to be addressed but at this
 

time little information is available. In general, the cultural impacts from
 

developing new crops or rr'ctices from native plants should be positive or
 

neutral. In the context of tropical countries, the perceptions of regional,
 

community, tribal, or family groups must be considered. Resistance to change
 

may be manifested by refusal to cooperate or allow project development.
 

Involvement of local leaders of status and decision makers is a necessity.
 

D. 	Economic Constraints
 

The major economic constraint to development is probably the lack of
 

seed money, venture capital, or government support to conduct pilot scale
 

programs. From the pilot program, cost data can be extrapolated for planting,
 

production, transportation, and marketing. From these preliminary data, deci

sions can be made toward major financing and long or short-term commitment
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of funds, either by the private sector or through government grants and
 

loans. Because of the generally speculative nature of developing high
 

potential native plants to meet needs that are not clear, private sector
 

funding may have to be government subsidized.
 

E. Political Constraints
 

A major political constraint is the instability and short longevity of
 

many political leaders in less developed countries. Although a new crop
 

development program may be highly favored by the political leadership, the
 

prospect of change must be worked into the project alternatives. Inasmuch
 

as agricultural development is highly important aud not as politically sensi

tive as other sectors of a country, it should be possibl2 to work within poli

tical constraints as long as the project does not appear to run counter to
 

current political/social philosophy. For example, pilot plantings of palata

ble fodder shrubs in Syrian rangelands by FAO and the Syrian Ministry of Agri

culture were described as an extension of socialistic-oriented cooperative
 

marketing and fattening units to increase meat production and !ncroe; the
 

stability of the livestock industry (DRAZ 1978). In reality, the system
 

had many free enterprise profit making opportunities to increase the incentive
 

of individuals to participate in the scheme. Yet, political leaders touted
 

the success of this cooperative project and declared it to be in harmony with
 

the socialistic philosophy mandated by the government. New crops must not appear
 

to compete with existing production systems but should complement them. CGA

stituents must be convinced that the proposed developments will provide benefits
 

equitably. Additionally, adapted crops vhich could represent a higher cash
 

return than traditional crops, should receive special attention from the
 

international donor community to sponsor their development and commercialization
 

for the economic benefit of lesser developed countries.
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XI. HOW WOULD IMPLEMENTATION OF A NATIVE PLANT
 

TECHNOLOGV AFFECT THE NEED FOR INPUTS OF CAPITAL?
 

Because of the varied types of native plants, no specific capital re

quirements can be determined for all native plants. There is no doubt 

but that a native plant development program would require siglnificant inputs 

of technology and Capital. However, tose plants that produce a crop would 

require qreater inputs t',an those usel for reforertation, improvirg soil 

fertility or increasirni re; eland forij';e production (Tahle 1). 

Fir-ful ,aly,,i,; of the infristructuro of" a region or county nay give 

ariirldi( atlon of avall'it r'ze, itt Caoitty. Fof tt l , veqetable oil 

(xtraction foriht i', are ;i],pl in the irourvd nt it r f 'enegal and 

t:0 ri,,t be .1il in to poIent p :'ioin off ":',or to e/tract 

.y;t'"c hrr n 1,l nx f'r'e '111 I0 i y lyint', r rool jrrwir; in wiaSte 

plo, londrr;iw, of tir 1'..A o, 1 pilot ir. ttoreters native plants 

iotuid provid, ',i:0 of ti' ,r, rir,'. -ro 5on'et ine o1 f ,,ibli i ityS of 

prod lf-tirnq to li r,';(r phar.t of develnirirt. Tt i like r;itr'rwr any proposed 

NeWcrop "rould he analv',r for aapit l input" and available facilities 

for production t transport.proce',Jn and 
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XII. 	 WHAT WOULD BE THE IMPACT OF WIDE SCALE IMPLEMENTATION OF NATIVE PLANT
 

USE ON SOCIO ECONOMIC STRUCTURE?
 

Itwould be false to assume that only a large conercial-type farm or
 

a family-sized farm would be suitable for native plant development. Much
 

depends on the nature of the plant species and the magnitude of development 

necessary. From Table 1 it can be seen that some crops such as Cocoyam and 

Buffalo gourd could easily be grown on small plots and collected for commer

cial markets. In contrast, industrial feedstocks, biomass, and high volume 

crops such as guayule, ramie, lucaena and guar would better be grown in large 

fields and be harvested and treated mechanically. 

Small field operations would cause little chanqe on socioeconomics struc

ture except to provide an additional income stream to coiiimunities. Large 

operations may disrupt comlunities by increasing their population or requir

ing the establishment of new ColmuInities. Ailexcellent example here in the 

U.S. is the 11O,0O0 acre Navajo Irrigation project near Farmington, New Mexico. 

The large coimercial farm style of operation has left little opportunity for 

comisunity development of a traditional native culture, nor has it provided 

an opportunity for family farm or cooperative group farm development. The 

project has addressed only the large scale production-economic aspects of
 

development. Socioeconomic problems remain unsolved as illustrated by the 

attempts being made to resettle Navajo workers in a modern subdivision quite 

foreign to existirg patterns of coMIsTunity settlement. 

In summary, the various options available to develop native plants of
 

high potential could enhance existing social and economic patterns or could
 

disrupt them with large developients depending on the suitability of the land,
 

the adaptability of native plants to given locations and the institutional
 

insensitivity that 	might prevail in their development. Properly designed
 

pilot projects could help to provide guidelines for larger scale development
 

and experience in problem solving necessary for the conmmercial utilization
 

of high-potential native species.
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PAPER NO. 9. MYCORRHIZA AGRICULTURE
 
TECHNOI OGIES
 

(By Dr. John A. Menge, Associate Professor, Department of Plant Pathology,
University of California-Riverside) 

Introduction - What are mycorrhizal fungi? 

Mycorrhizal fungi are beneficial fungi which are associated with plant 

roots via a symbiotic association whereby both the host plant and the fungus 

benefit. Mycurrhizae are tie structures which are formed by the symbiotic
 

association between plant roots and mycorrhilzal fungi. Mycorrhlizae contain
 

both plant roots and fungal tisbues. In nature, mycorrhizae are far more 

common than nun-mycorrhizal roots (Frank, 1885; SchlichLt, 1889; Stahl, 1900).
 

Nearly all plant species are associalted with mycorrhizal symblonts. Because
 

of their importance to plants and their widespread distrIbntion, rycorrhizae 

must be considered in all aspects of plant ecology, crop science, and agri

culture. 

Mycorrhizal fungi are frequently divided into four very different types 

(Mosse, 1978): ectomycorrhiza, vesicular-a rhuscular mycorrhiza (abbreviated as 

VA mycorrhiza), ericaceous mycorrhiza, and orchidaceouri nycorrhiza. As indi

cated by their names, erlcaceous mycorrhiza arid orchidaceou; mycorrhiza are 

associated w'th ericeouti planti (blueberriea , cranberries, azaleas, etc.) 

and orchidaceou; plant!i (orchid:;), respect-vel). Becau';e of the relatively 

low economic fal:act of theace plants arid the rialaI ariunt of available data on 

these types if nycorrihiza, they wi'l not bc discussed further. 

Ectoiavcorrhizae - Ectoaycorrhizae ire assr.riated pritmarily with trees such 

as pine, hemlock, spruce , fir, oak, lirch, beech, eucalyptus, willow and 

poplar. Ectomycorrhizrte ire formed by hundreds of different fungal species 

belonging to the Basidlomycetes (mushrum., and puffballs) arid Ascoayceteas (cup 

fungi and trul ,.6). "fhes' lur al symbionts are stimulated by root exudates 

and grow over the surface of host feeder roots tr form a thick fungal layer 

known as a fungal mantle (Fig. 1). 

(383) 
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L.Wlal root Root€rl 

Fig. I. Diagram of a typical ectomycorrhiza including the Hartig net, fungal 
mantle and external hyphae (courtesy D. 11. Marx),
 

Hyphae of ectomycorrhizal fungi penetrate between the cells of the host root, 

develop around the root cortical cells, replace the host middle lamella, and 

form the Hartifp net which is the distinguishing feature of ectomycorrhizae. 

In response to the fungal invasion, the host roots usually swell substantially
 

and may branch dichtomously or in a coralloid manner (Fig. 1). The root cells
 

are not injured, however, and function of the roots is enhanced, as we shall
 

discuss later.
 

Vesicular-arbuscular (VA) mycorrhizae - VA mycorrhizal fungi have the 

widest host range and form by far the most common type of mycorrhizae. VA
 

mycorrhizae occur on liverworts, mosses, ferns, some conifers, and most
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broad-leaved plants. Gerdemann (1968) lists only fourteen families that are 

considered primarily non-mycorrhizal. The impoitant crop families which are 

non-mycorrhizal are Cruciferae (cabbage, broccoli, mustard, tetc.), Cheno

podlaceae (spinach, beet, etc.), Cyperaceae ( sedges ) and Caryophyl laceae 

(carnation, pinks, etc.). Wetland rice is also usually non-mycrrhlzal. 

Nearly all other Important agronomic crops Including wheat, potatoes, beans, 

corn, alfalfa, grapes, daLe palms, sugar cane, cassavit and dryland rice are 

associated with VA mycorrhizal I ungi . Although many trees have ectomycor

rhlzae, most have VA mycorrhizae. liixti-three of sixty-six tropical trees in 

Nikeria (Redhead, 1968) are associated with VA mycorrhiza. So are most 

important tree crops such as cocoa, coftfee, rubber, and citrus. Some trees 

such as juniper, apple, and poplar can have either ectomycorrhizae, or VA 

mycorrhtizae. 

The fungi which form VA mycorrhizae, about 80 species, are In a few 

genera in the Zygomycetes clasi of fungi. They are so common in soils that 

literally any field soil sample from arctic to tropical regions will contain 

these fungi (Mosse, 1978). 

The hyphae of VA mycorrhlzal fungi penetrate directly Into the root 

cortical cells of host plants. Inside of the hut plant cells VA mycorrhizal 

fungi form minute coralluid structures knotm arbuscules (Fig. 2).as Ar

buscules are thought to be the site of nutrient trantsfer between the sym

biot ic partners. rite host plant, obtal it ferti 11izer [tot rierts from tite mycor

rhizal fungus while tie ftugus obtains sugars or otiher food materIa)ls from tie 

plant . Al though tie arbuscule of VA mycorrhizal fungi occurn rts lde root 

cells, they remain covered by the host cell membrane and no are not In direct 

contact with the host cytoplasm. Vesicles are bal loon-like mycorrilizal fungus 

structures which usually form inside the host rout (Fig. 2). These structures 
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Fig. 2. Diagram of a typical vesicular-arbuscular mycorrhiza including
 
vesicles, arbuscules, spores and external hyphae.
 

are thought to be storage organs which the fungus produces to store nutrient
 

materials inside of 
the plant host. VA fungi also produce abundant spores
 

either inside or outside of host roots. These spores are 
the survival struc

tures of VA mycorrhizal fungi. They are long-lived and extremely resistant to
 

most unfavorable soil conditions and these spores are 
responsible for the
 

widespread occurrence of VA mycorrhizal fungi in nearly all soils throughout
 

the world. Despite the intracellular penetration of 
roots by VA mycorrhizal
 

fungi, they do not affect the outward appearance of roots except by inducing a
 

yellow coloration in the roots of 
some 
hosts (Becker, 1976). Detection of VA
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mycorrhizal roots is best done by staining roots (Phillips and Hayman, 1970)
 

and examining them microscopically for the presence of hyphae, arbuscul !, or
 

vesicles.
 

Arbuscules of VA mycorrhizal fungi are short-lived and generally survive 

for less than two weeks before they are digested by the host plant (Mosse, 

1973a, Scannerini et al., 1975). Roots of plants normally release large 

quantities of chemical "exudates" into the root zone (Bowen, 1969). Since the 

arbuscules are covred by the host membrane it is thought that the symbiotic 

association is regulated by the host plant via the cell membrane. The more 

nutrient materials released by the plant membrane to the artoscule of the 

mycorrhizal fungus, the mtor abundant tile mycorrhlizal collilti ol (Ratnayake, 

et al., 1978). By restricting nutrients passing thriough the Ilant iembrane 

the pliant is caable of restricting mycorrhizal fnatction in routs. A similar 

mechanism can be postulated for the regulation of ectomycorrlizae by plant 

roots. 

How do mycorrhizal fungi improve growth of agricultural plants? 

The VA Mycorrhizal symbiosis results in marked increased In crop growth 

and development (Fig. 3). For , ?le, inoculation of fulnIgated sand or soil 

with VA mycorrhizal fungi will increase the growth of citrus by as much as 

16001. (Fig. 3); (Kleinschmidt and Gelrdem/'ln, 1972), grape- by 4900% (i'osslngham 

and Obbink, 1971), soybeans by 1221 (Ross, 197), pine by 323% (Wilde, 1jo6) 

and peacheLs by 80 (LaRle et al. , 1975). Growth responses due to VA mycor

rhizal fungi have been observed 1.11 cotton (,ich and Bird, 1974) tomatoes (Daft 

and Nicolson, 1966) corn (Gerdemann, 1964), wheat (Khan, 1915), clover (Powell, 
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1977) barley (Benians and Barber, 1972), potatoes (Black and Tinker, 1977) and 

ornamental plants (Wallace et al. , 1973) and in many otor crops.
 

A
 

M(o LEMONMf(o i MY(U + ( 

Fig. 3. 	 The growth of citrus (Rough lemon) seedlirgs with (+Myco) and without 
(-Myco) VA mycorrhizal fungi and at different nutrient levels. 

VA 
mycorrhizal fungi consistently stimulate plant absorption 
of phos

phorus (Ross and Harper, 1970; Possingham and Obbink, 1961; Gerdemann, 1968;
 

97
Mosse, 1973), and zinc (LaRue et al., 
1975; Mosse, 1 3a), calcium (Ross, 1970,
 

1971), copper 
(Ross, 1970; Ross and Harper, 1970; Mosse, 1957; Klelnschmidt
 

and Gerdemann, 1972), iron (Mosse, 
1957), magnesium (Holevas, 1966; Mosse,
 

1973a), and manganese (Ross, 1
91970; Mosse, 73a). Increabed uptake of phos

phorus is perhaps the most important benefit 
provided 	by mycorrhizal fungi.
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Most mycorrhizal researchers 
agree that the increase in effective nu

trient absorbing surface provided by mycorrhizal fungi is primarily re

sponsible for 
the increase in uptake of soil nutrients by mycorrhizal plants. 

Ityphae from mycorrhizal plant roots can extend up to 8 cm into the surrounding
 

soil and transport nutrients this distance back to the roots (Rhodes and
 

Gerdemann, 1975). bieleski (1973) has calculated that 
VA mycorrhizal fungi 

may increase the effective absorbing surface of a host root by as much as ten 

tlines. Nutrient ions such as photphorus, z ito, and copper do not diffuse 

readily through si. L. Bec;juse of this poor diffusion, roots deplete these 

immobile soil nutrients from a zone immediately surrounding the root. Mycor

rhizal hyphae extend into the soil past the zone of nutrient depletion and can 

increase the effect iveness of absorption o immobli1 lements by as much as 

sixty times (Bieleski, 1973). Sanders ;i id Tinker (1973) hive calculated 

that approximately 50 cm of mycorrhizal hypha, per cm root is necessary to 

account for the upt,:k of phosphorus by mycor -hizal plants. Experimental 

observations indicate that plant roots can have more than 80 cm of mycorrhizal 

hyphae, more than the amount necessary to account for the observed phosphorus 

uptake. Plant uptake of mobile soil nutrients such as nitrogen and potassium 

is rarely improved by nivcorrliLzal fungi. The reason is that normal soil 

diffusion Is aden,.ute to supply roots of plants with these nutrients whether 

the roots have a large absorbing !;urface or not. Generally plants which are 

most dependent upon mycorrhLal fa.igi for nutrient uptake are those which have 

roots with a low surface to volume ratio; that is plants with coarse, fleshy 

rooLs with few root hairs (Baylis, 1967). 

Although there are numerous speculations that mycorrhizal fungi can 

solubilize and absorb nutrients %hich are unavailable to plant roots, there is
 

little evidence to support this c'aim. Sanders and Tinker 
(1971) showed
 

82-999 0 - 81 - 26
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conclusively 3 2with p-labelled phosphate that mycorrhizal fungi utilize the 

same phosphorus sources as do plant roots but they are able to 
absorb from a
 

larger soil volume and so are responsible for the v'ist majority of phosphorun 

absorption by crop plants.
 

Mycorrhizal fungi can also enhance water transpr-t in plants (Safir et 

al., 1971) and prevent water stress under some condi£ions (Menge et al., 

8a). These re;ults are probably ,L due to a direct effect of mycorrhizal
 

f 'gl, but instead to the [frprov-d iotrienc st;,tus provided by the mycorrhizal
 

fungi. lycorrhiizal tol,;i 
 -in tund, rt Iniilch drYutr -,,[I ,ondtio s than can most 

plants and it is thought tht. ;i,latt- i,1,'h noe it subt ut lially from aycor

rizca! infect ion 
 ndetr drot! ;t or a(-tr-.:tI'Oi d condit i1ns (Mxssi, 197,, 

Rtiehle and t1arx, [979). Ectx::)yc(rrhizue, [n part ic,lar, with their cantle 

which surrounds toots, tmayprvide a phystcli barrier a;alnst root disI; [a

t i~on.• 

Considerable evideice exists which suggests that mycorrhlzal plants mraly 

be better equipptd to withstand toxic ett,, i of salt. Calcium, magnesiul, 

and sodlua Concetrti,-s Ii xii-,ycorri zci citrus were )I, 3b, and 1501" 

greater respct vely thln, III ',err :hzil,'trus (Menge et al., 197gb). ilirrel 

and (;terdeiilanit (19/8) ,tutd thcit : :,Ixi iv-.)rrh ; incrteased "o[erlice of 

bell pepper!; t, ialijt.'. 'rappe et al. (19173)[ndl' il d that VA mycorrhlzal 

fungi provice; uticI- t, tthe toxIc itts ofi a rsenic . Mvycorrlizae may 

also provide Loli torance "xc-';I me [a Jntesa1d lit] o (ll)a a, 

IlIPu).
 

It has been contlusoively shown tit niecorrhizal fUingi act to increase 

nodulatlon by symblotic itrien-luxing bacteria such i,sRhizobium (Mosse, 

1976, Mos,;e et al., I7o). ycorrhizal fungi may stimulate other beneficial 

rhizosphere organisms 5a0w1 (Bagyaraj and Menge, 1978). 
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Ectomycorrhizal fungi have been reported to provide resistance to plant
 

disease in many plants (Marx, 1973). Although mycorrhizae never confer
 

complete immunity, they often appear to reduce the severity of disease or
 

symptom expression. Marx (1973) believes that resistance of ectomycorrhizae
 

to disease may result from: 1) mechanical protection by the mantle, 2) better
 

plant nutritton, -) production of antibiotics by the mycorrhizal ft-,.gus,4)
 

competition for infection sites, 5) formation of phytoalexins, and 6) altera

tion of root exudates. Evidence is accumulating that VA mycorrhizal fungi
 

exert similar effects upon plant pathogens. Schenck et al., (1975) has
 

reported mycorrhizal resistance to root-knot nemotodes. Schonbeck (1978) has
 

examined a variety of foliar and root pathogens on mycorrhizal plants with the
 

conclusion that root pathogens (Thielaviopsis, Fusarium, nematodes, etc.) are
 

usually inhibited by mycorrhizal fungi while foliar pathIgens (viruses, rusts,
 

etc.) are often more severe on mycorrhlzal plants. Davis et al. (1978, 1979)
 

and Davis and Menge (1980) concluded that the VA mycorrhizal fungus Glomus
 

fasciculacus produced little resistance to Phytophthora root rot of citrus and
 

indeed increased Phytophthora root rot of avocado and Verticillium wilt of
 

cotton. It is believed that VA mycorrhizal effects on disease are a result of
 

improved phosphorus nutrition resulting from the increased absorbing surface
 

conferred by mycorrhizal hyphae. This effect is magnified when the normal
 

absorbing capacity of roots is reduced because roots are partially decayed.
 

There have been reports of mycorrhizal fungi actually reducing growth of
 

some plants (Cooper, 1975; Johnson, 1976; Crush, 1976). These parasitic
 

effects are rare and the reason for them is not understood, but they apparent

ly occur in grasses, cereals, and tomatoes at or above optimum soil nutrient
 

levels when the plant is actively regulating mycorrhizal invasion.
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Mycorrhizae as substitutes for fertilizers
 

In the past 40 years the use of agricultural fertilizers has more than
 

doubled. 
 Crop yields have risen dramatically as a result. However, because
 

of shortages in some fertilizer supplies and the current cost of energy which
 

is used to produce some fertilizers, the 
cost of fertilizers both in terms of
 

dollars 
and energy has risen tremendously. Agricultural economists Indicate
 

that as energy costs rise the most 
responsive agricultural input is the
 

fertilizer 
input. That is, as energy costs rise, fertilizer use will de

crease. 
 This response is a dangerous one 
since chemical fertilizers are said
 

to account 
for 1/3 - 1/2 of the current US agricultural output (Lockeretz, 

1977).
 

Estimates indicate that agriculture uses between 2.6 and 4.4% 
of all US
 

energy use. Fertilizers and their application comprise 30-45Z 
of the total
 

agricultural energy use. 
 Nitrogen is 
the main energy user with phosphorus and
 

potassium accounting for only 16% of 
the fertilizer energy use 
(Lockeretz,
 

1977).
 

Because mycorrhizal fungi increase 
the efficiency of fertilizer use, 
they
 

can 
be thought of as "biotic fertilizers" and can indeed 
be substituted for
 

substantial 
amounts of some fertilizers 
(Menge et al., 1977, 1978b). Mosse 

(1973a) maintains that 75% of all phosphorus applied to crops is 
not used
 

during the first year and 
reverts to forms unavailable to plants. In soils
 

high in pilor 
high In aluminum or calcium carbonat, , nearly 100% of 
the phos

phorus fertilizer can be immobolized to non-useable forms 
via chemical soil
 

reactions. Tropical 
oxisols and ultisols are notorious for their capacity to
 

immobolize 
phosphorus. Because mycorrhizal plants are better suited 
to ex

ploiting soil with 
low amounts of available phosphorus, zinc, and copper, the
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addition of large amounts of these fertilizers each year may be unnecesuary.
 

Menge et al. (1978b) compared mycorrhizal citrus seedlings with non-mycor

rhizal seedlings which received various amounts of phosphorus fertilizer (Fig.
 

4).
 

TROYER CITRANGE
 
12 I MIyC0,rhIa1
 

10

kd L 

ORAZILAN SOUR ORANGE 
2
 

(n 10
 

0
 

(1? II',6 1120 
fF l .t IA 0 P ( k)/ hol 

Fig. 4. Dry weights of mycorrhizal and non-mycorrhlizal Brazilian sour orange 
and Troyer cif.range seedlings fertilized with different amounts of 
phosphorus. 

Mycorrhizal Troyer citrange which received no fertilizer phosphorus were equal
 

in size to non-mycorrhizal Troyer citrange which received 112 kg phosphorus/ha
 

(Fig. 4). Similarly, mycorrhizal Brazilian sour orange which received no
 

fertilizer phosphorus were equal in size to non-mycorrhizal plants which re

ceived 560 kg phosphorus/ha. Concentrations of phosphorus in non-mycorrhizal
 

Brazilian sour orange leaf tissue were never above 0.05% (less than 0.09% 
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phosphorus indicates phosphorus deficiency) even when seedliRgs 
were fertiliz

ed with 1120 kg phosphorus/ha. Concentrations of phosphorus In leaves of 

mvorrhizal Brazilian sour orange were above deficiency levels In ali sced

lings fertilized with mere than )b kg phosphorus/ha. Conceitration of phos

phorus in leaves of mycorrhizal Troyer cttrange were never in the deficiency 

range even when plants were not fertilized with phosphorus. Non-mycorrhizal 

Troyer citrange, on the other hand, required over 56 kg phosphorus/ha before 

adequate phosphorus concentrations were restored to the leaves. At current 

retail costs for triple super-phosphate, it appears that use of mycorrhizal 

2 2 fungi could result in savings of $111-558/ha ($45- 6/acre) in the cost of 

phosphorus fertilization of citrus in funigated nursery soil. In one Calf

fornia citrus nursery, it was found that inoculation with mycorrhizal fungi 

could reduce phosphorus tcrtlll. jatio, b.; 2/3 and thereby save $b52/ha ($264/ 

acre). Similar savings in phosphorui fertilizers have been shown by Kormanik 

et al. (1977) in fumigated forest nurseries in the production of sweetgum. 

Timmer and Leyden (1980) have shown that mycorrhizal tungi can be sub

stituted for 4.3 ppm copper fertilizer in tle culture of citrus seedlings 

in Texas. Menge et il. (unpublished data) has shown that mycorrhizal fungi 

can be substituted for 64 ppo zinc fertilizer in the greenhouse culture of 

citrus and even nitrogen fertl li:at ion can 1e reduced by as much as 1004 in 

the presence of mycorrhizae. This nitrogen s:avings eiiect is probably due to 

an increased efficiency of nitrogen utilization resulting irom improved 

phosphorus nutrition ot the plant. 

Since mycorrhizal fukiti arc present In most soils, their unique tertLill

zer-absorbitig abilities are normally already being utilized by most crop 

plants. If mycorrhizal fungi are removed or damaged in any way, then the 

amount of fertilizer required by a crop increases enormously. This is 
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demonstrated effectively by Menge et al. (1978b), who reported that citrus
 

grown in fumigated soil or in hydroponic solutions often require massive 

phosphorus applications for adequate growth compared to field grown citrus.
 

Chapman and Rayner (1951) reported that citrus in the field can absorb phos

phorus frora phosphorus deficient soils more efficiently than either corn or 

tomatoes, and citrus orchards do not normally require phosphorus fertiliza

tion. Differences in phosphorus absurptlon by citrus grovrn in fumigated soil 

and citrus 4rown in non-fumigated soils can be reconciled if mycorrhizal 

fungi, which are present in nearly all citrus orchards (Menge et al., 1975) 

are the equilavent of 100-500 lbs phosphorus/acre. 

When and if the cost of fertilizer use becomes exorbitant, we must 

devise the most efficient fertilizer supply systems possible--to minimize 

costs while conserving energy and non-renewable resources. I submit that 

mycorrhizal fungi could be one alternative which might increase crop yields 

and yet reduce fertilizer costs and energy demands. 

Current commercial utilization of mycorrhizal fungi
 

Disturbed sites - Although nearly all plants require mycorrhizal fungi 

for maximum growth, the widespread occurrence of these fungi in nearly all 

soils limits the immediate needs for inoculation with mycorrhizal fungi. In 

my opinion, mycorrhizal fungi are currently commercially utilizable in only 

three major agricultural areas: 1) disturbed sites, 2) fumigated soils, 3) 

greenhouses. Mycorrhizal fungi have been conclusively shown to improve 

revegetation of coal spoils, strip mines, waste areas, road sites and other 

disturbed areas (Daft and Nicolson, 1974; Daft et al., 1975; Daft and llacs

kaylo, 1976; Marx and Bryan, 1975; Reeves et al., 1979). in these stressed 
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sitos, mycorrhizal fungi are usually lacking and adding mycorrhizal fungi 

provides a nutritional advantage to associated plants in addition to 
providing
 

possible resistance to low p1l, heavy metal toxicants, and high temperature. 

Fumigated or chemically treated sites 
- Fumigation with biocides or 
pest

icides such as methyl 9bromide (Henge et al., 1 78c), chloroplcrtn (O'Bannon 

and Nemec, 1978), dazomet (McEwen et al., 1973), 1,3-D (O'Bannon, and Nemec, 

1978), vapam (Nesheim and Linn, 1969) and vorlex (Neshein and Linn, 1969) may 

destroy or inhibit root Infection by mycorrhizal fungi. Application of 

iany soil fungicides such as arasan (Nesheim and Linn, 1969), bauzot (Stewart 

and Pfi:erer, 1977), benonyl (Sutton and Sheppard, 197b), botran (Nesheim and 

Linn, 1969), carbofuran (B ackman andlClark, 1977), chloramformethane (Jalali 

and Domsch, 1975), dichlofluanid (Jalali and l)omsch, 1975), ethIrmol (Jalali 

and Domsch, 1975), lanstan (Nesheim and Linn, 1961)), nylone (Nesheim and Linn, 

1969), PCNB (Sutton and Sheppard, 1976), sodium azide (Backmin and Clark, 

1977), thlabendazole (Jalali and Domsch, 1975), thiram (Surron and Sheppard, 

1976), trlademifon (Jalall and Domsch, 1975), tridemorph (Jalali and Domsch,
 

1975), and vitavax (Sutton and Sheppard, 1976) have also 
been reported to be
 

harmful to mycorrhlzal devlopment. Flooding, 
 planting non-mycorrhizal crops, 

or removing topsoil, may ailio reduce the population of mycorrhizal fnngi to a
 

level requiring reinoculation 
 (Black and ainker, 1977; Redhead, 1971). 

Fumigation with the hiocide methyl bromide to remove soil-borne pests is 

required by regulation for tie production of many tiursery crops . It is also 

regularly used in many field agricultural situations. thls chemical is 

extrenely toxic to mycorrhizal fungi and most field fumigations are sufficient 

to destroy tie native mycorrhizal inoculum (Menge 9 78et al., 1 c). Stunting of 

crops following fumigation with methyl bromide is common and is due to tile 

destruction of mycorrhizal fungi. Although a relatively small amount of land 
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is treated with this chemical, less than 100,000 acres annually in the U.S.,
 

stunting following fumigation with methyl bromide has been reported in the
 

U.S., Africa, Spain, Peru, Venezuela, and many other countriea (Menge et l., 

1975). Crops which are routinely grown in methyl bromide fumigated soils 

include strawberries, tomatoes, tobacco, nursery crops, tree crop replants, and
 

vegetable crops. For many of these crops the addition of mycorrhizal 

fungi following fumigation with methyl bromide is not only recommended but ',s 

imperative. 

It appears that inoculating methyl bromidt, fumigated crops is economical

ly possible. The cost for inoculating nursery-grown citrus with mycorrhizal 

fungi is about S288/acre, white the cost for phosphorus fertilizer alone is 

y336/acre. Fumigated tomatoes receive $51 worth of phosphorus per acre while 

the cost for mycorrhizal inoculation is less than $28/acre. ycorrhizal fungi 

can provide additional benefits to the crop other than Just improved phos

phorus nutrition. 

For nursery plants grown in methyl bromide fumigated soil, inoculation 

with mycorrhizal fungi should be imperative for the following reasons: 1) the 

plants grow better (prevents stunting following fumigation), 2) there is a 

decreased need for fertilization, specifically phosphorus, zinc and copper, 

resulting in decreased ferti izer cost and energy conservation, 3) there is 

decreased chance fur water stress and therefore reduced transplant Injury, 4) 

mycorrhizal plants survive better especially if transplanted to fumigated, 

poorly fertilized, or disturbed soil, 5) plants will be Inoculated with 

effective mycorrhizal fungi rather than leaving mycorrhizal infection to 

chance, 6) mycorrhizal plants may be more resistant or tolerant to some plant 

some 

diseases.
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Greenhouses - Greenhouse culture utilizes growth media such 
as pine bark,
 

vermiculitro, perlite, builders sand, and ptat moss which jre devoid of mycor

rhizal fungi. In addition, mot.t greenhouse operators steam, pasteurize, or 

chemically treat their mlxs to eradicare haritul pathogeris. Nurserymen have 

compensated for the abscice of bne ficial flvcorrhizal fungi by applying luxury 

amounts of fertil;cer and iLter ihi rdcr I(, achieve desired ;rowth. Inocula

tion of container i:rowin plit ti redirtw irrliition, tertilizer, ad pesticide 

applications and cost cir 1- doio *I, bY, Chat i elid et al. (1979), 

Linderman (1978) and Crew!, -t al. (1976). 

Commercial product ion and I noculat ion with mycorrhizal fungi 

Many ectomycorrhizalI fongi cain he reidilv cultured on artificial media 

aund inoculoni can be ;r0wII Uider ' Ittiriihtbrat rv c()nlit iris (Marx anid 

Bryan, 1975). sxisrii:..nrriiv .rzirlir,;t.rIli;ted ,nd ;,ios t i fre

quentiv sI trt rit,d 'aItI 1 1 !ItuI!,I t rirInt r -i ,v:, (i!. rx in iryin, 197') aid Is 

Infested with I d- tvl'l ,cirrh ziii tiIi . E fic cIrh Irzai t ing;I 

ge ineralIIy ,tro Iw it - lI ', , el r r II il int is (, compIiet I y c I oniIiz 

lie Yer -i tiiit;it -; i.-;Mt1r. v; t irl)i ciiiiil used )n a iiil scale 

ti , .iriori'i ,i d huIiri- ,r roc seg;i w4ti mtrrthizal fungi. Rlectiriti 

Abbott Lllia ratorilcs, North iicair,;' I Iliii l ihar rhpalsV ir i:il iasusive 

amounts of inrcilu), Eihe ectumrycorrhizal fungis rli,I ititi t ItictoroirIos 

(lille and M rx, 1979). Abiott Labarat,irl-; prod rdc- the p(- ; 

1ite-nutrient solution inrculuri under ,ir~e-xcii:. sr-il ll 

using commercial fermenters. Tl( II I Iu , ir.r.l I , I .rit, 

inuculu ;r,rar -!i h I). H. M-arx (per,)toI ,i .- h[,L it 11o). r'I Wt ds II.C ' I 

of 1r. If. Marx the I. S. Forestry Srrvc, has ridnr.,kerl a riassite testlng 
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program using the commercially produced inoculum. The inoculum will be tested
 

in nearly one hundred-tree nursery test sites throughout the U. S. Results
 

will be available within four years which ill indicate the commercial feasi

bility of producing and utilizing mycorrhizal inoculum in fumigated tree
 

nurseries.
 

Ectomycorrhizal inoculum can best be applied in the nursery. Once the 

trees become infected, the benefits can be transferred to wherever the trees 

are grown. In the nursery, mycorrhizal inoculuM can be distributed by hand 

and rototilled into the soil before planting seed. Special machinery has 

already been built ati is in currently being used to incorporate ectumycor

rhizal inoculum (D. 11. Marx, personal communication). 

Commercial production of mycorrhizal inoculum for use in sterilized or 

fumigated soil is presently being attempted at several locations in the United 

States. Currently, the only way to produce suitable quantities of a mycor

rhizal inoculum is on roots of susceptible host plants. The possibility of 

pathogenic organisms contaminating mycorrhlzal inoculum is an extremely 

serious problem when growlng VA mycorrhizal inoculum in semi-sterilt, cultures 

in the greenhouse. For this reason, many scientist.; will consider mass 

production of VA mycorrhiiz.l fungi only if it is done axenically. Real

istically, however, not only must thes;e obligate parIts; he grown in vitro, 

but they must produce large !uantitles of spores in culture which will survive 

under soil conditions and infect plants Ii iatore. lnfornation gained from 

the culture of other formerly obligate parauift.,s ! suggests that the possitility 

of realizing this goal in the near future is unlikely. Even if mycorrhizal 

fungi are cultured axenically, mycorrhliznl inoculm for field use will proba

bly be produced on the roots of suitable host plants. 
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It is proposed that with proper safeguards, mycoirhizal inoculum, free of
 

plant pathogens, can 
be produced on plants in the greenhouse. Fig. 5 illus

trates a proposed 
scheme tcr producing mycorrhizal inoculum (Menge et al., 

1977). VA mycorrhizal fungi can be isolated by using bits of roots or soil 
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Fig. 5. 
Proposed scheme for the commercial production of vesicular-arbuscular
 
mycorrhizal inoculum.
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from the field to inoculate roots of "trap plants" growing in sterilized soil 

in the greenhouse. Sudangrass (Sorghum vulgare Pets.) is frequently used, but 

other plants such as tomato, soybean, corn, and safflower may be equally 

suitable. The soil used throughout is a low nutrient sand fertilized once 

per week with 1/2 the standard Hoagland's solution minus phosphorus. After 

production of VA mycorrhizal spores in the "pot cultures", the spores can be 

removed by wet sieving (Gerdemann and Nicolson, 1963), elutriation (Furlan and 

Forti . 1975), or centrifugation (Ross and Harper, 1970). These spores must 

be surface disinfested with substances such as chloroamine T or sodium hypo

chlorite and streptomycin to assure that pathogens do not accompany th2 spores 

(Mosse and Phillips, 1971). These surface disinfested spores are used to 

inoculate the roots of plants which were germinated and grown tinder aseptic 

conditions in growth chambers. The containers illustrated are made from 

plastic petri plates (Fig. 5) and filled with the low nutrient sand. After 

1-4 weeks when the mycorrhizal fungi have infected roots grown under aseptic 

conditions [root pieces can be removed and stained (Phillips and Hayman, 1970) 

to observe infection], root pieces are carefully removed and used to infect 

suitable host plants grown in sterilized soil in the greenhouse. Similar root 

pieces can be removed, examined, and plated on agar to observe pathogenic 

organisms. If no pathogens are observed, the greenhouse "pot culture" may be 

used as a "mother culture" to produce inoculum which will be used in the 

field. Inoculum should be produced on selected hosts which have no root 

diseases in common with the host plant for which the inoculum is intended. 

For instance, inoculum for citrus could be produced on sudangrass but never on 

citrus. In this way the wide host range of most VA mycorrhizal fungi can be 

utilized. As another precaution against propagating pathogens along with 
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mycorrhizal inoculum, the field 
inoculum should be drenched several times with
 

pesticides chosen to eliminate pathogens known to infect the host for which 

tile inoculum iF intended. Mycorrhlzal inoculuai Intended for citrus should be 

drenched with a nematicide to control the citrus nematode aid fungicides to 

control Phytophthora and Rhlzoctonia. Suggested pesticides are Ethazole and 

PCNB. PCNB reduces the population of mycorrhlzal spores but the other pesti

cide can actually increase sport, pr duction (Menge et al., 1979). Several 

other pesticides can be used withliut harming mycorrhizal fungi (Sutton and 

Sheppard, 1976). Horticultural practices cold also be used at this point to 

maximize spore product ion. Eilinating fertilization and slowly reducing the 

water may be effect ke in Increasing spore production. When Lipores are 

iture , plant tops are removed and root s, soil , aind sporc:; can be ground up 

and partially dried (7-201 moisture content) and stored a* 4'C until used. If 

concentrated spore suspensions are desired, spores can be conc, itrated by wet 

sieving (.Jackson et al., 1972), elutriat ion (Furlan and Futiln, 1975), or 

centrifugation (Ross and Harper, 1970) before stiragt. VA mycorrhizal inocu

lum can be freeze-dried it desired (Jacksin et al., 1972). Inoculum produced 

in this iinner should be conSistently lnii octive ald yet patLhogein free. 

Using the method described albovt , the estimated costs for producing 

mycorrhizal inoculuu are showll In Table 1. lhese figutes are derived irom 

production costs of a foliage plait greenhuu:;, ain (:outld be lieduced consider

ably since mycorrhizal itioLulurs quality is ot impgirtalce an not plant luali

ty. A reasonably genterous estimate of the cost of mycorrhizal produtLton, 

including technical labor ann .. ality control, together with a smsall ' argin oi 

profit, indicates that consunrs may pay about 0. 18C/50() spores of VA mycor

rhizal fungi (Table 1). Such a cost could reasonably be bcrne by consumers 
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such as greenhouse operators or nurserymen (see section on Current commercial
 

utilization of mycorrhizal fungi).
 

A similar method to that outlined above has recently been patented in 

England and is being perfected for large scale commercial use (Hayman, 1980). 

In this method plants are grown in peat blocks which are standing In a shallow 

nutrient-flow culture. After VA mycorrhizal spores are produced in the peat 

blocks they are ground up, roots and all, for inoculation. The finished 

product is not only excellent mycorrhizal inoculum but is light and easy to 

ship. 
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Table 1. 	Estimated cost of production of vesicular arbuscula mycorrhizal
 
inoculum on sudangrass in 4" pots
 

Item 
 Cost/pot
 
1. Labor
 

a. to prepare the soil mix 	 0.03
 
b. potting, inoculating, and seeding 	 0.05
 
c. moving pots to ,rowing area 	 0.03
 
d. pruning 	 0.02
 
e. spraying (insecticides and fungicides) 	 0.03
 
f. watering 	 0.02
 
g. harvesting 	 0.01
 
h. grinding and packaging 	 0.03
 
I. quality control 	 0.02
 
J. 	maintenance of mother cultures 0.05
 

Labor cost 0.29
 

2. Materials
 
a. pots 4" 	 0.07
 
b. seed 
 0.002
 
c. fertilizer 
 0.02
 
d. shipping containers 	 0.025
 
e. 	Insecticides and fungicides 0.03
 

Materials 0.147
 

3. Overhead expenses 
a. heat 	 0.08 
b. depreciation on greenhouse 	 0.008
 
c. depreciation on boilers 	 0.003
 
d. maintenance allowance 
 0.006
 
C. office supplies 	 0.002
 
f. management and office work 	 0.03
 
g. return on Investment 	 0.01 
h. loss Oue to undeveloped plants 	 0.001 
i. taxes 	 0.06
 
j. 	laboratory, incubator, etc. 0.04
 

Total for overhead 0.24
 

Total cost $0.677
 

Selling price $ .90
 
0.18C/500 spores
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Although many methods have been used to inoculate plants with VA mycor

rhizal fungi in greenhouse trials, few inoculation methods are acceptable for
 

large scale comnercial inoculation. Jackson et al. (1972) studied several
 

different methods to inoculate corn and found that layering inoculum under the
 

seed was superior to seed inoculation or banding the inoculum. Hall (1979)
 

developed a method for pelleting seed with a mycorrhizal infection and deter

i'ined that mycorrhizal fungi could survive up to 28 days under these con

ditions. Menge et al. (1977) found that layering Inoculum below the seed 

and banding inoculum were superior to seed inoculations. Crush and Pattison 

(1975) experimented with several means of Inoculating seeds with VA mycor

rhizal fungi, but again found that sowing seed above pelleted mycorrhizal 

inoculum was the most effectlve method for obtaining mycorrhizal infection. 

hIattingh and Gerdemanu (1975) reported growth responses of citrs in a fur!

gated nursery after inoculating citrus seed with mycorrhizal inoculum. Gaunt 

(1977) inoculated onion and tomato seed., with a VA mycorrhizal fungus and 

reported that seed inoculated plants grew as well as plant; that were Inocu

lated by mixing VA mycorrhizal inoculum Into the soil. Commercial applica

tions of mycorrhizal inoculum using fertilizer banding machinery were success

fully carried out in citrus nurseries in California (Ferguson, 1980). 

Commercial VA mycorrhizal inoculum is currently being produced using the 

method described above in two citrus nurseries--Brokaw Nursery, Saticoy
 

California and the Thermal Ranch, Thermal, California. Experimental VA
 

mycorrhizal inoculum is being produced and distributed on a large scale by 

Abbott Laboratories, North Chicago, Illinois. Other major corporations which
 

are currently supporting or carrying out research on VA mycorrhizal fungi
 

include Dow Chemical Co., Robm and inaasCo., Dupont, Monsanto Co., and Ceiba-

Geigy Chemical Co.
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Plants growing in all soils do not respond favorably to VA mycorrhizal
 

inoculum. If soil nutrition is optimum, mycorrhizal fungi will not enhance
 

growth of plants. A method for detecting which soils require mycurrhizae
 

for maximum production of citrus was devised by Menge et 
al. (1980). In soils
 

with less than 34 ppm available P (Olbon analysis), 12 ppm available Zn, 27
 

ppm available Mn, or 3% organic matter, citrus trees 
will probably require
 

mycorrhizal fungi for maximum growth. 
Mycorrhizal inoculations are recommend

ed only in soils with these characteristics. It is estimated that this
 

includes approximately 85% of the southern California citrus soils. Similar
 

studies could be done with other crops 
to determine which soils require
 

mycorrhizal infestation.
 

Potential uses for mycorrhizal fungi
 

Because mycorrhizal fungi occur on most agronomic crop plants 
and improve
 

the growth of 
these plants, the potential use of these fungi as commercial
 

"'biotic fertilizers" is enormous. Large-scale field inoculations with mycor

rhizal fungi 
are rare because of limited inocolum, and natural field soils
 

usually contain adequate populations of Indigenous mycorrhizal fungi. Under
 

these conditions, 
any growth benefit due to mycorrhizal inoculation would
 

depend primarily upon the superiority and/or placement of mycorrhizal
the 


Inoculum. 
 Beneficial responses under these conditions would be predicted to
 

be far less than the responses obtained in fumigated or partially sterilized
 

soil. However, greenhouse and field experiments in which plants were inocu

lated with mycorrhizal fungi in non-fumigated soils have demonstrated that
 

growth responses due to mycorrhizal fungi can occur under these circumstances.
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In greenhouse experiments, utilizing untreated soil, Mo'se and her col

leagues (Mosse, 1973b, 1975, 1977; Mosse and Ilayman, 1971; Mosse et al., 1969)
 

demonstrated that preinoculatlon with mycorrhizal fungi could provide tile 

following growth Increases:
 

Ceatrosema sp. - 34,
 

corn - 306%
 

Melinis sp. - 41-602
 
onions - 48-3155%
 
strawberries - 250%
 
Stylosanthes sp. - 85-88%
 
sweetgum - 45.
 
Viola sp. - 527%
 

Other studies have noted similar growth increases in untreated soil: 

corn - 147.(Gerdemam, 1964)
 
corn - 0-53Z (Jackson, et al. ,1972)
 
mahogany - 1517 (Redhead, 1975)
 
sudangrass - 0-18Z (Jackson et al., 1972)
 
white clover - 80-10). (Powell, 1977)
 

In a large scale field experlmvnt conducted in nonsterile, virgin, 

Infertile fields, wheat preinoculated with a mycorrhizal fungus produced 220Z 

more grain than non-mycorrhlzal wheat (Khan, 1975). in a similar experiment 

(Kliaiin, 1972), corn inoculated with a mycorrhlzal fungus was 122/ larger thain 

nor-mycorrhizal corn. I lyman (1977) reported white clover growth Increases in 

the livid due to inoculation with a mycorrhlzal fugu;. Black and linker, In 

an extremely well docuMeULted field experiment, found that falow Ilold Inocu

lation with a mycorrhizal fungus Increased potato, yield 20%. 

Not all mycorrhlizal Inoculations In nonsterile !ioll result in Increased 

growth. Ilaiman (1977) Indicated that mycorrhlzal fungi did not stimulate 

growth of whit, clover at several ield locations. o'well (1977) obtained 

significant growth lncreases of white clovwr after Inoculation with mycor

rhizal fungi In only 3 of 9 ;iti-s. Jackson et al. (1972) Indicated that 

with certain mycorrhizal inoculation methods, growth of corn , sudangrass, 

and soybeans was not stimulated in onsterile soil. Hosse (1977) obtained 
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significant growth responses of Stylosanthes sp. due to mycorrhizae in 6 of 11
 

nonsterile soils. Ross and 
Harper (1970) reported no growth stimulation of
 

soybeans in nonsterile soil. Mosse (1977) indicated that 
the inoculum poten

tial of indigenous mycorrhizal fungi is the major determinant governing growth
 

responses of plants to mycorrhizal fungi in nontreated soil. Powell (1977)
 

Indicated Lhat many indigenous mycorrhizal fungi are "inetficient" symbionts,
 

and that inoculation by more efficient myco 
.aizal fungi will result in growth
 

increases even in nonsterile soil which 
contain high populations of "in

efficient" mycorrhizal fungi. Jackson, et al. 
(1972) indicate that placement
 

of mycorrhizal 'noculum is equally 
Important in affecting a 
plant growth 

response. Certainly, plants infected early in the growing season by mycor

rhizal fungi are better than plants which do not become infected until later 

(Rich and Bird, 1974).
 

Huge expanses of tropical soils (such as the Brazilian Cerrado) are 

either deficient in phosphorus or immobolize phosphorus fertilizers. These 

marginal agricultural lands could be productive if mycorrhizal fungi, with the 

ability to efficiently utilize extremely small quantities of fertilizer, were 

developed and added to the soil. Cheap 
but readily available rock phosphate
 

could be added as the phosphorus source. This phosphorus source is a poor 

fertilizer but releases smail luantities of phosphorus for long periods of 

time. It has been shown that some mycorrhizal fungi utilize 
rock phosphate
 

much better than others and can tremendously improve growth of 
plants growing
 

in poor soils fertilized wirli this material (Hikola, Hosse,
1980, 1978).
 

Mycorrhizal fungi have 
been proposed as unstable soil or sand dune
 

stabilizers as indicated by 
Sutton and Shepard (1976). Finally ectomycor

rhizal fungi have been bnown to 
improve rooting of a wide variety of non-host
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plants and the possibility of utilizing them as a commercial root stimulant 

has been proposed by Linderman .nd Call (1977). 

Current constraints on tho commercial utilization of mycorrhlzal fungi
 

The current major obstacles to the commerical utilization of mycorrhltal 

fungi are: lack of scale field experiments under ~ormal1) the large agri

cultural conditions, 2) the lack of cost-beneiL analy!.is to determine the 

economics of mycorrhizaI apptlcatiloni, 3) the trend towil ! exceisiv. fertili

zation to substitute for the lack of mycirrhlizil unil. 

Perhaps tile ;:ost i:sprtinit dterrernt i . r al it i li'at ou ,f mycor

rhizal fungi is Onb lack ol rgi i, I ild ct fi a variety of agri

cultural soils aid locations. Ili, progrmn iltia t_,d by 1). I. Marx and the U. 

S. Forest Service .iII correct thi.!;dt i: lency lir ectotnycorrIlzal itrgi and 

within four year:; it will b, known It tiieSe mycorrhtzlcai utigi will indeed be 

econootli_'lll,, feasible to Utilize on a wIdt! ;ale i tinleproduction of tore!st 

trees. This type of program remains to be establ ished tor VA scu.rrhizal 

fungi. Without such data it is dif icult to istablish a potential market for 

mycorrhizal inoculur:. Without a market there Is little incentlye for Industry 

to initiate the production of comercial inuculum. Without commercial moocu

lui it is difficult to carry out large scale field tests. With tile recent 

estab'l !hnent of severaI commerca sources of mycorriizial inocultim perhaps 

this cycle will be broken and more iIeld tests will result. Once large scale 

field Lests are seen to be successful, light we ight commercial Mycorrhizal 

formulations will i new application methods will be devised. Mostdewvlo and 

importantly, from large scale field tests, cost benefit analysis can be ac

curately done to determine the economic benefit derived from the use of 

http:analy!.is
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mycorrhizal fungi. 
 In the end, this will be the determining factor in the
 

commercial application of mycorrhizal fungi. 
 Biological scientists 
are rarely
 

able to critically assess the economic 
factors involved in the application of
 

a new technique and I recommend that agricultural ecanomists should be asked 

to participate In 
the cost-benefit assessment of 
VA mycorrhizal inoculation.
 

It is well known that heavy phosphorus fertilization severely inhibits 

mycorrhizal infections 
(Daft and Nicolson, 
199; Mosse and Phillips, 1971).
 

More recently, it is becoming evident that heavy nitrogen and zinc applica

tions are also inhibitory to mycorrhizal fuagi (layman, 1970; Mcllveen and 

Cole, 1974). Daily applications of 100 ppm nitrogen under greenhouse con

ditions have been shown to completely elirLnate mycorrhizal infections (J. A. 

Menge, unpublished data). Many commercial greenhouses add over 200 ppm 

nitrogen daily to their plants. In greenhouse and fumigated nursery con

ditions, growers are using excessive fertilizatrin to substitute for the lack 

of mycorrhizal fungi. Under these conditions, not only do mycorrhizal fungi 

not benefft their host plants, but it is difficult to successfully establish 

mycorrhizal infections so tnat the plants will b,- oycorrhizal once they leave
 

the supraoptimal fertility regime. 
 As long as fertilizer is relatively 

available and not excessively expensive, it will take j major educational
 

program to convince many growers 
 to change their ;tandard operating procedures 

and utilize mycorrhizal fungi which will not only be cheaper but will conserve 

fertilizer and energy. 

In my opinion, granting agencies such as the National Science Founda

tion, Rockefeller Foundation, USDA competitive grants and Lte Israeli-U.S. 

granting agency BARD have effectively provided adequate funding for basic 

mycorthi al research. The nunber of scientific papers on nycorrlizal fungi 

has quadrupled since 19sU, which is evidence that there is great interest and 
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money available for basic mycorrhizal research. However, there are few
 

agencies which will fund the final applied steps in a biological comi.ercial

ization project. Research money for large scale "applied" or "demonatration" 

experiments Is unavailable. Funding for small scale pilot projects Is ,Iso 

not available. it remains for private industry to pick up the projects from 

this point, but they have been reluctant to do so. The transition is not 

going smoothly and qeems to be proceeding slowly if at all. 

Effects of mycorrhizal fungi on agriculture 

It is very difficult for - scientist to speculate on the effects of a 

new procedure on the social and economic structure of an agricultural society. 

Frequently good Ideas nver reeive tle acclaim they deserve because of 

prejudice.,, ignorance, relfi lou re rici , clal mores and uter reasons 

uidi.-rr>;todhy nli fects oi iicurrhizalnot hully Icieiitn;ti.y opiliin, t1-if 

technology would e ;t alter tile soi: lo--e 'i :itrue tori- In iriait or Intensive 

agriculture. IlIen;, !,Iltiuia Ioni; 'w'oulI be lure u-)revllin t : I (-urlIt ure Inl 

developed nations. Mycorrhizal uigi atu, most uuu I In recll!il rig sites 

disturbed by heavily iechanized indu:l trI ; or ;oil fuim igltlfo . ycorrhizal 

fungi call reduce energy and fertilizer and incrCas, ti eiilclency ut crops 

grown intensively. rherefore, m corrhizal fungi cii be viewed ia;conservation 

measures or as substitutes for high energy usts in diveloped nations. 

i underdeveloped nations, growers would have to ne educated to tire 

method!; of producing, handling, and inoculating living microorganismsu. This 

may be difficult, in countries with a less well-developed agricultural 

system, mycorrhizal fungi have riot bees altered and are probably functioning 

effectively and need not be applied under such conditions. Fertilizer in most
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underdeveloped countries is probably applied sparingly as manure and therefore
 

mycorrhizal fungi will not result in 
a great savings either of fertilizer or
 

energy.
 

If superior strains of mycorrhizal fungi are developed, marginal agri

cultural land could be made productive. Huge amounts of marginal agricultural
 

land exists 
in Africa and South America and the proper utilization of this
 

land may well decide the future of some countries. lacreased use of agri

cultural land will provide for a greater 
economic base, larger agricultural
 

productivity, and a better way of life for large populations in underdeveloped
 

countries. Education of agriculturists to the importance of mycorrhizal fungi
 

may allow developing countries to avoid the excessive 
use of energy, fumigants,
 

and fertilizers asi:ociated with intensive agriculture.
 

Conclusions and recommendations
 

It appears that mycorrhizal fungi may be alternative which can
one 


immediately improve revegetation of disturbed sites, increase crop growth in
 

fumigated soils and greenhouses, and yet reduce fertilizer costs and energy 

demands. If superior strains of mycorrhizal fungi were developed, they could 

potentially improve growth of nearly all agronomic crops in a wide variety 

of soils throughout the world. Both ectomycorrhizal fungi and vesicular

arbuscular mycorrhizal fungi are currently in commercial production on a small 

scale. The greatest obstacles to the commercialization of mycorrhizal fungi 

appears to be: 1) the lack of large scale field tests under typical agri

cultural conditions in a variety of locations, 2) adequate cost-benefit
 

analysis to determine the economics of the utilization of mycorrhizal fungi,
 

and 3) a reluctance 
on the part of growers to switch from an energy dependent,
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heavy fertilizer system to a new, but cheaper, energy conservative system
 

utilizing mycorrhizal fungi. 

Recommendations which could substantially increase the commercial utiliza

tion of mycorrhizal fungi in order of relative importance are as follows: 

I) Improved availability of grant funds for large scale field applica

tions of mycorrhlzal fungi in a wide variety of soils throughout the 

world. It would be useful to establis several pilot projects in 

various underdeveloped countries. These pilot projects could produce 

and distribute mycorrhizal Inoculnm on a variety of crops growing 

under different soil conditions. Cost-benefit analysis on such 

projects could adequately assess the economics of inoculation with 

mycorrhizal fungi. 

2) 	 Funds should be madt available for the creation of a world wide 

culture bank of beneficial mycorrhizal fungi. The establishment of 

such a facility is currently eii ng frovt tigated by the mycorrhizal 

community. The , atlOeal Sclence Foidnation his allready agreed to 

entertain a propostal for such a facility. The 1Julnwrs ity oh Florida 

has agreed to supply tie facMiile as 11Well as SubstantltiL operatling 

costs for such ain vstabl ishmint. A se( ond Idea would be to add thu, 

cqsponsibility for maintaining myc(rrhizal Iculture. to the already 

estabi-4shed governm-nt, facility cal led the- Amtrlca; Type Culture 

Collection which stnintain maly important fungal cul'mures. 

3) 	 It would be desirable to establish a USDA supported vesicular

arbuscular mycorrhizal research center which would be respons ible for 

maintaining and coordinating U.S. research on mycorrhlzal fungi. 

This facility would compliment the already established Mycorrhizal 
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Institute in Athens, Georgia which was created by the Forest Service
 

to coordinate mycorrhizal research on forest trees.
 

4) A world survey should be conducted to collect and test as many dif

ferent vesicular-arbuscular mycorrhizal species as possible. The
 

discovery of a superior mycorrhizal strain with a wide host range
 

could tremendously increase agricultural productivity throughout the
 

world.
 

5) Research is necessary to elucidate the exact role of mycorrhizal fungi
 

at improving plant growth under stress conditions such as drought,
 

salt, toxic soil materials, or in marginal agricultural lands.
 

6) Research is necessary to elucidate the genetics of mycorrhizal fungi.
 

Virtually nothing is known on this subject. The ability to breed
 

these organisms could result in tremendously increased agricultural
 

productivity.
 

7) Efforts should be intensified to grow vesicular-arbuscular mycor

rhizal fungi in the laboratory using artificial media. A break

thr~ugh in this area could improve the feasibility of attaining all of
 

the above recommendations. However, since scientists have been trying
 

to artificially culture VA mycorrhizal fungi since 300, this objective
 

may be difficult to achieve and incentives to work on such a problem
 

are difficult to justify.
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PAPER NO. 10. UTILIZATION OF ZEOLITES IN
 
AGRICULTURE
 

(By Dr. Frederick 	A. Mumpton, Department of the Earth Sciences, State 
University College, Brockport, N.Y.) 

INTRODUCTION
 
As agriculturalists the world over increase their effort to expand crop and ani

mal production, more and more attention is being paid to various mineral materials as
 
soil amendments and as 	 dietary supplements in animal husbandry. The close relation
ship between the agricultural and geological sciences is not new--the dependence of
 
crop production 
 the existence and maintenance of fertile soil hason often led the ag
ronomist deep into the mineralogy and geochemistry of clays and other soil constituents. 
Likewise, the addition 	of crushed limostone to chicken feed to strengthen egg shells
 
iswell known, as 
is the use of bentonite as a 
binding agent in pelletized animal feed
stuffs. 
 Recently, one group of minerals has emerged as having considerable potential
 
in a wide variety of agricultural processes. 
 This group of minerals is the zeolite 
group, and the unique ion-exchange, dehydration-rehydration, and adsorption properties 
of zeolite materials promise tocontribute significantly to many years of agricultural
 
and aquacultural technology (Mlumpton ind Fishman, 1977).
 

Most of the initial research on the use of zeolites 
inagriculture took place in
 
the 1960s inJapan where farmers for years have used zeolite rock to control the mois
ture content and malodor of animal wastes and to increase the pH of acidic volcanic
 
soils. The addition of small 
amounts of the zeolites 	clinoptilolite and mordenite to
 
the normal protein diet of pigs, chickens, and ruminants resulted innoticeable in
creases in the body weight and general 
"health" of the animals (Minato, 1968). The
 
use of zeolites 
in rations also appeared to reduce odor and associated pollution pro
blems and to provide a 
means of regulating the viscosity and nitrogen retentivity of
 
animal manure. 
 These same zeolites were also found to increase the anmonium content
 

of paddy soils when added with normal fertilizers.
 

Although most of these results were 
of a preliminary nature and often published 
in rather obscure journals or reports of local experiment stations, they did suggest 
that zeolites could act as traps or reservoirs for nitrogen both in the body and in
 
the soil. 
 The growing awareness of such phenomena and of the availability of
 

(425) 
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inexpensive natural zeolites in the western United States and in other geologically 

similar parts of the world has aroused considerable comnercial interest, and zeolites 

are fast becoming the subject of serious investigation in dozens of agricultural labor

atories both here and abroad. So , of the ways in which zoolites can contribute to 

,nre efficient crop ard livestock production are discussed below, along with their role 

in the rapidly expandinq areas of fish breeding and aquaculture. At this stage, the 

number of published papers deiling with "zeoagriculture" is quite small, and hard data 

are few; however, the potential of these materials in such areas is readily apparent, 

and zeolites show promise of contriubting directly to increased agricultural productiv

ity in all parts of the world in the years to come. 

NAPTURAL HEOLITES 

Zoolites are by definition crystalline, hydrated aliroirosilicates of alkali and 

earth nwtals that mnc.', t, thru,,-diriensional.fin crystal structures. They are 

further characterized by an ability to lose and gain water reversibly and to exchange 

sorreof their constituent elements without major chanqe of structure. Zeolites were 

discovered in 1756 by Freiherr Axel Fredrick Cronstedt, a Swedish mineralogist, who 

named them from the Greek words civ 5 , aninn "hoilinq stones", in allusion to 

their peculiar frothing characteristics when heated b,tnr- the mineralogist's blowpipe. 

Since that tine. nearly 50 natural species of zenlites have been recognized, and nore 

than 100 species having o natural counterparts have been synthesized in the laboratory. 

Synthetic zeolites are the mainstays of the multirillion dollar molecular sieve busi

nesses that have been developed by Union Carbide Corporation, W. R. Grace & Company, 

Mobil Corporation, ;Norton Company, Exxon Corporation, and seseral other companies in 

the last 25 yea-s in the United Stat-s and by chemical firms in Germany, France, Great 

Britain, Belgium, Italy, Japan, and the Soviet Union. 

Although rntural zeolites are well known to rmbers of the geological conrnunity 

and their mineral-collecting colleagues as ubiquitous, but minor constituents in the 

vugs and cavities of basalt and other traprrock formations, it was not until the late 
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1950s that the world became aware of zeolites as mao constituents of numerous volcan

ic tuffs that had been deposited in ancient saline lakes of the western United States
 

or in thick marine tuff deposits of Italy and Japan. Since that time, more than 2000
 

separate occurrences of zeolites have been reported from similar sedimentary rocks of
 

volcanic origin in more than 40 countries. The high purities and near-surface location
 

of the sedimentary deposits has prompted intense conmnercial interest both here and
 

abroad, and applications based on the exciting bag of chemical 'id phy, ical tricks of 

zeolites have been developed in many areas of industrial technoloqy. The coonrurcial
 

use of natural zeolites is still in its infancy, but currently rcurethan 300,000 tons
 

of zeolite-rich tuff is mined each year in the United States, Japan, hulqaria, Hungary, 

Italy, Yugoslavia, Korea, Mexico. Gerrcsny, and the Soviet Union. Natural zeolites 

have found applications as fillers in the paper industry, as lightweight aggregate in 

construction, in ioouolanhi (e, nts and concrete, as ion-r-enhanlgers in the purificiltion 

of water and nxianicipal ,efage ffluent, a, traip', fo r rai, atia ( I ei S irnlow-level 

wastewaters from nuc tar fa ci ie, iv the p r ductior ot hi;h putity xygKn from aIr, 

as reforming petr'oieum catalys t , a , icil-reiso,,tart aidso rent, In thie dryiiq and puri 

fication of natural gas, and i n the reiyivaol of ni troger f:oepouiids irom the blood o f 

kidney patients (see Munj)ton, 'IN).
 

The appl ications ind Qotential aIIplIcat ions )f both synthetic rnd natural zeol ite, 

depend, ot course , in the1r tuildar on tal ph ial and henical properties. These pro

pert i vs are in turn reli ted di !ct I to the cheni cal cfnpos tir a;nd crystal s tructure 

of individu(Al species. 

Che mi s-ry_and crys tmsIttruc ture of_zeo i tes . 

Along ith (uartz and feldspar, zeoli tes are "tektosi I icates," that is, they conn

three-i rrinasi frarewot hs of 

all four corner oyypevnLtons ot ach tetrahedron ire shard vi th djacent tetrahedra, 

as shown in Figure 1. fis aranieu n t of silicate tetrahe-dra reduces the overall 

ovygen:si!icon ratio to 2i, and if eic tetrahedron if)the fiancwork contains silicon 

as its central atom, the structures are electrically nutral, a is quartz (S12). In 

sist of onl silicon-oxygen ()i0 4 )-4 tetraedra, wherein 
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zeolite structures, however, some of the
 

quadrivalent silicon isreplaced by trivalent
 

aluminum, giving rise to a deficiency of posi

tive charge. Tnis charge is balanced by the
 

presence of mono- and divalent elements such
 
as 
sodium (Na+), calcium (Ca2+ ),and potassium
 

+
(K )elsewhere in the structure. Thus, the
 

Figure 1. Three-dimensional arrange- empirical formula of a zeolite isof the type:
 
ment of silicate tetrahedra in tekto- 2/nOAl 0xSiOY20
 
silicates. Crystal structure of the 2 3 2y1 2
 
beta-tridymite form of SiO2.
 where M isany alkali or alkaline earth ele

ment, n is the valence charge on that element, x isa number from 2 to 10, and y is a
 

number from 2 to7. The empirical and unit-cell formulae of clinoptilolite, the most
 

conmon of the natural zeolites, follow:
 

(Na,K)20'A1203'0SiO2"6H 20 or (Na4K4)(Al 8 Si40 )096.24H 20'
 

Elements or rations within the first set of parentheses in the unit-cell formula are
 

known as exchangeable cations; those within the second 
set of parentheses are called
 

structural cations, because with oxygen they make up the tetrahedral framework of the
 

structure. 
 Loosely bound molecular water isalso present in the structures of all
 

natural zeolites, surrounding the exchangeable catiors inlarge pore spaces of the
 

structure.
 

Whereas the framework structures of quartz and feldspar are dense and tightly
 

packed (-2.6-2.1g/cm3), those of zeolite minerals are remarkably open (-2.l-2.2g/cm 3)
 

and void volumes of dehydrated species ds great as 50% are known (Table 1). Each zeo

lite species has its own unique crystal structure and, hence, its own set of physical
 

and chemical properties. Most structures, however, can be visualized as 
SiO4 and A10 4
 
tetrahedra linked together in a simple geometrical form, such as that shown in Figure
 

2a. This particular polyhedron is known as a truncated cubo-octahedron. Itis more
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TABLE 1. REPRESENTATIVE FORMULAEAND. SLECTED PHYSICALPROPERTIES
 
OF IMPORTANT ZEOLITES
 

Rrprknnuio Ion. 
uni-ell Vod Chamnnl Thr'n. 111h~o, 

&.ol4, f-uhn.ul -1-0o¢o dimorr.m ,,biliry 'p.ciry 

Ank.I), N., ,(Al,,i, ,C ) 64,)I 18% 2. A llgS 4.54 nmqlg4114 -,40 47 1.78 4.2 

clinptiloli'o IN,, K,(N.A,.Si, (),, 1,2411,0 581 9 X 5.4 Ilfgh 2.54 
F'rinmi) IN,. C .I3 1(,, '27111( 55 1XAI,5i,8 5.2 Ilgh 5.12 
FPuj,.,{ N1, *IA1, S, , , I, );2711,L) 47 7.4 :. g 5.59 
Forfirfb (NI, MIII)AIVi,)I .I.I4liI) 4.58 5.5 nilh 2.53 

5,48 4.1 
1I9-ul iir . )..411,() 39 4.8 5.5 L~ w 2.9) 

CS,8,.ibr (IV, .CIIAIjS,,0
, 1 I1, () 

C., (AI, Si, 2 
4.48 7.2 
4.1 X 4.7 

L.u C , (.(Al, *I, *), ll(, 46 . 63 Low 4.25 
.%oldrnltr N1.(Al1I, ,,) )1.1 1,1:) 9.9X5.7 High 2.29 

6.79 7.0 
Phillip,-	 N.K) (Al,A, i ) 2011,) SI 4.2 4.4 Low 5.87 

2.8X 4.8 
3.J
 

lind A N., ,(AI,, 5 1(),,. 271110 47 4 2 Igh 5.48 
x.in,A N,, ,1Al, S., (),, 2-6411,0 50 7.4 lh 4.7) 

!) ),tm , 1A974, Heitr,.dAI -1un l6e 0lon. 1971. Void volume is deernmnnd from ito? conet.n. 

'01- -cd -lrmon i-1 1 . 

easily seen by cnsidering only lines joining the midpoints of each tetrahedron, as
 

shown in Figure 2b. Individual polyhedra may be connected in several ways; for
 

,21 	 \ 

2 	 26) 

Figure 2. Simple polyhedron of silicate and aluminate 
tetrahedra. a) Ball and peg model of truncated cubo
octahedron. N Line drawing of truncated cubo-octa
hedron; lines connect centers of tetrahedra. 

example, by double four-rings of oxygen atoms as shown in Figure 3a, or by double six

rings of oxygen atoms, as shown in Figure 3b, the framework structures of synthetic 

zeolite A and the mineral faujasite, respectively. Solid-sphere models of synthetic
 

http:f-uhn.ul
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zeolite A and of the mineral chaba

zite are illustrated in Figure 4.
 

It is evident (Figures 2 to
 

4) that once the water is reoved
 

from a zeolite, considerable void
 

space is available within both the
 

simple polyhedra building blocks
Figure 3. Arrangements of simple polyhedra 

to enclose large central cavities. (a) Trun

and the larger frameworks formed
 
cated cubo-octahedra connected by double four-

rings of oxygen in structure of synthetic by several polyhedra. Although
 
zeolite A. (b) Truncated cubo-octahedra con
nected by double six-rings of oxygens in struc- water and other inorganic and
 
ture of faujasite.
 

a b
 

Figure 4. (a) Solid-sphere model of the crystal structure of synthetic zeo
lite A. (b) Solid-sphere model of the crystal structure of chabazite.
 

organic molecules would appear to be able to move freely throughout a dehydrated zeo

lite framework, the passageways leading into the simple polyhedra are too small for
 

all but the smallest molecules to pass; however, ports or channels up to 8 R in dia

meter lead irto the large, three-dimensional cavities (Figures 3, 4a, 4b).
 

Properties of Zeolites
 

Adsorption properties. Under normal conditions, the large cavities and entry channels
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of zeolites are filled with water molecules forming hydration spheres around the ex

changeable cations. Once the water Is removed, usually by heating to 3000 to 400

0


for a few hours, molecules having effective cross-sectional diameters small enough to
 

fit through the entry channels are readily adsorbed on the inner surfaces of the vacant
 

central cavities. Molecules too large to pass through the entry channels are excluded,
 

giving rise to the well-known "molecular sieving" property of most crystalline zeolites
 

(Figure 5). The internal surface area available for adsorption ranges up to several
 

hundred square meters per gram, and some zeolites are capable of adsorbing up to about
 

30 weight percent of a gas, based on the dry weight of the zeolite.
 

In addition to their ability to separate gas melecules on the basis of size and
 

shape, the unusual charge distribution within a dehydrated void volume allows many
 

species with permanent dipole moments to be adsorbed with a selectivity unlike that of
 

almost all other sorbents. Thus, polar molecules such as water, sulfur dioxide, hy

drogen sulfide, and carbon dioxide are preferentially adsorbed by certain zeolites
 

over non-polar molecules, such as methane, and adsorption processes have been devel

oped using natural zeolites by which carbon dioxide and other contaminents can be re

moved from impure natural gas or rethane streams, allowing the gas to be upgraded to
 

high-BTU products. In addition, the Small, but finite, quadripole mecent of nitrogen
 

allows it to be adsorbed selectively from air by a dehydrated zeolite, producing
 

oxygen-enriched streams at relatively low cost at room temperature. 
 Both of the above 

processes may find application in agricultural technology (vide :nri). 

Dehydration-rehydratior properties. Because of the uniform nature of the pores of 

structural cages, crystalline zeolites nave fairl1 narrow Dore-size distributions, in
 

contrast to other corrercial adsorbents, such as activated alumira, carbon, and silica
 

gel. Adsorption on zeolites is therefore chara-terized by Langmuir-type isotherms,
 

as shown in Figure 6. Here, percent of adsortiun capacity is plotted against partial
 

pressure of the adsorbate gas. Note that alrost all of the zeolite's adsorption capa

city for a Plrticular gas (including qater is obtained at very low partial pressures,
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Completepire filling:
 

XlX 

Figure 5. Stylized illustration of the 

entry of straight-chain hydrocarbons and
 
blockage of branch-chain hydrocarbons at
 
channel apertures.
 

meaning that although their total adsorption
 

capacity reay be somewhat less than those of P/P0 
Figure 6. Langmuir-type isotherm
other adsorbents, (e.g., silica gel), 
zeo-
 for adsorption on crystalline zeo
likes illustrating almonstcomplete
lites are extrenly efficient adsorbents even saturation at low partial pressures


=of the adsorbate. x amount adat low partial pressures. This oroperty has sorbed; p = pressure.
 

been utilized in the zeolitic adsorption of traces of water from Freon gas lines 
of 

ordinary refrigerators which might otherise freeze and clog pumps and valves. The 

extreme non-lioearity of the water adsorptjon isotherms of eolites has been exploited 

recently in the development c' solar-energy, refrigerators (Tschernev, 197M). 

1on-exch an 1o eDrojerties.lhe exchaneeahle cations of a zeolite are also only loosely 

bonded to the tetrahedral frsrzework and can he removed or exchanged from the framework 

structure easily by washing with solution ofa strong another eleiont. As such, cry

stalline zeolitos are s(o)iu of the 114st effective ion eXchaocers known to man, with 

capacities nf 3 to ,4 neq per gram being couron. This compares with the 0.8-1.0 rq 

per gram cation-exchange capacity of bentonite, the only other significant ion-exchanfior 

found in nature. Cation-exchange capacits is basically a function of the degree of 

substitution of aluminum for silicon in the zeolite framework: the greater the sub

stitution, the greater the charge deficiency of the structure, and t;ie greater the 

number of alkali or alkaline earth atoms required for electrical neutrality. In 

practice, however, the cation-exchange capacity is dependent on a number of other, 
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factors as well. In certain species, cations can be trapped in structural positions
 

that are relatively inaccessible, thereby reducing the effective exchange capacity of 

that species for that ion. Also, cation sieving may take place if the size of the
 

exchanging cation is too large to pass through the entry channels into the central
 

cavities of the structure. Analcinme, will almost
for example, exchange completely 

its sodium for rubidium (ionic radius : 1.49 X), 
but not at all for cesium (ionic ra

dius = 1.65 X)(Breck, 1974).
 
Unlike most noncrystalline ion exchangers, such as 
organic resins or inorganic
 

alumlnosilicate gels (mislabeled in the trade as 'zeolites'), the framework of a cry_
stalline zeolite dictates its selectivity towards competing ions. The hydration spheres 

of high-charge, srnll-size ions (e.g., sodium, calcium, nsignesium) prevent their close 

approach in the cages to the seat of theof charge frarework; therefore ions of low 

charge and large size (e.g., lead, bariuiq, potiasium), which norrlly do not have hy

dration spheres, are rw)re tightly he'd and selectively taken up from solution than 

are other ions. The sn;ullamount of iluminum in the ce;,,position of clinoptilolite, 

for eanle, resulls in a relatively low :ation-oxchange capacity (about 2.3 meq/g); 

however, its cation selectivity is:
 

Cesium - lubidium , Potassium Anioniun - Barium . Strontium • Sodium 

Calciu Iron Aluminum M (Anms, 1960).• Magnesium • Lithium 

Synthetic zeolite A, on the other hand, is nurf, selective for calcium than for sodium, 

and thus, acts as a water softener in laundry detergents where it s)icks up calcium 

from the wash water and releases sodium (Savitsky, 1977). 

Cation oxchange between a zeolite (1) and a solution () is u1sually shown by means 

of an exchange isotherm which plots the fraction of the echanging ion (X) in the zeo

lite phase against that in the solution, as sh(,wnin Figure 7. a given cation
If 


shows no preference for either he solution mr the zenlite, the exchange isotherm 

would be the straight line "a"at 450 in Figure 7. If the zeolite is moderately or
 

very selective for the cation in solution, curve b and c in Figure 7 would result,
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respectively. If the zeolite is rejective of a particular cation, curve d would re

sult. Such is the selectivity of clinoptilolite for cesium or arstIunium, for example. 

Clinoptilolite will take up these ions readily from solutions even in the presence of 

high concentrations of competing ions, a facility that was exploited by Ames (1967) 

and Mercer et al. (1970) in their developrent of an ion-exchange process for the re

moval of animoniacal nitrogen from sewage effluent. 

APPLICATIONIS IN AGRONIOIMY 

Fertilizer and Soil Anendnents 

Based on their high ion-exchange capacity and water retentivity, natural zeolites 

have been used exteniively in Japan a, aiisindvh wnts for sandy soils, and small tonnages 

have been exported to Taiwan for thi s purpose (Mlnato, 19218; Hsu e al., 1967) The 

pronounced selectivity of clinoptilolite for large cations, such as arninniuli and potas

sium, has also been exploited in that counrtry ii) the prop aration of cheical fertilizers 

that improve the nutrient-reteition alility of the soils by proiurtinq a slower release 

of these elei nts for uptake by plints. !, rice fiells, where nitroLon efficiencies 

of less than 1,.' are not lincorron, Minuto (l ii iep(,rted ,r 63 iru)1sUlrsnt in the 

amount of available nitrogen in a hiqhl urne il idly ,oil four wee ifter about 

40 tons/acre zeolite had been added alon i wit!) standard frrt ilizer (i iqre V!). Turner 

(19751), oii the other hand, noted little channe in the itriificatio of added arcionia 

when clinoptilolite was mixned with a lexas clay Soil, althoiulh tfh uveral inn-exchanne 

capacity of the soil w,, increased. He attributed these coifli(tin results to the 

fact that the Japanese soils discussed by Minato (196h) contained much less clay, 

thereby accounting for their inherent low ion-exchange ca;pacity and fa -t-draining pro

perties. The addition of zeolite, therefore, resulted in i rirked improw.rnt in the 

soil's iunu ium retentivity. These conclusions support those (if Hyu et al. (1967) who 

found an increase in the effect of zeolite aditions to soil ,,hen the clay content of 

the soil decreased. Although additions of toth nintiririll nit and ixordenite increased 

the cation-exchange capacity of upland soils, the greater ,tability of the zeolite to 
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40, 

0.5 c b / ~' d 

,30 
". 

Az 0 - . 

/,, n,20 
/ 

ZeoliteAdded 
40.5tons/acre 

0 510 ..-- ControlSoil 

0 As 0. 1.0 

Figure 7. Types of ion-exchange iso
therms for the 
reaction As+Bz=A+Bs. 
 0
 
(a) no preference of the ion for eithe 0 
 18 27
the zeolite or the solution; (b) small 
 (da)

preference of the ion for the zeolite
 
phase; (c) large preference of the ion
 
for the zeolite; (d) small preference Figure 8. Change of soil nitrogen of
 
of the ion for the solution phase, paddy soil with time. Vertical water
 
(From Breck, 1974) seepage in soil = 1.35 cm/day. (Yamagata
 

Prefecture Board of Agriculture and For
estry, 1966; reported in Minato, 1968).
 

weathering allowed thi, increase to 
be retained for a much longer period of time than
 

in the clay-enriched soils, according to Goto and Ninaki (19O).
 

Using clinoptilolite tuff as a soil conditioner, the Agricultural Improvement
 

Section of the Yamaqata Prefectural Government, Japan, reported si(nificant increases 

in the yields of wheat (13-15'), egqplant (19-55'), apples (13-385), and carrots (631) 
when from 4 to 81 tons of zeolite was added pe, acre (see Tori , 1978). Small , but 

significant improvements in the dry-weight yields of sorghum in greenhouse experiments 

using a sandy loam (29Z sand, 34! silt, 37 clay) were noted when 0.5-3.0 tons of
 

cllnoptilolite/acre was added along with normal fertilizer (McCalin and Boyle, 1980); 

however, little improvement was 
found when raising corn under similar conditions. Her

shey et a]. (1980) showed that clinoptilolite mended to a potting medium for chry

santhemums did not behave like 
a soluble K source, but was very similar to a slow

release fertilizer. The same fresh-weight yield was achieved with 
a one-tiooe addition
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of clinoptilolite (equivalent to 3 g of potassium) as with a daily irrigation of Hoag

land's solution, containing 238 ppm K, for three months (total of 7 g potassium added),
 

with no apparent detrimental effect on the plants (see Figure 9).
 

Akson (1980) indicated that Great
 

Western Sugar Company experiments 

- in Longmont, Colorado, using clin

optilolite as a soil amendoent
 

resulted in a significant increase
 

in total-niatter production of
 

sugar beets, although "high" lev

els of zeolite were required. 

+ 1 
The details of these exjer-rwrrt,

- I____ I I 

are considered proprietary and 

figure 9. Yield of chrysanthemums as a function have not br-er releardc. Lewis et 
of potassium level supplied by one-tine additions ,l. (11);10) re;,,rtrd that the addi
of clinoptilnlite. Solid square represents total 
of 7 1 of pota.sium supplied by daily irrigation ti; j (Ifairiaiiir-e~caie clinop
with rihaglan's solutiorr containing 234 qm Y). To
tal ticu of evperririt 3 ricrith;, from rlershey l0t t' 
et at., lt i 

with radishes re',ulted in a 9' ond 531 iriceie iII r1ot weiOtt in redi (Iti) and 

1 ilit (6 ) clay soil,, Iresthi tivelt. ihr,nitroien uptake by lart to;', also Increased 

with the zeol ite treatrient crnvrlcrid 'i th an aT1riuV culfate Critrol (seie Table 2). 

Those authors also found that natural clinoptilolit, added to soil in conjunction with 

r"(; 
I 

- t' 

tl f d 241 't,2 ii7 55 
F 

Pla~t 1@Irfl1.I1 1.40 1.1 

cc,, -'i 

ia, . r Hw I .t-14 1 a4t3,,nt-Eq 
IecN S 0-''. tia; S3,,ni d aya prrft- ,, i,nq. 
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urea reduced the growth suppression that nornlly occurs when urea is added alone (Ta

ble 3). The presence of zeolites also resulted in less No)3-N being leached from the 

soil , as shown in Figui u 10, Both zeol ite treatments apparently wade considerably 

more ancionirum availlble to tile plants, especially ihran clay-poor sol is were eoployed 

The authors ,uggested that 

afr'Ioniui-exch antiled clinlopti

P~a .' ,..,,i. ,h.n, ar-a 1,aa,..l j na.,..lol ite acted as I slow
aeaf ,Iraa(mr ,or I 21J5 '27

.release 2 '2 I1t 
ferti1 izer, whereas, 

(It,,jtt.'!a7 y 
'a.a ,,,-ar(al 

01u4k 
(l.a 
41.2 

7? 
13.1 

I6.4 
44.4 

. 
1H.9 

natural ci i nopti lol ite acted 

as (I trap for al ivon ii that 
.1 II '( I,t1 s3 'a 75 Oap5arrar l'd4r01'9 

I 'aa '.'-' a "'a-, a iIa- ,amirhla174 ta r ltl . , w d s,Ilr l uCed by t he d O c Oepo s 

ing urea, and thtItrtty alaewrntald both airlllonium 

and nitrate toxicity by disruotinq the bac

terial nitrification plroce-is. The aXlaOfliU"a 

a4aselectivity of zeoli tv,' was exploited by 

Varro (19771) i 1n1 faoNri ation oIf I) fertil

izer Cor'i i.;t inq oft1 1: I:'lixtule fifSuwa(e 

sludge and zeolitt, 0her10in the .eo11iteap

larently controls the relase 'If nitrogle 

..... .-- -- ... from tie orgmic covim)nents of the sludge.. ....... -


Figure 10. Cumulative leachate NO -N into the ,oil. 
for banded N1i-exchanged cinoptilIiite 
and banded air5onirlsul fate (Lewis el. frnl ed with i val sible inn-exchange 
a ., 1980)a... 1-0pltpopertiesfhich1r 1 1oj a control led release%q a 

of ictorlutri lnts, such as iron , z inc , copper, t-a5I 0lnese, cabalI tileabi I ity of ard t , 

cIi noiptil. o i te to sorb ex(:cesl Oistur'e '-le; it ,inattractive add ition to ctieliical 

ferti l izerstla plrvf nt caki rll 1r11 har7dollrIl duri ng 50t17'a(l( maI tuffs to1I1dto alliT; feedr 

irlhibit t1h1e vwIf1oj 1,I It ,If K)I ( Tori i, I1 ). ;i(tidorinvet (197 founda al. ) that 

0.5 c inoptilol it.eadded to arix l ii iuIinitrate ferti izer d-arease c aking] hy 68t, 

82-999 0 - 81 - 29
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Pesticides, Fungicides, Herbicides
 

Similar to their synthetic counterparts, the high adsorption capacities In the 

dehydrated state and the high ion-exchange capacities of many natural zeolites make 

them effective carriers of herbicides, fungicides, and pesticides. Yoshinaga et aI.
 

(1973) found clinoptilolite to be an excellent substrate for benzyl phosphorothioate 

to control stem blasting in rice. Using natural zrolites as a base, 1layashizaki arid 

Tsuneji (1974) found that clinoptilollte is more than twice as effective as a carrier 

of the herbicide benthlocarb in eliminating weeds in paddy fields as other coxnercial 

products. Torii (1974) reported that more than 100 tons of zeolite were used In 

Japan in 1973 as carriers in agriculture. A Russian patent was issued to Aleshin et al. 

for grouting compound containing 3-51 clinoptilolite to control herbicide percolation 

from Irrigation canals to ground waters.
 

Heavy Metal Traps. 

Not only do the ion-exchange properties of certain zeolites allow them to be used 

as carriers of nutrient elements in fertilizers, they can be exploited to trap unde

sireable metals and prevent their uptake into the food chain. Fujli (1974) found 

that pulverized zeolites effectively reduced the transfer of fertilizer-added heavy 

metals, such as copper, cadmium, lead, and zinc, from soils to plants. The selec

tivitity of clinoptilollte for such heavy metals has been noted by several workers 

(e.g., Sato, 1975; Fujinuri ard Moriya, 1973; Chelishchec et_l., 1974; Sexmons and 

Seyfarth, 1978). In view of the attempts being made by sanitary and agricultural 

engineets to add municipal and Industrial sewage sludge to farm and frest soils, 

natural zeolites may play a major role in this area also. The nutrient content of 

such sludges is desirable, but the heavy metals present may accumulate to the point 

where they become toxic to plant life and/or to the animals of human beings that 

may eventually eat these plants. Cohen (1977) reported median values of 31 ppm 

cadmium, 1230 ppm copper, 830 ppm lead, and 2780 ppm zinc for sludges produced In
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typical U.S. Treatment plants. Zeolite additives to extract heavy metals nay 

be a key to the safe use of sludge as ferti Ii zer and hel p extend the life of 

sludge-disposal sites or of land subjec ted to the spray-irripation processes 

now being developed for the disposal of c1ilorinated sewape. Similarly, Jishita 

and Hasl (1972) ,howcd that the addition of cliw tiholite to soils cortaminated with 

radioactive strontium (.Sr90 
resulted ir a rlark;.d decreae il thc uptake of Strontium 

by plants, an observation haviir enn,:, ,lh hiport il potenitial treatment of radioactive 

fallout that cnitanilates srill; i eecalI Pacific atolls wher, nucl ear testing has 

heni carried out. 

APPLICATIONS Il ANIMAL 1ILISIANDRY 

Animal Nutri ti o 

BIased On tile successful use Of "or t luur 1 liii te clay in slowing down tile pissage 

of nutrints in tihe diqestive systeri if chicken. arnd trie relsLl talit iP1roveuserlt ill 

caloric efficiency, is rej!orted 1y Ouieniwer'rv (19ri), experiierrns, rive ieer cirried 

out ill Japan since A'5 oil the applicatierl if S1atir"! :welo it a di .tar w lerents 

for several types of r(Ai;iestic 1caii!,( reu thi, mrik wua, of r srljerficialanirlcols. u hO 'i 

or non-statisticalyl ,ignificant naturen, it las heen ieated aid i'ii irped uponl irl 

recent years by researchers in the Ultd StLA's arld several other countries seeking 

agricultural applications for zeolitos. 
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Poultry 

Using clinoptilolite from the Itaya mine, Yamagata Prefecture, and mondenite from
 

Karawago, Miyagi Prefecture, Onagi (1966) found that Leghorn chickens required less
 

food and water and still gained as much weight in a 2-week trial as birds receiving a
 

I 

control diat. Feed efficiency values (FEV) were markedly higher at all levels of
 

zeolite substitution; feedstuffs containing 10% zeolite giving rise to efficiencies
 

rmre than 20% greater than those of normal rations (Table 4). Adverse effects on the
 

health or vitality of the birds were not noted, and the droppings of groups receiving
 

zeolite diets contain.ed up to 25Y less nisture than those of control groups, after a
 

12-day drying period, making them considerably easier to handle.
 

Tible 4. Calo Ic efficiencle of zeollite Suppienots In Itry f.,U,.
 
Feed
 

teolit, Aerage Ocerage Avrraqe Overaoe effl-


Grop cont t starting firal oljht Ve ciru
 
no. of ration, .t. (q) .t. (9) 5am A) intake(9) ratio
 

S I01 Cp 55).7 795.6 ?41. 666 0.16?
 
2t Cp 640.7 ;!, I37.1 .0
 

3 1 (p 0)6.7 76 219.1 747 0.170
 
4 a' Z 532.1 157.3 225.0 634 0.315
 

t511 552.1 114.6 )22 775 0.338
 
6 it V 4.0 230.7 266.6 719 0.114
 

Control 56.6 780.1 217.9 ii? A.2AS 

I ( 716). It b h ,,t -ort4I-Iay-oI LA o-er 04-day ,fiod,
 
10 bllnagrop. ronoral r i .rlst of 16.51 ro, prIt n an 661
 
Sigstbiei '[,.irrj te.
notricnts. l 

Frdcfceo .,,ic,I rr itail rrrinilr71 h-jltn). 
P , clioptoiite; n 

Arscott (175) found that broiler chickens fed a diet of 5% clinoptilolite from
 

the Hector, California, deposit gained slightly less weight over a 2-month period than
 

birds receiving a normal diet, but average FEVs were noticeably higher (Table 5). Per

haps of greater significance is the fact that none of the 48 test birds on the zeolite
 

diet died during the experinunt, while 3 on the control diet and 2 on the control diet
 

supplemented with antibiotics succuned. In addition to an apparent feed-efficiency
 

increase of 4-5%, the presence of zeolite in the diet appears to have had a favorable
 

effect on the mrtality of the birds.
 

IWeight gain/feed intake, excluding zeolite.
 

http:contain.ed
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Table5. Apparent caloriceff1tlrcyof aeolite In clor-,i rahlfon, 

A erasle lcurclaors 

TrrataM-ndata .r rot iqi tn !) j- I-.1't I I, 

Control diet 
Control silo .r atlbitic tL 

I ii) 
]i 

01! O.ft 
110 0.011 

46 
41 

Cntrol lidPt 01thci' tO :c 11(0 0.617 40 

il7l 0470 45
':,nt tr!, l;( , , , ' -i, --.4-:6 d46 
(cmi~~ 11. l~l -A'I, 4Ad , tr lll t ,17 

clt(I-I-f-- l~, f ,, r' ,.'l t ., -'' : ,I t,ii u~ 


ItayhursL td 11id 1 it (lii -3) oni le d Ti11H0Of (oa oi s obseroat ioni atd ropor ted 

sIl1 iir-easts i i l, for eIo oirn toosters over a ,G-dy pietiod, especia ly during "t 

the first 10 dlays. Tei birds ,eri fed a diet containing 7.5 clinoptilol ite ru-lie d 

tion-,, . ,er 

ilier- ind less i fisu. only 17 iiridswe-r ise] it, the study, 

to 10 , ;') j;esh ald mii std directly wiiththe nor-oil rai ic-, iot iceatIly 

),- nrlfoituratel7, 

,rd ecterwiwo 'etditiorl uti of thete.ul t could lot ho i-ide. 

lCondo aid tIaqai (1968) oval oatred the use of tol ito-, i, t i[diets if Yountiailrt 

wature Yor-kshi re 1igs in C0-day and 9-dy expolrilStnts, , pi-ctlvely, anomdfound that 

the weijht aii iof anirlls ofboth ages receivinj diets coitairini S . cItiiteti1oli to 

was 
from 25 to 29 greater than that of aniili receiv ing noruol diets (lable 6). Feed 

6. (si- 1dr-ftl '( nl- -i . 11, '1.1-,1,f 

1 
caP sltI 1it1 -tr llt,- . i 111,11- , i 

griIia Li II AlO 4.11 cii1 
C n tr. Il cs 2 , 1 . .5 22 1? . 15Ilt1
 

~ 

Control ti 23 1.1 M .1,.2 1 6%1 12.7M 1 

IrodiaWai lii . io rl I Itl Ill t ofllI I 1 iations 
'e ilrta Ilro.1 
Z[alurtot aeoliitr. OreSc nfiol-ir s-Silt- - .-.-Ifl iiili/ i crte. 

[(l lct tort shirepifs. lfeft-iy l-ist,).a-fit-n 
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supplemented with zeolites gave rise to 
feed efficiencies about 35% greater than those
 

of normal rations when 
fed to young pigs, but only about 6% greater when given to older
 

animals. Inaddition, the particle size of the feces of the control group was notice

ably coarser than that of the experiment group, suggesting that the digestive process
 

was more thorough when zeolites were 
added to the diet. The feces of animals in the
 

control group were also richer in all forms of nitrogen than zeolite-fed animals, in

dicating that the zeolites contributed towards a more efficient conversion of feudstuff 

nitrogen to animal protein. Ilan et al. (1975, 1976) found that the digestibility of 

crude protein and nitrogen-free extracts tenJed to be invroved as zeolite 
was substi

tuted for wheat bran in swine diets at levels from 1 to 6, over a 12-week period. 

Anai et at. (1976) reported similar results using 5. zeolite for IIpigs over a 12-week
 

period and rcalized a 4,1 decrease in the cost of producing body weight of the animals.
 

They also noted a decrease in malodor and moisture content of the excrement. Toxic or
 

other adverse effects were not noted for any of the test animals described above. On
 

the contrary, the presence of zeolites in swine rations appears to c:ontribute measur

ably to the well-being of the animals. According to Torii (1978), tests carried out 

on 4,000 head of swine in Japan showed that the death rate and incidence of disease 

among animals fed a diet containing 67.clinoptilolite was markedly lower than for con

trol animals over a 12-month period. As 
shown in Table 7, the decrease in the number 

of cases of gastric ulcers, pneumonia, heart dilation, and in the overall mortality 

rate is remarkable. The avings in medicine alone amounted to aboat 75t per animal, 

to say nothing of the increased value of a larger number of healthy pigs.
 

Table 7. Effect of teolit, det cr) of SIloehealth 

Zeol Ire $. O.tes; oauoes McdlI. 
Z- 1t '0. .... en... 


ontent Gastric Pne- H.art ortallty cot/
Period of ratIon, ulcer mnla dITatlon raft () head
 

/72 to I/6t 0 ft 128 6 4.0 2.65
 
2/71 to /74 6i cllnptllllte 
 51l 4 2.6 $1.75
 

t
 
Teat a ed out on 4.- sw1e at e.. an., eorloa, I..te Prfeor,, Ja..n
 
(Tor . 974),
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Although no control groups were monitored, Morita (1967) reported that the addi

tion of zeolite to the diet of piglets severely afflicted with scours markedly reversed
 

the progress of this disease within a few days. Four underdeveloped Laundry pigs were
 

fed a diet containing 30% zeo'iite for the first 15 days and 10% zeolite for the remain

ing part of a month-long experinent. The severity of the disease decreased almost at
 

once, and feces of all pigs were hard and normal after only 7 days. Although the pigs
 

consumed at average of 1.75 kg of zeolite/head/day, no ill effects were notei, and
 

once they had recovered from diarrhetic ailments, the pigs regained healthy appetites
 

zvd became vital. In a recent Japanese patent disclosure, Makita (1978) claimed a
 

method of preventing and treating gastric ulcer in swine by the addition of zeolite 

to their diets; supportive data, however, were not reported. 

Apparently the vitalizing effect of a -eolite diet carn be tiansferred from mother 

to offspring. Experimnits at the Ichkawa Livestock Experismet Station, where 400 g 

oy clinoptilolite was fed each day to pregnant sows and continued through the 35-daJ 

weaning period of their offspring, showed substantial increase in the growth rate of 

the young pigs. As shown in Table 8, test anivials weighed from 65 to 85 : more than 

anilals at the end of the weaning period (Bute and Takehasi , 1967). Thecontrol-group 

authors reported that young pigs whose dams received the zeolite diet also suffered 

almost no attacks of diarrhea, while those in control groups were severely afflicted 

with scours, greatly inhibiting their normal growth. Ma et al. (1979) found that the 

doet on P lgSln 
heret Weight-

TableB. [ffectof prenatal 1rollte .o,, 
eelgtt(5) 

A-lraqe weight (19) gi 

NO. smro 

of t 21 35- , -

SOeole pigs Group Ion lit 
 d a rent 

t ripo 1] 4.1 1.81 6)
 

foraihtro to CoritcO 1.10 1.2 4.81
 
forfihire nitl .25 

Laundry 0 Conntrol 1.111 4.0 4.57 

t 
Tett naretel ot at lothlkata LivrutoCO S,torliwnt Station. Japan. 

tour hundredgrins of otlnoptilltn glin to so-n In e,trrnintaf 

gJroupper dio and contlnuedOto ei'd of weining period BEutoend 

Takenecht, 1967).
2 
0etgit.gitn of e,1 or ntat in ,~I t,,etgtt-gain of controt anteoltt
 

lO0.
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addition of 5% zeolite to the rations of pregnant sows 20-90 days after mating gave
 

rise to improved FEVs and increased litter weight at parturition. The earlier the 

zeolite was added, the greater was tireapparent effect. 

.tudies were conducted at Oregon State University (England, 1975) with young 

swine using rations containing 5,.clinoptilolite. Although lesser increases in growth 

rates were found than in the Japanese studies, the incidence of scours was significantly 

reduced for aninrals receiving the zeolite diet. Currently, heavy doses of prophylactic 

antibiotics are used to control such intestinal diseases, which, left unchecked, result 

in high nurtality rates among young swine after they are weaned. Federal regulations 

are becoming increasingly stringent in this area, and if antibiotics are prohibited, 

other Iuans must be found to control such diseases. Natural zeolites may be the 

answer,.
 

In a preliminary study irvolvinU 16 early weaned pigs over a 19-day period, Pond 

and Mlurrpton (197;;) found that animal, on an antibiotic-free diet containing 10'. clinop

ti lolite gained about S'more weig(ht per pound of feed tha those on a control diet 

without antibiotics ,rid ri)oUt 4 [],ore than those on an antibiotic-enriched diet (Table 

9). The sm ll inurbir of pigis used, however, 1irrits the sirInificance of these findings. 

,Castro and Elias (1'97 ) found rip to a 311 jiiroverrrnt in E, for 35 youngl pigs on a 

Irvlasses-b,ased diet whr 7.5 cl inopti lol ite was %ubsti tjted in theo diet during the 

,,.- i i,,ji 4 4 4' ,'a 245 

a"dr nirk ,,1u.r *l :}5 tr? 


4,.t, ril r..r,',r srin il) '45 )04 
0c ( }.45 1,411 

ic.e, in/n,,. mnaci. 

)-r,.i 1 tin$, (U: i,,rli; ,~Ii 1 (Iicpr roil,. -dv)3en, (cn*te (reek, 

4
 
4%, i unr plu; 1.11 A IS ,h,lotlu.1 1 ,f,2fai "iarl¢aicq ,eolrir. 
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35-65 kg growth period (Table 10). Feces of the zeolite-fed animals were also less
 

liquid than those on a control diet. The addition of zeolites had little effect on the 

FEVs in the 65-100 kg growts range. These results support those of Heeney (1977) who 

j S,. I 

6444, 71144ta4e(ii ,;} ,| t,0 2.70 141 

filly f-l~j 4n I,7 (.1 ; lI 3W 2741 
e , Itlrory.0 , , (i1 ) I'7..I'I. . 

[v4j rt t.' .7 4 (;'7 . 44077l 77, 
O 

10 7 oo::7,' 77., 

evrfrsfor tile30 d a1a i,, 1 of .455 1.2 
4,rr{)q '' i,,,, , 72.'2 Il'lit(4 ,' 64.17 

.nn4 cor
supple .7ted -so77 a ion oft 62 it2.20 .15.365: lnptllte i 

71.7 
ever th 17o
first170. d47y7 0.er40ain2F~so 0.45 vn.424 eeotidfr 

1 

1,71,' 7 I7 ,tll 4410 ' co. 20ly (7 I.l7l, 11 

4 ..'rc': [ 744 7 7 '717.:l(4It, 4.03 4.04 4,.0. 

4eed/s(l*r774..4'77i64n( 477 4.72 4.40 4).44
 

7,*,.7/'4,' 0 7 747,) 4,34. 1 4,4.4.4 1 4
'4117)I 067
 

l71,7.7if777c'mc v;ue 0.3044 O.2 0.24
I0h.4I(. 45441 443.6 0./ 

7,l, %'.7 )I (lh 0.2.7 .470 10.07 

7*'1 /H4,'777ul,c 0,) 71.2't 3.437
 

Fr.,( ' ( 4,77t 77 7,77.', 777 . 7 


,.7,' .20 4.a, 

7 47717 71774707. O 3437 cO.n720 

,77 77a14; 77771,l '7'6.)7r .04'htl~ 71704' . . . 744 34 44 21lerl 

4. /,7,, 1,4747.i " e.tu 4r 4.71,437'.7 77 t' .40774 
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2.5 and 5.0% zeolite, respectively, compared with a value of 0.382 for the control
 

animals, an increase of about 15t due to the presence of zeolites in the diet. 
 Little 

Improvement was noted between 30 and 120 days of the treatment. Pratley (1978) also 

found an 8% increase in FEV when 10! clinoptilolite was substituted into the diets of
 

165 young pigs during a 38-day trial hrinediately after weaning.
 

Ruminants
 

In an attempt to reduce the toxic effects of high till4+ content of ruminal fluids 

when non-protein nitrogen (NPN) coiigounds , such as urea and diuret, are added to the 

diets of cattle, sheep, and goats, White and Otlrogge (1974) introduced both natural 

and synthetic zeolites into the rumen of test animals. Anriunium ions formed by the 

enzyme decomposition of NPfi were irreidiately ion exchan'ed into the zeolite structure 

and held there for several hours until released by the regenerative action of Na+ enter

ing the rumen in saliva during the aftor-feedin fermientation period. Both in vivo 

and in vitro data showed that up to 15f of the NH4 in the rurivn could be taken up by 

the zeolite. Thus, the gradual release of NiH4 + allowed rumen microorganisms to syn

thesize cellular protein continuously for easy assimulation into the animals' digestive 

systems. The zeolite's ability to act as a reservoir for il 4 + .. permits tie addition 

of supplemental nitrogen to the animal feed while protecting the animal against the 

production of toxic levels of arnnmnia" in the (Whiterumen and fhlrogge, 1974). 

Approximately 500 Q of a synthetic zeolite was introduced into the 50-liter rumen 

of a cow; lesser amounts sufficed for 
sheep. The zeolite was added in the form of a
 

foraminous bolus or as a finely divided powder with the normal 
rations, the latter
 

method requiring periodic replenishment. Although natural chabazite and clinoptilo

lite were found to be effective in this application, synthetic F zeolite (Milton, 1961)
 

appeared to work best of all. Synthetic F and W zeolites both have superior ion selec

tivities and total NH4+_-exchange capacities. Considering the current non-availability
 

of these products, however, and their probable high price when they became available,
 

it is apparent 
that certain l4 +-selective natural zeolites, such as clinoptilolite
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or phillipsite, may find definite application in ruminant feeding, especially if pow

dered zeolite can 
be mixed directly with the normal rations of the animals. 
 The price
 

would be only a few cents per kilogram.
 

In this saree
area, Kondo ut al. (1969) found that clinoptilolite added to the feed
 

of youno calves improved their growth rate by stimulating appetite and decreased the 
incidence of diarrhea and soft feces. Five percent zeolite was added to tihe nortcal1 
grass and hay diats of I0-and ll'F-day-old heifer calwns over a 18O-day 'eriod. The 
animals on the zeolite-supplenvnted dens gainiedapproirately "0 wrore ,eiqht than 

those in control groups, and althoorIrh the teos calves consured iI)'t feed, the feedinn 

costs per kilogram of weight gained wore itqnificantly bec than tor cntrol anirals. 
No deleterous effects were noted, and the feces of Intained 
less water and fewer particles of undigjested solids in the 

theitest anital col slightly 

.5fill)si7'-ranrqe. The in

cidence of diarrhea and soft-feces was rarkedly less in zeolite-fed calves than in 

control anirrols (Table 12). 
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Watanabe et 
al. (1971) raised six young bullocks for 329 days on a diet contain

ing 2t clinoptilolite, along with 72, digestible nutrients and 11, crude protein.
 

Although little difference in the 
final weights of test and control animals was noted,
 

test steers 
showed slightly larger body dinensions and reportedly dressed out to give
 

slightly higher quality meat. 
 These differences were reflected in the overall 
higher
 

prices obtained for the test 
animals and a 20',greater profit. In addition, diarrhea
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and other intestinal ailments were noticeably less prevalent in the animals on 
the
 

zeolite diet, and the excrement from these animals was significantly less odoriferous,
 

again testitying to the retentivity of clinoptilolite for ammonia. It is unfortunate
 

that a much higher level of zeolite was not used in these experiments; earlier studies
 

in the United States showed that as much as 
40% clay could be added to animal rations
 

without adverse effects (Ousterhout, 1970).
 

Sweeney et al.(1980) found increased protein digestion when 5% powdered clinop

tilolite was added to a high-solubility protein diet of 18 Holstein steers and 
cows
 

over an 
118-day period; however, statistically significant increases in average daily
 

weight gains were not noted. Dry matter intake was 
also increased when zeolite was
 

added to the rations. According to Fukushima (1980), the addition of 21 zeolite to
 

the rations of cows was effective in preventing diarrhea and in increasing milk pro

duction. These effects were apparently related to an increase in the albumin and 
a
 

decrease in the urt.- content of the blood. 
 f;alyee.n (1980) showed that the
et al. 


replacement of 1.?5 
 of the norral rations of ,1 steers by clinoptilolite (-50 nesh)
 

resulted in a 12! increase in the feed efficiency values for the first 37 (days and
 

an overall 6. increase for the entire l4,4-diy ovperiment. Test animals also gained
 

an average of 5 
more weight during this period. The greatest benefits, however, were
 

achieved during the 
first 66 days of the study.
 

Excrement Treatment
 

In the United States, livestock production creates more than one billion metric
 

tons of solid wastes and nearly 400,000,000 tons of liquid wastes each year (Laporte,
 

1975, p. 365). Accumulations of such magnitude pose serious problems to the health
 

of man and beast alike and are the source of pollution of nearby streams and rivers.
 

In addition, the large amount of undigested protein remaining in the excrement repre

sents a valuable resource 
that for the most part is being wasted, due to our growing
 

dependence on chemical fertilizers. The physical and chemical properties of many
 

natural 
zeolites lend themselves to a wide variety of applications In the treatment
 

of animal 
wastes, including (1) the reduction of malodor and associated pollution,
 



449
 

(2) the creation of healthier environments for confined livestock, (3) the control of
 

the viscosity and nutrient retentivity of the manure, and (4) the purification of
 

methane nas produced by anaerobic diqestion of the excreent. 

Malodor and Mloisture Control 

The semi-fluid droyoinqs in Lirtlfy suntry hou;es crrionl'! emit a stench that is 

disconfortinq tn farm worer, ,id to the :hicke~n', the-,Olvs. The noxinus fure's of 

an,MIOnid and h'idricri :l fidf, ( ortritiute to lrer'd res i ttuoe to retpi ratory dis

eases and in I , ,, I . trn,,t. Q ; n I Ouirlesresult ,l br ' _ tcelthybird-, ISF Vlinqi 

1974). Tori i (1 71) r , t ,-i thit in !.irv ar ,:v If la:afn cliniitiloil It, i-, now 

IiXedi With the drriIn , !i ,t', fir :),i id in t, ' srr i fr'T cci einq to rerove 

aneoia Inl therilh i's rov, tn'r' l ,ir 0 t i okn houe,. The net result 

r 
Is reported to h, in o r iI r'r it '1 '- Iin-'rOuitiiorI Idr h ulthier tilris. 

Koelliler ot 1l. IliC) ,i-0 H' i j .'*lit,-: chri ,c!IJlitii>i iron,W ,Jr to piul

trv-house tia-1adt irvirornitsri r 'oset,e'r ieri' oi'r)f tra,,js containinq 

crustfed cI iroptiloIito, 15-, 5 of ths I 3-'i it , r'im'd coos thouqh the contact time 

was less than ,nr, eond. There il,; ieired to I an ureri;ited roiiu(tion in odor 

intensity. The e of such a scruhl.er co-il i,:rnv, the -al I t of the air In poultry 

houses 'without the loss of h,?at tliit icce-Manios ru," iventil itinr. The arrionium

loaded zeolite could then he used us a valuaile soil ait,ent on disposal 

Isi nqi clinoptilol ite from ltaya , Japan. Onaqii (1965) noted that the water con

tent, magglot population, and arsonia productinn iere all minimized when chicken drop

pings were routinely mixed with 1/3 zeolite (Table 13). Ie found that similar results 

I .1 11 . i... 5...
 

I11, , ' ;i If Ll, 013.) -is 1,7 rtH , , 

tj (1i6iS. il~ [iii Iit.. i d.(;iI.3 if ier'i n~ th .,, ever third.;,'...t.r 
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could be obtained If powdered zeolite was added directly to the rations of the birds,
 

all without affecting the vitality or growth rate of the chickens (Onagi, 1966). App

arently, gaseous ammonia reacts with the hydrous zeolite to form ammonium ions which
 

are selectively ion-exchanged and held in the zeolite structure. Onagi (1965) suggest

ed from these experiments that the addition of zeolites to poultry wastes would sub

stantially reduce labor costs associated with air-drying or the high energy costs of
 

thermal treatment, while at the same time retain the valuable fertilizer components
 

and meet ecoloqical standards.
 

In swine raising, Kondo and Wagal (1968) found that the feces of oiqs fed a diet
 

containing 10% clinoptilolite were richer In all forinsof nitrogen after drying than
 

those from control qroups (vide supra). As a result of this study and of other In

vestigations, about 25 tons of clinoptilolite per month is spread on the floors of a
 

Sapporo swine-raising facility to adsorb urine and other liquid wastes (Torii, 1g74).
 

Thq buildings are said to be dry, clean, and considerably less odoriferous. Nishi

mura (1973) reported that rordenite was used in treating liquid swine-wastes. Not
 

,
only was 9O of the suspended solids removed, but significant reductions in the NH4 


B.O.D., and C.O.D. contents were also achieved, as shown in Table 14. In Akita Pre

fecture, -Japan, a zeolitic mudstone
 

BO. used'.0c is to treat offensive odors 

and to reduce moisture content of
 

?zIl1,- II 14 SI 54 swine excrement (Honda and Koizutintr*4 1. 
,ffl,ent 

(1976). The dried manure is then
 
IN$1 171(g/). 

sold as an inexpensive fertilizer
 

for the cultivation of rice.
 

An innovative application of zeolites in excrewent treatment was patented by Kom

akine (1g74) and Involves the addition of a natural zeolite and ferrous sulfate to
 

chicken droppings. The ferrous sulfate inhibits zymosis and decomposition of the drop

pings, and the zeolite stabilizes the hygroscopic nature of this compound and captures
 

+

NH4 produced in the manure. The mixture is dried at 120°-150°C and used as an odor
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less, organic fertilizer. It is also used as a protein-rich feedstuff for fish, fowl,
 

and domestic animals. The zeolite-, ferrous sulfate-treated droppings contain 4.5% N,
 

4.5% P205, 2.4% K20, and 22% usable protein and have been successfully substituted for
 

as much as 201 of the nonnal rations of swine, poultry, and edible carp.
 

Miner and Stroh (1976) found that the application of either clinoptilolite or
 

2
erionite in granular form to a cattle feedlot in Idaho at rates of 0.5 Ib/ft (2.44
 
2


kg/m ) resulted in a significant reduction in anmonia evolution and odor compared to
 

untreated areas.
 

Methane Purification
 

Although it is well known that anaerobic digestion of animal 
excrement and other
 

organic wastes produces an hiTpuremethane-qas product, this source of energy has gen

erally been ignored for anything except local or in-house uce (Jewell, 1974). One maj

or drawback is the fact that in addition to methane, copious quantities of carbon diox

ide and sulfur compounds are also produced during the digestion process, giving rise to
 

low-BTU pro(Jucts ti-ztare extrerely corrosive to poums, valves, and other hardware
 

needed in the operation. Nevertheless, the process is still an attractive one, and 

Goeppner and Hasselilarin (1174) estimated that a billion cubic feet of 700 TU/ft 3 

methane gas could be produced by treatiog the 250,001 tons of manure Produced each day 

in the United States. lewell (1974) also suggested that the methane produced by the 

anaerobic digestion of the organic wastes of a typical New York State dairy farm of 60 

head would be equivalent to the fadyn'sentire fossil-fuel requirerents. 

A recent development by Peerve Synthetic Fuels, Inc., utilizing the adsorption 

properties of natural zeolites, suggests that such methane streams can be economically
 

i-Iraded to high-BTU products. In 1975 this company opened a methane-rncovery and
 

purif'-ation plant Lo treat methane gas produced by decaying organic matter in the
 

Palos Verde landfill near Los Angeles. As shown schematically in Figure 11, raw gas
 

containing about 50t methane and 400 carbon dioxide is fed to 2 pretreatment vessels
 

to remove moisture, hydrogen sulfide, and mercaptans. The dry gas is then routed
 

through 3 parallel adsorption columns packed with pellets of dehydrated chabazite/
 

http:Ib/ft(2.44
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"~."oo.'ot 	 erionite from a deposit near Bowie, Arizona. and 

carbon dioxide is removed by pressure-swing adsorp

tion on the zeolite. Approximately one million 

cubic feet of methane meeting pipeline specific

ations is produced each day and delivered to local
 

utility companies (11RG,195). tuch a zeolite

adsorotion process to uprgrade impire methane streams 

produced by the diqestion of arimal manure appears 

IUS 	 to be technically feasisrle and awits detailed econ

omic and enqineerinrq evaluation. 

P,01JACULTIPOL ADPLICATIMNS 

tY In recent years, rs)re rind more fish products 

have found their ay to tse dinnfer tables and feed-
Fr Jre 11. Metnre-puri fi cat ion 
systerm. Palos Verle landfill. inq trouhs nf every coJntry, and the corrnrcial 

breeding and raising of fish as a source of rotin is teco'minq I !jor business in 

the nitfd ,tats ar'd other countri -s. 'Ianv rireties of fish, howver, are extreme

ly sensiti we to minror fluctuationr in 'r-h airto,' as wter te'rierature, PH, 02 H 2, 

ind 1M, ,nd tho heroical ind rirlngicr.l envir'ro-ent of durulturl systems must be 

-rintaired qitin clrrse lirit-, i 11 i ms, rreses 1 ro tnre .,elective adsrrp

tion -id ijon-e-r hango procrties
, of ,-,oeril naturil :or)l its for o ,,;en ieration of 

hatchery and trunsport wter ard for the rrmrval of toxi c nitr ),;i from tanks and 

bree ding londs fna rontribute roqnificunt to irsreased produc tion for human and 

nrimal consurption, as may the substitution of ,mill er;entclres of relatively 

evpensive fish food by arrtonia-seloctive clinotilolite. 

S troy_i n P rrcval1 from Closed or P i rcjul at in _,'stems 

Irr closed or recircoulatinq s4estems, r44rciroduced by the'ucuWtrrl decom-

Position of e(crmerrt and unused food is one of the leadinQ causes of disease and 

+
rortality in fish. In oxygen-poor eonvironments, even a few ,r-rts-per-million NH4

can lead to gill damae, hyperplasia, and substantial reduction In growqth rates 
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(Larmryeux and Piper, 1973). Biological nitrification is a common means of removing
 

+

NH4 from culture waters; however, processes similar to those used in municipal sew

age-treatment plants based on zeolite ion exchange have been found to be affective
 

in controlling the nitrogen content of hatchery waters (Konikoff, 1973). Johnson and 

Sieburth (1974) proposed that zeolite ion exchange might be a useful backup or alter

native to io-filtration for iH -removal and have the advantages of low cost and
4 


high tolerance to changing temperatures and chemical conditions. 

Unpublished tests conducted in 1973 at a working hatchery near Newport, Oregon, 

indicated tht 97-99" of the till4' produced in a recirculating system was removed by 

cl inopti lol ite In-exchange colupns from waters containing 0.34-1 .43 mg Nl3 -N/il i ter 

(Kapranos, 1973). Peters and Bose (1975) substantiated these results and found that 

trout remaiined healthy during a 4-week trial when zeolite inn exchange was used to reg

ulaite the nitrqen content of tank waters. Becker Industries of Newport, Oregon, in 

conjunction with the U.S. Army Corps of Engineers, has develooed a single-unit purl

fication f cility for hatchery-water reuse. T he sVstem incorporates a zeolite ion

echano rcircuit for nitrogen removal and Is dosigned to handle concentrations of 20-30 

parts-per-millien till3-N at flow rates of 10-15 Agd, typical of the conditions encount

ered at mrost of the 200 fish hatcheries now operating in the Pacific Northwest (Kap

ranos, 1973). Piper (1975) also reported progress In the dev-,lopment of a nitrogen 

purificationrnt for trout arid salcnn latcheries using clinoptilolite from a New Mex

ico deposit. H,,re, NH4 is reduced fronmabot 5 ppm to less than 0.1 ppm, at flow rates 

of 2.2-4.5 Mgd. The system Is said to be economically superior to biofiltration and 

much rore reliable in colder climates. 

Jungle Laboratories of Comfort, Texas, has developed a similar ammonium-ion 

rep-wval system using zeolite ion exchange for fish haulage apolicatlons, where brain 

lamage due to excess Ni4+ comnonly results in sterility, stunted qrowth, and high mor

tality rates (Nichols, 1975). Throw-away cartridges and filters containing granular 

+

clinoptilolite will also he available for Nil4 removal from home aquaria. The U.S. 

Fish and Wildlife Service investigated zeolite Ion-exchange processes for the treatment
 

82-999 0 - 81 - 30
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of recirculating waters in tank trucks used to transport channel catfigh from Texas
 

hatcheries to the Colorado River in Arizona (McCraren, 1975). Currently, about 2000
 

kg of 20-25-cm fish can 
be carried in 15,000 liters of water (about 0.04 kg/liter or
 
3
35 kg fish/m ). If Nill4 can be removed, the number of fish hauled In such trucks can
 

be nearly tripled. Slone et al. (1975) were able to 
achieve bioeiass concentrations
 

of more than 0.112 kg/liter (35 kq/m 3 
) for catfish after 7 months in a vertical race

4
way using recycled water and a zeolite ion-exchange process to remove Nil after bio4
 

filtration. Arnwoniacal nitrogen concentrations of less than 5 mf/liter were easily
 

maintained.
 

Aeration 9Oygen Production
 

As mentioned above, oxygen-enriched air can be produced by the selective adsorp

tion of nitrogen by activated zeolites. A pressure-swing adsorption process (p.s.u.)
 
3capable of producing up to 500 m of 90! oxygen per hour was developed in Japan (Tam

ura, 1970) for secondary steel smelting. Smaller generators with outputs of as little 

as 15 liters of 5W10? per hour are also manufactured by Koyo Development Company, 

Ltd. and used tr aerate fish breeding tanks and in the transportation of live fish. 

Carp and goldfish raised in such environments ire said to he 1iveliey and to have 

greater appetites ('Koyoraihatsu, 1974). It is obvious that in closed tanks and stag

nant ponds, oxyqen aeration could markedly increase the number of fish that could be 

raised per unit volume. 

Ozygen, produted by small, portable p.s.a. units containing natural zeolite ad

sorhents, could be used to replenish free oxygen in small lakes where eutrophication
 

endangers fish life. Fast et al. (1075) showed that the oxygen of hypolimnion zones 

could he increased markedly by aeration using liquid 02 a source.as Haines (1976) 

demonstrated side-stream pmping as a Trans of improving the dissolved oxygen in the
 

hypolimnion of a small lake in New York State and utilized about 32 kg liquid oxygen 

per day at a water flow-rate of 240 liters/mn.
 

Fish Nutrition
 

The high-protein rations currently used in commercial 
fish raising are quite ex
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pensive, and their cost has been a limiting factor in the development of large-scale
 

aquacultural operations. The physiology of fish and poultry is remarkably similar,
 

and if the results achieved with thickens (vidP uora) can be duplicated with fish,
 

the substitution of small amounts of inexpensive zeolites (cost = a few pennies per 

pound) in normal fish food, with no adverse change in the growth rates and perhaps a 

small increase in feed efficiency, could result in considerable savings to the industry.
 

The quality of the ter in recirculating systems should also be improved by the use
 

of zeolite-supplemented food, as should that of the effluents of once-through systems.
 

In this area, Leonard (197g) reported the preliminary results of Anaconda Company's
 

experiments wherein 2% clinoptilolite was added to the normal 48% protein food of 100
 

rainbow trout. After 64 days, a 10% improvement in the biomass increase was noted,
 

compared with control experiments, with no apparent Ill effects en the fish (Table 15).
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OCCURRENCE AND AVAILABILITY OF NATURAL ZEOLITES
 

Geological Occurrence
 

Since their discovery more than 20 years ago, nat. il zeolite minerals have been 

widely recognized by geologists as cavity and fracture fillings in almost every bas

altic igneous rock (see Figure 12). Attractive crystals up to several centimeters in
 

size adorn the mineral museums of every country; however, such traprock occurrences
 

are generally too low-grade and heterogeneous for comnercial extraction. The flat

lying and nearly monomineralic sedimentary deposits, on the other hand, are ideally
 

suited for simple, inexpensive, open-plt mining. !Most sedlmntary zeolite deposits of
 

economic significance were formed from fine-grained volcanic ash or other pyroclastic
 

material which was carrieu by the wind from an erupting volcano And deposited onto the
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Figure 12. Typical spesicrmei of an igneous" zeol ite occ
urrence. Zeoli te crystals filling vus and cavities in a 
asal t.
 

land surface, into shallow freshwater or salinf- lareus, or into the sea fairly close to 

the volcanic source. Much of the land-deposited material wat ouickly washed into 

lakes of the sea where it added to the air-Lorr,e mazpi al to form discrete layers or 

beds of nearly pure ash. Successive eruptions resulted In sequences of ash layers 

interstratified with nonial lake or onrin sf-dirmpnt-, sucs as mud:tones, siltstone, 

sandstcnes, and Iiestonr , as wi%1 us beds of diatosgite, tentonite, and chert (see 

Figures 13 and 14). In closed hydrologic basins, Thesoluble salts are also present. 

layers of volcanic ash (called volcanic tuff) vary in thickness from less than a cent

imeter to several hundred reters (Figure 15) and cersist laterally for as much as 10 

kilometers. Many of these bedded tuffs have been transformed almost completely into 

well-forted, micrometer-size zeolite minerals. Zeolitically altered tuffs occur in
 

relatively young sedimentary rocks 
in div'erse geological environments. Sedimentary
 

zeolite deposits of this kind have been classified by Sheppard (1973), Mumpton (1973a), 

and 
 aunsonand Sheppard into the following types, although gradations between the
 

types are 
the rule, rather than the exception:
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1.Deposits formed from volcanic materials in hydrologically "cio ed" saline
alkaline lake systems;
 

2. Deposits formed in hydrologically "open" freshwater lake or ground water 
systems; 

3. Deposits formed in marine environments;
 

4. Deposits formed by low-grade, burial metamorphism;
 

5. Deposits formed by hydrothermal or hot-spring activity in bedded sediments;
 

6. Deposits formed from volcanic materials in alkaline soils;
 

7. Deposits formed without direct evidence of volcanic precursors.
 

Figure 13. Clinoptilolite deposit, 1 m thick, near Buckhorn, New
 
Mexico. Note several individual layers of altered tuff.
 

The most common zeolites in sedimentary deposits are analcime, chabazite, ullino

ptilolite, erionite, heulandite, laumontite, mordenite, phillipsite, and wairakite,
 

with cl ioptilolite ranking "number one" in abundance. 
Except for haulandite, laum

ontite, and wairakite, "sedimentary" zeolites are 
alkalic and are commonly more sil

icic than their igneous counterparts. Commercial interest is mainly in deposits of
 

the first four type. Zeolitic tuffs in saline-lake deposits are generally a few cent
 

imeters to a few meters thick (see Figures 13 and 14) and commonly contain nearly mono

mineralic zones of the larger pore zeolites, erionite and chabazite (see Table 1),
 

which are relatively uncommon in other types of deposits. 
 "Open-system" deposits and
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marine tuffs deposited close to
 

their Source are generally charact

erized by clirloptilolite and/or
 

" a mordenite and may be several hundred
 

meters thick. Zeolitic tuffs are
 

cos-osly 
soft and 1,ihtweight, al

though soe hard, 
 iliceous deposits
 

of clinopt ilolite and mordenite are
 

M

known. any sedimentary zeolite
 

1? 	 beds contain as mucth as 95"' of a 

single zeolite saiecies,while others 

.t ... ., consist of two or r,ore zeolites with 

Sminor 
ar)ounts of calcite, nuartz, 

feldspa,r, ntmorillonite clay, and
 

unreacted volcanic slass. 
VMost zeolites in sedlmentary

Figure 14. Clinoptilolite bed, 4 m thick, near 
W'ellton, Arizona. rocks crystallized fror, volcanic ash 

by reaction of the amorphous, alL'M 
inosilicate gl ,ss wits pervading pore waters d,,rived either from saline lkes or des
tending (round waters. 
 Others originated 
 'i. alteration of pre-existing feldspars,
 

feldspathoids, 
bimoenic silica, or poorly crystalline clay minerals. 
 Although the
 

exact mechanism of formation is still 
under investigation, zeolites in sedimentary
 

rocks probably crystallized as 
well-forwad, micrometer-size crystals by means of a
 

dissolution-reprecipitation mechanism, with or without 
an intermediate gel stage (see
 
Mumpton, 1973h; Figures 16 and 17). 
The factors controlling whether a zeolite or a
 

clay mineral 
formed or which of several zeolites formod from 
a given starting material
 

are also only poorly understood, although temperature, pressure, reaction time, and
 

the concent-ations of the dissolved species, such as 
+ 


H , silica, ,lumisa, and alkali 
and alkaline earth elements, seem to be paramount in impsrtance. 
 Early formed species
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Figure 15. Mordenite/clinoptilolite deposit, 50 m thick, nea,
 
ndxaca, Mexico. Si, ar material used by Mayans about 2000 B.C.
 

also tend to react further with pore fluids cf different composition, thereby yielding
 

even more complex assemblages.
 

Figure 16. Scanning electron micrograph of chabazite rhombs
 
from a saline-lake deposit tuff along Beaver Divide, central 
Wyoming (from Mumpton and Ormsby, 1976). The rhombs vary 
from about 1 micrometer to 10 micrometers in size. 
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Figure 17. Scanning electron micrograph of clinoptilolite
laths with minor mordenite from a saline-lake deposit tuff
 
near Hector, California (from Mumpton and Ornsby, 1976).
 

Geoqraphic Distribution 

The distritution of zeol ite deposits in various geographlc regions of the world 

is governed sole y by the qeoloqy of those reqjions. Regions that have underqond past 

volcanic activity are likely to contain significant deposits of zeolite minerals. Al

thoujh the zeol ite phi 1l ips ite js Prion to have, for-red within the last 10,00 years in 

a soal I sal ine-lake deposit at 'eels Marsh, Nevada (' .yim and Mariner, 1971) by the 

a I teration of vol can ic fromash the xpl osion of Mt. Mazu-ia (Crater Lake), and chaba 

zite has been ideoti fled in ierosits on the walls of ancient r oinan laths in France, 

nrtst potentially corxircial deposits of zeol ites are of Tertiary or lower Pleistocene 

age (7,000 t, 1 900,000 year,. p.). Thu, any :)art of the earth that was subjected 

to volcanis activity d,ri'iq this period undoubtedly contains eatensive deposits of vol

canic ash, and if these ash deposits iid an opportunity to react with percolating 

oround wters or alkalire pore waters from former saline lakes, beds of high-qrade 

zeolites are apt to exist.
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Although zeolites are now considered to be some of the most abundant and wide-,
 

spread authigenic silicate minerals in sedimentary rocks, their existence as major
 

constituents of altered volcanic tuffs is still not common knowledge among the
 

geologists of many countries. Because of their inherently fine crystal size,
 

zeolites are not easily identified by ordinary microscopic techniques and have often
 

been missed by geologists and mineralogists studying these formations. In general,
 

zeolite identification requires sophisti :ted X-ray diffraction and electron
 

microscopic equipment not available in miny geological laboratories; however, once
 

a particular soft, lightweight, clay-like rock from a particular area is identified
 

in the laboratory as a zeolite rock, i;milar materials are rapidly located in the
 

field by astute geologists.
 

Table 16 lists the coontries where zeolites have been reported from sediment

ary rocks of volcanic origin and estimates the chances of discovering additional
 

deposits of these minerals In these countries. Sedimentary zeolites have been
 

found on every continent, although few occurrences have been reported from the
 

Middle East, Latin America, or the East Indies, mainly because geologists in these
 

regions have been generally unaware of the widespread occurrence of zeolites in
 

altered volcanic tuffs. Wherever zeolites have been found, however, man has used
 

the soft, lightweight tuffs for hundreds of years as easily carved dimension stone
 

in a variety of structures ranging from walls and foundations of buildings to barns
 

and corrals to house livestock. Zeolitic blocks have been found in buildings
 

associated with the Mayan pyramids at Monte Alban and Mitla in southern Mexico
 

(Mumpton, 1973c) and are used today in the construction of modern dwellings in the
 

Tokaj region of eastern Hungary. Although zeolites are currently mined in only a
 

dozen countries (see Table 17), there is little doubt but what sedimentary zeolites
 

will be found in every country where volcanic activity has played a major role
 

during the Tertiaiy and Pleistocene epochs.
 

The high probability of finding mineable deposits of zeolites in countries
 

where they have not yet been reported, but where there has been considerable
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Table 17. Countries Currently Engaged in Zeolite Mining.
 

Country Mineral Mines Remarks 

United States Clinoptilolite 12 Many more available 
Chabazite 4 Single deposit, four companies 
Erionite 2 
Mordenite 1 

Mexico Mordenite/Clinoptilolite 1 

Cuba Clinoptilolite 1 

Japan Clinoptilolite 8 Estimated 
Mordenite 5 Estimated 

Korea Clinoptilolite 2 

Bulgaria Clinoptilolite 1 

Hungary Clinoptilolite I 
Mordenite I Estimated 

Soviet Union Clinoptilolite 3 Estimated 
Mordenite 1 Estimated 

Yugoslavia Clinoptilolite 2 Several more available 

South Africa Clinoptilolite I 

Italy Chabazite/Phillipsite Numerous, used for construction 

Germany Chabazite/Phillipsite Several, used for construction 

volcanic activity in the past, is illustrated by the discovery of major bodies of
 

sedimentary zeolites in Mexico and in central Turkey in the early and late 1970s
 

respectively. Both countries show promise of becoming major suppliers of mineral raw
 

materials in the years to come, but, as with most developing nations, they have only
 

limited in-house geological expertise to service their blossoming mineral industry.
 

During the late 1950s and 1960s the geological similarity of the western United
 

States and northern Mexico led geologists in this country to speculate about the
 

existence of zeolite deposits south of the border. It was not until 1972, however,
 

that this author (1973c) discovered the first such deposit in southern Oaxaca after
 

visiting a large dimension stone quarry during a completely unrelated project. The
 

rock was being used as a local dimension stone and closely resembled zeolitic tuffs
 

in Japan that were being quarried for similar purposes. Subsequently the Oaxacan
 

rock was shoin to consist of about 90% clinoptilolite and mordenite, although the
 



464
 

mineralogical composition was unknown 
to local workers or to Mexican geologists.
 

Shortly thereafter, several similar deposits 
were discovered in this part of
 

Mexico by the author and , 'ican colleagues who quickly learned to recognize 

zeolitic tuffs In the file1... One such deposit was spotted in a road cut while 

driving past it at 50 miles per hour, suqgestinq that many nore await discovery with 

only minimal exploration efforts. As a result of these dis;coveries, at least three
 

other deposits of sedirentary zeulites heive been 
 found ini the tiorthern part of the
 

country by Viexican geologists Iho irir nw atune the oxistenlce of zeoites
to in
 

volcanogenIc environ erits ard 
 to their potential applications in industrial and
 

agricultural technology (e.g., Ries Garcia arid 
 Biadi l]a Cruz, 197h). 

Similar to Mexico, njor parts of the central inatolian region of Turkey are
 

covered by thick sequences of Tertiary 
volcanic rocks, hut, with the exception of 

a few minor occurrences of analcime in saloi rie-he ;riviroe-ents, reports of zeolites 

in the volcaruogenic sedimentary rock,, of this courntry have heeil rare. The principal 

reason for th i. is simply a lack of searching for zeol it(-s in these en vironr lrts 

combined with a lack of knowledge about the pottiti 1 alulicatioris of such materials 

in industry. Turkuy's few geologists have been more occupied with the chrvule and 

oorate resources to that country which are exported in larqe quanti ties to acquire 

badly needed currency. In 1977, however, several low-grade occurrences of erionite 

and chabazite were uncovered in Turkey's Cappadocia region, alongj with a major 

deposit of clinoptilollte in the vicinity (Ataman, 1978). 
 In 1979 a second major
 

deposit of this mineral was discovered by the author (Mumpton, 1979) and R.A. Sheppard
 

of the U.S. Geological Survey, accompanied by a Turkish geologist, with a minimum of
 

field effort, indicative to what must be a widespread distribution of such materials 

in volcanogenic sedimentary rocks of this country.
 

Mining and Millina
 

The mining of zeolites in bedded sedimentary deposits is a relatively straight
 

forward process requiring only a minimum of equipment and trained personnel. Almost 
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all of the known zeolite deposits currently being mined are surface deposits
 

overlain by a few to 
no more than 25 meters of overburden. The zeolite beds are
 

usually flat-lying and vary only slightly in thickness along the length of the
 

deposit. Shallow drilling is usually required to outline the 
areas of highest
 

grade, but many deposits are mined by simple projection of the bed behind the
 

outcrop. 
 Commonly, the exposed bed can be broken in the mine by bulldozers or
 

rippers; 
 in places small amounts of blasting are required. In thinner deposits,
 

care must be 
taken 	to eliminate overlying and underlying clays and volcanic ash
 

from the ore to preserve purity, but in some of the thicker deposits this 

poses 	no problem.
 

Processing to the raw ore 
is dependent upon the envisioned end use; water

purification applications requir a fine-sand fraction which must be prepared frcm
 

the ore by crushing and screening whereas fertilizer and animal nutrition uses
 

will likely make use of finely powdered material. In general, preparation steps
 

involve only crushing, screening, and bagging. 
 Where particle size is critical, the
 

screened product must be washed to 
remove undersize material 
and then dried. More
 

;,ophistirtod applications may require that the zeolite be 
Ion-exchanged to an
 

amnno!Jltn or potassium form before being shipped to the consumer, in such cases, 

the pulverized and icreened product must be subjected to a series of washes with
 

chloride or 
sulfati salts of these elements, washed with water to eliminate excess 

salts, filterod, dried, and bagged. Crushed ore can be produced currently in the
 

United Stites for about $30-40/ton, f.o.b. minesite.
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DISCUSSION
 

Agronomic Applications
 

Although zeolite: evve 
been used for many years in Japan as soil amendments, 

they are ,rilv ,; becoming the subject of serious investigation in the United 

States as olease fertilizers, moisture-control additives low-clay soils,to 


trips ,' mmetals, carriers of pesticides, fungicides, ind herbicides, and
 
d, .. i n,Igen r iii fertilizer storagqe. As soil amendinents they appear to retain
 

moisture and to improve the overall ion-exchange capacity of sandy and volcanic
 

soils. Studies are kirlq cIrried 
 out on both the zenlite a,: received and oil
 

Z(olite that ha" beein iretriatud with nutritive elements, 
 Sich a, 1otaSsiILl or
 

a:drOlliIWI.IIil ther casm, :eol ite
the appears to act as a slow-release fertil izer, 
selectivly iollirO such eloneet, if] its structure for longer periods of time,
 

thereby increasing the effici-1icy of such additiwos aod reducineg the total Cost of
 
fertilization. Although 
 the data aviilable are jot cempletely unequivocal, tie 

greatest success appears to have been achieved with root crop,, such as sugar beets, 

carrots, and radishes, where nitroqen is a vital nutrient. The Opt iIIUM level of 
application, however, must still be determined for various types of soils and for 
the particular crop in qestion, as most the frequency and exact mode of application, 

the optimum particle size of thie zeolite, and the nature of chv,,vcl pretreatnent 

of the zeolite. 

The ion-exchaige specificity of certain zeolites for copper, lead, cadmium, 
and zinc suggests that the "life" of farm and forest soils amended with municipal 

and industrial sewage sludge can be extended by inhibiting the plant uptake of these 
deleterious metals for longer periods. 
 Radioactive cesium and strontium from
 

nuclear fallout or spills may also be controlled by selective ion exchange into
 

zeolites added to soils. 
 Zeolites apparently are useful 
carriers of herbicides,
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pesticdes and fungicides and can prevent caking in stored fertil izers by absorbing
 

excess moisture.
 

Table 18 lists organizations who have or are currently conducting experiments
 

on theuse of natural zeolites in agronomic applications
 

Table 18.Organizations Engaged in Zeolite/Agronomic Investigations.
 

Organization Crop Organization Crop 

Department of Horticulture 
Colorado State University 
Fort Collins, Colorado 

Radishes Agricultural Experiment Station 
New Mexico State University 
LasCrucas, New Mexico 

Corn 
Sorghum 

Department of Agronomy 
Colorado State University 
Fort Collins, Colorado 

Sorghum 
Corn 
Wheat 

Department of Plant Science 
University of New Hampshire 
Durham, New Hampshire 

Radishes 
Corn 

Department of Environmental 
Horticulture 

Chrysanthe-
mums 

TexasAgricultural Exoeriment 
Station 

Rice 

University of California 
Davis, California 

Texas A&M University 
Beaumont, Texas 

U.S. Sugarcane Field Laboratory 
U.S. Department of Agriculture 
louma, Louisiana 

Sugarcane Departmentof Soils, Water, and 
Cngineerinq 

University of Arizona 

Nitrogen 
retention 
in soils 

Tucson. Arizona 

Animal Nutrition Applications
 

Despite thelack of statistical significance for many of the data. numeroul
 

studies strongly suggest that the addition of certain zeolite minerals to the dit
 

of swine, poultry, and ruminants results indecided improvement in the growth rate
 

of theanimals and in the feedefficiency (weight gain/pounds of nutritional feed
 

consumed). In addition, the incidence of intestinal disease among young animals
 

appears to be less when zeoites are part of thedaily diet. Tne most dramatic 

results have been reported by cverseas workers where experiments may have been 

conducted under conditions that were somewhat less sanitary than those generally 



468
 

employed in the United States. Zeol ite-supplemented diets appear to he most 

beneficial iii swine during the first 30-60 days after weanimg, although there is
 

some evidence to suggest that zeolites ill the rations of prelint sows contribute
 

to increased litter 
 eigiht,, ind heal thier offerriig. Ill Japan, 2-5' cliroptilolite 

in the diets of cattle aippeared to resrilt ill larger arlimals arid fewer incideices of 

diarrhea. One study in the tin ited found a 1,":Stites increisf, in feed efficiency
 

for cattle during the first 37 d,,ysiusing only 1.25 zeol ite.
 

Tire exact fLlnctiorl Of tie 'N'r1it rs ii dietary n artibioticboth pheorromena 

are riot Inrderstoodaeilitwell Sllu erious rphy'ioliqicai rend bicherrlical irvrestiratiori. 

The ali iri ll selectivity if clinerptilolite sormmiet' thait in rurllrirlts it acts as a
 

reservoir for rlisi yr ,idalziri th hl'o , ri viretab
irrsrrl r ; ' Vi r ir A of e irtnteii and
 

rioll-iirioteir 
 ii tro ell ili rat ii itil, i i i iit fo r a lOrer'ffiC iell syrithesis into 

amino acids, proiteins, ard ithi-ri riiCrii-rieouis cclpasurids by rricrerro r isrs ill the 

gastroiritestiral lh rn. Frcii the coricetratio ()f arlorini,i il tie portal blood 

of weanrlirg rats fed a 5 cliinoptilol ite diet or do',od oirally with ti zerrlite, 

Pond et al. (1980) postulated that th zeolite tiourad fri'se aInsinria ill tho fI trict, 

thereby preverting its buildup to toxic level' inl the Y trsl. Such ml initiiotic 

effect could indeed be responsible for the lar(iimr (Iroths recorded for zeilite-fed 

animals. 

Table 19 lists organizations who have or are currently coriductirni exiieriments 

on the use of natural zeolites in arivial nutriti n applicatiori,. 

Excrelent-Treatient A[T11cat iors 

Although the results are difficult to quantify, almost all studies of tire 

use of zeolites as dietary supplements iii ariral rations have reported a noticeable 

decrease in excrenent malodor and hive attributed this observation to the high 

selectivity of tire zeolite ill the feces the aunionium ion.for Iimilrar results were 

rioted when zeolites were added directly to cattle feedlots, surggesting that not 
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Table 19. Organizations Engaqed in Animal Nutrition Studies Usinq Zeolites
 

Organization Animal Oranization Animal 

Department of Poultry Science Chickens Denartment of Animal Science Swine 
Colorado State University 
Fort Collins, Colorado 

Cornell University 
Ithaca, Nev York 

Department of Animal Science Swine Deoartment of Animal Science Swine 
Colorado State University 
Fort Collins, Colorado 

Oreqon State 'University 
Cornallis, Orejon 

Rabbits 

Clayton Livestock Qesearch 
Center 

New Mexico State University 
Clayton, 'e4nMexico 

Be-f Cattle Western 
0 
ashlnoton Research 

U Extension Center 
Washnlfitc, State University 
PUytilun, Wahinst(jn 

Dairy 
rattle 

Departeent of Poultry Science Chickens etjart- rt i 'Animal cience Calves 
Oreqon State University 
Corva Il is, oreqon 

University of entucky 
Lexintor., 'ntuc a 

Livestock Nutri tion Service Cattle Food k Urninal Pesearch Inc. Calves 
We trnster, California Juneau, 1,isconsin 

Seartrent 
ni veri t 

of Anim l Science 
of Veo-ont 

Puminants Setartent of Biol oqv 
Clevel ard State Universitv 

Chickens 
Swine 

Uurlinqtor , Vermont Cleveland, rhis 

U.S. 

IJ.S. 

Clay 

"eat Animal Pet-arn 
Center 
Delartrnt of ,Agriculture 
Cnter Ne0rask a 

Pats (swine) Deartrent of Aqricultural 
Enqineerino 

Crenon State University 
Corvallis, Crencn 

Odor 
control 

Departreont rof *nimal '.ience rnttlc 
Pennsylvania State 
''ni t-CtitV ar, , t 

University 
rtylvani a 

only cao it-athir aId Iess odoriferou,, envi,rcrwent, I+ack by the addition ofaievrd 

ecl It-s to animal tlorIn ', but th,t tie nitronerl-reteiitiorl ability of the ninure 

can Se iu[ rooed a, 40el. 

Arc1 it- ptorification of low-iI rtti rcdut(.d- by tlt , lalloic fenneotdtiss 

of eYcr-,nt id other itricl ntural ust,- ;;rducts tay b I ntats of producinq 

cheat oennr,individual farwts or in ,mall ccrlonunith%,it-d veolit- vn-exchangeon 

processes nra1 Le eiployed in the removal of aertinum ions frci recirculating or 

82-999 0 - 81 - 31
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closed aquacultural systems, thereby allowing more fish to be raised or transported
 

in the same volume of water. Aquacultural research of this t,'pehas been or is cum
 

rentl being conducted by Becker Industries, Newport, Oregor.; the U.S Fish & Wildlife
 

Service, Fich Cultural Development Center, buz'a., Montana; Jungle Laboratories, 

Comfort, Texas; the Department of Fisheries and Wildlif:, New Mexico State University, 

Las Crucas, New Mexico; the Narragansett Marine Laboratoy-. niversity of Rhode Is

land, Kingston, Rhode Island; and the Department of Zoology, Southern Illinois Univ

ersity, Carbondale, Illinois. 

CONCLUSIONS AND RECOMV1ENDATIONS
 

Althosgh they have been used locally fci several years in Japan and in other parts 

of the Far East in small amounts, the utilization of zeolites as soil amendments, fert

ilizer supplements, additives to animal rations, and in the treatment of agricultural 

wastes is still in the experimental stae Un t-nsUnited States. Agricultural organ

izations who have or are currently investigating such uses for natural zeolites in 

this country are listed in Tables 18 and 10. The projects have generally been sponsor

ed by grants or contracts from companies who themselvps are developing applications 

for zeolites in one or more areas of technology, or they have been funded by the in

stitutions themselves and make use of zeolite products provided free or at low cost by 

the companies. Table 20 summarizes the agricultural research efforts of companies whe 

hold properties of natural zeolites. In addition, other, non-property holding organ

izations, such as International nerals & Chemical Corporation, Cargill, Inc., and
 

Lowe's, Inc., have also been involved in the development of uses of natural zeolites
 

in agriculture.
 

Overseas, 6-8 agricultural stations in Japan continue to invr jate natural zeo

lites as soil amendments and dietary supplements; Pratley Perlit Mining Company, who
 

owns a large clinoptilolite deposit in South Africa, has made several studies of the
 

use of zeolites in the rations of swine and poultry; and a recent Bulgarian-Soviet
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Table 20. Zeolite Property Hclders and Zeoagrlcultural Research Efforts
 

Organization 


Anaconda Company 


Colorado Lien Company 

Double Eagle Petroleum & 

Mining Company
 

Forminco 

Harris & Western Corp. 
Ladd Mountain Mining Co. 

Leonard Resources 

Letcher Associates 

Minerals Research 

Minobras, Inc. 

Mobil Oil Corporation 

Monolith Portland Cement 
Company
 

UlLIndustries 


Norton Company 


NRG Corporation 


Occidental Minerals Corp. 


Rocky Mountain Energy 

Company
 

Union Carbide Corporation 


U.S. Energy Corporation 


W. R. Grace & Company 


Roman type = working mines; 

Zeolite Species 
I 


Clinoptilolite, Erionite, 
Chabazite/Erionite, C'-'.ptiZo

P;;7li,,13 tO 
Clinoptilolite 


Clinoptilolite, " " 'onsored
 

. 1 

t *? ,- . 

,, t 7 t 

7', IF ' 

1' '-,* Zf te 

_:'h'"a: e 

K'oste 

Erionite 

Clinoptilolite 

Clinoptilolite 

Chabazite/Erionite, .rrie '.te 

Chabazite/Erionite 

Clinoptilolite, C 7c, 

Clinootilolite 


Chabazite/Erionite, Mordenite, 

Erionite
 

CinoptiZol'e 

Chabazite/Erionite, 

italics = prospects. 

Research Effort
 

In-house; Sponsored
 

Sponsored
 

None 

None 

None 

Sponsored
 

None
 

None
 

None 
None
 

None
 

None
 

None
 

None
 

Tn-house; Sponsored
 

Sponsored
 

In-house; Sponsored
 

None
 

N.;,,eNone 

2

symposium on natural zeolites contained seven papers on animal-nutrition applications
 

and two on soil-anendment uses. Similar projects are in Progress in Cuba 
and Hungary,
 

where deposits of cllnoptilolite and mordenite are abundant. The intense interest in
 

2 Second Bulgarian-Soviet Symposium on Natural Zeolites, Kardzhali, Bulgaria, October
 
11-14, 1979.
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tne several socialistic countries mentioneu above undoubtedly stems from their efforts
 

to utilize their own natural resources and thereby reduce their dependency on foreign
 

sources of expensive fertilizers and animal rations. 
 These same objectives, of course,
 

are desired by each developing nation - maximum use of local 
raw materials and minimal 

use of imported products that must be purchased with hard currency. Where they can be 

found within a particular nation or where they can be obtained from neighboring coun

tries at 
a minimum of cost, natural zeolites have the potential to increase the ag

ricultural productivity of that nation by reducing the need for or 
increasing the
 

efficiency of chemical fertilizers and animal feedstuffs.
 

To convert the agricultural prom/ne of natural zeolites into commercial 
reality,
 

a concerted effort must be made in the United 
States and elsewhere by both the private
 

sector and by state and federal funding organizations. The studies to date have been
 

mainly nf a preliminary nature  radishes have been grown instead of potatoes, and rats
 

have been raised instead of beef cattle 
- or of limited duration or extent, with little
 

information being developed to illuminate the 
long-term benefits or adverse impacts on
 

food production. 
Mnny of the companies sponsoring this research have considered the
 

results proprietary, and rightfully so; but workers in the field 
are therefore unable
 

to obtain the latest information, a situation that often results in massive duplica

tion of effort. 
 Large scale testing of zeolites under sustained field conditions is
 

greatly needed at this juncture is are projects involving statistically significant
 

numbers of animals. Such projects will require continuous funding by state and 
fed

eral agencies, or perhaps, international agencies if the results are to be applied
 

directly to developing nations. 
 It would be extremely instructive to carry out suc.
 

testing in several developing nations themselves, where agricultural practices are not
 

as finely tuned as 
in the United States, thereby allowing the zeolites to display
 

their full bag of tricks-.
 

The actual 
introduction of natural zeolites into specific agricultural processes
 

should pose no major problems. Crushed and sized material could be added to the fields
 

directly or banded into the soil either alone or with normal fertilizers using stan
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dard equipment. Likewise, the ziolite could be mixed as a powder or 
fine granules
 

with normal feedstuffs provided for livestock, or be inserted as a bolus into the
 

stomachs of ruminants. It could also be sprinkled on 
or mixed with manure arcumula

tions on a daily basis for nutrient retentivity. None of these processes would re

quire special machinery, in fact, all could be carried out by hand, 
if such were the
 

common practice in that country. Users would, of course,need to be instructed as to
 

the correct anunt to apply to fields or to mix with normal rations, and the optimum
 

time to apply it for specific crops, and considerable educational efforts may be 
nec

essary to convince the small famer of the benefits of zeolite additives. In this regard,
 

zeolites are no different than any innovative procedure that many farmers 
are wont
 

to accept.
 

Because the use of zeolites in agricultural processes has not yet reached the pro

ven or commercial stage, any scenario developed to 
introduce this promising technol

ogy into developing nations would involve contributions from both the United States
 

and the developing nations. The contribution of the United States would be both
 

geological and agricultural expertise in zeolite technology, whereas the contribution
 

of the developing nations would be a willingness to search for deposits of zeolites
 

if
none have been reported thus far and a willingness to carry out some necessary long

term or large scale testing under field conditions, It is therefore recommended that
 

any implementation plan begin with a series of visits by 
a team of zeolite experts
 

from the United States to selected developing nations in different parts of the world
 

where zeolites are kn.,,mor have a high probability of occurring. In addition to a
 

leader who would have a broad background in zeolite technology, the team would consist
 

of 4-8 geologists, agronomists, animal nutritionists, and agricultural engineers who
 

are not only experienced in the use of zeolites in agriculture or in the occurrence
 

of zeolites in volcanogenic sedimentary fonations, but who can 
incite an enthusiasm
 

in others for the wonderful things that zeolites can do.
 

The team would include (1) a geologist who is not only knowledqeable about the
 

occurrence of zeolites In such environments, but who is capable of working with local
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resource people to find and evaluate potential deposits of zeolites in these countries;
 

(2) an agronomist or plant scientist with considerable experience in the use of zeo

lites to improve crop productivity; (3) an animal nutritionist with the necessary ex

pertise in the ute'of ieolites as dietary supplements in animal nutrition; and (4) an
 

agricultural ingineer who has worked with zeolites in excrement treatment to improve
 

the health of confined livestock or the ammonium retentivity of animal wastes. The
 

agricultural engineer would also provi-de practical experience to 
the team which other

wise might be missing in a group of esoteric scientist; alone. Prior to the first
 

visit to a developing nation, the team would arm itself with the latest Informa'cion
 

in the field by visiting the leading experiment stations and research laborktories
 

in this country and abroad where zeoagricultural investigations are being carried out.
 

Special emphasis would be placed on the 
recent work in Japan and in countries of
 

eastern Europe.
 

Each visit would be for a ten-day period, wherein the first two days would be
 

spent in the company of local geologists and/or agronomists examining the general
 

terraine of the country and gaining a brief impression of the geology and the ag

ricultural conditions. A third day would be devoted to a series of talks by
 

each oi the team members on his speciality before an audience of local geologists,
 

agriculturalists, government officials, labor unicn leaders, and bureaucrats and
 

anyone else who would be interested in finding out about this new technology. Dutwng
 

the next several days the team would split into small groips for individual consult

ations in tha fietd with local technical people responsible for the implementation of
 

the technology. The geologists would, perhaps, visit suspected areas of zeolite
 

formations, whereas the agronomist could inspect potential 
sites for study, providing
 

samples of zeolite for initial investigation. The last day of each visit would be
 

devoted to round table discussions by local agricultural experts, geologists, add
 

team members to determine what had been accomplished and the next steps to take.
 

It is vital that the introduction of zeo-agriculture Into a developing nation
 

not end with the visit of a team of U.S. expets. On the contrary, the initial visit
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should be followed up as soon as 
possible with specific plans for implementing the
 

technology into the nation's agricultural processes. Although the implementation
 

scenaria of all innovative technologies would appear to be similar from this point
 

on, the zeolite scenario would involve 
a search for these materials in the developing
 

nation if such materials had not already been reported from that country. 
Such ex

ploration would probably be carried out by the local 
geological survey or mining
 

agency, but should be assisted in the field by a geologist familiar with the occurr

ence of zeolites in such environments. If zeolites are known from the country or
 

if they can be obtained from neighboring regions without difficulty, plans should be
 

made with the country's agricultural people to field test the technology under
 

optimum conditions. 
 Such plans and tests should also be made with the assistance of
 

agronomists or animal scientists already familiar with the use of zeolites in these
 

processes.
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PAPER NO. 11. UNDEREXPLOITED PLANT AND ANIMAL 
RESOURCES FOR DEVELOPING COUNTRY AGRICUL-
TURE 

(By Dr. Noel Vietmeyer, Board on Science and Technology for International 

Development, National Academy of Sciences) 

The 1940s was the decade of wonder chemicals. The miraculous
 

properties of DDT, sulfa drugs, herbicides, nylon and plastics blinded
 

us to the potentials of nature. Lahoratories were limitless, nature
 

seemed limited. Man-made was modern, nature seemed passe. Subsequent
 

decades seemed to confirm the euphoric view; we gave ip seeking our new
 

product needs in the kingdom of naturc, the previous wellspring for
 

civilization's advances.
 

As a result, as we move toward the 21st century, we rely on fewer and
 

fewer plants and animals. We ignore, or have forgotten, thousands of useful
 

species that could broaden and balance our fount of resources. All this, in
 

face of the recognition that within a few short decades the petrochemical
 

explosion that began in the 1940s will be snuffed out.
 

However, there is now a big change occuring in the scientific com

munity. Researchers are returning to nature's storehouse to take stock
 

of its genetic possibilities; to scrutinize species that could make useful
 

new crops and domestic animals--some of them are species that are wild and
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untested, some even poorly identified. Though they work largely out of the
 

public eye, these dedicated researchers are quietly germinating ideas and
 

laying roots that will grow with and shape our future. Some natural products
 

now virtvally unknown are likely to become mainstays of world agriculture.
 

Decision makers, entrepreneurs and the general public should pay more
 

attention to these researchers' results. A groundswell of support for the
 

development of new species could lead to a cornucopia of new foods fuels and
 

industrial feedstocks. It may help extend productive agriculture to vast
 

regions that today are not arable. It -ay help raise from despair the ever
 

increasing numbers of humans in developing countries who waste their lives
 

away in malnourished poverty. It may show how to cultivate crops that
 

produce raw materials that now come from petroleum. It's a challenge.
 

But some of the fntire's best resources are out there waiting in the land
 

of nature.
 

Plants
 

Botanists and ethnobotanists can reel off long lists of obscure plants
 

that seem to varrant recognition. Respondents to recent questionnaires sent
 

out by the National Academy of Sciencei --aed over 2,000 plant species that
 

deserve much greater recognition. Almost none have been given agronomic
 

attention. A few strikiug examples are given below.
 

Poor People's Plants
 

A friend recently told me that he hid discussed the winged bean with an 

influential Filipino family. "They were incredulous that such a miraculous 

plant could exist," he said. "So, on a hunch, I took them out back to the 
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servents' quarters. There, climbing along a fence, was a winged bean plant
 

laden with pods."
 

"'But that's just seguidillas,' they said, disappointment echoing in
 

their voices. 'It's oaly a poor man's crop!"
 

It is a universal phenomenon that certain plants are stigmatized by
 

their humble associatioos. Scores of highly promising crop plants around
 

the world receive no research funding, no recogniticon from the agricultural 

community; they are ostracized as "poor man's crops." 

For information on a poor people's crop one has to turn, more often 

than not, to botanists and anthroplogists; only they will have taken an 

interest in the plant. Often there has been no agricultural research on it 

at all--no varietie, collected or compared, no germination or spacing trials, 

no yield determinations or even nutritional analyses. And yet 
the crop
 

actually may be crucial to the lifestyle--even the survival--of millions of 

people.
 

Just 50 years ago, the soybean itself wa-, a poor people's crop. In 

the United States, it was spurned by researchers for more than a century 

after Bonjamin Franklin first introduced seeds from the Jardin des Plantes 

in Paris. To be a soybean advocate then was to risk being considered a 

crackpot. Early in this century, Americans still conidered the soybean 

a second-rate crop fit only for export "poor prople" in Far East.to the 

But then, in the 1920s, University of Illinois researchers established a 

comprehensive soybean research progrer that helped sweep aside this dis

crimination. The soybean acquired new status as a "legitimrate" research
 

target, and its development gained so much momentum that it is the
now 
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world's premier protein crop.
 

Nowhere is the neglect of poor people's crops graater than in the tropics-

the very area where food is most desperately needed. The wealth and variety
 

of tropical plant species is staggering. Some of the Third World's best
 

crops are waiting in the poor people's gardens, virtually ignored by science.
 

Merely to have survived as useful crops, suggests that the plants are inherently
 

superior. Moreover, the- are already suited to the poor person's small plots
 

and mixed farming, .swell as to poor soils, and the diet and way of life
 

of the family or village. Exemiles are the winged bean and amaranths. 

Winged Bean 

Perhaps no other crop offers such a variety of fools as the winged 

bean.* Yet it, remains a little-known, poor person's crop, used extensively 

only in New Guinea and Southeast Asia. 

A bushy pillar of greenery with viny shoots, blue or purple flowers, 

and heart-shaped leaves, the winged bean resembles a runner-bean plant. It 

forms succulent green pods, as lonp as a man's forearm in some varieties. 

The pods, oblong in cross-sectlcn, are green, purple, or red and have four 

flanges or "wings" along the Iges. When nicked young, the green pods are 

a chewy and al.ghtly sweet vegetable. Paw or boiled briefly, they make a 

crisp and snappy delicacy. Pods are produced over several months and a crop 

can be collected every two days, providing a continuou; supply of fresh green 

vegetables. 
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If left on the vine the pods harden, but the pea-like seeds inside
 

swell and ripen. 
When mature, the seeds are brown, black, or mottled. In
 

composition they are essentially identical 
to soybeans, containing 34 to 42
 

percent protein and 17 to 20 percent of a polyunsaturated oil. The protein
 

is high in the nutritionally critical amino acid lysine.
 

In addition to the pods and seeds, the winged bean's leaves and shoots
 

make good spinach-like potherbs. Its flowers, when cooked, are a delicacy
 

with a tewture and taste reminiscent of mushrooms.
 

But perhaps the most startling feature of the plant is that, belou
 

ground, it produces fleshy, edible tuberous roots. These are firm, fiber

less, ivory-white inside and have a delicious and delicate nutty flavor.
 

The winged bean is therefore something like a combination of soybean mid
 

potato plants. And winged bean tubers are 
uniquely rich in protein--some
 

contain more than 4 times the protein of potato.
 

Amaranths
 

Amaranths--major grain crops in the tropical highlands of the Americas
 

at the Zime of the Spanish Conquest. They were staples of both Aztec and
 

Inca. But the Conquistadores banned the cultivation of 
amaranths because the
 

grain was a vital part of native religion and culture. With this political
 

move the Spanish struck a blow for their church but they also crushed the
 

crop. 
 For 500 years little has been done ,) study or promote it. 

Amaranths belong to a small group of plants, termed C4, whose photo

synthesis is exceptionally efficient. The sunligh they capture is utilized 

mire effectively than in most plants and amaranthes grow fast. Vigorous and
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tough, amaranths have been termed self-reliant plants that require very little
 

of a gardener. They germinate and grow well under adverse conditions. They
 

are easily cultivated and adapt well to the rural farmer's small plots and
 

mixed cropping. Furthermore, they are r.iatively easy to harvest by hand
 

and to cook.
 

Amaranths are annuals uhich reach 6 ft. in height and have large leaves
 

tinged with magenta. They are cereal-like plants producing full, fat, seed
 

heads, reminiscent of sorghum. The seeds are small but occui ±n prodigious
 

quantities. Their carbohydrate content is comparable to that of the true
 

cereals, but in protein and fat amaranths are superior to the cerealit.
 

When heated, amaranth grains burst and taste like popcorn. In many
 

regions, however, the grains are more often parched and milled. Amaranths
 

flour is high in gluten and has excellent baking qualities, bread made from
 

it rises and has a delicate nutty flavor.
 

Recently W.J.S. DowntDn, an Australian researcher, has found that the
 

grain of at least one amaranth (Amaranthus caudatus var. edulis) is rich
 

in protein and exceptionally rich in lysine, one of the critical amino acids
 

usually dificient in plant protein. Indeed, the amount of lysine exceeds
 

that found in milk or in the high-lysine corn now under development.
 

Conclusion
 

It is very hard to get grants for research on poor person's plants.
 

Funding agencies resist; the plants are unknown to most of them, and the
 

literature to support any claims ma, be sparse.
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Nonetheless, it is now time for agricultural research facilities through

out the worl3 to incorporate poor person's crops into their research efforts.
 

Third World agricultural development needs this balance, for only when his
 

own crops are improved will the poor man be able to 
feed his family
 

adequately. In future decades it may be--as in the case 
of the soybeen-

that today's poor person's plants will be feeding the world.
 

TREE LEGUMES: Shock Troops for the War on Deforestation
 

Man has deforpited one-third of South America's native forests, 
one
 

half of Africa's and two-thirds of Southeast Asia's. 
 It is critically
 

urgent that the remaining forest cover be protected from indiscriminate
 

harvest and that many now-deforested regions be reforested. 
A "thin green
 

line" of fast-growing leguminous trees may be either 
our last line of
 

defense or our first 
line of attack.
 

To most people legumes are limited to the dining table, but to plant
 

scientists legumes include not only vegetables but shrubs, vines and thousands
 

of tree species, most of them indigenous to the tropics. Actually, the
 

family Leguminosae is the third largest in the plant kingdom. 
But out of
 

the 18,000 different species of legumes, 
farmers extensively cultivate only
 

about 20 species including peas, beans, soybeans, peanuts, clover, alfalfa,
 

and even licorice. Foresters cultivate almost none.
 

The potential of tree legumes as 
useful plantation species remains
 

largely unrecognized, yet they offer a particularly promising 
-ea for ex

ploration in these days of devas':ating deforestation. Indeed, they 
seem to
 

have special attributes that could put them in the front lines of the battle
 

'o reclothe the scarred hillsides throughout the tropics.
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Legumes, for example, are nature's ploneers in plant succession. They 

are among the first plants to colonize barE land. It therefore see= 

ecologically wise for man to deliberately exploit them for the same purpose: 

to quickly revegetate eroding or weed-smothered terrain, to halt erosion,
 

and to provide protective ground cover under which slow-growing, climax

forest species Lan regenerate. Furthermore, many wood requirements might
 

be met by these quick-growing small trees; and this could help spare the
 

lst remnants of the natural forests.
 

Many woody legumes have a hardy, irrepressible character, suited to a
 

wide range of soils, climates, altitudes and environments. Like other
 

pioneer species, they have a precocious nature and grow quickly in an attempt
 

to 
overtop and preempt the space of their plant competitors.
 

Because of this innate compttitiveness, many tree legumes are easy to
 

establish and cultivate. Some can be direct-seeded (avoiding the expense
 

of nurseries and of transplanLing fragile seedlings), and in some tests even
 

spraying their seed out of aircraft has proven a suitable way to establish
 

plantations. 
 Many occur naturally in dense, pure stands, suggesting that they
 

probably can be grown in monoculture without being decimated by pests.
 

A most important feature of many legume species is that nodules on their
 

roots contain bacteria, which chemically convert nitrogen gas from the air
 

into soluble compounds that the plant can absorb and utilize. Thus, for
 

average growth these species require little or no additional nitrogenous
 

fertilizer. Some produce such a surfeit of nitrogen--largely in the form
 

of protein in their foliage--that they make excellent forage crops and the
 

soil around them becomes nitrogen rich through the decay of fallen foliage.
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In order to give an idea of the potential of this class of trees,
 

three species of fost-growing legumes are mentioned below. 
Not one of these
 

trees is udely exploited so far.
 

Leucaena
 

In the 1960's, University of Hawaii professor James Brewbaker found
 

in the hinterland of Mexico certain varieties of Leucaena leucocephala
 

that grov; into tall trees. This was unexpected because the plant was previously
 

known only ac a weedy bush.
 

But in tropical climates Brewbaker's varieties have grown so tall and
 

fast that they can be 
twice the height of a man in just six months; as high
 

as a three-story building in two 
years; and as tall as a six-story building
 

with a trunk cross-section as large as a frying pan in only six ot eight
 

years.
 

In the Philippines one hectare of these tall 
leucaenas has annually
 

produced over 10 times the amount 
of wood per acre that a well managed
 

pine plantation produces in the 
United States. Even among the world's
 

champion fast-growing trees, this is exceptional.
 

Leucaena wood is thin barked and light colored. 
 For such a fast growing
 

species, it is remarkably dense (compa-able to oak, ash, or birch), strong,
 

and attractive. 
 Its fiber is acceptable for paper-making and the wood 
can
 

be pulped satisfactorily and in high yield.
 
But leucaena, a multipurpose plant lar exceene, also aa other
 

use3. It can 
supply forage, for example, and researchers in Hawaii and
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tropical Australia have found that cattle feeding on leucaena foliage may
 

show weight gains comparable to those of cattle feeding on the best pastures 

any-where. Also leucaena wood makes excellent firewood and charcoal. 
 The
 

plant is also a living fertilizer its factory for if its nitrogen-rich foliage is
 

harvested and placed around nearby crops plants they can respond with yield
 

ncreased approaching those effected by commercial fertilizer.
 

Although arbo .1 1-ucaena varieties have been cultivated for onl a
 

decade or so, they arL already being planted over tens of thousands of
 

hectares in the Philippines. The World Bank has funded one large program.
 

Batangas Province has a nursery producing 10,000 leucaena seedlings daily.
 

The province's dynamic governor, Antonio E. Leviste, has decreed that other
 

nurseries be set up throughout his province: in churchyards, cemeteries,
 

schoolgrounds, roadsides--any idle ground. No government employee gets a
 

paycheck until he has set up a leucaena plantation with at least 20 trees to
 

produce seed. The consequent greening of Batangas has made citizens keenly
 

appreciative of deforestation's ugliness and problems, as well as reforestation's
 

rewards. Tree planting now interests the Batangas public intensely--not
 

entirely for the sake of revegetatirg eroding watersheds, but for the income
 

and benefits from exploiting leucaena forage, fuelwood, and "green manure."
 

That the program has been adopted with gusto by the citizenry demonstrates
 

the relevance of tree legumes to tropical problems as a sort of
 

"appropriate fore~try."
 

In more remote southern islands of the Philippines, leucaena (Filipinos
 

call it ipil-ipil) is belrg planted over huge areas of former green-deserts,
 

wastelands lost to coarse, sharp-edged "cutting-grat:ces." With its vigor
 



and persistence, leuenena--if given a little care can overtop the grasses,
 

shading them out of existence, and converting waste ground to highly productive
 

forest. It is essentially a permanent forest because after felling, the
 

stump of a leucaena tree regrows with such vigor that 
the plant is said to
 

literally "defy the woodcutter."
 

Calliandra calothyrsus
 

In 1936 horticulturfsts transported seed of this small Central American 

tree to Indoneiia. Thcv were interested itin as an ornamental, for like 

other Calliandra species, it has flc'ers that are gorgeous crim.son powder

puf.'s, olewingin the sunlight like rtd fireballs. Lut Indonesian,, Instead 

tool u,, Calliandra calothvrus as a firewood crop. Indeed, for 25 years 

stedily epandlng fuel1sic'! planttions of it have liven estatll!itue until 

t le " cove' o',',C 7CL'- 1 rs; in Ja,,;. 

ihii.smal I trec--la -ea t.;l let tha!n Wii;h--grcw:.withincrediblea alMoost 

epeec. Alter jus;t oIne .ear It cati t e harveted. I'le cut stump re;prouts 

readily giving nec stems that coat he i0 feet tall Somewithin six months. 

trees in Indonesia [lat are l1 eai!;oldhi hae been harvested 15 times!
 

Calliandra wood if3 toL ;nall fcr inA er, bit it 
 J!,d, ',r, burns well, and 

Is ideally sized for domesltic cte,ng. It al, ef! i:t kl!,making 

brf.In tilet , ur lie and for fu l ' ;gcopr/i and tobacco dryer!..
 

Indonesian villagers now cultivate Calliandra calotlvruL widely 
on 

their ow'n land, often intercropplnr it with food crops. ThIeplant's value 

is dramatically exempl!fied by the village cf Toyomairto in East Java. There, 
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land that was once grossly denuded and erosion-pocked is now covered with
 

callindra forest and is fertile once more. Today the villagers actually
 

earnmore from selling calliandra firewood than from their food crops.
 

Conclusion
 

These are brief descriptions of only two species of small leguminous 

trees that have recently proven useful in combating detorestation in South

east Asia. There are many other exciting species. In South Korea, foresters 

intercrop bushy Lespedeza species to provide firewood during the early years 

of the establishmunt of pln2 and other forests. In Central America, there 

are Enterolobium cy*locaLrju and Schizolobium parahyba, in Sou,.h America, 

Mimosa scabrella (N. br t ), Schizoloblum amazonicum, LIuana .Lpu, 

and Clitoria racemosa; and in the Pacific Islands, Albizia minahassae and 

Archidendron oblonguns. In Africa, several fast-growing Albizia (A. adian

thifolia, and A. z gi , for examplc) are indigenous, and two legume trees 

introduced from India, Acrocarpus fraxinifolius and Dalbergia slssoo, have 

shown exceptional growth rates on appropriate sites. In Asia there are also 

Acacia auriculiformis and Sesbonia grandiflora. 

In foresters' terms many of these species have "poor form". Their 

trunks may be too nzrrow or too crocked for construction timber or 

veneer. But, these irt,species for "peoples' forestry". Their role is 

for: 

9 Farms, backyards, pasture lands, roadsides, canal banks 

and fencelines; 
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* Village woodlots and energy plantation% to fuel kilns,
 

electricity genetators, cooking stoves, and crop dryers;
 

" Agrisilviculture (agroforestry), becaune they provide a
 

wealth of products including forage, green manure, and
 

food;
 

" Use in shifting cultivation, because the natural drop of
 

proteln-rich leaves pods and twigs contributes nitrogen
 

organic matter and minerals to upper soil layers and con markedly
 

Fpeed up t:'erebuilding of wani out soils;
 

" Qick-rotaticn cash crops, both for the private landowne- and 

the government forest department; and
 

" Utility purposes such as beautification, shade, and shelter belts. 

ANIMALS
 

When early farmers discovered that animals could be tamed and managed,
 

they eagerly experimented with many of the species surrounding them. In
 

Asia and the Americas, the silkworm, yak, camel, water buffalo, llama,
 

alpaca and guinea pig were selected. Egyptian tomb paintings at Ssqqara
 

painted in 2500 BC show addax, ibex, oryx and gazelle wearing collars and
 

obviously domesticated. Ancient Egyptians apparently domesticated hyenas
 

and baboons, as well.
 

But then the process essentially stopped. Today's farmers raise the
 

same animals their Neolithic forebears weee familiar with more than 10,000
 

years ago. (One exception is the rabbit, which French monks tamed between
 

82-999 0 - 81 - 33
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the 6th and 10th centuries because 
the Church considered newborn rabbits
 

to be fish could be whenand they eaten the Church calendar demanded 

abstinence from meat.) 
 Although the world's menagerie contains some 4,000
 

species of marmials alone, only a mere 
six dome3tic anima:s produce virtually
 

all of the world's meat and milk.
 

As agricultural man 
spread himself about the globe, he dragged with
 

him this handful of species. 
 liecarried them heyond their natural boundaries,
 

forced them upon strange and often fragile environments-usually driving
 

out the native species that previously predominated there, and often drastically 

changed the environments to accommodate them. 

Very little meat Is eaten in developing countries and hecause most of
 

them are 
 In the tropici, it is not possible to change that much with cattle, 

sheep and pig; that have an evolutionary adaptation to the temperate en

vironments fron which they originated and are limited in their ability to 

adapt to new ones. But the world's fauna is a rich genetic bank that nay 

be tapped to increase world food production. Some of the potential species 

are unexpected ones, as highlighted below. 

Toads, Snails and Guinea Pigs 

In rural area!, of developing countries, it is important to produce small 

animals. They fit better into village life and if they can be eaten at one 

meal, then the lack of refrigeration is no hindrance. In Chile, there's 

a shiny, olive green toad (Calvptocephalella caudIverbera). it is a giant 

toad that can weigh three pounds or core. Its meat tat.rs like a cross 
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between lobster and chicken. It grows to be a foot long or more and lacks
 

the toxic skin glands and warty appearance of other toads. Because of its
 

superb and enigmatic taste, the wild toad has long been a delicacy of Chilean
 

gourmets. But now, researchers at the La Serena campus of the University of
 

Chile Rr" laaruing how to farm them.
 

In 1975, the University's Institute of Food Technology started farms
 

large enough to porduce 100,000 of the choice toads every two years. The
 

intensive methods they developed have made it feasible to supply 10 to 15
 

tons of scallop-sized toad legs each year to grocery stores, restaurants
 

and canneries.
 

The institute also has dug production ponds out of otherwise
 

useless swampland. The eggs, larvae, tadpoles and adults are all kept apart
 

because the voracious toads have no hesitations about cannibalism. Normally,
 

however, they feed on small fish, crabs, crawfish and aquatic plants. The
 

ponds are surrounded with flowers and shrubs to attract insects and boxes
 

of rotten fruit are placed nearby to draw fruit flies to the area. With their
 

long sticky tongues, the toads eagerly capture the insects. Other than this,
 

the toads reportedly are given little attention and in 2 years they reach
 

market size: about 7 inches long and weighing lb.
 

Researchers are ecstatic over the ease and cheapness of toad farming,
 

and they are looking toward the lucrative international frog meat market
 

to export the tender, white drumsticks of these unique Chilean toads.
 

The Chilean toad is an example of a potentially valuable new resource
 

for developing countries. In Nigeria, the Institute of Oil Palm Research
 

is developing another one: the giant African Land snail (Achatina species).
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This snail grows rapidly and may weigh up to half 
a potmd. It is eaten widely
 

in West Africa and is immensely popular in parts of Nigeria and Ghana. 
 The
 

meat has as much protein as beef, but it has considerably more of the important
 

amino acids, lysine and arginine, than even eggs contain. 
The Institute
 

has found the snails suitable for "farming" in shaded enclosures under the
 

trees in rubber, cocoa or oil-palm plantations. With proper proportions
 

of males and females, it has produced as much as 150 lTs of snail meat in
 

the small enclosures each year.
 

In Peru scientists 
are looking to their indigenous fauna, too. One of
 

Peru's serious and permanent problems is 
a lack of beef. Two-thirds of the
 

steaks of which Peruvians are so fond, are imported despite the nation's
 

chronic dollar shortage. The situation became so 
serious that five years 

ago the military junta put a ban on beef consumption 15 days in every 

month. Chicken production was once belleved to be the answer to the problem, 

but although i' ha 
grown fast, so has the population. Big hopes were placed
 

on fish too, but the country lacks the financial resources 
to install the
 

facilities needed for national marketing. The guinea pig is now believed
 

to be 
the best answer so far to the problem posed by the short supply of
 

proteins of animal origin.
 

Guinea pig is a traditional staple. Although domesticated in the
 

time of the Inca, it has not previously attracted much research attention.
 

Yet guinea pig is widely consumed in Peru. The nutritional value of it's
 

meat compares favorably with that of other meats. 
 The animals can be raised
 

in urban areas and in villages, where larger animals are scarce or 
impossible
 

to keep. The fast growth, and rapid reproduction, makes the guinea pig
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a sensible resource in the Peruvian environment. Added to this is the fact
 

that guinea pigs can live off vegetation that is of inadequate nutritive value
 

for feeding other livestock.
 

These resources are strange--even repugnant--to the majority of specialists
 

working to increase food production and improve human nutrition in developing
 

countries. But to the local inhabitants they are traditional foods that are
 

much sought and enjoyed.
 

Crocodiles
 

In Africa, South and Southeest Asia, Australia and South America, the
 

populations f crocodiles, alligators and caimans are fast headed for
 

extinction. In Papua New Guinea in the 19b0s, the twc native crocodile
 

species were headed the same way. But not today. In the last five years,
 

a remarkably innovative project in this, one of the newest and most under

developed nations, has caused a dramatic turnaround in the crocodile's
 

drastic decline there. Though the P.N.G. story has not been told widely, it is
 

one with immense implications for the survival of crocodillans elsewhere.
 

It is also a demonstration of how resources can be managed to conserve a
 

species, to m nimize impact on a fragile environment, and to provide wealth
 

in remote villages in a developing country.
 

The P.N.C. program is based on ar appreciation for crocodile biology.
 

Each year, a female may lay between 30 and 70 eggs, but though most of them
 

hatch, predators so relish the tender and remarkably vulnerable young hatch

lings that almost none survived the 15 years needed to reach breeding size.
 

In nature, then, there can at any time be found a plethora of tiny crocodiles,
 

but a paucity of breeders. Commercial hunting worsens the imbalance because
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hunters always seek the biggest specimens, irregardless of the resulting
 

damage to the breeding populations.
 

Recogiaizing that 
a ban on hunting would be largely une" ..ceable in
 

remote areas 
(and grcssly unpopular where man-eaters sometimes occur), the
 

P.N.C. Government decided in 1970 to restructure the trade so that shooting
 

breeders would lose its attraction and the profit would come from exploiting
 

the horde.; of tiny hatchlings that would result. 
 This was done through a
 

law 'anning the sale of large skins, -upplemented by a stiff tariff on small
 

skins.
 

Today, villagers in the steamy swamps of P.N.G. have tens of thousands
 

of tiny crocodiles in their care. They raise them for 
a year or two and can
 

sell them for up to $100, each. Crocodile farming has already become the
 

mztn cash earner for the people there. I personally met a village leader
 

in Wewak who had cone tc oversee shipment of $14,000 worth o' skins headed
 

to New York by airfreight.
 

The P.N.C. crocodile project is characterized by:
 

Good Science. Despite popular "man-eater" impression, crocodiles live
 

mainly on fish, though the researchers in P.N.G. have found that young
 

ones also grow well on frogs, snails and beetles. The feeding effi

ciency is astounding: 1 
lbs of food gives 1 lb of weight gain, and
 

foot-long animals 
can grow to be 5 and six feet long in less than 2
 

years. (Conventional domestic livestock require 5 to 8 lbs of food
 

to produce 1 lb of weight gain.) Crocodile farming is also space
 

efficient: dozens of animals are 
raised in an area the size of a
 

household living room ; in 
a swamp or jungle, that's important.
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Good Conservation. Because the program is based on harvesting young
 

hatchlings from the wild, the economic value of the wild populations
 

and their habitats becomes forcefully appareut. The program's future
 

depends on them. It gives economic value to wildlife protection.
 

Out of pure self-interet, the people beccze guardians and conservers
 

of habitats and wildlife. In a sense, the farmini, project is just a
 

tool for conserving the species in its own wild habitat.
 

Cood Sociology. The villagers have a sophisticated knowledge of the
 

crocodile; the animal is part of their culture and heritage. They
 

don't have to be taught how or where to catch crocodiles, and they take
 

quickly to the program. Introducing cattle or Western-style crop

raising would require massive and tedious education and training.
 

Good Environmental Miaragement. The program is based on living with
 

the existing landscape and resources. It requires none of the bush

clearing fencing, forage-grass planting or pesticide spraying that
 

rearing other domestic animals would demand. That's important in a
 

fragile tropical rainforest ecosystem.
 

Good Economic Development. What other agricuitural product could give
 

a $14,000 income in a remote jungle village?
 

Butterflies
 

In remote jungle towns in the north of Papua New Guinea are operating
 

butterfly farms; some of the most unusual farms in the world.
 

Around the edge of a field are planted flowering shrubs to attract
 

the adult butterflies whose mouthparts are adapted for drinking nectar from
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flowers. 
 These butterfly "forages" include hibiscus, flame-uf-the-forest
 

and the strange, pipe-like aristolochia. Within half-acre circlets of these
 

flowers are planted leafy plants that the caterpillars feed on. The com

bination provides a complete habitat where butterflies find everything they
 

need for their life cycle. Thus few leave, and the farmer retains his
 

livestock without fencing or walls.
 

Butterflies may seem exotic livestock to 
us, but even in the remotest
 

P.N.G. jungle, a villager knows and understands their habits, location and
 

lifestyle. And butterflies don't require bank loans, veterinary services,
 

artificial insemination or the other impedimenta of the c'onventional live

stock. Also, when farming insects, the villager can work when and if he
 

wants to: there are no deadlines. No hard labor and no danger, either.
 

To a Papua New Guinean, the Etrange thing is that people are willing to
 

pay for a butterfly.
 

And pay well they do. Ounce for ounce, exotic butterflies are far more 

valuable than cattle. And worldwide demand for butterflies is rising. 

Millions are caught each year and sold to museums, entorologists, private 

collectors, and perhaFs most of all, to ordinary citizens. The fragile,
 

iridescent creatures, mounted in plastic, decorate purses, trays, tabletops,
 

screens and other ornamental objects.
 

With their butterfly farms many rural Papua New Guineans are for
 

the first time participating in a cash economy and butterflies are begin

ning to improve the welfare of many villages. At Bulolo, the government
 

has established an insect-buying agency to help the butterfly farmers of
 

Papua New Guinea. It purchases insects from farmers and fills specific
 

orders requested by overseas buyers. Profits go to the villager.
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Perhaps the most striking feature of the program is that it is actually
 

conserving, and even increasing, the numbers of butterflies. Basically, it
 

is an exciting, pioneering conservation projoct because it develops a tremen

dous economic incretive to preserve populations and habitatn--the progrm
 

relies on healthy wild populations to keep the farms stocked.
 

Because of this, conservation organizations are becoming excited by
 

the program, seeing it it a model that could be duplicated to help save 

endangered exotic butterflies everywhere.
 

FUEL 

The fuels paradise of recent decades has blinded us to the poss'bilities 

of alternativ,. energies, especially those for powering vehicles. The 

internal cor'bustion engine, however, remains the most immediately practical 

prime mover for motor transport. Finding alternatiVU energy sources for 

It poses one of the most severe problems facing the world. The world is 

not so much running out of energy as It is running out of liquid and gaseous 

fuels. Living plants that produce liquid fuels would indeed be boons for
 

the future. Farmers would become energy producers. Today this is already
 

a distantly glimpsed possibility. Two examples are given below.
 

The Gasoline Plant 

Near Irvine in southern California can be found a field of what is
 

perhaps the most revolutionary and little-explored development in modern
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agriculture. The crop is Euphorbia lathyris and this field is the first
 

attempt at cultivating this wild cactus-like shrub. 
 It Is the brainchild
 

of Melvin Calvin, professor of chemistry at the University of California
 

at Berkeley. Euphorbia lathyris and related species produce a milky latex,
 

one-third of which is composed of hydrocarbons--compounds similar to those
 

found in crude petroleum oil. Although there are 
as yet few hard facts on
 

which to base firm projections, Calvin estimates that the plants might be 

carable of each year producing 10-50 barrels of oil 
per acre.
 

The hydrocarbon in Euphorbia lathvris and similar specles is principally 

polylsoprene, the same molecule that takes up rubber in the rubber tree. 

But in u ioia, it Is liquid rather than solid. This Is becaie it is 

a smaller molecule, lut Calvin points thatout It!; hdrocarbtn molecules 

are similar size to found in oil.in tho! e crude lie thinks that Eaphorbia 

type hvdrocarbcna might even he processed into fuel,,, and petrochtnilcals in 

existing oil ret inllri-l;. 

One (i the world's most dstin 'uisled s;cientiat, CalvIn received 

the 1961 Nobel Prize for Chemistry in recognition of hi!, achievev.rents 

Ir. unravelling, the checical 'roCc'iese of photosvr thei;i. Crowing petrolcum 

plants Is i new venture for hirie,i ot already, he projects that tie United 

States' vast petroleum der:indS coVld be MAt b''. plantations covering all area 

triesize of the ,tate of Arizona. lieclculatesl the costs of harvesting 

petroleum from totrees be competitive w-htlcurrent oil prices: a total 

of between $5 and $15 pr barrel for growing and prooffisin the plants.b 


A plantation of such plant!; 
 should be economic InIdry lands unsuitable 

for growing food. Though little is known of their requirements or yields, 

Euphorbia species are 
hardy aad need little or no irrigation and care.
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Calvin foresees that L.e plants will be mowed near the ground and the harvested
 

plants crushed to release latex in much the same fashion as 
is done with
 

sugar cane. 
The stumps quickly resprout new stems so that replanting would
 

be unneccessary.
 

This is truly a pioneering concept, and the field near Irvine is the
 

first small step in evaluating its practicality. Already, larger plantations
 

are planned. 
The University of Arizona has a million--::.iar grant from the
 

Diamond Shamrock Corporation to develop Euphorbia lathyris into a crop;
 

the Government of Kenya is investing (perhaps unwisely) $10 million in
 

plantations of it. 
If such projects are successful, this obscure wild plant
 

will enable the world's desert countries to have oil top of the
fields on 


ground.
 

Diesel Fuel You Grow on the Farm
 

Ohio State University in Columbus, Ohio transports students around
 

its spread-out campus using a fleet of buses. 
 Nothing unusual in that.
 

But, this year OSU is using soybean oil as fuel.
 

Over the past decade various student projects at the OSU engineering
 

school have shown that vegetable oils ca be used as 
fuel for diesel
 

engines. 6
For a full year the university has run a large, 0-passenger
 

bus partly on soybean oil. The experiment proved so successful that
 

in September the whole university fleet was swi-zhed to the new fuel.
 

The soybean oil 
is collected from deep-fat fryers in cafeterias
 

and kitchens across the University, filtered through muslin cloth by the
 

engineering students to 
remove gunk and solids, and blended into diesel
 

fuel. A ratio of 1 part soybean oil to 4 parts diesel was settled on 
as
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it gave a stable mixture, lowest fuel consumption, and actually smoked
 

less than diesel fuel alone.
 

The first bus maintained its normal 40 hour a week schedule. 
 After
 

4,500 miles on the soy -diesel blend the engine was taken apart and in

spected. 
 Little or no abnormal wear had occurred. The engine was
 

actually in such fine shape that it 
was merely reassembled and returned 

to service without further attention. 

Although it is little-known to the generai populace that diesel 

engines can be run on vegetable oils, this knowledge is not new. In tile 

1890s, Rudolf Diesel concluded that any material that was injectable and 

would ignite at the temperatures generated by compressing air could serve 

as fuel for his engine.
 

During World War II this knowledge was put to use. When Japan was
 

cut off from petroleum supplies, the 65,000 ton Yamoto, the largest and
 

most powerful Lattleship of its time, uned edible, 
refined soybean oil as
 

bunker fuel. Japanese forces occupying the Philippines and Allied troops
 

trapped in northern Burma used coconut oil fur fueling diesel trucks and 

generators.
 

Since then, that experience has been largely forgotten. But in the 

U.S., South Africa, Australia, Brazil, Canada, Thailand, Japan and perhaps 

elsewhere, Individual researchers are rediscovering that diesel tractors,
 

buses and stationary engines can 
operate when fueled with sunflower,
 

soybean 
 , peanut, rapeseed and other vegetable oils.
 

The experiences are usually solitary and most involve only very short
 

running times. 
 The practical potential of vegetable oils as commercial
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diesel fuel substitutes in therefore uncertain. 
But, at least in short
 

runs, they work.
 

Of all the research laboratories testing diesel engines fueled by
 

vegetable oils, the South African government's Division of Agricultural
 

Engineering has the most experience. At its laboratory near Johannesburg 

it is running 10 tractors on sunflower oil. Fiat, International Harvester, 

John Deere, Landini, Massey Ferguson and Ford tractors are being used. 

With two exceptions the tractors started satisfactorily on undiluted
 

sunflower oil. All operated normally, delivered almost full power, and had 

virtually the same fuel consumption as on diesel fuel. A Ford 7000
 

tractor has run trouble-free for almost 1,400 hours of operation on a
 

farm using a blend of 20 percent sunflower oil arid80 percent diesel fuel.
 

At the end of this time it was found that deposits in the combustion chamber, 

cylinders and piston ring grooves were no worse than those formed burning
 

normal operation on diesel fuel. 
 On the other hand carbon deposits on the
 

injector nozzles were worse and contributed to an eventual 4 percent power
 

loss and serious gumming of the crankcase oil.
 

The rapid :ompression of fuel and air in the cylinder of diesel engines
 

generates enough heat to ignite the mixture and power the engine. Unlike 

a gasoline engine, no spark is needed. 
Injecting the fuel into the combustion 

chamber Is the most crucial stLp in a diesel engine. The fuel must be 

forced in against the pressure of the compressed air and to make this
 

doubly difficult, the fuel has to be in the form of mist. If not atomized, 

the fuel burns slowly and unevenly, reducing mgine effitiency, raising 

unburned pollutants in the exhaust and the lubricating system, and even 



forming deposits of solid carbon in the engine itself.
 

Vegetable oils are more viscous and less easily atomized than diesel
 

fuel and are therefore more difficult to inject successfully. This is
 

probably why the injector tips suffered build-ups of carbon. Coking
 

and the resul ing incomplete combustion diluted the lubricating oil and
 

gummed it up because vegetable oils will pdymerize when they are hot and
 

next to metal.
 

The South African engineers, however, have found a way that now seems
 

to avoid all difficulties. They slightly modify the sunflower oil in
 

chemical reactions using small amounts of ethanol or methanol. The
 

resulting ethyl or methyl esters derived frow sunflower oil caused much
 

less coking than diesel fuel itself. Furthermore, they produced much
 

less exhaust smoke, and the engine ran much quieter so that the characterstic
 

diesel knock was much less audible. And, against all expectations, the
 

engine gave more power with the new fuel than with diesel fuel. Thus
 

tractors were running on a renewable fuel grown by farmers, and achieving better
 

results than on diesel fuel. Much yet remains to be done to test the
 

widespread applicability of these results, but it is a line of research
 

that is bright with promise.
 

CONCLUSION
 

Development specialists usually promote resources and technologies 

that are fawiliar to them in their own lives. Most agronomists, foresters, 

animal scientists and nutritionists know little about the wealth of plants 

and animal s to be found in the developing world. They all but ignore the 
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significance poor people's crops, leguminous trees, and animal resources
 

such as snails, guinea pigs and butterflies. Instead they recommend and
 

sponsor the introduction of species that are foreign and unconnected to 

the lives of those they want to help.
 

This paper identifies just a few exciting underexploited resources
 

for developing country agriculture. Detailed information on them and many
 

others can be found in the following National Academy of Sciences reports
 

(all of which are available without charge from the Commission on Inter

national Relations, JH! 215, National Academy of Sciences, 2101 Constitution
 

Avenue, N.W., Washington, D.C. 20418):
 

The Winged Bean: A High Protein Crop for the Tropics
 

Leucaena: Promising Forage and Tree Crop for the Tropics
 

Underexploited Tropical 
Plants with Promising Economic Value
 

Tropical Legumes: Resources for the Future
 

quayule: An Alternative Source of Natural Rubber
 

Making Aquatic Weeds Useful: Some Prespectives for Developing Countries
 

Firewood Crops: 
 Bush and Tree Species for Enery Production
 


