
UnitedStatesAgency forTnternationalDevelopment
 
EnvironmentalTrainingandManagementin Africa
 

Workshop on
 

La t d- 1/h1e P1 2anning. 

iIo %uk4 at beve/op ment 

1,1ith Sp.ciaLf4ttent(io. to &Evironmeatalm--nagement 

Sierra Leone
 
1932
 

Land and Water Development Division
 

of
 
AlabamaA4&M University SierraLeoneMinistry
Huntsvills, Alabama ofAgricultureandForestry 

South EasternConsortiumfor FoodandAgriculture
InternationalDevelopment Organizationof the UnitedNations 



FOREWARD
 

This workshop on Land Use Planning For Rural Developmant, with
 

Special Attention to Environmental Management in Sierra Leone, is
 

made possible by a process of close cooperative activities among
 

a number of entities including the United St .tes of America, Sierra
 

Leone and the United Nations.
 

The Sierra Leone government was represented by officials of
 

the Ministry of Agriculture and Forestry who actively participated
 

in the planning of the workshop. Representatives of the South
 

Eastern Consortium for Internaticnal Development (SECID) and
 

Alabama Agricultural and Mechanical University (AA&MU) played dominant
 

roles in the organization and planning of the workshop, with vital
 

assistance provided by the Food and Agricultural Organization of the
 

United Nations (FAO/UNDP) staff.
 

Special recognition must be given to the United States Agency
 

for International Development (USAID), without whose resources and
 

input, this workshop would not have been possible.
 

E. N. M. Gooding, Ph.D. M.Litt (Oxon) Ph.D.
 
Alabama A & M University
 



INTRODUCTION
 

Sierra Leone, like many other nations of the developing world,
 

is involved in the very vital process of long-range planning aimed
 

at the development and effective utilization of its natural and human
 

resources for the advancement of the welfare of the i-ation and the
 

enhancement of the quality of life of its citizens.
 

This process of long-range planning must inevitably involve a
 

model for rural development which would assure the proper and careful
 

use of land and its related resources, and would contribute towards
 

the maintenance of a balance between population growth and the demands
 

that are placed upon the natural resources of the nation.
 

Towards this end, it is of importance that variables are factored
 

into developing growth formulas that would contribute toward the
 

protection of vital ecosystems of the nation, and the safeguard oF
 

its natural environment. By environment we refer to the physical,
 

biological and social 
resource base within which development occurs.
 

The purpose of this workshop is to provide a forum on 
which policy
 

makers and technicians in relevant departments of government that are
 

involved in the process of planning and implementation of the long

range program of national development can come together. 
 It is expected
 

that through discussions and exchange of ideas, and through the formal
 

presentation of papers and other means, 
that new understandings and
 

insight will be gained into the problems and prospects, as well as
 

the methods and means of application of land resource data in the
 

fi, 



planning and execution of agricultural development programs and the
 

managing of rural environment.
 

The papers, panel discussions, and other presentations cover
 

issues ranging from rural land use planning techniques, remote sensing
 

for multi-disciplinary land evaluation, to soil management and
 

conservation, agro-ecological aspects of land use planning and socio

economic considerations of agricultural land use.
 

It is hoped that participants of the workshop will feel free to
 

respond to issues, to make comments, to raise questions, and thus
 

enhance the quality of the workshop as an educational experience.
 

Finallly, towards the end of the workshop participants will be
 

able to contribute to an evaluation of the proceedings.
 



TO THE WORKSHOP PARTICIPANT
 

This workshop consists of welcoming remarks, keynote speeches,
 

numerous technical sessions, summary comments, project field excursions,
 

displays, evaluation mechanisms c.nd this loose-leaf workbook. The
 

workshop proceedings will be compiled at a later date and made available
 

to the participants.
 

The material in this workbook is background material which has
 

been specifically selected by the Alabama A & M University representatives
 

to support the expected nature of some of the technical sessions. The
 

material is arranged in the order of the Syllabus with blue separators
 

between the five major technical session groupings.
 

The first grouping: "Multi-disciplinary Land Evaluation Techniques
 

of Land Use Planning" is supported by articles on remote sensing, a
 

land suitability mapping technique and two case studies of planning
 

in Sierra Leone. The highway case (Blair, 1978) is interesting because
 

it demonstrates the proper application of urban transportating planning
 

principles and methods to a rural situation.
 

The second group of articles under the heading "Agricultural
 

Aspects of Land Use Planning" introduces the reader of this document
 

to some of the global as well as national issues relating to croplands,
 

forests and rural planning.
 

The third grouping, "Aspects of Land and Water Management",
 

includes articles which highlight two concepts with potential for
 

broader application, one on water resources and two articles on
 

alternatives to the sole use of pesticides.
 



The fourth grouping, "Socio-economic Considerations inAgricultural
 

Land Use Planning", includes a larger collection of articles which
 

presents issues on environmental costs of development, energy considerations,
 

rural development methods and U.S. agricultural extension methods.
 

A diagrametric manual for smaller wastewater treatment systems has
 

also been included as information.
 

The fifth and last grouping of the related readings is presented
 

under the heading of "Environmental Considerations in Land Use Plannning"
 

and emphasizes natural environment issues. Concluding this section
 

is a copy of an environmental assessment checklist which might be
 

utilized as a guide.
 

The workbook also contains appropriate bibliographic material
 

beyond that which might be found at the conclusion of each article,
 

and extra note paper for your convenience. It is the hope of the
 

workshop organizers that you take this workbook with you and make it
 

a part of your professional working library.
 



Special Orientation and Alabama A&M University's
 
Capacity to Participate in International Technical
 
Assistance Efforts
 

Alabama A&M University is one of the oldest land grant
 

universities in the U.S. and has achieved wide recognition for
 

its teaching, research and public service activities during
 

its 107 years of existence. The University is located in the
 

Northern Tennessee Valley area of the Ftate of Alabama within
 

a county of strong agricultural heritage. The University is
 

composed of the following: (1) School of Agriculture,
 

Environmental Science and Home Economics, (2) School of Arts
 

and Sciences, (3)School of Business, (4) School of Education,
 

(5) School of Library Media, and (6) School of Technology. All
 

of these schools offer graduate education as well as undergraduate
 

studies.
 

Each of these schools has very strong departmental programs
 

and in the School of Agriculture, Environmental Science and
 

Home Economics, departmental programs are developed in the land
 

grant tradition of research, teaching and extension. These
 

departments--Food Science and Animal Industries; Natural Resources
 

and Environmental Studies; Agribusiness Education; Community
 

Planning and Urban Studies; Home Economics Education; Early
 

Childhood Education; and Food and Nutrition--have well-trained
 

and highly competent faculty whose experience in teaching,
 

research and extension outreach activities is pertinent to the
 

various developmental needs of the less developed countries.
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Alabama A & M University has had a long-standing international
 

involvement, particularly in the training of international students,
 

most of whom are from less developed countries. The University
 

has, thus through the years, gained a considerable insight and
 

understanding of the problems and aspirations of such students
 

and their people. 
 At the moment the population of international
 

students drawn from over 21 
nations constitutes about 15% of
 

the total enrollment at the University. A large proportion
 

of these students are 
from African and several of the Caribbean
 

Countries.
 

Administrative Structure
 

In addition to deans of schools, department chairpersons,
 

and program directors, the University is administered by the
 

president, executive vice-president and vice presidents for
 

academic affairs and business and finance. 
These individuals
 

serve as the top administrative body for the University.
 

Alabama A & M University maintains a specialized
 

administrative structure to conduct its 
international development
 

activities. The Office of International Programs at the University
 

represents all 
of the academic departments and coordinates all
 

the efforts of the University in technical assistance programs
 

abroad. The Director of the Office reports directly to the
 

University President. 
 It should be noted that the technical
 

staff required by this proposed program will be provided by
 

the academic departments. These departments are committed to
 

the program as currently envisioned, thus ensuring that field
 

staff to be involved in the projects can be drawn from the
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technical expertise and experience of the full staff resources
 

of all relevant departments. The Office of International
 

Programs at the University isable to provide logistical
 

support, training program administration, instructional
 

equipment and commodity purchase, and other services likely
 

to be requested. This office provides administrative support
 

of personnel in the field as may be required to execute any
 

part of these programs.
 

Faculty Specialization and Availability
 

The University faculty is composed of well qualified,
 

capable and experienced individuals, many of whom have lived
 

and/or worked in developing countries. Many of them have thus
 

had short and/or long term experiences in international work.
 

Currently, we are involved ina 
number of development projects,
 

for example, the Human Resources Development Project in Upper
 

Volta where one of our faculty members served as Chief of Party
 

and the Egerton Agricultural College Project in Kenya, where
 

we provide technical staff for the African Training program
 

at the school. We ha,;e collaborated with Purdue University
 

in the planning of the Integrated Crop Protection (ICP)
 

Collaborative Research Support Program (CRSP). 
 We have had
 

a faculty member visit the Cameroons and Upper Volta on a
 

consultative basis to advise on 
the introduction of small
 

grains such as triticale inthose countries. Other faculty
 

members have served invarious other AID or FAO programs in
 

the Philippines, Nepal, Nigeria, the Sudan, Haiti, and Costa
 

Rica. At present, Alabama A & M University, jointly with
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Purdue University, has received a USAID contract for the Niger
 

Cereals Research Project. We are also a subcontractor to the
 

University of Georgia in the Peanut CRSP planning program being
 

responsible for the development of a global research plan in
 

the areas of socioeconomics of peanut projection and utilization.
 

Alabama A & M University isalso a SECID colead institution
 

inthe Envoronmental Training and Management inAfrica (ETMA)
 

project. Also several faculty members served as members of
 

the Phelps-Stokes Fund - American - Caribbean Linkage Exploratory
 

Program inApril of 1981.
 

Inaddition to and as a component of these institutional
 

building activities, Alabama A & M University faculty members
 

have guided a large number of field research projects and
 

analyses with other host countries scientists, administrators,
 

and students, some of which are indisciplinary areas which
 

will be relevant for the achievement of goals desired in the
 

proposed project. Examples are:
 

1. Since, 1976, some of the triticale adaptation research
 
carried out at Alabama A & M University has been
 
extended to and incollaboration with at least ten
 
(10) countries on nearly all continents. Under such
 
and other programs during the past few years, researchers
 
from Tunisia, Upper Volta, Nigeria, Peru, Brazil,
 
some Caribbean countries, Malaysia, Canada and
 
Australia have visited our teaching and research
 
facilities.
 

2. Alabama A & M has an expanding program in the remote
 
sensing of agricultural and natural resources. For
 
the past six years, ithas studied practical problems

of forest management, soil surveying, land use, transpor
tation networks, and early disease detection using

automated satellite imagery as well as conventional
 
photointerpretation techniques.
 

3. Unique among its research programs is the work on
 
winged-bean, a versatile tropical legume known for
 
its food and nutritional value.
 

A 



4. In 1974, Alabama A&M's food science program attained
 
national acclaim by becoming accredited by the Institute
 
of Food Technologists (IFT). It is the only accredited
 
program of its kind among 1890 land-grant universities
 
and 	one of very few in the southeastern United States.
 
In accrediting this program, IFT considered the size
 
and quality of the faculty, the physical facilities
 
reflecting special interest orientation and capability

in food science and technology. Alabama A & M's
 
undergraduate and graduate programs in soil and plant

science and timber management are also well recognized
 
in the state and the region.
 

5. 	The rural sociology and agricultural education programs

deal with various socioeconomic concerns that are at
 
times overlooked in technical agricultural development
 
programs. Studies of income distribution, manpower

needs for rural development and public decision
making processes are conducted in support of their
 
teaching and research effort. This department continues
 
to supply a major portion of the state's vocational
 
agricultural teachers.
 

6. The Division of Home Economics has impressive programs

in teaching, research and extension. It emphasizes

early childhood education, home economics education
 
and food and nutrition. Emphasis areas also include
 
clothing and merchandising, community nutrition,
 
clinical and therapeutic nutrition, general nutrition
 
and management. These programs are housed in excellent
 
facilities. The ongoing research programs include
 
studies in food preferences of pre-school children,
 
the problems and solutions to garment fit, etc.
 
The Division has actively participated in taking

information related to food and food preservation,

nutrition, clothing and textiles to the community

via AAMU's extension program which is particularly

directed towards low income inhabitants of 13 northern
 
counties in Alabama.
 

Additionally, Alabama A & M's current 
involvement in biomass
 

research, in the study of aluminum toxicity and plant adaptibility
 

to acid soils, and in the use of slow release fertilizers provide
 

sufficient evidence that the agricultural teaching, research,
 

and 	extension pro(Irams are contributing markedly to the national
 

needs.
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MULTI-DISCIPLINARY LAND EVALUATION
 
TECHNIQUES OF LAND USE PLANNING
 

is "Soil Inventory From Digital Analysis of Satellite Scanner
 
and Topographic Data"
 

2. 	"Methods for Generating Land Suitability Maps:
 
A Comparative Evaluation"
 

3. 	"Some Constraints on Planning for Development in Post-

Colonial Africa: A Concise Longitudinal Evaluation of
 
the Sierra Leone Case"
 

4. "The Regional Impact of a New Highway in Sierra Leone"
 



Source: 	 Soil Science Society of America Journal
 
Vol. 41, No. 6
 
November-December, 1977
 

Sol Inventory From Digital Analysis of Satellite Scanner and Topographic Data' 

R.A.WEISMILLER, I. D. PERSINGER, AND 0. L. MONTGOMERY'2 

A SWE BECOME MORE AWARE that our natural resourcesABSTRACT 
.wI are of a finite nature, a means must be developed to 

Aoilterc aiden o Casi o Comulnt rlscane (Sd a inventory these resources adequately and to monitor their 
anay of~a 

spectral soil maps produced by digital analysis of use. Computer processing of satellite data provides the
coupassla.id , €Lada szispecra seanner (MSS) data 

to determe bow 
M.SS da c aelra a nd iprove the quality of t technology and the opportunity to cserve, assess, evalu

sae 
ate, and monitor the environment in a time span and withNatonal Cooperatlve Soil Survey Program. 

Landat data collected on 15 Apr. 1974 were spay registare at instruments never before available. 
a scale cf A,0OO mad overlaid with ancilary data In thfim of One of our most valuable but most often abused natural 
digitized township, watershed, amd phyiographisc boundaries. The resources is our soils. If in the future we are to feed. house. 
county w,- clafied Into 30 spectrally separable dass usint and clothe our ever expanding poptuiation adequately, it is 
computer-limpkmented pattern Umtlom Approni. that soil bere technique. critical our resources effectively managed. 
miatly 64%of the county wa identified heresoil w lasfied Modem soil surveys provide a rational means of determinn aa 
Is"o 14 sp y separable s clas The remaining 36% wa ing the suitability potentials and limitations of varying soils 
dmed a forest, pasture, and clow copte to support agricultural production. In addition these surveys 

Thlgiatad andr d tral c omato t hin lend themselves to a scientific approach useful in many 

were ways to land use and natural resource management pro
topographic or political uaits. The pbyslographic boundaries 
used to delleast three landocap positions of Interes: (I)botomliadu grams. 

(Ifl gently sloping uplands. and (WII)modera steep uplands. These Several states in the USA have undertaken accelerated 
delineatow allowed the computer to differentiate between spectrally survey programs to obtain this critical inventory of soil 
similar sods which occur on disi vely different Landscap pitions. resources. However, soil mapping techniques are generally 
Spectral ciames ofsoil wee correlated with Individual sol seriesan costly and time consuming. Thus, new remote sensing 
ttofmcet: clalficatioas for both the bottomland and uplands units. techniques are continuously being evaluated by researchers 

While a spectral clflcation of soils alos cansut dstinguishL to determine where they are appropriate and applicable. 
between widely different soils exhibiting tilarn spectral responses, it Westin and Frazee (1) reviewed the characteristics of 
can aid In Identifying meaningiWlidivisionsLandsat data and stated that these data are quite applicable 
digitized ancillary data with MSS data, amore detailed delineatioa at 

because of the following chafrom soil 
MSS datm. Further refinement of this technique will continue to racteristics: (i) synoptic view, (ii) multispectral data col

to collect temporal data, and (iv) the 

soils can be provided a comtpared to information dertted solely to survey programs 

Increase the usefulnes of satellite MSS data smn aid Insoll survey. lection, (iii) ability 
near orthographic aspect of the data. 

Additional Index Words: remote sensing, soil survey, soil mapping, The majority of the soil survey work conducted with 
waterslsed man emen, andiay data. Landat data has been accomplished using photointerpreta

a tion 	 of imagery to delineate soil associations
the USDA-SCS (Missouri) under'his work was supported by 	 (5,7,11,12,13.14,17). Limited work has been ac-

Cooperative Agreement with the Agc. Ejp. Sn., Purdue Univ. J 

Paper no. 6576. Purdue University, Agric. Exp. Sin. Received 10 Jan. complished using a digital analysis approach of Landsat 
1977. Approved 27 June 1977. multispectral scanner (MSS)data as applied to soil survey 

2Research Agronomist, Agron. Dep.iLab. for Applications of Remote 
Sensing (LARS). Purdue Univ.. West Lafayette. Ind.;Assistant State Soil (3,10). However, research to date has shown that a strong 
Scientist. USDA-SCS. Columbia. Mo.; formerly Graduate Research relationship exists between the spectral reflectance cha-
Assistant. Agron. Dep./LARS. presently Assistant Professor. Dep. of as 
Natur. Resour. and Environ. Studies. Alabama A&M Univ.. Huntsville, racteristics of soils and many of their properties such 

re-Ala.. respectively, 	 texture, organic mattet content, color, and moisture 
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gimes (6,15). 3 The Third Earth Resources Technology 
Satellite Symposium (Agriculture, Forestry, and Range 
Resources) (4) reviews most of the photointerpretative and 
digital analysis literature. 

This paper discusses a computer soils inventory project 
conducted in Chariton County, Missouri to determine how 
spectral soil maps produced by digital analysis of satellite 
MSS data in conjunction with ancillary data can accelerate 
and improve the quality of the National Cooperative Soil 
Survey Program. 

STUDY AREA 
Chariton County, Missouri was selected as the study site 

because (i)a completed soil survey (9) was available to which the 
computer inventory could be compared, (ii) soil and 'and use 
information was of importance to the SCS watershed management 
personnel, and (iii) the county was easily accessible for field work 
and verification. 

Chariton County is located in central Missouri and covers an 
area of approximately 195,065 ha. It is bordered on the west and 
south by the Grand and Missouri Rivers, respectively. The soils of 
this area formed in deep loess and glacial till in the uplands and in 
alluvial sediments in the floodplains. Three major land resource 
areas cover the county: (i) Iowa and Missouri deep loess hills, (ii) 
Iowa and Missouri heavy till plain, and (iii) central Mississippi 
Valley wooded slopes. A large portion of the moderately steep 
upland areas is forested and the remaining -eaof the county is 
either in row crop, cereal grains, or permanent pasture. 

DATA SET FORMULATION 
Landsat-I MSS data collected on 15 Apr. 1974 were utilized as 

the main data source for this study. This scene was selected 
because the data were (i) of high quality, (ii) acquired when most 
row crop cropland is in a bare soil state, and (iii) free of 
interfering atmospheric and surface conditions (i.e.. clouds, haze, 
saturated soils, and standing water. Chariton County had received 
<13 mm (0.5 inches) cf precipiiation in the week prior to the 
Landsat overpass, 

The Landsat MSS data were geometrically corrected (i.e.. 
rotated. deskewed, and rescaled to an approximate scale of 
1:24,000) (2). That portion of the scene containing Chariton 
County was selected for further preprocessing. These data were 
registered to ground control points selected from USGS 7.5 
minute topographic quadrangles. This procedure produced a data 
set of an exact scale of 1:24,000 and registered geographic points 
in the data to their eact ground position. Using these same 
quadrangle maps. a number of topographic and political boundar-
ies were digitized and subsequently overlaid and registered to the 
Landsat data. These boundaries included ti) county, (ii) township, 
(iii) watershed, and (iv) three physiographic position boundaries 
(bottomlands. 0-2% slopes; gently sloping uplands. 2-9% slopes; 
and moderately steep uplands, 9-20% slopes). Figures Ia. b,c, 
and d represent each of these boundaries, respectively. The 
resultant data set, thus, was limited to Chariton County and 
contained four channels of Landsat MSS data and three additional 
channels of data representing the township, watershed, and 
physiographic boundaries, respectively, at a scale of 1:24.000. 

METHODS 

of the spectral nature of Chariton County Areas representative oused 

were selected for input to a clustering algorithm program. This 
algorithm divided the MSS data into grou,,)s
of sample points of 


O.L. Montgomery. 1976. An investigation of the relationship between 
spectral reflectance and the chemical, physical. and genetic characteristics 
of soils. Ph.D. Thesis. Dep. of Agron.. Purdue Univ. 

FROM ANALYSIS OF SATELLITE DATA 
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Fig. 1-Biulndark dgltlzed amd overad oamlaau-I data. 

similar spectral characteristics. A statistics processor was utilized 
to calculate the mean relative reflectance values and covariance 
matrices for each of these individual cluster groupings. Cluster 
groupings were either deleted, retained, or combined based upon 
their statistical separability charactenstics. This procedure in
dicated that there were 30 spectrally separable classes within the 
study area. The statistics developed on each of these 30 classes 
were used by computer-implemented pattern recognition tech
niques and by a maximum likelihood Gaussian classifier to assign 
each of the data points to one of the 30 spectrally separable 
classes. This technique produced a classification results tape for 
the entire county. After classification, the ancillary boundary data 
were interfaced with the classification results tape to allow the 
extraction, manipulation, and presentation of results information 
within digitized topographic and/or political boundaries. 

Of major importance was ability to use topographic datatile 
(e.g., physiographic position) to separate soils which were 
spectrally similar but genetically different. This technique ef
fectively increased the number of informational classes that could 
be extracted from the spectral data. Additionally. watershed 
boundaries allowed for the extraction and compilation of data 
within meaningful and manageable unit boundaries. 

Alphanumeric 1:24,000 spectral maps and area statistics rep
resenting each of the 30 classes inventoried were produced for 
each of the 12 watersheds. Within each watershed, individual 
spectral maps and area statistics were produced for each of the 
three physiographic positions (i.e., bottomlands. gently sloping 
uplands, and moderately steep uplh.ids). 

Evaluation of the resultant inventory was conducted by Mis
souri SCS field personnel. The classification results pnntout was

to outline, at random, areas 16 ha or lareer which were 
represented by the same spectral class symbol. All !4of the
 

spectral soil classes were represented in the 100 evaluation sites. 
These sites were located independent of the soil survey. After the 
sites were selected, the digital soils information was related to the 
soil survey, and a correlation between the soils spectral properties 
and their soil series designation was conducteti. 
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RESULTS AND DISCUSSION 

Thirty spectrally separable classes were contained within
the inventory of Chariton County. The informational 
classes rcpsened by these 30 3pectral classes, the relative 
proportion of each, and the number of spectral clsses 
contained within each informati-n class is given inTable1. 

Table 2 compares the Landsat classification results with 
inventory data collected for Chariton County during il'e 
Conservation Needs Inventory (CNI) of 1970 (8' and a 
Missouri Department of Conservation, Forestry Division 
Invcntory of 1974 (1). Since ,he Lndsat data were 
collec:ed in April, it was assumed that the 14 spectral
classes of bare soil represep:ed the area to be plaihted in 
summer crops. Thus, in this comparison the bare soil 
clvsses were equated to the corn and soybean classes of the 
CNI data. 

Nearly 50% of the spectral classes describe 64% of the 

county area, e.g., bare soil (Table 1). The remaining

spectral classes reflect similar proportions between the 

number of classes and the percentage of the county

contained in these classes, indicating that they appropri-

azely represent the desired informational classes. The 

inventory data presented in Table 2 lend further support to 

the validity of the Landsat inventory. The classes of hay-

pasture, forest (all three classes), and water are in ex-

ceptionally close agreement with data collected by tra-

ditional means. The variances associated with the winter

whea:; corn, soybean (bare soil); urban and federal lands 
classes are undoubtedly due to the nonuniformity of classes 

inventoried, changes in farming practices, and the variation 

in the total area induded in each inventory,


Within the vegetated portions of the county, the spectral 
properties of the soils were not directly observable. In these 
areas little effort was made to relate soil cover to soil type.
Thus, the 14 spectral classes which describe the areas 
existing as bare soil (64% of county) were of major
importance in the soil inventory. 

Digital mapping of soils using Landsat data is based 
solely upon the surface reflectance properties of the various
soils. Such distinguishing soil characteristics as parent
material, profile development, and landscape position are 
not observable with current sa'ellite systems. Often widely
different soils exhibit sirnil-r spectral responses and cannot 
be differentiated from one another using satellite data 
alone. However, appropriate ancillary data used in con-
junction with the Landsat data can greitly increase the 
informational content of a spectr, soik map.

Ancillary boundary data can be manually everlaid on 
Landsat data and the desired information extracted by 

J.,VOL. 41, 1977 

Tab 2--Cmpsriv at hm cam is Charito County, M. 
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visual means. Depending upon the amount of data being
observed, thls nethod often becomes quite burdensome and 
time consuming. However, if the ancillary data are sup
plied in a format such that the computer can accomp!ish the 
interaction of the tvo data sets, many of the manual 
problems are overcome. 

As previously stated, four channels of digitized ancillary
boundary data were registered to the Landsat data. These 
boiridary data allowed the computer to manipulate, com
pile, extract, and present information within specific units. 
In this instance, physiographic boundaries were used to
delineate three landscape positions of interest: (i) bot
tomlands, (ii) gently sloping uplands, and (iii) moderately 
steep uplands. The physiographic boundary data were used 
to allow the computer to differentiate between spectrally
similar soils which occur on distinctively different positions 
in the landscape. The county, township, and watershed 
boundary data allowed for the presentation of information 
within desired political and geographical management
units. Figure 2 and Table 3 illustrate the ability of the 
computer to interact the ancillary boundary data with 
Landsat data to present information extracted from sub
regions within the data set. 

During field verification, the gently sloping and mod
erately steep positions were combined for convenience and 
considered as one physiographic unit. e.g.. upland. Thus. 
the remainder of the discussion is limited to a bottomland 
unit and a combined upland unit. Tables 4 and 5 present the 
correlation of the spectral classes of soil with individual 
series and their taxonomic classification for the bottomland 
and upland units, respectively.

It is readily observable from Tables 4 and 5 that there is 
not a direct one-to-one correlation between spectral classes 
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and soil series or family. In some instances one spectral 
class may represent two or more soil series, and in other 
cases a single soil series may be represented by one or more 
spectral classes. In the bottomland unit all 14 spectral 
classes of soil were represented. These corresponded to 9 
subgroups, 5 families, and I I soil series (Table 4). In the 
upland unit, (Table e) only 8 of the 14 spectral classes of 
soil were represer, .J, corresponding to 5 subgroups, 2 
families, and 7 soil series, 

Table 4--Correation and cLasiflcatlon of bottomland units in 
Chariton Cos'oty, Mo.: 

Sc soise ct__ncljo 

Fin., mooillonrUe made 
tA.C Woodbury Vedic HaplaquoUs
BD Darwin Veric Haplaquolls

E Bremer Typic Arlisquolts
o chsldtoo Mollie AlbaqusifAittrasa Ate Albaquails 

FIn.silty, mied, meic 
F Keni.bi:-c Cumuile Hapludolls

F Keg Typic Hapludolls

H Dockery Aquic Udiuiets 

Coars-xilty, mixed. mae 

JK.L Haynie Mollie Udiflurents 


Coarse-loamy, mixed, mesic 
N Ankeny Cumulic lfapludolls 

Sandy, mixed, mesic 
Sarpy Typic Udlpsamments 

1 Alphahwtad letters represent soil.n The spectrl re.lectrnct from the soil 
suta a general Increases from A :o 0. 

eThspectral classsymbol was comr.ared to the soil series on 100 sites that were
16 ha or momein size. The table shows the dominant soil series that occurred 
for ech spectrssclam. 

bGently soigLkd 

Legend 
Lod Lxqhtcoloredsoih 

ntermedlate Dark colored oIls" 

.".Ight, intermedlate rd dark am
 
subjecive qroupngo of ils based
 
upon thek rUlti eflci nce valuie. 

-wteshed 0,Fkse 1c. 
for the Salt Creek W stillad, Charoa Couty, Mo. 

The six spectral classes which were represented in the 
bottomland but not the upland unit, correspond to classes 
A,B,CD,E, and 0. Classes A,B,C,D, and E exhibit rather 
low spectral reflectances and correspond to the Vertic 
Haplaquolls and Typic Argiaquolls. Class 0 has a rather 
high relative reflectance and corresponds to the Typic
Udipsammnts. 

Classes F through N exhibit intermediate relative re
flectance values and are common to both the upland and 
bottomi and units. Soils within these two landscape po
sitions which are spectrally similar can be separated into 
their approp.riate families and series by using the phy
siographic position boundary data incorporated within the 
data set. These spectral classes correspond to the Typic andCumulic Hapludolls, Mollie 1-nd Aerie Albaqualfs. and 

Table S-Correlation and classification of upland units In
 
Charitoa County, Mo.t
 

Sectral cass Soil series Claaiiatlccn 

Fine monttmoalonitle. mesie 

tF.G.H Grundy Aqule Argiudolls 
I Edina Typic Argallolls[ odin Typic Hapludbofs 
[.JC ,L Ldogaore Aquic HaspludalfsMole HaplurlIfa 
L Menftro Typic Hapludalfs 

Fine-loamy. mixed, mesic 
N Undley 'TypicHapludalffs 

1 Alphabetical letters represent bar soil. The spectral reflectance ftom the soil 
surfsce in general Increases from F to N. 
The sectral clasnsymbol was compared to the soil saries on 100 sites that were
16 ha or more in size. The table shows the dominant soil snes that occurred 
rt Ach spectral clam 
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Moilic and Aquic Udifluvents in the bottomlands and the 
Aquic Argiudolls. Typic Argialbolls, and the Aquic, 
Typic, and Mollic Hapludalfs in the upland areas. 
To 	illustrate quantitatively the spectral separability of 


soils, the mean relative reflectance values for five rep-
resentative soils were plotted against their respective 
Landsat spectral band (Fig. 3). In all cases the mean valuesspectrabwInandr sesethed iens d 
are distinctly separable, and when represented instandard 
error form, the intervals overlap in only two instances. 

CONCLUSIONS 

The conventional differentiation of soils at the subgroup, 
family, and series level is based upon both surface and 
subsurface properties. As previously stated, computer 
mapping of soils using Landsat MSS data is based solely 
upon the reflectance of the soil surface layer. However, 
multispectral data collected by Landsat have the unique 
characteristic of containing information from both the 
visible and reflective infrared portions of the spectrum and 
contain information not available in black and white aerial 
photography or visual observations. These data can provide 
valuable information to the soil survey since there is a 

strong relationship between the spectral reflectance of soils 

and certain soil properties important to soil classification. 

While a spectral classification of soils alone cannot 

distinguish between widely different soils exhibiting similar
reflectances, it can aid in identifying mcaningfulspectral iaimagery 

divisions of soils. By combining digitized ancillary data 
with MSS data, a more detailed delineation of soils can be 
provided than can be derived solely from MSS data. This 

y

study utilized digitized topographic boundaries for the 
separation and presentation of spectrally similar soils by 
landscape position. e.g.. bottom!ands and uplands. This 
technique effectively increased th. informational content of 
the 14 spectral classes of soils to dcscribe 14 subgroups, 7 
soil families, and 18 soil series classes. 

A priori knowledge of the location and areal extent of 
soils subgroups, family. and series, as derived from digital 
analysis of satellite MSS data, is especially important in 
developing a soil survey lekgend. This information can also - a s rsources 
be very helpful in locating typical homogeneous soils in 

sampling for laboratory analysis. By utilizing spectral soil 
maps in combination with appropriate ancillary data as 
overlays on field mapping sheets (aerial photography), soil 
scientists in the field can be expected to improve the 
accuracy of their soil boundary placement techniques.

This additional knowledge of soils should greatly in
cease the efficiency of the overall soil survey effort.Further refinement of these techniques and the inclusion of 
other pertinent ancillary data (i.e., parent material bound

aries) will continue to increase the u-.-efulness of satellite
data as an aid in soil survey. 

LITERATURE CITED 
I. 	Anderson, R. 1974. The North Missourn River Tributanes Basin 

Study. Missouri Dep. of Conscrv., For. Div. Jefferson City. Mo. 
2. Anuta, P. E. 1973. Geometric correction of FRTS-l digital MSSDdata.
Labratory forApplications of Remote Sensing Informatior

Note 103073. Purdue Univ. 
3. 	Baumgardner. M. F., S.J.Kristof. aid J. A. Henderson. Jr. 1973. 

Identification and mapping of soils. iegetation. and water resources 
of Lynn County. Texas by computer analysts of ERTS MSS data. In
second Symposium on Significant Reults Obtained from the Earth
Resources Technology Satellite. Goddard Space Flight Center. 
Greenbelt, Md. 

4. Crea, William J. 1973. Agriculture, forestry, range resources. 
discipline summary report. In Third Earth Resources Technology
Satellite Symposium. Vol. Ill.Goddard Space Flight Center.
Greenbelt, Md. 

5. 	Frazee, C.J.,P. H. Rahn, F. C. Westin. and V. 1.Myers. 1974. Use 
of ERTS.I imagery for land evaluation in Pennington County, SouthDakota. South Dakota Agric. Exp. Sin. Journal Ser. no. 1276. 
Brookings. S. Dak. 

6. Kristof, S. I.. and A. L. Zachary. 1974. Mapping soil features from
multispectral scanner data. Photogramm. Eng. Vol. XL, no. 
12:1427-1434. 

7. 	Lewis. 0. T..P. M. Seevers. and J.V. Drew. 1975. Use of satellite 
imagery to delineate soil associations in the Sand Hills Region ofNebraska. Soil Sci. Soc. of Am. Proc. 39:330-335.

8. Martin. J. V. Missouri Conservation Needs Inventory. 1970. Mis. 
souri Conservation Needs Committee. The General Services Ad. 
ministration. St. Louis. Mo. 

9. Maxwell, D. C. 1942. Physical land conditions, physical land survey 
no. 25. Oariton County. Missouri. Physical Surveys Div. SCS.
Descriptive legend updated June 1975 by the SCS. 

10. 	 Myers, W. L.. etal. November 1974. Use of ERTS data for a 
multidisciplinary analysis of Michigan resources. Michigan State
Univ. Agric. Exp. Stn. Final Report for Goddard Space Flight
Center. p.45-70. Greenbelt. Md. 

I1.Parks, W. L.,and R. E. Bodenheimer. 1973. Delineation of major 
soil associations using ERTS-l imagery. In Second Symposium on 
Significant Results Obtained from the Earth Resources Technology
Satellite. Goddard Space Flight Center. Greenbelt. Md. 

12. 	 Rust, R.H.. H. R. Finney. L. D.Hanson, and H.E.Wright, Jr. 
1976. High altitude photography in the development of ageneralized 
soil map. Soil Sci. Soc. of Am. J.40:405-409. 

13. Secvers. P.M.. and 1. V. Drew. 1973. Evaluation of ERTS-l
inmapping and monitorng soil and range resources in the 

Sand Hills Region of Nebraska. In Second Symposium on Significant 
Results Obtained from the Farth Reiources and Technology Satellite. 
Goddard Space Flight Center. Greenbelt. Md. 

14. 	 Seevers, P.M., D.T. Lewis, and J. V. Drew. 1974. Applications of 
ERTS-I imagery in mapring and managing soil and range resources 
in the Sand Hills Region of Nebraska. In Third Earth Resources
Technology Satellite Symposium. Goddard Space Flight Center.
Greenbelt, Md. 

15.Thompson. D. T. 1975. Evaluation of Landsat muhtispectral scanner 
data for mapping v-getated landscapes. Technical Rep. RSC.67. 
Remote Sensing Center. Texas A&M Univ. 

16. 	 Westin, F. C.. and C. J.Frazee. 1976. Landsat data. its use in a soil 
survey program. Soil Sci. Soc. of Am. J.40:81-89. 

17. 	 Westin, F. C.. and V. I Myers. 1973. Identification of soil 
associations in western South Dakota on ERTS-I imagery. In Second 
Symposium on Significant Results Obtained from the Earth R.-

Technology Sate.lite. uoddard Space Flight Center. Green
belt. Md. 



Methods for Generating 
Land Suitability Maps: 
A Comparative Evaluation 
Lewis D. Hopkins 

Source: 
 Journal of the American Institute of Planners,
 
Vol. 43, No. 4, October, 1977
 

Land resource inventories to determine land suit. 
abilities have become a standard part of planning
analysis at many scales. Any attempt to review, 
compare, evaluate, or improve upon the myriad of 
case studies, many only partially documented and in
limited circulation, suffers from the lack of refer-

A suitability map shows the spatial patte n of re-
quirements, preferences, or predictors of some 
activity. Although the use of the word suitability
is often restricted to analyses related to development,
the analytical concepts involved are much more 
general. Using the word loosely, a suitability map
for natural hazards (Patri, Streatfield, and Ingmire
1970) identifies the pattern of and characteristics
associated with some hazard, such as earthquakes.
A suitability map for vulnerability to impact (Mur-
ray, et al. 1971) shows the pattern of characteristics 
that portend varying degrees or likelihoods of damage
from some action elsewhere. For example, low lying
lands near flood plains are vulnerable to flooding if
there is additional development upstream. Suitability 
maps for natural hazards, vulnerability to impacts, or
off-site impacts are usually preliminary steps in the 

Lewis Hopkins, Assoc. .4iP, is an assistant professor in landscape
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University of Illinois, Urbana-Champaign. He coordinates the 
interdpnrtmental.peczalization in computer aided land resources
planning. He received M.R.P. and Ph.D. degrees from the

University of Pennsylvania and has 
 worked on land resource 
inventoy studies in consulting, research, and teaching contexts, 

ence to a common framework. This article develops 
a general statement of the purpose and character of 
land suitability analysis, a taxonomy of existing
methods for identifying homogeneous areas and rat
iag them as to suitability for specific uses, and a
comparative evaluation of these methods. 

development of suitability maps for the location of 
land uses, which might range from nature preserves
to nuclear power plants. All of these applications
of suitability mapping rest on the same general
analytical base. The methods described here might be 
applied to any of them. For simplicity in this article,
most of the discussion focuses on land'use rather than 
in terms of hazard, vulnerability, or impact.

Determining the levels of particular costs or impac,
is not the central issue here. The primary issue is 
how such cost or impact information can be manip
ulated and combined to generate suitability maps for
land uses. In this article suitability will be assumed' 
to include market, nonmarket, and nonmonetarv 
costs and impacts. The difficulties in obtaining such 
measures in practice, ofcourse, remain; but discussing
these difficulties simultaneously would muddle the attempt to distinguish among methods for generating 

suitability maps. MacDougall and Brandes (1974) pro
vide a bibliography covering many of the aspects of
land resource analysis not covere in this article. 

The output of a land suitabilitv analysis is a set of 
maps, one for each land use, showing which level of
suitability characterizes each parcel of land. This 
output requirement leads directly to two necessary 
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Figure 1. Gestalt method 
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(omponents of any method: (I) a procedure for 
identilyiig parcels of land that are homogeneous and 
(2) a procedure for rating these parcels with respect 
to suitability for each land use. The next section 
describes a method in which each of: these components 
iscarried out directly without any consideration ofthe 
fi.ctors ,iat determine the homogeneity ofregions and 
lie suitahility (,H!an,; uses. This method sets the stage
for considering otler methods that explicitly combine 
Iactors. 

Gestalt method 
The essence of the gestalt method is that the 

homogeneous regions are determined directly through
field observation, or perhaps aerial photographs or 
topographic maps. without consideration of individual 
factors such as slope, soils, vegetation, and so on. A 
getalt is a whole that cannot be derived through 
consideration of its parts. A strict interpretation of 
gestalt would mean that individual factors that could 
he manipulated to provide understanding of the 
Whole do not even exist. 

The gestalt method of suitability analysis can be 
described in three steps and is diagramed in Figure 1. 
First. the study area is partitioned by implicit 
judgment into homogeneous regions, such as uplands 
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and valley floors. Second, a table is developed that 
verbally describes the effects or problems that will 
occur in each of the regions if each of the potential 
land uses is located there-e.g., this region presents 
no construction problems, but has no amenities that 
would render it a pleasant place in which to live. 
Note from Figure 1 that some regions identified in 
step I may be determined in step 2 to be of equal
suitability for some uses, because the homogeneous 
regions in step I are based on perceived natural 
land types, not on suitabilities for any one land use. 
Third, a set of maps, one for each land use, is drawn 
to show the homogeneous regions in terms of their 
suitability. Graphic presentation of the map requires 
that each descriptive suitability comment be repre
sented by some color or symbol as in Figure 1. 

It can be argued that any land suitability analysis 
must rely on gestalt judgments at some level of 
specificity. For example, vegetation cover types might
be observed in the field and noted on aerial photo
graphs. The determination of cover type is thus based 
on implicit judgment rather than on explicit rules. 
Cover types can be thought of as a combination of 
various lower level factors-age, understory species, 
canopy species, and management practices. In this 
case, a gestalt method is being used to generate vege
tation cover type, a factor to be combined wih other 



factors in a later step. Once a factor such as cover type 
is identified, however, one can no longer use the 
gestalt method at some higher level because by 
definition it does not combine factors. Thus, although 
the gestalt method may underlie any other method at 
the elemental level, in this article gestalt method 
refers to attempting to determine land suitability 
directly in one gestalt judgment. 

Limitations of gestalt method 
Few people have the capability, and planners 

seldom have the longstanding local experience, to 
deal with land classification and interpretation as a 
gestalt. Some land resource inventory processes are 
specifically intended as a means of immersing the 
planner in a study region, "understanding the place" 
as McHarg (1969) calls it, so that gestalt judgments 
can be made. However, land suitabilities generated 
without identification of the factors considered are dif
ficult for other people to scrutinize or confirm. The 
results are therefore difficult to communicate con-
vincingly to decision niakers. 

Given both the scarcity of people capable of using 
the gestalt method and the frequent necessity of com-
municating results in public forums, more explicit 
methods must be found for generating land suit-
ability maps. More explicit methods inherently re
quire the consideration of factors-the variables or 
dimensions such as soils, slope, vegetation,*and exist-
ing land use-that enter into the determination of 
suitabilities. The remainder of this article is concerned 
with how such factors can be combined in relatively 
explicit wavs to yield land suitability maps. 

Two early land suitability studies demonstrate the 
evolution from the gestalt method toward more explicit 
procedures. Hills (196 1) devised a system of land types 
so that homogeneous regions. observable as gestalts in 
the field, could he grouped or partitioned to various 
levels of specificity for various planning tasks. Realiz-
ing that identifying homogeneous regions or natural 
land types as gestalts was a rare skill. Hills also de-
vised a numerical rating scheme so that less-skilled 
personnel could derive land type regions from in-
dividual factors. The "weights" in Hills's rating scheme 
were fitted so as to replicate the suitabilities obtained 
by the gestalt method. The assumption w, that the 
gestalt method yielded correct results. The only inter-
est in the numerical rating scheme was that it could 
be used by less-skilled personnel and could be 
forced to yield the same results as obtained through 
a gestalt method. 

The early work of Lewis (1969) can be viewed 
as testing a hypothesis that river corridors, which 
are readily observable as gestalts on aerial photo-
graphs or topographic maps, are excellent surrogates 
for regions of high cultural and scenic amenity. River 
corridors are indeed good surrogates, especially in 

glaciated midwestern landscapes. Once this hypothesis 
was confirmed, statements could be made about the 
suitability for various uses of the river corridor 
without mapping and explicitly combining the in
dividual cultural and scenic elements each time a 
suitability analysis was conducted. 

Another general response to the difficulties of ap
plying gestalt was to devise explicit methods of com
bining factors in order to discover suitabilities. The 
assumption in this case is that the method yields 
valid suitability ratings because of the properties of 
the method itself. The results are not judged by 
conformation to some gestalt or empirical standard. 
This general approach was the one taken by McHarg. 
The ordinal and linear combination methods pre
sented in the next section are generally perceived from 
this perspective. 

Determining suitabilities 
by mathematical combination 

This section describes three general methods for 
generating suitability maps by mathematical opera
tions. These operations simultaneously identify 
homogeneous regions and determine suitability 
ratings. 

Ordinal combination method 
The ordinal combination method, sometimes re

ferred to as the McHarg method because of its use in 
the Richmond Parkway study (McHarg 1969), is 
diagramed in Figure 2. The first step is to map for each 
of a set cf factors (e.g., soils, slope, vegetation, land 
use) the distribution of types (soil types, slope classes, 
vegetation types, land use types). Factors are distinct 
dimensions along which variations among parcels of 
land can be described. Types are nominal labels for 
particular characteristics along a particular dimension 
(e.g., Drummer soil). The first step is illustrated in 
Figure 2 using one factor with three types and a second 
with four types. An actual stidy would include many 
factors and more types of each. but such expansion 
leads only to confusion for the purposes at hand. 

The second step consists of filling in a table that 
indicates (in this case by levels of gray) the relative 
suitability rating for each land use of each type (e.g.. 
soil type) of each factor (e.g., soils). The ratings as
sumeconsiderationofallthecharacteristicsofthetype 
(e.g., for soil type this might include permeability, 
productivity, water table, etc.) and all the costs and 
impacts of the land use if located on this type. These 
ratings may be derived through use of other tables. 
maps, and extensive studv (see, for example, Lvle and 
von WVodtke 1974), but the process of deriving them is 
not the central issue here. 

The third step consists of making a suitability map 
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for each land use based on each factor. For each land 
use the type designations on each Factor map from 
step I are replaced with the appropriate gray levels 
from the particular land use column in the table from 
step 2.Step 3 is illustrated in Figure 2 for land use RI. 

The fourth step consists of'overlaying, for each land 
use, the suitiability maps of individual factors. A 
composite stitabilitv map is thus obtained for each 
land use. Each of these composite maps shows the
spatial pattern of levels of suitability for the given land 
use. 
Limitations of ordinal combinations. By describing
the same process using a numerical index to represent 
,,rav levels some assumptions emerge that implicitly
underlie the ordinal combination. Figure 3 is identical 
to Figure 2 except that gray levels have been replaced
I an equivalent ordinal number system, an ordering 
0 types for each factdr Step 4 in Figure 3 in-
%olves the addition oC what appear to be numbers on 
in ordinal scale. This addition is an invalid mathe-
iatical operation in the sense that the mathematical 
properties usuallh assumed do no( hold. 

It is possible to manipulate numbers using any set of 
rules one might concoct; the point is, however, that 
line must be careful not to assume the usual mathe-
matical properties when the required conditions are 

not being met. For the above ulecr'd pit1 tvlfil vi t
be valid in the usual system ol . ltn, ''i.. 
tion.s. the numbers MUst be asmillit'cI i, 4111 ill 

interval scale, such that the ditani t. titttt.-i,.I It. 

tween various ranks are equal. f.'rilit. tlt' ittl' 
assigned to the types of each i.atmi tti1i I't. .i. 
sumed to be numbers in the aitic t..il ,\,t'ti 
meaning the units used to meastrt, ittr., ,,I .t iiit
ability must be the same. Belrctislt't1 1" ifications to handle these inapplicale iititnisc, 
may be helpful to read the a;ppendi\. 
tablishes some frequently cited. biut still 
misunderstood, characteristics of alit.i liyan' 
ment systems. 

4 ,,tt. i

1,Itt, It.~-
It qirini l] 
v i.iit c-

Because the operation of ovetla;ti t tiipIl.t the 
ordinal combination method is eqiii';,lctiii .. hiti,. 
an assumption that the ratings oI c.k h I.ca ir ,e 
independent is alsoimplied. Thisirrt1hi( onlt dIl 
with the situation where the reltie stlitihdit% fir I 
particular use of a given soil ty)c ]t. lds ,t I'llth 
slope type with which the soil ty-pe otcisrv..\ holc ill 
25 percent occurring on well-drained soil \.kt cliv 
might be quite disastrous for high cost residetidl 
development, as demonstrated in California. and 
therefore receive a low rating At the same time. a 
slope of 25 percent and well-drained soil oil a dif'-

Figure 2. Ordinal combination method with gray levels 
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Figure 3. Ordinal combination method with numerical Index 
Factor I types map Land uses 

Factor type RI R2 F13 R4 a 
A Factor I 
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Typm C I 
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Type A 2 * * . 
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Factor I suitability map Factor 2 suiabilty map Composite suitability map 
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ferent subsurface or a 
 slope of 5 percent on well- multipliers so that all of the ratings are on the samedrained soil over clay might be quite acceptable. interval scale (e.g., if 'one factor is 	 in dollars andThe suitability may be a nonlinear and nonseparable another in cents, then the first would be multiplied(i.e., multiplicative) function of the combination of by I and the second by 0.01 to put both in dollars).tvpes; it is not, in general, 	 simply the sum of the The ratings can then be added. Thus, the units ofsuitabilities of the individual types. measure for suitability with respect to each factor canOrdinal combination is not a good method for be made equivalent after rating the types for eachgenerating suitability maps 	because of the implied factor individually on interval scales with differentaddition of ordinal scale numbers and because of the measurement units.implied independence of factors. Rating procedures. A straightforward explanation of 

the linear combination method is given by Ward andLinear combination method Grant (1971), although (or because) the example is
The most frequent response to this understanding entirely artificial as is the one here. Each type of eachof the measurement as.;umptions of the ordinal corn- factor is assigned an interval rating from one to nine.bination method has been to play the weighting game. where nine is most preferred. Each of the factorsThe usual procedure is illustrated in Figure 4. The is then assigned a weight. The infotmation is thentypes within each factor are rated on separate interval combined by the standard formula for a weightedscales. Then a multiplier- often identified as an im- average: the sum of the products of the ratings mulportance weight-is assigned for eac; factor as shown tiplied by the respective weights for each factor.in step 2. The ratings for each type are multiplied divided by the sumby the %,eightfor the factor. The suitability rating 	 of the weights.wr, + w~r2 + + wr. 

byfor particular region is then the sum of the ~~~~~~~Rating_ _ _ _ _ _a 	 _ _ _ _W+ W2+ + wr
multiplied ratings, or in m-)thematical terms, the + + 

_ 

linear combination. The effect of multiplication by the A I is the minimum ratirg permitted in the Wardweights is merely to change 	the unit of measure of and Grant example. suggesting that a system visualizedthe ratings on each factor by the ratio of the as ordinal is being scaled by multiplication and addi

j 
390 



,ion. One therefore must assume, as is indicated to (re)introduce these differences through importance 
inplicitly. that I represents zero, and signifies no weighting without the ambiguity found in the Ward 
,,nenities and all costs (see appendix). The weights and Grant example. 
are merely relative proportions among the units in Another rating scheme, which is equivalent to a 
%,hichthe suitability wvithin each factor was measured linear combination, is familiar to many as a method 
in the first place. One must be wary of using units frequently used in grading examinations. First, a total 
fiimeasure resulting in single factor ratings of 4. 6, possible suitability (test score) of 100 isdivided among 

1111d 8 with an importance of 1, versus ratings using various factors (questions) so each is worth a certain 
units resulting in 2. 3. and 4 with an importance of 2. proportion of the total. Each type (answer) of each
[his ambiguity occurs in the Ward and Grant ex- factor (question) is then rated as to its suitability 

.imple. The importance weights are not independent (quality) relative to the proportion of the total score 
lit the units used to measure suitability in terms of assigned to the factor tquestion). For example, one 
the individual factors. might assign (receive) a 7 out of a possible 10 on a 

Another alternative isto transform the set of rating factor (question). The scores for each factor (ques
%alues for each factor to a range that is common for tion) are then summed to get a total score for a site 
all factors. For example, a transformation of the (exam). The total score is usually expressed as a per
tfrm r,' = rImas, where rm" is the maximum rating centage of the maximum possible score. This pro
hir any type for factor one, would transform all ratings cedure has been proposed for environmental impact 
lor the factor to the range zero to one. This trar s- assessment (Battelle 1971). A procedure based on the 
lormation expresses the ratings in an interval unit proportional scoring concept is also used by Lyle and 
dtat makes all factors equally influential in determin- von Wodtke (1974). 
ig the resultant variation in suitability among regions. The result of the weighted combination is a single
T'his transformation makes the use of importance measurement scale with a common unit. Some people 
wei,hts more comprehensible in that it eliminates find it easier to evaluate all the types of all the 
any differences attributable to the unit of measure individual factors directly in a common unit rather 
used for a particular Factor. It is then possible than devising separate units of measure and weights 

Figure 4. Linear combination method 

Land uses 
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A 	 Type C 1 * * 
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Step I. map data factors by type 	 Step 2 rate each type of each factor and weight each factor 
for each land use 
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SOME CONSTRAINTS ON PLANNING FOR DEVELOPMENT... 

operationalization of the planning process needed serious revision in 
pro-indcpcndence Sierra Leone. Wc will proceed to investigate whether 
these deficiencies were rectified in the subsequent development plans. 

Post-independenceplanning 

Saylor, writing six years after Sierra Leone's independence, com
mented on the viciousness of the external orientation of the economy (9). 
Noteworthy, are his observations that unlike mort tropical African coun
tries such as Senegal, Ghana, Mali, Guinea and Tanzania, Sierra Leone: 

had not modified its traditional or inherited capitalistic institu
tions to any marked degree. 

He was also critical of the role being played by British commercial 
banks in the veritable underdevelopment of the couniry through exploit
ation (10): 

... the commercial banking has served as a mechanism for 
funneling savings into Great Britain and away from Sierra 
Leone.' 

Deliberate discrimination prrctices in money-fen~ir.g and its role in 
underdevelopment was also exposed. Saylor pointea out that these 
British-controlled banks never extended loans to potential Sierra Leonean 
entrepreneurs and thus served as an effective brake to participation by 
the indigenes in modern commercial enterprising. 

As in the case of Cox-George, Saylor noted lack of serious integrative 
contemplation regarding each of the national development plans right 
from the mid-forties to the early seventies (11): 

... each of the plans formulated for Sierra Leonia is essentially 
an ad hoc capital budget designed to achieve either (1] the 
construction of a limited number of isolated public goods or 
[2] 	the attraction of foreign aid. 

According to Saylor several operational shortcomings have also 
neutralized past Sierra Leone's National Development Plans, the major 
ones being (12): 

1. 	 No timing or continuity Is maintained between successive 
Plans. 

2. 	 Comprehensive economic planning in the sense of absolute 
control over the allocation of resources has never been 
attempted or contemplated. 

(9) Ibid.. Cox-George, p. 3. 
(10) 	 Ibid., Saylor, p. 176. 
(I) 	 Ibid.. Saylor, p. 1i5. 
(12) 	 Ibid., Saylor, p. IS,. 
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3. 	 Planning agencies have not attempted to formulate a con
sistent set of quantitative goals amenable to available sets 
of instruments. 

4. 	 The plans have been stated in general normative terms as 
targets, thus they tend to be non-operational. 

This study would be incomplete without examining the most recent 
National Development Plan, to which we now turn. 

Contemporary planning 

The preceding remarks constitute a background against which the 
1974/75 - 1978/71 National Development Plan (13) can be better 
analysed. Basically the current Plan embodies the aspirations of a state 
with a mixed economy (p. 31) which is desirous ef fulfilling socialist
oriented role (social justice, p. 99). That in itself, from past experiences, 
is an impossible task. However, that should not deter us from proceeding 
with the analysis of some of the Plan's attributes for the moment. 

Evidently, the need for 4coverage, acciracy and timeliness of statis
tical information" noted earlier by Cox-George is still lacking (p. xi). 
A classic exampl, of this is the absence of comprehensive soil and land 
capability data (p. 13). Whilst this shortcoming is realized there is no 
substantive evidence of its rectification in the Plan. 

As before, "the greater part of the modern sector of the economy has 
remained under foreign ownership" (pp. 1, 7). Consequently, this has 
crippled potential economic growth because of a massive repatriation of 
profits from the country (see Table 1). The dysfunctional role of British 
exploitation and discrimination in money-lending institutions is very 
much alive. 

Commercial bank credit is largely concentrated at present on 
commerce, especially the financing of imports (p. 37). 

How to bring the small indigenous entrepreneur into the picture is as 
mysterious as it is elusive in a mixcd economy with British capitalist 
monopolies having the final say on whto does or who doesn't get financed. 

A welcome change is the realization that increased government role 
in the mobilization of both the private and public sector is essential in 
the implementation of the Plan: 

The Government must assume an overwhelming part of the 
burden of translating the objectives of the Plan into reality 
(p. 33). 

(US) Ibid., Natonal Development Plan, Sierra ,eone. 
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SOME CONSTRAINTS ON PLANNING FOR DEVELOPMENT... 

Three basic problems are apparmnt in the actualization of the plan. 
Fist, most of the objectives are stated in normative, non-measurable 
terms (see Ch. 9 and Ch. 10). Secondly, the principle of a mixed 

TABLE 1. - Investment and profit expropriationin SierraLeone 

Total Direct Investment Outflow 1963-72 

Year Foreign Private Profits, Dividends Net OutflowInvestment Fees, etc. (e milow 
(Le million) (Le million) (Le million) 

1963 7.3 9.7 2.4 
1964 8.8 10.7 1.9 
1965 12.1 12.3 0.2 
1966 4.9 8.9 4.0 
1967 4.5 10.4 5.9 
1968 5.8 11.7 5.9 
1969 13.5 11.9 1.6 
1970 6.9 9.8 2.9 
& #! 4.4 8.4 4.0 
1972 3.0 7.4 4.4 

Source: 197tN - lSWYI National DWSloPment Plan (p. I0. 

economy is strongly espoused (p. 31) thus leaving the Plan open to con
flicting foreign and local interest groups. Thirdly, although the govern
ment is assumed to bd responsible for translating the plan into reality: 

The administrative machinery of the government is not presently 
fully equipped to assume a leading role in the process of eco
nomic and social development (p. ?3). 

Finally, and perhaps more seriously, the financing of the Plan is 
heavily dependent on foreign sources (pp. vi, ix, z, xi, 21, 33-35, 41, 72). 
Sierra Leone, indebted already as she is to foreign capitalist monopolies, 
will require Le 264.5 millions or 33.1 percent of the finances to translate 
the Plan from paper to reality. Such depcndence surely opens state 
machinery to foreigrer to provide aid for projects which they deem fit 
not necessz.iiy for the Sierra Leoneans' benefit but their own ends. 

Conclusion 

As elsewb ere in Africa, Sierra Leone's development Plans-have been 
artietated by international experts. Input from the grassroots in plan
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The regional impact of a new 
highway inSierra Leone 

by James A.& BLAIR 

Between 1964 and 1971, the first two phases of a major new highway 
running east-west across Sierra Leone were constructed, thus forming the 
first 80 miles of a direct link between Koidu, the heart of the nation's 
diamond mining activity, and Freetown, the capital. (Fgure 1). By dosing a 
prevuisily unmotorable gap in the earlier road network, the highway 
radically alters traffic patterns in Sierra Leone. It is the objective of this 
paper to study what effects the creation of this modem highway has had on 
the rural areas through which it passes. 

Any discussion of this new Tonkolili-Kono higway's impact will be coloured 
by the volume of traffic utilising the road. This will therefore be the starting
point of this paper, but it is not the intention that a narrowly defined 
cost-benefit analysis will be undertaken on the basis of road usage. Sa
vings in user cost, appreciable though these may be in the eyes of the 
individual traveller who saves a little under one hundred miles each way on 
a Freetown-Kono trip, are scarcely an adequate guide to the developmen
tal impact of the road (1). Although techniques are now available to assist in 
the widening of the basis of cost-benefit analysis, the benefits accruing to 

(1) Calne$dt mhU beengr MtoUh.*Angin user COW 
Ond, m6 4 Od njppty ng PIlr04 m 1te maw COMPA 

ire KonO millkt iS petrol lankers wetI 1011 tO OR OnO Of 
IMOmWob aO IMOMusrl Of MR,80. 
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individuals and companies using the road are to some extend !rrelevant to 
the highway's impact on the region through which it passes, wd instead it 
is intended here to present logically the conclusions reached from the 
insights gained during both the field programmes and archival research 
undertaken, and also the discussions held over several years, under the 
broad banner of .the Kono Road Project (2). Itis necessay to keep in mind 
throughout this discussion that the impact of the eighty-mile highway from 
Matotoka in Tonkolili District to Koidu in Kono District is by no means 
complete. Just as the loans incurred to build the road are far from fully
repaid (3). so given due maintenarcce will the road be confinuing to make an 
impact on the area around its line for a long time to come. Thus on-going 
research s endeavouting to monitor changes that are still occurring. 

In the second section of this paper, attention will be turned to the develop
ment of a feeder road system, which has mostly expanded since the new 
highway was officially opened in 1971. While this network is no doubt itself 
still inadequate and incomplete, some tentative conclusions can be drawn 
on its initial influence on the development of the region. Clearly itscreation 
represents an extension by area and intensity of the effect of the main 
highway. 
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rwonmhe ImplicaUsionscil Oevolpmentof PO iIU.a 
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Local reaction to the new Tonkolili-Kono highway is then seen through the 
eyes of the village headmen in communities on or near its line. A considera
tion of the reaction of the population at large as expressed in migratory 
patterns leads on from this, and the agricultural implications are drawn. 
Finally in the concluding section of the paper the overall impact of the rcad 
tip to ten years after the initial construction was started in 1964 is assessed 
in the light of its contribution to the development of Eastern Tonkolili and 
central Kono Districts. It is the intention that the role, actual and potential, of 
the road can in this way be seen against a broad background of regional 
development, and not merely in terms of costs and earmings*. 

TRAFFIC ON THE TONKOUU-KONO HIGHWAY 
Historical growth 

In terms of volume of traffic alone, itis surprising that the Tonkolili-Kono 
highway received such priority as it did in the government's development 
programme. For in the mid-sixties when construction began, the one-way 
flow of traffic between Magburaka and Matotoka at the western end of the 
proposed highway was only some fifty vehicles per day (4). Ifallowance is 
made for the presumed diversion of vehicles travellirg to Kono from the 
circuitous southern route on to the proposed new road when completed, a 
further 100 vehicles per day could be included as potential flow to Koidu 
(5), but many of the journeys included therein would in fact have been 
generated within Kenema and Kailahun Districts astride the existing roa3i 
and would not have been diverted to the new road. So the estinUmed 
increase might more modestly have been around 100 %, bringing the 
likely flow to 100 vehicles eastward per day, not airowing for likely increase 
in road users per annum. Prior to independence it does indeed appear that 
only a P.W.D. Class 2 road was envisaged (6), and the September 1961 
report of the consulting engineers reads as follows (Government of Sierra 
Leone, 1961): 

(4) Minstry ofWor . AAO.T. POin A 5 Makmi vlaum 

- turaliuurvai in.). b o ed Irom 
recordsinme Mmiity. Th Igqo ihncldes 
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-The Government of Sierra Leone is considering the provision of a 
direct east-west road between the Tonkolill District of the Northern 
Province and the Kono District of the South-Eastdm Province. 

Field work was carried out by the consulting engineers in the latter 
part of the 1960-61 season. This has shown that a reasonably direct 
route for a road to the P.W.D. Class lIstandards, from Masingbe In the 
west to Jalama Sewafe in the east with r ferry crossing of the Sewa 
River, is practicable. When the trafficlusified the additional expendi
ture, a bridge crossing of this river could be constructed, making an 
all weather road-. 

The total cost of the new section of the road was estimated at £850,000 
with an additional £350,000 to improve the Makali-Masingbe road. 

It is not surprising that the government of a newly independent Sierra 

Leone, in its desire to more rapidly promote development, envisaged a 

more extensive network of modem highways. It remains surprising howe
ver that the Tonkolili-Kono road amerged as such ahigh priority: surprising 
at leastuntil the political exigencies of the period are considered. Ina newly 

to maintain political continuity was in theindependent state, the need 
forefront of leaders' minds, and it was possibly with the idea of attracting 
votes in Kono which had been previously deprived of public funds, that 
Pr'me Minister Milton Margai contacted the local district commissioners 
asking their assistance in making arrangements for the cutting of a trace for 

the proposed new road (7). Possibly in endhavouring to ameliorate rela
tions with S.L.P.I.M. (SienaLeone Progressive Independence Movement) 
parliamentarians from Kono, the Prime Minister may have been edged 
towards the final decision to build the long-discussed short route to Kono. 

When, in July 1963, three S.L.P.I.M. members crossed the floor of the 

House to join the S.L.P.P. (the ruling Sierra Leone People's Party) (Car
twright, 1970, 171-3), they certainly did nut have to wait long to see the 
commencement of the new road to Kono, acommecementon ascale and 
to a standard beyond what had been dreamed of in thq fifties of food crises 

and mud-bound lorries (Van der Laan, 1965, 181-2). Nor was the political 

pressure for the road only expressed at the Kono end. In Tonkolili, the 

outspoken, revered, and long-established Alhaji Alimami Sourie, Fara

mount Chief of Kunike Barina Chiefdom, was exploiting most usefully his 

17) Oisafi Ofce. ma Lki: i1e: M killMiimiu 
Road wod aldenuil boyond, RI6.311. Commision.w 
Pcce ooeelowf, anId Pohcq ,MmgaOtwl.o Pnr€c (OnO) 
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long standing support of the S.L.P.P. to encCU age the passage of the mad 
eastwards (8). The government certainly didnot want to lose the support Ci 
this influential man. 

For whatever reasons, at any rate, construction r<. the first dass all
weather highway began in 1964 and by 1967 traffic was beginning to pass 
to and from Kono by the n.w shorter route. The Ministry of Works' bi-annual 
traffic counts in January and July each year give some indication of the 
volume of traffic utilising the road from the latesixties (Table I). Inthe early 
years the flow was appreciably less then might have been expected as a 
result of diversion from te oldzsouthom route (see above), but this was 
probably due to the 'difficult passage still prevailing over the incomplete 
section of the road aft'hat time. It is thus only after 1971, and the official 
opening of the road,'that a true picture e! road usage can be obtained. The 
results of a series of"rcad censuses undertaken at the instigation of the 
present author are shown in Tatle 2. 

Through traffic on the road 

Makali, as can be seen inFigure 2,was asuitable I,cation to ensure that all 
traffic using the full length of the new road was enumerated, while at the 
same time avoiding the inclusion of much locafly generated traffic, few 
significant feeder roads existing inits immediate vicinity.Table 2indicst 
that the total flow (two-way) of vehicles per day has remained at afairly low 
level since 1972, reaching a 1973 peak of 459. Possibly because of the 
higher price of petrol since that time and because of less activity in the 
diamond areas at the eastern end of the road, there has been asubsequent 
downward trend of - 12.0 %, - 8.5 %, and - 30.8 % respectively for the 
successive years. The 1975 figure is therefore only a little above that for 
1972 and by 1976 the two-way flow had declined to 75.7 % of the 1972 
figure. While not indicating an identical pattern to that displayed inTable 1, 
the flow figures from K.R.P. surveys are of the same general order as the 
Ministry of Works (M.O.W.) traffic counts. Aj the M.O.W. figures are either 
for the dry season only oran average figure forthe two seasons, theywould
 
be expected to be higher than the K.R.P. figures which relate to the rainy
 
season - adrop of 10.8 % of the April frot. was found inJuly 1972. As the
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TABLE I 

A.A.D.T. on Tonkolill-Kono Road 

Two-way flow Makal-Matotoka 

Year Total Index (1971 - 100) 

1967 154 65 

1968 352" 148 

1969 147 62 

1970 143 60 

1971 238 10 

1972 227+ 95
 

1973 319 134 

1974 397 167 

Source :The annual daily traffic volumes are obtained from the Ministry of Works, 
who collect these figures over one week bi-annually inJanuary and July. The mean 
of the two counts is shown. 

+ This figure isfrom United Nations Development Programme, 1973, p.A-5, and 
refers to Novomber. 

' In 1968, no July survey was undertaken. This figure isperhaps grossly inflated 
because of the inclusion of the frequent passage of construction traffic. 
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TABLE 2 

Makall traffic census - Two-way daily flow 
(Percentage distribution in brackets) 

Two-way Oaily Flow 

Type of vehicle 1972 1973 1974 1975 1976 

Cars 73 (21.6) 75 (16.3) 118 (29.2) 76(20.5) 56(21.8) 

Taxis 58 (17.2) 69 (15.0) 65 (16.1) 94 (25.4) 61 (23.8) 

Poda-podas 113 (3s.4) 162 (35.3) 1q. (30.2) 88 (23.8) 66 (25.8)1 

Lorries 58 (17.2) 132 (28.7) 72 (17.8) 73 (19.7) 40 (15.6) 

Light goods 15(4.4) 8(1.7.) 10 (2.5) 20(5.4) 22 (8.6) 

Buses 11 (3.2) 9(1.9) 15(3.7) 11 (3.0) 4 (1.6) 

Unclassified 10 (2.9) 4 (0.9) 2 (0.5) 8 (2.2) 7 (2.7) 

Total 338 (100) 459(100) 404(100) 370(100) 256(100) 

Notes : All figures except 1976 (October) refor to July, i.e. the rainy season. 
Percentages are of'daily two-way total flows at Makali. 
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TABLE3 

Traffio volume at various Iocaities on the TonkoUl-Kono Road 
(Percentage distribution in brackets) 

Total Daily Flow 
Vehicle Type 

Jaiarna Bumpeh 
Magburaka Matotoka Masingbe Sqwafe Jn. Koidu 

Census 
Point 

Pampana
Bridge 

Makali Sowa 
Bridge 

Sagbe Simbakoro 

Cars 88(18.7) 92(29.3)'149(22.2) 111 (15.8) 968(16.7) 

Taxis 64 (13.5) 50 (15.9) 301 (44.8) 327 (46.5) 4,122 (71.0) 

Poda-Podas 180(38.2) 91 (29.0) 110 (16.4) 107 (15.2) 220(3.8) 

Lories 80(17.0) 53 (16.9) 80 (11.9) 121 (17.2) 277 (4.8) 

Light Goods 49(10.4) 21 .(6.7) 20 (3.0) 23 (3.31 61 (1.1) 

Buses 7(1.5) 5(1.6) 11 (1.6) 8(1.1) 37(0.6) 

Unclassified 3(0.6) 2 (0.6) 1 (0.2) 7 (1.0) 123 (2.1) 

Total 471 (100) 314 (100) 672 (100) 704 (100) 5,808 (100) 

Total as per
centage of 
peak location 8.1% 5.4% 11.6% 12.1% 100.0% 

Notes : These figures refer to surveys undertaken by K.R.P. field stall during April 
1972. 
The coverage was for 24 hours on normal weekdays. Percentage figures are 

expressed in terms of the total flow for each locality. 
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number of vehicles newly registered in the early seventies has been at 
least 3,000 per annum (9), the traffic flows on the Tonkolili-Kono road have 
clearly been much lower than might have been expected. 

Makall, with ahigh proportion of through traffic, isal.io asuitable location to 
considt, the type of vehicule using the road. While there is some variation 
from year to year, the composition of the traffic flows remains broadly 
similar. Taking 1972 figures, and assuri-'ij that cars, taxis, ,poda, 
podas,, and buses are prim.fily passenger carying, it can be seen that 
75.4 % of all vehicles using the road carry people. This ismost significant 
interms of the developmental impact of the road and leads to the discus
sion of mobility later in this paper. 

Varying utillsatlon of the road 

For the moment it is necessary to take a wider look at the degree of 
utilisation of the whole road and this is done in Table 3. Basically the volume 
of traffic increases ever more rapidly the nearer the census point is tr' 
Koidu, and especially after the diamond teartland is entered (i.e. beyond 
the Nimi Hill3). Aquite simple pattern of traffic flows emerges, with some ot 
the Makeni/Magburaka traffic turning off or joining the Bo road atMatotoka. 
Thereafter, the basic long distance traffic (plus some Masingbe-bound 
local vehicules) is measured at Makall and then asteadily growing number 
of taxi journeys boosts the figure ever higherafter Masingbe. 71.0 %of the 
vehicles passing Simbakoro (near the eastern end of the road) are taxis, a 
very large proportion of them plying between Yengema and Koidu, the two 
main towns of central Kono. So much greater is the volume of traffic at this 
end of the road that the .,throughtraffic,- figure from Makali represents only 
5.4 % of the Simbakoro figure: the peak hourly flow at Simbakoro (452 
vehicles from 18.00 - 19.00 hours) is greater than the Makaii daily flow. 
These figures are a reflection of the varying leves of 'economic activity 
along the road, but itis the Makali figure essentially representing the long 
distance traffic that remains significant, espedally inview of thefact that the 
much-frequented Kono end of the road is busy only with taxis, carrying 
miners (often illicit)more frequently and more cheaply than before the road 
came between their places of work (often on the N.D.M.C. (National 

(9) sr WEBBER of tIe C*Ml StaWsbcs 0110 jC.S 0.) 
pxovwSdN tatriolowig hogrn fornew rvmieMa or
dod br C.S.O. msMwwsIrom pace icomno oflce is. 
cords :
 
1969 . 3.796. 1970. 3.936 1971.3.570. 1972 3.186.
 



ORIGIN OF KONO BOUND TRAFFIC 
ORIGINE DU TRAFIC VERS KONO 

, V 

M04~'Lo Sit. 00 

/. I l 

I0d 

,"a 

to 26 3.f .G 



so African envlonmeM 

Diamond Mining Company) lease) and their places of ileasure (in and 
around Koidu town). The mining company (then S.L.S.T.-Sierra Leone 
Selection Trust) (10) long opposed the construction of a new improved 
highway emphasking that it would only enhance the rate of unauthorised 
exploitation of Sierra Leone's most valuable mineral asset and biggest 
foreign exchange earner - diamonds. This pattern of traffic flows on the 
new road justifies the company's fears. 

Origin and deitination of traffic on the road 

Because of the attempt to control the entrance of strangers to Kono, there 
is a police check post at Mambodu something under twenty miles from the 
Koidu end of the road, but beyond Jaiama Sewafe. This proved a conve
nient point to conduct an origin and destination survey of vehicles using the 
road in June and July 1972 (11). Traffic counts were also taken at Waoma 
on the old road to Kono via Kenema and Bunumbu Junction (AAD.T. 176 
inwards equalling 30.8 % of total flow of vehicles into Kono) and at Jaiama 
Nimikoro on the Nini Hils road from Kenema vfa Panguma (AA.D.T30 inwards 
equalling 5.3 %of total flow of vehicles into Kono). The new road therefore, 
was in 1972, carrying 63.9 % of traffic entering central Kono. Thepercen
tage distribution of the vehicles by origin is showa in Table 4 (Figure 2), 
almost half of the vehicles passing the Mambodu barrier in factstarting their 
journeys within Kono itself mostly at Jaama Sewafe. Masingbe generated 
a further 9.4 % of the vehicles and Magburaka/Mateni 12.0 %, Implying 
that 71.9 % of vehicles passing Mambodu eastbound travelled less than 
100 miles, and started their journeys at places along the new road or in the 
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TABLE 4 

Orgin of vehicles travelling to Kono via Mambodu 
(Percentage 0istribution) 

Origin Percentage Cumulative Percentage 

Jaiama Sewafe 46.6 
Other Kono 3.1 
Total Kono 49.7 
Masingbe
Makall 

9,4 
0.8 

Total on Now Road 59.9 
Magburaka 5.4 
Makeni 6.6 
Total within 100 miles 71.9 
Mabonto/Bumbuna 0.8 
Kabala 1.5 
Bombal DL 0.7 
Mile 91 0.3 
Kambia eL 0.7 
Lunsar 0.7 
Port Loko Dt. (Other) 0.7 
Bo (Town and Dt.)
Other Southern Province 

2.2 
1.5 

Freetown 18.5 
Total 100.0 

Source : Survey undertaken by K.R.P. research assistants at Mambodu Police' 
Post on the new highway from mid-June to qiid-July 1972. 

towns just beyond its western extremity (atid later connected by its exten
sion). Freetown was the only other significant origin of Journeys - 18.5 % of 
all vehicles enumerated emanating from there - and this figure represents 
almost two-thirds of vehicle flows generated beyond the area of the road 
itself, and underlines the administrative, commercial, and economic signi
ficance of the capital throughout the country. 
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Classifled by function, vehicles passing Mambodu en route for Kono were 
found, as at Makall, principally to be carrying people - 66. % transporting 
passengers. 12.9 %being used for personal travel, 12.6 % transporting
goods, 6.1 % transporting petroleum, and 2.2 % transporting wood. The 
sale of wood along the road has been an oft-noted effect of the new line of 
communication, and the price of fire wood fell markedly in Koidu as a 
consequence. The obvious longer term effect has been that the area has a 
much more open and treeless appearance than a few years ago. These 
figures overall, however, emphasise the non-economic nature of most 
journeys made on the road. 

As aresult of the origin and destination surveys itwas possible to obtain a 
figure for the average number of passengers (other than the driver) carded 
by all vehicles.This figure (5.1 persons) means that thedaily flow of people 
eastwards past Sagbe at the gap in the Nimi Hills where the road enters 
central Kono, is 1,856, of which approximately 925 begin their journeys 
outside Kono. These figures serve to underline that a study of the effect of 
the new Kono road is in fact a study of people on the move. 

FEEDER ROAD DEVELOPMENT 

At the time of the construction of the Tonkolili-Kono road, only the section 
of the road incentral Kono (approximately ten miles from Bumpeh Junction 
to Koidu) was well served by feeder roads. These had been developed 
during the decades of intensive diamond mining activity and their standard 
tends to vary with the level of mining activity. This area will not be included 
in the discussion that follows. 

In 1972, when the K.R.P. team first examined the feeder rcoad network 
along the seventy miles of road from Matotoka to Bumpeh Junction, there 
was no through route intersecting the highway between these points. At 
Matotoka, the long established P.W.D. (Public Works Department) road to 
Yele and B ran south, and at Bumpeh Junction a similar road also ran 
south to Jaiama Nimikoro and Kenema. The longest road between 
these points in1972 was the Makoni-Mamansu road which ran approxima
tey seven miles to the north of the highway starting halfway between 
Makali and Masingbe (Figure 3). This road had been built prior to the 
construction of the new road. Indeed it had once been considered that the 
new highway would pass much to the north of its present line, passing
through Mamansu and Sumbaria. Halfway between Masingbe and Jaiama 
Sewafe, ashort road (around 1-1/2 miles) had been built in 1968 to link the 
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village of Fotanetama to the main lino, and the headman there claimed that 
it had brought two shops to the town. In Kono, a road (approximately four 
miles in length) had just been built for mining purposes to Gbambakunaia 
from near the Mambodu police barrier, and another from Gondama on the 
main road led through several small villages to the mining boom town of 
Massagbendu. These few roads apart, there had been little development of 
feeder roads up to 1972. This no doubt contribut6d to the low density of 
traffic on the main highway. 

In 1974, a rainy season survey was undertaken to map the distribution of 
all feeder roads leading off the main highway between Matotoka and 
Bumpeh Junction (12). Avery changed position was found as displayed in 
Figure3. In all, over 142 miles of feeder road had been developed, Implying 
a ratio of two miles of feeder road per mile of tarred highway. 

88 villages were thus linked to the main line of communications, with a 
1963 population of approximately 17,000 persons. The standard of the 
roads was almost ubiquitously poor- narrow with little room to pass, 
obstacles such as rocks and even roots rarely removed, bridges mostly of 
palm tree construction and often in bad rapair, excessively steepgradients, 
and swampy sections liable to flooding. But despite the fact that the survey 
took place in the deep rains, very rarely did it prove impossble toreach the 
road-head by landrover. In this sense the roads were functioning as 
required, and several had established on them regular or semi-regular 
public transport flows (usually a Toyota epoda-poda* or a landrover 
"iroviding the service). 

The functions and method of construction of the roads varied to some 
extent, especially between Kono and Tonkolii Districts. InKono, construc
tion was usually associated with mining, espedailly in the provision of access 
roads to the rivers Sewa and Bafi. Gangs of miners, therefore, wore often 
responsible for their construction, or on some occasions a ,,mining ma
gnate, provided earth-moving equipment to cut and grade a more ade
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quate road to his mining plot The most prominent entrepreneur of this ilk is 
Alhap Sesay, who has a large compound at Coaltown on the new road from 
which he has built an extensive road system to reach various mining sites 
along the west bank of the river Sewa. Some such mining villages have 
grown to contain well over a hundred corrugated-iron-roofed houses, 
although previously they were not even shown on the 1 : 50,000 map sheet 
(e.g. Sandes on the river Sewa).Road construction associated with mining 
is therefore responsible for swift and dramatic changes in population 
distribution typical of a boom economy associated with valuable mineral 
exploitation. Where the mining occurs in an area of previously thick forest 
*(asit often does along the Sewa), the exploitation of the forest is a .side 
effect of the major presence, many farmers farming part time in previously 
undeveloped areas, and so widening the impact of the road on vegetation 
to affect a greater area. 

In Tonkolill District, road construction has tended to proceed in a more 
orderly way under the guidance and through the stimulation of the Para
mount Chiefs of Tane, Kunike Barina, and Kunike Chiefdoms, all of whom 
have actively encouraged their village headmen to engage communal 
effort in the construction and maintenance of road links. The immediate 
purpose is agricultural stimulation, usually through improving access to 
markets or sometimes as in Kunike Banna to allow the passage ol atractor 
to develop swamp cultivation. The time-consuming and laborious task of 
head loading can also be avoided. Mining has been an insignificant stimulus 
to road construction in Tonkolill District although the area is undeniably rich 
in minerals. In the case of the 6-112 mile Makali-Makong road, the construc
tion of the road was followed by the reactivation of gold mining in the latter 
town, but this is possibly more associated with the, albeit temporary, rise 
inthe market price of gold at that time than with the arrival of the road. In the 
1930s Makong was a mining boom town, where the London-based Mining 
Company of Marc had a labour force of 700 (Fowler-Lunn, 1938, 135-8), 
but over the years had declined to 24 occupied houses, so that the local 
paramount chief had to encourage labour to go there to reactivate mining. 

The role the paramount ch;ef as the agent and organiser of development at 
the local level can dearly be seen in the matter of feeder road expansion. In 
the case of the feeder roads, perhaps because of the close affinity of the 
chief and his people who want to know how their efforts at constructing a 
road will benefit them, there has tended to be associated development 
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such as the introduction of tractor ploughing, or even just of swamp seed 
rice and possibly of fertiliser. In this way, the feeder road development 
programme has been superior to the development of the national highway 
network and the outcome of its arrival may therefore vary too. In terms of 
costs also, feeder roads have made a negligible drain on national resour
ces, in fact usally being constructed bywhat has historicallybeen known as 
-communal labour,,, afid in modem terminology is caled ,seif-help-. The 
quality of the roads may not be high. but it seems adequate; for the 
moment, to allow the roads to serve their function. 

In one case, feeder roads have now linked up with the network of feeder 
roads in Mende country to the south, and eventually those join up with the 
Bo-Kenema highway. These routes run from Masingbe via Mayola, Saa
hun, and Mondema to Tungie, which has long had roads via Konta to 
Kenema. and to Bo. The Ministry of Works have recently been assisting the 
local chiefs by providing cement for bridges and culverts, and no doubt this 
is indicative of the future trend when a much denser network of properly 
maintained feeder roads will link up the rural communities of Sierra Leone. 

LOCAL REACTION TO THE ROAD 

It is manifestly true that the consequences of the provision of a major 
infrastructural development such as the new Tonkotili-Kono highway will 
depend to a considerable extent on the reaction of the inhabitants in the 
area through which it passes and on their degree of responsiveness to the 
new opportunities that will arise. In this paper, account is not takon of the 
urban reaction to the new road (centred in the district headquarter towns of 
Magburaka and Koidu-Sefadu), as this is considered more fully elsewhere 
(Blair, 1973). It is thus the opinion of the village headmen and of the rural 
communities that is here being considered. However, itseems appropriate 
to focus attention there as the research area is predominantly rural and 
aqricultural. In 1963, Kunike, Kunike Barina, and Tane, the three Tonkolili 
chiefdoms along the road, had respectively 22.8%, 15.3%, and 10.8% of 
their population living in localities of more than 500 persons, although the 

proportion rose to 56.9% in Nimiyema and 59.6% in Nimikoro at the Kono 
I,end of the road (Government of Sierra Leone, 1965, Vol. 

Table 7). The proportion of the working population described in the 1963 
census as farmers, fishermen, or related workers was as follows : Tonkolili 
District - 96.4 % (the highest proportion by asmall margin of any district in 

the country)* Kono District - 89.9 % (no doubt disguising a sizeable num
ber of part-time or even full time diamond diggers) (Government of Sierra 
Leone, 1965, Vol. III, Table 7). 
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The K.R.P. field research teams conducted in 1972 censuses of 52 viliages 
on the line of the new road or within six miles of it. In each of thesevillages 
the headman was asked if he found any disadvantage arising from the 
coming of the new road. In37 cases, no disadvantagewas noted and In one 
more case the only complaint was that the road did not pass through the 
village concerned. Inseven villages, grievance was expressed over failure 
to pay compensation due to the destruction of plantations but it was not 
investigated whether this was a real or imagined grievance. Certainly it 
arose more from the process of construction than from the existence of the 
road per se. In most other cases, the headmen, through age or lack of 
interest perhaps, stated that they were unable to tell whether or not any 
di.advantage had arisen as a result of the existence of the new road, 
although a few mentioned the prevalence of thieving, arising from the 
freedom of access to their villages. More positively in response to a 
question on what advantage they felt the road had brought their village, 31 
headmen spoke primarily in terms of quickerleasier/cheaper transport, 
while six more noted the greater accessibility to markets in which to sell 
their produce. Eight felt that the greatest advantage was that more traders 
and visitors generally came to the village, while only two headmen welco
med the road because it h.d caused more people to come and settle in 
their communities. Only five headmen saw no advantage at all arising from 
the existence of the road, but their villages were in fact those further from 
the lineof the road. The fact that the road was welcome to the leaders of the 
rural communities in its vicinity, however, is scarcely surprising, nor does it 
mean that a very great response in terms of development will follow. For the 
villagers interviewed seemed permissive rather than positive in their atti
tude to develcpment, many repeatedly expressing expectations in terms of 
what government should do next, rather than what they themselves inten
ded to do. It seems that the leadership role of the paramount chief here can 
be of crucial significance. 

In a subsequent section of the paper, attention will be focussed on the 
stimulus to emigration provided by the cheaper and swifter transportation 
that the road has allowed. However, it is also significant to note here what 
headmen felt had been the effect of the construction of the road in bringing 
more strangers to their towns. Their feelings on this point are displayed in 
Table 5. Inboth Tonkoliti and Kono Districts, the trend was similar - overall 
exactly half of the headmen opining that there were no more strangers 
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present intheir village because of the coming of road road. Approximately haf of 

the remaining headmen (23.1 % of the total) felt thpt.t more traders visited 
theirvillage, and the other most significant reasn for new arrivals was the 
utilisation of resources for economic purposes (farming In Tonkolill and 
mostly diamond mining in Kono). 

As agriculture is the primary ,ource of employment in the area, headmen 
were asked how they felt agriculture had been affected by the coming of the 
road. The largest single group of headmen (44.2 %) were of the opinion 
that agriculture continued unaffected (Table 6), while 26.b % thoughtthat it 
had been stimulated either in the form of expansion or ot better access to 
markets. In contrast a group of headmen (25.0% Inall) felt that the extent 
of farming had declined, or that the production was being affected by labour 

TABLE5 

Visits by Strangers to VIllages on or near the TonkollN-Kono Road 
(Headman's Opinions) 

Kono Tonkolili 
Visits District District Total 

Frequency Frequency Frequency % 

No more strangers 10 16 26 50.0 

More strangers 

as visitors 2 1 3 5.8 

More strangers 
as traders 4 8 12 23.1 

More strangers 
as thieves 1 0 1 1.9 

More strangers 
for diamonds 5 0 5 9.6 

More strangers 

to farm 1 4 5 9.6 

Total Villages 23 29 52 100.0 
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TABLE 6
 

Effect on Farming In villages on or near the TonkoU-Kono Road
 
(Headmen's Opinions) 

Kono Tonkoil 
Elfect on Farming Disthct District Total 

Frequency Frequency Frequency % 

Farms Increased 
in numbers or size 4 8 12 23.1 
Farms decreased 
Innumber or size 1 4 5 9.6 
Not affected 11 12 23 44.2 
Better aces to markets 1 1 2 3.8 
Farm labour shortage; 4 4 8 15.4 
Unknown 2 0 2 3.8 
Total Villages 23 29 52 100.0 

shortage. The impact of the road on agriculture is therefore, at least in the 
voiced opinion of the interviewed headmen, not dear. However, opinion on 
the effect of the road on prices at which agricdturaJ prockce can be sold is 
more definite - 31 of 52 opining that prices had increased (21 of 29 in 
Tonkolili District which had previously been more remote from the lucrative 
diamond area markets). In 1972, prices of rice (the main agricultural 
commodity) had not really started on their dramatic upward trend in Sierra 
Leone, and the headmen may therefore well be correct inattributing the rise 
in price to the ease of access to more lucrative markets. As low market 
prices have long been held to be a major depressant in Sierra Leone on rice 
production in particular, and on farm production generally, itcan be argued 
that belter access to competitive markets has encouraged agriculture, 
especially in the previously more isolated areas. 

However, as far as Incipient initiative and enterprise is concerned in the 
dominant agricultural sector of the area, prospects do not seer.i markedly 
"brightwithout external guidance. When asked what future developments 
they thought might be envisaged in agriculture now that the road was there, 
20 headmen said .nonea, and 13 more did not know of any; six stated that 
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there would be future development but had no specific ideas on what its 
nature would be; four mentioned the possibility of obtaining fertiliser and 
one was in favour of electrification of his farm (details not specified 1)The 
it:,.ainder spoke only vaguely of expansion or more sale. It seemed 
•verall, that there was need for stimulation of thought on the potential, 

especially the agricultural potential, in the ft. ore. 

In concluding this section on village response, it m.,st be noted that often 
the headman of the village is not the leader of change. Indeed, ilas in many 
cases he is elderly and confused by the 1970s and the world around him, 
be may be actively resistant to change. A better guide of responsiveness 
can perhaps be obtained by a scrutiny of the populat!on at large, which to 
some extent indicates individual response. It must too be emphasised 
again that the natural growth poles of the research area - Magburaka and 
Koidu - are excluded from the present discussion, although itcan be noted 
that the conclusion of a survey of non-bgricultural enterprises in central 
Kono were that the new road had stimulated little response in terms of new 
investment or creation new enterprises. (Blair, 1973) : 

- The survey of entrepreneurs in Kono in factpaid special attention to 
the response ofentrepreneurs there to the new opportunities created 
by the coming of the new Tonkolili-Kono road... The degree of res
ponse is at least partially disappointing. For less than half 47 %) of 
the entrepreneurs surveyed in fact found the road beneficial... In only 
one case had the businpss opened as a result... On the other hand 
15% of the entrepreuneurs had felt no effect on their business, and 
40 0. found the elfect of the road detrimental...-. 

MOBILITY AS A RESPONSE TO DEVELOPMENT, 

In 1972. K.R.P. research teams undertook a census of 77 villages in 
Tonkohli and Kono Districts. 52 of the villages included are those on or near 
the road. referred to above, and the remainder are intended to represent 
-control- areas for comparative purposes, i.e. areas that have not been 
subjected to the impact of the arrival of a nearby highway. The 32 village 
communities in Kono District are more complicated in their response to the 
highway because of their greater pre-road exposure to the economic 
activity and agricultural markets of the diamond areas, and because of the 
response in terms of emigration or immigration to diamond mining both pre 
and post the new road. For this reason, the present analysis of the res
ponse to the new highway in terms of mobility of population is confined to 
Tonkolili District. 



TABLE 7 

Change In Population 1963-1972 for Selected Tonkollll Communitles 
Percentage Dlstbution 

Area Change of Population Change of Males Change of Females 
as % of 1963 Population as % of 1963 Males as % of 1963 Females 

Tonkolili Control - 16.5 - 15.5 - 17.5 
Tonkolili Road - 20.6 - 21.0 - 20.1 

Villages on or 
less than 1 mile 
from the road + 17.6 + 12.0 + 23.8 E 

Villages more 
than 1 mile from 
the road - 25.6 - 24.5 - 26.7 

Sourices: The data for 1963 aie deived from a listing of community populations provided by the Central Statistics Office and 
based on 1963 Census data. The data for 1972 were obtained by K.R.P. survey teams undertaking acensus of these 
communities. 

%,
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Looking first at the charge of total population between 1963 and 1972, we 
find in Table 7 overall decline but the decline is greater in the Road Area 
than in the Control Area - 20.6 % - 16.5 % resectively. The trend is more 
marked in the case of the percentage declne in the male population 
- 21.0% in the case of the Road Area and - 15.5% in the case of theControl 
Area. These figures appear to indicate that the areas of proximity to the 
hi(;hway development have been subjected to greater population drainage 
than those more isolated from its impact, as medical facilities which would 
atfect the rate of decline by reducing death rates are more extensive nearer 
the highway. The pattern of mobilly can be more closely followed when, 
within the Road Area, distinction is made between the grnup of villages on 
or less than oro mile from the road, and those further away from it. The 
villages on the road grew in population by 17.6 %, while those in its 
hinterland decined in total population even more dramaticall' - by 
- 25.6% overall; In the case of the villages on the road, the percentage 
increase was muich higher for females than for males - 23.8% against 
12.0 %. This phenomenon could possibly be explained by the tendency of 
males to continue up the steps of a migration ladder to ever larger urban 
centres, but it would be beyond the scope of this paper to prove this point. 
which has been discussed elsewhere (Mills, 1973). 

The age-sex distribution of the surveyed villages (Table 8)conforms with 
extensive emigration of young adults of both sexes, but espedalI of 
males. From a marked excess of malesin the 5-15 age cohort the sex ratio 
drops in the two succeeding cohorts respectively to 59.5 and 71.2 males 
per 100 females. Young adult female emigration is its*lf evidenced by the 
drop in the number of females between the second (5-15) and third (15-25) 
cohorts from 986 to 593, or by 39.9 % of the former. It appears therefore 
that an already established pratice of rural exodus amongst young adults 
for reasons discussed elsewhere (Mills, 1973; Blair, 1977) is accentuated 
by the presence of a modern highway which removes many of the obsta
cles to the actual act of migration, bringing cheaper and faster means of 
transport, more recent and accurate information of urban opportunities, 
more frequent demonstration of the relative affluence of passing travellers, 
and the possibility of a prompt return if the urban experiment fails. 

Against a backgroung of little stimulation of new activities in the rural areas, 
as aiscussed, it is necessary to consider the impact of this emigration on 
the agricultural communities it affects. The cultivation of uplai : rice by 
traditional bush fallow methods remains the primary aim of most farmers in 
Tonkolili District (Blair, 1977). Gradually, cultivation of inland valley 
swamps is spreading, encouraged by the improvement in communica



_.rglonal Impact of a new highway 73 

TABLE 8 

Age-Box Disribution for Selected Communities 
In Tonkoliii Dlsrict 

1972 

Age Cohort Males TotalFemales Malesll00 Females 

0 < 5 years 620 1,244624 99.45 < 15 years 1,249 986 2,235 126.715 < 25 years 353 593 946 59.5
25 < 35 years 445 625 1,070 71.2

35 < 45 years 406 393 799 103.3
45 < 55 years 299 255 554 117.355 < 65years 179 151 330 118.5
65 and over 167 121 288 138.0
'rotal 3,718 3,748 7,466 99.2 

Source: Census of 45 villages undertaken inJuly/August 1972 by Kono Road

Project research assistants.
 

tions, by greater availability of seed rice, and by government extension

services. The degree to which tractor ploughing is associated with this
development varies especially with the extent of the individual swamps,
only the larger ones being suitable for mechanised cultivation. Swamp riceproduction is in any case more labour intensive than upland cultivation,
transplanting being an entirely new task in the farming cycle. Overall labourinputs to swamp cultivation tend to be 17.1 % higher than those required
for a similar acreage of upland rice farming, without even taking into 
account the considerable labour requirement of initial swamp clearance 
(German Development Institute, 1973, 78-80). Additionally, an oftexpressed advantage of the shift to swamp cultivation, other than the neardoubling of yields on average, is the greater soil stability that can prevail on
the hillsides through the introduction of tree and other plantation crops
including fruits which have high labour demands, not least for harvesting 

Ironically, it appears that the agricultural opportunities that improved
communications bring, notably through allowing improvement in techni
ques through partial mechanisation and through enhancing the mtivation
of the individual farmer by offering him better prices as a result of easier 
access to a wider range of markets, may be severely curtailed by the 
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limitations In labour supply. The apparently attractive urban opportunities 
tempt agricultural labour away from the rural areas to seek better social and 
economic prospects, just at the very time innovation and change on the 
agricultural scene can improve the economic prospects of village life, while 
swift transport means that urban social activities can be enjoyed on a 
visiting or weekend basis. The opportunities that new lines of communication 
may bring the agricultural sector will be largely missed, unless official 
action can intervene to stimulate interest and confidence in rural prospects, 
in anticipation of, and simulkaneously with, the development o communi
cations. The gap between thE rural anticipation of urban opportunities and 
the reality of widespread unemployment in the towns endorses the neces
sity for positive preventive action. 

CONCLUSIONS 

The range of evidence discussed in this paper has tended to suggest a 
pattern in which the new Kono-Tonkolili highway has manifested little 
positive developmental impact, at least on the rural areas through which it 
passes. Even in terms of population mobility, evidenced as high in various 
ways, the road appears to have accelerated the tendency of the young to 
emigrate. Certainly communities near, but not on, the highway display the 
most rapid decline in population between 1963 and 1972 (the period 
spanning the years from the decision to build to the formal opening of the 
road), but at the same time abence of part of the economically active age 
group runs widespread throughout the research area, or at least the 
Temne (Tonkolili) part of it. While the high proportion of population enga
ged in agriculture in Sierra Leone will obviously decline to allow producti., 
vity in this sector to rise and to achieve a better balance in the economy, the 
rate of decline has to be carefully controlled to avoid mass urban unem
ployment. It seems that the response to the road has not for the most part 
been one of burgeoning rural enterprise generating local non-farm em
ployment, but rather one of utilisation of better communications to travel 
more frequently to larger communities with a wider range of economic 
opportunities and greater social, educational, and medical amenities. This 
movement may be very temporary (e.g. a trading visit) or very permanent 
(e.g. a lifetime's employment). It would be false however to leave the 
impression that nothing has happened in the wake of the road. In the 
chiefdolm !owns along tne road new shops and petrol stations, new secon
dary schools (e.g. at Masingbe and Makali), new agricultural efforts (e.g. 
the Chinese-sponsored develop ment of aswamp seed rice farm at Makali) 
all contribute to a gradual and positive pattern of development, and to the 
improvement of the quality of rural life. 
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The qunatlon that remains poised over the new Tonkolili-Kono highway 
and other similar projects in the developing world, however must always 
be, could the nation afford this investment in terms of the contribution it has 
made to development? has already been shown that the road does not 
earn revenue for government, and that it is to the individual road user that 
the benefit goes in terms of savings in user cost. Itappears that the effect of 
the road in generat!,g uconomic activity, at least Inthe 7ural areas through
which it passes, 13small. Yet the road has cost in the end in the neighbour
hood of Le 160,000 per mile, total costs being Le 11.9 million. Estimates cf 
the cost of this road were nowhere so high when the decision to build the 
road was made by the S.L.P.P. government of Sir Milton Margai (13). 
Indeed they were still much more modest than today's costs when Albert 
Margai's government signed tho first loan agreement for DM 10 millions in 
July 1965 'vith the West,Geman Government. The National Reformation 
Council's signature to the snconu loan agreement perhaps escalated the 
final costs somewhat b carsighting the clause that repayment would be 
in.deutschmarks at the rate of exchange current at the time of repayment
(14). With the leone tied to an ailing pound. and the deutschmark's ten
dency to repeated revaluations, the lot of the present All People's
Congress (A.P.C.) Government has been to open the road, and begin to 
pay the bill - renegotiating the terms of aid where possible, and reschedu
ling payments when necessary. That the infrastructure of a developing
nation should be developed is obvious; that some benefits derive from its 
development would be expected; but the rate of development should be gea
red to the capacity of the nation to utilise the infrastructure fruitfully as an 
agent of general economic development. Itwould appear, at least from the 
limited perspective of this paper, that the new Tonkolili Kono highway is not 
,,eaming its keep.. There is need therefore, for consideration of the 
possible justification of tolls, and certainly for asearch for economic oppor
tunities in the hinterland of the highway which can be exploited to allow the 
new road to make its contribution to national development. In general it 
seems that carefully planned and fully integrated regionai development 
planning could have ensured both that the local impact of the new highway 
was controlled, and also that the road be put to greater economic use; only
in this way could such a large investment justify itself. 

(131The hJliontelot Phate I w4 Ii I class I sllnds d 
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oftheo theAsltor-Genmim 
(141W BLANCHE Iroved lgves daiig to all four phi. 
m o thei adfirom Lunsar al Kodi s fOhOWlt. Total 10mm 

reCevId wee OM. 55.37.250. in loonds. Intowas Le 
1.914.720. Re1 yment (nlung iferel t 11.) &Ithe 
ameale of exchangewould aquiLe 15.629.839.buby 

y 973. oneyew sitr moyment hadstawled.ithe IIOl 
vel rel nol the same nubtrlo OM.wasLe 24.113.713, 

rid oday Ina sibiaon wcidc hav deI irrthet.TheIneated 
increment i to cost oue 1 exchang e rawluCiawnen a 
ius "W 10 be alt lIesLa 8.45 ftion 



76 arfiem uwlmmlUan 

REFERENCES 

BLAIR, J..AS. (1973). Small Scala Wet African Enff'eproneurehlp: the KonG 
Experlence, paper presented at the Seminar on Problems, Ways and Means 
of Promoting West African Entrepreneurship, Freetown: Bank of Sierra 
Leone, stencilled. 45 p. 

BLAIR. JA..S. (1977). Migration of Agricultural Manpower In Sierra Leone. 
Tljdschrift voor Economlnche on Sociai. Geografle, pending. 

CARTWRIGHT, John R. (1970), Politico In Slor Leone 1974-67. University of 
Toronto Press, 296 p. 

FOWLER-LUNN, Katharine (1935), The Gold Miemi: A Woman Prospector In 
Sierra Leone. New York: W.W. Norton. 

GERMAN DEVELOPMENT INSTITUTE (1973), Fealbility Study of an Inland 
Valley Swamp Dovelopmnet Programme Unit In the Northern Province 
of Sierra Leone, Report to the Government of Sierra Leone. Berlin G.D.I., 
171 p. 

GOVERNMENT OF SIERRA LEONE (1961). Report on the Maslngbe-Jalama 
Sewafe Road Project. London: Rendel, Palmer and Tritton Consulting 
Engineers. 

GOVERNMENT OF SIERRA LEONE (1965). 193 Population Canmua of Sierra 
Leone. Freetown : Central Statistics Office, 3 vols. 

MILLS, L.R. (1973), Migrltion Into a Small Temne Town In Central Sierra 
Leon&e. Africans Research Bulletin, III, 2, pp. 3-27. 

VAN bER LAAN, H.L (1965). The Sierra Leone Diamonds: An Economic 
Study Covering the Years 195261. London: Oxford University Press, 
234 p. 

UNITED NATIONS DEVELOPMENT PROGRAMME (1973), Technical Assi
lance for Highway Organrahtlon and Maintenance Phase I (1973-74) 
Programme, Ray Jorgensen Assocates. 

Res arch undertakue when James A.S. 
BLAIR, presently working at the Institute 
of Land Development, Perak (Malaysia) 
was rawarch fellow in economics. Icsti
tuk of African Studies. University of 
Slea-Leona. He studied develop fant eco
nomics in general, and especially labour 
mobility, manpower problems and entre
prise in developing countries. 

A4 



AGRICULTURAL ASPECTS 
OF LAND USE PLANNING 

1. "A Harvest of Neglect- The World's Declining Cropland"
 

2. "Rural Land Use Planning"
 

3. "Food for Fuel- Competing Uses for Cropland"
 

4. "The Conversion of Tropical Forests"
 



S, .= Vp f.l.;..... -. 

.
 Source: The Futurist, April, 1979
 

-.-..
 

: .4PA. 
-,- ' 

- a 

v N 

Non-aqriculurag demands such as urban by Lester R. Brown 
expansion and growing transportation systoms pose serious threats to the world's wolcropland base. This housing devlopment Between " .') and ]95 the entire wol noe an

inPrinCes cMaryland.~ois oGeorge'SoctoOunty, ao'-icultlural revolution unparalleled in history. But 
unless protective measures are soon taken on an inter
national scale, the last quarter of this centutry may see 
invaluable portions of the world's product'[e cropland 
swallowed up by expanding deserts, urban sprawl, 
and the insdtiable demands of population growth. 

Ever since the beginning of agri- verted to nonagricultural uses. In 
culture, the area and fertility of addition, the soaring world demand 
cropland has determined the availa- for food since mid-century has led 
bility of food. When land is scarce, to excessive pressures on the more 
people often go hungry. When soils vulnerable soils. This in turn has led 
are depleted and crops are poorly to sail degradation and cropland 
nourished, people arc often under- abandonment. 
nourished as well. Cropland deterioration and loss 

Pressures on the world's cropland are not new problems. The Tigris
have escalated since mid-century as Euphrates Valley, once described as 
our numbers have increased, raising the Fertile Crescent, may have for
doubts about lang-term food secur- merly supported more people than it 
ity. In 1950 there were 2.5 billion does today. The food-deficit lands 
people in the world. In 1975 there of North Afrida were once the gran
were 4.0 billion. By the end of the ary of the Roman Empire. What is 
century, there will be 6.3 billion of new is the scale of cropland loss and 
us if current projections materialize, soil deterinration, a problem that 

Growing populations demand now affects all countries, rich and 
more land nat only for food produc- poor alike. Natural soil fertility is 
tion but for other purposes as well, now declining on an estimated one-
Even as the demand for cropland is fifth of the world's cropland. 
expanding at a record rate, more Direct evidence of the mounting
and more cropland is being con- pressures o the global cropla'id 
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"Natural soil fertility
is now declining on an 
estimated one-fifth of 

base is also seen in acelerating soil 
erosion, the spread o deserts, and 
the loss of cropland to nonfarm 
uses. In the Central Sudan and 
Northwest India, sand dunes now 
occupy the land where villages once 
stood. In the midwestern United 
States, shopping centers occupy 
land that only a few years ago was 
planted to corn. Factories are being 
built in southern China on land that 
for generations yielded two rice har-
vests each year. 

Indirectly, excessive pressures are 
reflected in falling crop yields, 
growing food deficits, and a greater 
instability in the world food econo-
my. Crop failures are more. fre-
quent, as cultivation is extended 
onto land with less reliable rainfall. 
During the 1970s, prices of wheat, 
rice,. and soybeans have doubled in 
times of scarcity. After a quarter-
century absence, famine returned in 
the 1970s, claiming hundreds of 
thousands of livcs in Bangladesh, 
Ethiopia, and the Sahelian zone of 
Africa. The food shortages that led 
to these deaths were initially blamed 
on poor weather, but weather was 
often the triggering event that 
brought into focus a more funda-
mental problem-the growing pres-
sure on local land resources, 

Conversion to Nonagricultural
Uses 

As noted earlier, the increase in 
world population and economic ac-
tivity means that land is needed for 
much more than just the production 
of food. The principal non-agri-
cultural needs are urbanization, en-
ergy production, and transporta-
tion. Each of these sectors is nowclaiingcrolan invirualy eery 

claiming cropland invirtually every
country. 
Wherever national data are avail-

able, they usually show the growth 
of cities to be a leading source of 
cropland loss. Within the United 
States, cities are consuming crop-
land at a record rate. Land-use sur-
veys by the U.S. Department of 
Agriculture in 1967 and 197.5 indi-
cated that some 2.51 million hec-
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the world's cropland." 
tares of prime cropland "were con-
verted to urban and build-up uses" 
during the eight-year span. A study 
of urban encroachment on agricul-
tural land in Europe (grasslands as 
well as croplands) from 1960 to 1970 
found that West Germany was los-
ing 0.25% of its agricultural land 
yearly,, or 1% .every four years. For 
France and the United Kingdom, the 
comparable figure was 0.18% per 
year, or nearly 2% for the decade. 

While data are available on the 
loss of agricultural land to cities in 
the industrial countries, there is lit-
tIe information on the Third World, 
where the most rapid urbanization 
is occurring. Scores of cities in de-
veloping countries, such as Lima, 
Ankara, and Manila, are growing 
by 5 to 8% yearly. Inevitably, some 
of this growth comes at the expense
of cropland. 

Further east, China, the world's 
most populous country, is also los-
ing cropland to cities and industry, 
USDA China specialist Alva Eris-
mar reports that "water control 
projects, urban growth, and the ap-
propriation of agricultural land for 
roads, railroads, airfields, industrial 
plants, and military uses have re-
moved good farmland from cultiva-
tion." Dwight Perkins, Chinese 
scholar at Harvard, makes the same 
point, noting that the 10% growth 
in modern industry, with factories 
commonly sited on the edges of 
cities, has undoubtecly used up 
cropland. He believes Chinese plan-
ners are aware of this continuing 
loss of cropland, but that "there is 
no way around the fact that good 
farm land (flat, locatedmakesnear ex-port, et cetera) often antrans-
portt actera) oten mplecellent factory site." 

Rivaling the urban sector as a 
claimant on cropland is the fast-
growing global energy sector. Hy-
droelectric dams often inundate vast 
stretches of rich bottomland; elec-
tric generating plants can cover hun-
dreds of hectares. More often than 
not, oil refineries and storage tanks 
are built on prime farmland along 

rivers and coastal plains. Strip.-min 
ing of coal and the diversion of irri
gation water for coal gasification 
both tend to reduce the cultivated 
area. 

In the United States, the Senate's 
Committee on Interior and Insular 
Affairs analyzed President Ford's 
1975 State of the Union Address in 
which he asked for "200 major 
nuclear power plants, 50 major
 
new coal mines, 150 maor coal
fired power plants, 30 major new re
fineries, 20 major new synthetic fuel 
plant, and the drilling of many 
thousands of new oil wells" in the 
next 10 years. The Federal Energy 
Administration estimated that the 
program would disturb land on 
some 18 million hectares. The Sen
ate Committee noted that "this 
amounts to a tripling of the amount 
of land currently devoted to energy 
thus far."
 

All transport systems require 
land, but some systems use much 
more than others. Automobile-cen. 
tered transport systems are vora
cious consumers of land. Millions of 
hectares are required just to park the 
nation's 143 million licensed motor 
vehicles. But even this is rather 
small compared with the land cov
ered by streets, highways, filling
stations, and other service facilities. 
Moreover, the automobile has en
couraged other inefficient uses of 
land, such as urban sprawl. 

The amount of cropland that will 
be paved over, built on, strip
mined oved by a sthe 
mined, or flooded by a dam by the 
end of this century is unknown. 
Hoeverialdjections materialize, popullion2.3 billion peo-peo

will be added between 1975 andthe year 2000, a far larger increase 
than the k5 billion added during the 
preceding 25 years. Given these 
population projections and the pro
jected gains in income, every non
farm claimant on cropland-urbani
zation, energy production, trans
portation-will be greater during 
the last quarter of this century than 
during the third. 
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,-d Industrialization in developing countries 

often comes at the expense of valuable 
cropland. This steel plant in India is the 
Burnpur Works of the Indian Iron and Steel 
Company. Photo: United Nations 

salt encrustation. Desertification 
has deprived these people of their 

- . " means of production, of their livelihood. 

" Soil erosion is an even more wide
", .spread 

U.S. 
problem. A report from the 

Embassy in Jakarta indicates 

s-* 
-4 

-

that "soil erosion is creating an eco
logical emergency in Java. A result 
of overpopulation, which has led to 
deforestation and misuse of hillside 
areas by land-hungry farmers, ere. 
sion is laying waste to land at an 
alarming rate, much faster than 

r present reclamation programs can 
restore it." Similar pressures are 
building in the rainfed agricultural 
regions of Pakistan. An AID officer 
in the Punjab area reports the an

- nual abandonment of several thou
sand hectares of cropland because of 
severe erosion and degradation. 

Severe gullying, which usually 
-"appears where subsoils are also 

J " 

-

-

-soil 

Silos on an Illinois farm hold out-for the moment-against Chicago suburbs. Without 
land-use planning, productive cropland may continue to be swallowed up by the relentless 
growth of suburban development 

Cropland Abandonment 
Although the world demand for 

cropland is greater than ever before, 
the amount of cropland abandoned 
each year may also be at a record 
level. The reasons, for cropland 
abandonment, usually the product 
of economic pressures interacting 
with ecological forces, include de-
sertification, severe erosion, water-
logging and salinization of irrigated 
land, and the diversion of irrigation 
water to nonfarm uses. 

Fed by the human pressures on 
their fringes-overgrazing, de-
forestation, and overplowing-vir-
tually all the world's major deserts 

Photo:USOA-So ConservationServce 

are expanding. As human and live-
stock numbers multiply, the crea-
tion of deserts or desertlike condi-
tions is accelerating throughout 
Africa and the Middle East, and in 
Iran, Afghanistan, Pakistan, and 
northwestern India. 

Documents prepared for the U.N. 
Conference on Desertification detail 
this expansion and the human crea-
tion of desertlike conditions. Some 
630 million people, or one in every 
seven of the world's people, live in 
arid or semiarid areas. An estimated 
78 million pecple live on lands ren-
dered useless by erosion, dune for-
mation, changes in vegetation, and 

erodible, is now common in many 
parts of the world. But it has re
ceived the least official ' .ention in 
those countries where the process is 
most advanced. A U.N. report on 

deterioration and cropland loss 
in Latin America notes its serious di
mensions in the Andean regions.
Throughout the Andean countries,
gullies are advancing through the 

steeply sloping countryside like the 
tentacles of a giant malignancy. As 
these gullies eat their way across 
fields, farmers who are already des
perate for land co7huue to till 
what's left, right up the very edge of 
the gully. In so doing, they feed the 
gully, accelerating its progress 
across the count-yside. 

The irrigated lands that provide a 
disproportionately large share of the 
world's food are threatened both by 
ecological forces-waterlogging and 
salinity-and economic forces that 
divert water to competing uses. 
Waterlogging and salinity develop 
wherever surface water from rivers 
or streams is diverted to irrigate 
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land that has inadequate under
ground drainage. This net addition 
to the natural underground water 
supply gradually raises the water 
table. Once the water table is within 
a few feet of the surface, the growth
Uf deep-rooted crops is impaired 
and the early symptoms of water
logging appear. 

As the water table rises further, 
water begins to evaporate through 
the remaining few inches of soil, 
thereby concentrating the minerals 
and salt near the surface. Eventually 
the salt concentrations reach a level 
that prohibits plant growth. Glisten
ing white expanses of heavily salted, 
abandoned cropland are visible 
from the air in countries traditional
ly dependent on irrigation, such as 
Iraq and Pakistan. 

The problem is as old as irrigation 
it-.lf. Indeed, the decline of some of 
the early civilizations in the Middle 
East is now traced to the waterlog
ging and salinity caused by their ir
rigation systems. Although the de
signers of the earliest irrigation sys
tems in the Tigris-Euphrates Valley 
did not understand the subterranean 
hydrology well enough to prescribe
corrective action, modem irrigation 
engineers do. A U.N. report, how
ever, estimates salvage costs at $650 
per hectare. 

There are signs of waterlogging
and salinity in many countries. Al
though fully half of the world's irri
gation capacity has been developed 
since 1950, waterlogging and salin
ity are already impairing the effec
tiveness of many systems. The agro
nomic literature of China is liberally 
sprinkled with references to the 
problem. Heavy investments in 
agricultural land reclamation and ir
rigation in the Soviet Union during
the 1970s have been aimed at im
proving drainage systems for the re
clamation of irrigated iand that has 
become waterlogged and salty. The 
more intensive irrigation in the Nile 
River Valley made possible by the 
Aswan Dam has upset the long
standing water balance in some 
areas, leadir.g to the waterlogging 
and salinity of Egyptian soils that 
have historically been free of this 
problem. 

In some regions, crop production 
is threatened not by too much irri
gation, but by too little. The diver
sion of irrigation waters to other 
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"Fed by human pressures on their fringes
overgrazing, deforestation, and overplowing

virtually all of the world's major deserts are 
expanding." 

purposes 	is particularly a problem counties. The irrigated area in Marl- can have devastating consequences
in arid areas with irrigated agricul- copa County is shrinking steadily as for the soil.ture and with rapid urbanization water is being diverted to the rapid
and industrialization, such as the 
 ly expanding Phoenix metropolitan The Thinning Layer of Topsoilsouth central rep,.ons of the Soviet area. Over much of the earth's surface,Union and the southwestern United A similar situation exists in Cali- the topsoil is only inches deep,States. 
 fornia, though on a much larger usually less than a foot. Any lossSoviet efforts to regain food self. scale. As thirsty Los Angeles re- from that layer can reduce the soil'ssufficiency rest heavily on plans to quires more and more water, the de- innate fertiliiy. Forty years ago, G. 
"'~ -. .... " - .. V. Jacks and R. 0. Whyte graphi

... .. cally described the essential role of 
topsoil: "Below that thin layer com

---. ",.... 
 prising the delicate organism known 
*"- ---"'' 
as the soil is a planet as lifeless as the 

,' moon. 
--.- The erosion of soil is an integral0] part of the natural system. It occurs 

, "N 
 even when land is in grass or forests. 
.
 .-. But when land is cleared and plant

. ed to crops, the process invariably
-".c * accelerates. Whenever erosion be

" 
 .-r ~ "":: gins to exceed the natural rate of soil 
formation, the layer of topsoil be
comes thinner, eventually disap

,-' pearing entirely, leaving only sub.
 -' "$?"-	 soil or bare rock. Once enough top
soil is lost, the cropland is aban

:,
- doned. But the gradual loss of top
.4 	 soil and the slow decline ininherent 

.-	 fertility that precedes abandonment 
may take years, decades, or even-
 'w% 	 centuries. Although this interim 

Peasant tills his field InJordan. Most of tho world's productive cropland Isalready under pro:ess does not affect the size of
the plow. In many countries, land still available for cultivation often is Infertile and vulner- the cropland base, it does affect its
able to erosion and deterioration. 
 Photo:UNESCOIP.A. Pittt productivity. 

The U.S. 	 Department of Agriculexpand 	 irrigation. Consequently, mand can often be satisfied only by ture's 	Soil Conservation Service reinvestment in irrigation has been the diverting water from i'rigation ca- ports that farmers are not managingfastest growing sector of the econ- nals. Irrigated valleys that were hiZ.ly erodible soils as well today as omy over the past 15 years. But "-rri- once lush green have now turned a the: 	 were a generation ago. Thegation plans and capital commit- dusty brown. Fields that were once auoption of conservation measuresments may not be enough. Thane among the most productive in the is relatively easy when there is ex-Gustafson, Soviet scholar at Har- world have now been abandoned. cess capacity in the system; whenyard, reports that "the entire irriga- Urban needs, however wasteful or grain prices are high and food istion program is threatened because illogical, always take precedence scarce, the temptation to forgo thesethe souther half of the country is over farm demands for water, essential measures is strong.running short of water." Barring the Responding effectively to the The Councilhfor Agricultural Scimassive 	 diversion to the south of threats to cropland associated with ence and Techn'ology, supported bynorthward flowing rivers for irriga- mounting food demands poses a di- a consortium of rridwestern unition purposes (a project that is now lemma for farmers and government versities, reported in 1975 that "aofficially questioned on environ- planners alike. Both economic pres- third 	of all U.S. cropland was sufmental 	 grounds), severe water sures and political instincts en- fering soil losses too great to be susshortages appear to be inevitable, courage a short-term focus, a desire tained without a gradual but ulti-In the United States, the problem to expand current output to satisfy mately disastrous decline in produchas been carefully detailed for some immediate needs. But this pressure tivity." A summary document preoi Arizona's leading agricultural to wring more food out of the land pared for the 1977 U.N. Conference 
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"The decline of some of the early civilizations in 
the Middle East is now traced to the waterlogging

and salinity caused by their irrigation systems." 

" " ,~~~~~~~~~~~~~~.-.. ...- - .. ...-.--.......... :-''-i. 


CL 

o . . 

on Desertification reported that just In a world facing an acute short-under one-fifth of the world's crop- age of productive cropland, any loss 
land is now experiencing a rate of of topsoil should cause concern. Na-
degradation that is intolerable over tional political leaders and ministers 
the long run. The U.N. report esti- of agriculture are faced with the task 
mated that productivity on this land of adequately feeding an ever-ex-
has now been reduced by an average panding population without irrepar
of 25%. ably damaging one of the world's 

In the Soviet Union, attempts to most essential resources-the soil. 
regain food self-sufficiency through Mounting demand pressures, whe-
heavy investments in agriculture are ther the subsistence survival efforts 
stymied by soils that have lost some of Peruvian peasants or the re-
of their inherent productivity. The sponses of American farmers to 
Nepalese government estimates that market forces, can have the same ef-
the country's rivers now annually fect. In a great many countries, ef-
carry 240 million cubic meters of forts to produce more food are now 
soil to India. This loss has been de- leading to a slow but gradual decline 
scribed as Nepal's "most precious in the inherent fertility of soils, 
export." 

In Ethiopia, the deterioration of Land Productivity Trends 
soils was brought into focus by a The ancients calculated yield as 
drought that culminated in famine the ratio of grain produced to the 
in 1974. A foreign ambassador in seed that was planted. For them, the 
Addis Ababa described the origin of constraining factor was the supply
the problem in graphic terms: "Ethi- of seed-grain. But as agriculture
opia is quite literally going down the spread, and as seed became more 
river." More recently, the U.S. AID abundant and land more scarce, the 
mission reports that "there is an en- focus shifted from the productivity
vironmental nightmare unfolding of seed to that of land. 
before our eyes. . . . It is the result From the beginning of agriculture
of the acts of millions of Ethiopians until World War II, land productiv-
struggling for survival: scratching ity increased very slowly. For long
the surface of eroded land and erod- periods of time it did not increase at 
ing it further; cutting down the trees all. Rice yields in Japan during the 
for warmth and fuel and leaving the nineteenth century were only mar-
country denuded. . . . Over one bil- ginally higher than those during the 
lion-one billion-tons of topsoil fourteenth century. Corn yields in 
flow from Ethiopia's highlands each the United States during the 1930s 
year." were the same as those during the 
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•......=;. '•.':
 

Workers In Bangladesh build dams and
canals inan effort 1o reclaim land and pro.
vide Irrigation. Irrigation can increase pro.ductive cropland, but can also lead to 
problems such as wateloogging and salin
izatlon, which gradually lower the produc. 
tivity of irrigatd land. 

1860s, the first decade for which re
liable yield estimates are available. 

Following World War II, how
ever, crop yields began to rise rapid
ly in virtually every industrial coun
try. During the 1960s, introduction 
of the fertilizer-responsive varieties 
of wheat and rice enabled yields in 
many Third World countries to also 
rise. From the end of World War II 
until the early 1970s, the steady rise 
in cereal yield per hectare was one 
of the most predictable trends in the 
world economy. Between 1961 and 
1971, there were particularly im
pressive gains. 

Since 1971, however, the increase 
has slowed; yields have become 
much more erratic and less predict
able. From 1950 to 1971, the cereal 
yield per hectare climbed from 1.14 
meL.-ic tons to 1.88 tons per hectare, 
or 2.4 per year. Between 1971 and 
1977, the yield increased at only 
one-fourth that rate, or 0.6% per 
year. This marked slowdown was 
due to a combination of pressures, 
including the addition of marginal 
land to the world's cropland base, 
higher energy prices, a reduction in 
the land in fallow in the dryland 
wheat-growing regions, a shorten



Haitian worhers rehabilitate an irrigation 
canal. Urban areas often compete with irl-
gated land for available water, and In 
most cases, the cities win. 

ing of the fallow cycle in areas of 
shifting cultivation, and the cumula
tive loss of topsoil in major food
producing regions. 

The agricultural yield per hectare 
turned downward unexpectedly in 
the U.S. and France during the:. 
1970s; while in Egypt and China, it 
leveled off during this time. The rea-
sois for the interruption in national 
yield trends are not precisely the 
same for all countries. The main 
contributor to the downturn in U.S. 
yield per hectare was undoubtedly 
the return to production of cropland 
previously idled under government 
programs. When participating in 
agricultural limitation programs, 
farmers invariably retire their poor
est, least productive land. Since the 
United States is the world's leading 
food producer, bringing this poorer
quality land back into production 
obviously had an effect on the 
world trend as well. 

The high cost of energy has also 
influenced agricultural yields. The 
fivefold increase in the price of pe-
troleum during the 1970s slowed the 
growth of energy use in agriculture, 
This influenced fuel use not only in 
tractors and irrigation pumps but 
also, indirectly, in the production of 
chemical fertilizer, an energy-in-
tensive commodity. Fertilizer prices 
during the mid-1970s, influenced 
both by cyclical trends in the indus-
try and by rising energy costs, 
soared to record levels. 

A third influence on the produc-
tivity of cropland is a shrinkage in 
the fallowed area in dryland farm-
ing regions. As world wheat prices 
rose during the 1970s, U.S. fallow 
land dropped from 17 million hec-
tares in 1969 to 13 million hec-
tares in 1974. This decline led Ken-
neth Grant, head of the USDA Soil 
Conservation Service, to warn 
farmers that severe wind erosion 
and dust bowl conditions could re-
sut. He cautioned farmers against 
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the lure of record wheat prices and 
short-term gains that would sacri-
fice the long-term productivity of 
their land. 

Although the process of soil ero-
sion is not always highly visible, its 
cumulative effects can also have a 
devastating impact on land produc-
tivity. Describing the effects of ero-
sion in Nepal, German geographer
Robert Schmid says, "During the 
last century, man in search of more 
arable land had greatly extended the 
terraced fields. . . . Increasingly, the 
farmers had to be self-sufficient, and 
therefore marginal land was taken 
into cultivation .. " The farming 
of increasingly marginal land, 
Schmid goes on, combines with pro-
gressive deforestation, as trees are 
felled for wood and branches are 
lopped from remaining trees for use 
as animal fodder, until a cycle of 
soil erosion and deterioration is set 
in motion. "On the permanently
farmed fields the soil showed signs 
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of exhaustion and the yields de
clined slowly." 

In Canada, the inherent produc
tivity of the cropland is being re
duced by the continual substitution 
of marginal land for prime land. 
Land being lost to urbanization in
cludes some of the most productive 
soils in the country, whereas that 
being added is far less productive.
The net effect of substituting lower
quality land for higher-quality land 
lost to nonfarm uses is a reduction 
in the average fertility. 

In summary, the outlook for rais
ing cereal yields appears less hope
ful now than it' did at mid-century. 
A number of soil surveys and stud
ies indicate that the inherent fertility 
of one-fifth or more of.the world's 
cropland is declining. At the same 
time, the backlog of agricultural 
technology waiting to be applied in 
the agriculturally advanced coun
tries appears to be dwindling. To
gether, these two factors cast a 

TlE FUTURIST, April 1979 147 



shadow over the prospect of a rar,- 
id, sustained rise in yield per hectare 
during the final qua~rer of this cen-
tury to compare with that of the 
third quarter. 

The Cropland Prospect 
There is no simple way of project-

ing the cropland area for the re-
mainder of the century, much less of 
assessing its adequacy. One way to 
gain some perspective on the crop. 
land prospect, however, is to com-

"Agricultural land can no longer be treated as a 
reservoir, an inexhaustible source of land for 

industry, urbanization, and the energy secto'." 

pare increases in population growth 
and cereal output for the third 
quarter of the century with those 
projected for the fourth quarter. Be-
tween 1950 and 1975, world popula-
tion increased by 59%, or 1.5 bil-
lion. World cereal output increased 
by 97%, a near doubling. In 1950, 
there were still substantial opportu-
nities for adding to the world's crop-
land base. The potential for expand-
ing the area under irrigation was im-
pressive and farmers had scarcely 

begun to exploit the potential for 
raising per hectare yields. 

During the final quarter of this 
century, population is projected to 
increase by 58%, slightly smaller in 
percentage terms, but still an in
crease of 2.3 billion people-half 
again as many as the 1.5 billion 
added during the third quarter. As 
the final quarter of this century 
began, cropland was being lost to 
nonfarm purposes at a record rate. 
The abandonment of agricultural 
land because of severe soil erosion, 
degradation, and desertification was 
at an all-time high. The potential for 
substantial net additions to the 
world's cropland base was not 
good. 

A review of the potential for ex
panding the world's cropland by 
geographic regions does not provide 
much ground for optimism. In 
North America, the cropland base 
has been shrinking for three 
decades. The Organization for 
Economic Cooperation and Devel
opment's Agricultural Committee 
reports that the opportunities for 
new land reclamation in Western 
Europe are negligible. The countries 
of Eastern Europe have been hard 
pressed to maintain their cultivated 
land over the last 15 years. In the 
Soviet Union, where farming has al
ready extended into highly marginal 
rainfall areas, the prospect of fur
ther expanding the cropland base is 
not good.
 

In densely populated Asia, the 
prospect is not very bright either. 
There is little land to bring under the 
plow in China. In India, the region's 
other leading food producer, the 
cropland area is expccted to increase 
little, if at all. But there is room to 
expand the area harvested through 
multiple-cropping, since much of 
the irrigation potential, particularly 
on the Gangetic Plain, is still to be 
developed. The one area in Asia 
that could sustain an increase in 
both cropland area and the intensity 
of cropping is the Mekong Valley 
and Delta, assuming that local 
political conditions permit these 
agricultural developments. 
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~ ~ Erosion Isnota pretty sight Poor' soil con-
S. .. servatlon practices often culminate in the 

-. .*-. destruction of valuable cropland. This bar
ren field is near Valparaiso, Nebraska. 

7Y-'-,." , .how 	 the world can achieve much 
-..... , 	 more than a 10% increase in crop

land area during the final quarter of 
this century without a dramatic rise 
in the price of food. This area 
increase would be much smaller 

.. 	 than the one that occurred during 
o 	 the third quarter,, the century. 

If this croplan- assessment is a 
reasonable one, it suggests some 

- - 'serious difficulty in satisfying the 
Although there are a few areas in - projected growth in world food 

Africa yet to be developed, overall ii. demand for the final quarter if this 
there is limited opportunity for -. century. Projections oi world food 
greatly adding to the cropland of the demand by the Food and Agricul
continent. In the vast northern sec- ture Organization of ihe United Na
tion, the Sahara is reaching in every -'. , tions and the International Food 
direction, claiming land in nearly a -. Policy Research Institute indicate or 
score of countries. The one country , imply that the world demand for 
with potential for markedly expand- L food will roughly double between 
ing the area harvested is the Sudan, " 1975 and 2000. Assuming the 
since it has developed only part of . modest growth in the cropland area 
its share of the Nile waters, reserved ::" "-, .-- of 10%, satisfying the projected 
to it by treaty with Egypt. To the growth in demand would require an 
south, the principal hope for more ' ,'"= even greater increase in yield per 
farmland lies in opening the tsetse ;. . - 2 hectare during the final quarter of 
fly belt to cultivation-if a way can ... . this century than was achieved dur
be found to eradicate the tsetse fly. ,, ,,ing the third quarter. 

In Latin America, the cropland Soil is lost during spring run-off on a field Unfortunately, recent trends indi
area can be expanded by plowing up in Brown County, Wisconsin. As long as cate the potential for a continuing 
some grasslands, as Argentina has soil loss does not exceed the rate of new rapid rise in crop yield per hectare 
been doing during the 1970s. This soil formation, the soil's fertility and pro- may be much less than has been 

ductivity can be maintained Indefinitely, assumed in existing projections ofwould, of course, reduce the scope But a recent survey of Wisconsin soils 
for grazing livestock. The other found that 70% had greater-than-tolerable world food supply. The postwar 
major potential, often overrated, loss. Phnoto:USOA-SoilConsernationSamice trend of rising yield per hectare has 
lies in opening new lands in the been arrested temporarily in the 
interior of the continent, principally ent as Canada and China. In effect, United States, France, and China, 
in the Amazon basin. The principal it confirms what some analysts have each the leading cereal producer on 
constraint here is the inherent poor suspected-that the world's farmers its respective continent. Aside from 
fertility of the soil and its limited have most of the productive crop- the biological constraints on raising 
capacity to sustain cultivation over land under the plow. crop yield per hectare, a combina
an extended period of time. The question of how much the tion of presst1res to extract ever 

Wherever data are available, they world's cultivated area can be more food from the land and poor 
invariably show a sharp falloff in expanded has been hotly debated land management is leading to the 
the productivity of recent additions during the past 15 years. Some slow but progressive deterioration 
to the cropland base. This has been studies contend that it can easily be of an estimated one-fifth of the 
documented for countries as differ- doubled, while others assume that world's cropland. 

the opportunities for adding new This review of the period from 

About the Author 	 land will largely be offset by 1950 to 1977 indicates a clear loss of 

Lester R.Brown is President of the World- losses-leading to little, if any, momentum during the 1970s in the 
watch Institute, 1776 Massachusetts increase in the cropland base. efforts to raise worldwide food con-
Avenue, N.W, Washington, D.C. 20036. On balance, it 	is difficult to see sumption. Since 1971, output has 
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Ilk into focus the nxt time two or more 
- of the major food-producing coun

--... tries have poor harvests. Just as 
-years of bad weather tend to bring a 

deteriorating situation into focus, so 
- recent years of good weather have 

tended to obscure the long-term 
deterioration. 

1.Public Policy Implications 

-:.. 


. e , .-


Overgrazing is a significant contributor to soil erosion. These sheep are grazing on a field 
InJordan. 

failed to keep pace with population 
growth, much less the growth in 
demand generated by rising in-
comes. The result has been rising 
food prices. If the cropland dssess-
ment is reasonable and if the pro-
jected increase in world population 
materializes, then steep rises in food 
prices in the years ahead may be 
inevitable, 

Photo:FAO 

The years from 1972 to 1976 were 
ones of insecurity and instability in 
the world food economy unprece-
dented in peacetime. During the late 
1970s, however, uncommonly fav-
orable weather and stepped-up food 
production efforts may be lulling 
the world into a false sense of corn-
placency. The dimensions of the 
emerging stresses are likely to come 

Few things will affect future 
human weU-being more directly 
than the balance between people 
and cropland. If recent population 
and cropland trends continue, that 
balance will almost certainly be 
upset, leading to economic uncer
tainty and political instability. 
Avoiding large, politically desta
bilizing rises in food prices between 
now and the end of the century may 
not be possible without a mammoth 
effort to protect cropland from non
farm uses, to improve the manage.
ment of soils, and, most important
ly, to quickly reduce the rate of 
population growth. 

Agricultural land can no lorger 
be treated as a reservoir, an inex
haustible source of land for indus



"The times call for a new land ethic, a new 
reverence for land, and for a better understanding 
of our dependence on a resource that is too often 

taken for granted." 
try, urbanization, and the energy 
sector. In a world of continuously 
growing demand for food, it must 
be viewed as an irreplaceable 
resource, one that is paved over or 
otherwise taken out of production 
only under the most pressing cir-
cumstances and as a result of con-
scious public policy, 

Historically, land in most coun-
tries was allocated to various uses 
through the marketplace, but unfor-
tunately the market does not shield 
cropland from competing interests. 
As cropland becomes more scarce, it 
can be protected from competing 
nonfarm demands only through 
some form of land-use planning. 

The OECD reports that Japan is 
or compaeThe oy c sthatthe only country with comprehen-

sive zoning nationwide. In 1968, the 
entire country was divided into 
three land-use zones-urban, agri-
cultural, and other. Given the acute 
pressures on its land resources, 
Japan has faced the issue first and in 
so doing has developed a model for 
other countries to follow, 

Within the United States, national 
land-use planning is still at a rather 
rudimentary level, confined largely 
to setting aside national parks, 
forests, and wildlife reserves. At the 
local le',el, there are often restric-
tions on land that can be used for 
commercial purposes. 

During the 1960s, several Euro-
pean countries -Belgium, France, 
Germany, and the Netherlands-
passed legislation establishing land-
use guidelines, with planning to be 
done at the local level, 

Rivaling the loss of cropland to 
nonfarm uses is the process of 
gradual soil degradation through 
erosion. If the loss of topsoil and 
associated soil degradation are per-
mitted to continue, they will lead to 
ever higher food production costs. 
But the effort needed to halt the 
deterioration of the soils on which 
humanity depends is staggering, one 
fraught with complicating social 
factors,Thetoesourceofa 

The one source of cropland degra-
dation and loss officially dealt with 

at the international level is deser-
tification. The World Plan of Action 
to stop the spread of deserts, agreed 
to at the Nairobi conference, con-
cluded that money spend now to 
halt and reverse desertification and 
the loss of cropland promises high 
returns, ones that are competitive 
with other forms of investment. But 
achievement of a net zero desert 
growth will be possible only with 
prompt, concerted action by nation-
al governments that are, unfortu-
nately, not usually noted for such 
efforts, 

In many countries, the stabiliza-
tion of sails is such a vast undertak-
ing that it will require a strong 
national politicalcommitment and adetailed plan of action. Such a pro-
gram has been outlined for the 
United States by the Soil Conserva-
tion Service. In order to stabilize 
U.S. soils and bring the annual loss 
of topsoil down to a level that does 
not exceed the tolerance factor, the 
plan calls both for changes in crop-
ping practices and for heavy invest-

pingpracicesstanding
ments in land improvements. How-
ever, these prescribed changes in 
farming practices are monumental 
in scale, involving half of all U.S. 
cropland. Adoption of these soil-
saving measures would often run 
counter to the immediate economic 
interests of farmers and consumers, 

since they would lead to a 5 to 8% 
increase in food production costs. 

Some efforts to conserve sail and 
protect long-term food production 
might reduce food output in the 
near term as well. 

But, the future balance between 
people and cropland is likely to be 
affected more by population policy 
than by any other single factor. 
Growth in human numbers not only 
generates a demand for more crop-
land, but it also simultaneously 
generates pressures to convert 
cropland to nonfarm uses. Thus far, 
policyrnakers have assumed that 
projected increases in population 
over the final quarter of this century
wl m alter Bt thialcotsy
will materialize. But the social costs 
of remaining on the projected demo-

graphic path may become too great. 
A fundamental rethinking of popu
lation policies at the national level 
may well be unavoidable in many 
countries. 

The changing food pros-, ct may 
lead to the abandonment of pro
natalist policies and the active 
encouragement of small families. 
Other governments may join those 
of China and Singapore in advocat
ing a maximum of two children per 
couple and in making family plan
ning universally available. With 
future rates of population growth 
bearing so heavily on the prospect 
of eliminating hunger, the fact that 
one-half of the world's couples do 
not yet have access to family plan
ning services is not only socially
irresponsible, but politically inexcusable as well. If population 
growth is to be reduced to a socially 
aoceptbe reduced ented 
acceptable rate, unprecedented 
changes in government policies and 
in individual attitudes will be r 
quired. Such changes are not likely 
to occur without a better under

of the precarious balance 
between people and cropland. 

The convulsive changes in the 
world food economy during the 
1970s reflect in part the growing 
prtsures on the cropland base. 
They should be regarded not as an 
aberration, but rather as a signal
that pressures on the cropland are in 

some ways becoming excessive. 
They may in fact be advance trem

ors warning of the quake to come. 
The issue is not whether the 

equilibrium between people and 
land eventually will be reestab
lished. It will be. If the deterioration 
is not arrested by man, then nature 
will ultimately intervene with its 
own checks. The times call for a 
new land ethic, a new reverence for 
land, and for a better understanding 
of our dependence on a resource 
that is too often taken for granted. Z'o 

This article is based on The Worldwide Loss 
of Cropland (Worldwatch Paper 24, pub
lished by the Worldwatch Institute. Wash
ington, D.C., 1978). The complete report is 
available for $2.00 from the World Future 
Society Book Service. 

T(HE FUTURIST, April 1979 151 



Source: 	 Excerpt taken from
 
Rural Land Use Planning,
 
The Pennsylvania State University
 
College of Agriculture/ Extension Service
 
University Park, Pennsylvania (no date)
 

RURAL LAND USE PLANNING
 

W. M. Carroll, R. G. Wingard, C. J. Wingfield 

Pennsylvania is near the center of the world's great
est consumer market. Seven of the 10 largest U. S. cities 
and about 100 million people are within a 500-mile 
radius. There are both large metropolitan areas and 
wide expanses of open country. The urbanized areas 
centered ar-ound Philadelphia and Pittsburgh contain 
5.4 million people. Another 3.2 million live in smaller 
cities. But within 100 or 200 miles of these urban 

centers, large areas of wood-d, mountainous terrain 
support one of the largest big-game populations of the 
country, a variety of small game, and numerous 
streams in which game fish still hold their own. Ap
proximately 17 million acres out of a. total state acre
age of 28.8 million are in forest or in open land not 
used for agriculture. 

About 9 million acres of the state are in crops and 
pasture. Though farm output in Pernsylvania is in
creasing gradually, production is being concentrated 
on the better soils, and some less productive land be-
comes available for other use each year. Land has 
also been released from oil and mining; some of it, 
especially in strip mining areas, presents special reno-
vation challenges. Improved highways, large nearby 
markets, and a plentiful water supply make resource 
development in many areas a real possibility. It is al-

THlE AUTHORS - W. M. Carroll is AgriculturalExten-
sion Economist in Public Affairs. R. G. Wingard is -

Chairman of Forest and Wildlife Extension. Dr. C. 1. 
Wingfield formerly was assistantprofessor in the De-
partment of PoliticalScience and Public Adininistra-
tion. His present position is Associate Professor of 
Political Science and Coordinator of Public Adminis-
tration Program, Northcrn Illinois University. 
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ready evident, however, that demands for water for 
industry, domestic consumption, farms, recreation, 
and other purposes will make conservation and plan
ned use of water even more important. 

Pennsylvania is faced with the problem of how best 
to develop its land, water, forest, and wildlife re
sources. One facet of the problem is how to create 
new land uses or expand old ones that will be attrac

tive and useful to nearby urban populations. Another 
facet is how to guide or control diverse uses of land 
so that desirable combinations are obtained, with a 
reasonable reconciliation of private and public inter. 
ests in the land. Unplanned growth in some communi
ties is forcing local governments to make decisions as 
to how to preserve land uses the community wants 
and to guide future development along more satisfy
ing lines. 



The resource development question is not new nor 
is it unique to Pennsylvania. However, here the close 
association of a large urban population, a substantial 
agriculture, extensive forests, magnificent scenery, and 
large areas of land suited to industrial, commercial, 
residential, and recreational development create both 
immediate opportunities and recognized difficulties to 
a degree found in few other states. 

Planning for growth 

Land use planning lies at the very heart of a re-
source development program. Sustained growth and 
development cannot be accomplished without sound, 
effective planning. The fact that we are concerned 
with planning means that we are placing emphasis 
upon the future. It implies that we are dissatisfied 
with the present state of events or future prospects 
and that we are willing to 'make changes or plan for 
the future to achieve a better outcome. 

Effective planning must be forward looking. It in-
volves more than a survey and analysis of develop-
ment accomplished at a point in time. It'involves 
more than a portrayal of trends which have occurred 
ha major economic magnitudes through the past. It 
involves more than a projection of trends into the fu-
ture. While sound effective planning involves all of 
the above, in addition, it involves conscious efforts to 
guide the course of future events to help achieve de-
sired objectives. The break-through to a more rapid 
rate of development typically involves changes in so-
cial organization and philosophy. It involves purpose-
ful action by governments as well as an enlightened 
and dedicated citizenry. 

Why plan 

The justification for public planning and zoning 
rests upon an assumption of public responsibility for 
the protection and promotion of health, safety, morals, 
and the welfare of the community. These are among 
the most fundamental of local government's powers. 
All of Pennsylvania's local jurisdictions have them. As 
citizens in a free society, we must face up to the re-

sponsibility and fact that our communities are what 
we have made them. They are no better nor worse 
than their citizen decision-makers made them - either 
by deliberate or inadvertent action or inaction. 

A specific judgment made today may have long
range consequences for matters seemingly unrelated. 
For instance, a public decision to construct a trunk 
sewer or build a street or highway may dictate indus
trial or commercial land-use for years into the future 

or make a residential development uninhabitable. A 
decision (or the failure to make a decision) concern
ing disposition of sewage may pollute streams and 
rivers to the point that they are not only useless, but 
actually harmful. The location of a cheap residential 
housing development in a choice industrial tract may 
thwart development of the economic base forever, or 
at best make it unnecessarily costly. The failure to 
plan for adequate recreation, education, open space, 
or general physical or cultural harmony may frustrate 
community progress. What we - public and private 
- do and don't do today clearly shapes and limits 
available alternatives tomorrow. 

What is planning designed to do? 

Public planning is a process for making rational 
decisions about future actions aimed at the attain
ment of community goals. Goals will vary from corn
munity to community and according to the group or 
individual interpreting objectives. However, it can 
usually be assumed that most communities are inter
ested in providing a healthful, efficient, convenient, 
and attractive environment in which their people may 
live. 

With a system of democratic government, the 

peoples' wishes are manifested through their elected 
representatives. Planning is merely a tool in the hands 

of these community leaders. It can effectively be 
used for the area's best interests. There is no magic 
in the proceis, but it does greatly facilitate a very dif
ficult job. ': is a vehicle whereby responsible citizens 
may assess the community's physical needs, both 
present and future and lay plans for their satisfaction 
on a priority basis. To be effective, a plan should in

3 



dude all phases of community life. It should be con-
cerned with devising and bringing to reality the most 
satisfying land-use pattern, while coupling physical
design with a program of community services geared
to the peoples' needs and desires, 

The plan, once in effect, is used as a guide or "yard-
stick" by which future proposals may be judged. The 
plan is not a static instrument and should ha flexible
enough to adapt to an ever changing community situ-
ation. This means that the preparation of a formal
plan is only the first step in a much broader process.
The success of the planning effort is more likely to be 
determined by the quality of political, administrative,
and technical leadership charged with the task of
working with the plan than the basic document. 

The plan is a community compass. It indicates a 
predetermined course the community has chosen to 
follow. In that sense, it is a navigation tool. The course charted depends upon the wishes of the com-
munity. No two communities need follow the same 
course. The plan represents a compass heading that 
leads to the goals sought by the community. Without 
the plan, it is difficult to know whether a community
is heading in the desired direction, or if headed prop-
erly today, whether it will wander off course tomorrow. This does not mean that once set the course can-
not be altered. Like the ship at sea, when there are
impelling signs to suggest change someone in coin-
mand and armed with adequate information and au-
thority must make the decision to alter course. Here 
again, the plan is a useful tool for providing the
needed information. 

Implementing tools 

After the comprehensive plan is complete and thebest courses of action selected, the sizable task of 
bringing the plan to life still lies ahead. Various prac-
tices and instruments are at the planner's disposal for 
this purpose.

Zoning is the most widely used method of enforcing
the land-use aspects of the comprehensive plan. Some 
patterns of land-use are more desirable than others. 
Zoning is a legal and administrative process whereby 

the 	community protects itself against indiscriminate 
land uses. In technique, zoning is a simple division 
of land into districts having different kind and extent 
of use and density regulations. It is an instrument for 
guiding the use of land in the future and protecting 
existing uses which conform to the over-all aims of 
the comprehensive plan. 

Purposes of Zoning 

1. 	Lessen congestion in the streets. 
2. 	 Secure safety from fire, panic, and other dangers. 
3. 	 Promote health and safety. 
4. 	 Prevent the overcrowding of land. 
5. 	 Avoid undue concentration of population to facili

tate adequate provision of: trans.o-tation, water, 
sewage, schools, parks, and other public require
ments. 

6. 	 Promote the general welfare and morals. 
7. 	 Conserve the value of property.
8. 	 Encourage the most appropriate use of land 

throughout the jurisdiction. 

Accomplished by: 

1. 	Regulating height, number of stories, size of build
ings. 

2. 	Regulating the percentage of a lot that may be 
occupied by a building. 

3. 	 Specifying the size of yards, courts, and other open 
spaces. 

4. 	Controlling the density of population by use in re

lation to lot size.5. 	 Regulating location and use of buildings, structures 
and land for trade, industry, residence or other 
purposes. 

6. 	Dividing municipalities into districts of such num
ber, shape and area as may best be suited to carry 
out the purposes of land-use planning. 

Subdivision control, like zoning, serves as a pre
ventative measure guarding against improper lot lay
out and inadequate subdivision preparation. Such 
ordinances can be especially useful in areas experi



encing rapid growth. In the long run, the commun-
ity, the future homeowner, and the developer will all 
benefit from a fairly administered, well-planned sub-
division control program. A well-planned subdivision 
usually means a better place to live for homeowners, 
lower public service costs, and added profits for de-
velopers. Everyone gains from good design. 

Various codes are also necessary for effective ad-
ministration of a comprehensive plan. These codes 
establish certain minimum requirements with which 
builders and owners must comply. Experience has 
shown that a properly constructed building will !ast 
longer and be safer, be ,of greater use to its occupants, 
and contribute to a more beautiful and valuable com-
munity. Those minimum specifications deal with such 
features as building size, setback requirere,ts, safety 
factors, plumbing, and electrical installation, 

Land use changes are not restricted to th( urban 
and suburban communities, although development in 
these areas is most dramatic. Changes in ownership 
and pressure on the use of land extends into the most 
rural, forested, and isolated areas. Citizens from both 
urban centers and rural areas are placing increasing, 
and often conflicting, demands on farm and forest 
land for its benefits. Much of this pressure on land 
and water car, be attributed to more people, income, 
leisure, and interest in all forms of outdoor recreation. 
In response to these demands, there is much interest 
throughout the State to promote and develop land 

and water resources. 

Land use changes will continue 

Without planning and coordinated development the 
change of a million acres into urban and built-up areas 
could be excessively wasteful of land that normally 
would provide open space and outdoor recreation op-
portunities. The amount of land occupied by these 
new developments is not nearly so important as the 
pattern and location of the changes. We need and 
want new homes, schools, improved highways, and 
other facilities for more people. There is a choice in 
where and how these changes are located to take ad-
vantage of all resources and to avoid excessive waste 

of limited land and water resources. Many of these 
choices will be made by group decision. Land-use 
planning which recognized the natural resource ad
vantages of the State and the high demand for space 
:or outdoor recreation could help guide these. future 
changes in land use. Without planning we can expect 
heavy loss of our wildlife and other recreational op
portunities in the futur . 

Residential are a 

Many problems of farmers result from the urban ex
plosion. More urban dispersal into rural areas is cer
tain. Laud will be needed for homes, highways, com
merce, and indusry. 

Farmers will erve the best interest of agindustry 
and of the total economy by supporting comprehen
sive land-use planning, which includes the develop
ment and protection of desirable residential districts. 

Less fertile soils are often most suitable for residen
tial uses. Areas free from floods with well-drained soils 
are essential. Unless sewers are available, tight soils 
should be avoided. A better view is possible on slop
ing land. 

Busin~ess and industry 

Land and water will continue to be needed for 
business and industry. Ribbon business districts often 

cause traffic congestion, fi.zrease road hazards, and in
crease the assembly costs of trucks picking up dairy
products, poultry and eggs, and fruit and vegetables
from farm operations. 

Neighborhood shopping centers of about a dozen 
stores and the larger regional shopping centers that 
provide convenient off-stree. parking space appear to 
be winning favor. 

Industry needs areas with adequate water, sewage, 
and power facilities. It needs land that is level, free 
from floods, and well-drained. Transportation facili
ties, fire and police protection are essential. 

Farming areas and rural communities need to pro
tect the best industrial sites for business and industry. 
These will be needed for expansion of the employment 



base, the tax base and markets for farm products. 
Comprehensive land-use planning offers a way to 

permit cities and farms to prosper and grow. 

Wildlife recreation may conflict 

When residential development leapfrogs open areas 
it creates idle land that may be neither town nor 
country. Wildlife produced on these lands is often a 
liability rather than an asset. There may be problems 
of wildlife damage, problems of law enforcement of 
unauthorized hunting, and high risk to the motoring 
public when wildlife-automobile collisions occur, 
Hunting is dangerous not'only within towns and cities, 
but wherever scattered subdivisions and unplanned 
development takes place. This is evident from the fact 
that over 100 townships of the State, some fairly rural 
in character, have enacted ordinances to control or 
restrict hunting because of safety hazards and land 
uses that conifict with wildlife, 

Public recreation lands 

There are many land use arrangements which have 
been developed to accommodate access and use of 
land and water for hunting, fishing, and other forms 
of recreation. Public land ownership has become a 
symbol of recreational land use. Federal, State, and 
local governments provide land and water in Pennsyl-
vania for public recreational use. Even on public 
areas there may be certain restrictions or controls 
placed on the user, such as where, when, and under 
what conditions use is permitted. But in general, pub-
lic lands are open to easy access and use. 

Pennsylvania has a fine system of about three and 
one-half million acres of public lands, and a hunting 
rights lease program involving about two and one-
half million acres of private farm land. Access, de-
velopment, and use is in good order on these public 
and leased areas. 

Public use of private lands 

On publicly owned or leased areas there is no prob-
lem of access and use by the public. The costs of 
ownership, lease, management, development and use 
are handled as a function of government through li-

How to do it 

Traditionally, the popularly elected legislative body 
has delegated the responsibility for planning to a citi
zen planning commission. In Pennsylvania, the com
mission is usually composed of five members, who are 
appointed by the local legislative body for staggered 
terms. A planning commission is a necessity for any 
community wishing to plan in a serious manner. 

The commission members receive no compensation 
for their services. They are selected to represent the 
entiro community and should refrain from alignment 
with any particular special interest group. Planning 
commissiofi members must be willing to devote long 
hours to their responsibilities. The success of the 
planning program may well rest upon their interest 
and ability. 

The planning commission is an advisory board to 
the legislative body and should exercise care not to 
exceed this role. However, it isequally important that 
the planning commission not operate in a political 
vacuum. The commission must remain in contact with 

the legislative body and must keep it informed of 
planning progress and problems. 

Intelligent law making at any level of government 
requires a certain amount of background staff work. 
The planning commission can serve to fulfill this need 
on all issues logically associated with planning. Con
versely, the legislative body of the community must 
consciously work to take full advantage of the plan
ning commission's knowledge and experience and to 
keep planning commission members informed of pend
ing issues and legislative wishes. All too often, a plan
ning commission cannot adequately perform its job 
because it has become isolated by the governing 
body's indifference or its own autonomy. It is also 
important that operating departments cooperate with 
the planning commission in departmental program 
planning and to supply certain specialized informa
tion needed in the planning process. 

Countywide planning is of value not only to the 
county unit of government but also to the townships, 
boroughs, and cities within these counties. As urban 
areas spread into rural areas it is almost impossible 
for each city, borough, or township to plan its future 
d-velopment as though it were an island. In a time 



of great mobility where members of one family will 
farm, work, play, shop or go to school in several dif-
ferent governmental jurisdictions during the course of 
a single day's activity, the local government unit must 
view its development as part of a region or watershed. 
County planning can serve as a coordinating frame-
work for local planning, enabling local planning com-
missions to see their problems more clearly, 

Properly financed and staffed county planning units 
can also be of great value by providing a source of 
continuing technical services to local planning corn-
missions. Such service has proven an efficient and 
economical method of obtaining the continuing tech-
nical help which all planning commissions require for 
effective operations. 

Citizen participation 

A comprehensive plan is created and exists for the 
welfare of the general public and it can never succeed 
without enjoying the support of the majority of the 
citizens. This need is partially met by means of the 
citizen planning commission. This commission serves 
a dual purpose in that citizen opinions are expressed 
and at the same time, the citizens are drawn into the 
planning process. An otherwise sound plan may fail 
where citizens are not kept informed. There is little 
doubt that public relations can make or break a plan, 
and a considerable amount of time and effort must be 
spent merely explaining the program to the people 
who have the final say as to whether a plan will be 
adopted. The citizen benefits from and must pay for 
the service. It is proper that his approval be required. 

Intergovernmental cooperation 

Pennsylvania communities may coeperate in almost 
every activity they are authorized to undertake alone, 
through the use of the interjurisdictional agreement. 
For those who support strong local government, inter
governmental cooperation through the interjurisdic
tional agreement has the advantage of being started 
at the local level. Local officials can retain responsi
bility and flexibility of operation while benefiting 
through increased efficiency and financial savings. 

Small units of government such as townships often 
find it financially imnpossible to provide certain serv
ices for their residents. High costs are encountered 
and often large capital investments are required when 
services must be provided for a relatively small num
ber of people or a relatively small area of land. 

Joint community action can bring results, especially 
in providing water resources, sewage and refuse dis
posal, police and fire protection, and in planning and 
zoning. Services often can be provided of a quality 
and quantity beyond that which a single community 
could provide alone. Cooperation can eliminate dupli
cation of effort, making government lower cost and 
more efficient. 

The Pennsylvania State University encourages the 
discussionof public issues by interestedgroups as part 
of the Agrict,]:ralExtension Program. Your County 
Agricultural Extension staff can give assistance in 
planningand conducting such educationaldiscussions. 
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This new interest in fuel crops could 
be a historic landmark. If more and more 
oil refineries are replaced by alcohol 
distieries, the world agricultural econ-
amy will be transformed. Although the 
production of industrial crops, such as 
cotton, is almost as old as agriculture 
itself, it has never occupied more than 
: minute percentage of the world's crop-
land. Now, with the introduction of 
fuel crops, the possibility exists for t. 
first time of a major shift Of food pr 
duction capacity to nonfood purpcses. 
The potential demand is virtually limit-
less: even converting the entire world 
grain crop to alcohol would not provide 
enough fuel to operate the current world 
automobile fleet. 

The attractions of an agriculturally 
based alcohol fuel industry notwithstand-
ing, there are many problems to be con-
sidered. The increased production of 
energy crops will intensify pressures on 
the earth's cropland-pressures that are 
already excessive in many parts of the 
world and that have led to extensive 
erosion and soil deterioration. Even with-
out the diversion of agricultural produc-
tion capacity to energy crops, efforts to 
expand world food production have 
been losing momentum for nearly a 
decade. And although the rate of world 
population growth did slow slightly 
during ti'e seventies, from 1.9 percent 
in 1970 to 1.7 percent or less in 1979, 
the absolute increase in world popula-
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tion continues at around 70 million per 
year, steadily adding to the number of 
people to be fed.' 

The demand by motorists for fuel 
from energy crops represents a major 
new variable L the food/population 
equation. The stage is set for direct com-
petition between the affluent minority, 
who own the world's 315 million auto-
mobiles, and the poorest segments of 
humanity, for whom getting enough 
food to stay alive is already a struggle. 
As the price of gasoline rises, so, too, 
will the profitability of energy crops. 
Over time, an expanding agricultural 
fuel market will mean that more and 
more farmers will have the choice of 
producing food for people or fuel for 
autumobiles. They are likely to produce 
whichever is more profitable. 

National Energy Plans 

Among the countries already produc-
mg ethanol for fuel or actively consider-
ing it are Brazil, the United States, South 
Africa, New Zealand, and Australia. 
Within this group Brazil is the unques-
tioned leader. It has moved rapidly to 
develop and implement a national anco-
hol fuel program, based principally on 
sugarcane. 


Brazil 
Ethanol's potential as a fuel was 

recognized in Brazil from the early days 

of the automobile, but it was never com
petitive with cheap petroleum even 
when it was produced as a by-product 
of sugar manufacture. Brazil relies on 
imports for 85 percent of its oil, yet the 
country has based its vast transportation 
system-which has to serve the fifth 
largest land mass ofany country in the 
world-on highwazys and motor vehicle 
transport. By mid-1979 Brazil was 

ling an estimated $6.5 billion 
iy on oil and importing nearly

,million barrels a day.3 

Brazil's alcohol fuel program was 
launched in 1975. At that time, the 
goal was to become self-sufficient in 
automotive fuel by the end of the 
century. After the Iranian revolution 
and the associated increases in the world 
price of oil during early 1979, the 
government accelerated its alcohol fuel 
program. Although official goals beyond 
1985 are rather vague, the actions taken 
suggest a desire to t.e self-sufficient by 
the end of the eightles.4 

Between 1975, when it was launched, 
and 1985, an estimated $5billion will 
pass through the National Alcohol Pro
gram as subsidiies for production and 
consumption of alcohol fuel. Govern
ment incentives take the form of con'
cessionary financing to help modernize 
and expand existing alcohol distilleries, 
to build new distilleries, and to develop 
the agricultural projects to supply 
them.' 
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From 1975 to 1979, alcohol produc-
tion increased from 640 million to 3 
billion liters (790 million gallons). In 
1979, alcohol accounted for an estimat-
ed 14 percent of Brazil's automotive 
fuel consumption, most of it as gasohol. 
But in 1980, when it is expected to con-
stitute 20 percent of the total, some of 
it will be used in new cars designed to 
run exclusively on alcohol. The exceed-
ingly rapid growth in alcohol production 
and use reflects the existence of both 
a dynamic entrepreneurial class in Brazil 
and strong government support. 6 

Industry sources within Brazil believe 
they can produce 20 billion liters of 
alcohol for fuel by 1985, enough to 
provide 60 to 70 percent of the fuel 
requirements of the projected automo-
bile fleet of 12 million vehicles. Govern-
ment officials are less optimistic. They 
project a production ofjust under II 
billion liters of alcohol by 1985.' 

The ambitious Brazilian alcohol fuel 
program is based largely on sugarcane, 
the most efficient of all energy crops. 
Sugarcane currently yields 388 gallons 
of alcohol per acre, nearly 65 percent 
more than corn, the major distillery 
feedstock in the United States. Although 
only 2 percent of Brazil's total land area 
would need to be planted to sugarcane 
to achieve the goal of automotive fuel 
self-sufficiency, this would equal half 
the total land area currently planted to 
all crops. 

Although the overriding objective of 
the Brazilian alcohol fuel program is to 
rid the country of dependence on im-
ported oil, there are other goals. The 
government hopes that by creating jobs 
for presently unemployed rural workers 
on land that is now unused, the program 
will help stem the tide of urban migra-
tion, improve the country's skewed in-
come distribution, and foster more 
balanced development throughout the 
country. But the key to achieving these 
goals may lie in the successful adoption 
of manioc as an alcohol feedstock, be-
cause manioc can be produced by small-
holders on the marginal land most com-
mon in the least developed regions of 
the country." 

New Zealand 

Another country that has carefully 
examined the potential for producing 

liquid automotive fuel from agricultural 
commodities is New Zealand. The most 
likely feedstock for alcohol distilleries 
there would be a type of sugar beet or 
fodder beet. The New Zealand Energy 
Research and Development Committee 
reports that "it is technically possible 
to provide all road transport fuel which 
present projections say New Zealand 
will require in 2000" from energy crops. 
In examining the balance-of-payments 
consequences of moving toward energy 
crops as a source of road transport fuel, 
the committee notes that "energy farm-
ing could save as much as $2of foreign 
exchange for every $Iof foreign exchange 
earnings lost by way of displaced agricul-
tural production." What this particular 

calculation does not reflect, of course, 
is the impact on food prices outside 
New Zealand if such a strategy were to 
be pursued. The authors of the study 
conclude that "energy farming is one 
alternative which offers New Zealand a 
much more secure supply of transport 
fuel o t a cost that is less dependent on 
international politics and other factors 
beyond our control." 9 

Achieving transport fuel self-suffi-
ciency in the year 2000 would require 
New Zealand farmers to plant between 
700,000 and 1.3 million hectares of 
fodder beets, sugar beets, or corn. This 
compares with a total current cropland 
area in the country of 835,000 hectares. 
In effect, New Zealand would need to 
at least double the current area under 
crops if it were to become fuel self-
sufficient without taking land that is 
already being used to produce food.'" 

Australia 
In Australia, which ranks third behind 

the United States and Canada as an ex-
porter of cereals, a strong commercial 
interest in liquid fuels is beginning to 
emerge from the private sector. Aus-
tralia's AMPOL Petroleum Limited and 
Biotechnology Australia Proprietary 
Limited have calculated that within 
five years Australia could be producing 
15 to 20 percent of its fuel for motor 
vehicles in the form of alcohol distilled 
from wheat. The two firms estimate 

that satisfying that amount of motor 
fuel needs would require roughly as 
much wheat as Australia currently 
produces." 

The two companies have joined force! 
to begin operating a pilot plant at a 
former brewery in Sydney. They plan 
to use the continuous fermentation 
process for producing alcohol rather 
than the batch fermentation process 
that is used in Brazil and elsewhere. The 
pilot plant will not only test the process, 
but will also give the companies better 
data on costs. The managers of the joint 
project hope continuous fermentation 
will mean they can produce 440 million 
gallons a year within five or six years
enough to satisfy one-tenth of the Aus. 
tralian gasoline market. During the early 
years of the project they believe grains 
will be the most desirable feedstock for 
alcohol manufacture.' 2 

An Australian study undertaken by 
the Commonwealth Scientific and Re
search Organization analyzed liquid fuel 
prospects and reported that Australia 
could get almost three-quarters of its 
transport fuel from crops, crop residues, 
and forest products. Such waste materials 
as cereal residues, bagasse from sugar
cane, and forest refuse alone could pro
duce as much as 1.3 billion gallons of 
alcohol. Seen against Australia's current 
annual consumption ofjust under four 
billion gallons of gasoline, this could 
make a significant contribution.' 3 

Austria 
Yet another country that has recently 

looked at the production of automotive 
fuel from crops is Austria. During the 
late seventies, Austria's population 
stopped growing but its agricultural out
put continued to expand, with the result 
that it is now producing an exportable 
surplus of grain. The grain surplus, 
totaling 200,000 to 300,000 tons per 
year, is being exported to Eastern 
Europe, principally Poland, which is 
eager to take the grain. But exporting 
wheat poses a fiscal problem for Austria 
as the domestic wheat price is well abov 
the world market price. Each ton of 
wheat that was exported during 1978/7 
was subsidized at the rate of $84 per 
ton. 14 

The Fuel From Biomass Project, 
sponsored by the Austrian Ministry of 

Science and Research, has seized upon 
this exportable surplus of grain as a 
potential source of alcohiol for fuel. As 
a result, Austria is now seriously con-
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sidering the construction of a small 
demonstration plant to convert grain 
into fuel-grade alcohol. The distillers' 

grain remaining after the fermentation 
isslated for use as a high-protein feed 
for livestock, which would reduce the 
demand for imported soybean and 
fishmeaL" 

South Africa 

South Africa, which currently leads 
the world in the production of liquefied 

fuel from coal, also has a large project to 
produce alcohol from crops. It is plan.ing to u se bot h cassava , w hi c h is a 

dietary staple in many parts of Africa, 

and sugarcane as raw materials for the 
production of alcohol. Current plans 
call for converting the Makatini Flats 
in northern Zululand, a semiarid plain-. 
with sparse vegetation, into cassava 
plantations. South Africans talk of con. 
verting this arid-plain into an "oil 

fWeld"n 6 

The South African cassava proj-ct as 
outlined is exceedingly ambitious. In
volving huge plant nurseries that will 
produce cassava seedlings through a 
rapid cloning process, it calls for some
 
13 ethanol distilleries in the Makatini
 
Flats area. These would produce 137
 
million gallons of liquid fuel annually
 
and employ a total of 2,600 people in 

cassava production and alcohol distilla.
 
tion. It is also being promoted by the
 
South African government as a way
 
of encouraging rural development. To 
the extent that cassava can be grown
 
in areas that were not producing any
thing of agricultural value and with
 
resources that would not otherwise be. 

used to produce food, these new "oil
 
fields" will not compete with food


7 
crops. 

The sugarcane part of the South 
African alcohol fuel project, however,
would compete directly witn food 
crops. Indeed, in order to encourage 
greater sugarcane production, the 
government is guaranteeing water sup.
plies to farmers who will grow sugar
cane explicitly for the production of 
alcohol. Under this arrangement, sugar
cane grown as an energy crop would 
in all likelihood divert both land and 
water from food production." 

South Africa is also the site of 
another innovative experiment in liquid 

Environment, Vol 22, No. 4 

THREE SOURCES OF ALCOHOL FUEL 
Alcohol distilled from farm commodities is being widely examined as a source of fuel, particularl 
for automobiles. Below are three crops-sugar beets, suga cans, and com-that are central to suc 
plans. 
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fuels. The Department of Agricultural 244 million gaaons of oil equivalent. distilleries reports that it now receives 

Technical Service is conducting a pilot For the time being the alcohol will be some 30 inquiries per week, mostly 

project using sunflower oil as a fuel derived largely from cane, although the from sugarcane-producing countries, 

substitute in diesel-powered tractors. government is also looking into the compared with perhaps one pe: week 

Sunflower seed oil apparently has potential of using cassav- and sweet five years ago.73 

potatoes. 22worked well in the first 100 hours of 
Impact on Food Suppliestrials in a diesel engine. If this experi- Interest in alcohol fuel is also strong 

ment should prove successful,,it is esti- in other sugar-surplus, oil-deficit coun- The numerous national programs to 

mated that corn farmers could grow tries of the Third World, where sugar divert agricultural resources to the pro

enough sunflowers on just 10 percent prices have fluctuated while oil import duction of fuel crops come at a time 

of their land to provide all the fuel for bills have climbed. The balance-of-pay- when efforts to expand world food out. 

their tractors. 19  ment gains from the conversion of sugar put are losing momentum. Between 
into alcohol are obvious to economic 1950 and 1971, per capita grain pro-

Other InterestedCountries policymakers. The Dominican Republic, duction worldwide increased by some 

Although the national alcohol fuel Guyana, and Jamaica have each iniiated 30 percent, leading to a substantial 

programs sketched out above are the feasibility studies 6f alcohol fuel produc- improvement in nutrition not only in 

most advanced, other countries are ex- tion. A construction firm based in White industrial countries but in much of the 

ploring the potwntial. Some are looking Plains, New York, that builds alcohol Third World as well. Since 1971, how

at agricultural by-products while others 
are considering the direct conversion of 
farm commodities into alcohol. Kenya a tank car being filled with alcohol made from corn for gasohol at a piant in Decatur, Illinois. DOE 

is building an alcohol distillery that will "- 

use the molasses by-product of its sugar 
mills. Designed to use 180,000 tons of, w ".- ": 

molasses a year, it will produce ethanol .. _. i. 
for blending with gasoline in Nairobi.-0 

4---, 

The Sudan is also considering molasses
fed distilleries. The production of sugar
 
from the vast new acreage of sugarcane
 
to be planted in the Kenana Project 
 7. 
between the White and Blue Niles will
 

generate a large quantity of molasses.
 
With no nearby market for it and with 

the nearest port 1,600 kilometers away, - " '
 
the conversion of molasses into liquid . 

fuel for local use solves simultaneously - , ! 5"'"
 

the transport problems associated with "
 

the export of molasses and the move- 

ment of imported liquid fuels to the ' : r.
 
project area.-' . '" -'
 

Tha! rnd, on the other hand, is inter- ., .
__ ., 

ested in an agricultural fuel industry
 
partly as a way to stabilize the prices
 

_
of its agricultural commodities. It is.-" 
......
seeking bids for the construction of 


distilleries that could be adapted to ,. , i 


whatever .,op might be in greatest ,- .-- 'j , 
 . 

surplus-cassava, maize, rice, sugarcane, " . :
 

or molasses. And in the Philippines,
 
the government has undertaken a crash
 

......
program to produce alcohol fuel from 

sugarcane. The production of "alcogas" 
 V 

(gasohol) was originally due to begn /
 
in 1982, but the government recently ./I . -.--.
 

<'.-" . astepped up the program, setting an alco-

hol production goal for 1981 of some
 
5.8 million gallons of oil equivalent, and - It.--....N V,- ." 

doubling the 1989 goal to an estimated - , --
 -
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ANUAL PER CAPITA GRAIN AND CROPLAND REQUIREMENTS FOR FOOD 

AND FOR AUTOMOTIVE FUEL 

Grain Cropland* 

(pounds) (acres 
jS'exience Diet 400 .2 

AtfluenT Olet 1,600 . 
Trcal Etiropean Automobile* 6,200 3.3 

(7.000 miles/yr. at 25 mpg) 

Typ al U.S. Automobile- 14,600 7.8
110.000 milet/yr. at 15 mpg) 

*Sawd on average world grain yields In 1978, according to the U.S. Oe"artmnt ofAgricult ure. 

-- Fuel use converted at 380 liters of alcohol per metric ton of galn. 

$S/RCE:Worldwatch Institute. 


em. growth in world food output has prominent reasons for the slowing 
dowed, scarcely keeping pace with pop- growth in world food output are the 
ulation growth. The failure of world continuing conversion of prime crop. 
grain output to match the increase in land to nonfarm uses, the excessive 

both population and incomes led to 
 erosion of soil on at least one-fifth of 
ri"n food prices during the seventies." the word's cropland base, the rising 

cost of energy for farmers, and the
,'pularionand Supply diminishing returns on additional appli-

World demand for grain has been cations of fertilizer in agriculturally

apanding by some 30 million tons advanced countres.26  


per year over the past decade. Of this All the forces that contributed to

o:al. the bulk is needed to feed the the loss of momentum on the food 


increased number of humans, leaving 
 front during the seventies seem certain 

little to upgrade diets. While world 
 to intensify in the eighties. Even with-
population growth has slowed, the out the competition from energy crops,

absolute year-to.year increase remains 
 the world will be hard pressed to avoid 
:t70 million. In effect, the gradual a decline in per capita food production

Iecline in the rate of population growth during the decade if the projected in-

has been offset by the increase in the creases in population materialize. It is 

sze of the population base."5 
 against this backdrop that the emergence

Although population growth has of national energy crops initiatives must 

dominated the growth in world food 
 be evaluated, 
demand, rising incomes have also con-
tributed to the increase, particularly Food versus Fuel 
in areas where consumption of livestock The potential claim of automobiles 
products, and the grain to pioduce them, on future food-producing resources can 
has been rising rapidly. Prominent among best be illustrated by comparing the 
thcse are a few industrial countries, such area of cropland required to feed a per-
tsJapan and the USSR, where meat son with that needed to run an automo-
consumption has until recently been rela- bile on ethanoL Per capita grain con-
tively low, and the oil-exporting coun. sumption in developing countries aver-
tries,
where incomes are rising at an ages roughly 400 pounds annually, or 
Unaprecedented rate. just over a pound per day. In the most 

On the supply side, growth in the affluent countries, where diets are rich 
.orld cropland base has, slowed mark- in livestock products, each person

4dly since mid-century, expanding only annually consumes an average of 1,600
Cne.fifth as fast as population. Other pounds of grin, including the amount 
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eaten directly in cereal products and
that consumed indirectly in the formoat mindiecgsy At avrg 
oa At average
 

yields of grain, satisfying the annual 
food needs of a typical consumer in 
the Third World requires roughly one
quarter of an acre of cropland, whereas 
the more affluent consumer requires 
nearly an acre. (See Table 1.) 

An automobile run on ethanol re
quires far more grain than a person does. 
A typical American car fueled by ethanol 
would require the processing of over 
seven tons of grain per year. In Western 
Europe, where cars are more fuel-effi
cient and are driven less, the typical 
atmbl ol erno iteoeautomobile could be run on a little over 
three tons of grain per year. These num
bers are in a sense hypothetical because, 
except for Brazil, no country has yetproposc running automobiles exclu
siv y on alcohol. As for gasohol, fuel
ing the typical U.S. car would require 
1,460 pounds of grain in order to pro
vide a 10 percent mix of ethanol with 

gasoline. 
The social and political ramifications 

of a massive production of energy crops
will probably surface first in Brazil, the 
o~ily country that is committed to run
ning its entire fleet of cars on alcohol. 

When President Figueiredo signed a 
protocol in September 1979 with the 
National Automakers Association con
firming the intention of producing 
250,000 automobiles in 1980 that 
would run entirely on alcohol, he was 
in effect claiming some 200,000 hectares 
of cropland for sugarcane. Government 
plans to produce 10.7 billion liters of 
alcohol by 1985 will require nearly three 
million hectares of sugarcane, the equiva. 
lent of 10 percent of Brazil's cropland. 
Ifthe far more bullish projections of the
 
alcohol fuel industry materialize,produc
tion will reacl 20 billion liters and the 
area planted to sugarcane for fuel will 
approach one-fifth of the country's 
cropland.' 

Brazil has one of the world's most 
widely skewed income distribution 
patterns, with a ratio of 36 to I between 
the average income of the richest one
fifth of its population and that of the 
poorest one-fifth. Evidence of malnu
trition has been found in the country's 
high infant mortality rate and in the 
fact that less than half the children 
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Table 2 


THE CHANGING PATTERN OF WORLD GRAIN TRADE* 


Region 1934-38 

North America + 5 

Latin America + 9

Western Europoe -24 

Eastern Europe & USSR + 5 
Africa + 1 

Asia + 2 
Australia & N. Zeal. + 3 

1948-52 1960 1970 1978 
,__ 

(million metric tons) 

+23 +39 +56 +104 
+ 1
-22 

0
-25 

+ 4
-30 

0 
- 21 

0 0 0 - 27 

0 - 2 - 5 - 12 

- 6 -17 -37 - 53 
+ 3 + 6 , +12 + 14 

*Plus sign Indicates net exports; minus sign. net imports. 

SOURCEs Food and Agriculture Organization, U.S. Department of Agricuiture, and 


authoes estimates, 

under the age of 18 in 1975 had 
reached the normal weight for their 


29
age. 
The decision to turn to energy crops 

to fuel the country's rapidly growing 
fleet of automobiles is certLin to drive 
food prices upward, thus leading to 
more severe malnutrition among the 
poor. In effect, the more affluent one-
fifth of the population who own most 
of the automobiles will dramatically 
increase their individual claims on crop-
land from roughly one to at least three 
acres, further squeezing the millions 
who are at the low end of the Brazilian 
economic ladder. 

Despite its vast land resources, Brazil 
is a chronically grain-deficit country, 
drawing on grain imported from abroad. 
Brazilian officials claim, however, that 
the production of energy crops will be 
in addition to rather than in competition 
with that of food crops. Yet energy 
crops compete not only for land but 
also for agricultural investment capital, 
water, fertilizer, farm management skills, 
farm-to-market roads, agricultural credit, 
and technical advisory services. In the 
absence of a planned economy where all 
agricultural inputs are carefully con-
trolled and clearly tagged for the pro-
duction of either food or energy, it would 
seem to be impossible to launch a major 
energy crops program without siphoning 
resources away from food production. 
The assumption that energy crops will 
not compete with food crops may be 

38 

both naive and politically risky. The 
upward pressure on food prices that 
will be generated by the rapid expansion 
of energy crop production could put a 
severe strain on the Brazilian social 
fabric and political system. 

The immediate consequences of the 
Brazilian energy crops program may be 
more internal than external, but the 
more recently launched effort in the 
United States has broader ramifications, 
If U.S. cropland isshifted to energy 
crops to fuel automobiles on amassive 
scale, it will be at the expense of our 
exportable surplus of grain. Over the 
past generation, the entire world has 
come to depend heavily on North 
American grain exports, with just over 
four-fifths of the total coming from the 
United States. (See Table 2.) 

All but ahandful of countries now 
import grain, most of it from North 
America. Since World War I1,scores of 
countries have become food importers; 
yet not one new country has emerged 
as asignificant cereal exporter during 
this period. Close to adozen countries 
-including Algeria, Belgium, Japan, 
Lebanon, Libya, Senegal, Singapore, 
Switzerland, and Venezuela-now im-
port more than half their total grain 
supplies. 30 

The cereals exported from North 
America-enough to feed 500 million 
people at Third World consumption 
levels-consist of large quantities of 
both food and feed grains, principally 

wheat and corn. And as more and more 
alcohol fuel distilleries are built in the 
United States in order to meet the 
official goal of producing two billion 

gallons of ethanol by the mid-eighties,
the exportable surplus of grain will be 
reduced accordingly. 

Making the Choice 

Turning to energy crops as a source 
of automotive fuel opens a new chapter
in the history of human efforts to achie% 
an adequate food supply. For the first 
time since agriculture began, the world 
is faced with a potentially massive 
diversion of agricultural resources to 
the production of nonfood crops. Un
fortunately, this is beginning to happen 
at a time when efforts to expand world 
food output are losing momentum, 
when food prices are rising, and when 
malnutrition isincreasing. 

Whether the use of cropland to pro
duce fuel for automobiles can be justi
fled is acomplex issue, one that political 
leaders will be wrestling with for years 
to come. Of the many considerations, 
the most critical one may be the differ
ence between the perceived national 
interest in energy crops of food-surplus 
countries and that of food-deficit coun
tries. 

The attractions of alcohol fuel are 
clear. For countries buffeted by soar
ing oil prices and possible supply dis
ruptions, the prospect of an easily avail
able substitute for some of the importe, 
oil isan inviting one. Although the 
world's oil reserves are concentrated in 
a handful of countries, the potential 
for producing energy crops isas widely 
diffused as agriculture itself. 

There are also some solid environ
mental reasons to support alcohol fuel: 
it isclean-burning when used alone and 
when mixed with gasoline, it can sub
stitute for lead as an octane booster. In 
contrast to the burning ofpetroleum, 
liquefied coal, or other automotive fuei 
of fossil origin, alcohol produced from 
plant materials does not increase the 
amount of carbon dioxide in the atmos 
phere, unless of course it leads to an 
overall reduction in the plant material 
in the world. In addition, alcohol is a 
renewable resource, a potentially im
portant component in any effort to 
create a sustainable economy. 

May I 
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Economically, the move toward In effect, the use of energy crops to of agricultural origin could become an 
a!tohol fuel is often justified by the fuel automobiles permits the world's important source of fuel, one that would 
additional employment it would create. affluent to expand greatly their claim not compete with food production. 
Energy crop production and alcohol on the world's cropland area. Liquid fuel from plants, whether in the 
distillation are far more labor-intensive The question is not whether there form of alcohol or as direct hydrocarbon 
than are oil production and .efi-ing. should be an alcohol fuel industry, extracts, is an energy source that needs 

And because distilleries are dispersed Clearly, there are many possibilities for to be aggressively exploited everywhere. 

throughout the countryside, close to converting agricultural wastes and other At issue is whether governments can 
their feedstock supplies, they generate sources of plant materials into automo- encourage the production of alcohol 
industrial as well as on-farm employment tive fuels that need to be urgently pur- fuel without inadvertently launching 
in rural areas where unemployment is sued. Over the longer term, a carefully an industry that competes directly with 
usually highest. Jobs created in the designed alcohol fuel program based on food production. 
countryside of the Third World can also forest products and cellulosic materials If the potentially adverse effects of 
help slow the migration to the mush
rooming squatter settlements that Gasohol, a 10 percent alcohol-with-gasoline mixture, has so far been introduced inonly afew places 
surround so many cities, inthe United States. Jane Scully 

The attractions of agriculturally 
derived alcohol fuel must be set against 
its potential impact on world food prices. 
By far the most serious environmental 
impact of energy crops will be the 
additional pressures they put on crop
land. The doubling of world food output 
over the past generation has led to the 
adoption of cropping practices that are 
resulting in excessive soil erosion. At 
least one-fifth of the world's cropland is 
now losing topsoil at a rate that is under- L C 
mining its productivity. With the demand 
for food projected to double again over 
the next generation, it will be difficult e '. 

to lighten the demands on sofls and to . .." 

arrest their long-term deterioration. If, . . ... 

in addition, vast areas are planted to .,; 
energy crops, the problem will become 

even more unmanageable. 

As the number of distilleries multi
plies, the production of energy crops ,._.-

will expand until an economic equilib- - , - . .- a. 
rium is reached between the price of -I " . 
agricultural commodities used as distillery a 
feedstock and those used for food or .... :-..

feed. In the absence of any governmental - - i 
limitations on the conversion of agricul
tural commodities into fuel, the price 
of oil could eventually set the price of ' . ./ 
food. 

The expanding production of fuel 
crops will underline the vast disparities 
in income within and among societies a: 
perhaps nothing else has ever done. 
Until recently, the average per capita 

clairi on the earth's food-producing 
resources has not usually varied from 
the richest to the poorest countries by 
more than a factor of five to one. With 
the advent of energy crops, however, 
the ratio could increase dramatically. 
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current programs to produce fuel from 
crops are to be minimized, several steps 

must be taken immediately. The govern-
meats lauc:ching these programs need 
to warn food-deficit countries of the 
potential reduction in exportable food 
surpluses so that they can adjust their 
agricultural and population policies 
accordingly. Secondly, the ovr toward 
energy crops reinforces the need for an
internationally coor linated effort to 

arrest the excessive erosion of topsoil. 

Without such an initiative, tile wide-
spread planting of energy crops will 
accelerate the deterioration of the 
world's cropland base. Where agricul-
tural fuel programs are launched, 
priority in the use of fuel should be 

given to tractors and other farm uses 
over automobiles. And finally, aglobal 
food-price monitoring system that would 

be sensitive to the impact of alcohol fuel 
programs is needed. Such a system is 
essential if political leaders are to assess
the worldwide impact of national enegIbid. 

crops initiatives on food prices. 
Within the food-exporting countries, 

the short-run attractions of converting 
exportable food surpluses into alcohol 

fuel are undeniable. Whether the longer 

term political effects will be as attractive 
is less clear. In a world that no longer has 

any excess food production capacity, the 
decision to channel foodstuffs into the 
production of automotive fuel will 

inevitably drive food prices upward. For 

the world's affluent, such rises in food 

prices may lead to belt-tightening; but 
for the several hundred million who are 

already spending most of their meager 
incomes on food, continually rising food 
prices will further narrow the thin mar-
gin of survival. 
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Conversion 
OTropical Forests 

BY NORMAN MYERS THE TROPICAL MOIST FOREST BIOME (e,'ological community) is 
biologically the richest and least well-known portion of the earth's sur
face. Inthis biume are to be found several million kinds of organisms,
of which no more than half a million have even been given a Latin name.
Many of the known and unknown species of organisms in the tropics
offer significant potential for utilization by man, and all are of intrinsic 
scientific interest. A number of tropical plants, including rubber and oil
palm, have been brought into wide-scale cultivation within the past cen
tury. Many more should be investigated as to their useful properties.'

Not only is the tropical moist forest (TMF) biome large and spread
across three tropical regions, but it is much more differentiated than 
many observers suppose.' It is divided among some 70 countries, ofwhich almost 40 contain tracts of TMF that are appreciable in size or 
significant for their ecological and biotic values. However, more than
four-fifths of the biome occurs in only nine countries-Bolivia, Brazil,Colombia, Peru, and Venezuela in Latin America; Indonesia and Malay
sia in Southeast Asia; and Gabon and Zaire in Africa. 

Biotic Diversity 
The TMF biome is, biologically and ecologically, the most complex

and diverse on earth. There is marked diversity of species, especially of 
trees, woody climbers, and epiphytes. This characteristic is most not
able in wetter areas with high atmospheric humidity. The complexity
is both dynamic (with an exceptional degree of biotic and physiobiotic
interactions) and stable (able to maintain itself for long periods if notindefinitely). 

NORMI MYERS isaconservation scientis 
 It is a mistake to suppose, however, that this diversity and stability
living in Nairobi. Kenya, who specializes are interrelated in a simple and positive fashion. Indeed, recent theoretienvronment and development. He is the 
auhor of The 

cal and empirical research suggests that "communities with a rich arraySinking Ark (Pergamon1979). This article is excerpted Preu.hisfrom of species and complex web interactions (the tropical rainforest being,eoo. Coneion of ropical Moist For.th to be morepreowaed for tfw National Research Council's the paradigm) are likely than
fragile relatively simple andCornmitta an Resarch Priorities in TropicalBiology1i (NatkonW Press, robust temperute ecosystems. '" o. Academy of Sciences The dynamic relationship between complexity and stability is parti

cularly sirnificant since it appears to depend on an important provision, 

July/August 1980 

A
 

6 



Fertilizing young oil palms in the main nursery before later replanuing in clewred jungle in the Jengka Triangle iathe State of Pahang, West Malaysla. 

namely that external forces impinging 
on the system should not exceed cer-
tain threshold values; otherwise distinct 
and enduring changes may arise. Human 
intervention-which can be massive 
both in terms of immediate impact and 
long-run duration-can readily exceed 
the capacity of TMF regulatory pro. 
cesses to maintain the system. 

TMF species are unusually susceptible 
to extinction because many have highly 
specialized ecological requirements, 
many exist at low densities, many are con. 
fined tr localized distributions. These 
three attributes alone mean that these 
species are highly vulnerable to sudden 
elimination when a tract of forest is sub. 
jected to the more disruptive forms of 
conversion: a tract of forest does not have 
to be entirely cleared for a number of its 
resident species to become extinct. 

Elimination ofa substantial proportion 
of the planetary spectrum of species will 
mean a gr'ss reduction of life's diversity 
on earth: it will entail a permanent shift 
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in the course of evolution. and an irrevers-
ible loss of economic opportunity as well. 

Primary and Secondary Forests 
Primary forest is forest that has been 

undisturbed for a long time-at least for 
decades and sometimes for centuries, 
Primary forest often consists of forest 
that has worked its way through succes. 
sional stages of development as a young 
forest and is now approaching or has 
attained a state of maturity, often con. 
sidered to be a state of ultimate diversity 
and complexity. Such a formation has 
been termed by some researchers a climax 
forest-one representing a vegetation type
in dynamic equilibrium with the climate 
in which it occurs. 

The make.up of plant species in a 
secondary forest is fundamentally dif. 
ferent from that in a primary forest. In 
addition, the structure and functioning 
of the community are different, and the 
ecosystem is less diverse. After a tropical 
primary forest has been cleared, and the 

plant life left to regrow. there is a rapid 
accumulation of new biomass until it 
peaks at roughly 15 years-after which 
only the nature of the plant life changes.' 
Through a process that occurs slowly, or 
extremely slowly, pioneer species and low
ground vegetation disappear, their detritus 
providing nutrients for larger and longer. 
lived trees. Eventually the secondary 
forest develops steadily toward a forma. 
tion akin to that of primary forest; and 
in time, provided all the necessary com. 
plex of factors is available, primary forest 
will reestablish itself. 

But secondary forests tend to persist 
for long periods. In areas of disturbed 
rainforest in northeastern Australia, 50 
years' regeneration has produced forests 
that are floristically similar to nearby un
disturbed forest but that are still structur. 
ally dissimilar.3 Around Angkor in Kam. 
puchea (Cambodia) the forest of large 
areas that were reputedly cleared 600 
years ago does not yet fully resemble sur. 
rounding patches of undisturbed primary 



forest. Indeed. it is thought that certain 
lowland rainforest ecosystems after being 
grossly disrupted or deitroyed may need 
a successional process uf as much as 
1.000 years before afinal-form primary 
forest ecosystem isreestablished. 6 

Although natural forces, such as typhoons. year. Thus forest farming could wel be can also damage primary forests, gener.
ally speaking, it ishuman influence that 
causes secondary forests to appear in the 
contemporary TMF biome. 

Causes of Conversion 


By far the most important factor in 
conversion of tropical moist forests 
appears to be the forest farmer, whether 
using traditional shifting cultivation, 
smaUlholder agriculture. or some type of 
squatter colonization. It has been esti. 
mated that, in the mid.1970s, these 
forest farmers totaled at least 140 mil-
lion, occupying some 2 million km2 (or 
over one-fifth) of the TMF biome.7 

There is reason to believe that the esti-
mation of 140 million forest farmers 
represents aminimum number. At an 
average size of seven persons per family 
(a roughly acceptable figure for Central 
America,Colombia. Indonesia, the Philip.
pines, and Thailand), this means there 
are some 20 million families. If each fain-
ily clears one additional hectare each year. 
as eems to be minimal practice, the for-
est farmers are clearing some 200,000 km2 

of forest each year. Although many of 
thes-e farmers exploit secondary forests 
and although in certain sectors of primary
forest (for example, in Central Africa) 
population densities are still low en.ugh 
to permit the forest to be used while sus. 

Table 1 

CONSUMPTION OF TROPICAL HARDWOOD TIMBER: PAST, PRESENT, AND 

3
PROJECTED (MILLION M ) 

COUNTRY/REGION 

jaw

United States 

Europe
Total three importing regons 
Tropical producing regions
Restof world 
T orld 

Total 


taming its quality and composition with 
prospect of eventual regeneration of 
primary vegetation, it isnot unrealistic 
to suppose that forest farmers are con-
verting at least 100,000 km2 of primary 
forest to permanent cultivation each 

accounting for the loss of over I percent 
of the TMF biome each year. 

Cattle raising also plays asubstantial 
role in the conversion of tropical moist 
forests, especially in Latin America.Between 1950 and 1975, the area of man' 
established pasture in Central America 
more than doubled, almost entirely at 
the expense of primary moist forests. 
In Brazilian Amazonia cattle raising is 
now the dominant cause of forest con-
version. Although many cattle ranches 
in Amazonia become unprofitable within 
less than 10 years because the productiv.
ity of the newly created grasslands 
declines, a rancher can generally obtain 
another patch of forest to dear, thus 
practicing anew and broad-scale varia-
tion of shifting agriculture. As long as 
beef continues to bring high prices in the 
developed world, cattle raising islikely 
to be an increasingly important cause of 
destruction of primary TMF. 

One of the main reasons for the grow.
ing exploitation of tropical moist forests 
isthe desire for more wood. This is true 
not only of the tropical countries but of 
communities in the developed world that 
increasingly look to TMF to meet their 
consumption demands.' Although the 
tropical moist forests contain about as 
much wood as their temperate counter-
parts, TMF now supply little more than 

,,,_imports 

1950 1973 i20199 2000 

1.50.8 28.9
7.2 35

10 
as 
15 

48 
20 

1.942 
21.0

1.0 
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53.5 
46.5
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21 
66 
66 
13 

27
80 

117 
18 

35 
95 

185
23 

262 1088 145 215 303 
SOURCE: FAD, Forest Rewurce, In Asia znd Far Cast, 19761 and S. L Pringle, '"TroollMoistFotestS In World Demand, Supply and Trade,- UnagYlva 28 (1976). 

one.tenth uf total wood used worldwide 
as solid wood and as paper pulp. 

The Timber Trade 
During the last three decades, there 

has been a rapidly growing demand on 
the par: of developed nations for tropi
cal timber, especially for hardwoods, the 
kind of timber that makes up over 90 
percent of TMF (Table I). Hardwood 
supplies many needs: housing construction finished products such as furniture, 
and wood-based panels such as plywood, 
veneer, particleboard, and fiberboard. Of 
the world's hardwood forests, the great
forests of temperate zones have been 
sts of epete o ae e r 

steadily depleted or are coming under 
greater protection in order to meet 
environmental interests and, as a result, 
exploitation pressure is increasingly dir
cted toward TMF. 

After the economies of the developed
world recovered from World War 1,they
began to import tropical hardwood 
timber, some 4.2 million m in 1950 
(Table a). Within three decades, the vol. 
ne has grown by almost 1,500 percent,

and it is projected to expand by more 
than half as much again, to 95,000,000

3m by the year 2000. True, tropical
 
regions use a lot of hardwood timber
 
themsnlves, but the amount has little
 
more than doubled since 1950, whereas
 
the developed world's imports have
 
increased 15 times, and the total has
 
recently surpassed consumption by all
 
tropical countries combined.
 

The largest single consumer of tropical
 
hardwoods isJapan. now accounting for
 
over half of the devcloped nations'
 

(Table 1). Between 1950 and
 
1973, Japan's consumption of tropical
hardwoods increased 19 times, with
 
three-quarters of the aggregate supply
 

deriving from Southeast Asia. Among allJapan's imports, wood now ranks as a 
strong second to oil; the country d':pends 
on overseas sources for around two-thirdsof its wood, a proportion that could rise 
as high as four-fifths by 1985 (some ofthe imports stem from North America,
but hardwood imports almost entirely 

from the tropics).' Hitherto Japan
has looked mainly to Southeast Adia for 
its hardwood needs, but it is increasingly
directing attention toward Latin America 
and West Africa. 
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Table 2
 
SUPPLY OF TROPICAL HARDWOOD TIMBER: ACTUAL AND PROJECTED (MILLION m3)
 

1950 1973 1980 1990PRODUC- EXPORT PRODUC. E)XPORT PRODUC- EXPORT PRODUC. EXPORT 
2000 

REGION TION (%)o PRODUC. EXPORTTION (%) TION (11, TION 1%) TION (%I 

Tropical Africa 4.7 1.5(32) 16.5 11 (67) 20 12(60) 25 9(36) 35Latin America 15.5 10129)0.8 (5) 20 3 (15) 32 4(13) 60 7 (12) 118 28(241
Southen and

Southeast Asia 14.3 2 (14) 72.5 48.5 (67) 93 65 (70) 130 82 (631 150 80 ('3)Total 34.5 4.3 (13) 109 62.5 (57) 145 81(56) 2M5 98 (46) 303 118 (39) 

*Figures In parenthesas are percentage of production given to export.

NOTE: As tropical developing countries themselves start to consume 
more of their hardwood output, there will be (except In theeventual case of Latin America) a smaller share available for export to developed countries. At the sarne time, developedcountries' demand will steadily eXpand. So there will be Compounded pressure to exploit tropical hardwood forests.
SOURCES: S. L. Pringle, "Tropical Moit 
Forests in World Demand, Supply and Trade," Unasylva 28 (1976); and other FAO
documents. 

The United States is the second largest 
consumer of tropical hardwoods. U.S. 
demand has been growing at arate far 
above the country's growth rates for 
population and GNP. This has been partly
caused by rapidly rising costs of high. 
quality hardwoods from within the United 
States, following increased interest in the 
country's hardwood forests for their 
esthetic and recreational values. A more 
important reason is that plywood panel, 
ling can be obtained relatively cheaply
from Southeast and East Asia; over four. 
fifths of U.S. imports of tropical hard. 
woods come in the form of plywood and 
veneer via Japan-the so-called Philippine 
mahogany that originates in Southeast 
Asia. Between 1950 and 1973, U.S. 
imports of tropical hardwoods increased 
9 times (until the country was accounting
for about 70 percent of all tropical ply-
wood and veneer entering world trade), 
and by the year 2000 they are projected 
to double again. 

The nations of Western Europe 
account for about one.third of the 
developed world's imports of tropical 
hardwoods, an amount that isprojected 
to increase by about 75 percent by the 
year 2000. Most of the timber derives 
from West and Central Africa, though
within the last few years there has been 
amarked expansion in hardwood imports
originating from Southeast Asia. 

By far the major source of tropical
hardwoods to date has been Southeast 
Asia (Table 2). Between 1950 and 1973, 
the region increased its exports 24 times, 
until it was accounting for three-quarters 
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of international trade in tropical hard. 
woods. Latin America, with around 3 
times as many hardwood stocks as South-
east Asia, currently produces only 10 
percent of the world's hardwood timber 
and exports very little, due to the remote 
location of many of its hardwood forests. 
West and Central Africa export only 
about one-third as much as Southeast 
Asia. Plainly, howeveE, the progressive 
depletion of Southeast Asia's forests 
will cause much greater exploitation pres. 
sure to be directed toward the two TMF 
regions that have hitherto supplied little 
to international hardwood trade, namely, 
Amazonia and Central Africa- As harvest, 
ing technology allows loggers to extract 
timber from localities that are currently
considered inaccessible because of such 
factors as difficult terrain or remoteness, 
and as processing technology enables 
more heterogeneous types of hardwoods 
to become acceptable on commercial 
markets, both Amazonia and Central 
Africa can be expected to increase their 
share of the hardwood timber trade. 

PaperStates, 
While global consumption of hardwood 

products isexpected to continue to 
expand, it is paper products for which 
the'greatest growth in demand is projected. 
TMF contain relatively few stocks of the 
conventional source of paper pulp, i.e., 
softwoods. But the international paper
trade now expects to depend on TMF for 
much of its raw materials, as a conse-
quence of recent changes in forestry tech. 
nology. Until the mid.1970s, it was 

thought that TMF, with their multiplicity 
of hardwood species, could not readil% 
be pulped zfter the manner of softwoods. 
But new production processes now allow 
wood chips from some 100 selected TMF 
tree species to be simultaneously con
verted into pulp.' 0 TMF, comprising 
some 55 percent of the world's forests. 
currently produce only 7 percent of the 
world's paper and paperboard-a percent. 
age that could shortly start to grow 
rapidly. 

During the period 1950-1970 world 
output of paper products increased from 
40 to 130 million tons for a growth rate 
twice that of ponulation. If long.term 
trends continue, worid demand could 
rise from its prestnt level of around 180 
million torts per year to 400 million tons 
by the year 2000, and to twice as much 
again after only a further two decades." 

The developed world now uses almost 
160 million tons of pulp ayear, the 
developing woild little over 20 million. 
An average developed world's citizen con
sumes an annual amount of over 155 kg 
of paper and paperboard (in the United 

325 kg), whie a developing world 
world's citizen is unlikely to usw more 
than 5kg. (Many acitizen of Indonesia 
and Nigeria may not even account for 
1 kg, roughly half of one copy of the 
Sunday edition of the New York Times.)
If consumption continues to grow as in 
recent years, the developing world is pro.
jected to expand itu consumption roughly
3 times, as compared with a 2.times 
increase on the part of the developed 
world; thus by far the largest share of 
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total consumption will remain with the 
- developed world, 
*!! Whereas many nations of North Amer-. 

ca and Western Europe are self-sufficient 
4lI . for paper pulp or even produce asurplus, 

Japan isheavily dependent on foreign 
sources, almost half of its pulpwood now r 	 * coming from overseas. Following recent 

".4 increases in prices of U.S. softwood chips, 
Japan isturning to Southeast Asia and 
tropical America for hardwood chips,* 'which now supply over half of its 
pulpwood-chip needs.' 2 

, : Even though their consumption rates 
are presently very low, developing countries 
are strongly motivated to develop sources 

• of paper pulp. They currently import the 
4  grcat bulk of their supplies, at a 1975 

cost of $2 billion-worth almost two. 
thirds of developing countries' exports 

* of tropical timber. To give an idea of 
. low-level demand in developing coun. 
- tries, and of the amount by which it 

dt. 
 could expand, total newsprint consump-
tion in 14 Asian countries, including all 
"he most populous ones except China, 
now totals around 600,000 tons per! a year, or less than Canada's. 

Not onlyrdoes demand for paper 

it expands rriuch more as aconseluence 
of growing human aspirations. In parti. 
cular, the spread of literacy serves as aoweodemand-and inpwru stiulus o o 
many developing countries, lack ol paper 

'rr4[-is causing serious setbacks to education 
and communications. Within another 
decade, there will be a further 150 mil-developing
lion consumers of paper in deeoig..,~~~~~~~~~*countries: by the year 2000, Southeast 
countsiaeis;expece toe 2ear teast 

S --: much paper as in 19"74.1Indoncsia, aftermuh 	psiapr asinecet9o4needoit sar 
paying out S92 million for pulp importstome 8.eceto tsnes 97 

. sto needs in1977,
I" 	 meet 85 percent of its
has astrong incentive to use its own 

-	 orest resources as a pulp source,fs 	 rtion 

Economic ValueEmore 
Between 1954 and 1976, tropical

wood exports increased in value from 
S272 million to S4.2 billion. This repre, 

.. ", sents a growth rate far faster than that 
,for global trade in all forest products. 

Tropical wood exports now amount to
around 4 percent of the value of allthe 
developing world's exports excluding 

-. petroleum, making it one of the five" m,.st important export earners among 

in 1950). with 10 accounting for 70 per.
t3centetothttaof the total.'1 In Southeast Asia.nSuhasAi.
 

loggers focus on less than 100 tree species, 
with exports consisting mainly of only adoe rso. 4 

dozen or so.'iSc' when a patch of TMF isexploited, 
only a few trees, often less than 20 of 400 
per ha, are taken. Yet the logging opera. 

can leave many of the remaining 
trees damaged beyond recovery-far

than would be the case in a 
temperate.zone fcrest-because TMF 
trees are strongly linked together with 
vines, lianas, and other climbing plants.
sometimes as many as 2,000 per ha and 
some of them 200 m long." Commercial 
trees are often limited to the tallest,
which, benefiting from the sunlight, 
develop crowns as widespread as 15 m. 
When one of these giants isfelled, it is 
likely to break or pull down several 
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major commodities produced by the 
developing world. In fact, tiopical wood 
is no, one of the fastest vowing exports 
of the developing world, earning about as 
much revenue as sugar, cotton, or copper. 

Yet, substantial and expanding as 
these export earnings are, trade in tropi.
cal wood nevertheless amounts to only
about 15 percent of global trade in forest 
products. The Congo and Finland have 
land areas and forest estates roughly the 
same size, yet in 1973 the value of 
Finland's forest exports was 60 times 
greater than the Congo's. The six main 
countries of the Amazon Basin, plus
French Guiana, Guyana, and Suriname, 
possess 2.7 hectares (ha) of forest per 
person, compared with a world average
of about I ha; yet they import more 
forest products by value than they 
export. 

Ecological Impact 
Due to the diversity of tree species 

in tropical forests, coupled with the 
reluctance of international timber mar. 
kt otk oeta ml rprkets to take more than a small propor
tion of wood types available. :he corn

mercial logger is inclined to harvest veryselectively, taking a few choice speci.mens with disregard for the rest-a 
"creaming" operation. Of Amazonia's 

many thousands of tree species, onlyabout 50 are widely exploited, even 
though as many as 400 have some com

mercial value. Africa exports only 35 
principal species (albeit twice as many as 
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others with it. Furthermore, tropical Thus the extreme heterogeneity of
trees are highdy susceptible to attack by TMF no longer presents a problem to the
pathogens; as a result, a seemingly minor forest exploiter who seeks to manufacture
 
injury, such as a patch of bark torn off, 
 wood pulp. This represents a welcome 
can leave a tree vulnerable to irreparable breakthough not only for Ja,an, with its

damage. Logging roads and haulage tracks, large and growing demand ior wood
 
;ometinmes averaging as much as 10 km 
 chips from oversas, bu! also is of poten.

for each km' of forest exploited, can, 
 tially enormous benefit to tropical-forest 
together with dumping zones and land countries themselves,with their fast grow.
for logs, account for 10 to 30 percent of ing need for wood pulp. 4 

'
the forest area. y 
 Furthermore, some observers look
Repeated surveys in Southeast Asia upon this "any-tree/all-tree" harvesting,
reveal that the average logging operation also known as full-fores: harvesting, as ,
 
leaves between cne-third and two-thirds an innovation that could represent some 
 , 
 .
of residual trees damaged beyond recov- sort ,isalvation for TMF,at least so far

ery.' 7 Ir addition, almost one-third of as crtain forms of wood exploitation
 
the grourd may be left bare, in many 
 are concerned. By enabling intensified
 
insta.ce, A4h the soil impacted by the production of wood products ina few
 
heavy machit-ry. With greater are,
the damage seleco-d areas, it could relieve extensivejuld be reduced by half. . . ,"estingofo wood from large tracts of ) '
 
But 's.,destr'ctive exploitation would .,,. Other observers are inclined to.s. 
raise timber prices for the end-product believe that i.could amount to . two
consumer-sometting that the main mar. 
 edged sword. Under this technique, a T -1
 
kets (Ldevcloped nations) are unlikely to patch of forest isnot exploited selec
accept on the grounds that i;t tively, on asustained-yield basis, segunduly inflationary. would be ments are exploited entirely, once and '... , 

Clearly. logging impa;t varies from for all.
 
area to area. In some places, the con
sequence is-only light modification of However, if a harvested forest isthen
 
the fores, while-in other places it replaced by a man.made forest, this
 
amolints to gros;s degfadation. If the log, intensive use both of the original forest
 
gang ishighly selective, e.g., for mahogany, and of the land on which it stood may

it ispossible that the forest may never 
 help to confine timber harvesting to 
return to its original composition. Even limited localities. Alternatively, full.
 
if the logging is less selective, it will still forest harvesting can be conducted in

take many more than a few years for scattered blocks, or in strips possibly up

natural regeneration to fill the gaps to 200 m wide (although no experimen
caused by the removal of timber trees.i 9 tal studies in tropical forest manage

ment have shown 200 m to be the upper
 
Wood Chips limit of clear-cut strips), whereupon the
surrounding tracts of undisturbed forestForestry technology has recently will eventually enable the exploited zone
developed processing rv_-thods that enable to regenerate. But this sophisticated hartropical hardwoods to be pulped in a vesting technique can work to ways: it
single mixture.' In Colombia, some 100 can either hold out better prospects for
species are used in one operation, sub- many sectors of untouched forest, or it
sequently supplying 40 percent of the can presage total conversion for many
kraft and linerboard. In Papua, New sectors.
 
Guinea, ajoint hardwood chip mill, estab
lished in 1974, accepts over 200 species 
at once. Similar operations are under Plantations 
way in Brazil, Indonesia, Malaysia, the In a few localities of the tropics, forest
Philippines, and Thailand. Since the tech. plantations are being established. These
niques cannot only be applied to sound plantations now comprise around 85.000 
trees of any sort, but can be used to sal. km* Of this total, almost 40.000 km: 
vage defective trees and dead standing are in Latin America (over half in Brazil)
timber, they can expand the yield of ahardwood forest by aq much as an addi. and the rest split between southern and 

<,Southeast Asia, and West and Central . 

tional 300 p..,cent of usable wood.2' Africa. o ''_'' "
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Ssftinp to supply firewood being grown in the Kombisjni nurey in Upper Volta. 

To the extent that man-made forests ing pulp producers, it imported 700,000supply the quantities and types of wood tons of pulp and paper in 1974, worth
required by world markets, they reduce $349 million.as As aresult of its
the pressure to exploit primary forests, plantation program, established in the
So iast-growing ae some plantation tree mid-1960s, Brazil aims to produce
species that a 5Cj-km2 plantation can enough pulp to meet its own needs by
readily produce I million m3 of market. the early 1980s, and by the year 2000,
able timber per year, avolume that could Brazil plans to have an annual surplus
be obtained only. from 10 times as large of 20 million tons of pulp for export to 
an area of natural forest.' However, other countries of Latin America (worth 
onlv 5.000 ki or so of additional at present prices, S5.5 billion).:6 
plantations are established each year- This long-term program will require
only one-third as many as would be 2an additional 40,000 km of plantations.
required to supply enough wood to During the 1970s, the average price of
relieve extreme exploitation pressures on land for reforestation in some of Brazil's
TMF during the course of the next two heavily populated southern areas has

dec--des, 
 increased I I times, so there isstrong


Li any case, tropical forest plantations incentive to look for opportunity else. 

are not without problems. They can where-notably in Amazonia. where

pro%.e costly to establish. S200 to S400 
 there are scheduled to be 10.000 km2 

per na. In common with many mono, 
 of plantations by 1985. Nonetheless,
culture crops, they tend to attract even if all additional plantations of the

diseases and pests that are numerous and 
 next two decades were to be located in
varied. When plantation trees are Amazonia. they would not have to affect 
harvested, they may take a large stock more than 1.5 percent of the presentof nutrients with them, requiring the use forest expanse.
of ever increasing amounts of fertilizer 
to maintain productivity. Obstacles 

The greatest expar'e of tropical planta. From the standpoint of safeguarding
tions. some 25,000 km 2 . isin Brazil, one primary TMF, the most appropriate
of the world's most impressive forestry strategy is to establish plantations in
accomplishments. Less than 1.000 km' forest territories that have already been 
are located in Amazonia. with the rest exploited and have become poor.quality
in southern Brazil, where broad-leaved secondary forest, degraded grasslands, or
species are grown on 13,000 km' and areas that have been overburdened by
coniters on 10,000 km. forest farmers. There are 440,000 km2 

In 1975 Brazil consumed 1.9 million of such misused lands in Indonesia alone-tons of paper, an amount that isexpected an area larger than the country's desig.
to reach 4 million tons by 1985. Although nated protected forests. A number of 
Bral is now among the world's 10 lead- pioneer tree species can be made to grow 
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satisfactorily in such areas. 
Regrettably, an outcome of this sort 

isgenerally precluded by at least two 
factors. First, aplantation entrepreneur 
seeks to locate his concession within an 
extensive tract of primary forest, so that 
he can exploit the hardwood timber to 
capitalize his plantation. Secondly, 
already cleared forest-lands are generally 
occupied by settlements of one sort 
or another, and it is politically difficult 
to uproot these in order to plant trees. 

A further problem arises, one that 
couli severely reduce the expanse of 
plantations to be established anywhere in 
TMF countries. This concerns the scale 
of investment that will have to be made 
available for plantations (plus associated 
processing industries) if they are to make 
a sizable contribution to tropical timber 
supplies during the foreseeable future. 
Food and Agricultural Organization and 
World Bank estimates run as high as S3 
billion per year over the next two 
decades.
 

In the face of investment requirements 
of this magnitude. TMF countries are 
increasingly looking toward the foreign
investor: half of Latin America's total 
sales of paper and paperboard have 
recently been accounted for by affiliates 
of U.S. timber corporations2 . and Brazil 
has just reached agreement with II 
Japanese companies for aSI billion. 
4,000km2 pulp project. Yet foreign 
investors are not moving into the field 
of tropical plantations as fast they might.
They are not sufficiently asaured concern
ing security of prices for their products, 
or security of tenure for their holdings. 
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Each inflationary upheaval in world cur-
rercy systems. and each nationalization

of a foreign enterprise in a tropical 
country, defers the day when enough 
plantations will be established to relieve 
the more excessive timber exploitation 
pressures on TMF. Considering that 
plantations require a lead time of at least

10 years before they start to produce 
wvood in bulk, stabilizing a favorable 
politico-economic environment for the 
foreign entrepreneur is an urgent 
requirement. 
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Chapter III
 
Using Natural Resources
 

as a Planning Guide
 

Rural areas arv fortunate in still being able to make planning 
choices based on existing natural resources. Although it would 
appear self-evident that choices must be based on the land in 
rural areas, the method of land-use planning that starts with 
the natural resource base is sometimes overlooked by planners 
trained to deal with urban situations where the possibility of 
making such choices has long since disappeared. In recent 
years, increasing numbers of rural areas have recognized their 
special opportunities and have developed olanning methods 
which take natural resources as their starting point. 

Planning based on the natural resource base is motivated 
not only by the desire to conserve and protect desirable 
natural features (although this is of course an important 
point), but also by a belief that development of any kind
roads, residences and shopping centers-can best be located, 
with less present expense and fewcr future problems, if based 
on an understanding of natural constraints. The natural envi
ronment can structure the optimum location of development
and save the community problems in thL iture-problems
With provision of water, for example, or with erosion, settling, 
and sedimentation. Once the natural characteristics of the land 
are mapped and classified, a clear physical structure which 
Constrains or permits future growth often becomes apparent.Preparing the inventory and classification of natural re
sources is an important part of rural environmental planning. 

Out of the variety of existing characteristics that can be looked 

39
 



40 Rural and Small Town Plannlng 

at, the planner selects for analysis those which will have the 
most important effects on future development. It is clear that 
topography, soils and water are important. Topography dictates 
the location of roads and houses; clearing steep slopes for 
building is not only expensive but may create future problems 
affecting the stability of larger land areas. Soils have important 
characteristics which must be respected: permeability relates to 
the location of septic systems; bearing capacity affects the costs 
of new housing, aid preserving agricultural potential may be 
necessary for the economic health of the community. Though it 
is hardly necessary to point out the value of a pure water sup
ply, the relationships between the supply of water and other 
characteristics of the natural rrzource base are not always obvi
ous. A natural resource inventory can help to point out impor
tant relationships between the various natural and man-made 
systems. Geology, vegetation, wildlife, and unique natural or 
man-made features all play different parts in maintaining the 
desired quality and unique identity of a given region. 

This chapter provides a guide to Fome of the techniques 
involved in preparing the i:ventory of existing conditions. 
offers some aids to the planner or citizens making the inven. 

tories, and suggests some of the characteristics of existing 
resources which must be examined and interpreted. 

Maps 
A useful resource inventory Is compiled by describing and 
mapping each set of natural features and existing land uses 
individually: topography, hydrology, soils, geology, vegetation. 
and wildlife are suggested as basic categories for maps. other 

natural resource categories, however, may be selected. The 

primary sources of information will be existing maps, verified 

by field checking where possible, supplemented by repOrtS, 

studies, and surveys. 

It is important to keep in mind that along with maps and 

other printed documents, there is no substitute for firsthand 

information: local specialists such as hydrologists and geolo1gis 
*atnearby universities are 'requently the most expert sourceS of 
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information in a region. Not only will they be able to interpret 
configurations, statistics, and other data, but they will probably 
have recent information and field experience. Agencies work. 
ing with maps should maintain close contact with those who 
compiled and published the maps. For example, any decisions 
based upon soil, geological, or topographic considerations 
should be made only after consultation with the regional offices 
of the Soil Conservation Service of the U.S. Department ofAgri
culture. Aside from their ability to interpret maps, they will 
have updates and amendments on h-nd. 

Maps will be of little use unless they are able to be interpre
ted and evaluated easily. The identification of sub-areas for 
their intrinsic suitability for conservation or for futuire devel
opment might be the guiding principle in preparing a presen
tation. For each of the major data categories, factors related to 
conservation or to development should be selected and high
lighted. For an initial planning effort a simple summary cate
gorization of data will be helpful. For example, in presenting 
an intt;,retive map of slope conditions, "slopes greater than 
25 p,- :nt-usually no developmenr" may be represented by 
dark -. ading; "slopes from 15 to 25 percent-suited for devel
opmen" and "slopes ot 0 to 3 percent-acceptable for devel
opment if no ponding or erosion problems" should be shaded 
successively lighter. By such a presentation, major categories 
will be clear. 'hat is important is to recognize that too much 
data may be as difficult to understand as too little. For pur
poses of clarity, or to highlight a variety of values, it may be 
useful to prepare more than one interpretive map for a given 
category. For example, a soils map may be prepared which 
highlights soils suitable for agriculture, and one which high
lights soils suitable for corstruction. 

Since each set of data (e.g., soils) should be recorded on its 
own map, it is essential to have a good base map, which acts as 
a reference point upon which subsequent maps are placed. 
Base maps should display all man-made features in the region: 
roads, political boundaries, and even individual structures, if 
the scale is small enough to permit iL 

The base map should be of a convenient size for work in the 
field, and easily reproducible. It is important to keep it simple 
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and legible. Scale should relate to the capabilities of reproduc
tion equipment readily available. If the map Is to be repro
duced in sectiors to be pasted together it should be divided in 
such a way as to make matching easy. Sections should also be 
divided in such a way as to be easily reproducible on available 
equipment. If maps anc to produce maximum benefits, they 
should be readily avvilable and relatively inexpensive. 
- It may be useful t,. have a base map prepared in two or even 
three different scales or sizes in order to meet all eventual 
demands. For all towns but those of very small size, it may be 
desirable to have a base map with sheets at a scale of 1° = 
200" or less for central areas which are densely settled. For 
areas which are developed with a number of 50-foot lots, a 
scale of 300 to 600 feet to an inch is about the minimum for 
acceptable legibility. For a rural area which wishes to include a 
central village with extended environs on its base map, ability 
to measure within fractions of a mile is all that Is needed. In 
this case 1,000 feet or a half mile to the inch will be appropri
ate. The final choice will depend on the size of the community 
and its particular needs. Combining maps of several scales for 
the preliminary survey way be the most workable procedure. 

The U.S. Geological Survey (USGS) maps at a scale of eizher 
1:24,000 1" = 2,000 feet (7- minute) or 1:62,500 (15
minute) 1" = approximately 1 mile (the former being more 
accurate than the latter) are convenient and useful references. 
Land Use and Land Cover and Associated Maps are now being 
compiled by the USGS for the entire country. 

In 1974 the National Cartographic Information Center 
(NCIC) was established by the USGS to provide information and 
assist data users in obtaining both general and special carto
graphic information. They are an excellent source of help. 

Topography and Slope 

Land iuse is determined, to a great degree, by elevation and 
slope. Historically, development progressed through lowlands, 
into valleys, and around hills and mountains. Although this 
general pattern still remains true, today there are far fewer 
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restrictions on developing steep slopes and other areas once 
considered inaccessible or undesirable. For this reason, the 
shape of the terrain must be known if land use is to be 
properly planned. As elevation increases, so do the costs of 
roads, utilities, and maintenance services, such as snow remo
val. As the degree of slope increases, so does the difficulty of 
building and supporting structures. 

The development of hillsides must be approached with care 
because such development can affect the equilibrium of a 
region or district wider than anticipated. Care must be exer
cised when tampering with the harmony of slope, soil, vegeta
tion, drainage patterns, and geological foundation. 

Bad planning can disturb soil stability, causing erosion and a 
resulting loss of slope; careless removal of vegetation from 
hillsides deprives the grade of the cemental network of plant 
roots, alters established drainage pathways, or eliminates a 
natural wind screen. Such a loss of protection permits rapid 
erosion, which adds silt and other sediment particles to 
downstream waterways and sullies immedia.e water quality. 
Spring thaws or strong rains on unstable slopes can produce 
mass movements, sucL, as landslides, slumps, and flaws, par
ticularly in steeply sloping areas. 

By the removal of vegetation, hillside development also in
creases runoff that would ordinarily be retained and transpired 
by trees and other vegetation. The detrimental effects of hillside 
disturbance are increased by the addition of impervious sur
faces, such as paving and buildings, further reducing ground
water percolation, thus adding to the amount of runoff, destruc
tion of water quality, and potential for flooding. 

Furthermore, disturbance of hillsides can destroy a commu
nity's aesthetic resources. A range of hills frequently marks a 
community's boundary and provides an attractive scenic setting 
for homes and buildings. Degradation of hillsides as a result of 
erosion and loss of vegetation deprives a community of its at
tractive and distinct setting and decreases real esta nalues. 

Through insufficient attention to the problems posed by 
erosion, runoff, and aesthetic damage, hillside development 
can have a far-reaching impact on a region's land, water, 
economic, and scenic resources. Yet with proper planning, 
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hillsides can be developed in a manner compatible with hill
side ecology. 

Although there are many factors that determine where hill
side development is appropriate, it is safe to say that low 
slopes (those with 1 to 10 percent grade) offer few major 
obstacles to development, although they are susceptible to 
erosion if careless removal of the groundcover occurs. Gentle 
slopes are capable of supporting low-density residential use, 
but more intense uses should bc allowed only with caution. 

Density should be lower on moderate slopes (10 to 25 
percent grade) because severe erosion and land slippage may 
result when the groundcover is disturbed. Subsequent sedi
mentation is a serious possibility, fouling and clogging streams 
and disrupting the natural water courses. If the soils and drain
age on moderate slopes are nOt conducive to construction, 
structural damage can result. " 

On extreme slopes (above 25 percent grade), development 
will almost certaiily increase the amount and velocity of run
off, causing severe erosion. Sincel development is risky and 
very expensive, these areas might be set aside for recreation 
since they often are of great scenic beauty. 

Slope in a region may be determined from a topography 
map, readily available from the National Topography Map Ser
ies of the USGS. Most states now have a complete coverage at 
1:24,000 and 1:62,500. Relief is shown by 20-foot contour 
lines on 15-minute maps and 10 feet on 7+ mi te maps. If 
the use of contours is wanted for an overlay map, the USGS can 
furnish maps with only the brown overprint that indicates 
contour lines. 

Other sources for topographic maps in some states are 
state geological surveys and state planning agencies. In addi
tion, the U.S. Army Topographic Command has maps for some 
areas of the country. Soil survey maps usually provide some 
topographic information-mainly that rele'ant to erosion, lo
cation of ridge lines, and direction of drainage. If an area 
lacks current maps, the USGS will pay up to one-half the cost 

•	of topographic mapping carried out in cooperation with state 
or local governments. 
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It will be easy to use contour maps for public presentation 
if, instead of using an overlay of contour lines, the degrees of 
slopes are aggregated into three or more groups-low, mod
erate, extreme, etc.-and each assigned a different color. This 
will at once reduce the complexity of the map and, at the 
same time, highlight only those areas that have significane 
slope that will have an effect on planning development. 

Hydrology 

The principal reasons for controlling development on or near 
water are to protect watersheds, to pireserve the quality and 
quantity of the water supply, and to prevent damaging floods. 
Urban areas require great quantities of water for industrial, 
business, and domestic use. In regions where agriculture is a 
major land use, water availability and quality are as important 
as soils. Since, in any case, surface waters are essential for 
regional aesthetic and economic benefits, they should be 
inventoried thoroughly. 

The desired degree of control varies for the type of area 
where development would affect surface water. Permanent 
bodies of water-lakes, rivers, streams, estuaries, etc.-are valu
able as a source of water supply, food, and recreation, for waste 
dispersion, transportation, and power generation. All lakes and 
ponds may become degraded, become marsh and then dry land. 
This natural evolution, called entropy, may be hastened by un
controlled development since pollution and erosion resulting 
from urbanization can destroy the water's balanced nitrogen 
and oxygen cycles and its recreation potential. 

Streams and creeks have a direct effect upon the quality and 
quantity of a region's water resources. Qualitatively, streams 
and creeks replenish groundwater, river flow, and reservoirs; 
they are a major natural source of water to the system and if 
they become polluted, then a region's entire water resource, 
both above and below ground will suffer. Quantitatively, 
streams and creeks may carry increased runoff or sediment 
from improper watershed development and increase or cut off 
regular water flow to groundwater formations. Similar quantita
tive effects can be seen, on a larger scale, in lakes and rivers. 
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Since streams and creeks contribute to a region's total water 
resource and general environmental well-being, the planning of 
development within a region must expand beyond the water
courses themselves and look to the whole concept of the 
watershed system-drainage, wetlands, lakes, reservoirs, and 
groundwater filtrations. Since stream; and creeks are major net
works., that transport nutrients and sedimentation, as. well as 
pathways functioning as routes for various birds and mammals, 
they are a matrix of the watershed, binding hillsides, wood
lands, and wetlands into one inseparable, interdependent eco
logical community. Because streams and creeks are an intricate 
part of the hydrological and nutrient cycles, and because of 
their intricate relationship to so many environmental communi
ties and processes, the health of the watercourses serves as an 
index to the health of the entire system. 

Floodland is the land arca adjacent to.a body of water which 
Is covered by excess water during periods of flooding. This 
water carrying capacity of floodlands is an essential function 
and is why floodlards are so valuable. Floodlands may be di
vided into zones based on the frequency of inundation, often 
categorized as channels, floodways, and floodplains. It is espe
cially important to make these distinctions for land-use and 
development controls which are important since building on 
floodlands endangers human life and property. Furthermore, 
floodplains often provide valuable recreation land. Filling, dam
ming, or leveling floodplains decreases storage capacity and 
Increases flood velocity and the flood potential downstream. 
Agriculture is often an i '-al use in floodplains as the soils are 
very fertile, there is usually substantial groundwater, and the 
effect on flat land is minimal. 

Wetlands-tracts of low-lying lands that arc saturated with 
moisture and usually overgrown with vegetation-act as 
sponges that absorb excess runoff and thus reduce flooding 
potential. They also provide important wildlife habitats and 
recreational areas and have educational and scientific value. 
Some wetlands have agricultural value; they often have scenic 
beauty. Wetlands are frequently found about estuaries-water 
passages where the tide meets a river current, especially an 
arm of the sea at the lower end of a river. As breeding 
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grounds for a variety of organisms, estuaries are particulal!y 
intolerant of waste disposal, dredging, filling, and upstream 
pollution since these activities can destroy important animal 
and plant communities. 

Subsurface waters in the form of aquifers-water-bearing 
layers of sand, gravel, or porous rock-are as important and 
delicate as surface waters. As a major source of water supply, 
their quality must be maintained and the removal of water 
from them must not exceed the rate of replenishment. 
Aquifers are replenished in recharge areas-areas of inter
change between the aquifer and the earth's surface and the 
point where precipitation and surface water infiltrate the 
aquifer. Wise planning of development in recharge areas is 
particularly important because of the danger of polluting the 
water supply. 

Aquifers act as reservoirs, filters, and a balance in the hydro
logical system of a community and region. They are natural 
reservoirs for groundwater used in drinking and irrigation and 
must be protected because the amount of groundwater enter
ing the aquifers is used by many types of communiies: some 
areas can draw upon surface water supplies, such as lakes and 
streams, for their drinking water and irrigation needs, but many 
communities, particularly rural ones,depend upon groundwater 
or wels drilled into aquifers for their water. 

Percolation of precipitation through soil and overlying for
mations filters many impurities before they reach thc aquifer; 
as groundwater moves through waterbearing formations of 
aquifers, it is filtered further. But this filtering property of 
aquifers is not absolute. Leaking septic tanks and sewage lines, 
unsealed landfill sites, and sewage and soil waste disposal sites 
can allow pollutants to pass directly into groundwater reserves 
where the water table is very near the surface, the soil mantle 
is very thin, or the aquifer is very permeable. In these cases, 
concern must be directed toward tie quality of water entering 
the aquifer. 

Similarly, pollution or depletion of surface water affects 
groundwater and can contaminate an entire system since 
aquifers are directly connected to lakes, streams, and wetlands 
through gradual seepage. Alternately, some of these lakes, 
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streams, and wetlands replenish their water supply from te 
aquifer when conditions are dry. Therefore, pollution factors 
must be checked Lo maintain the aquifer.stream.lake-wetland 
reciprocal balance and aterion must be focused oft the qual
ity and quantity of water exchanged between groundwater and 
surface reserves. 

Because aquifers serve these three functions-they act as a 
reservoir, as a filter, and as part of the hydrclogica! cycle
they are important regional resources and are prticulariy 
sensitive in terms of development. It is best to avoid develop
ment over deep aquifers. 

Hydrology studies include subsurface water as weli as sur
face water. The Water Information Group of the USGS has 
information in the form of maps, atlases, and reports that cover 
various characteristics of the hydrological cycle. They have a 
free publication for each state, "Water Resources Investiga
tion," which includes a list'of a selected number oi reports 
prepared for each state. Depending on detail, the scale of the 
maps varies from 1:24,000 to 1:250,000. For surface water 
only, a local planning ag,'-ncy may request - copy of the blue 
overprint from tht standard USGS topographic map. These 
hydrological maps and reports containcmuch information 
about the quality and quantity of ground and surface waters. 
For a given area, hydological information includes analyses of 
the elevation levels of major floods, depth to mineralized 
groundwatcr, saline water, chemical qualities of surface water, 
and temperature of surface water. Aquifers, floodplains, and 
wetlands should be highlighted on the hydrology map. 

Soils 

Soil composition directly affects building and highway con
struction, septic systems, water availability, and agriculture. 
Since everything tha, touches the soil is affected by it, it is 
essential that accurate ,oil data are used.in land-use planning. 
A soil suitability study should be used to assess (1) the engi
neering property of soils in order to determine the appropriate 
pattern of residential, commercial, industrial, agricultural, and 
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recreational use; (2) the suitability of soils for sewage disper
sion, drainage systems, and water storage; (3) the soil and 
plant relationship so that prime agricultural areas can be iden
tified; and (4) the location of importan: mineral deposits. 

Soils with a high moisture content, whether due to a high 
water table or poor dr.'inage, are suitable only for floating or 
other specially built st: 'ctures if supplied with public water 
and sewerage. Wet soils important because they store water, 
can be easily contaminated if septic tanks arc allowed. In 
development, draining and filling should be permitted selec
tively if they do not interfere with the water supply. 

Dense soils inhibit and are often impervious to the free 
downward flow of water; such soiis usually have a high pro
portion of clay in them. Impermeability may cause :anks to 
overflow and contaminate the water supply, and like wet soils, 
dense soils are unsuitable for development without public 
water and sewer s'stems. 

Poor load-bearing soils are usually easy to compact because 
of their moisture content or because excessive internal spaces 
are present. (Filled land or industrial or municipal waste piles 
often have these characteristics.) Such soils are unable to 
support structures such as buildings and paved roads, and are 
thus generally unsuitable for intensive development. Recre
ation and agriculture, as well as certain types of light or 
flexible structures, are adaptable to roor load-bearing soils, 
but heavy -tkructures require anchoring to bedrock. 

If a locai planner is unable to interpret soil types into 
appropriate use categories (e.g., soils good for residential de
velopment, soils for agriculture), the local Soil Conservation 
Serviie (SCS) office can prepare such interpretive maps and 
reports. For this reason, it is a good idea to work closely with 
the local office. 

A soil survey is based upon aerial photography and the maps 
are usually printed at a scale of 3" = 5,000 (3:60,000) or 1" = 

1 mile. They are accompanied by a discussion of the functional 
classification of the soils in the area based upon a nationwide 
classification system, including a description of each kind of 
soil and general information about the agriculture and climate 
of the area. Most surveys supply information such as the most 
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important soils for potential agricultural uses, what types of 
wildlife are likely to be associated with certain types of soils, 
nonagricultural plant material and its relationship with soil 
types, Likely flood and drainage areas, and soil properties af
fecting engineering uses. This basic information provides a 
suitable foundation for planning decisions. 

Geology 

Geology involves not only bedrock and other mineral founda
tions covered by a layer of soil, but also areas and planes of 
exposed rock. Geology has a fundamental bearing upon sur
face and subsurface drainage patterns and a site's abilitv to 
support structures. 

In some areas, the underground formations are incapable of 
supporting heavy loads and development can cause subs*dence, 
landsliding or other earth movement. These weak arras are 
usually associated with certain geologic characteristics, a type 
of bedrock or the manner in which layers of rock and soil are 
arranged, for example. Areas such as these may be capable of 
supporting only low-intensity development and may require 
special construction methods to assure slope stability.

Many problems arise because iavesrigations often neglect 
to identify the nature and location of subsurface mineral 
deposits. Wherever mineral extraction is feasible, the detri
mental effects of such extraction must be minimized and 
provisions must be made for site re-use after the extractive 
operations are concluded. With proper planning, mineral ex
traction can be accomplished without negative effects on the 
environment, but this is possible only if planners know be
forehand where the deposits are located so that land use 
before and after the operation can be controlled. If mineral 
deposits are found after development has taken place, extrac
tion operations must be precluded. 

One of the problems encountered when collecting geologi
cal data is that too often they are outdated and have varying
degrees of accuracy In many areas of the country. Further
more, interpretation requires experts. Geological maps of 
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1:24,000 to 1:63,363 are available for only about 25 percent of 
the U.S. and smaller scale maps (1:250,000) are available for 
less than one-third of the states and approximately 40 percent 
of the country. Maps showing geological structure and mineral 
resources in a region are available from the USGS. 

Vegetation and Wildlife (Biotic Resources) 

Too often, if vegetation and wildlife are considered at all in 
land-use planning, it is only in terms of parks and other open 
spaces for recreation. Little thought Is given to the ecologically 
delicate relationship among plants, animals, and man. Since un
controlled development and the subsequent loss of ground
cover can often have serious consequences, it is important that 
planners should have at least a working acquaintance with ecol
ogy and should gather as much information as possible about 
areas in their region sensitive to development. 

Development should be watched especially In woodlands 
since they play an important role in the protection of 
watersheds. Aside from the aesthetic pleasures that trees, 
shrubs, and other vegetation provide, they also prevent ero
sion by binding the soil together with their roots. In addition, 
as water percolates downward, plantlife aids in its cleansing. 

Unique vegetation habitats should be preserved for scientific 
and educational reasons. Virgin stands of forest, unbroken 
prairie, and other features support complex animal communi
ties that are intrinsically important. The tolerance of these areas 
to intensive nearby development varies but must be taken into 
consideration in any event. 

The green overprints of the USGS topographical maps may 
be used to determine dense woodland cover, but for a more 
detailed and accurate inventory, local sources have to be used. 
Wildlife and botany experts at nearby schools are often valu
able aids for identifying, unique habitat areas and routes of 
migratory animals that are worthy of protection. State fish and 
game departments may also have to be consulted. In short, 
gathering data on vegetation and wildlife is a piecemeal pro
cess. Site-specific information on biotic resources simply does 
not exist for most regions. 
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The Ganges Water Machine 

Roger Revelle and V. Lakshminaryana 

The river Ganges and its tributaries, 
and the flat and fertile plain through 
which they flow, are one of earth's 
great natural resources. For thousands 
of years abundant water and generous 
land have provided the foundation for 
a highly developed civilization based on 
agriculture and for one of the world's 
largest concentrations of human popu-
lations. But farming is mainly tradi-
tional and at a subsistence level, with 
little surplus, and as a result the popu-
lation has remained overwhelmingly 
rural and most people are desperately 
poor. Although irrigation from canals 
and wells has been practiced for mil-
lennia, chiefly as a protection against 
the uncertainties of the monsoon rains, 
the water resources are largely un-
tapped; the small fraction of water used 
for irrigation is poorly managed and its 
productivity is low. 

Deeply embedded cultural, social, 
and economic problems inhibit modern-
ization of agriculture and fuller utiliza-
Lion of the water resources. Capital 
investments and technological changes 
on a large scale are also required. As 
experience elsewhere shows, the intro-
duction of techno!ogical changes on the 
required scale might break the chains of 
tradition and injustice that now bind the 
people in misery and poverty, 

Ganges and 	Its Tributaries 

The Ganges Basin covers parts of 
four countries, India, Nepal, Tibet, and 
Bangladesh; eighti Indian states, Punjab, 
Uttar Pradesh, Haryana, Himachal 
Pradesh, Rajasthaz, Madhya Pradesh, 
Bihar, and West Bengal; and the Union 
Territory of Delhi. We shall consider 
that part of the Basin that drains into 
Bangladesh through the great distribu-
tary called the Padma. The other main 
distributary, called the Bhagirathi, has 

Roger Revell is director of the Harvard 
Center for Popultion Studies. Cambridge, Mas
sachusetts 02138, and V. Lakshminirayana Is 
assisAm professor of civil engineering at the 
Indian Institut of Tchnology, Kanpur, UttarI.nda 

9 MAY 1975 

long been moribund and now serves 
only as a spill channel for Ganges 
floods. Within India, the Ganges Basin, 
as we have defined it, covers 800,000 
square kilometers (1). Its population is 
about 225 million, somewhat more than 
that of the United States, which covers 
nearly ten times the area. At present 
rates of growth, the population will 
double in 30 years. 

The fundamental problems of land 
and ,ater development in the Ganges 
Plain arise from the highly seasonal 
flow of the river and its tributaries, 
Nearly 84 percent of the rainfall occurs 
from June through September, and 80 
percent of the annual river flow takes 
place during the 4 months of Jly 
through October. 

The average annual flow of the 
Ganges at the Hardinge Bridge in west-
ern Bangladesh is 36.2 X 106 hectare-
meters, arU the monsoon flow from' 
July through October is 28.9 X 104 
ha-m. During the remaining 8 months 
of the year, the river carries only 
7.3 x 106 ha-m (2). Part of this dry-
season flow comes from groundwater 
in the Ganges-Plain, and the remainder 
comes mainly from the Himalayas. 

Even at present, the dry-season flow 
of the Ganges is barely sufficient for the 
needs of India and Bangladesh. If irri. 
gation with either groundwater or sur. 
face water continues to be developed 
along the lines of present programs, the 
dry-season flow will be continually re-
duced. In order to develop the full irri-
gation potential of agricultural land 
without unacceptable reduction of the 
dry-season flow of the Ganges, it will 
be essential to store a portion of the 
monsoon waters for use in irrigation. 
Because of the steep slopes of the 
Himalayan foothills and the flatness of 
the Ganges Plain, surface sites for stor. 
age are scarce, and costs per unit vol-
ume of surface-stored water are several 
times higher than in many other parts 
of the world. On thr other hand, there 

are great possibilities for undergound
storage, which should be relatively in-
expensive. 

Png Nm for the Gimg 
Low F 

Irrigation In Bangladesh. The average 
raf in Bangltdesh is higher, and the 
potenti-! for increasing groundwater 
recha.:'ge from rain is greater, than in 

the Indian part of the Ganges Plain. 
Unfortunately, there is a wide variation 
among different districts, just as in 
India. Revelle and Herman (3) esti
mated that water from the Ganges is 
needed in Bangladesh during the low 
flow season to supplement groundwater 
irrigation in three districts in the north
western part of the country. In the 
southwest, where the groundwater is 
saline, Ganges water is the sole irriga
tion source. In other districts some 
Ganges water is needed to minimize 
saltwater intrusion. The sum of these 
needs totals about 1.8 x 106 ha-zn. 

Diversion atlow flow waters tor Cal
cutta port maintenance. Part of the 
Ganges waters during the low flow sea
son must be diverted at the Farakka 
Barrage through the Bhagirathi into the 
Hooghly River, to maintain a sufficient 
freshwater discharge past the port of 
Calcutta. We learn that the feeder chan. 
nel at the Farakka Barrage has been 
designed and constructed for a capacity 
of about 0.29 X 106 ha-m per month. 
This is more than half the average low 
flow of the Ganges during the 3 months 
of February 	 through April. These are 
also -the months when the need for 
surface water is most critical in western 
Bangladesh and when the flow into the 
rivers from groundwater is minimal. 

Navigation on the main stream. Eco
nomic development in both India and 
Bangladesh 	 would be hastened if the 
Ganges could be used as a great inter
national waterway for transport of 
heavy or bulk materials. Conversely, as 
development proceeds, the needs for 
year-round water transportation on the 
river will rapidly grow. A water route 
down the Ganges and up the Brahma
putra into Assam would yieid large 
benefits today. 

Year-round 	 transportation will de
pend directly on maintaining a sufficient 
dry-season flow. Even for relatively 
shallow barges and moderate-sized 
ships, an average river depth of 5 m 
would be desirable. With a width of 
900 m and a velocity of flow of 0.35 m 
per second, 	 this would require a mini
mum discharge of 1550 m3/sec, or 
about 3.2 x 106 ha-m during the eight 

dry months. 
Downitream water quality. The 

tgrowth of modern agriculture in India, 
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based on irrigation development, and 
the construction of heavy industries 
with large water demands will inevitably 
worsen the quality of the Ganges waters 
during the low flow season. A large 
variety and quantity of chemical and 
organic residues, including chemical 
fertilizers and pesticides, will be carried 
in the return flows to the rivers. Al-
though it is difficult to make a quanti-
tative estimate of the amounts that will 
be involved, one of the most forceful 
,zrguments for maintaining the low flow 
is to ensure that a sufficient volume of 
water remains in the rivers to dilute and 
oxidize these residues. 

Utilization of Monsoon Flows 

Taking into acount the irrigation 
potential in the kharif (monsoon) and 
rabi (winter) growing seasons, at least 
25 x 106 gross cropped hectares in the 
Ganges Plain could be fully irrigated in 
addition to the present partially irri-
gated gross area of about 12.5 X 106 
hectares. With modern agricultural 
technology, the production of food 
grains from the irrigated area could be 
more than 150 X 108 metric tons, 
enough to provide a satisfactory diet 
for more than 600 million people. These 
possibilities can be realized, however, 
only by integrated development of the 
surface and groundwater resources of 
the Ganges Basin. The time required 

Table I. Possible future water budget for the 
calculated from data in Report of the Irrigation Commission, 1972 (). 


Volume (X 10' ha-m) during 


would be of the order of 25 years, but 
benefits from projects which would be 
compatible with the integrated system 
could be obtained at every stage. 

The key to successful development 
will be storage and beneficial use of a 
major part of the monsoon flows of 
the Ganges and its tributaries, which 
now run to the sea largely unused, 
Utilization of these high flows for irri-
gation throughout the year would have 
a further advantage in ameliorating 
flood damage (4). 

In tl.e past, irrigation development in 
both the kharif and rabi seasons has 
been largely based on diversion of the 
river flows and on utilization of a por-
tion of the underground waters which 
would otherwise seep back into the 
rivers. The low flows of the Ganges 
and its tributaries are being progressive-
ly reduced, even though the present 
river volume during the 8 months of the 
dry season is just about sufficient for 
municipal and industrial wpt r !upply 
and waste disposal, maintenance of 
water quality, diversions to protect the 
port of Calcutta, needs of Bangladesh 
including prevention of salinity intru-
sion, and future needs for navigation, 

Bevides the limited possibilities for 
surface storage, there are at least five 
ways in which a portion of the mon-
soon flows could be stored underground. 
Infiltration into the water table in the 
monsoon season could be increased by 
(i) water spreading in the piedmont 

Ganges Plain. Except where noted, values are 

SourceLow flow 
Sore rsiksas.on 

(November 
to June) 

Supples
Present average river flow at Eangladesh boundary 7.3* 
Evapotranspiration from present surface storage and L.8t 

river diversion (1968-1969) 
Evapotranspiration from present well irrigation (1968-1969) 1.3t 
Additional surface storage (under construction or potential) 1.5 
Reduction of groundwater evaporation by pumping down 0.8t 

water table 
Increased infiltration of rainfall by bunding in uncuiti. 0.7t 

vated areas 
Potential additional underground storage 6.0t 
Transfers out of basin (such as "Ganga-Cauvery Link")

Total supplies 19.4 
Uses and excess flows 

Consumptive use in pr,:sent irrigation (1968-19
Consumptive use in potential additional irrigation 
Diversion to Hooghly River at Farakka Barrage 

Calcutta maintenance 

69) 

for 

3.1 
9.0t 
2.3t 

Needs for irrigation in Bangladesh 
River navigation and waste disposal 
Monsoon flow at Bangladesh boundary§ 

Total uses and -%cess flows 

1.8t 
3.2t 

19.4 

From (2). t See (9). S See text. I Estmiated by differences. 
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High flow 
season 

(July to 
October) 

28.9* 
l.8t 

0.7t 
- 1.5 

-0.7t 

-6.0t 
-1.8 
21.4 

2.5 
6.0t 

12.9 
21.4 

deposit north of the Terai belt of 
,prings and marshes; (ii) constructing 
bunds at right angles to the flow lines 
in uncultivated fields to slow down run
off and increase infiltration; (iii) pump
ing out the underground aquifer: during 
the dry season in the neighborhood of 
nallahs (natural drains) which carry 
water during the monsoon (5'; (iv) 
pumping out groundwater durirg the 
dry season along certain tributarias of 
the Ganges to provide space foa 
groundwater storage; and (v) increis
ing seepage from irrigation canals dur
ing the monsoon season by rvtending 
the network of canals, distributaries, 
and water courses for kharif irrigation 
and pumping out this seepage water 
during the dry season. In addition, 
evaporation losses from the water table 
might be reduced by lowering it below 
the level of appreciable evaporation. 
Finally, it may be beneficial to export 
some monsoon water from the Basin 
to the areas to the south and west 
where irrigation could be extended if 
firm water supplies were available. 

In Table I we have estimated the 
likely increaie in irrigation water sup
plies produced by some of these de
vices. A large increase could be ob
tained by construction of barrages and 
"leaky" canal systems for surface irri
gation of a large part of the cultivated 
area, including an increased area of 
rice cultivation, during the kharif sea
son, plus wells to recover the under

"ground seepage during the rabi season. 
Recharge of aquifers along certain 
Ganges tributaries could provide an
equally large increase of rabi irrigation 

supplies.
Possible use of aquilers near rivers 

to store monsoon water. There is good 

reason to believe that in many places 
the underground aquifers are well con

nected -to the rivers and are highly 
permeable. For example, in one region
where a groundwater survey was made 

(6) the seasonal contours of the water 
table on both sides of a large tributary 
show that this river is a drain which 
carries off perhaps 0.12 X 109 ha-m of 

water that seeps into it during the dry 
months from the underground aquifers.
If these contours could be reversed by
large-scale pumping of the underground 
waters in the dry season, the aquifers 

could receive and store a large part of 
the monsoon flow of the river. We be
lieve that similar underground storage 

of river floodwaters could be carried 
out along many tributaries of the 
Ganges. 

It would be necessary to lower the 
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water table to a greater depth at the i-1 7.6 km
beginning of the monsoon season than 
that required simply to produce the 
storage volume. Moreover, the aquifer 
directly under the river would need to 
be pumped down close to the average 
depth. In the rivers of the western part 
of the Plain, where the dry-season flow 
comes largely from groundwater seep-
ing out of the river banks, the low flow 
discharge during the first year would be 
removed by the pumping, and there
after the river would be virtually dry 
during the months of November to 
June. Several years would be required 
to obtain the full storage potential. 
Each year the water table at the be-
ginning of the monsoon season would 
be pumped deeper than the year before, 
until an equilibrium would ultimately 
be reached. 

Pumping out Groundwater during 

Low Flow Season 

For a rough estimate we may assume 
that along "3200 km of the system Of 
larger tributaries of the Ganges (about 
a quarter of the total length) large 
well fields could be constructed which 
would produce storage space by pump-
ing out the groundwater during the low 
flow season. With well fields 6 km wide 
on either side of the river, the area 
covered would be 3.8 X 106 ha. Ifwe 
assume that the well field capacity is 
2.25 m3/sec per kilometer (that is, 1.12 
m3/sec on each side of the river per 
kilometer of length) and the stor-
age coefficient of the aquifer is 0.25, 
then the water table will be lowered, on 
the average, about 12 in at the end of 
8 months of continuous pumping. All 
the wells need not be of the same 
capacity. It is necessary ouly to design 
the well spacings and discharges in 
such a way that we pump out a trough 

of 12 m below the river bed. The 
used for finding the depresmethod 

sion of the water table is given below. 
The drawdown due to pumping in 

an aquifer is given by 

River
 

8 

t V Fo 
t I I T T 
R 

88 Barrier boundary 
R Real well group center 
I Image wel group center 

Fig. 1. Location of real and image well groups. 

time since pumping started (days), and 
r is the distance from the pumping 
well (m). 

Equation 1 holds strictly orly for a 
confined aquifer which is isotropic and 
homogenous. However, it can be used 
for an unconfined water table aquifer 
(as in the present case) provided 
drawdown is small compared with the 

drawdown of the table will be 

original saturated thickness of the 
aquifer. In the Ganges Plain the 
aquifers are quite thick, and the 

water 
small compared with the initial satu-
rated thickness of the aquifer; con-
sequently, we can apply Eq. 1. There 
are other assumptions involved in the 
derivation of Eq. 1. Revelle and Her-
man (3) showed that, although these 
assumptions are not strictly valid in 
the present case, the equation can still 
be used to give a fairly good solution. 

Equation 1 is the solution of the 
differential equation 

a'h +1LOh S( 
Ps' r Or T (2) 

subject to certain simple boundary con-
ditions. Since Eq. 2 is linear, the super-
position principle can be used to find 
the solution when more than one well 
is being pumped in the aquifer. Equa-

tion I is obtained on the assumption 
that the aquifer is areally infinite. If we 
have boundaries then we must use the 
method of images. 

In the present calculation we have 
assumed that there is a natural ground
water divide at a distance of 8 km on 
either side of the river. This is approx
imately true for many of the tributaries 
that feed the main tributaries of the 
Ganges. The natural groundwater di
vide acts as an impervious barrier. 
The presence of the river itself can be 
ignored in the computations, since dur
ing the dry season the quantity of flow 
in many Ganges tributaries will be small 
compared with the quantity of pumping. 
Grouping the wells in pumping centers, 
we will have the real and image wells 
shown in Fig. 1.Because of the as
sumed existence of an impervious 

*boundary on either side of the river, 
there will be an infinite number of 
images. However, only a few need to be 
considered, since the effect of image 
wells very far off will be small near the
 
river.
 

Equation I is applied repeatedly for 
all the real and image wells, and we 
obtain a lowering of the water table, 
on the average, of about 12 m at the 
real wells. 

Table Z. Possible river reaches for underground storage of monsoon flows (assuming storage 

of 1800 ha-m per kilometer of river). Estimated monsoon and dry-season flows are based on U.N. data (2). 

Length Monsoon flow (x 10' ha-m) Dry- Ratio of 

S= -k eJ-du (1) :)Ramganga 560 1.0 

owelseason 
River of well Stored 

fiels under-(km) ground 

) Ganga to Yanuna 7"20 1.3 

r$ 


4T-


where the drawdown s=h,-h (m), 
hl is the initial saturated thickness of 
the aquifer (m), h is the height of the 
water table during pumping (m), Q is 
discharge (mS/day), T is the coefficient 
of transmissibility (m2/day), S is the 

storage coefficient (dimensionless), I is 
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3) Yamuna system 1440 2.6 
4) Gumti and Sal 610 1.1 
5) Gagra, Sarda, and Rapti 1280 2.3 
6) Son 640 1.2 
7) Buhri Gandak and

Baghmati 720 1.3 
8) Belowthe Kosi,including 

Mlahanartd; 400 0.7 
Totais 6370 11.5 

Sum of I to4 3330 6.0 
Sum of 5 to 8 3040 5.5 

dry-

Remain- flownason
 
ing in (X 104 to stored river ha-m) flow (%) 

0.1 0.3 23
0.1 0.2 20 
0.3 0.7 27 
0.1 0.3 27 
3.2 1.2 52 
1.0 0.5 42 

3.2 1.0 77 

1.1 0.4 57 
9.1 4.6 42 
0.6 1.5 25 
8.5 3.1 56 
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Recharge of Groundwater Mound by The height of the groundwater at a again ignoring the contribution from 
Monsoon Flow distance of 600 m from the center of bank flow. This will raise the water 

the river can be computed as follows table by about 1.5 m. Adding about 0.6 
When pumping stops at the end of m due to infiltration of rai-fall, the 

=the dry season there is some flow into -_- -- - 0.43 depth of the water table at the begin
the trough from the sides. It is there- 4 -t 1055 ning of the dry season in the following
fore assumed that we have a net 70year will be 16.5 in below the initial 

trough'with an average depth of 10 in =+ 5- =0.72 level.
 
to be partly filled by monsoon flow in (4 During the third year of operation

the river, 	 this will again be lowered by 10 m, 

The growth of the groundwater Using Eq. 4 we obtain leaving the water table at a depth of 
mound resulting from infiltration of the /0.61 4650 about 26.5 in at the beginning of the 
monsoon flow in the river is computed h.2 (300)' + . X- xx monsoon. The time taken for the water 
by using the following equations given table under the river to rise 26.5 in 
by "1antush (7) 15)(0.35 - 0.14) = 92.350 n is about 70 days. At this time the height 

of the groundwater mound will be 15 
LT Tm at a distance of 600 m, 5 in at a-- S 2-4 ic _  h=303.5 in distance of 1500 in, and 0 m at a dis-

I 	 h-hi=3.5 tance of 3000 m. Thus, the amount of 
L+x i water extracted from the monsoon 

42'Erf )h=$Tfor x < L (3) Similarly at 1500 in, we obtain flow, ignoring the contribution from
(300)2- (0.61 4650 bank flow, will be about 6 X 106 ha-r. 

T L A' ( 1312 X.2 X At the end of the n. ;nsoon the waterW T 4?'Eric "41 1, table will be at an average depth ofI+) 	 (0.016-0.005) 90,123i' about 22 m over the cross section o 

F L+x 	 hh=300.2in 17.km.
4? Erfc (41s) * forx > L (4) h-h,=0.2in By similar computation, we can show 

I S j) that during the fourth year of operationThus, assuming that the rate of re- the depth of the water table at the endwhere the symbols other than the ones 	 charge is 0.61 m/day, which is a of the pumping season will be 32 m,
already used are: W, recharge rate rather conservative figure, the height and in the 120 days of the monsoon 
through the bed of the river (i/day); of the water mound at the end of 15 season we will extract from the mon
aquifer (m/day); t, time during which days will be 3.5 In at a distance of soon about 9 x 101 ha-rn. The depth of
recharge takes place (days); L, half- 600 in and 0.2 In at a distance of 1500 the water table at the end of the mon
width of river (m); x, distance from m. From this we can compute the quan- socn will be about 25 m below the 

center of river (m); and tity of monsoon water abstracted as I initial level 4 years earlier. 
X 106 ha-in. After 15 days there will From the following year onward, the2 still be some recharge, because some vater table will be stabilized at these 

ErI(x) = ,r-cdr of the bank flow from the river will levels by pumping out a quantity equal 
0 continue to fill the trough. Thus, dur- to consumptive use plus surface drain. 

Eric(x) = 1- Er(x) ing the first year of operation some- age plus return infiltration to the 
4P Eric(=.) = Erfc(x) - 2x iErfc(x) what more than I X 106 ha-m will be groundwater table.extracted from the monsoon flow. Figure shows the growth the2 ofSince Eqs. 3 and 4 are implicit, a When this is spread over the ground- groundwater mound under uniform re

trial and error procedure or a graphical water basin 17.5 km wide, it will raise charge from the river for the stated
method has to be adopted for solution, the water table by 0.75 in. To this we values of the parameters. Because dif-
For example, assume = days. a the table ferent haver 15 may add rise of water by scales been used in the 
Then, using T = 4650 m2/day, L = 0.6 m caused by 15 cm of net rainfall horizontal and vertical directions, the
150 m, W = 0.61 m/day, K = 15.2 infiltrating to the water table. Thus, at slope of the water table appears to be 
in/day, S = 0.25, hi = 300 m, and the beginning of the second year of op- steep. Actually its profile will be veryt= 15 days, we get (4Tt/S)Y = 1055 in eration the water table will be about 8.6 flat. For instance, at the end of the 
and L/(4Tt/S) = 0.144. From Eq. m below the level at the beginning of first monsoon period the slope will be 
3 we find the first year. approximately 1 to 170; at the end of 

/0.61 4650 During the second year of operation the fourth monsoon periodh' = (300)' + 15-.2 x0. 	 the water it will betable will be lowered by 10 approximately I to 140. We can there
m to a depth of about 18.6 m before fore use the bank storage equations

15)(0.56) = 96,270 in' the monsoon flow begins. The time given by Cooper and Rorabaugh (8) 
Therefore 	 taken to raise the water table 18.6 m for a horizontal water table, as shown 

at the center of the river bed during in the next section. 
h = 310 in the monsoon comes to 33 days. At this With any particular set of assumed 

h -h, = 10 m time the height of the groundwater parameters, equilibrium will be reached
mound will be 7.5 m at a distance of in the number of years required toThus the time for the water to rise 10 600 m and 1.5 in at a distance of 1500 lower the water table to a depth such 

m at the center of the recharging Ftrip m. The total quantity of monsoon water that 120 days (the length of the mon
is 15 days. extracted will be about 2 X 106 ha-m, soon season) will be required for the 
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infiltration mound to reach the bed of Distance from river center (m)
 
the river. For example, assuming a 4000 3o0 2000 1000 0
 

.storage coefficient of 0.15, a transmis
sibility of 2800 m/day, and a pumping :
 

m3 sec- 1 km - 1 , an equi- 10rate of 1.35 
librium depth of 35 m at the end of
 
the monsoon season will be reached in,/
 
about 12 years. From that time on- . 0
 
ward, 6 X106 ha-r will be stored : 0
 
each year.
 

During the monsoon season the riv- "030 Groundwar mound
 
ers in northern India alwsys carry some o monsocn period
At end of first 

water, with flood peaks occurring after '.A
 
every heavy storm. Thus, even if the 8) At end of second nion2oon period
 
duration of the flood wave is short, say 40 C)At end of third monsoon period
 
6 to 12 hours in the smallev streams D)At end of fourth monsoon period
 
(longer in bigger tributaries)--recharge
 
will continue under the lesser flow that
 
prevails before and after itspassage. Fig. 2. Growth of grourdwater mound under uniform recharge from river.
 
Hence we can assume that about 120
 
days is always available for recharge
 
during the monsoon season, 	 pumping, were located in strips along water would be needed for water sup

both sides of the rivers used in the ply and waste disposal for cities and 
scheme, the average width on each side towns along these rivers; return flows 

Advantages of Aquifer Storage 	 of the rivers would be roughly 27 to from irrigation could also be used for 
30 km. waste disposal. In either case, con-

Flood amelioration.During the flood Allowing for 20 percent return in- veyance channels or pipes for the 
wave there will be much more bank filtration of the pumped water, ihe pumped water would be required. In 
storage than there is now along the total pumping from the irrigati. area the central and eastern plain, the dry
tributaries where the water table has during the dry season is about 10.5 season flow probably comes largely 
been lowered by pumping. This will X 10o ha-m, requiring a total weil ca- from the Himalayas and equals 42 to 
supplement the aquifer storage de- pacity of around 5000 m/sec. If the 77 percent of the quantity of stored 
scribed above in reducing downstream well fields are 6 km wide on either side monsoon water. For economy in pump
flooding. The amount of bank stor- of the river, more than half the net ing and ease in maintaining the low 
age can be computed from the equa- volume pumped would need to be flow water supplies for cities and towns, 
tions of Cooper and Rorabaugh (8). transported to the outer 21- to 24-km it would probably be desirable to con. 

Assuming a flood duration of 3 days, strip in surface conveyance channels. struct diversion barrages upstream of 
a flood crest of 3 m, aquifer transmis- Since unlined channels inevitably leak the well fields and lined channels to 
sibility of 4650 m2/day, and a storage into the ground a considerable fraction carry the diverted water downstream 
coefficient of 0.25, the amount of bank of the water they carry, this surface of these fields. 
storage 2 days after the beginning of distribution system could, with proper 
the flood will be 2.3 x 101 m:/km management, alsd be used as a ground-
This temporary bank storage is 50 per- water storage mechanism. For example, Costs and Benefits of the Storage 
cent of the water entering the aquifer if the channels extended to the river, Scheme 
during the same 2-day period; 75 per- they could be used as inundation 
cent of the bank stora6., will return canals for irrigation during the mon- Power requirements for pumping 
to the river during the following 7 soon season, and 30 to 50 percent of stored monsoon waters. Assuming an 
days. the water carried in them would be average pumping lift of 30 m, the net 

Use of stored monsoon waters in ir- expected to seep downward to the aqui- electrical energy required to pump 10.5 
rigation. The area to be irrigated with fer. x 106 ha-m would be 8.75 x 109 kilo
the pumped waters would be larger watt-hours. With an overall efficiency 
than that of the well fields. Assuming of 67 percent, including transmission 
6 X 106 ha-m of storage from the mon- 	 Possible Tributaries for Mnnsoon losses, the energy required at the gen
soon flow, and adding the rainfall in- Storage erating plant would be 13 x 10' kwh, 
filtration of 0.15 m, the gross irrigated corresponding to an installed power 
area would be 17.5 to 19 m-ha. Here Table 2 shows possible river reaches capacity of 3000 megawatts at 50 per
we assume that an amount of water along which the underground storage cent load factor. 
equal to 10 percent of consumptive use scheme for the monsoon waters might The electrical power requirement
by evapotranspiration is allowed for be used, and Table 1 shows a possible could be supplied by mine-mouth elec
drainage to maintain a salt bince, or iiture water budget for the Ganges tric generating plants in the Raniganj
alternatively the original dry season Plain. It will be seen that in the west- Jharia coal fields in Bihar, or by utiliz
flow of the river is returned down- era tributaries the initial dry-season ing a small fraction (possibly less than 
stream of the well fields in order to flow would be about 25 percent of 15 percent) of the enormous potential
maintain the low flow. If the irrigated the water coming from the rivers into hydroelectric capacity of Nepal. (It is 
areas, including the zone of intense the aquifer. A portion of the pumped sometimes said that the force of gravity, 
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expressed in falling water, is Nepal's waters along tributaries by the pumping projects that are compatible with the 
principal natural resource.) scheme we have proposed would pro- long-range objectives of storing mon-

All the methods we have described vide a basis for an increase in produc- soon waters and maintaining the pres
for underground storage of monsoon tion of 55 x 105 metric tons per year. ent volume of flow during the dry 
waters would involve use of electric or All storage methods combined, together season. Projects that are incompatible 
diesel power for pumping. Because of with increased kharif irrigation from with these objectives should not be 
the greater depth of pumping, the en- canals, would give more than 110 X 10" initiated. 
ergy requirements for the river storage tons above present production, enough Reeenes 

scheme would be larger than for other by itself to provide a greatly improved 1 i of India, Report ot the 

methods. But the ratio of benefits to diet for 400 million people. Irrigation Commmi on, 1972 (Ministry of Ir

costs would still be high. In Table 1 we estimate that 6 x 106 	 riation and Power. New Delhi, 1972). voL I. 
pp. xi-430; voL 2, pp. 1-495; vol. 3 (part 1).

Annual costs and benefits of the ha-n ould be used for irrigation pp. 1-535; voL 3 (part 2), pp. 1-480. 

storage scheme. At $0.02 per kilowatt- during the kharif season of monsoon 2. Economic Commission for Asia and the Far 
East, A Compendium of Maior International 

hour, the annual power cost would be rainfall and high river flows. The neces- Rivers in the ECAFE Retions (Water Re

$260 million, oc about $14.50 per gross sity for irrigation in this season is due 	 souresSeries No. 29, United Nations, New 
York. 1966).

irrigated hectare. At $0.005 per kilo- both to the large variation from year 3. R.Revelle and T. Herman, "Some possibilities 

watt-hour, the power cost would be to year in total monsoon rainfall and 	 for international development of the Ganges-
Brahmaputra Basin." research report. Harvard 

to the intraseasonal irregularity o the ultversity Center for Population Studies, Cam-

Construction costs of tube wells per rainfall. In many areas, water supplies 4. i BhMiya, "Peak flow study of the Ganges 

unit of capacity diminish with increas- for monsoon irrigation could be ob- Brahmaputra and Padrea Rivers," research 

$3.65 per gross irrigated hectare. 	 bridg, Maut, 1972. 

well capacity. Compared with larger taned by construction of barrages report, Harvard University Center for Popuing lationStudies, Cambridge. Mass.. January 
wells, the maximum cost should be for across Ganges triLbtaries, which will 1972.
wells pumping 	 diver-t waters into systems of canals, 5. Rama, "An to Ganga-CauveT0.03 mS/sec. Assuming 	 alternative 

link." The Science Today, India (September 

that the cost is $10,000 per well, the distributaries, and water courses. From 	 1971).
170,000 wells would be to this 	 PathBak. grottdtotal cost for 	 35 50 percent of water will 6. B.nditionD."Gelu, Grapurand water 

$1.7 billion. Amortized over 10 years sv'ep i-o the ground and can be used Diqr!:
-

Uttnr Pradea," in Proceedints at 
the S mp on Grou,. Wb'ater Studits in 

at 8 percent, the annual costs of well for well irrigation during the dry sea- Arid imd Semi-Arid Relions (Department of 
construction would be roughly $14.00 son. Thus, the possibilities for total 	 Geology and Geophysics. University of

Roorkee. Roorkee. India, 1969), pp. 55-76. 
per gross irrigated hectare. To these underground storage are much larger 7. M. S.Hantush, Water Rr,, . Rea. 3 (No. 

fuel and capital costs should be added than our estimates of the storage that 1).227 (1967).
8.H. H. Cooper and M. J. Rorabaug, U.S. 

the cost of land for the tube wells and can be obtained by pumping out the Geol. Su,'. Water Supply Pap. 153,-1. 1963,pp. 343 to 366. 
the drainage and conveyance aquifers tributaries. total 34 of Irrigationchannels, along The 9.The consumpuve uses water ot 

the cost of constructing these channels, potential irrigation in the Ganges Plain 1968.19f9 are computed as follows: 4.15 X104 
and the labor costs for maintenance and may be limited by the area of irrigable l sytems. fro stora resem iors and ohnlsystems, 1.55 X 10' ha from tanks and other 

operation of the system. With our pres- land rather than the water supply. minor surface storage, and 4.41X106 ha from 
ent information we are unable to esti-	 wells. This gives a total net irrigated ares of 

10.1 X 106 ha. Assuming the depth of water 
mate t"_ e costs, but we believe they consumed in field evapotranspiration and drain. 

age is 45 cm 2 percent of water diverted 
should be less than $15 per year per Need for Further Investigation 	 for irrigation from large reservoirs and canal 

gross irrigated hectare. systems is lost by evaporation, mainly in the 
rservoirs, and 90 percent is lost from tanks,

The total annual costs would thus be The choice between systems for stor- then the totalconsumptive useis 3.6 X 10 ha

about $40 to $45 per gross irrigated age of underground water will vary m for surface irrigation and 2.0 X100 ha-m 
from wells. The allocation of irrigation waters

hectare. With adequate water manage- from region to region, and possibly between kharif and rabi seasons is our best 
ment and proper use of fertilizers and with the stage of development of the estimate based on trriS-,!ion practices in the 

Ganges Plain. It is generally recognized that 
other inputs, it would be possible to integrated system of surface and present irrigation supplies are inadequate. In 

obtain high productivity from high- groundwater irrigation. Further detailed considering modification of present systems and 
fu,ure irrigation, we have assumed that aver

yielding crop varieties on the irrigated field investigation and systematic analy- 	 age field evapotranspiration and drainage will 
cm, nonbcneficialfields, in contrast to the present yields sis are required to determine the choice 	 be 50 including uses. For37.5 X 10' gross irrigated hectares, consump

from 	traditional varieties, which must and sequence of investments for irriga- tve use plus other evaporation losses would 

heabeut 20.6 < I o fha-ee.
be used on unirrigated lands. The gross tion. Among the factors which should The average amount of water evaporating 
value of cereal crops would be of the be considered are: the effects of sedi- from the water table is probably between 

order of $500 per hectare, ten times the ment transportation and deposition, 2 and340m.X10Areductinght be obtained2cm over as 

annual costs of irrigation water sup- which might reduce infiltration rates average depth to the water table were lowered 
by a few meoters. This should not seriouslyplies. from the rivers, the possible hazards of interfere with the seepage of groundwaters in-

Of equal importance would be the subsidence resulting from lowering the to the rivers, which is the source of much of 
the river flows during th dry season. We 

increased food production from the water table, and possible ecological ef-	 estimate that construction of a sufficient num
newly irrigated lands. For the entire fects. Special attention should be paid 	 ber of low bunds at right angles to the flow 

lincs in uncultivated areas might increase rain-

Ganges Plain, the storage of monsoon to design and construction of irrigation fall infiltration by 10 percent or 0.7 X 0 ha-in. 

Dasheen leaf [Cotirtesy U.S. Department of Agriculture, Washington, D.C.]-
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The purpose of this paper is to describe briefly
the present agricultural land use pattern in the U.S. 
and to indicate some of the more important agro-
nomic factors influencing agricultural land use 
changes and potential soil erosion, 

Land Use in the United States 

The land surface of the United States is a semi-
fi\ed quantity standing at 2,313 million acres. About 
42 million acres are covered by water, bringing
the total land surface to about 2,271 million acres 
[M]. In 1969 about 80 per cent of the total land area 
was used for direct agricultural production, includingforestry and grazing. About half of the other 20 per 
cent was used for urban development, transportation, 
public installations, wildlife refuges, and recreation 
'*cilities. The remainder was desert, swamp, tundra, 
or other land of limited use [2, 3]. During the period
1959 through 1969, approximately 2.2 million acres 
of rural land were shifted each year to non-farm uses. 
Thcse uses included urban development (730,000 
acres), airports and highways (130,000 acres),tCcervoirs and llood control (300,000 acres), recrea-
:ion and wilderness areas, parks and wildlife refuges 
(1,000,000 acres) (excluding Alaska) [2, 3]. 

In 1958 and again in 1967, the Soil Conserva-
tion Service and cooperating agencies made a na-

tional inventory of the soil and water conservation 
needs (3]. In the 1958 inventory, a soil survey was 
made of selected sample areas of all rural land, ex
cluding non-cropped' federal land. These data were 
expanded, using appropriate statistical procedures, to 
estimate the acreage of different land uses in each 
county. All land uses were estimated by field in
spection of sample areas. This was called a Conserva
tion Needs Inventory (CNI). Of the 1,438 millionacres in the 1967 CNI in the United States, approx
imately 30 per cent was estimated to be cropland,
34 per cent permanent grassland, and 32 percent
forest land. Other land uses, including farmsteads, 
farm roads, and miscellaneous uses, amounted to 4 per cent. 

Soil mapping units mapped in the soil survey 
were classified and grouped into eight general land 
capability classes that were defined on the basis of 
the degee of soil limitation for growing field crops.
The capability grouping reflects potentialities and 
limitations for sustained production of common field 
crops without specialized site conditioning. Class I 
land is suitable for the continuous cultivation of most 
agricultural crops without special water and erosioncontrol measures. Class II and Class III land are 
suitable for regular and fairly intensive cultivation 
of most fir.Id crops if conservation treatments are 
applied, These practices include water conservation 
and erosion control measures and, in addition, ade
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quate fertilization. Class IV land is marginal for 
growing most field crops. Soil mapping units grouped 
into Land Classes V, VI, VII, and VIII generally 
are not suitable for growing most field crops, but are 
suitable for other, less intensive uses, such as perma-
nent pasture, woodland, and some horticultural crops 
[4]. 

The acreage of land by individual land classes is 
shown in Table 1. 

TABLE 1. 

Conservation Needs Inventory Acreage in Land Use 
Capability Classes, U.S. 1967 

Percent ofCapability 
Class 

Acreage-
Millions of Acres Inventory Area 

I 47 3 4 

II 287 7 631 20 44 

III 297) 21 
IV 180 13 
V 32\ 2 

VI 
VII 

278 
287 ( 

627 19)
20 41 

VIII 30) 2 

The land (631 million acres) suitable for cultivation 
(land Classes I, II, III) is approximately equal to 
the amount of land unsuited to cultivation, (Land 
Classes V through VIII). 

The 1967 Conservation Needs Inventory deter-
mined the major types of land use and the acreage in 
each of the land classes. Cropland, pasture and range 
land, forest land and other land use acreage by land 
class groups is shown in Table 2 [3]. 

Fifty-eight per cent of the land suitable for crop 
land (Classes I, II, III) was used as cropland. 
Thirty-eight per cent was used for pasture and wood-
land. This potential cropland constitutes a reserve 
that could have been converted to crop production 
on demand. Soil erosion losses would be expected 
to be much less on most of the class I, II, and III 
land used for pasture and woodland than if they 
were used for tilled crop land. Twenty-five million 
acres of the land in classes V through VII were un-
fortunately in cropland. This land is poorly suited 
to crop production. On much of this land, erosion 
control practices probably are not feasible. Some 
shifting of this land to other uses has occurred. In 
1949 the estimated land used as cropland in the 
U.S. included 39 million acres of land in Classes V 
through VIII. Some of this land has been shifted to 
pasture and trees by 1958, thus decreasing its erosion 
potential. Twenty-eight per cent of the Class IV land 
was being used for cropland in 1967. There were 47 
z jllion acres of Class I land in the U.S. in 1967; only 

TABLE 2.
 
Land Use by Land Capability Class in the 1967
 

Conservation Needs Inventory
 
Per cent 
of total 

Millions acreage within 
Land Classes of acres class groups 
I, 111 111 

Land Use 

Cropland 365 58 
Pasture &Range 117 18 
Forest 126 20 
Miscellaneous Use 23 4 

Total 631 
IV 

Land Use 

Cropland 50 28 
Pasture or Forest 

and Miscellaneous 130 72 
Total 180 

V, VI, VII, VIII 

Land Use 

Cropland 25 4 
Pasture or Forest 577 92 
Other land uses 25 4 
Total 627 

thirty-six million acres, or 77 per cent, were being 
used for cropland. Eleven million acres of the Class 
I land suitable for continuous row crops were used for 
pasture and woodland and other uses [3]. 

These data appear to indicate that land users 
generally have done a fair to good job of matching 
the use of the land to the land use capability class of 
the soils. However, since 11 million acres of the 
Class I land. and 243 million acres of Class II and 
III land were used principally for pasture and forest 
in 1967, one might conclude that there was sub
optimal use of much of the land with respect to its 
physical capability. The fact that 25 million acres of 
the Class V through VIII land were used as crop
land also indicates that much of the land was not 
matched to its most suitable use in 1967. 

There are many possible reasons that explain 
partially the matching or mis-matching of crops to 
the conservation and productive potential of the land. 
Some of the most important factors that have in
fluenced land use are the physical and chemical 
characteristics of the soils and the configuration of 
the landscapes. Although social, institutional, and 
economic factors also have influenced land use, they 
will not be considered within the scope of this dis
cussion. 
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Soils and landscape features have played a unit distribution patterns on crop sequence suit
dominant role in influencing the distribution of other- ability in Iowa. He found that Sharpsburg, 2 to 5 
wise climatically adapted crops. Three physical per cent slopes, was suitable for continuous corn with 
characteristics of land influence its use for crop pro- suitable erosion and water control practices when 
duction; 1) the soils, 2) their pattern of distribution considered alone, but only 40 per cent could be in 
on the landscape, and 3) the features of the land- continuous corn if the soil pattern in which it oc
scape. curred were considered. In another soil pattern, 

Some of the soils in land use capability classes II Colo-Gravity, 2 to 5 per cent slopes, the combined 
and III, even though suitable for cropland, have effect of stream dissection and of occurrence with 
relatively low and highly variable crop yields due to predominately more sloping soils resulted in less than 
a variety of fac.Tors. They may be excessively wet, 3 per cent continuous corn suitability for this associa
as is the case of the soils included in sub-classes IIs, tion. 
Ills, IIc, and IIIc. It may or muy not become eco- Smith [71 using CNI data (1958) found that 
nomically feasible in the future to modify these con- approximately 6 million acres of Class I-III land in 
ditions by drainage or irrigation. Soils in sub-classes the Tennessee Valley were idle, in pasture or in 
IIe, Ile, and IVe have sloping topography and are woodland. This represented over 50% of the Class 
subject to excessive erosion unless adequately pro- I-III land in the Tennessee Valley. Boxley and Blass 
tected by erosion control practices. The economic (8] associated this extensive land use to the occur
feasibility of such practices is strongly dependent on reie of part-time farms. For example, farmers shift
the economic value of the crops to be grown and ed their land to pastures for a cow-calf system of beef 
societal incentives. cattle farming which was compatible with their off-

Since most of the Class IV, V, VI, VII and farm work. 
VIII soils are poorly suited to tilled crops, land users Small areas of productive soils in Land Classes 
have tended to shift this land to pasture and wood- I and II are wed suited to some high labor-intensive 
land. The small pockets of Class I, 11, or III soils crops such as burley tobacco. Usually small acreages 
that are intimately associated with higher classifi- of such crops per farm utilize these small areas of 
cation soils were also shifted to pasture and woodland productive land very efficiently. However, shifts of 
because those areas were too small to be farmed with large acreage to this type of row crop culture in the 
large farm machinery, future is unlikely. 

Where relatively large acreages of Class I, II, These soil and landscape relationships have 
or III land are found in natural bodies along narrow many counterparts in many other regions of the U.S. 
stream valleys, farm property lines dissect these areas Hence, they appear to be a major factor in deter
into small irregularly shaped units that are ill-suited mining the use of land for tilled crop production 
to mechanized farming. Also some potential crop whcre large fields are required for the efficient use of 
land (Class I-IIl) that is found along streams may mechanized equipment. Much of the eastern U.S., 
be flooded frequently and hence it would be too risky especially the Appalachian region, the Delta states 
for use with tilled crops. and the Piedmont regions of the Southeast, and to 

Tabor [5] found in a study of individual tracts a much lesser degree the corn belt, and the Plains 
of land in 3 soil associations in Maury County, Ten- states, have a soil distribution pattern and landscape 
nessee, that many of the highly productive soil map- features that make many areas poorly adapted to the 
ping units suitable fo: intensive row cropping were use of the large mechanized planting and harvesting 
small in size, irregularly shaped and occurred in a equipment. A land use pattern where large acreages 
distribution pattern that made it difficult to combine of Land Classes I and III are used for pasture 
them with other similar soil mapping units into and woodland with appropriate management has the 
large fields for efficient use of large farm machinery, potential for greater reductions of soil erosion losses 
Using a 2-acre minimum field size, cropping systems than if they were used for cropland. 
to keep the soil loss within tolerance limits, and The soil distribution pattern of the U.S. has 
certain field shape restrictions, he found that much been greatly influenced by the natural erosion and 
of the cropland had to be shifted to pastu4re or idle deposition which have influenced the present land use 
land with greatly reduced net income. 'rhe average pattern. The young alluvial soils and loess and glacial 
net income for the 3 soil associations after imposing" till-derived soils which comprise much of our pro
these restrictions was 52 per ct.nt less than the net in- ductive cropland are the result of natural processes 
come without these restricti,.ns, of erosion and sedimentation. The slow evolutionary 

Oschwald (6] studied the effect of soil mapping geologic erosion and sedimentation process has not 

http:restricti,.ns
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been a despoiler of the environment; it has played of the increase in harvested crop land acreage in the 

quite the opposite role. However, when the rate of Mountain and Pacific states has been on nearly 
level irrigated land with a low erosion potential. [9].erosion and sedimentation processes are greatly ac-

The present regional land use pattern in the U.S.celerated, erosion of upland and terrace soils exposes 
clayey horizons, fragipans, or other undesirable sub- for the major harvested crops is indicative of the ap

surface horizons that result in lower moisture supply- propriate matching of these crops and the accom

ing capacity. Where yields of tilled crors are gieatly panying technology to the soils, climate, and water 

reduced, land users have shifted much of this land resources of the different regions. Within the more 
humid regions of the U.S. the climatic patterns, theto permanent pasture or woodland, and soil erosion 

has been arrested. soils, and the landscape features are dominant factors 
influencing crop distribution and land use. In the arid 

to Soil Resources regions, availability of adequate quality and amounts 
RelationCropping Systems in of irrigation water is an additionui dominant factor. 

Most of the acreage of corn is in the Corn Belt 
Of the total agricultural land in the U.S., the 

states, where it is well suited. Soybeans, traditionally
cropland harvested has a greater potntial for soil a Corn Belt crop, have expandcd into the southeast

a sta t c r ly i n thes si i eaGa 
erosion than pasture or woodland since during a por-

pr ti o i c n eint thee sut hrn 
tion of the year, the land usually is not protected with srghu is concentrated in the southernumerus easre- sorghum productionegeatin. 

Plains states, where in recent decades it has replaced 
ments of soil erosion from field plots leave no doubt some of the corn acreage. Some of the acreage of 

that cultivated fields can be a major contributor to sorghum has entered the western Corn Belt. To 

actielyoroinp 

gasra hmhsetrdtewetrmonBl.Tthe erosion-sediment problem.Fle pi-erient pofblhem totalcroa lesser extent, grain sorghum is grown in the irrigat-
Fully 90 per cent of the total crop acreage har- ed region, of the southwest. Cotton acreage has de

vested is accounted for by corn, grain sorghum, clined in the Piedmont areas of the southeast and has 

wheat, oats, barley, cotton, soybeans, and hay crops. shifted to the more gently sloping land of the Coastal 

From 1930 to 1970 the harvested cropland acreage Plain and Delta regions. It has also increased in the 

in the continental U.S. has been steadily declining. irrigated areas, of the southern Plains states, the 

The acreage of crop land harvested declined from Southwest and California. [s]. 
approximately 360 million acres in 1930 to 285 mil- Small grain acreage is concentrated in the 

lion in 1970, about 21 per cent [9]. Plains states. Cotton production, which requires a 

Significant regional changes in harvested crop- long growing season, is restricted to the southern and 

land have occurred in the last two decades. In some southwestern U.S. Soybeans, grain sorghum, corn, 

regions acreage of harvested crops has declined, while small grain and many hay crops, using locally adapt

in others it has increased. From 1940 to 1965, land ed cultivars, have a rather wide range of adaptation. 

in harvested crops declined 54 per cent in the North- These crops generally are being produced in regions 

eastern states, 33 percent in the Appalachian -egion, and on soils within regions where they have the great

and 26 per cent in the Delta states. During the same est competitive advantage. 
period land in haL,,sted crop acreage increased 4 As acreage used for crops has decreased and 

per cent in the Corn Belt, 1 per cent in the northern harvested crop acreage has shifted among and within 

Plains states, 29 per cent in the Mountain states and regions, crop yields have increased dramatically. 

8 per cent in the Pacific states [101. From 1950 to 1971, the crop prcduction per acre 

The eastern U.S. has experienced a greater de- increased about 60 per cent [2]. With the increased 
other region of crop yields per acre, the area needed to produce acline in harvested cropland than any 

the country. Much of this is due to the soil patterns given crop production volume has decreased dra

and landscape features which are undesirable for matically; this is perhaps one of the most significant 

mechanized farming and effective erosion control. factors influencing land use in the last three decades. 

The decline is also partly due to the past accelerated Barrons [9] has computed the acreage that 
would be required to produce the total production ofsoil erosion in the area. Much of this area, which 

formerly was in row crops. is moderately to severely- recent years (1968-70) at the yield level existing 

eroded and produces low and often uneconomical before present technology and methods of crop pro

yields of tilled crops. It has been planted to adapted duction came into full play (1938-40). The U.S. 

perennial grasses and trees and accelerated erosion acreage of 17 major harvested crops, saved annually 

has been arrested. The rapid urbanization of this for alternative uses during 1968-70 as a result of 

region also has occupied some of the cropland. Much increase in yield of these crops since -.938-40, is 
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approximately 290 million acres. This is approximat--
ly equal to the total 1970 acreage of cropland in the 
continental U.S., an area equal to all the land in the 
U.S. east of the Mississippi River and south of the 
Ohio River. If we were now obtaining the crop 
yields that prevailed in the late 1930'-,, this greater 
required acreage would be on the more erodible roll-
ing topography. Thus by increasing the yield per acre, 
some of the cropland that would be iubjected to soil 
erosion can be shifted to permanent pasture and 
woodland, where the potential for soil erosion is 
much less. 

The phenomenal increase in crop yields is due 
to no single cause, but to the development and ap-
plication of a systems approach to land management, 
where multiple limiting factors aze considered sim-
ultaneously. Adding one or mcre production factors 
when others are limiting can be counterproductive, 
Crop respon:e to one or more faczors of. production 
is usually dependent on the level of other factors. 
Tic sum of the independent yield effects of two or 
more added deficient factors of production is often 
times less than the yield effects when added together. 
This is generally called the principle of interaction. 
The use and application of this systems approach 
especially in the use of increased and wore efficient 
amounts of management inputs for crop production 
account for the dramatic upsurge in crop yields in the 
past three decades. 

Even though the systems approach to land 
management has not been applied universally to all 
our farm land, enough has been ,..plied to ;ncrease 
crop yields. The following production technology has 
been incorporated in land management systems and 
applied widely to crop production throughout this 
country. 

Crops have not only been matched to the major 
soil and climatic regions but to much of the land on 
individual farms within a given soil and climatic 
region. Crops have been matched to the soils and 
landscape features for which they are best suited 
using modern mechanization and other technology. 
In the more humid regions of the U.S., tilled crops 
usually have been allocated to the well-drained and 
moderately well-drained soils with high moisture-
supplying capacity and with nearly level or gently 
sloping rc pography, for high and more certain yield 
and p,,tmissible soil erosion loss. Small grain and 
other cool-season crops are usualy allocated t3 the 
more droughty soils and sloping topography, since 
moisture is rarely a limiting factor during their grow-
ing season. l-urcnermore, since they are close-seeded 
crops the erosion hazard on slopes is less serious than 
with row crops. Pasture and hay crops also are 
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adapted to and compatible with a wide range of soil 
drainage and more sloping topography, although 
these crops are usually less profitable than tilled 
crops on the more productive soils. They often are 
allocated to poorly or somewhat poorly drained soils, 
or to droughty soils on rolling to steep topography. 
Being close-seeded crops, and usually perennial, the 
erosion hazard on rolling and steep topography is 
much less serious than with row crops or small grains. 
Cropping 3ystems also have been matched not only 
to the land b-it to the livestock system and to other 
resources, including the management ability of the 
farmer. 

Appropriate matching of crops to the land on 
individual farms and the selection of appropriate 
water and erosion control measures have been 
greatly aided in the past decade by the widespread 
availability and use of detailed soil survey maps, 
and by the development and use of the Universal Soil 
Loss Prediction Equation. As of June, 1972, the Soil 
Conservation Service and cooperating agencies have 
reported deta~led soil survey mapping on a total of 
774 million acres, and 41 million acres of reconnais
sance soil surveys. In addition, exploratory soil survey 
mapping has been completed on 274 million acres 
in Alaska. Detailed soil maps and accompanying soils 
information are widely accepted and used by pro
fessional farm managers and agricultural workers for 
farm and ranch planning (1I]. 

Tine Universal Soil Loss Prediction Equation is 
being used for planning cropping systems and water 
and erosion control measures in the 36 states east of 
the continental divide. There is also some use of the 
soil loss equation in the states vest of the continental 
divide, particularly Utah and Idaho. The states of 
Montana, Wyoming, Colorado, and New Mexico are 
usiug the equation in the portion of the states east 
of the divide. The UELPE has been well accepted 
by soil conservationists and some farmers in the states 
where it is being used. The best example of impact 
of the soil-loss equation is the new Iowa Soil Con
servation Act-House File 73. The soil-loss equation 
is used to estimate the soil loss on areas where soil 
erosion has been declared a nuisance. Thus it has 
become a valuable tool for implementation of the 
law (12]. 

Few farmers in the U.S. are following a rigid 
crop rotation. Most farms have diverse soil and 
toppgraphic patterns; If rotation were practiced on 
all the land, some row crops would be grown on 
soils for which they are not well-suited for either 
production or control of soil erosion. By concentrat
irg the row crops on gently sloping or rarly level 
productive lan ls and continuously cropping them, 
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higher yields and less soil erosion can result on the 
farm as a whole. 

In the Midwest, on nearly level and gently slop-
ing topography, corn is seldom rotated. Befo-e World 
War II a 2-year rotation of corn-oats-clover was used 
and an average yield of about 38 bushels of corn per 
acre was obtained. Instead of planting 33 of each 
100 acres in corn and obtaining a total yield of 1250 
bushels, ncw the farmer plants the whole 100 acres 
in corn and harvests 10,000.This shift to more con-
tinuous cropping on the potentially more productive 
soils occurring on less gently sloping topography 
has occurred also wit." other row crops in other 
regions of the U.S. 

Multiple cropping is defined as the harvesting 
of one or more crops from the same land area during 
a given period of time, usually one year. Increased 
total yield per unit area can be obtained from harvest-
ing more than one crop during a growing period, 
Multiple cropping is a practice widely used with 
vegetab!e crops, and it is gaining acceptance with 
other crops. With adequate length of growing season 
corn silk "ecan be double-cropped with small grains 
for forage. Soybeans are double-,:ropped with small 
grains. These practices have not only provided a 
method for increasing the total yield per acre, but 
they may decrease erosion because live vegetation 
is on the land a greater portion of the year. 

In the past three decades strip-cropping, ter-
races, contour farming, minimum tillage systenis, 
and many other soil erosion control measures have 
been adopted and used on millions of acres of crop-
land. These measures have not only aided land users 
in reducing soil erosion but also have contrib,:ted "o 
maintaiviing soil productivity and reduced off-size 
sediment damage. However, implementation of 
erosion control measures on cropland is far from 
being completed [3]. For example, only 36 per cent 
of the cropland, as reported in the Conservation 
Needs Inventory, has been adequately treated with 
soil and water conservation practices and measures 
to hold soil losses to an acceptable level. 

Frori 1950 to 1970, commercial fertilizer use 
more than doutled, from 18.0 to 39.2 million tons 
[13). During this period, fertilizer efficiency has also 
increased with increasing use of soil tests, and the 
amount of fertilizer applied has been in a more bal-
anced relationship to the available levels in the soil 
and to the specific recuirements of a crop and its 
predicted response. Farmers also have adjusted the 
amounts added according to the available moisture 
supplying capacity of the soil, or in case of irrigated 
soils, they have adjusted the amounts of fertilizer in 
relation to the supply of irrigation water. Much iand 

formerly planted to forage legumes in order to supply 
nitrogen for corn and other cultivated crops is no 
longer used in this way since most of the nitrogen is 
obtained from commercial N. 

Increased use of fertilizer, along with other 
inputs, has greatly increased the yield and vigor of 
vegetative growth of crops and hence has increased 
protective capability of the crop against soil erosion 
loss. Greater root growth and the return to the soil 
of a greater volume of crop residues are both im
portant considerations in protecting soil from erosion 
losses. 

Farm mechanization is necessary for high total 
productivity in the U.S. because of scarcity of farm 
lzbor. Mechanization, particularly of tilled crops, 
has shifted land use to farms with more level topo
graphy and a soil pattern that is rather homogeneous. 
Large planting and harvesting machinery can be 
operated more efficiently in uniform soil and topo
graphic situations. Mechanization has been a domi
nant factor in much of the shift from tilled crops to 
pasture or vice versa. Mechanization also increases 
yields on a given land area because planting, harvest
ing, and crop protection operations are performed at 
the right time. thus increasing crop yields. 

Many superior cultivars of major crops have 
been developed in the past three decades. For ex
ample, they are high yielding and more resistant to 
lodging at high rates of fertilization and plant popula
tion than previously available strains. The widespread 
availability and use of these superior cultivars have 
been majpr factors in increased yields in the U.S. 
The control of disease organisms, insects, and weed 
infestations by using effective pest control systems 
has greatly influenced crop yields and land use 
patterns. 

Major modification of the soil-water regime of 
potential cropland has been carried out in the last 
three decades by I) draining excessively wet land, 
2) irrigating drylands, and 3) decreasing bottomland 
flooding. The 1959 Census of Agriculture shows that 
nearly 102 million acres in 39 states are contained 
in more than 8400 drainage enterprises with areas 
over 500 acres in size. Within these enterprises, 
drainage modifications have been made on about 92 
million acres. By 1967 about 39 million acres not 
covered by the Census had been drained by indivi
dual land owners. In 1972 the Soil Conservation 
Service estimated that 130 million acres, or about 
one-third of all crop land, is drained artificially. 
Many farmers have shiftea tilled crops from rolling 
land to drained land and thus have reduced the 
erosion potential on the upland and terrace soils. 
However, some land areas that have been drained 
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have proved to be undesirable for cropland and it Needs--A National Inventory. Miscellaneous Pub.
would have been a wiser decision to have left them No. 971. 
undrained.
 

In the three decades 
 from 1939 to 1969 the 2. U.S.D.A. 1972. Handbook o Agricultural 
acreage of irrigated land in the continental United Charts. No. 439. 
States more than doubled, increasing from just under 3. U.S.D.A. 1971. Basic Statistics-National18.0 million acres in 1939 to 39.1 million acres in Inventory of Soil and Water Conservation Needs,1969, most of it in the western water resources 1967. Statistical Bulletin No. 461.regions. Estimates based on work by Durost and 4. Klingebiel, A. A. 1958. Soil Survey Interp-
Barton [15] indicate that increases in irrigated acre- 4 Kingebil, Groups. S o S r vey Vnt.r2 age accounted for between 5 ,.nd 8 per cent of the retation-Capability Groups. SSSA Proc. Vol. 22.growth in farm output between 1930 and 1960. 5. Tabor, R. L. et al. 1974. Agronomic Pro-Another indication of the impact of irrigation on ductivity of the Landscapes of Three Soil Associaagricultural output is that the 7.2 million acres of tions in Maury County, Tennessee. An Analysis.irrigated land brought into production between 1949 Journal of Soil and Water Conservadon.
 
and 1959 were roughly
capacity to the 25-30 millionequivalent in productiveacres taken out of 6. Oschvwald, William R. 1966. Quantitativecaaity routhe2530mionrin is aenprout fr Aspectsagricultural production during this same period for of Soil Survey Interpretation in Appraisalof Soil Productivity In Bartelli, L. J., Klingebiel, A.non-farm use and by the acreage allotment. A., Baird, J. V., and Heddleson, M. R. (Ed). Ameri-

Up through June 1972, 1,060 watershed protec- can Society of Agronomy and Soil Science Society ofdon and flood prevention projects had been approved America, Madison, Wisconsin. 
for operation under Public Law 566. These projects
 
were designed to enable farmers 
 to shift much land 7. Smith, Wesley G. 1966. A Comparativein flood plains from pasture and woodland to tilled Study of the Tennessee Valley with Special Referencecrops. Including all the land in tw watershed project to Agriculture. National Fertilizer Development Cen(upland and bottomland), there has been a net ter, TVA, Muscle Shoals, Alabama. Pub. 767-IAE.decrease in land used for row crops. Farmers have 8. Boxley, R. F. and Joel Blass. 1970. Landshifted tilled crops from rolling land to bottomland, Tenure Institutions in the Tennessee Valley. Inthus reducing the erosion potential on the watersheds Farmland Tenure and Farmland Use in the Tennes[16]. see Valley. Southern Land Economics Research 

Committee. Memo. Pub. No. 9.Summary 9. Barrons, K. C. 1971. Environmental Ber~efits 

Agricultural land use has undergone many 
of Intensive Crop Production. Agricultural Science
Review, Cooperative State Research Service. U.S.revolutionary changes in the last three decades. Most D.A. Vol. 9, No. 2.

of these changes have resulted in greater yield per 
acre, greater total agriculture output of crops and 10. Heady, Earl 0. 1967. Trends in the Struclivestock, and a steady decline in acreage of harvested ture of Farming. Jour. of Soil and Water Conservacrops. It appears also that the net result of these tion. Vol. 22.
land use changes is reduced soil erosion over what it 1. Kingsbury, Joe W. 1973. Assistant Directorwould have been if these changes had not taken place. of Soil Survey Operations Division U.S.D.A. SoilAt present, and for the next few decades at least, Conservation Service. Personal Communication. 
American agriculture has a large unused productive
land potenial for the production of crops. There 12. Hidlebaugh, Allen R. 1973. Assistant Diseems little reason for concern about the nation's rector of Soil Survey Interpretations U.S.D.A. Soilability to fc-d itself. By increasing agricultural out- Conservation Service. Personal Communication. 
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SUMMARY 

A critical review of alternatives to the use of pesticides in agricultural practice 
in the Southeastern United States is presented. The methods, their stage of develop
ment and case histories are cited. 

INTRODUCTION 

Pest management should be predicated on the totality of knowledge of all 
pest control methods and the ecological impact. Effective control measures should 
be those which consider the long-term ecological and economic aspects. The indis
criminate use of any single control method may produce undesirable and unintended 
side-effects'. On balance, the introduction of chemicals such as pesticides to agri
cultural practice has been beneficial. However, not all the effects have been positive. 

"3Probi;ms have arisen, some quite serious, which detract from the benefits 2 . This 
is attributed in a large measure to the disruptive impact on the ecosystem'. The 
benefits of pesticides have been so evident that alternatives have not been evaluated 
with equal vigor. All practices, whether chemical, cultural, physical, genetic or 
biological, must bring about the most effective, least ecologically disruptive, pest 
control possible. Although alternative methods are sought, it is generally conceded 

=that pesticides will be used to control pests into thc 'oreseeable future
The objective of this review is to e:.amine alternatives to pesticides, particularly 

those which offer potential or have been utilized in the Southeastern United States. 

CULTURAL METHODS 

Pest control methods are effective because they either directly affect the pest 
species or adversely modify environmental conditions necessary for its survival. 

To whom correspondence should be addressed. 
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Cultural methods are routinely utilized in agricultural practice to reduce pest-related 
problems. These usually involve adjusting the time or manner of performing oper
ations for the production of crops or animals, or in improving management proce

1dures. Examples of methods6 and the target pest species include: 
(i) Sanitation.Destruction of crop refuse (boll weevil, boilworm, corn borer); 

cleaning of field borders (weed control); disposal of wastes (fly control). 
(ii) Rotation. Crop rotation (fungal spores, bacteria, mites, insects and viruses, 

nematodes); animal rotation (cattle tick control). 
(iii) Farm management. Land bank and fallowing (cyst nematodes); strip 

cropping (alfalfa aphid); fertilizers (chinch bugs, weeds); time of planting (southeast
em corn borer, sugar-beet nematode); pest-free seeds (weed control, wheat nematode 
control); destruction of volunteer plants (potato aphids); destruction of alternate 
hosts (wheat and apple rusts, beet leaf hoppers, sweet potato weevils); destruction of 
early blooms (sorghum midge); tillage (grape berry moths); crop spacing (weeds); 
cleaning of farm equipment (weed control); trap crops (citrus red mite); regulation 
of plant stands (citrus pests); selection of site (various fcrest insects); thinring, 
topping, pruning and defoliating (tobacco hornworm, mite and control of dutch elm 
disease). 

(iv) Water management. Irrigation and flooding, (root-knot and white-tip 
nematodes); impoundment and improved pond management (aquatic weeds, mos
quitoes, biting midges); drainage (nematodes). 

The southwestern corn borer, Diatraea grandiosella, has slowly migrated 
eastward and has been reported in western Tennessee and Alabama1 1. Cultural 
practices which increase exposure of the larvae to the environment and predators are 
effective in increasing overwintering mortality. Burying, per se, is not detrimental to 
the larvae but it prevents the moths from emerging from the soil. Early planting of 
corn lessens damage with the primary advantage being a reduction in girdling. 
Generally corn planted in Tennessee before May I is damaged less by girdling, but 
infestation and lodging are not consistently reduced in all years and %-.ations. 

The pink bollworm provides a classic example of a major cotton pesi. that may 
be controlled by cultural practices. The control program includes stalk destruction 

and deep plowing of the residue after the crop is harvested. Two factors, ove,-wintering 
as larvae and a single host plant (cotton), make this pest highly susceptible to this 

practice. When cul:ural measures are used in conjunction with good agronomic 

practices the pink bollworm population may be reduced to low levels. Often damaging 
bollworm populations do not develop the following year. 

Attacking the boll weevil and pink bollworm during the fall of the year is a biolog
ically and operationally sound practice aimed at destruction of the diapausing 

populations. Only bollworms that are in diapause are able to survive the winter. 

This is the weakest link in the life cycle. A factor in the success of this method is that 
these two cotton pests do not develop large populations on wild or alternate host 

plants' 2 . The great majority of the diapausing boll weevils leave the cotton fields for 

hibernation sites during the harvest period of late September and October. The adult 

requires a feeding period of I to 3 weeks to accumulate sufficient fat reserve to attain 
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practice is defoliation of the cotton plants. This eliminates squares and young bolls 
necessary for the development of diapausing populations. The next most important 
practice is to harvest the crop as quickly as possible and then destroy the stalks. 
Destruction of plant residues, crop rotation, utilization of high potash fertilizers 
etc. have been effective method.i of control of cotton diseases such as anthracnose, 
bacterial blight, fusarium wilt, root-knot nematodes and seedling diseases' . 

Cultural methods which control weeds in cotton fields are important. Produc
tion techniques which promote rapid crop emergence and growth tend to control 
weeds by shading. Some cultural practices permit the use ofherbicide for weed control 

on alternate crops in a mor. effective manner than with a single crop. For example 
cocklebur is very difficult to control in cotton fields but relatively easy to control in 
corn fields. Hence, rotation and eradication are complementary. Disking or plowing 
six to eight times during a growing season effectively reduces Johnson grass rhizomes 
prior to the succeeding growing season. Similarly, plowing or disking every four weeks 
for two successive growing seasons has been reported to essentially eradicate nuts
edge". 

PHYSICAL AND MECHANICAL METHODS 

Preventive and corrective physical and mechanical methods differ from cultural 
methods since they are intended specifically to control pests and are not routine 
agricultural practices. Their effectiveness lies in the fact that all biological species 
exhibit thresholds of tolerance with regard to temperature, humidity, sound, and 
response to various regions of the electromagnetic spectrum. The possibilities for 
control techniques involving the spectrum of radiant energy and devices such as 
light traps are especially promising' 5.,6 

Temperature isutilized in the control of soil-borne diseases caused by bacteria, 
viruses, fungi and nematodes6 . Fire has been found to be an effective method of 
control of the alfalfa weevil, Hypera postica" . Seeds are often protected by storage 
at low temperatures (4-10 0C) since; most grain-infesting insects are inactive at these 
temperatures. Temperature may affect the susceptibility of host plants to virus 
infection, the time required for development of symptoms. and the degree of damage. 
The principle also applies in those cases where the majority of plants in a vegetatively 
propagated clone are infected' 8 . 

A hot-water treatment, alone or in combination with a nematocidal dip. is 
used to treat plants contaminated with ectoparasitic nematodes such as Hemic'clio
phora sp. or Criconemoides sp. These pests are difficult to dislodge by mechanical 
means because their long stylets are inserted into the plant cells. Endoparasitic 
nematodes present with plant tissues or enclosed within the protective layers of plant 
parts require a penetrating chemical or physical agent to affect a kll. Heat is most 
commonly used. Externally applied heat is absorbed by the plant propagule and 
ultimately penetrates to reach the pathogens. Heat treatment is effective when the 
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temperature level of nematode sensitivity is below that of the plant-tissue sensitivity. 
Examples of recommended temperature-time treatments found useful for control of 
parasitic nematodes include: Easter lily bulbs with spring crimp nematode, Aphelen
choidesfragariae, I h at 44°C in a water and formain bath; citrus rootstock with 
burrowing nematode, Radopholus similis, 10 min at 50'C, and grape rootings with 
root-knot nematodes, 30 min at 47.8°C, 10 min at 490 C, 5 min at 51.6'C, or 3 min 
at 53°C (refs. 9, 17). 

Light traps employing ultraviolet or blacklight lamps are being evaluated to 
determine their effectiveness for attracting moths 9 . In one 113-square mile area in 
North Carolina, 370 traps were estimated to have exterminated 50 to 60% of the adult 

tobacco hornworm moths in one growing season. A trap density of three per square 
mile in combination with stalk cutting and insecticide teatment to prevent laic 
season breeding of hornworms, further reduced infestation by about 80%. This moth 

reduction was measured at the center of the test area during the second year. About 
20 times as many males as females were captured demonstrating the potential for 
decreasing mating incidence. 

Other examples of blacklight traps for insect control include the protection 
of cabbage from the cabbage looper, Trichoplusiani, and of celery from the celery 
looper, Anagraphafalcifera8 .The European corn borer and the cotton bollworm can 

be significantly reduced by light traps if p.,pulation pressure is not excessive. Damage 
to tomato fruit and foliage resulting from the attack of tobacco and tomato horn
worms can be minimized'. The increase in yield of cucumbers from plants protected 

by light traps has been especially encouraging: populations of the striped and spotted 
cucumber beetle were reduced and the transmission of bacterial wilt was minimized. 
The benefit of the light trap is that it eliminates the need for chemical applications 
in those climatic areas where light attraction is consistently effective. Light traps may 

be used to attract moths and bring them into contact with chemosterilants. 
Not all moths and flying beetles are attracted to blacklight sources. This 

limits the application of this control method. Further, the practice requires electrical 

power which may not always be available. The advantages are: no residues are left on 
crops; moth emergence is detected and this provides a means for timing of control 
measures; attraction occurs irrespective of the physical condition of the field: the 

method may be integrated with other control approaches (e.g. post season stalk 
cutting in tobacco)' 6" '9 ; and it is low in operating cost. 

RESISTANT VARIETIES 

Plants or animals that exhibit less damage or infestation by F.pest (disease, 

nematode or insect) than others under comparable conditions in the field are con
sidered to be resistant. Selection and improvement results in a resistant variety which 
becomes an integral part of the pest-management program. One of the most important 

contributions of agricultural programs of the pre-DDT era was the development 

of resistant varieties. This method of reducing pest damage has been used extensively 
since the turn of the century. Originally the case for use of naturally resistant plants 
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was economic; it added little or nothing to the grower's cost of production. Pollution 
control is currently a consideration. 

With crops such as alfalfa, small grains and tobacco, it is the availability of 
resistant varieties which makes the difference between profit or loss. In other cases the 
resistance factor is even more important in that it makes culture of the crop possible. 
Stem rot of peanuts, rusts and smuts of cereals; anthracnose of watermelon; and 
fusarium wilt, mosaic, black shank, and black-root rot of tobacco are examples of 
the diseases which are primarily controlled by planting resistant varieties. Approx
imately 75% of the total acreage in agriculture production in the United States is 
currently planted with resistant varieties1". Varietal resistance to insects and other 
pests is classified into three broad categories: Preference (for oviposition, food or 
shelter), antibiosis (adverse effect of plant on biology of insect) and tolerance (repair, 
recovery or ability to withstand infestation)"0 . Secondary plant substances (terpenes, 
quinones, alkaloids) contribute to preference and antibiosis resistance mechanisms 
against insects and diseases"1 . 

A classical example of the use of plant genetics is the control of grape 
Phylloxera in Europe over the past 90 years. Highly resistant American varieties 
saved European viticulture5 . A search for plants resistant to insects was conducted 
in California over a 10-year period beginning in 1881 (ref. 20). By the turn of the 
century, many programs were underway. These included: mildew resistance of grapes 
in France; late blight of potatoes in several European countries; rust resistance in 
wheat in Australia, England and the United States; and wilt resistance in flax, 
cotton, watermelon and cowpeas in the United States. These and many other 

23 programs are still being pursued actively today22' . Each year new resistant varieties 
are introduced. Current research is being directed toward incorporating multiple pe!, 
resistance into crop varieties. Development and use of resistant host plants is one of 
the most effective methods of economic pest management in agricultural ecosystems. 

A bacterial disease known as Granville became a limiting factor in production 
of flue-cured tobacco in North Carolina following the turn of the century. Losses in 
Granville County alone during the period 1920 to 1940 were estimated to be 30-40 
million dollars. Intensive research to develop wilt-resistant tobacco was initiated in 
1935. This effort culminated in the introduction in 1944 of a resistant tobacco variety 
of acceptable quality. Program cost was about $150,000. By 1948, the value of tobacco 
grown in the area of Granville was estimated to be $2,000,000. By 1964, 416,000 
acres were devoted to the tobacco crop in North Carolina with an estimated value of 
$520,000,000. Approximately 95% of this acreage was planted in varieties which not 
only incorporated resistance to Granville wilt, but also to black shank. It is estimated 
that if resistant varieties were not available the yield would have been reduced to less 

' .than one-fourth 22 2* These major tobacco diseases involve soil-borne pathogens. 
Effective chemical controls were not available and the effectiveness or practicality 
of other approaches, including rotation and related cultural practices, would have 
been limited. 

Varietal resistance as a means of controlling cotton pests has generally been 
ignored until recently. Screening of available germplasm has recently proved to be 
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highly rewarding. The possibility of controlling Heliothissp. and other lepidopetrous 
pests by incorporating high levels of gossypol and other pigments into commercial 
varieties appears to be especially promising. Plants having a gossypol content of 1.5% 
or more cause both larval mortality and inhibition in development of Heliothis 
larvae. Such levels have been attained in several lines. High gossypol content is 
undesirable in cotton seed because of its toxicity to nori-ruminant animals. Con
siderable effort has been devoted to incorporating characteristics of low gossypol 

content into commercial varieties. This illustiates the neccssity for a cooperative 
approac in developing varieties of cotton". 

The spread of the boll weevil, Anthononus grandiy, throughout the Cotton 
Belt at the beginning of this century brought marked changes in the kind of cotton 
plant g wn. The late, vigorous, lon-.staple upland varieties were rapidly replaced 
by early-maturing, short-staple types which were less *usceptible to damage because 
of their shorter exposure period and thicker carpel walls. 

Knipling' estimated in 1971 that $75,000,000 wr.., being expended annually 
for control of the boll weevil. In spite of this expenditure, control is far from complete 
and the annual loss is estimated at $200,000,000. Indications of the weevil developing 
resistance to insecticides renewed interest in the development of resistant types. 
The U.S. Cotton Boll Weevil Research Laboratory was established in 1962 at State 
College, Miss., with the objective of finding new approaches to boll weevil control or 
eradication with less emphasis on use of insecticides. 

Genetic factors contribute to resistance of cotton to the boll weevil. In the 

frego bract mutant type, the normally adherent bracts become flared and twisted. The 
frego types are less attractive for oviposition"5 and readily permit penetration of 
insecticides. Boll weevil oviposition suppression factors, attractants, feeding stim
ulants and repellents have also been found to be associated with resistance in cotton26 . 

Discovery in 1954 of nematodes attacking soybeans in North Carolina was the 
first report of this pest outside the Orient2 . Crop damage posed a threat to the 
United States soybean industry. Control of the soybean cyst nematodes has been 
difficult and multiple approaches have been necessary. Application of chemicals to 

the soil has not been economically feasible. Crop rotation of 2 to 3 years is effective, 
but results in limited production. Federal and state quarantines have been only 
partially successful. In 1957, some 2,800 soybeans varieties were screened for nematode 
resistance in heavily infested fields. Four varieties were found on which the nematode 

did not reproduce. The desirable characteristic of resistance was transferred to a 
commercial variety developed cooperatively by the Agricultural Research Service 
and the Agricultural Experiment Stations of Arkansas, Missouri, North Carolina, 
Tennessee and Virginia 27 . 

Disease-resistant vegetable varieties are especially noteworthy. A vegetable 
grower in the Southeastern States, by proper selection of such varieties, can now re
duce the damage caused by such destructive diseases as fusarium wilt of cabbage, 
tomato and watermelon; common mosaic of beans; celery leaf bligrts; rpinach blight, 
cucumber scab; and many others. In many cases, the farmer will not sacrifice the 

.quality or productivity of his crop through use of a resistant variety" 
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Heliothis zea is adapted to feed on a wide range of hosts and has been given 
common names associated with the crop attacked, e.g., the corn earworm, the cotton 
bollworm, and the tomato fruitworm. The literature is extensive. Variation in earworm 
damage has been ascribed to variety, planting dates, spacings, date of maturity, soil 
fertility, concentration of feeding stimulant and nitrogen balance. Varietal differences 
have commonly been associated with husk characteristics, either extension or tightness. 
However, chemical differences also appear to be involved. The effect of either husk 
extension or husk tightness are explicable from knowledge concerning the feeding 
habits and cannibalistic tendencies of earworm. Either husk extension or tightness or 
their combination may ensure minimum damage to the developing grain, but have 
little or no effect on population dynamics, and therefore, represent a special case of 
tolcrance rather than one of antibiosis 2'. Extensive research is needed to develop 
resistance (antibiosis) to leaf feeders. 

The greatest forest disease resistance research is presently concentrated on the 
fusiform rust of southern pines. Agencies, both governmental and p~rivate, are 
engaged 29 . In r'"rth Carolina, a "rust nursery" approach is being used for mass 
screening of known seed sources of southcrn pines. This approach also permits 
estimation of the heritability of resistance in a natural population of southern and 
loblolly pine. Since 1954, a tree-improvement program has been underway in Florida. 
This involves screening of select slash pines for resistance to fusiform rust. Selection 
and field testing of slash and loblolly pines of one parent and controlled progeny 
are being studied for their resistance. 

BIOLOGICAL AGENTS 

Biological concrol involves the suppression of the reproductive potential of 
organisms through the actions of parasites, predators, or pathogens to restrict pest 
population at a lower average density than would occur if these were absent3 . The 
interrelationships and differences between biological and chemical control are 
illustrated by the experience of the citrus industry in California. It once suffered a 
massive infestation of a mcaly bug, cottony cushion-scale, Icerya purchai,introduced 
from Australia on acacia in 1863. Two Australian ladybird beetles, Rodoliacardinalis 
and Cryptoiaemus sp. provided the necessary predator-prey regulation. They reduced 
the mealy bug populations to levels at which they no longer constituted a major pest 
infestation. Unfortunately, cottony cushion-scale again reached major levels when 
extensive applications of DDT to citrus eliminated the vedalia ladybird3 ° . This 
example of pest recurrence emphasizes an inherent risk in pesticide use. A catastrophic 
effect on the natural regulatory mechanisms may occur. While chemicals may tempo
rarily diminish the numbers of a particular pest, they may also reduce its natural 
enemies. Subsequently, a population explosion of pests can occur before its natural 
enemies are abli,, to recover. 

Insects, like animals, suffer from disease attacks3 1 . Under favorable conditions 
a disease may reach epidemic proportions for an insect species. Within a few days or 
weeks, it may reduce the species from a point of great abundance to one of scarcity. 
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Insect diseases may be caused by protozoa, fungi, viruses and bacteria. During thelast two decade", there has been an increasing awareness of the great potential ofinsectdiseases as control agents. About 225 species of insect viruses have been isolated.Of these, the nuclear polyhedroses (107 species) and the granuloses (80 s,?1i)are candidates for effective insect control3 2 . Greer3 3 reported over 300 insect vorurc
that can be utilized for control of specific pests.

The advantages offered by microbial pest control arc:(/) Insect pathogens in general, and viruses in particular, are very discriminating and infect only one species or members of closely related species"4 .
(2) If conditions are optimum, the introduced microbial agents may spread oftheir own accord, resulting in wide-spread killing of the host in natural populations.(3) Microbial insecticides are biodegradable and leave no residue or build-up

in the soil, as occurs with many chemical pesticides.
(4) Most microbial insecticides are harmless to animals and plants and maybe applied in heavy doses without damaging these forms of life3 .
(5) Microbial pesticides arc generally compatible with other pesticides.Selected examples of arthropod pathogens and the pests successfully controlledare: nuclear polyhedrosis (bollv'orm-budworm complex, cabbage looper, alfalf.,caterpillar) and Bacillu dhlringiensis (many caterpillar species). Others are being 

evaluated 3 4.1. 
Limitations of microbial pest control are:(1) Perhaps the grea-test question concerning the use of microorganisms tocontrol insect pests has to do with the timing of application in relation to environmental conditions. The effect of high humidity on viral diseases is controversial.

Viral epizootics may or may not be related to wet weather. In the laboratory, anexcess of moisture often leads to the outbreak of bacterial diseases. Low humidityis generally considered a limiting factor for the spore germination, infection andsubsequent sporulation of the fungus on the host. High temperature generally accelerates the course of a disease. Much remains to be learned about the optimum time 
to apply the microorganisms.

(2) It is necessary to maintain the vitality and virulence of the infecting agentespecially for those microorganisms not possessing a cyst or spore stage. The possibility exists that resistant populations will develop after prolonged 
use of microorga
nisms.
 

(3) The effect of heavy applications of entomogenous microorganisms onplants and higher animals needs to be considered. There appears to be little likelihood,that microorganisms naturally pathogenic to insects could cause serious injury to
 
animals or plants.


(4) A microbial insecticide can be used against one species only. Mixed
formulations have as yet not been widely tested.

(5) Of considerable importance is the effect that pathogenic microorganismsmay have upon the insect parasites and predators of a pest. Few observations havebeen made, but enough has been learned to suggest that close attention must be paidto this relationship whenever the artifical dissemination of microorganisms is 
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contemplated. Sometimes the insect parasites and the disease are related in a comple
mentary or supplementary fashion. This has been observed in alfalfa fields infested 
with caterpillars of the alfalfa butterfly, Colias eurytheme. In fields where the poly

hedral wilt disease is present but not abundant among the caterpillars, the smaller 
larvae may be parasitized by Apaiteles while the larger larvae may be killed by the 

polyhedral wilt disease3 1 . 
Environmental protection necessitates curtailment of direct herbicide appli

cation to aquatic system for weed control. This is intensifying the search for alter

natives. Mechanical methods are costly, usually temporary in effect, and difficult to 
employ, particularly in canals. Biological control offers a potential alternative for 
extensive areas where the cost of chcmical or mechanical practice would be prohibitive. 

To date, biological control of weeds has been accomplished mainly by insects; 
but use of mites, snails, pathogenic microorganisms, fish, ducks and geese, manatees, 
and parasitic higher plants are under investigation 36 3 . Caution must be exercised 
before any animal is introduced for weed control. In the absence of their preferred 
food, they may become pests of alternate plant types. 

Florida red scale, Chrysomphalus anoidum, and purple scale, Lepidosaphes 
beckii, were until recently the two most important armored scales on citrus. Control 
of purple scale by the introduction of the parasite, Aphytis lepidosaphes, has been 

reported3". Hymenopterous parasites represent the critical control factors for the 

Florida red scale. Pseudohomalopodaprima, the parasite attacking mature female red 
scale, is highly important The most important parasite species appear to be Aspidio
tiphagus Iounsburyi and Phospaltella aurantii which attack male and second-stage 
female scales39 . A special survey of Florida red scale and parasites was made b,.tween 

February and June 1967 on 104 groves. Parasites were identified as beilig either 
P.primaor A. holoxanthus.Parasitism by A. holoxanthus was very high. This parasite, 
which was introduced from California in 1960, appears to have much greater ability 

to survive adverse weather conditions than P. prima'. Partial to complete control 
has been achieved using these parasites. 

Several species of parasitic insects were reared from field-collected larvae of 
the bollworm, Heliothis zea and the tobacco budworm, H. virescens in Mississippi "2 . 

The parasites belong to the families Braconidae, Ichneumonidae, and Tachinidae. 
The predominant spesies were two Braconids, Microplitiscroceipes and Cardiochiles 
nigriceps. Parasites provided a high percentage of control on cranesbill, tomato, 
and spider flower. Observations were also reported on the effectiveness of C. nigriceps 

" in controlling H. irescens on tobacco in areas of Florida and Georgia . 
Parasitization by Aphidius smithi varies as a function of the age of pea aphid, 

Acyvrthosiphon pisum. Susceptibility is highest at first instar stage. In California, this 

parasite has been propagated and widely released for effective control. Since 1962, 
this parasite has been found to be occun'ing in increasingly large numbers in clover 

and alfalfa fields in Kentucky"'. 
Virus, Viron/H TV, attacks only species of the genus Heliothis of which there 

are two major economic pests. One is H. virescens, the tobacco budworm and the 
other is H. zea commonly known as cotton bollworm. This virus has performed at 
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least as well as commonly used chemical insecticides in 80 to 90% of the cases. its 
greatest advantage lies in the fact that it is completely specific and is absolutely safe 
and non-toxic. This virus is reasonably compatible with r'me chemical insecticides. 
These can be sprayed in mixtures as long as the pH of the solution is neutral. The 
formulated form contains 126 billion inclusion bodies per ounce and a quart will 
control the bollworms on 10 acres of cotton with a light to moderate infestation. 
The application of this virus in practically every cotton-growing state was permitted 
by the Food and Drug Administration (FDA) in 1970 (ref. 33). 

A biological control program for the control of bollworm and tobacco bud
worm 	was integrated into an ovcrwintenng boll weevil control program on cotton 
in the Mississippi Delta in 1965 (ref. 45). This program was designed to utilize biolog
ical control measures and omit chemical control during the growing season. The 
factors utilized in the program consisted of the naturally occurring predator-parasite 
complex and the application of the nuclear polyhedrosis virus. Helioihiscontrol with 
biological agents was compared with a toxaphene-DDT-methyl parathion control 
using 25- to 30-acre plots. The initiation of virus applications was varied to evaluate 
the effectiveness of the virus against various ages of larvae. The Heliothis biological 
control program compared favorably with the insecticide program when virus appli
cation was initiated to coincide with hatches. 

A study was conducted in Alabama in 1968 to determine the importance of 
fungus Entomophthora sp. as a natural control factor for field populations of the 
two-spotted spider mite, Tetranychus urticae. Studies of the distribution of this 
fungus revealed its presence in 14 of the 15 counties where collections were made. 
Average infection rate was 25% (ref. 46). Five epizootics of the pathogenic fungus 
were observed in two-spotted spider mite populations in Lee County, Ala. Each 
epizootic was characterized by a high degree of infection by Enromophthora sp., 
accompanied by a rapid decline in mite numbers. 

Experiments were conducted in the state of Florida to evaluate the effectiveness 
of large fresh-water snails, Marisa cornuarietis,as a biological aquatic weed control 
agent. The snails controlled Cerathophyllum dewrersum, Najas guadalzq'enris, and 
Poramogeton illineonsis completely and Pistia stratiotesand Alternantheraphiloxer
oides partially. Marisa preferred submerged to floating weeds. Little damage was 
done by Marisato 4- and 5-week-old rice plants, but younger rice was killed when the 
snails had no other source of food' 7 . Except for its possible deleterious effects in rice
growing areas, Marisa was regarded as very promising for the control of aquatic 

.weeds 	especially in confined bodies of water" 
Alligatorweed, Alternantheraphiloxeroides,is an extremely prolific plant which 

is most difficult to control and even more difficult to kill. It does not post a serious 
weed problem in South America, where 40 to 50 species of insects act as suppressing 
biotic agents. Only one of these insects was known to occur in the United States and 
this insect, a flea beetle, belongs to genus Agasicles. During the fall of 1965 and spring 
of 1966, over 9,000 beetles were transferred to selected and approved locations 
throughout Florida, Georgia, South Carolina, and Mississippi. Frequent observations 
were made in the vicinity of the release sites and at no time was there any evidence 
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mat in. oceue tea on any piant omer man atngatorwe 1. i ne eeues preter alligator
weed growing in the water. The results were promising' 9 and have been extended. 
The possible use of herbivorous fish has received minimum attention in the United 
States. Common carp, Cyprinus carpie, may control some aquatic plants by keeping 
the water muddy, and, to a lesser degree by rooting out plants. In China, Japan, 
Israel, and Thailand the grass carp, Cienopharyngodon idellus, has been used success
fully for the control of rooted aquatics". 

Since 1957, eight species of fish have been field-tested for effectiveness in 
aquatic weed control in Alabama. The Congo tilapia, Tilapia melanopleura, grass 
carp, and the Israeli carp, Cyprinus carpio have shown the best potential for weed 
control. In ponds, Congo tilapia, when stocked at rates of approximately 1,000 to 
1,500 per acre, in three months controlled Pithophorasp., giant Spirogyra, E. acicularis, 
E. densa, Hvdrochloa sp., U. biflora, and Rhizocklium sp. Grass carp controlled 
Charasp., 1'. oviersifolius and E. acicularisin one month when stocked at a rate of 
20 to 40 per acre. 6- to 9-in. Israeli carp, when stocked :at rates of 25 to 50 per acre, 
were effective in reducing or eliminating Pithophorasp., Rhizoclonium sp., E. acicu
laris but in some ponds required 2 to 3 years to effect control50 . 

The species of fish receiving most of the attention in Georgia are: Tdapia 
nilotica, T. mossambica, T. melanopleura, C. carpio. and C. idellus. Ail observations 
on Chinese or grass carp, C. idellus were favorable5 '. In the spring of 1967, 2,000 
grass carp were stocked in a 20-acre pond in Georgia that had a 5-year history of 
excessive growth of Najas and Potamogeton. Within 6 weeks, the grass carp was able 
to consume most of the rooted aquatic vegetation. 

Parasites and predators are continually being colonized and evaluated for 
their effectiveness as control measures for various types of aphids, scalcs, moths and 
beetles 5 2. 

STEPI LITY 

The use of insect sterilization to control and eradicate pest populations is one 
6of the revolutionary departures of modem entomology 53-

1 . There are two ways by 
which the sterility principle might be used to control or eradicate insects. One method 
involves rearing, sterilization and release into the natural population so that the 
sterile members will compete with normal ones and thus lower the reproduction rate. 
Early experiments in sterilizing iasects employed X-rays, but subsequently Y-rays 
from a cobalt-60 source were used. As an example, it is assumed that the natural 
population exists in an isolated area containing a stable population of two million 
insects with a 1: 1ratio of males to females in equilibrium with the environment and 
with the biotic potential canceled out by environmental resistance. For each genera
tion, two million sterile males would bc released to compete equally for mates. By 
the fourth generation, the ratio of sterile to fertile males competing for each virgin 
female would be 1,807:1; with equal competition 99.5% of these matings wculd be 
sterile". 

Another method is to treat and sterilize itisects in the natural population to 
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reduce reproduction. The chemical compounds which reduce or entirely eliminate 
the reproductive capacity are called chemosterilants. Chemosterilants may affect only 
one sex (male sterilants, female sterilants) or both sexes (male-female sterilants). 
United States Department of Agriculture entomologists and chemists had screend 
3,000 maternls vp to !962 and found that at least 50 of them produce sterility in 
insects. Apholate and aphoxide are among the most active chemosterilants currently 
under investigation'. When administered orally or by contact these compounds 
produce irreversible s erility without apparent adverse effects on the mating behavior 
and length of life of the insects. Insects, which are ready for field testing, include 
fruit flies, mosquitoes, boll weevil, Heliothis complex, sugar cane borer, rice stem 
borer, pink boll weevil and cabbage looper 6 . 

Screw worms were brought to the vanishing point by the release of 100 sterile 
males per square mile per week on Sanibel Island near Fort Myers, Fla., but eradica
tion could not be proved because the test area was riot sufficiently isolated to prevent 
immigration of a few fertilized females from nearby untreated areas. Another exper
imert was performed on the island of Curaqao" where eradication was achieved 
on that isolated 170 square mile island. The apparent eradication of the wrew worms 
from Curacao supported the theory that screw worms could be eradicated from the 
Southeastern States by releasing sterilized flies. In July 1958, a large sterilized fly
production facility was completed at Sebring, Fla. This establishment produced 
fifty-million sterilized flies per week, which were distributed ove-, all infested areas 
in the Southeast (Florida, Georgia, Alabama, Mississippi, South Carolina, North 
Carolina). By 6958, the screw worm had been essentially eliminated from the South
eastern States, the major area of the continental United States in which this pes cam. 
overwinter, and no significant infestations of screw worms have since occurred". 

5 a The screw worms were irradiated withy-rays using a cobalt-60 source . This was one 
of the most successful controls of an economically important pest. 

Eradication of the cotton bollworm from St. Croix, U.S. Virgin Islands, 
was attempted in 1968 and 1969, using the sterile-male release method5 9 . Both 
attempts failed in the primary objective of eradicating the species. The reasons were 
the high ratios of sterile to natural males which caused the elimination of oviposition, 
and the high degree of locking between the released population and the native females. 

A truly effective chemosterilant for the boll weevil has yet to be discovered. 
Some of the aziridinyl compounds, particularly apholate, induce a rather high degree
of sterility in the males, but the mortality of treated insects is high and their compet
itiveness is reduced"0 . During 1962, apholate-sterilized male boll weevils, Anthonomus 
grandis, normal males and virgin untreated females were released in three exper
imental I-acre plots of cotton in Virginia, Tennessee. and Lousiana in the ratio of 
20:1:1 in each of five uniformly distributed points. A total of 8,850 sterile males 
released over an eight-week period prevented matings between the ensuing F, males 
and females. On the seventeenth week of the experiment, "oegg or feeding punctures 
were found in two examinations of all the squares and bolls on plants in the field. 
Only in the Louisiana experiment was eradication of the population achieved6 . The 
successful eradication in 1962 of an artificially induced infestation of boll weevils 
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prompted further studies. From June 17 through August 26, 1964, eleven weekly 
releases of apholate-sterilized male boll weevils were made in nine cotton fields that 
had been treated with insecticides in the fall of 1963, to reduce the population of 
dianausing weevils. An average of 8,200 males were released per acre in Baldwin 
County, east of Mobile, Ala. This release program reduced the number of oviposition 
punctured squares. Also, the percentage of infertile eggs, the number of live immature 
and adult weevils per acre in fruit, numbers of overwintered adults and the levels of 
infestation during the second year were considerably lower in the release zone than in 
the zone treated intensively with insecticides. 

Effectiveness of apholate in decreasing the sperm viability of the male boll 
weevil was determined62 in Misisissppi by allowing the weevils to feed on a diet 
containing 0.001 to 0.020% of the chemosterilant and on plants sprayed with 0.5 
and 2.5% solutions. After both treatments, virgin females mated to treated males 
oviposited eggs with decreased hatchability and emergence of the F, progeny. At 
the higher levels of treatment, longevity of males was reduced. Repeated spray 
applications of the chemosterilant to plants, especially a! the higher levels, caused 
phytotoxicity manifested by leaf necrosis, stunting of growth and cessation of square 
production. The male boll weevil can also be sterilized with ttis-(l-aziridinyl)phos
phine oxide (TEPA), either by feeding 1,500 ppm of TEPA in the diet for two days 
or by an injection of 3.5 mg (ref. 63). Lower levels of TEPA produced transitory 
sterilization. At the effective levels mortality was significant. 

Three compounds, aphoxide, aphomide, and apholate, caused sterility in male 
and female house flies at concentrations of 0.5 to I% in food given to the adults6 4 . 
Of 97% compounds administered in granulated sugar or in fly food tested in Florida, 
only 27% caused sterility in adult house flies, Musca domestica 5 . 

Corn meal baits containing 0.5% of aphoxide (1-aziridinyl phosphine oxide) 
a chemosterilant, were applied on an isolated refuse dump in the Florida Keys for 
the control of house flies. Applications were made each day during the second week. 
House-fly populations were reduced from 47 to 0 per grid within 4 weeks and the 
percentage hatch among all eggs laid was reduced to I%within 5 weeks6 6 . House-fly 
baits containing 0.5% of metepa, methaphoxide, tris-(2-methyl-I-aziridinyl)phos
phine oxide, were applied to the droppings in a poultry house in the suburbs of 
Orlando, Fla., for house-fly control. Applications were first made at weekly intervals 
for 9 weeks, then semi-weekly. Granular baits with corn meal as a carrier were the 
most effective6 7 6 . 

The cotton bollworm, the armyworm, Pseudaletia unipuncta and the granulate 
cutworm, Feltia subterranea,can be sterilized with TEPA. Males of each species 
are sterilized when they are fed 53 mg of TEPA in a 10% sucrose solution. A dose in 
excess of 106 mg is required to sterilize female cotton bol'worms and a dose of more 

9than 53 mg to sterilize female armyworms and granulate cutworms 6 . Sterilization 
of the fall armyworm by apholate and TEPA has also been reported7". 
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ATRACTANTS AND REPELLENTS 

Many insects find their food, their mating partners and favorable sites on 
which to deposit their eggs by an automatic response to various scent clues. Male 
moths, for example, can detect potential sexual partners at great distance. Not 
surprisingly, each species tends to have its own distinctive odor which facilitates the 
meeting of mating partners. Frequently insects can be attracted by means of a chem
ical. This is useful for pest detection purposes or to expose them to an insect pathogen, 

1toxicant or a chemosterilant . 
Attractants have been classified into three categories; sex, food, and oviposi

tion lures. The type of lure is inferred or deduced from insect behaviDr and the desig
nation given to such response is frequently uncertain. If exposure to a chemical 
causes a male insect to assume a mating posture, the chemical is probably a sex 
attractrnt, even if it is a synthetic and unrelated to any natural lure. Some entomolo
gists believe that methyl eugenol, the attractant for the oriental fruit fly, Dacus 
dorsalis, is a sex attractant because the chemical attracts only the male. However, it 
also appears to be a food lure, because the fies avidly devour the chemical 7'2 . A 
similar example is the attraction of the cucumber beetle, Diabrotica undecimpunctata 
howardi, to cucuibitacin, a terpt:noid compound present in its host plants7 . Food
based or fermenting lures have a dcfinite place in control operations. Disadvantages 
include lack of snccificity (traps fill with many kinds of insects), attraction over only a 
short distance, rapid deterioration (especially of fermenting lures), and frequently 
inconsistent performance. in regard to oviposition lures, females have been induced 
to lay their eggs on, or in the vicinity of, certain chemicals. Materials that release 
ammonia are known to citcouiage oviposition in house flics. The apple maggot is 

.attracted to decomposing proteins, such as egg albumin" 
Chemical attractants and associated agents, such as stimulants and assertants, 

have been widely used for many years in studies of insect behavior. They have served 
many useful purposes as lures in traps, e.g. to sample insect populations: to determine 
relative densities from time to time and from place to place; to trace the movement of 
marked insects in dispersion and migration studies; to study survival of insects in 
their natural environments; and to study behavior associated with the search for 
mates and ovivosition sites. 

In the search for selective methods of insect control, many entomologists and 
plant protection personnel are seeking chemicals which elicit repellence. A repellent 

.is a chemical that causes an insect to make oriented movements away from its source' 
The distance the insect needs to move, however, is usually much shorter than the 
distance it does move in response to an attractant. Ordinarily, it only needs to leave or 
avoid a treated surface or at most move a few centimeters out of the effective concen
tration of repel. .nt vapor. Less use has been made of repellents for the protection 
of animals and plants than for the protection of man. 

Ultimately attractants must be tested in the field where they must prove 
effective despite a multitude of natural odors, coiors, light conditions, and 

7 4 - 6weather 7 ' . Examples of some potent synthetic attractants are cuelure, siglure, 
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medlure and trimedlure for various types of fruit flies; gyplure for gypsy moth; and 
grandlure for cotton boll weevil 72 . 

In 1956, the Mediterranean fruit fly reappeared in Florida after an absence of26 years. Following its initial eradication in 1929-1930, the on-tree annual value ofthe citrus crop had climbed to about 250 million dollars and that ofall other commercial hosts of this pest was many million dollars more. It was estimated that if theseflies were not eradicated the combired annual cost of control efforts, fumigation ofexported fruit, and maintenance of quarantine and road blocks would approximate20 million dollars exclusive of crop losses and decrease of consumer acceptance ofthe state's citrus products. The statewide eradication involved aerial spraying ofprotein hydrolysate and malathion. Quick action by state and federal agencies
(Plant Pest Control and Entomology Research Branch, U.S. Department of Agriculture) and industry, along with good public support, made it possible to complete
effective curtailment and eradication programs in a minimum of time"7 .Two terpene alcohols and two terpene aldehydes from male boll weevils wereisolated and identified at the Mississippi State University in 1969 (ref. 78). These
compounds are the components of the pheromone to which only female boll weevilsrespond in laboratory tests. In bioassnys, mixtures containing all four compounds
elicited a response by females equivalent to or better than that elicited by live males79 .Absence of either alcohols or the two aldehydes from the mixture resulted in almost
complete lack of response. The response to the mixture of synthetic compounds wasidentified to that obtained from corresponding mixtures of natural compounds.
The extract of fecal material of boll wevils (both male and mixed sexes) produced amaterial highly attractive to females but not to males. The synthesized pheromone
was named grandlure. This compound, however, had a very short life. Polyethyleneglycol increased its life. This stable product becamc an agent in surveying boll weevil
 
infestation"'.
 

The pine sawfly, Diprionsimilis, is a pest ofeastern white pine. It was observed
that large numbers of m~ales swarmed toward females. Investigations were conducted
to determine whether a sex attractant was involved. A virgin female was placed in the
screened portion of a was
trap and tanglefoot spread over another portion. The
traps were suspended from trees in the infested areas. An average of 1,000 males wereattracted in each of eight traps. A large number of males also fell to the ground.
Some females did not attract males for an unknown reason. The male response wasrapid. Many approached within 30 sec after the traps were placed. Traps positionedat an angle of 900 to the wind direction at the edge of the wood were consistently moreattractive than those set in dense woods. Greatest activity took place from midmorning to sunset. One trap with a virgin female exposed from II a.m. to 4 p.m.attracted more than 7,000 males. She ccntinued attracting males at approximately
1,000 per day until she died on the fifth day, after which small numbers were still
caught over the next three days. Males were lured 200 ft. from the forest over an openfield. Chemosterilant-attractant mixtures can be effective in reducing or eradicating a 
field popudtion of this insect7". 

Epidemics of the southern pine beetle, Dendroctonusfrontalis,have occurred 
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periodically throughout the southeast and in parts of Texas. A remedial method 
presently being tested employs frontalure (1,5-dimethyl-6,8-dioxabicyclo[3.2.1] 
octane), the sex pheromone, to aggregate southern pine beetle population on the 
trees to be harvested and/or treated with cacodylic acid, which checked brood 
development but does not harm non-target insect. In fact, the simultaneous aggrega
tion and survival of predators and competitors has become an integral part of this 
control method. Aerial surveys monitor southern pine beetle activity. Infestations 
can be treated immediately by the crews performing the ground check. Few tools are 
needed and the amount of chemicals deployed does not surpass gram quantities per

81 acre . 

HORMONES 

An approach to pest control is based upon the rapidly expanding knowledge 
of how insects rely upon hormones to regulate their growth, feeding, mating, repro
duction and diapause or overwintering 76 . The primary candidate for control measures 
is the juvenile hormone that all insects secrete at certain life stages 2 . The potential 
utilization of this information for insect control depends upon the ingenuity with 
which man can supply a juvenile hormone to the insect at an unfavorable stage. 
The contact of a last-stage nymph, larva or pupa with a juvenile hormone induces 
morphogenetic damage. This results in the development of intermediates or monsters 
which are unable to mature and die in a short time. Investigations have revealed other 
important functions of the juvenile hormone in insects including diapause, repro
duction, embryogenesis, sex-attractant production, and lipid metabolism 76 . 

The synthetic juvenile hormone analogue, trans,trans-10,i I-epoxyfarncscenic 
acid methyl ester, successfully terminated adult diapause in several species of Hemlp
tera, including the box elder bug and the red linden bug 3 . Juvensle hormones are 
unquestionably deeply involved in the reguiation of diapause and the possibility 
exists that further research may result in the development of antihormones which can 
prevent or even induce diapause. 

A male Pyrrhocoris treated topically with I mg of dichloride compound,
synthetic juvenile hormone, is able to transfer enough of this chemical to females 
by contact during mating to induce sterility. This novel method of transmitting
sterility should have interesting field applications if similar chemicas affecting insects 
other than Phyrrhocoris are developed. Williams"2 believes that synthetic juvenile 
hormone eventually will prove to be most effective as an egg killer (ovicide). Ecdysone
is another insect hormone which has the potential of becoming a selective insecticide. 
This substance initiates ecdysis (shedding of skin) or metamorphosis from one stage
to another in the larval or nymphal development of insects. Overstimulation with 
ecdysone results in repeated metamorphosis without sufficient time for the accumula
tion of food reserves so that eventually the larva or nymph becomes exhausted and 
dies. 

From the foregoing it is obvious that the application of m-phogenetic 
compounds to immature insects can kill them by upsetting their development. The 
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practical utilization of these compounds becomes attractive with the realization that 
these hormonal effects are specific to insects. In addition, these chemicals have no 

7 'effect on other forms of life" . A further advantage is that insects cannot develop
immunity against the compounds for if they did, they would become immune to th. 
hormone that is essential to part of their life cycle. Since this discipline of pest control 
is still little explored, specific case studies are not available. 

GENETIC MANIPULATIONS 

The first attempt at control by the application of genetics involved the tsetse 
flies, Glossina sp. Interspecific crosses were made of Glossina swvnnertoni and the
reproductively but not sexually isolated G.inorsitans. Viable but sterile offspring were 
obtained from such crosses, which competed with normal individuals for survival in 
the environment 56 . Many lethal genes exist in populations of insect species that nave
been subject to genetic analyses. Deleterious genes need not be lethal nor act imme
diately for effective control. Drastic reductions in insect numbers can be obtained
theoretically by constant low-level mortality factors superimposed on populations
already exposed to the stress of adverse environmental conditions as. for example,
low temperature during hibernation. Three requirements are essential to the success
of control measures utilizing the release of strains carrying unfavorable genetic
characters: the factors must not prevent rearing under laboratory conditions; they
Y,:ist not interfere with mating ability; and they should act at particular times, such 
as during the hibernation or immature stages. It has been postulated on theoretical 
grounds that the eradication of the boll weevil could be achieved in a few years if 
males carrying two lethal genes were ;epeatedly released into field populations.
It should be considered that such additional release of pests could temporarily
increase the loss of the crop until lethal genes are inherited and come into effect.
 
Although genetic methods seem 
 to offer promising leads, considerable research is
needed before such techniques can be incorporated at a practical level. 

PREVENTION OF SPREAD 

One of the methods by which weeds spread is through their inclusion with 
crop seeds. As early as 1821, Connecticut passed a law prohibiting the sale of grass
seed containing Canada thistle and ther weeds. The earliest vegetable seed laws 
were adopted by Florida in 1889. By 1941 all 48 states had seed laws. The federal 
seed act' requires, in part, that the following information be provided on seed labels
in interstate commerce: percentage of pure seed of the named crop, percentage of 
other crop seeds, percentage of weed seeds, and the rate of their occurrence. Crop
seeds cannot be sold for seeding purposes in most states if they contain noxious
weeds in excess of a specified percent by weight of weed seeds, generally 2 or 3%. 
The model state seed law, used as a guideline for legislation by many states, provides 
a typical example of state regulations. Noxious-weed seeds are separated into two
classes: prohibited (generally annuals) and restricted (seeds of perennial weeds). Seed 
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laws at state and federal levels have been important in reducing the spread of weed 
species and in improving seed quality". Seed certification is the system used to keep 
pedigree records for crop varieties and to make available sources of genetically pure, 
disease-free seeds and propagating material for general distribution. Without such a 
system, seeds tend to become contaminated and mixed and lose identity. Certified 
seeds contain relativdy fewer weed seeds' 3. 

There are at pret- nt no practical and economical treatments to cure virus
infected plants in the fields. Methods of control, therefore, are generally directed 
toward preventing infection by eliminating the source of inoculum, by preventing 
spread of virus, or by developing varieties immune to the virus or immune to the dis
ease they cause. The production and distribution of "virus-free" propagating material 
has proved highly successful in controlling virus disease in many crops. The term 
virus-free can be defined as free from the known and specified viruses for which tests 
have been conducted. The tactics of virus control depend upon integration of several 
distinct activities: the recognition and characterization of the virus diseases in each 
crop; the development of reliable indexing methods to retrieve any existing healthy 
stock, to sort plants that have been treated to eliminate virus, and to detect any 
symptomless carriers; the development of techniques to rid a few selected plants of 
virus and establish clones of virus-free foundation stocks where no healthy material is 

found; and, the enactment of measures such as certification programs to maintain 
the health of foundation stocks, and to secure effective distribution of their progeny 
to growers and nurserymen. In the United States, certification programs are individual 
state functions. A certification program for virus-free citrus stocks is presently used 
in Florida. Such programs tend to keep a control on the known viruses of crops 
propagated from vegetative stocks"5 . 

In agriculture, quarantine refers to the restraints or restrictions placed upon 
the transportation of animals, livestock, poultry, plants, fruits and vegetables, plant 
and animal products or other materials which are suspected of being carriers of 
agricultural pests. Such precautions are necessary, as many of the worst plant pests 
came from other countries and thrive here because of abundant food and few natural 
enemies. The tempo of international travel has greatly increased and with it the danger 
of spreading pests has also increased. The quarantine system is a necessary element 
of overall national preventive pest control programs 6 . Domestic quarantines between 
states, combined with treatment programs, have eliminated several pests from the 
United States. For example, Japanese beetle, Popillia japonica, has been under 
continuous regulation in the United States since 1919. Established infestation still 
does not exist west of the Mississippi River, and occurs only in isolated areas in 
the southeast. Control and quarantine programs have confined the gypsy moth, 
Porthetria dispar, to a few northeastern states although there are some 100 million 
acres west of the Mississippi River known to be susceptible to attack'. 

Publicly supported regulatory programs are an essential part of the overall 
effort to protect crops and livestock from pests. Various methods are used in eradi
cation, containment and suppression programs; these include chemical, cultural and 
biological measures. Greater merit is indicated for large-scale alternative control 
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programs as compared to region-wide chemical spraying. Many of the alternative 
techniques of pest control are employed over larger areas than individual farms. 
Programs ofstate and federal agencies in cooperation with private agencies and individ
ual farmers will b, required in pest contr ol. 

The detection of pests and surveys of their distribution and abiLrdance are
essential prerequisites to rationa! control programs. The first principle of pest detec

burvCys, related 	 measurestion an% as to control, is that no should be undertaken 
against a pest unless it is known to actually be present above economic injury level. 
Often 	this basic premise is not followed.
 

In 1971, cotton insect scouting programs 
were conducted in ten southeastern 
states. Scouts surveyed 877,225 acres out of 10,421,000 acres under cultivation. 
Such programs have been in operation for 9 years in Alabama alone. Scouted cotton 
fields have averaged 200 more pounds per acre in lint than fields not scouted. A scout 
who has received special training by an extension service entomologist can keep 
growers informed of the following- when the infestation count is great enough to 
warrant starting a control program; when to expect hatch out of boll weevils or boll
worms; and, how long to continue the control program into the fall. Scouts give 
farmers weekly written insect reports and also send infestation Y.-ports .o county
extension chairmen and to extension entomologists. Each week, reports are sum
marized and a copy sent to all county extension chairmen and other agriculturists in 
the state"7. Although no information is available regarding the actual reduction of 
pesticide used, it is postulated that many applications are eliminated without eco
nomic loss. Surveillance can only be effective over large areas. Sufficient understanding
of pest ecology and biology exists so that such programs can be promptly initiated. 
Extension services and agricultural universities can play an important role in such 
activities. 

SAFER PESICIDES 

It is widely accepted that although alternative technology exists, conventional 
chemicals will remain the chief means of insect pest control for the foreseeable 

s s ' 9gfutures ' . The rationale for this lag in the use of alternative methods merits 
explanaticn. There has been a growing concern over certain known and potential
threats to the quality of our environment because of the use of the broad-spectrumpesticides. This concern, however, has not been fully translated into increased com

mitment of resources toward search, development or large-s-cale testing of safer 
pesticides and alternative methods. Most of the widely used chemicals for control 
have been selected on the basis of optimum effectiveness against the pest and for 
maximum persistence. 

The original DDT patent of 1939 covered a numbet of insecticidal analogs"'.
These included methoxychlor, ethoxychlor and methylchlor. All of these compounds 
are persistent insecticides effective against a wide spectrum of insect pests and they 
are relatively inexpensive. DDT is the most stable and has had the most extensive 
use, whereas methoxychlor has been used on only a modest scale, and ethoxychlor 
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and methylchlor not at all. These DDT-related compounds are rapidly degraded by
the multifunctional oxidases of higher animals and converted to water-soluble 
compounds. DDT is not. Similarly, the related compounds are less toxic to fish.
Ethoxychlor, methylchlor and other biodegradable derivatives of DDT merit further
investigation as replacements for DDT and cther persistent and non-biodegradable
chlorinated hydrocarbons. Safer analogs (fenthion, ronnel, dicapthon) exist for 
methyl parathion, the most commonly used organophosphate. Consideration should
also be directed toward the effect of these pesticides on the natural enemies of pests 
and beneficial insects90 . 

INTEGRATED CONTROL 

Integrated control combines several agronomic practices and pest control
methoas. The total effect of these combined methods is synergistic rather than additive.
Integrated control is predicated on a fundamental ecological basis9 t . The concept
includes appropriate combinations of pesticides, natural enemies, insect pathogens,
cultural trentments, etc.30 . It emphasize- the ecosystem and stresses economic levels"2 .

A large-scale experiment is currently underway to eradicate the cotton bollweevil. The test area is 150 miles in diameter and is located around Gulfport, Miss. 
This two-year study will end on July 1, 1973. At that time researchers will have
determined if eradication is feasible, and what the cost will be. Presently it is estimated 
that the total cost of eradication might be about $275,000,000. For the first time,
treatment involves at least six simultaneous operations. These include in-season spray, 
as needed; a series of reproduction-diapause sprays in the fall to prevent overwintering; defoiiation; stalk shredding; and pheromone traps for males to prevent
reproduction by surviving males. In addition, continued experiments with frego bract
weevil resistant cotton, and temik systemic insecticide will be part of the program.
The chief weapon will be diapause control by a series of up to seven fall sprays
applied mainly by five helicopters in core zone, Columbia, Mississippi, and the first
buffer zone, spilling over slightly into Alabama and Louisiana. Propery timed, this
treatment can kill up to 99% of weevils entering hibernation. Chemicals used will be
ultra-low-volume guthion or malathion, depending upon the environmental hazard
involved. In the spring, adhesive-coated traps baited with grandlure will be placed
on fence lines. These traps should catch about 80% of the emerging weevils. A single
application of insecticide before square drop should kill about haif of the surviving
weevils, without permanently suppressing beneficial insect populations. The sterile 
males will then be released at a density of 50 to 200 per acre for several generations,
and theoretically should reduce the native population by 98%

9' 
with each gener

ation" . If the eradication of the boll weevil should eventually be possible at acost comparable to the annual losses for just I year, such a program would be one of
the best investments the cotton industry could make. Perhaps even more important,
the elimination of this insect would be the greatest single contribution that could be 
made in the foreseeable future toward the goal of reducing environmental pollution
caused by the use of broad spectrum insecticides. 
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Recent unpublished theoretical studies suggest that the mass production and 
programmed releases of one or more species of selective Heliothis larval parasites may 
also provide an effective and highly selective means of managing Heliothis populations. 
Relatively little is known about the numerical relationship between ptrasites and 
their hosts. However, based on a theoretical appraisal, there isgood reason to believe 
that it is well within the realm of feasibility to mass produce and release sufficient 
selective parasites to truly manage insect populations like the Heliothis species. This 
system of insect population management should have its maximum efficiency when 
the host insect populations is high and should have diminished efficiency ,-hen it 
is low. This is just the reverse of the potential efficiency of the genetic approach. 
Therefore, the parasite release technique and the genetic technique may eventually 
prove to be higly complementary when they are integrated into one system of 
suppression. Environmental factors that induce and terminate diapause in Heliothis 
should also b-e elucidated to aid non-chemical control". Insect pathologists are making 
considerable progress in developing microbial agents which may further strengthen 
an integrated approach. 

Control of hornworms, Protoparce sexta and P. quinquemoculata, on tobacco 
with insecticides is not completely satisfactory in North Carolina. When Polisres 
wasps were induced to nest in shelters erected around the field, populations of fiftit

instar hornworms were reduced by about 60% and damage by 76°%. One-fifth of the 
recommended rate of insecticide!s IDE or endrin, applied as top sprays gave reliable 
and adequate control of both hornworms and budworms. This was true whether 
insecticide was applied every two weeks on a preventive schedule or only when counts 
indicated treatment was needed9". An integrated program would be more economical 
than present systems and would reduce residues to a fraction of the present levels. 

The introduction of the beetle, Agasicles sp. as a biological control agent has 
been an added deterrent to the growth of a9!iatorweed, Ahthernantheraphiloxeroide '. 
ihrough the Atlantic coast states. However, floating inats have been controlled in 
only very small local areas where herbicides have not been used. The recommended 
chemical control of alligatorweed is two or more treatments of silvex. Alligatorweed 
may be controlled with less he:rbicide in the presence of large populations of alligator
weed flea beetles. A dense mat of alligatorweed was treated with silvex and a beetle 
population of one adult per 2sq. ft. of mat was introduced when regrowth was 2 to 
5in. high. The beetles showed a feeding preference for the young regrowth over the 
more mature non-treated alligatorweed and maintained sufficient feeding pressure to 
eliminate the floating mat growth9". 

Integrated control today has acquired greater acceptance than when it was 
proposed 15 years ago. Broadly, it refers to integration of all crop protection proce
dures. Integrated control programs in general required a higher level of scientific 
background when compared to chemical control. At least a minimum level of infor
mation is usually needed regarding the following points: the general biology, distri
bution and behavior of the key pests; an approximation of the pest population levels 
that can be tolerated without significant crop loss; a rough evaluation of the times 
and places of occurrence; and the significance of the major predators, parasites, 
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and pathogens present; and information on the impact of the use of pesticides, 
insecticides, herbicides, and fungicides, as well as other controi measures on natural 
enemies, and on natural and agroecosystems. 
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hina's 5,000 years of continu- effort. This makes it important to under- death, and wholesale migration from the 
ous, recorded civilization pro- stand the experience of China, where affected area. 3 Another disastrous locustvide an unequaled perspective wome of the principles of integrated pest outbreak occurred ii 1938 when Naon pests and pest control. During this management (F M were enumerated tionalist soldiers destroyed the dikestime, the Chinese have experienced al- over a thousand years ago. along the Yellow River and locuztsmost every pest problem incident to The earliest organized efforts in Chi. breeding in the flood plain caused da,.agriculture and have practiced an aston- nese insect control came with the dep. age in about 140 counties in ten provinces.ishing array of pest control methods. redations of the migratory locust, The earliest record of locust controlThe Western world has remained largely Locusta miLqmtona manilensis. Recorded dates back 3.Cy0)years to a Shang dyunaware of some of these approaches locust plagues date back to 707 B.C.' nasty (1523-1027 B.C.) poem, whichbecause of cultural and linguistic bar- Since then. more than 800 outbreaks describes the use of tlames to destroyriers, zs well as our missionary emphasis have occurred ;n various parts of China, locusts. About 2.000 years ago in theon ieaching in lieu of learning, chiefly in the flood plains of the Yellow. Han dynasty (202 B.C.-A.D. 220). WangToday the West recogizes that satis- Huai, and Chang Jiang (Yangtze) rivers Zhong (Wang Chung) described the usefactory pest control isnot asimple mat- and in the coastal regions to the south.2 of open ditches to trap immature locusts.ter of routine application of pesticides, Successive outbreaks of locusts in a given In A.D. 2, government officials offeredbut rather a far more complex ecological locality have occurred every 3 to 15 bounties to peasants for collecting lo-
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years and lasted from 12 to 30 months. custs. During the Tang dynasty (618-In The severity of the problem can beSCIENCE 906), burning and trapping were suc!N CONTEMPORARY CHINA.edited by Loo A. Orieans, with the permission judged by the 1929 outbreak, which cessfully combined. During the Song01 the ublislters. Stanford Unlivrlity Prss. devastated more than I I million acres dynasty (960 1279). the digging of locust(0 1910 by the Bard 0f Trustees of theLeland Stantord Junior University. of cropland. causing illness, starvation, eggs from the soil was described, and in 
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1182 alaw required citizens to collect 
and destroy locusts. This isvery likely 
the first example in the world of a legal 
requirement for pest control. 

By the Ming dynasty ( 360-1644), 
the locust's behavioral traits, such as 
migrating upwind and early in the morn-
ing during heavy dew, its reluctance to 
fly at dusk or in the afternoon after 
mating, and its tendency to fly low after 
rain and toward flames, were described 
in simple texts and diagrams. Around 
1600 Shen Guangjing called for prepara-
tions for locust invasions at a national 
level. Other innovations of this period 
included the planting of legumes, which 
locusts do not eat, and the herding of 
ducklings in fields to act as biological 
control agents.' 

In ancient times, Chinese peasants 
were virtually helpless in combating the 
recurring locust plagues. Confucius 
(551-479 B.C.) regarded locust out
breaks as r'atural cdamities and part of 
heaven's will. Despite advances in knowl
edge in the subsequent two millennia, 
effective locust controls only became 
available after the Revolution in 1949 
when China began to mobilize rural 
manpower on avast scale to combat 
the locust menace. 

During the early 1950s manual 
destruction was practiced extensively. 
Locust eggs were dug up in winter and 
destroyed: trenches 20-30 kilometers 
('km) long were dug and young locusts 
driven into them and buried. Thousands 
of peasants encircled infested areas and 
killed locusts %4ithbamboo brooms and 
locust swatters made from shoe soles 
nailed to wooden poles." 

Dusting with benzene hexachloride 
(BHC) began in 195 1.and the use of 
aircraft for dispersal increased from 13.7 
percent of locust-infested areas in 1958 
to about 54 percent in 1960 and about 
70 percent in 1963.6 By this time the 
Chinese realized that they had relied 
too heavily on aircraft application of 

insecticide, which was not only costly 
but also had deleterious effects on bene
ficial insects and environmental quality. 
Moreover, the use of insecticides had 
weakened locust control organizations 
and delayed the accumulation of sound 
ecological information about locust 
control. 

As a result, the use of aerial spraying 
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was curtailed and by 1975 was virtually 
abandoned.7 Yang Xiandong, vice. 
minister of agriculture, said in 1963 
that the density o1 locusts had been 
reduced but the area of infestation had 
not decreased.8 

More than 120 million persons par-
ticipated in pest management programs 
for migratory locusts following a major 
outbreak in 1951. Primitive methods of 
surrounding, whipping, and burning 
locusts were supplanted gradually by 
more ecologically oriented efforts di-
rected by stations surveying locust-
breeding grounds and forecasting out-
breaks on the basis of meteorological 
conditions. From 1958 on, enormous 
efforts were made to convert breeding 
areas in reedy, riverside flood plains 
into rice paddies, forest belts, and pas-
tures. More than one million hectares 

, 
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(ha) of mountainous farmland in the 
Yellow River valley were converted into 
terraced fields. Four million check dams 
and 27,000 small reservoirs were con-
structed on small tributaries to control 
flood surges. and trees and grasses were 

sown on 4 million ha.' This campaign 
represents the most extensive pest man
agement program of all time. 

Today, rather than relying primarily 
on insecticides for locust control, China 
has developed an imaginative and practi
cal approach for the environmental con
trol of locusts that knits together biol
ogy, meteorology, water management, 
and cultural practices and relies heavily 
on forecasting.t" 

Importance of Plant Protection 
China isstill an agrarian society. Four

fifths of its population reside in rural 
areas where they engage primarily in pro
ducing food and fiber for themselves and 
urban dwellers." Thus, agriculture is 
China's most important activity, and its 
farms currently produce enough food 
to feed about one billion people, or 

In China plant protectionists work at all 
levels. Above: A pest management team 
working in an agricultural research labora.tory. Left: A kit for use in identifying an 
insect pest and its natural predators. Oppo
site page: The ladybird beetle, an aggressive
predator, is widely used to control aphids. 

(Photos: H. Beemer, Jr.; A. Kelman; USOA) 

more than one-fifth of mankind. Scien
tists and agriculturists who have visited 
China since 1972 have commented, al
most without exception, that the Chi
nese people appear exceptionally healthy 
and well nourished. 
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China has only about 107 million ha 
of arable land (compared with 156 mil- "" N.,,,,, 
lion ha in the 48 contiguous United " 
States), yet China is essentially self
sufficient in food production. 2 The suc
cess of plant protection and improved 
agronomic practices can be gauged by
the increase in grain production from 
about 113 million tons in 1949 to 175 
tons in 1974.' 3 In comparison, the 
United States produced about 194 mil.
lion tons in 1973. In 1976 China im-. 

ported about 4 million tons of wheat, 
but this was partially offset by the ex. '' port of about one million tons of rice. 4" 

These figures, as well as the observations 
of visiting scientists. indicate a highlyof vsitng inicatsienistsa ighl 
successful and expanding agriculture.

China has attained virtual self. 
sufficiency in agriculture largely because 
of the enforcement of Mao Zedong's
dictum: "Take agriculture as the founda. 
tion." Thus, hundreds of millions of 
man-years of effort are concentrated in 
rural areas, and large monetary resources 
are channeled into food production, 

The financial commitment of China's 
leaders to agriculture has been estimated 

sat U.S. S5 billion annually. Agricul.
tural production has been bolstered by
extensive double and triple cropping in 
Central and South China, vast terracing
and irrigation schemes in the North 
China Plain. and the development of 

area fertilizer programs to ensure opti-

mum crop fertility.' 6 It appears that 

crop yields and production have now 

been pushed close to their natural lina-

its,' Therefore, the great challenge for 

the future will be to cope with a natural 

population increase now estimated at 

slightly over 1.5 percent each year. This 

population growth will require about 

4 million additional tons of grain annu-

ally and ensures that agriculture will 

remain an area of paramount concern, 


Protecting plants from pest attack is 

an obvious way to increase the available 
food supply without creating new agri-
cultural land, improving irrigation, or 
increasing fertilizer production. Indeed, 
China's success in maintaining self. 
sufficiency in food production will be 
a measure of its achievements in con-
trolling plant diseases and insect pests.

Detailed recent data are not available 
on crop losses from pest attack in China. 
However, in 1937 it was estimated that 

a 

A 

A,
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The Asiatic rice borar (moth and larval). Although the precise magnitude of pest damage to Chineagriculture is unknown, it is clear that losses are significant enough to warrant major governmentefforts to curb them. A 1967 estimate placesant. (Photo: USDA) 

insects and plant diseases caused a 10. 
20 percent reduction of Chinese grain 
crops.13 Another, more recent report
in 1962 by the Bureau of Plant Protec-
tion of the Ministry of Agriculture sug.
gested that in seriously affected areas 
grain losses were about 10 percent, 
cotton 20 percent. and fruits 30 percent 
of total production. 9 

In 1967, in a thorough compilation
of pest losses in agriculture, H. H. Cramer 
presented data for crop losses in the 
People's Republic of China based largely 
on comparable data from Southeast 
Asia and the U.S.S.R.2 These data sug. 
gest that the percentage losses to insects 
and plant diseases respectively are: rice,
15 and 8 percent; corn. 12.4 and 9.4 
percent; wheat. 5 and 9 percent; cotton, 
16.1 and 12 percent; sugarcane, 20.1 
and 19.2 percent: apples, 13.1 and 13.7 
percent. The accuracy of these loss esti. 
mates may be subject to question be. 

cause they were 
 10 to 20 years out of 

date and did not allow for the immense 

progress made in plant protection in 

Chin2 under communism. Moreover, the 

possibility that crop losses to pests in 

China are significantly higher than in 

the Umiited States is not substantiated 

by the observations of American scien. 

tists who have visited China recently.' 


Although the precfse magnitude of 

pest damage to Chinese agriculture is 
unknown, it is clear that losses are sig.
nificant enough to warrant major govern.
mental efforts to curb them. In 1958 the 
Ministry of Agriculture's Bureau of Plant 
Protection planned for thorough control 
of plant diseases and insect pests on 

the lon of rice pioduction to insect p sts at 15 p: 

12.03 million ha ofcropland in 18 prov. 
inces and municipalities.2 Included wcre 
3.6 million ha of rice, 1.6 million ha of 
wheat, 4.1 million ha of miscellane )us
grains, 2.4 million ha of cotton, and 0.2 2 
million ha of fruits and other economic 
crops. It was estimated that this control 
program could save i .25 million metric 
tons of grain and 90,000 metric tons of 
cotton. 

Such strenuous efforts have had sub. 
stantial effects, and in April 1960 Vice. 
Premier Tan Zhenlin reported to the 
Second National People's Congress that 
substantial blocks of farmland had been 
freed from such pests and diseases as 
aphids, red spider mites, locusts, -,rny. 
worms, rice borers, and wheat smut.' In 
1962 Vice-Minister of Agric:ulture Yang
Xiandong said that pests on 27 million 
ha were controlled by pesticides and that 
more tilan 2.67 million tons of grain and 
had been harvested as a result.? 

Plant protectionists work at all levels 
of government. At the commune and 
brigade levels, they diagnose plant health 
problems, forecast outbreaks of pests, 
apply control measures, and organize 
demonstration plots. Sometimes aplant 
protectionist, together with a veterinarian 
and a paramcdic ("barefoot doctor"), 
is assigned to a production brigade. 

More commonly, plant protectionists 
and agronomisti function as a special
research group in a commune. In 
Shaanxi province, for example, 50 per
cent of the communes are reported to 
have such teams, as well as simple labo. 
ratories designed specifically for crop
protection work. These are equipped 
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with microscopes. manuals for the iden-
tification and control of plant diseases 
and insect pests, reference collections 
of common insects and diseased plant 
specimens, and beautifully detailed 
posters illustrating the life cycles of 
important pests. Facilities for culturing 
organisms used in biological control of 
insects are sometimes available, 

The plant protectionists are usually 
enthusiastic, dedicated, and well ac-
quainted with the applied aspects of 
their disciplines. They are almost unique 
in the cooperation and rapport they 
have with peasants, who regard the con-
trol of plant diseases and insect pests as 
one of their primary responsibilities to 
the state and their communes. 

Pest Control Technology 

The mcst successful aspects of plant 
protection research in China nave been 
the large.scale development and imple
mentation of programs for practical 
integrated pest management (IPM -see 
box). In China. as elsewhere through. 
out the world, the need to develop IPM 
programs for major agricultural pests is 
urgent. The strategy of single-factor pest 
control interventions using insecticides 
that seemed so promising in the post-

World War II era has become increasingly
less attracive because of the develop-lesattrcivbeasane ofsetcidesphysiography of the area was analyzed, 

pests, disturbanccs of agro-ecosystems 
that have resulted in the appearance of 
devastatirg secondary pests, widespread 
!nvironmental pollution by persisten 
and toxic chemicals, and rapidly increas-
ing costs o" pesticides. 

IPM has a higher social priority in 
China than in any other part of the 
world, and it has brought steady and 
sometimes spectacular success to agri-
cultural production and crop protec-
tion.25 The following sections review 
China's major pest problems and meth-
ods of control. 

Migratory LocustProgram 
The locust program at Weishan Lake. 

Shandong province, is typical of the 

-

-

Recorded locust plagues inChina date back
insect control were aimed at combating depredations of the locust. (Photo: USDA) 

efforts that have been made.26 The As an indication of the paucity ofefotththebenmd. TeAaniiainofhepuiyf 

ment of resistance to insecticides by
hundreds of species of important insect 

IVTEGRATED PEST MN..IAGE-
MENT (IP.l) is the evaluation and 
consolidation of all available tech-
niques into a unified program to 
manage pest populations so that 
economic damage is avoided and 
adverse side effects on the envi-
ronment are minini:ed. It involves 
determining means of modifying 
the life system of a pest to reduce 
its numbers to tolerable levels, 
applying biological knowledge and 
current technology to achieve the 
desired modification, and devising 
procedures for pest control suited 
to current technology and compat-
ible with economic and environ-
mental quality aspects. (For a dis-
cussion of IPM, with an emphasis 
on the United States, sce Robert 
van den Bosch, "'The Pesticide 
Problem." Environment. May 1979.) 
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and in the 1960s. with 40 million man-
days of labor and 550 million cubic 
meters (m3 ) of concrete. the landscape 
was transformed by building 423 irriga-

tion systems with 21.552 ditches hay-
ing a total length of 15.492 km. This 
system prevented flooding in 39.000 
ha and resulted in a good harvest despite 

100 rainless days. In 1973, 58,890 ha 
were planted with rice, and 8.190 ha 
around the rice fields were planted with 

shade, fruit, and medicinal trees. This 
r locust infes

program largely eliminated locust infes-
tations in the region by destroying 
breeding areas. It also reclaimed thou-
sands of hectares of arable land and im-
proved the local environment. 

Flight behavior in the locust's soli. 
tary and migratory phases has been care-
fully analyzed. Most migratory locusts 
fly at 15-20 m height, and some cover 

25 miles or more in asingle flight. The 
female's flying speed is gr-ater than 

that of the male. At 190 C the averages 
were 4.7 meters per second (m,'sec) fcr 
males and 3.7 m/sec for females: at 
290C the figures were 7.4 m/sec for 
males and 5.0 m/sec for females. Fe. 
males were found to outnumber males 
by 10-37 percent, and it is believed that 
females play the leading role in setting 
the course of the migration. Chinese 
entomologists believe that the reflection 
of moonlight from lakes and rivers is 
the positive phototropic response that 
guides locusts to the adjacent breeding 
grounds. They also believe that the 
migratory k'lights are triggered by the 
arousal of the mating instinct as a result 
of moonlight and other appropriate 
environmental conditions} 7 

to 707 B.C. The first organized efforts in Chines 

information in the Western world about 

Chinese insect control. B. P. Uvarov in 
his authoritative Grasshoppers and !o. 
custs (1977) cites onlv eight Chinese 
references about Locusta migrat,,ria 

manilensis 2 

Biological Control 
Bioloc 
Bical control. a basic compo

introducing and encourang natural 
enemies to regulate insect pest popula

enemies involved 
tions.a The natural 
may be insect predators and parasitoids. 
as well as a ,ariety of insect pathogens
bacteria, viruses, fungi, and nematodes. 

Biological control has been widely 

and effectively used in China since the 
Cultural Revolution and has, in its 
various manifestations, become an inte
gral and widely practiced component 
of IPM programs in the culture of cot

ton, corn, rice, fruit and vegetable crops, 
and forests. 
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The pink bollworm (shown here on acotton boll) is capable of destroving whole fields of cotton,
In China, an indigenous wasp which parasitizes o-#rwintering pinki bollworms is mass-reared andlet Ioco in barns to destroy bollworms pupating in stored cotton seeds. (Photo: USDA) 

The vigor of Chinese biological control 
efforts isapparent in the widely devel-
oped and effective programs for the 
culture and mass release of the hyme-
nopterous parasitoids Trichogramma
and Anastatus, in the practical utiliza-
tion of coleopterous predators such as 
Coccinella septempunctata, and in 
microbial control with the bacterium 
Bacillus thuringiensisand its exotoxin. 
and with the fungus Brauverin bassiana. 
Much of the groundwork for the success 
of these programs was probably devel-
oped during the period of close associa-
tion with the U.S.S.R. during the 1950s 
when many Chinese made extended visits 
to the Soviet Union."3 

Trichogramma. Chinese entomologists 
have identified 12 species of these egg 
parasites, which are tiny wasps about 
0.4 mm in length and weigh about 4 M 
micrograms (jg) ' Trichograntina have 
been characterized as living insecticides, 
since the adult female wasps have great 
mobility and highly developed searching 
capacity for the eggs of lepidopterous 
pests. Four species of Trichogramma, 
(T.dendrolimi T.australicum, T. 
ostrineae,and T iaponicum) are mass-
produced in special institute laboratories 
and communes, 

The parasitic wasps are cultured on 
the large eggs of the giant silkworm 
moths or on the eggs of the rice moth. 

As many as 175 Trichogramma have 
been reared from a single giant silk-
worm egg, and the average isabout 60. 

;n commercial production large 
numbers of giant silkworm cocoons 
are placed on an automated belt hat 
is rotated to place newly emerged vir-
gin female moths in aconvenient posi-
tion for colle.tion. The moths are 
passed through !neleitric meat grinder, 
which squeezes out the intact eggs. 
These are stored and can be used over 
a period of time for parasitoid produc-
tion. The eggs are cleaned, dried, and 
glued onto paper cards, either for 
immediate use or for short-term storage. 
The cards are placed in large glass cages 
or alternatively in outdoor cages con-
taining literally millions of adult wasps, 
whose eggs are laid in the silkworm eggs 
on the cards. 

After parasitism of the eggs on the 
cards, the latter are ready for release 
at carefully calculated dosages. Itis im-
portant that the emergence of the Tricho-
gramma wasps from the egg cards coin. 
cides with the egg-laying patterns of 
the pests to be controlled. Release rates 
of Trichogramma in China are high com-
pared with those used in previous at. 
tempts in other parts of the world, 
which undoubtedly contributes to the 
high degree of control obtained. 

Several major insect pests are con. 

trolled with Trichogramma. which are 
integral part of IPM strategies. Euro. 

pean corn borer, Ostrinia nubilalis. in 
Jilin province was controlled by Tricho. 
gramma releases in programs that cov
ered over 34.000 ha in 1974. The release 
rate was about 230,000 to 310,000 per 

at about 90 points per mou (I mou 
0.066 ha) beginning just before the 

corn borer eggs were laid and during the 
peak egg-laying period. The cost was 
stated to be slightly more that 2 yuan 
per ha.3 

Trichogramma also play an impor
tant part in IPM programs for manag
ing the pink bollworm. Pectinophora 
gousypiella; the sugarcane borer. 
Diatra,'a sacchaaslis rice leaf roller, 
Cnaphlocrocis rmedinalis; the spiny 
pine caterpillar, Dendmlimus sibeicus;
and other lepidopterous pests. A high
degree of technology has been developed
for the rearing and mass release of the 

four important species of Trtichog mma.
 
The generally successful results come
 

from suitable production and release
 
of weather conditions and target insect 
status, and use of the most effective
 
Trchoamma species or strain for the
 
area and crop involved. In general,
 
stable controi as good as or better than
 
that from the use of chemical insecti
tides was reported.
 
ci os ted.
 

Obviously, the successful use ofTrichogramrna is incompatible with the 
regular usage of broad-spectrum insecti
ce saeuccessdul em etilo 
cides. The successful employment of
 
Trichogram ha Guangdong province.
 
by half or more. This was reported to
 
be welcome Thsastd f 
workers because personal hazard from 
pesc e p sona s anally 

reduced.3 

Coccinella septempunctata. This 
large and aggressive ladybird beetle 
has been widely transferred from natu
ral vegetation into cotton and citrus 
for th,- control of aphids and leaf 
roll. 

Dibrachys cavus. This indig, us 
wasp parasitizes overwintering pink 
bollworms and has been mass-reared 
and liberated in barns in Shanghai and 
Shaanxi province to control pink boll
worms pupating in stored cotton seeds3 s 
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Use of this parasite has been an impor- mass release of Trichograntma. and be- Light Traps 

tant part of the cotton [PM program. cause of it,safety, i-,-opular with Insect forecasting and control in 

(:ina involves the use of light traps onDucklings. A particularly innovative peasants.
ucklirng inovate 	 a scale much greater than that in anyof bioloiclatrl The fungus Beaurerfa bassiana has 

progam of biological control using been described for many years is a other country. In Hunan province there 
yevou d b seatoshas bniveenity possible microbial control, but t use are said to be about one million "black
developed by the Zhongshan University has not been developed in the Wct. light" traps in an area of about 210,500
Institute of Entomology. Ducklings are However, a strain attacking the Euro-	 km.Ntosofecripwrlns 

km2.Networks of electric power lines
herded through rice fields in flocks of 
an vorcioslyconume peaaused incornJilinborerprovincehas beenin conjunctionsuccessfullywith intersect the rice fields. At night the1,00 ormor 

a variety of rice pests, including the rice TrichograI ra on more than 60,00 ha 37 eerie blue-violet glow of numerous black
grashpprth The fur gus iscultured in flasks, . traveling between Changsha and 

1.000 or more and voraciously consume 

bow pan hppr, 'MTfurichgnis onlmoredthn f0. light traps was visible from the train 

stemn rice leafhopper, and the rice crocks, or shallow pits in the ground. Guangzhou. The spacing of these black

stem borer using wheat and rice bran as the culture light traps varies from one trap per I to 

grasshopper, the brown plant hopper, 

Although this isan arcient Chinese medium. Beauveria bassiaia is applied as 2 ha in iangsu province, one trap per 

practice it is supprted by meticulous a granular or powdered product to piles 2 to 3 ha in Guangdong province and 
un anresea ch on predator/prey ratios and of corn stalks and stubble collected in 	 on tr 3 ha in 

one trap per 3 to 4 ha inHunan province.duck biology. For example, a single 
hungry duckling was found to consume A variety of traps were seen; all con

about 200 insects per hour. In the Daxia " sisted of a 20-watt fluorescent tube 
Commune of Guangdong province, emitting acontinuous spectrum of light 

about 3,900 ha of rice are protected from 300 to 500 nanometers (nm), but 

each year by about 220.000 ducks that -. with peak emission at 365 nm.39 The 

are herded through the early rice crop fluorement tube is centered between 

by 853 duckherders. The pest popula- four vanes of glass, and the whole appa
don is reduced by 65-70 percent. This . ratus is commonly mounted over a 

basic program is supplemented by the 	 - I brick water basin or bucket..permanent 

liberal use of Trichograrnrna and Bacillus The water ba4in usually contains sticky 

rhuringiensis. rice water to trap the stunned insects, 

The amount of insecticides applied -- , and the nutritious gruel thus obtained is 

on early rice decreased from 75.427 kg fed to fish or hogs. For forecasting, elec

in 1972 to 34.112 kg in 1974 and to . tric grids or cyanide jars were used as the
 
only about 6,700 kg in 1975. This pro- '"killing device beneath the fluorescent
 

gram is very popular with peasants work- tube.
 

Lng in the field, who strongly prefer a _ . The development of these blacklicht
 
pesticide-free environment, and presum.. traps was apparently the result of care.
 
ably with the ducks as well., 	 t'ul study of the response of night-flying 

lepidoptera to monochromatic light.
Microbialcontrols. The utilization 

Ting et al. studied the phototactic reof insect diseases in control programs is 
3 mpracticed on a large scalethensin China.BacillusosprefrmnMil- bacteriu 	 ponse of cotton bollworms to 13 mono

l mi 	 dromatic lights ranging from 333 to 
lions of metric tons of formulations of', 	 "
 056 nm.0 The 333-nm light was most 

Hungr'! ducklings, herded through rice fields attractive to the bollworms. but armyrhuringensis (BT) are apolied in rice, 	 infocks of 1,000 or morevoracouslvconsume orm adults responded best to 375 nm. 

,orn. cotton, vegetables, and forests for 	 a variety of rice pests. Ithas been found that a 
about 200 insects per At the Nantong Institute of Agriculture,he control of lepidopterotis larvae. BT single duckling consumes 


the attractive power of 20-watt black.

is produced by both liquid fermentation hour. (Photo: H. Beemer. Jr.) 

and semisolid lower-yield fermentation light traps and 200-watt incandescent
 

traps was evaluated. During 1973 acom
to kill the overwmniering larvae 	 sources caughtmethods using damp peanut and soy- the fzl] 	 bination of the two light 

bean meal in shallow baskets. The latter and to the tassels and silks of the sum-	 63.097 destructive insects compared 
is cheaper and better suited to local 	 mer crop. The control obtained was with 11,035 by the blacklight 4 

described as 83-96 percent for the over
commune production, and the output 

is standardized by testing before use. wintering larvae and 80-90 percent for 
BT applications were stated to pro- the spring generation.8 Insecticides 

duce 90-100 percent kill of pine cater- Among other approaches. nuclear The origin of the use of indigenous 
pillar and 80-100 percent kil! of cab- polyhedrosis viruses (NPV) are being Chinese plants containing insecticidal 
bage armyworm. Barathra brassicae. developed for the control of such pests constituents is lost in the mists of 5.000 
BT is highly compatible with other as tussock moth. the cotton leafworm. %,ears.However, their use was extensive 
biological control methods, such as and cabbage caterpillars. in pre.Revolutionary China and continues 
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to be substantial today. In 1958 over 
500 native plant and mineral products 
were processed into more than 10 mil-
lion tons of insecticides and fungicides.42 

Among the principal products derived 
from native plants were alkaloids such 
as nicotine from Nicotia,,a species, ana-
basine from .4abasisaplvla. rotenoids 
from Derris species. and extractives from 
Kalanchoe (effective aeainst aphids) 
and garlic. Research in this irea is still 
continuing, and in conjunction with the 
renewed interest in Chinese medicinal 
plants, useful discoveries ma) be made.4" 

Following World War II. the world. 
wide publicity gven to oreanochlorine 
insectici4rs. such as DDT. BHC. and 
other new synthetic organic insecticides, 
had an inmense impact on pest control 
in China. Domestic production of DDT 
and BHC began after 1949. and about 

60 million kg of BHC and 4 3 million 

kg of DDT were produced in 1958. The 

introduction of BHC 
was especially 
rapid and increased by I I .000 percent 
between 1952 and 1958. Itwas used 
throughout China for the control of 
major pests. Airplane applications were 
widely used for control of the mwratory 
locust; between 1954 and 1958 more 
than 5.0 million ha of crops were saved 
from locust outbreaks in this way." 

At first this widespread use of the 
organochlorines was widely acclaimed, 
In 1963, Tsien.hsi Cheng said that "the 

The emphasis today isentirely on orgp
ptosphorus insecticides of low namm
 
ian toxicity.
 

-Trichlorfon. 
 introduced in 1957. is 
apparently the insecticide produced or 

fie, •.the largest scale in China today." Itis 
publicized as the "enemy of ahundred 
worms." Its popularity is due to its 
safety, lack of persistence, specificity 
against chewing pests, and environmen. 
tal degradability. Trichlorton is the 
main deterrent against chewing insectsintensive ecological study has led to i IPM prorams incotton and rice. antcomPlete abandonm

A nt of broad.1Ptrum insCticddessuchmODTinChine. agriculture. Ther. on cabbage and other vegetables, andmost no aeial Wraying. is now al- deciduous fruits. The order of produc-The Chi.
 
noe are 
currently attempting to. tion and use of organophosphorus in
veloP Procedures for theus. of pet.cides 

.. .' within a secticides has been described as tri
. 

, framework. (Photo:soundH. Baemer, Jr.)ecologica,,.l chlrfon, dichlorvos, dimethoate, 
phosmct, fenitrothion. phosphamidon. 

and malathion. 47 

Ecological Issues 
Insecticide resistance has proved asmass production and wide application vexatious in China as elsewhere. Theof BHC is a milestone in the history of housefly and numerous species of mos.Chinese agriculture." However, further quitoes have become resistant to DDTusage in China produced the same and BHC, and to various organophos.series of problems as found elsewhere phorus insecticides, as have the fruit.in the world-widespread insect pest tree red spider mite. the cotton aphid.resistance, development of secondary the paddy borer, and the rice leafhopper,pests into major pest problems, and Impressive efforts are being made toenvironmental pollution. By 1975 the delay the onset of insect pest resistanceuse of BHC and DDT was rapidly being by alternating insecticide treatments onphased out and was no longer permitted apples and citrus; three to five differenton fruits and vegetables.4" insecticides are used in rotation. De.Early in the 19 50s a national deci. terminations of resistance and crosssion was made not to produce the cy. resistance are given high priority. How.clodiene insecticides (aldrin. dieldrin. ever. the prevailing scientific attitudeheptachlor. endrin. and chlordane) for about resistance is pessimistic. ind theagricultural use because of their long- increase in the resistance problem is a
term persistence and environmental 
 major factor in encouraging pest mantoxicity. Small amounts of chlordane agement programs.
and mires are still used for termite con- Experience in China with the wide.
rrol in soil and timbers. Toxaphene is 
 spread use of broad-spectrum insectiused in China in a limited way to con- cides has been generally unfavorable.trol bollworms. but its use is forbidden partly because of the emergence ofnear rice paddies and fish ponds because secondary pests. The experience withof its high toxicity to fish. The inde. deciduous fruits has been typical. The
pendent Chinese experience with the 
 early use of DDT ave good control ofpersistent organochjorine insecticides a wide variety of leaf rollers, but nearlyis particularly interesting in view of eliminated the natural enemies of manythe controversy produced by their pests, including red spider mites. Theregulation and ban in many Western mites were controlled with parathioncountries, 
 at first, but rapidly became resistant.
Organophosphorus insecticides are The use of insecticides increased untilthe basic synthetic insecticides in use they accounted for 25 percent of thein China. and more than 30 different production cost of the fruit. The leafcompounds are produced commercially, roller. Leucoptera scitella, became a 
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rampant secondary pest. 

Intensive ecological study led to 


complete abandonment of broad-

spectrum insecticides and to the devel-

opment of a pest management program 
emphasizing: orchard sanitation: hand-

picking of overwintering cocoons:inter-
planting orchards with legumes to en-

courage the ladybird beetle, Coccinella 
and other predators

eptempuncaa, andothsocusLt 

as well as the parasite Aph__tis procria; 
together with selective spraying using 

lime sulfur, trichlorfon, and chior-
49dimeform-. 

There is much concern in China 

about the overall effects of the inten-


sive use of pesticides on human health 

and environmental quality. The use of

such highly toxic insecticides as 

parathion and methyl parathion is very 
closely regulated, and handling is lim-
ited to highly trained and experienced 
personnel. The Ministry of Agriculture 
has established strict rules about appli-
cation equipment. protective masks 

and clothing, and the availability of 
antidotes. 

New insecticides that have adverse 
health and environmental properties 
must have governmental approval be-
fore use. An Institute ut Environmental

in 
Protection was established in Beijing 
1978, and a national s%stem of pesticide 
residue tolerances is being developed 
along with a system of restricted periods
between application and harvest. 

Insecticides play important roles in 
China's pest management programs, in 
its remarkable progress in producingfood fmormore than one-fiih of the 

world's population, and in its exception-

al standards of hygene and public
health. More than 100 individual insecti-

cide compounds are produced commer-

cially in China. and the go~ernment aims 

to become totally self-sufficient in this 
area. 

The manifold disadvantages of the 
unrestricted use of broad-spectrum 
pesticides have been recogn~ized, and ef-
forts are being made to develop proce-
dures for the judicious use of insecti-
cides in a sound ecological framework. 

There is almost no aerial application of 
insecticides; selective treatment of hot 
spots of infestation in field or orchard 
is the general rule. Biological and cul-

tural control measures are used where-
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ever feasible, and supplemental insecti-
cide controls are planned so as to be 
minimally disruptive to the total ecol-
ogy of field. orchard, and forest. 

ROBERT L METCALF is a professor in the 
Department o Zoology at the University of 
Ilinois, Urbana. ARTHUR KELMAN is a 

professor in the Department of Plant Path-

ology at the University of Wisconsin-
Madison. 
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BY JAMES RUSSELL MCGOODWIN 

ANTICIPATING THE CONCLUSION of the Third United NationsConference on the Law of the Sea (UNCLOS Ill) in 1975, 80 coastalnations extended their jurisdictional claims over ocean economic re-sources to 200 nautical miles from their shores. Most of these countriesare enthusiastically promoting new maritime developments, and in lessdeveloped countries (LDCs) the mood seems particularly bullish. Manyof these nations-struggling with domestic food shortages and scarce
capital for development -look to their fisheries as a source of proteinrich foods, and for substantial income from exports. However. biforethe LDCs surge ahead with the development of their fisheries, they
need to consider the possible consequences of the strategies availableto them, benefiting from the past experiences of other countries which 
have preceded them in fisheries development.Timely lessons may be drawn from the fisheries-development experiences of Brazil, Thailand, and Japan; but the development of Mexico'sshrimp industry on the Pacific coast provides a particularly instructivecase.' The growth of its shrimp-export trade has been extraordinary,especially with regard to the income it has generated and the phenomenal quantities of capital it has accumulated. Crustaceans-not petroleum,cotton, sugar, or any other primary commodity-are Mexico's leadingexport item in terms of total value.' Today the state-instituted, urbanbased industry boasts seven trawler fleets with more than 450 vessels;

ten freezing, packing, and canning plants; two fisheries-research institutions; one shipyard; and two Mexican-owned importing corporatit'ns(chartered in the United States and located in San Diego, California).More than 94 percent of the industry's shrimp catch is exported-around30,000 metric tons last year, which brought nearly $80 million in theinternational marketplace.' 
The growth of the shrimp industry has not been without its problems,especially those stemming from its dependency upon the United States,which is the major buyer of its production. But there is also a poignantand relatively unknown chapter in the story of its growth: the declineof the inshore fisheries and the corresponding impoverishment of thou-sands of rural-coastal peoples. By and large, the plight of these peoples 
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isrelatively unknown outside of the 
regions they inhabit. But their situation 
dentonstrates how the development of 
one export industry-in this case Mexico's 
Pacific hshrimp industry-can work un. 
foreseen hardships incertain rural en-
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problems created by the dependency of 
the LeCs upon the developed nations. 
Those involved in developing social and 
economic policy must become more 
aware of the ramifications created by
the introduction of any new technology 
in asociety 

South Sinaloa: A Case in Point 
Coastal lagoons, salt marshes, and es

tuaries are important features of Mexico's 
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pacific coast (see Map 1). Yhese regions 
are the major inshore fisheries and the 
main rearing grounds for Mexico's com
mercially important sp.-cies of shrimp. 
In former times they also pioduced 
great quantities of other seafoods, par. 
ticularly oysters and fish. 

Although this article focuses on the 
rural fisheries in the municipio [a1legal 
unit similar to a U.S. county I of Escuin-
apa, south Sinaloa, the situation de-
scribed for that region is duplicated to 
a greater or lesser extent in all of Pacific 
Mexico's rural-coastal fishnes. South 
Sinaloa is where today's shrimp-export 
industry had its beginnings, and in that 
region the social, economic, and political 
problems accomnpanying the growth of 
the industry have reached their point of 
greatest strain. Northward, among the 
lagoonis and estuaries of Sonora, the 
rural population is relatively less dense, 
and southward, in the rural regions of 
the Gulf of Tehuantepec, the impact of 
the shrimp-export industry has been less 
severe. Nevertheless, living conditions in 
all of Pacific Mexico's rural-coastal regions 
are distressing. 

In south Sinaloa average personal in. 
comes of the region's household heads 
are less than S400 U.S. per year. Day-
wage laborers in agriculture earn only 
about 52.50 U.S. per day when em-
ployed. Only 0.3 percent of the popu: 
lation has professional or technical 
training, and in the rural settlements 

less than two years of primary school 

is the mean educational level. 


Most dwellings are crowded, squalid, 

and barren within, lacking sanitary facil-

ities and running water. Fresh drinking 

water is always in short supply, and 
health and nutritional levels are ex-
tremely low. Infant mortality rates. 
moreover, are rising for the first time 
in decades, and the entire population 
is plagued by a variety of severe dis-
eases-pervasive gastro-enteritis, amebi. 
asis, and hepatitis, for example, as well 
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MAP 1: Major IWhot Fisheries of Pacific Mexico. 
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as outbreaks of polio, tuberculosis, and eries of Pacific Mexico? 
rabies. In these hot and humid low. 
lands biting insects are also a problem.' South Sinaloa's Coastal History

By and large, south Sinaloa's rural South Sinaloa's inshore fisheries were
population owns or has access to very not always underdeveloped, nor were 
little productive land, so that the ma- their human inhabitants as cut off fromjority are dependent on whatever wages marine resources as they are today. In-
they can earn. More significant. how- deed, people have relied upon this 
ever, is the fact that, in this region of region's rich coastal resources for at 

extremely productive fisheries, food is 
often in short supply and much of the 
population suffers some form of nu-
tritional disease. Only 2 percent of the 
total population are members of the 
government.instituted inshore fishing 
cooperatives, while the rest find their 
fishing activities severely constrained by 
laws reserving marine resources for the 
cooperatives. 

The region's cooperatives, on the 
other hand, annually produce about 
700 metric tons of shrimp-enough to 
provide every man, woman, and child 
with roughly 23 kilograms (more than 
50 pounds) of that protein-rich food-
but nearly 100 percent of that produc-
tion is exported. And even the coopera-
rivistas (members of the fishing co-
operative), who have permission to 
harvest the region's seafoods, earn 
slightly under S700 U.S. per year.' Why, 
one wonders, are conditions so bad in 
these regions-the richest inshore fish-

least 8,000 years, perhaps longer, and 
evidence of a*considerable and long
term maritime history is clearly appar
ent to even a casual observer.6 

The whole coastal region contains 
numerous shell mounds, some more than 
3 kilometers long and 180 meters wide, 
with peaks reaching II meters. Not far 
from Escuinapa, head town of the 
municipia by that same name, arche. 
ologists have recently discovered a par. 
ticularly large shell mound-a proto
pyramid, perhaps-21 meters high, quad. 
rilateral in shape, and flat on top. Radio. 
carbon dating indicates that this structure 
was built about 2,000 years ago, suggest. 
ing the existence of coastal chiefdoms, 
and perhaps even nascent states, which 
subsisted upon the region's seafoods 16 
centuries before the arrival of the Span
ish conquerors.'
 

Estimates of the pre-Colombian popu
lation vary and are speculative, but some 
historians suggest that a rclatively dense 
population inhabited the coastal plain 
at the time of the Conquest in the early 
16th century.' Apparently, the Conquest. 
era aboriginal population was part of the 
Mesoamerican culture tradition, the same 

OPPOSITE: Because rural houses around 
Teacalin, south Sinaloa, lack modern sanitaryfacilities, the inhabitants suffer a high incidenceof nutritional, infectious, and parasitic diseases. 
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as the Aztec and Maya. They built plat.
form mounds and ball courts on the 
higher ground behind the coastal zone; 
they decorated their pottery in the Meso. 
american style; they grew com, beans, 
and squash along the river courses; and 
they harvested and traded great quanti-
ties of seafoods from the estuaries and 
lagoons. 

The conquest of south Sinaloa 
brought about the destruction of the 

aboriginal population. The Indians 

were victims of diseases introduced by 

the Spaniards, and their ranks were 

further reduced by i number of factors 

which were either non-existent, or at 

least not as severe, in other parts of 

Conquest-era Mexico. They had the 

misfortune of being conquered initially 

by Nuflo de Guzmdn, one of the er?'s 

most genocidal conquistadores. Soon 

thereafter, many were taken as slaves 

for the mines in the Sierra Madre Occi-

dental, and for Cuba's sugar planta-
tions. The scattered few who remained 
were pushed out of the region, displaced 
by the lords of cattle-raising haciendas 
which became common in this region. 
Indeed, the region was effectively de-
populated of indigenous peoples by the 
1750s,and today none inhabit the 
coastal zone. 

For nearly three centuries thereafter 
the region was almost empty of human 
inhabitants, and its abundant marine 
resources went unexploited. Then, in 
the early to middle 19th century, a 

rorb.. 

trickle of new settlers arrived -ncsti:o 
immigrants from other parts of Mexico. 
They settled the coastal lands that be. 
came available following Mexico's inde. 
pendence from Spain in 1821. Still 
more immigrants came after the French 
occupation in 1867. 

These new arrivals were quick to 
recognize the potential of the region's 
marine resources for subsistence and 
for commerce, and soon south Sinaloa's 
smoked oysters and salted shrimp were 
carried by muleteers across the Sierra 
to Durango and southward toward 

Guadalajara and r4t'xico City. 


The landmark event for thes:! 
 fish-

cries occurred in the early I 87Cs 
 %hen 
Chinese immigrants from Mazatlin 

visited the region around Escuinapa. 

bought large quantities of shrimp and 

oysters, and began to sell these to buy-

ers from the United States, China. and 

Japan. In this manner, south Sinaloa's 

inshore fisheries made their debut in the 
international marketplace.9 

By the outbreak of the Revolution 
in 1910, serious conflicts had arisen over 
the region's marine resources. The Diaz 
administration granted exclusive fishing
rights to anumber of small companies 
and limited subsistence fishing to region

r 

a] fishermen not employed by the com
panies. During the Revolution, the brief 
Madero administration declared that 
subsistence fishing activities would be 
"free." and not subject to regulation.10 

Today subsistence fishermen are still 
identified as pescadores libres, but now 
the term has a pejorative, criminal con
notation, especially among fishing. 
industry oflicials, who use the term to 
refer to fishermen who are not members 
of the state-sanctioned rural-fishing co
operatives. Theoretically. subsistence 
fishing is still "free." but in actual prac
tice itis xreatl.
encumbered by various 
regulations that forbid shrimp harvest. 
ing for much of the year. or that pro
hibit such fishing in territories exclu
sively reserved for the cooperatives.
 

By the end of the Revolution. v'essels 
front Japan and the United States were 
actively shrimp trawling along Mexico's 
Pacific coast. Mexico was powerless to 
prevent such incursions at that time: 
moreover, it lacked sufficie.;: capital to 
finance the con-truction of its own yes
sels. Instead. it attempted to regulate
and tax the foreieners fishing offshore, 

Environment, Vol. 22. No. 1 
27 

http:regulation.10


' --- -! 1 ,

$16K 

This weir (called a .ao), which belongs to an inshore fishing cooperative on the El Mezcal estuary,south Sinaloa, is not in production. Its fencing has been rolled up and placed on the shore (foreground) so itwill not rot. Rudimentary weirs such as these were the main technological items facil
itating the beginnings of Mexico's Pacific shrimp industry in the 1930s. 
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'Pescadores libres"-,ubsistence fishermen. 

. inle developin its .,wn shritp-export 
induhtryinhits inshore ievhntuasly 
Offshore, the Jipanese eventually 

pned pre-eminence in the international 
shrimp market and drove their competi-
tors from Mexico's Pacific coast by the 
middle IQ30s. However, on the eve ofWIIorli l~WarQ* f arin for theoperatives required only rudim entary0. 
World War 11in 13 fearing for heafetv of its vessels s,,farfrmnn home. 
Japan ahruptly irhdiew its fleets fromthe area .Now at last \,texico had deci1h 

sive conr.ol over allof its Pacific shrimp 
fisheries, and at this .,uncture it began to 
develop tts own oftshore fleets. 

The Cooperatives 

Mexico had already developed a sys-
tem of state-instituted, inshore fishing 
cooperatives and central packing plants. 
Shortly after the Revolution. the Pacific's 
lagoonal and estuarial rezions were de-
dared federal territories. Then. with 

"•passage of the Ley Generalde Coopera-
tivas in 1933, the nation undertook 
development of the various "enterprises 
of State participation" which characterize 

its Pacific fishing industry today."' Pro-ducers' cooperatives were established in 
the rural areas, along with a number of 
central packing plants for export opera-

.- tons. The rural fishing cooperatives of 
south Sinaloa and the packing plant at 
Escuinapa were the first of their kind on 
the Pacific coast, 

Nearly all of the capital committed 
for the development of these enter-
prises went toward the construction of 
the regional packing plants. Develop-
ment o'the inshore fishing cooperatives 
involved little more than granting exclu-
sive fishing territories and the recruit-
rrent of rural fishermen. The rural co-

and fairly inexpensive weirs, which wereconstructed of mangrove posts and 
erected across tidal channels.ua opeavsr nx-


The rural coopratives were inextri-cably bound to the regional packing 
plants by the terms of their charters. 
They wrire required to turn over all their 

expotabe heseplats,poducionto 
exportable production to these plants,
and to accept payment at whatever price
levels the federal government annually 
established. Only in the conduct of their 
own internal affairs were they allowed 
to act as autonomous entities. Imtially. 
this was not a handicap to the rural co-
operativisas:manne resources were 

plentiful, the new organizations accepted 
nearly all rural fishermen wishing to join, 
and prices were such that most fisher
men greatly increased their incomes. 

This was also the era of the establishment of the nation's agrarian etidos,* 
and the rural tishing cooperatives were 
similarly hailed as important socio
economic reforms. Proponents clained 
they would raise the standard ofliving
of rural-coastal inhabitants and encour
age wide participation in the fishing in
dustry, and that the entire nation would 
benefit through the production of vitallyneedt d foodstuffs and the generatior, of 
export income. In retrospect, however, 
it seems that the generation of export 
income was the main reaon they were
 
founded, for the other reform-oriented
 
goals have ercded.
 

Social and Technological ProblemsAs economic entities, the rural coop

eratives were fairly successful from the 
time of their inception through the middie 1960s, when Mexico's offshore shrimp. 
trawling industry finafy overshadowed 

them. But long before that they had be
gun to stiffer from serious problems.Probably the most serious early prob
em was caciquismo (a corrupt, politi

* Lands distnbuted to ru.al peasants as part 
Lanmd reform. post-revolutionary programs of 
owned 

of Mexico's Such lands arn commauna.lly 

are a--nsned rurl community: specific plotsby a for an ,ndivsdual' use at nocharge so long as he works the plot. 
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Shrimp trawlers with Pro:essing facilities in background, Guaymas, Sonora. 

Why was the drastic over-harvestint 
of these prcdigious fish stocks not pre

cal-economic bossism). During the vented by the federal government, sinceand incomes must be shared with many it is empowered to regulate these fish-Alemin administration, !946-1952, marginally productive members. eries? One reason may be that the fish.caciqunsmo became widespread in the Thus, by the early 1950s, south however important as domestic foodcooperatives, and it isstiJ a problem in Sinaloa's rural-coastal population begansouth Sinaloa. In many cases corrupt 
stuffs, were the major predators uponto suffer :erious strains, and the situa- the region's shrimp stocks.businessmen.politicians undertook to tion ws greatly aggravated by the in- Other factors al:o contributed to therun the cooperatives for their own per- troduction of outboard motors and rapid decline of south Sinaloa's fisheries.sonal gain, relegating the cooperativistas nylon nets into the fithery at that time. Natural catastrophes, for instance, haveto the status of mere shift laborers and The use of outboard motors with laxge played apart. In 1967 during the falldenying them participatio, in the coop. dugout canoes eased the transport of rainy season, aparticularly severe flooderatives' internal affairs-a right guaran- very large nets, while the nylon nets buried the region's oyster beds underteed in the organizations' charters. Dur- themselves, because they are nearly tons of silt, causing an almost total lossing that same period analogous situa- invisible underwater, proved disastrous- of that resource. Such iloods have haptions arose on the nation's ejidos, pat- ly effective in catching Fsh.ticularly those producing export items.'" 

pened before in the region, at times withBy that time most of the region's devastating consequences. Another floodOther serious problems surfaced, shrimp and oyster production was be. in about 1300 AD. similarly destroyedThe federal government periodically ing sent abroad, so the fish which ex- the region's oyster beds, forcing the parappropriated lands and redistributed isted in great abundance in the estuaries tial abandonment of the fishery for athese to impoverished peasants (cam- and lagoons-snappers, snooks, drum-pesinos)-resettling many of these into 
number of years thereafter.' Followingfishes, mullets, and so forth-became the flood in 1967, the federal govern-Sinaloa from other parts of the nation. the new mainstays of domestic con- ment imposed a moratorium on oysterSouth Sinaloa's rural-coastal popula- sumption. However, the nylon nets harvesting and attempted to reestablishtion boomed, growing from around quickly ravaged the inshore fish stocks,8,000 persons in 1935 the beds; but its efforts have been onlyto nearly reducing them to very low levels within partly successful because the reduced31,000 in 1970 . 3 As a result, com- only a few years. Rural fishermen speak oyster stocks hav,; been subject to heavypetition for local marine resources in- of former times, before the introduc- ptessure by rural campesinos, who illegaltensified. Eventually the rural fishing tion of the motors and nets, when thecooperatives became entrenched eco-
ly hare/st them in order to provide foods-.rface waters of the lagoons some. for their families. The oysters have alsonomic entities, serving only a minor- times aprtared red from the shoals ofity of the rural-coastal population. been damaged by contaminants-chemijsnapp-rs congregated there. Continued cal pesticides mostly-used in the region'sInternally, the cooperative also suf- fishi.,g prc..sure prevents the recovery agricultural sector.fered from the effects of population of these resources, and today's net fish.growth, since membership rights could ermen rely upon secondary species- Offshore Trawlingbe inherited by members' descendants, so-called trash fish-which are converted Overshadowing all these disasters,Today south Sinaloa's cooperatives into fish meal, ahigh-protein dietary however, has been the government's dehave more members than they need, supplement for poultry and livestock. velopmcnt of offshore trawling. The 
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development of the trawling industry 
has brought about a parallel under. 
development of the inshore fisheries, 
To understand why, it is necessary to 
comprehend tlhe life cycle of Pacific 
Mexico's commercially important species 
of shrimp, all members of the Penaeid 

family. 
Insimplest terms, the shrimp are 

hatched from fertilized eggs in the open 
sea, and then, in the form of micro-
scopically small larvae, they migrate up 
coastal estuaries and into briny lagoons. 
In those delicate environments they 
spend some months, growing to what 
would be recognizable as juvenile shunips. 
Finally, they migrate back to the sea, 
reach their maximal size, and eventually 
spawn, thus completing their life cycle 1 s 

Their seaward migration is particularly 
intense during the fall rainy season, 
when the influx of fresh water greatly 
reduces the salinity of the lagoons, and 
it is thi movement on which inshore 
fishermen have relied for millennia. 

From the perspective of Mexico's off. 
shore shrimp-exporting sector and the 
marine biologists and fisheries managers 
who advise it, harvesting shrimp s%hile 
they inhabit the inshore waters is re-
tarded as poor practice. Inshore harvest-
ing takes the shrimp out of the eco-
system before they have a chance to 
spawn, which threatens the ability of the 
resource to recover rapidly. Also, by 
removing the shrimp before they reach 
adult size. the ecosystem's maximum 
potential shrimp biomass is not produced. 
Furthermore. the large adult shrimp 
caught offshore bring higher prt.'es per 
unit of weiirit in the international mr-
ketplace. Finally, harvesting shrimp with 
trawlers is less costly and far more pro-
ductive than the low-yield, labor-
intensive methods employed by inshore 
fishermen, 6 

Thus, as Mexico pursued the develop-
ment of shrimp-export trade in this cen-
tury. it progressively curtailed the inshore 
shrimp harvest, dissociating the rural 
population from a resource that had 
been central to their subsistence and 
commerce. 

Production figures for 1950-1970 
for the Pacific's offshore sector ,andalso 
for south Sinaloa's major inshore co-
operative indicate the dramatic increase 
in offshore production and the corre-

spondingly dramatic decrease in pro-
duction inshore (see Figure 1). Today 
the government permits south Sinaloa's 
rural cooperatives to harvest shrimp for 
only 10 to 12 weeks per year, whereas 
the vor..cious .ffshore trawlers are 
allowed 35 to 40 weeks of proauction 

annually, 
Other factors are indicative of the 

stressful quality of life in this rural-
c ta. Ongoing conflicts among 
lando Ni: is, landless campesinos, and 
e/idatarios(small-scale farmers who work 
on e'tdo lands) occasionally prompt group 
actions and violence similar to the highly 
publicized incidents which occurred in 
northern Sinaloa around the time of the 
last presidential succession. Severe con-
flicts also exist over rights to regional 
marine resources. Campesinosin the rural 
sflw'cments sometimes shoot at the co-
operatives' trucks-especially at night-
as the vehicles pass through the country-
side on their journeys between the la-
goonal weirs and the packing plant. 
Campesinosengaged in subsistenc,, fish-
ing are sometimes arrested by soldiers 
from the hIi/'nterla Mari=a (the Mexican 
Navy's infantry), who are deployed in 
the- fisheries during the fall shrimp har-
vest to enforce the cooperative's exclu-

sive. ihts. Such enforcement measures 

have been only partly successful, how-

ever, because of the rural fishermen's 

dispersion in the labyrinthian i. tems of 

estuaries and lagoons. A few larme-scale 

shrimp contrabanders also seem to oper-

ate with relative impunity, perhaps buy-

ing their security. 

South Sinaloa's rural fishermen are not 
ignorant of the events which have margin-
alized their traditional way of life. Often, 

in the context of discussions concerning 

the development of offshore trawling, 

they exclaim. "Camar6n que duerme se la 
fleva la marea" ("A shrimp that sleeps is 
taken by the tide"). The statement is an 
ironic, self-conscious acknowledgement of 
their socio-political dormancy as well as 
their inability to stem the tide of events 
which has impovrished them. 

'can 
It would be glib to conclude that the 

negative consequences of developing 
Pacific Mexico's shrimp-export industry 
could have been easily avoided. Hind-
sight is always clearer than foresight. 

When today's shrimp-export industry 
was first organized, the nation was badly 
in need of capital to finance its recon. 
struction, and, at least initially, the in
shore fishing cooperatives did elevate the 
standard of living in the rural-coastal 
areas. In 1933 the post-Revolutionary 
leaders could not have foresevn the great
population growth to come and, given 
the nation's preoccupation with its 
agricultural sector and a lack of interest 
in th" cultural traditions of the inshore 
fishermen, these reformers should not 
be blamed for emphasizing the develop. 
ment of shrimp exports. 

But Mexico is now experiencing acute 
and widespread food shortages, rising 
infant mortality rates, and an exodus of 
it rural poor to its crowded cities and 
co the United States.'" Nevertheless, the 
federal government continues to announce 
plans to further develop its shrimp-export 
industry, despite increasing evidence that 
the industry has already reached the 
lim;,s of its growth Shrimp stocks have 
been declining for a number of years.' 8 

Some industry entrepreneurs question the 
evidence, pointing out steady production 
increases over the past decade; but the 
industry's own fisheries biologists counter 
that such increases only reflect the an
nual addition of new trawlers to the fleets. 
Various methods for increasing shrimp 
stocks are still being tried. The most im
portant involves dredging projects which 
would facilitate the shrimp migrations 
bttv.'een offshore and inshore waters;
 
but these do not promise to make a
 
signiticant difference over the long run.
 

Furthermore, since the industry ex
ports nearly all of its production, its
 
dependency upon the international mar
ket-and especially the United States, 
its major customer-often places it in a 
precarious economic position. In 1971, 
for example, the United States' uni
!ateral imposition of a 10 percent sur
charge on import tariffs precipitated an 
economic crisis having painful ramifica. 
tions throughout Mexico's shrimp indus
try. President Echeverrii responded by 
courting other foreign buyers for Mexi

shrimp, particularly the Japanese, 
promising he would "weaken the em
brace of the North," but such actions 
were futile,' 9 The United States is still 
the major purchaser of Mexico's shrimp 
exports, and the industry is still highly 
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FIGURE 1. Shrimp production in Pacific Mexico, 1050-1970. 
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vulnerable to the vagaries of the inter-
national marketplace. 

Dependency upon the international 
market has also caused the industry to 
engage in market behavior which seems 
indefensible fo anation experiencing 
food shortages. In spring 1978, for ex-
ample, stories appeared in the nation's 
press reporting the destruction of large 
quantities of seafood in order to drive 
up its price in the international market, 
In the same period domestic food sup-
plies were reported scarcer than ever. 
Those resources might instead have been 
distributed to ultimate consumers in 
food-deficient regions. 

Mexico needs to seriously reconsider 
its policies for the management and 
development of its Pacific-coastal fish-
cries. It should stress revitalization of 
the inshore fisheries, encourage the re-
surgence of inshore fish stocks, and re-
lax its restrictions upon individualistic 
subsistence fisiermen and small-scale 
regional commerce. Positive steps should 
also be taken to invigorate the nation's 
domestic seafood markets. 

Such a change of policy might not be 
as radical as it fist seems. Indeed, it 
may come about naturally as increased 

exports of petroleum from the Campeche 
Bank appreciate the peso, thus reducing 
the relative profitability of shrimp ex-
ports. Perhaps then the nation will not 
have to rely as heavily as it has in the 
past upon the export of an important 
food commodity. 

Few LD)Cs are fortunate enough to
have huge undeveloped reserves of 
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energy resources, but they-and those 
countries and international agencies 
which are assisting them-could learn 
much from the development of Mexico's 
shrimp-export industry. The Philippines, 
for example, has both rich shrimp re-
sources and a large, traditional, rural-
coastal fishing population, and that 
nation isnow actively developing its 
fisheries. Having established a 200.mii' 
offshore economic zone, the Philippines-
like many other coastal LDCs-is being 
lured by the export income which cer-
tain seafoods promise. Unfortunately, 
many LDCs ignore the poverty of their 
rural-coastal regions, viewing that and 
the development of their fisheries as 
distinct, or unrelated, problems. Here 
the work of anthropologists, ethnohis-
torians, rural sociologists, and economists 
could inform the course of these nations' 
future fisheries' development." 

Fishing is a small part of the GNP in 

most countries. Even in Japan, anation 

well known for its extensive fisheries 

and fishing traditions, the value of agri-

cultural output exceeds that of fishing 

by 50 times.2' As a result of its relatively 
small role in most nations, fisheries are
often not well understood as a socio-

economic phenomenon. This may lead 
national economic planners to lump 
various forms of fishing under one rubric, 
so that they fail to distinguish crucial dif-
ferences between subsistence versus com-
mercial fishing, or inshore versus off-
shore fishing. Moreover, many nations 
may not be sufficiently aware-because 
they lack the appropriate information-

that increased income from fisheries' ex
ports may, in some cases, be more than 
offset by the consequent social and eco
nomic costs in their rural-coastal zones. 

These considerations, as well as the 
undesirability of economic dependence 
on foreign markets, suggest that LDCs 
should exercise great caution when plan
ning to develop fishing industries predi
cated on the production of income from 
exports. Moreover, the participation of 
their own rural poor in fisheries develop. 
ment should, as a matter of policy, be 
given at least equal importance with the 
possible income the fisheries can generate. 
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.nsTrAcT The contem)orar!: energy situation raises new problems for
 
rural development whic r,,iuire fresh thinking and perhaps some re
orientation by sociologists. Five major frameworks for the sociological
 
analysis of energy-rural development interactions in developing countries
 
are critically evaluated. The frameworks are appraised in terms of their
 
conceptualization of energy and its social significance, and the sociological
 
variables emphasized. It is argued that despite the relative unfamiliarity
 
of energy to many sociologists, an uncritical acceptance of the models,
 
concepts. and a sumptions of technological perspectives on energy isun
warranted. Energy reductionism, in particular, is a technological imper
ative that can have a very significant impact on the characteristics of so
ciological analysis.
 

I- roduction 

Broader awareness of the energy trap to which most societies have 
become vulnerable has peaked inrecent years for obvious reasons. 
Among industrial societies, dramatic escalations in prices, shortages 
insupplies of hydrocarbon products, and heightened concern for the 
exhaustibility of improperly-managed natural resources have com
bined to create a sense of "crisis" in some sectors. While work on the 
American food system has pointed to its high energy intensity (Buttel 
and Larson, 1979; Desai, 1977; Pimentel et al., 1973; Steinhart and 
Steinhart, 1974) and recent agenda for basic agricultural resea, h 
reflect sensitivity to petroleum dependence problems (National Acad
emy of Sciences, 1977; Oyer, 1976; Wittwer, 1978), other research 
has suggested that in biomass productivity terms the American ag
ricultural system ishighly efficient (Pasour and Bullock, 1977; Re
velle, 1979) and that agricultural energy problems are not serious 
because agricultural production represents only 3 percent of the na
tion's energy bill. Less affluent countries are much closer to the mar
gin in meeting even basic human needs for significant proportions of 
their populations. They are much more heavily reliant on agriculture 
to generate income and employment in rural areas and to satisfy the 

'An earlier version of this paper was presented at the 1979 annual meetings of the 
Rural Sociological Society in Burlington, Vermont. The authors wish to acknowledge 
the constructive reactions of John Bardach. George Beal. Ramesh Bhatia,Fred Buttel. 
Romir Chatterjee. John Holdren. Malcolm Slesser. and Terry Rambo, and the helpful 
su~ggestions of Stan Albrecht. 
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often competing requirements for food and foreign exchange (Lappe 
and Collins, 1977). In these countries, the energy crisis is less a shock 
than another step down a blind alley. Over a generation, strategies 
to improve agricultural productivity and develop viable modes of 
non-agricultural rural employment have barely kept pace with pop. 
ulation ?,'rowth (Asian Development Bank, 19 7). Furthermore, ef
forts to increase food production using high input cultivation regimes 
have revealed the land-energy trade-off which this usually involves
diminishing returns in protein per hectare year to intensified input 
applications (Slesser, 1973; Slesser et al., 1977). In recent years, it has 
become dearer that the technological and institutional prerequisites 
of these developmental strategies may only be sustainable at increas
ingly higher cost in terms of resource requirements, regressive social 
impacts, and future inability to adapt (International Labor Organi
zation, 1978; Koppel, 1978). 

For many countries, a range of very complex energy policy ques
tionas are in varying stages of engagement (Resource Systems Insti
tute, 1978). Most of those questions are beyond the scope of this 
paper, but a general awareness of their content will be assumed. What 
will be discussed here is the following issue: What frameworks should 
sociologists be using to understand the energy-rural development in
terface, especially in developing countries? The question is hardly 
academic. Rural sociologists will be asked to participate in judging 
the feasibility, appropriateness, and impact of various rural energy 
strategies in developing countries. The impetus will come from 
the Board for International Food and Agricultural Development 
(BIFAD) institutional strengthening grants, the Title XII program. 
strong interests within the Agency for International Development 
(AID) and emerging programs in the United States Department of 
Agriculture, just to name a few. Our purpose is to stimulate discus
sion which confronts many of the crucial uncertainties surrounding 
the social significance of energy issues. 

The problem is statingthe problem 

Determining an appropriate analytical framework is a decision which 
reflects the central vision of the problem to be analyzed. If we review 
work accomplished to date on energy and rural development, the 
outlines of several visions can be discerned. Before discussing these 
in any detail, however, it will be useful to identify some common 
attributes of existing work on developing countries. The following 
critical conclusions can be drawn: 

(1) 	The work is overwhelmingly energy assessment. The evaluation of spe
cific technologies or tasks in net energy terms is carried out within 
the framework of a distinct "rural energy system." The utility of 
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"rural energy system" as a meaningful metaphor has not been 
evaluated. One consequence is that research is only occasionally 
oriented to contemporary agricultural development issues or to 
a broader conception of rural development. 

(2) Existing research has relied extensively on tdw aggregationof energy coef
ficients across a wide rangeof tasks and users. This is a result, in part, 
of data constraints and can be considered a measurement prob
lem. There are still very few carefully-executed household energy 
demand studies for low income families in rural areas, and there 
is considerable variation in the ways national energy statistics are 
generated. treated, and published. 

A measurement problem, however, is often symptomatic of a 
basic conceptual problem. The focus on aggregation illustrates a 
measurement problem which follows from inadequate attention 
to the issue of energy indexing. It is commonly assumed in energy 
analysis that all kilocalories are equal. The assumption may be 
acceptable where only a single fuel is being measured, but when 
the analysis includes different types of fuels, as well as fuel pro
duction and consumption systems, the assumption is false and 
the comparisons of energy quantities misleading. The difficulty 
arises from the differences between work potential and work per
formed, an efficiency issue derived from the second law of ther
modynamics. For example, one Kwh of electricity has far greater 
work potential than one Kwh (thermal) of coai. Does it follow 
that one Kwh of electricity represents "more" energy than one 
Kwh (thermal) of coal; Not necessarily. It might take three times 
as much energy resource to deliver one Kwh of electricity as it 
does to deliver a Kwh (thermal) of coal. "Like money, one does 
not expect a single number to tell one everything one needs 
to know" (Slesser, 1978). 

Nevertheless, there is strong interest in developing a common 
metric based on some understanding ab)ut energy quality. An 
effort to reach such an understanding is problematic in part be
cause thermodynamic limits on many energy conversion process
es commonly used in rural areas have not been established. It is 
made even more complex by the linkage of the energy quality 
issue to institutional, cconomic. and even cultural factors. The 
energy indexing problem is extremely basic, but it should not be 
foreign to those sociologists who have employed the tools of sys
tems analysis nor to those who have examined the generally high 
correlations between commercial energy consumption and ur
banization. What the aggregative emphasis has ignored, with only 
a few exceptions (Bealer, 1980; Harris, et al., 1980), is that within 
the same society several energy quality systems may b operating 
and that there may be significant relationships between overall 
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energy efficiency (not just commercial fuel consumption) and var
ious modes of social organization. 

(3) 	 That portion of existing research uwich isorientedto the considerationof 
policy optios frames the choices, uwhi.few exceptions, as technologicaL 
The technological imperative is evident in the principal social 
question normally raised: "What social changes are necessary to 
accomodate technological solutions to energy problems?" That 
type of question limits at the outset the alte-natives which will be 
considered. 

(4) 	Rural sociologists and other social scientists concerned with ruraldevel
opment have taken, at best, only a minorrole in conceiving, implementing, 
and analyzing rural energy research. This situation reflects a basic 
institutional reality in most developing countries: It is not the 
rural development or agricultural research agencies that are in 
the rural energy policy arena; it is the recently created energy 
ministries d'::t are engaging in explicit discussions of energy is
sues in rural areas. 

Despite this rather unsatisfactory overall picture, several more pos
itive aspects of existing research on energy and rural development 
can be noted. There is an increasing tendency to locate the rural 
energy question within the food-poverty syndrome (National Re
search Council of Thailand. 1979: Resource Systems Institute, 1979a. 
1979b, 1980; Revelle. 1978: United Nations University, 1979). There 
also appears to be an emerging concern to moderate some of the 
more spectacular alarmist assumptions which have previously moti
vated much rural energy research. This mederating trend is char
acterized by more carefull,,-executed household and village studies. 
by occasionally specifying sociological variables as exogenous, and by 
giving more attention to the wide variation in rural energy mixes and 
rural energy end-uses (Bajracharya. 1980; Bhatia. 1977; Desai, 1978. 
Koppel, 1980; Makhijani and Poole, 1975: Smith et al., 1980; Tvers 
and Revelle, 1978; Weingart. 1979b). 

Our discussion now turns to a closer examination of the principal 
sociological frameworks which are represented, in one version or 
another, in existing work or, in our judgement, appear as strong 
candidates for utilization in future research. Our purpose is not to 
definitively introduce the frameworks to those unfamiliar with them 
nor to provide original interpretations of the-r characteristics for old 
hands. The purpose is much more limited, namely, to suggest what 
the frameworks have to say about energy. If our characterizations 
sometimes appear too general or tentative, it is because there are too 
few cases of clear application to support more categorical statements 
about how researchers using these frameworks are proceeding. In 
those cases, we are making appraisals based on likely attributes of 
framework application to rural energy questions. 
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Socio-technicalanalysis 

This framework, developed principally within industrial and orga-. 
nizational sociology, is oriented to the decumposition of technological 
processes into basic tasks or components. Analysis focuses on the 
relationships of organizational and managerial characteristics to at
tributes of tasks and technological processes. The framework's ap
plication to rural energy analysis has been accelerated by the early 
popularity of the "flow" metaphor as an approach to understanding 
energy-rural development interactions. Energy was seen as "flowing" 
through rural systems. In the socio-technical framework, however, 
energy flows do not necessarily occur in a system integrated around 
some factor other than energy. Research concentrates on chains of 
agricultural and household energy uses. 

Socio-technical analysis can provide a basis for translating charac
teristics of technological processes into social terms. Examples include 
research on cooking functions (Institute for Energy Research, 1978), 
crop drying (Chancellor. 1978). rice production (Kuether and Duff, 
1979), and biological pest control (Kenmore. 1979). Socio-technical 
analysis can also be a useful basis for comparing alternate ways of 
performing the same task-for example. biogas generation (Santerre 
and Smith, 1980; Smith and Santerre, 1980). The major limitation of 
socio-technical analysis is that the rural social milieu tends to be pres
ent only in the form elicited by technological components or energy 
"flows." A rural energy "system" is assumed to be a meaningful entity. 
This assumption yields a reductionist vision of a social system, one in 
which the system exists only within a line-item energy account. Be
yond the order supplied by the reconstitution of energy conversions 
into some technological process, the social system does not really exist. 

Evolutionaryperspective 

This framework seeks to identify systematic processes underlying the 
distribution of technologies and patterns of technology utilization 
across geographic and social space as well as ad'oss time. Perhaps the 
most familiar example to rural sociologists is diffusion research. One
approach has been to use a diffusion framework in forecasting. Mar
chetti and Nakicenovic (1978), for example, studied the time frame 
and adoption pattern for large-scale changes in technology systems 
as a basis for forecasting rates of change in energy systems. Others 
have used similar procedures to generate forecasts of large-scale con
versions to decentralized solar thermal and photovoltaic electricity 
systems and widespread use of biogas and biomass related energy 
technologies (Buffington and Zar, 1977; Electric Power Research In
stitute, 1978; Prasithrathsint, 1979; Weingart, 1979a). Such studies 
are useful ways of thinking irn specific terms about alternate futures. 
The major limitation of the approach for energy analysis stems from 
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a tendency to improperly generalize historical patterns of energy use 
and social change. Generalizations about renewable energy systems, 
for example, based on diffusion of non-renewable energy technolo
gies often contain quite arbitrary assumptions about the variability of 
relative factor costs, risks, and externalities. The wise variation in 
basic estimates of coal and oil reserves, "proven" and "undiscovered," 
makes it difficult to properly characterize the diffusion characteristics 
of past patterns of energy resource depletion. For studies on rural 
areas of developing countries, attempts at extrapolation based on 
interpretations of agricultural technology diffusion studies may be 
premature. Agricultural technology diffusion studies have focused 
on the use of petrochemical inputs (such as nitrogenuus fertilizer) 
and middle distillate products (such as kerosene). This gives an in
complete picture. What is missing is adequate attention to: (1) the 
complete fuel resource base available to and allocated by rural users, 
and (2) the complex intermediate roles played by technologies for 
fuel production and fuel consumption in linking energy sources and 
end-uses. 

Another evolutionary perspective on the energy-rural development 
problem is a continuing tradition of anthropological and rural socio
logical research which can be broadly placed within the framework 
of White's energy and cultural development hypothesis (Adams, 
1975: Buttel, 1977; Buttel and Larson, 1979; Cottrell. 1955: Shiels. 
1972: Spicer, 1952: White, 1943. 1959). White's thesis basically posits 
a monotonic relationship between cultural complexity and aggregate 
energy consumption. Energy is assumed to be a critical limiting factor 
for cultural adaptation. White's (1959) thesis has motivated consid
erable research. Recent empirical work by Rambo (1979a. 1979b) 
refutes the' linear hypothesis for per capita energy consumption. Fur
ther re-evaluation of White's hypothesis should yield interesting re
search on the relationships between changes in social scale and com
plexity and patterns and intensity of energy use. A major problem, 
however, for this version of evolutionary research is the misleading 
and possibly noncomparable indices that result from aggregating a 
wide range of energy uses and fuel types in terms of a single heat 
measure. The issue is the problem of energy indexing, which was 
discussed earlier. Energy indexing is not simply a measurement prob
lem but a conceptual problem: what is energy? Analysis in the White 
tradition will need to find ways to resolve or circumvent the energy 
indexing problem. 

Evolutionary research can be useful as an approach to comparative 
analysis and as a basis for stating and verifying a limited set of basic 
energy-social organization typologies. The utility of the framework 
for rural energy research, however, ultimately rests on the vision of 
"what" is evolving and "what" if anything is being replaced, modified, 
or recast. It follows that as there is clarification of what it is about 
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energy that might be significant for rural social organization and what
it is about rural social organization that might be significant for en
ergy, evolutionary perspectives will have more to say about energy
and rural development. 

Dependen*7 
This framework views the energy question in developing countries 
as an element of the international political economy. The energy
rural development issue is seen in the context of thee namics of
underdevelopment. Analyses of the "green revolution" generated
within this framework focus on the inevitability of particular energy
paths being imposed on developing countries (Lappe and Collins,
1977; Levinson et al., 1977). Particular energy paths are "imposed"
through the political organization of technology transfer, multilateral 
and bilateral aid, and foreign investment, as well as by the tendencies 
of developing country elites to identify with the political and econom
ic elites of more developed states. Research conduc.ed in this framework focuses on relationships between the powerlesiness of the poor
and the international division of labor. Such research tends to ad
vocate disengagement from situations of constrained choice. The jux
taposition of "appropriate technology" research with the view that
preferred energy futures for rural areas lie in self-contained villagesystems often occurs within the outlines of a dependency vision (Bris
coe and Bari, 1979).

As a mode of social analysis, the dependency framework stands the 
socio-technical analysis framework on its head by looking to class,
political, and other economic relations as the major factors charac
terizing social systems and determining energy choices. The focus on 
political interests should be important in future applications of thisframework to rural energy issues. This focus will distinguish those 
who participate in energy-related decision-making from those who 
are affected by decisions about energy-related issues. Similarly, research conducted in this framework should illuminate the numerous
aspects of urban-rural relationships which influence energy-rural de
velopment interactions, and the intersections of those relationships
with class-related variables. 

This framework, however, will have to overcome some debilitating
over-simplifications. Fuller utilization of locally available renewable 
energy resources may require high technology and high knowledge
inputs as least as much as local ingenuity. Biogas technology is anexample. Some relationship to those parts of society and the inter
national system able to provide needed inputs appears inescapable. 
It does not always follow that bondage accompanies such bonds. Determining when'it doesn't rather than assuming it always does might
lead to more discriminating analysis. Finally, the framework is limited 
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it the degree that it underestimates the scope for choice and exper
ilnentation present in most rural systems (Smith, 1979). 

Soial Impact Analysis 

The application of this framework to energy-rural development is
sues is less the employment of a coherent conceptual framework than 
the utilization of an eclectic mix of elements from other frameworks. 
Social impact analysis tends in practice to be oriented principally to 
performance indicators; it is relatively unconcerned with direcdy 
identifying or understanding underlying dynamics. The major utility 
of social impact analysis for rural energy research is that it may en
courage sensitivity to correlations between energy patterns and im
portant rural development performance indicators such as employ
ment, health, and income (Islam. 1978, 1979; National Electrification 
Authority of the Philippines, 1980). Moreover, social impact analyses 
are more understandable to policy-makers than most work coming 
from the other frameworks. The limitations of social impact analysis 
are similar to the limitations discussed for the diffusion brand of the 
evolutionary framework. Without an adequate theory of energy and 
rural social systems. generalization remains a formidable problem. 
To the extent, however, that such theory can be inductively derived, 
social impact analysis will probably be a major contributor. 

Ecological Approaches 

This is probably the leading candidate for preeminence in social re
search on energy and rural development, largely because it draws 
from a paradigm that encompasses both energy and social systems. 
Consequently we will discuss this framework in considerably more 
detail than the others. 

Within the ecological framework. "the aim of energy analysis is to 
quantify the energy flows inherent in all systems" (Gilliland, 1977:1). 
Such analyses can occur at micro and macro levels: 

Micro analyses are generally restricted to specific or limited 
numbers of processes, tasks or technologies. That is, they 
involve analyses of small systems which can be defined pre
cisely ... Who can disagree with being able to compare the 
energy costs of various processes for producing the same 
product or service (Gilliland, 1977:2). 

This leads to what has been called energy accounting, either 
through the intensive analysis of end-uses and energy mixes in small 
systems (Chatterjee, 1978) or analagous accounting in simplified rep
resentations of large systems (Brookhaven National Laboratory, 
1978; Mubayi and Lee, 1977a, 1977b; Ramachandran and Gururaja, 
1977). Where problems arise is in assigning quantitative energy values 
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to non-physical or non-mechanical inputs such as labor, organization, 
or leadership, particularly in dealing with issues of second law effi
ciency in energy accounting. 

At the macro level, ecological research issues are much more com
plex. What the ecologicz'l framework is doing at the macro level is 
attempting to construct an energy theory of value. The work of 
Odum (1971, 1975; Odum and Odum, 1976) is the key formulation 
for most social scientists. Odum presents a holistic perspective which 
purports to explain interactions among matter, energy, and money. 
Energy flow per unit of time (power) in an economy is the basic 
yardstick against which all social processes can be measured. Human 
values ultimately follow energy costs. Odum's vision is a central pillar 
of the emerging science of ecological energetics. This is a science, 
however, in which the dominating concepts arc biological. 

When applied to rural development, the ecological energetics 
framework result, in analyses strongly framed around the accounting 
term "energy balance." This measure becomes the major criterion for 
evaluating the efficiency of alternative social arrangements (Phillip
son, 1966; Revelle, 1979). What is often overlooked is that energy 
balances are best suited to relatively simple and closed natural eco
systems (Lee, 1969: Parrack, 1969; Rappaport, 1968. 1971). Exten
sion to large, open. and complex social systems often leads to illus
trations of energy reductionism. Ecological energetics takes a 
necessary condition for a social system, an environment congenial to 
biological (human) systems, and converts it into a determinant of 
optimal social systems. In small, isolated, and relatively undifferen
tiated social systems, the proposition may be defensible (although an 
analagous and equally compelling proposition might be that all his
tory is caused by water). Most rural people, however, do not live in 
small, isolated, and relatively undifferentiated social units. Most rural 
people participate in and are influenced by a range of intermediate 
social structures, including patron-client arrangements, social class. 
and village systems. What is required are not the tools of biological 
system analysis borrowed by ecological energetics. but ecological met
aphors that are unambiguously social. 

Social ecology metaphors are available, which leads to the question 
of an "ecotopia"-or an ecological utopia. If social scientists in the 
United States and Asia seek an ecotopia-the realization of relativelv 
smz:i and autonomous social systems, sustainable and resilient be
cause of favorable energy balances and positive relationships with a 
renewable resource environment (Revelle, 1979; Stivers, 1976; Watt, 
1977), and able to satisfy the basic material and social needs of their 
populations--they stand in very different positions from which toapproach that ecotopia. American rural so,.iety is part of an affluent, 
predominantly urban society. Agriculture is energy intensive, large 
scale, and heavily dependent on petroleum products; population 
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pressure is low; the processing of agricultural products constitutes a 
major component of the total food system; significant intermediate 
structures are present and strongly keyed to urban systems: and there 
is relatively high occupational and residential mobility. For the United 
States, key value and risk questions are: 
(1)What quality of life standards can we maintain? 
(2) 	 What quality of life goals will need to be changed, dropped, or 

added? 
(3) 	 How will impacts be distributed? 
(4) 	Through what processes and within which time frames can such 

a strategy be implemented? 

Between Indonesia, Bangladesh, and the Philippines, there is wide 
variability, but there are some common differences compared to the 
United States. Considerable attention in the United States is given to 
increasing utilization of renewable resources, but rural systems in 
Asia and Africa have to deal with excessive dependence on such re
sources (Gamser. 1980; Tvers and Revelle, 1978). For some countries, 
the consumption of commercial fuel in rural areas is negligible; but 
there is growing evidence that damage to the recovery capabilities of 
natural ecosystems through over-exploitation (for example, of fuel
wood resources) is certainly not negligible. If ecotopia in the Ameri
can case can be characterized as a "return" to a more energy efficient 
and environmentally sound strategy. the transition to ecotopia for 
LDC's is a "'transformation"--the attainment of a stable and continu
ing capability to satisfy basic social and material needs. Key value and 
risk questions become: 

(1)How can different approaches to satisfying basic food needs be 
developed and implemented at the same time that maintaining 
even marginal existing capabilities is becoming increasingly dif
ficult? 

(2) 	 How much institutional and social "invention" will be required 
and what will be the political costs? 

(3) 	 How much time will be needed before positive effects from in
stitutional and technological "fixes" can overcome prospective 
weakening capacities to meet basic needs? This question is espe
cially crucial given four characteristics of the current energy crisis 
in many developing countries: (a) the precipitous increase in im
ported oil prices has had a dramatic effect on domestic resources 
available for rural development programs; (b) the tendency for 
energy/GNP elasticities to reflect considerable energy inefficiency 
in early stages of industrialization, a factor that does not bode 
well for meeting the commercial energy requirements of rural 
areas given limited fuels and high costs; (c) the new energy re
quirements represented by continued rapid urbanization; and (d) 
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the growing pressure on agriculture to provide liquid fuels for 
industrial and transport needs. 

The discussions of paths to ecotopia are replete with technological 
and social fixes which tend to oversimplify both problems and solu
tions. It would seem clear, however, that the paths will vary widely 
with different sets of assessment issues involved. 

Use of terms such as resilience, sustainability, or carrying capacity 
does not, by itself, introduce new social content into rural develop
ment analyses. It does introduce what are probably very important 
questions, but we would contend that sociology is not without some 
heritage of addressing such questions. Processes of integration and 
adaptation are key elements of theoretical and empirical work on 
social change. Proponents of ecological energetics and related models 
would argue that the ecological metaphor provides the broadest and 
most consistent calculus for translating energy into social content
the organization of the ecosystem. The problem is that the calculus 
operates by doing the reverse: it defines the organization of the eco
system, including social systems, in energy terms (Axinn and Axinn, 
1979). It is only from this perspective that the subsequent application
of physical and biological principles to explain social change is logical. 

If ecological frameworks are to be the dominant candidates for 
sociological analysis of energy and rural development, then two cau
tions should be raised: 

(1)Sociologists should not assume that the meaning of energy is in
accessible or irrelevant. That is precisely the starting point for 
socially trivial insights or excessive compromise with energy re
ductionism. 

(2) Biological metaphors cannot be transferred to the social sciences 
completely free of teleological brands of functionalism and con
fusion between irreversibilities in a physical system (ecodisaster)
and loss of capability to maintain direction or absorb change (so
cial disorganization). 

Reconmendations and conclusions 
Our review was not meant to be a preamble to the selection of a 
"best" framework or the invention of any new frameworks. Our pur
pose, restated, is much more modest: to encourage more careful dis
cussion of conceptions of energy and the sociological significanct "f 
energy. More careful discussion need not inevitably lead to the con
clusion that a crisis in problem formulation is present. We are not 
suggesting there arc such crises. What we are suggesting is that there 
are enough uncerviinties to justify extra caution in using any of the 
frameworks to su ,ort categorical conclusions or policy recommendations. 



214 Rural Sociology, Vol. 46, No. 2, Summer 1981 

Does this amount to a pessimistic appraisal of rural sociology's po
tential contribution to understanding energy-rural development is
sues? Not at all. If we conclude that no one of the frameworks re
viewed is totally adequate for rural energy research, we should also 
note that no single sociological framework is best for all non-energy 
problems or issues to which it might be applied. Sociologists, however, 
are not without conceptual and methodological tcols to define and 
explore the problem of energy and rural development. It is only 
necessary to be especially judicious in choosing among these tools. 

Regardless of which framework is employed, there is particular 
need for more careful statements about what is "unique" and what 
is most crucial in sociological terms about rural energy questions. Our 
perception of that need follows from the review of the frameworks, 
our association with a major eight-country energy and rural devel
opment research program (RSI. 1980). and extensive contact with 
rural energy research efforts internationally. Most rural sociologists 
are likely to be involved with relatively brief research enterprises that 
have relatively narrow objectives. Whether or not research proceeds 
under terms of reference basically defined by others, there are at 
least three issues which should be addressed as part of clarifying what 
is significant sociologically about energy in rural areas: 

(1) There is a need to maintain rigorousfocus in likely patterns of access to 
decentralized energy technologiei and on likely patterns of benefit from the 
utilization of vach technologies. What variabilities in different aspects of 
cropping system management are dampened or magnified by varia
bilities in access to energy resources? How are the food. fuel and 
income earning uses of basic food crops changed by altered access to 
firewood and commercial fossil fuels? How are such alterations re
flected in patterns of agricultural diversification, especially in plant
animal and agroforestry hased farming systems? What are the effects 
of alternate energy systems and fuel mixes on key househod divisions 
of labor? On the overall quality-of-life characteristics of households 
and communities? 

(2) There is a need to specify under what social amiumrptions decentralized 
energ7y alternative uill be .aiiainableand what probablechanges in the social 
environnient could alter or enhance those assumptions. How are occupa
tional diversification and patterns of enterprise formation and ex
pansion related to the organization and management of rural fuel 
systems? How do rural market centers affect access to renewable and 
non-renewable energy resources? How do variations in population 
density influence the management of common property resources 
like fuelwood? How do patterns of migrazion, seasonal labor move
melt and occupational mobility affect access to and use of alternate 
energy resources? 
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(3) There is a need to identify clearer criteriafor determining success or 
failureof rural energy projects. This is an issue that touches directly on 
competing uses for limited rural resources. Arguments for cassava
based energy farming on tropical upland soils, for example, must 
eng,;e tradt-offs between short-run cassava productivity and longer
run soil productivity. Fuller use of crop residues as biofuels may cone 
at tht: cost of erosion damage, reduced soil fertility, undermined an
imal husbandry, or weakened in-kind payment mechanisms for farm 
labor. 

We all have the responsibility to ask: When we extend our major
analytical frameworks to rural energy issues, is our vision in or out 
of focus? This paper has suggested that at this early stage of research 
we should be careful in determining what it is we should be focusing 
on. 
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A~ssRAc'r This paper oudines a strategy for achieving rural develop
ment goals and objectives through participatory research and systematic 
project development. The authors begin by detailing the essential ele
ments required for any rural development program and propose their 
own definition of rural development. The paper then describes a seven. 
stage project development strate/, which has proved successful in water 
management projects in Pakistan and Egypt. The paper delineates the key 
concepts in each of the seven stages and urges rural development prac
titioners to integrate more fully the client system into any rural develop
ment program. 

Introduction 

According to Julius Nyerere: 
Rural development is participation of people in a mutual 
learning experience involving themselves, their local re
sources, external change agents. and outside resources. 
People cannot be developed. they can develop themselves 
by participation in decisions and cooperative activities which 
alfect their well-being. People are not being developed when 
they are herded like animals into new ventures (Boesen. 
1977).
 

Some years ago, the FarEastern Economic Review (1973) outlined 
some of the unique problems of the developing world. The journal 
called the developing world's predicament a man-made crisis and 
coined the acronym FAMINE: failure to develop adequate rural de
velopment policies and programs: arroganceof the urban and landed 
elites who perceive broad-based rural development as a threat; mis
management of physical. economic, and human resources as well as 
wide spread official corruption: internaldisorder resulting from non
representative government which does not reach and serve rural 
areas; nationalisolation due to the inability or lack of commitment to 
involve all classes of people in the development process; and empty 
election pledges by those who use rather than serve rural people. The 
FAMINE present in the developing world inspires and sets the stage 
for this paper which examines the current emphasis on essential rural 
development components and a participatory research-development 
strategy for integrated rural development programs. 
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Figure I. Functional components of integra(ed rural development 

Presentemphasis on esentialrural 
development components 

Due to discipline biases, lack of knowledge and the complex inter
disciplina.- nature of the subject, no general consensus exists re
garding which combination of resr "rces would best stimulate rapid 
rural developmenz. The literature, iiowzver, points the way to four 
major categories of essential rural development strategy components. 
These include: (1) national policy and administrative inputs, (2) tech
nical inputs, (3) local support components, and (4) programmatic 
inputs for project organizatiow and implementation (Rondinelli and 
Ruddle, 1978). 

Figure I provido-i a listing of ,ie detailed inputs needed for plan
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ning and implementing rural development. A major problem for 
most experts in developing such detailed lists is that these inputs are 
exactly those in short supply in most LDCs (less-developed countries). 
Seldom does an expert provide ways and means of creating these 
essential inputs for rural development. In fact, if these inputs already 
existed in a LDC, that country would not be facing serious poverty 
and underutilization of physical and human resources! Deielopment 
now requires a framework which will give us the means to evolve 
these essential compaients. 

Rondinelli and Ruddle (1978) start us on the right track by syn
thesizing a number of major principles which appear to be essential 
for long-term integrated rural development. These principles include 
using existing resources and practices while carefully displacing un
productive and rigid traditional institutions; adopting modern tech
nologies to local conditions and utilizing apprnpriate low-cost, cul
turally acceptable modes of planned change: designing a flexible 
process which will generate a sequence of strategic interventions; and 
actively involving the people to be affected by rural development. 

Vhiie the list provided by Rondinelli and Ruddle (1978) is fairly 
extensive, they do not include other essentials, such as: establishing
deliverv systems for inputs and services to small producers; creating 
jobs: developing reasonable cost/benefit rarios to make the program
profitable over time: stating objectives in socioeconomic terms: basing 
programs on area development and regional development plans: 
t ing the programs into local industry: and zmphasizing the produc
tion package concept. as well as quality of life activities (Fischer. 
1975). 

In this paper. we do not view rural deve!opment as a product or 
a result of increased rural income. employment. or education: we do 
not view it as an activity which divorces the rural sector from the 
urban sector: we do not view it as only a phase in general economic 
development. Instead, we look at rural development as a process in
volving both the rural and urban sectors in complementary activities. 
In the rural development process. intentional changes in the social 
structure drive institutions and organizations to produce desired 
changes in attitudes, behaviors, and skills (Capener and Brown. 
1971). 

Any attempted definition of rural development can be criticized 
due to the lack of theory and knowledge concerning the comprehen
sive nature of development. The ability to measure resultu accurately 
and the lack of objective priorities also make the definition process
difficult. We believe, however, that a definition of rural development 
should include an emphasis on good management. a set of planned 
activities to attain goals. a clear focus on people involved, an indica
tion of level of change to be attained, and a suggested set of proce
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dures to create the desired change (Capener and Brown, 1971). Con
sidering these criteria and over 24 years of collective experience in 
grass roots rural development programs, we have developed what we 
feel is a working definition of rural development. This evolving def
inition is stated as: 

Rural development is a continuous process of planned social, polit
ical, and economic change in ruraland urban socialstructuresand 
organizations which provides for adequate incentives, production 
possibilities, and services to help ruralpeople achieve higher levels 
of living, knowledge, and skills. Ruraldevelo*nment helps to modify 
their physicaland social environmentsand maintainsustainedpro
gress toward desired goals which the ruralpoor help establish and 
implement over time. 

In this definition special stress is given to self-help activities and to 
an acceptable level of local autonomy. We agree with Castle (1977) 
that: 

... Local autonomy is the very heart of rural development 
•.. Unless the rural community can, in some sense, exercise 
such autonomy in influencing its own destiny, it is better to 
let the rural community suffer 'benign neglect' than raise 
false expectations (Castle. 1977). 

A critical caveat, however, must be mentioned. No rural community 
or rural development program based exclusively on self-help activi
ties and isolated from the urban sector or the total economy can 
expect much success. whatever the rural humanists claim. Ties to thr,. 
macro level must not be neglected, for they provide the resources for 
improved living and production possibilities. Lessons learned from 
China, Korea. Taiwan. Sri Lanka. and Tanzania demonstrate that 
while decentralization and increased local autonomy are important, 
a need exists for strong national commitment and intervention. 

In order to implement programs based on the definition above. 
one must consider several basic ingredients (Council for Agricultural 
Science and Technology, 1974). Rural development requires an ad
equate knowledge base, built on empirical data, which can often con
tradict conventional wisdom and assumptions. Effective programs call 
for a consensus on a policy base, which allows rural development to 
be an integral, rather than a marginal, component of the social svs
tem. A self-sustaining economic base which increases the productivity 
of rural areas must be grounded in local initiative and leadership de
velopment. 

Using these basic concepts, effective programs will require realis,:ic 
time-frames and careful planning to achieve specific rather than gen
eral goals. Adequate funding will be required, as well as a focus on 
geographical areas of major need and opportunities. Finally. realistic 
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methods of continuous monitoring and evaluation are required 
(Council for Agricultural Science and Technology, 1974). 

A participatory researc&.development strategy for 
accelerated rural developmentprograms 
Background 

The participatory research development strategy (PRDS) evolved 
from field experiences by a Colorado State University (CSU) team 
working in Pakistan on a local irrigation research-development pro
gram. In 1974, a sociologist and an irrigation engineer decided to 
study closely the actual process involved in rescarching, implement
ing and evaluating this development project. After a substantial pe
riod of conventional research, during which each disciplinary re
searcher worked in virtual isolation, they found that no one discipline 
could adequately understand or describe the dynamics of the on-farm 
irrigation system under study. The farmer client was generally ig
nored. while data were gathered independently by each discipline 
member, taken to an urban office. and reported with the usual rec
ommendations. When development workers tried to implement pro
grams at the farm level, farmers showed little enthusiasm and re
jected these outside plans. 

At this point, the CSU team members began a long and sometimes 
painful process of examining their assumptions and their methods. 
and concluded that they themselves were the major constraint to de
velopment. not the farmer-clients. Gradually a systems approach 
evolved which viewed the farmer and his family as the primary build
ing blocks in rural development. Over time. with a systematic inter
disciplinary team approach to a systems problem of water manage
ment, farmer clients began to respond enthusiastically to the 
program. Their cooperation increased and they began to participate 
in the design. implementation. and evaluation of their programs. 
based on their needs. 

The United States Agency for International Development (USAID) 
requested the CSU/Pakistan On-Farm Water Management Project 
personnel to document their process. The results were published in 
several handbooks and transferred to other projects in Pakistan and 
elsewhere. (For more detailed description of the PRDS, se Clyma t 
al., 1977.) To date, seven field manuals have b,en developed on sev
eral phases of the process: three intensive summer field training pro
grams for Egyptians have been held; a two-volume training manual 
of field procedures has bee:i written; three graduate courses have 
been team taught on the process at Colorado State University: and 
literally hundreds of researchers and technicians in Pakistan and 
Egypt have already been trained in the use of the PRDS. Several 
hundred million dollars are now invested in projects and programs 
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for improving farming systems in Pakistan. These projects are su
pervised by a number of organizations, including USAID, the World 
Bank, and the Canadian Development Organization. In 1975-1976, 
CSU became involved in a similar project in Egypt and the process 
is now being field tested there in an irrigation farming system im
provement project. Today USAID, FAO, the World Bank, and other 
international organizations are advocating this approach in other 
LDCs. This paper, however, is the first attempt to apply the process 
to overall rural development. We feel it is likely that the process can 
also be adapted to rural development programs in the developed 
countries. 

Overvieu of the participatory research-development process 

The process and its major components, with several overlapping and 
interrelated phases, is presented in Table 1. The process includes 
preliminary reconnaissance of the situation which provides the inputs 
to more intensive studies identifyingpriority problems. Once the priority 
problems have been adequately analyzec. research identifies viable 
solutions. The alternative solutions, thus identified, are then assessed 
in terms of technical, economic, social, and environmental impacts. 
and their organizational and political feasibility is studied. After these 
studies, recommended alternative solutions are made available for 
project implementation. Finally, formal evaluationi of the project's im
pacts on target audiences are conducted and the project is then re
considered for continuation, termination, or transfer to routine admin
istration. The actual field methods for each phase are detailed in 
several reports and field manuals (Clvma ef (at., 1977: Lowdermilk. 
1981a. 1981b). 

Some general guidelines for using the PRDS approach follow. First. 
we do not advocate a "lock step" approach because in the real world 
the practitioner will be involved in an iterative process. 

Second. the eight key concepts described are vital in each phase of 
the PRDS. Though some are more important than others in partic
ular phases, all key concepts are integral to the entire process. 

Third, at each stage the project team must state clear objectives 
and front-load all their implicit and explicit assumptions. Failure to 
consider realistic objectives will result in shoddy design and useless 
efforts. We recognize that objective setting is a frustrating experience 
for many individuals. Rural development, however, is no place for 
the perfectionists, planners, and intellectual academics who expect 
success to flow from merely recommending more and more research 
and planning (Rondinelli and Ruddle, 1978). At best, rural devel
opment in all its complexities is a tough operation. It can, however, 
be made less messy and much more effective by stating clear, precise 
objectives and by using a systematic approach. The seven phases that 
make up this approach are outlined below. 
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Table 1. Phases and major characteristics of a participatory strategy 
for rural development 

Key concepts and niajor emphases for all phases
 

1l)Sstems approach (5) Valuation
 
(2) Interdiscipfinarv team work 16) Training focus 
0i) Client involszment 
Mt Learning process 

Phased sequences 

P",., I 
Preliminarv reconnais-

,.ance 

P4,1W II 
Prtorit problem iden-

tificatign .tudie:3 

P:',.,. III 

"-carch lt .4ltitions 

P' ,i,,*II' 

\-ei,mcm of*'iolu-

'illl, 


,,;,I. *l 

Prie lt iplementa-

Pt,,1 ,. I 

F,,rmial ri'ect evalua-
lio 

Ph . r'I 
Prijieci recimsideration 

or completion 

(7) Institutional linkages 
(8) Monitoring/evaluatnn 

Major emphases 

Svstems approach: interdis. 
ciplinarv teamw~ork: pre-
liminarv objectives: over-
view of system: policy 
commitment 

Learning process: training: 
clinical approach: under 
standing of sstemu 

Client involvement: ap-
plied. adaptive. Anu eval-
uatie %oci4-vethnical re-
search under rural 
conditiont: trial aod 
adoption 

Valuation: client accep-
tantce: transfer sehicles. 
micro-niacro diffusion re-
quirements 

Institutional linkages: client 
oriented: i'ltegratcll plan-
ning: management: client 
participation 

oil 

Monitoring:' technica', so-
cial. economic, environ-
mental, organizational fo-
cus 

Project continuation: return 
to normal administration: 
completion or terinina
tion 

Major activities 

Review .existing data: key 
iformant interviews

,ili-sur'evs; check lists: 
field visits; selection of 
sites 

Delineation of system: for. 
ial field studies: quanti
tative and qualitative sys
tem description; prioritize 
constraints 

Experiment-. trial, and 
demonstrations: packag
ing of iotnii tioos 

Adopion-diflusioin oudies: 
colnnunication svstems 
evaluation: 6elect laerna
tive packages 

plaoning: design:, imple
mentation: oittoring: 
institution builditg 

Diagnosis of failures and 
successes: formulation of 
recr mnmendations 

Policy decisions 
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Phae 1: preliminary reconnaissance. The purpose of this phase is to gain 
information about the rural social system in question so that the plan
ning for Phase II will be as unbiased as possible. Reconnaissance is 
a team learning experience and includes a review and synthesis of 
existing knowledge and data. Following specific checklists, informa
tion is gathered from "quick and clean" mini-surveys, interviews, and 
field visits, and then synthesized into usable form. Researchers gain 
knowledge from officials, clients, and auxiliary personnel. 

In this preliminary reconnaissance phase and throughout the pro
cess, a systems approach to rural development is an absolute necessity. 
A rural community is an open system related to the economic and 
political system of a nation. Likewise. a rural community is an adap
tive system which changes in relationship to both internal and exter
nal influences (Chin. 1976). A rural community is also a man-made 
system to achieve certain human goals. Rural development, therefore. 
is not an isolated process, but affects and is affected by population. 
environment, technology, and organizations (Duncan. 1959). 

Given a systems approach, with its different components, relevant 
disciplines for project personnel need to be identified. No single dis
cipline has an edge on rural development. An interdisciplinarv team 
approach is needed a( each phase. The general principle is to gather 
the necessary disciplines around a given problem area rather than 
indiscriminantiv forming teams and automatically including pre-de
termined disciplines. Without team members who have expertise, 
maturity. experience, and respect for each discipline's contribution. 
the process will not work effectively. 

Pha.se I/: priority pr, h'let idenitificatinfiebl .tudirs. From the inf)rmation 
gathered during the preliminary reconnaissance, the team designs 
specific detailed studies to identify priority problems. These problems 
or constraints prevent the social system from achieving its realistic 
goals. Phase II generates both quantitative and qualitative data and 
provides benchmark data for future evaluations. Furthermore, it pre
sents a good opportunity for training technicians, extension workers. 
and clients in problem identification and analysis. 

This training focus is another key concept in the PRDS and in
cludes training change agents and clients alike. The initial cadre of 
workers who acquire skills in the early phases of the PRDS provide 
good candidates for trainers needed in the more policy-oriented later 
phases of the process. Their use can overcome the conventional ap
proach of task specialization. Certainly specialization is needed in 
developed countries where sophisticated technologies demand highly 
trained manpower. In most LIDCs, however, there are few well
trained individuals who have lived for long periods in rural areas and 
adequately understand the rural system. Therefore, at least initially, 
a cadre of technical personnel should be trained in the total PRDS. 
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During the training process, two-way learning also takes place. 
Through joint collaboration and open two-way information flows. 
both c!'ents and change agents learn step-by-step, often by non-for
mal educational processes which do not demand literacy as a pre
requisite (Coombs and Ahmed. 1974). The PRDS learning model 
links the valuable expertise of the change agent to the local wisdom 
of clients. Through collaborative efforts and even trial and error, 
practitioners and farmers are involved in growth or development. 
When continuous learning takes place, adequate development usually 
accompanies it (Kulp. 1977). 

Phase III: search for solutions. Phase Ill takes the priority problems 
identified in Phase 11 and develops solutions through participatory 
research methods. Since organized problem-solving is still an inexact 
science. the development of systematic solutions is often problematic. 
Figure 2. however, shows a flow chart of a possible process. The 
solutions evolved in the rural community provide the input for Phase 
IV where a complete assessment takes place. 

In the search for solutions phase. client participation is absolutely 
essential. Though farmer participation in project activities is not a 
new concept, it is only in the past few years that it has enjoyed a true 
resurgence. Recent research and development literature has studied 
new wavs and means to structure client involvement. In several novel 
projects, participatory research methods consider the farmer-clients 
as vital components in all project phases rather than merely passive 
bystanders or information sources to be mined. Additionally. the dis
ruptive influences of factions and social class groupings can be min
imized by developing and nurturing leadership opportunities for the 
entire client system. Extension oriented research, for instance, has 
always considered it essential for clients Eo take part in assessment of 
resources, identification of problems. search for alternative solutions. 
implementation of programs and evaluation of results. 

The fear that client participation will waste time, contaminate data 
and bias results has no place in action-oriented research for rural 
development. If learning and local initiative are important, programs 
must be tailored to local conditions. Outside planners simply cannot 
anticipate or evaluate adequately without the participation of the peo
ple directly involved. Indeed. a recent field study of 36 rural devel
opment projects in Africa and Latin America found that 49 percent 
of the variation in overall project success was explained by client 
involvement and resource commitment (Development Alternatives. 
Inc., 1975). 

Experience suggests that coercion, lecturing, or manipulation do 
not create sustained progress in rural areas. A cadre of highly trained 
and motivated development workers can help to ensure that volun
tary participation is an on-going, continuous process. If client involve
ment is not ultimately self-sustaining, then it is not true development 
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(Fischer, 1975). Long-ter'm rural development is possible only where 
client participation is encouraged, not coerced. 

Phase IV: assessment of solutions. The assessment of solutions phase tests 
the socioeconomic packages derived in Phase 111. Here we need to 
ascertain the usefulnes . of the solutions, as well as their feasibility. 
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and organization requirement. We recognize that all solu:ions cannot
be fullv tested before implementation. Policy changes. for instance. 
can only be estimated after the fact by ex post methods. Nevertheless.
recommendations can be made about the policy changes required to 
meet certain goals. This aspect of the assessment of solations phase,
therefore, requires policy analysis training for the rural development
researcher, scholar, and practitioner. The output of Phae IV is a set 
of alternative packages with feasibility analyses available for policy
makers. " a 

Phase IV concerns itself in particular with an often neglected com
ponent of rural development: valuation. As a concept. valuation is
the procss of analyzing value criteria and of making assumptions
explicit rather than implicit. Each objective must be analyzed in terms
of compatibility. Otherwise. objectives could easily conflict with one
another. Researchers and policy makers must consider value criteria 
such as improved agricultural production, increased employment.
and more equitable income distribution in order to test each tech
nology recommended. Those criteria in turn. are evaluated in terms 
of whether they lead to these objectives or increase negative exter
nalities in some target group. At each phase of the PRDS, therefore. 
clear objectives with consistent assumptions are placed "up front" and 
used both as guides and tests to examine each phase's activities. 
Phlase iV:
project iinplernentation.At this point in the PRDS. the research 
output enters a political and planning arena. The purpose of this
phase is to gain official approval for a project or program. Planners
submit rhe definition and description of the proposed project. de
velop teasibilitv assessments from the macro perspective, and con
struct the project's organizational design. A strong need exists for
technical personnel who know how to design projects, communicate 
with planners, and negotiate with officials. The need for such per
sonnel is particularly acute when fierce competition arises between 
governmnent agencies for control of projects. This rivalry between
 
agencies can delay or even abort project implementation.

Some basic questions need to be asked in the project's description


and definition. What are the likely econcmic, social, and political con
sequences if the project is not implemented? What are the criteria forgiving priority to this particular project? How does this project fit 
into both short and long-run development strategy? What are thelinkage5 with existing micro and macro institutions? These questions 
represent only a small sample of the hundreds of questions which
project designers must raise and answer to satisfy government ,in
istries and funding agencies. 

The development of institutional linkages is particularly important
during the project implementation phase. No rural community exists 
in isolation, whatever the rural romantics of the folk culture' school 
claim see Popkin. 1979). To ensure long-term success, rural devel



Integrated Rural Sociology Lowdemilik and Laitos 699 

ENABLING LINKAGES FUNCTIONAL LINKAGES 

- Ministry of Agri- - Banks 
culture 

- Ministry of Public - Markets
 
Works
 

- Department of Ru- - Suppliers of In
raI Development puts 

NORMATIVE LINKAGZS DIFFUSE LINKAGES 

- Department of - Political Parties
 
Health
 

- Bureau of Land - Religious Groups 
Development
 

- Department of - Individuals
 
Welfare
 

Fukur 3. Rural developnent projects and institutional linkages. 

opment projects must develop systematic linkages with urban devel
opment and the total economy. 

Figure 3 provides a simple mapping procedure for four major 
types of organizational linkages. Project personnel should intention
ally develop and maintain these linkages in each phase of the PRDS. 
Enabling linkages tie the project to organizations which provide au
thoritv, funds, and bureaucratic resources. Functional linkages sup
ply physical inputs and services, and also utilize the outputs of agri
cultural or small industrial projects. Normative linkages connect the 
project to organizations sharing the same goals, values, or norms. 
Diffuse linkages provide allies and supporters for the program. 

A successful rural development program must identify and nurture 
these necessary linkages. Rural development practitioners should re
member that any organizational innovation initially exists in a tur
bulent environment. It needs to be secured by good linkages with 
supporting organizations. As a number of observers have pointed 
out, fcw scholars, researchers, and practitioners have acquainted 
themselves with the extensive body of knowledge concerning strate
gies for institution building (Blase, 1973; CIC-AID, 1968: Mann, 
1975: Thomas et al., 1972: Utah State University-AID, 1970). 
Phase V: formal project evaluation. Formal periodic evaluation, usually 
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by persons external to the project. is not in conflict with continuous 
internal evaluation and monitoring. The evaluation should provide 
a learning experience about the project's strengths and weaknesses. 
These experiences should help in the design and implementation of 
other projects. Perhaps one of the weakest links in the rural devel
opment process occurs at this evaluation phase (Waterson, 1976). A 
good evaluation is not only a project survival technique. but a valuable 
tool for future project design. The main purpose, then, is not to 
conduct an audit, but to help the project personnel improve the proj
ect's impact on the client system.

We should stress that project evaluation is important in each phase 
of the PRDS. The monitoring of staff, research activities, dev'-dop
ment of solutions, assessment of technologies, project implementa
tion. and training must be continuous in order to maintain perfor
mance standards and provide feedback for correcting procedure3
and improving activities. Without monitoring and good supervision, 
projects will inevitably fail to meet objectives. The absence of a "mem
ory" in most rural development projects is a common weakness. To 
improve memory and make the PRDS a learning process. timely in
ternal evaluations are important for both project personnel and spon
sors. 

A sad reality is that we know so little about rural development. Part 
of this lack of knowledge is directly attributable to the lack of good 
evaluation data and the propensity to think of only case-by-case eval
uations rather than a cross-project or cross-country cooperative eval
uation. The PRDS hopes to correct these data deficiencies. 

Pha..e Il: project cotn pleti. This final phase utilizes data from the 
fornal evaluations and decides future courses of action. Both plan
ners and implementors seldom plan for project completion or ter
mination. When and hn- the project will be turned over to routine 
administration is rarely considered. A project is successful when it is 
institutionalized and able to continue on a sustained basis with scaled 
down project personnel. Few personnel think of the possibility of 
project completion or termination, but good reasons exist for build
ing the necessary termination procedures into the project design.
Phasing down for transfer to a routine organization is crucial. When 
such plans are not made in advance, the decision may be abrupt and 
thus place the total operation in jeopardy. 

Since any project by nature is limited by space and time. it should 
not continue indefinitely. Advance planning can ensure the smooth 
institutionalization of project activities into a routine organization. 
Project planners should also develop criteria for project termination 
short of the target date. Such criteria should include failure to benefit 
intended clients, spread effects too limited, inappropriate use of proj
ect outputs by clients, failure of agencies to train local people, and/or 
corruption. 
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Conclusion 
Over a decade ago. Wharton (1969) raised the question. "cornucopia 
or Pandora's Box?" regarding the Green Revolution's programs. We 
raise the same question in the context of rural development. Pan
dora's Box may be the lack of focus on broad-based rural develop
ment which produces poverty and hunger as its vociferous stepchil
dren. We feel that the tragic situation encapsulated by the FAMINE 
acronym can be reversed by adopting the PRDS and similar strategies.
As an alternative acronym, we propose ABUNDANCE: agricultural 
production possibilities to better utilize physical and human resources; 
non-interferenceof urban elites in the rural development programs for 
the poor: doubling of efforts in systematic basic human needs pro
grams: av'enues for rural peoplc to participate in policv and program
decisions which affect their livelihoods; non-invoht,ement of religious 
leaders in the policies of many countries; crisis managenent of rural 
development programs replaced by effective management; and fi
nally. enlargemen of farmers' options to play a larger rcle in food 
production. From prior experience, we believe that the PRDS can 
contribute to improved rural development by closing Pandora's Box 
and providing rural people a little more cornucopia. 
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AN INTEGRATED APPROACH TO RURAL DEVELOPMENT
 

Melvin E. Walker, Jr. 

Towar8 an Integrated Approach to Rural Development
 

so defined development, the imediate task becomes that of
 

discerning the following: (1)what is involved in the process of rural
 

development, (2)whose collective efforts are necessary for effective
 

development, and (3) how the process will be evaluated, that is, what 

iechanisms will be used to assess the degree to which the goal of im

proved quality of life has been achieved? 

Rural development involves several processes; the most essential 

process is that of helping rural people help themselves--helping 

them identify their problems and needs and then aiding them in the 

acquisition and mobilization of resources necessary for alleviating or 

satisfying these problems and needs. Too often, "experts" who are out

siders look at an area and decide what is needed, such as new industries
 

for employment or increased mechanization of farms for efficiency, only 

to discover later that these prescribed "remedies" have created a great

er number of more serious problems such as higher taxes for the same 

ru-al residents who remain unemployed and higher financial liabilities
 

for farmers as they attempt to adjust to resulting change. Helping 

rural people help themselves means involving those affected in identifying
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and planning for activities which may result in changes in the economic, 

social, physical and environmental conditions in their lives and communi

ties. 

The approach to rural development adopted here does not necessitate
 

reference to specific change projects addressing the potential for indus

trial development, better educational, medical and recreational facilities 

or projects focusing on making small farms more efficient, although proj

ects such as these are important means to accomplishing the desired goal 

of improved quality of life. Instead, attention is focused on facilita

ting the organization and problem-solving capacity of rural communities 

a. the appropriate level be it local, state, regional or national. This 

problem-solving capacity is then directed toward bringing about positive 

change at at least three (3) levels: (1)individual maintenance--helping 

individuals and families meet current needs for basic nceessities such 

as food, clothing, and shelter--, (2) individual capacity--helping indi

viduals and families improve their long-term ability to sustain them

selves through the provision of education, health care, mental health 

programs, family counseling, etc., and (3) community service programming-

providing new or extended programs or services to groups of individuals 

and families with maintenance and capacity needs rather than directing 

help to individuals or individual families (Nix, 1977). 

Efforts to bring about changes at these levels will, in turn, re

sult in specific problem-solving activities or projects, if you will, 

in the following areas: (1)human development, (2)economic development,
 

(3)environmental enhancement or preservation, and (4)improvements in
 

public facilities (Carlson et al., 1981). But again, the delineation of 
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ev, growth ini world food output has 
slowed, scarcely keeping pace with pop-
ualiion ,rowth. The failure of world 

grn output to match the increase in 
both population and incomes led to 
rising food prices during the seventies.' 

t'3plotionandSupp 
World deniand for grain has been 

=tpanding by some 30 million tons 
per year over the past decade. Of this 
to:aL the bulk isneeded to feed the 
increased number of humans, leavi-g 
little to upgrade diets. While world 
population growth has slowed, th! 
absolute year-to-year increase remains 
't 70 million. In effect, the gradual 
decline in the rate of population growth 
has been offset by the increase in the 
size of the population base.2s 

Although population growth has 
dominated the growth in world food 
demand, rising incomes have also con-
t,buted to the increase, particularly
iaareas where consumption of livestock 
products, and the grain to produce them, 
has been rising rapidly. Prominent among 
.bese are afew industrial countries, such 
ts Japan and the USSR, where meat 
consumption has until recently been rela. 
tively low, and the oil-exporting coun-
tries, where incomes are rising at an 
unprecedented rate. 

On the supply side, growth in the 

'orld cropland base has-slowed mark-


tAly since mid-century, expandig only 

enefifth as fast as population. Other 

-4rimnment, VoL 22, No. 4 

prominent reasons for the slowing 
growth in world food output are the 
continuing conversion of prime crop-
land to nonfarm ucs, the excessive 
erosion of soil on at least one-fifth of 
the world's cropland base, the risirg 
cost of energy for farmerm, and the 
diminishing returns on additional appli-
cations of fertilizer in agriculturally 

advanced countries. 26 


All the forces that contributed to 
the loss of momentum on the food 
front during the seventies seem certain 
to intensify in the eighties. Even with-
out the competition from energy crops, 
the world will be hard pressed to avoid 
a decline in per capita food production 
during the decade if the projected in-
creases in population materialize. It is 
against this backdrop that the emergen:e 
of national energy crops initiatives mu.,t 
be evaluated. 

Food Versos gue 
The potential claim of automobiles 

on future food-producing resources can 
best be illustrated by comparing the 
area ofcropland required to feed a per-
son with that needed to run an automo-
bile on ethanoL Per capita grain con-
sumption in developing countries aver-
ages roughly 400 pounds annually, or 
just over a pound per day. In the most 
affluent countries, where diets are rich 
in livestock products, each person
annually consumes an average of 1,600 
pounds of grain, including the amount 

eaten directly in cereal products and 
that consumed indirectly in the form 
of meat, mik and eggs. 27 At average 
yields of grain, satisfying the annuad 
food needs of a typical consunier in 
the Third World requires roughly one
quarter of an acre of cropland, whereas 
the more affluent consumer requires 
nearly an acre. (See Table 1.) 

An automobile run on ethanol re
quires far more grain than a person does. 
A typical American car fueled by ethanol 
would require the processing of over. 
seven tons ofgrain per year. In Western 
Europe, where cars are more fuel-effi
ceat and are driven less, the typical 
automobile could be run on a little over 
three tons of grain per year. These num
bers are in asense hypothetical because, 
except for Brazil, no country has yet 
proposed running automobiles exclusively on alcohol. As for gasohol, fuel
ing the typical U.S. car would require
 
1,460 pounds ofgrain in order to pro
vide a 10 percent mix of ethanol with
 
gasoline.
 

Tme social and political ramifications 
of a massive production of energy crops
will probably surface first in Brazil, the 
only country that is committed to run

"ning its entire fleet of cars on alcohol.
 
When President Figueiredo signed a
 
protocol in September 1979 with the
 
National Automakers Association con
fuming the intention of producing
 
250,000 automobiles in 1980 that
 
would run entirely on alcohol, he was
 
in effect claiming some 200,000 hectares
 
of ciopland for sugarcane. Govirnment
 
plans to produce 10.7 billion liters of
 
alcohol by 1985 will require nearly three
 
million hectares of sugarcane, the equiva.

lent of 10 percent of Brazil's cropland.
 
If the far more bullish projections of the
 
alcohol fuel industry materialize, produc
tion will reach 20 billion liters and the 
area planted to sugarcane for fuel will 
approach one-fifth of the country's 
cropland."a 

Brazil has one of the world's most 
widely skewed income distribution 
patterns, with a ratio of 36 to I between 
the average income of the richest one
fifth of its population and that of the 
poorest one-fifth. Evidence of malnu
trition has been found in the country's
high infant mortality rate and in the 
fact that less than half the children 
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Table 2 

TlE CHANGING PATTERN OF WORLD GRAIN TRADE" 

Region 1934-38 1948-52 1960 10 178 

millionmetric tons) 

North Amrica + 5 +23 +39 +56 +104 

Latin America + 9 + 1 0 + 4 0 
Western Europe -24 -22 -25 -30 - 21 

Estern Europe & USSR + 5 0 0 0 - 27 
Africa + 1 0 - 2 - 5 - 12 

Asia + 2 - 6 -17 -37 - 53 

Australia & N. Zeal. + 3 + 3 + 6 , +12 + 14 


*Plus sign Indicates net exports; minus sign. net imports. 


SOURCE Food and Agriculture Organli7i.n, U.S. Department of Agriculture. and 

authors timates. 

under the age of 18 in 1975 had 
reached the normal weight for their 
age.2 ' 

The decision to turn to energy crops 
to luel the country's rapidly growing 
feet of automobiles is certain to drive 
food prices upward, thus leading to 
more severe malnutrition among the 
poor. In effect, the more affluent one-
fifth of the population who own most 
of the automobiles will dramatically 
increase their individual claims on crop-
land from roughly one to at least three 
acres, further squeezing the millions 
who are at the low end of the Brazilian 
economic ladder. 

Despite its vast land resources, Brazil 
is a chronically grain-deficit country, 
drawing on grain imported from abroad. 
Feazilian officials claim, however, that 
the production of energy crops will be 
in addition to rather than in competition 
with that of food crops. Yet energy 
crops compete not only for land but 
also for agricultural investment capital, 
water, fertilizer, farm management skills, 
farm-to-market roads, agricultural credit, 
and technical advisory services. In the 
absence cf a planned economy where all 
agricultural inputs are carefully con-
trolled and clearly tagged for the pro-
duction of either food or energy, it would 
seem to be impossible to launch a major 
energy c;ops program without siphoning 
resources away from food production, 
The assumption that energy crops will 
not compete with food crops may be 

both naive and politically risky. The 
upward pressure on food prizes that 
will be generated by the rapid expansion 
of energy crop production could put a 
severe strain on the Brazilian social 
fabric and political system. 

The immediate consequences of the 
Brazilian energy crops program mzy be 
more internal than external, but the 
more recently launched effort in thu 
United States has broader ramifications, 
If U.S. cropland is shifted to energy 
crops to fuel automobiles on a massive 
scale, it will be at the expense of our 
exportable surplus of grain. Over the 
past generation, the entire world has 
come to depend heavily on North 
American grain exports, with just over 
four-fifths of the total coming from the 
United States. (See Table 2.) 

All but a handful of countries now 
import grain, most of it from North 
America. Since World War II,scores of 
countries have become food importers; 
yet not one new country has emerged 
as a significant cereal exporter during 
this period. Close to a dozen countries 
-including Algeria, Belgium, Japan, 
Lebanon, Libya, Senegal, Singapore, 
Switzerland, and Venezuela-now im-
port more than half their total grain 
supplies. 30  

The cereals exported from North 
America-enough to feed 500 million 
people at Third World consumption 
levels-consist of large quantities of 
both food and feed grains, principally 

wheat nd corn. And as more and more 
alcohol fuel distilleries are built in the 
United States in order to meet the 
official goal of producing two billion 

gallons of ethanol by the mid-eighties,
the exportable survlus of giain will be 
reduced accorc> -jy. 

Making the Choice 

Turning to energy crops as a source 
of automotive fuel opens a new chapter
in the history of huntaii efforts to achie% 
an adequatefood supply. For the first 
time since agkiculiure began, the world 
is faced with a potentially massive 
diversion of agricultural resources to 
the producti,a of nonfood crops. Un
fortunately, this is beginning to happen 
at a time when efforts to expand world 
food output are losing momenturm, 
when food prices are rising, and when 
malnutrition is increasing. 

Whether the use of cropland to pro
duce fuel for automobils can be justi
fled is a complex issue, one that political 
leaders will be wrestling with for years 
to come. Of the many considerations, 
the most critical one may be the differ
ence between the perceived national 
interest in energy crops of food-surplus 
countries and that of food-deficit coun
tries. 

The attractions of alcohol fuel are 
clear. For countries buffeted by soar
ing oil prices and possible supply dis
ruptions, the prospect of an easily avail
able substitute for some of the importer 
oil is an inviting one. Although the 
world's oil reserves are concentrated in 
a hcndful of countries, the potential 
for producing energy crops is as widely 
diffused as agriculture itself. 

There are also some solid environ. 
mental reasons to support alcohol fuel: 
it is clean-burning when used alone and 
when mixed with gasoline, it can sub
stitute for lead as an octane booster. In 
contrast to the burning of petroleum, 
liquefied coal, or other automotive fuel 
of fossil origin, alcohol produced from 
plant materials does not increase the 
amount of carbon dioxide in the atmos 
phere, unless of course it leads to an 
overall reduction in the plant material 
in the world. In addition, alcohol is a 
renewable resource, a potentially im
portant component in any effort to 
create a sustainable economy. 
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Economically, the move toward 
alcohol fuel isoften justified by the 
additional employment it would create. 
Energy crop production and alcohol 
distillation are far more labor-intensive 
than are oil pruduction and -Cfining. 
And because distilleries are dispersed 
throughout the countryside, close to 
their feedstock supplies, they generate 
industrial as well as on-farm employment 
in rural areas where unemployment is 
usually highest. Jobs created in the 
countryside of the Third World can also 
help slow the migration to the mush
rooming squatter settlements that 

surround so many cities. 
The attractions of agriculturaly 

deriv-d alcohol fuel must be set against 
its potential impact on world food price:s. 
By far the most serious environmental 
impact of energy crops will be the 
additional pressures they put on crop
land. The doubling of world food output 
over the past generation has led to the 
adoption of cropping practices that are 
resulting inexcessive soil erosion. At 
least one-fifth of the world's cropland is 
now losing topsoil at a rate that is under
mining its productivity. With the demand 
For food projected to double again over 
the next generation, it will be difficult 
to lighten the demands on soils and to 
arrest their long-term deterioration. If, 
inaddition, vast areas are planted to 
energy crops, the problem will become 
even more unmanageable. 

As the number of distilleries multi-
plies, the production of energy crops 
will expand until an economic equilib- 
rium is reached between the price of 

agricultural commodities used as distillery 
feedstock and those used for food or 
Feed. In the absence of any governmental 
limitations on the conversion of agricul
tural commodities into fuel, the price 
of oil could eventually set the price of 
food. 

The expanding production of fuel 
crops will underline the vast disparities 
in income within and among societies as 
perhaps nothing else has ever done. 
Until recently, the average per capita 
claim on the earth's food-producing 
resources has not usually varied from 
the richest to the poorest countries by 
more than a factor of five to one. With 
the advent of energy crops, however, 
the ratio could increase dramatically. 
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In effect, the use of energy crops to 
fuel automobiles permits the world's 
affluent t(. expand greatly their claim 
on the world's cropland area. 

The question is not whether there 
should be an alcohol fuel industry, 
Clearly, there are many possibilities for 
converting agricultural wastes and other 
sources of plant inaterials into automo- 
tive fuels thau need to be urgently pur-
sued. Over U'. ionger term, a carefully 
designed alcohol fuel program based on 
forest products and cellulosic materials 

of agricultura) origin could become an 
important source of fuel, one that would 
not compete with food pcoduction. 
Liquid fuel from plants, whether in the 
form of alcohol or as direct hydrocarbon 
extracts, is an energy source that needs 
to be aggressively exploited everywhere. 
At issue is whether governments can 
encourage the production of alcohol 
fuel without inadvertently launching 
an industry that competes directly with 
food production. 

If the potentially adverse effects of 

Gasohol, a 10 percent alcohol-with-gasolIna mixture, has so far been introduced in only afew places 

inthe United States. Jane Scully 
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Conversion 
OF Tropical Forests 

BY NORMAN MYERS THE TROPICAL MOIST BIOMEFOREST (ecological community) is 
biologically the richest and least well-known portion of the earth's sur
face. In this biome are to be found several million kinds of organisms,
of which no more than half a million have even been given a Latin name. 
Many of the known and unknown species of organisms in the tropics
offer significant po-ential for utilization by man, and all are of intrinsic 
scientific interest. A number of tropical plants, including rubber and oil
palm, have be.en brought into wide-scale cultivation within the past cen
tury. Many more should be investigated .s o their useful properties.'

Not only is the tropical moist forest (TivF) biome large and spread 
across three tropical regions, but it is much more differentiated than 
many observers suppose.' It is divided among some 70 countries, ofwhich almost 40 contain tracts of TMF that are appreciable in size or 
significant 	 for their ecological and biotic values. However, more than 
four-fifths of the biome occurs in only nine countries-Bolivia, Brazil,
Colombia, Peru, and Venezuela in Latin America; Indonesia and Malay
sia in Southeast Asia; and Gabon and Zaire in Africa. 

Biotic Diversity 

The TMF biome is, biologically and ecologically, the most complex
and diverse on earth. There is marked diversity of species, especially of
trees, woody climbers, and epiphytes. This characteristic is most not
able in wetter areas with high atmospheric humidity. The complexity
is both dynamic (with an exceptional degree of biotic and physiobiotic
interactions) and stable (able to maintain itself for long periods if not 
indefinitely). 

NORWAN rVERS isa conservation scientist It is a mistake to suppose, however, that this diversity and stability
living ir Nairobi, Kenya, who spci, in are interrelated in a sirpie and positive fashion. Indeed, recent theoretienvironment 	 and develoment. He is the cal and empirical research suggests that "communities with a rich arrayaudxor of The Sinking Ark (Pergarnon Press,1979). Thi 	 article is excerpted from his of species 	and complex web interactions (the tropical rainforest beingreot Covsio of Tropical Moist Foreuprea for th National Research 	 o e or taCouncl'; the paradigm) are likely to be more fragile than relatively simple andCommites on Research Priorities in TropicalSiology 	 robust temperate ecosystems." 3 
1iol. (NatkilAcademy of Sciences Prow, The dynamic relationship between complexity and stability is parti

cularly significant since it appears to depend on an important provision, 
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Fertillzing young oil ratms in the main nurcfry before later replanting in cleared jungle in the jengka Triangle ia the State of Pahang, West Malaysia. 

namely that external forces impinging 
on the system should not exceed cer-
tain threshold values; otherwise distinct 
and enduring changes may arise. Human 
intervention-which can be massive 
both in terms of immediate impact and 
long-run duration-can readily exceed 
the capacity of TMF regulatory pro-
cesses to maintain the system. 

TMF species are unusually susceptible 
to extinction because many have highly 
specialized ecological requirements, 
many exist at low densities, many are con. 
fined to localized distributions. These 
three attributes alone mean that these 
species are highly vulnerable to sudden 
elimination when a tract of forest is sub-
jected to the more disruptive forms of 
conversion: a tract of forest does not have 
to be entirely cleared for a number of its 
resident species to become extinct. 

Elimination of a substantial proportion
of the planetary spectrum of species will 
mean a gross reduction of life's diversity 
on earth: it will entail a permanent shift 
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in the course of evolution, and an irrevers-
ible loss of economic opportunity as well. 

Primary and Secondary Forests 
Primary forest is forest that has been 

undisturbed for a long time-at least for 
decades and sometimes for centuries, 
Primary forest often consists of forest 
that has worked its wtty through succes-
sional stages of development as a young
forest and is now approaching or has 
attained a state of maturity, often con-
sidered to be a state of ultimate diversity 
and complexity. Such a formation has 
been termed by some researchers a climax 
forest-one representing a vegetation type
in dynamic equilibrium with the climate 
in which it occurs. 

The make.up of plant species in a 
secondary forest is fundamentally dif-
ferent from that in a primary forest. In 
addition, the structure and functioning
of the community are different, and the 
ecosystem is less diverse. After a tropical 
primary forest has been cleared, and the 

plant life left to regrow, there is a rapid
accumulation of new biomass until it 
peaks at roughly I5 years-after which 
only the nature of the plant life changes.'
Through a process that occur: slowly, or 
extiemely slowly. pioneer species and low. 
ground vegetation disappear, their detritus 
providing nutrients for larger and longer. 
lived trees. Eventually the secondary 
forest develops steadily toward a forma. 
tion akin to that of primary forest; and 
in time, provided all the necessary corn
plex of factors is available, primary forest 
will reestablish itself. 

But secondary forests tend to persist 
for long periods. In areas of disturbed 
rainforest in northeastern Australia, 50 
years' regeneration has produced forests 
that are floristicaliy similar to nearby un
disturbed forest but that are still structur
ally dissimilar.5 Around Angkor in Kam
puchea (Cambodia) the forest of large 
areas that were reputedly cleared 600 
years ago does no, yet fully resemble sur
rounding patches of undisturbed primary 



forest. Indeed. it is thought that certain 
lowland rainforest ecosystems after being 
grossly disrupted or destroyed may need 
a successional process uf as much as 
1.000 years before a final-form primary
forest ecosystem is reestablished.6 

Although natural forces, such as typhoons. year. Thus forest farming could well be 
can also damage primary forests, gener-
ally speaking, it is human influence that 
causes secondary forests to appear in the 
contemporary TMF biome. 

Causes of Conversion 

By far the most important factor in 
conversion of tropical moist forests 
appears to be the forest farmer, whetheruigtraditional shifting cultivation, 

using taiinlsitncutvto. 

smallholder agriculture, or some type of 
squatter colonization. It has been esti-
mated that, in the mid.1970s. these 
forest farmers totaled at least 140 m. 
lion, occupying some 2 million km2 (or 
over one-fifth) of the TMF biome.7 

There is reason to believe that the esti-
mation of 140 million forest farmers 
represents a minimum number. At an 
average size of seven persons per family 
(a roughly acceptable figure for Central 
America, Colombia. Indonesia. the Philip-
pines, and Thailand), this means there 
are some 20 million families. If each fam. 
fly ,. -s one additional hectare each year. 
as =.. to be minimal practice, the for-
est farmers are clearing some 200,000 km2 

of forest each year. Although many oaf 
these farmers exploit secondary fores:s 
and althoueh in certain sectors of primary
forest (for example, in Central Africa) 
population densities are still low enough 
to permit the forest to be used while sus. 

Table 1 

taining its quality and composition with 
prospect of eventual regeneration of 
primary vegetation, it is not unrealistic 
to suppose that forest farmers are con. 
verting at least 100.000 km2 of primary
forest to permanent cultivation each 

accounting for the loss of over I percent 
of the TMF biome each year. 

Cattle raising also plays a substantial 
role in the conversion of tropical moist 

forests, especially in Latin America.Between 1950 and 1975, the area of man. 
established pasture in Central America 
more than doubled, almost entirely at 
the expense of primary moist forests,nBrila aznacterisgis 
In Brazilan Arnazonia cattle raising is 
now the dominant cause of forest con. 
version. Although many cattle ranches 
in Amazonia become unprofitable within 
less than 10 years because theproductiv-
ity of the newly created grasslands 
declines, a rancher can generally obtain 
another patch of forest to dear, thus 
practicing a new and broad-scale varia-
tion of shifting agriculture. As long as 
beef continues to bring high prices in the 
developed world, cattle raising is likely 
to be an increasingly important cause of 
destruction of primary TMF. 

One of the main reasons for the grow-
ing exploitation of tropical moist forests 
is the desire for more wood. This is true 
not only of the tropical countries but of 
communities in the developed world that 
increasingly look to TMF to meet their 
consumption demands.8 Although the 
tropical moist forests contain about as 
much wood as their temperate counter-
parts, TMF now supply little more than 

_ ..,__ __ 

CONSUMPTION OF TROPICAL HARDWOOD TIMBER: PAST, PRESENT, AND
PROJECTED (MILLION M3 ) 


COUNTRY/REGION 1950 1973 1960 1990 2000 

Jew 1.5 28.9 35 38 48United States 0.8 7.2 10 V5 20Europe 1.9 17.2 21 27 35Total three importing regions 4.2 53.5 66 80 95
Troical producing regions 21.0 46.5 66 117 85
Re of world 1.0 9.0 13 18 

Total 26.2 IOU. 146 215 303 
s. L. Pilngle, -"roplcalMolis

-,UF.CE: FAD, Faret Resources In Asia and Par Els, 19761 and 
Forgets In World oemand. Supply and Trade.~ unasylva 2s (1976). 

one.tenth of total wood used worldwide 
as solid wood and as paper pulp. 

The Timber Trade 

During the last three decades, there 
has been a rapidly growing demand on 
the part of developed nations for tropi. 
cai timber, especially for hardwoods, the 
kind of timber that makes up over 90 
percent of TMF (Table 1). Hardwood 
supplies many needs: housing construc
tion; finished products such as furniture; 
and wood-based panels such as plywood, 
veneer, particleboard, and fiberboard, Of 
the world's hardwood forests, the greatbulk are located in the tropics. Hardwood 
forests of temperate zones have beenstsadlyepete o ae er 
sterdily depleted or are coming under 
greater protection in order to meet 
exploitation pressure is increasingly dir. 

ected toward TMF. 
After the economies of the developed 

world recovered from World War 11, they 
began to import tropical hardwood 

atimber, some 4.2 million m in 1950 
(Table 1). Within three decades, the vol
ume has grown by almost 1,S00 percent, 
and it is projected to expand by more 
than half as much again, to 95,000,000 
m3 by the y,ar 2000. True, tropical
 
regions use a lot of hardwood timber
 
themselves, but the amount has little
 
more than doubled since 1950. whereas
 
the developed world's imprts have
 
increased 15 times, and the total has
 
recently surpassed consumption by all
 
tropical countries combined.
 

The largest single consumer of tropical 
hardwoods isJapan. now accounting for 
c;ver half of the developed nations'

imports (Table 1). Between 1950 and
 
1973, Japan's consumption of tropical

hardwoods increased 19 times, with
 
three-quarters of the aggregate supply
 
deriving from Southeast Asia. Among all
Japan's imports, wood now ranks as a 

strong second to oil; the country depends 
on overseas sources for around two-thirds 
of its wood, a proportion that could rise 
as high as four-fifths by 1985 (some of
the imports stem from North America, 
but hardwood imports almost entirely
derive from the tropics).9 Hitherto Japan 

has looked mainly to Southeast Asia for 
its hardwood needs, but it is increasingly
directing attention toward Latin America 
and West Africa. 

July/August 1980 
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Table 2
 
SUPPLY OF TROPICAL HARDWOOD TIMBER: ACTUAL AND PROJECTED (MILLION m)
 

1950 1973 1980 1990 2000PRODUC- EXPORT PRODUC- EXPORT PRODUC- EXPORT PRODUC. EXPORTREGION PRODUC- EXPORTTION (%)* TION 1%) TION (%) TION 1%) TION (%) 

Tropical Africa 4.7 1.5 (32) 16.5 11 (67) 20 12 (60) 25 9 (36) 35 10(29)Lat'n Ame icA 15.5 0.8 (5) 20 3 (15) 32 4(13) 60 7 (12) 118 28(24)
Southern and 

Southeast Asia 14.3 2 (14) 72.5 48.5 (67) 93 65(70) 130 82 (63) 150 80 (53)Total 34.5 4.3 (13) 109 62.5 (57) 145 81(56) 215 98 (46) 303 118 (39) 

*Figures In parentheses are percentage of production given to export.
 
NOTE: As tropical developing countries themselves start to consume 
more of their hardwood output, there will be (except in theeveistual case of Latin America) a smaller share available for export to developed countries. At the same time, developedcountries' demand will steadily expand. So there will be cmounded porsuire to exploit tropical hardwood forests.
 
SOURCES: 
S. L. Pringle, "Tropical Moist Forests in World Demand, Supply and Trade," Unasylva 28 (1976); and other FAO
documents. 

The United States is the second largest 
consumer of tropical hardwoods. U.S. 
demand has been growing at a rate far 
above the country's growth rates for 
population and GNP. This has been partly 
caused by rapidly rising costs of high. 
quality hardwoods from within the United 
States. following increased interest in Jhe 
country's hardwood forests for their 
esthetic and recreational values. A more 
important reason is that plywood panel-
ling can be obtained reivively cheaply
from Southeast and East Asia;over four. 
fifths of U.S. imports of tropical hard-
woods come in the form of plywood and 
veneer via Japan-the so-called Philippine 
mahogany that originates in Southeast 
Asia. Between 1950 and 1973, U.S. 
imports of tropical hardwoods increased 
9 times (until the country was accounting 
ror about 70 percent of all tropical ply-
wood and veneer entering world trade),
and by the year 2000 they are projected 
to double again, 


The nations of Western Europe 

account for about one-third of the 
developed world's imports of tropical 
hardwoods, an amount that is projected 
to increase by about 75 percent by the 
year 2000. Most of the timber derives 
from West and Central Africa, though 
within the last few years there has been 
a marked expansion in hardwood imports
originating from Southeast Asia. 

By far the major source of tropical 
hardwoods to date has been Southeast 
Asia (Table 2). Between 1950 and 1973, 
the region increased its exports 24 times, 
until it was accounting for three-quarters 
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of international trade in tropical hard-
woods. Latin America, with around 3 
times as many hardwood stocks as South-
east Asia. currently produces only 10 
percent of the world's hardwood timber 
and exports very little, due to the remote 
location of many of its hardwood forests. 
West and Central Africa export only 
about one-third as much as Southeast 
Asia. Plainly, howeveri, the progressive 
depletion of Southeast Asia's forests 
will cause much greater.exploitation pres. 
sure to be directed toward the two TMF 
regions that have hitherto supplied little 
to international hardwood trade, namely, 
Amazonia and Central Africa. As harvest-
ing technology allows loggers to extract 
timber from localities that are currently 
considered inaccessible because of such 
factors as difficult terrain or remoteness, 
and as processing technology enables 
more heterogeneou,, pes of hardwoods 
to become acceptable on commercial 
markets, both Amazonia and Central 
Africa can be expected to increase their 
share of the hardwood timber trade. 

PaerStates, 
While global constvmption of hardwood 

products is expect-d to continue to 
expand, it is paper products for which 
the'greatest growth in demand isprojected. 
TMF contain relatively few stocks of the 
conventional source of paper pulp, i.e., 
softwoods. But the international paper 
trade now expects to depend on TMF for 
much of its raw materials, as a conse-
quence of recent changes in forestry tech-
nology. Until the mid-1970s. it was 

thought that TMF, with their multiplicity 
of hardwood species, could not readl.% 
be pulped after the manner of softwoods. 
But new production processes now allow 
wood chips from some 100 selected T.MF 
tree .pecies to be simultaneously con
verted into pulp.'" TMF, comprising 
some 55 percent of the world's forests. 
currently produce only 7 percent of the 
world's paper and paperboard-a percent
age that could shortly start to grow 
rapidly. 

During the period 1950-1970 world 
outpu, of paper products increased from 
40 to 130 million tons for a growth rate 
twice that of population. If long-term 
trends continue, world demand could 
rise from its present level of around ISO 
million tons per year to 400 million tons 
by the year 2000. and to twice as much 
again after only a further two decades." 

The developed world now uses almost 
160 million tons of pulp a year, the 
developing woild little over 20 million. 
An average developed world's citizen con
sumes an annual amount of over 155 k.g 
of paper and paperboard (in the United 

325 kg), while a developing world 
world's citizen isunlikely to use more 
than 5kg. (Many a citizen of Indonesia 
and Nigeria may not even account for 
I kg, roughly half of one copy of the 
Sunday edition ofthe New York Times.)
If consumption continues to grow as in 
recent years, the developing world ispro
jected to expand its consumption roughly 
3 times, as compared with a 2Ji-times 
increase on the part of the developed 
world: thus by far the largest share of 



PtF., total consumption will remain with the 
developed world, 

Whereas many nations of North Ameri-
* ca and Western Europe are self.sufficient 
_ lor paper pulp or even produce asurplus, 

Japan isheavily deperident on foreign 
sources, almost half of its pulpwood now 

. coming from overseas. Following recent 
"4 increases in prices of U.S. softwood chips, 

Japan is turning to Southeast Asia and
" tropical America for hardwood chips, 
-; which now supply over half of its 

pulpwood.chip needs.' 2 

Ever, though their consumption rates 
• 	 are presently very low, developing countries 
* are strongly motivated to develop sources 
. of paper pulp. They currently import the 

: great bulk of their supplies, at a 1975 
t-	 cost of S2 billion-worth almost two. 

thirds of developing countries' exports 
of tropical timber. To give an idea of 

*-,. low-level demand in developing coun
- tries, and of the amount by which it 

could expand, total newsprint consump.
ion in 14 Asian countries, including all'"themostpouosoeexetCia- ' populous ones except China, 

now totals arod .600,000tons per 

4?. year, or less. than Canada's.# Not only does demand for paper 
increase with-growing human numbers, 

* it expands mich more as a consequence 
of growing human aspirations. In parti......
cular, the spread of literacy serves as a~many 

.	 powerful stimulus to demand-and in 
many developing countries, lack of paper
iscausing serious setbacks to education 
and communications. Within another 

• decade, there will be a further 150 mil-
".4 countries: by the year 2000, Southeasti lion consumers of paper in developing 

Scountsiaeis: toed2 fyear teastebpe...-.Asia is expected to need five times as 
much paper as in 1974. Indonesia, after 
paying out S92 million for pulp imports 
to meet 85 percent of its needs in 1977, 
has astrong incentive to use its o 
forehasstreouricetiasaopulp so. - forest resources as a pulp source,.pea 

ly 

Economic Value 

major commodities produced by the 
developing world. In fact, tropical wood 
is no% one of the fastest growing exports 
of the developing world, earning about as 
much revenue as sugar, cotton, or copper. 

Yet, substantial and expanding as 
these export earnir.gs are, trade in tropi
cal wood nevertheless amounts to only
about 15 percent of global trade in forest 
products. The Congo and Finland have
land areas and forest estates roughly the 
same size, yet in 1973 the value of 
Finland's forest exports was 60 times 
greater than the Congo's. The six main
 
countries of the Amazon Basin, plus

French Guiana, Guyana, and Suriname,
 
possess 2.7 hectares (ha) of forest per
 
person, compared with a world average

of about I ha;yet they import more
 
forest products by value than they
 
export. 

Ecological Impact 
Due to the diversity of tree species


in tropical forests, coupled with the
 
reluctance of international timber mar
kets to take more than asmall propor.
 

tion of wood types available. -he comnmercial logger isinclined to harvest very

selectively, taking a few choice speci.
 
mens with disregard for the rest-a
 

creaming" operation. Of Amazonia's 
thousands of tree species, only

about 50 are widely exploited, even 
"ang osan of A azona' 

thoghas any a e ome com. 
mercial value. Africa exports only 35 
principal species (albeit twice as many as
in 1950), with 10 accounting for 70 per
cn ftettl"I In Southeastotes Asia.cent of the total.' " 

sa 
loggers focus on less than 100 tree species, 
with exports consisting mainly of only a 
dozen or S.1 4 

So when a patch of is exploited, 
only afew trees, often less than 20 of 400 
per ha, are taken. Yet the logging opera. 
tion can leave many of the remaining 
trees damaged beyond recovery-far 
more than would be the case in aBetween 1954 and 1976, tropical temperate-zone forest-because TMF

wood exports increased in value from trees are strongly linked together with 
S272 million to S4.2 billion. This repre. vines, lianas, and other climbing plants,

or sents a growth rate far faster than that sometimes as many as 2,000 per ha and
for global trade in all forest products. ome of them 200 mlong.' s Commercial 
Tropical wood exports now amount to trees are often limited to the tallest,

-". around 4 percent of the value of all the which, benefiting from the sunlight,
"-. developing world's exports excluding develop crowns as widespread as IS m. 

petroleum, making it one of the five When one of these giants isfelled, it is 
most important export earners among likely to break or pull down several 
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others with it. Furthermore, tropical Thus the extreme heterogeneity of 
trees are highly susceptible to attack by TMF no longer presents a problem to thepathogens; as a result, a seemingly minor forest exploiter who seeks !o manufacture 
injury, such as a patch of bark torn off, wood pulp. This represents a welcome 
can leave a tree vulnerable to irreparable 
damage. Logging roads and haulage tracks,
sometimes averaging as much as 10 km 
for each km 2 of forest exploited, can, 
together with dumping zones and land 
for logs, account for 10 to 30 percent of 
the forest area.ys 

Repeated surveys in Southeast Asia 
reveal that the average logging operationleaves between one-third and two-thirds 
of residual trees damaged beyond recov-
cry.' In addition, almost one-third of 
the ground may be left bare, in many
instances with the soil impacted by the 
heavy machinery." With greater care, 
the damage could be reduced by half. 
But less destructive exploitation would 
raise timber prices for the end-product 
consumer-sometlin2 that the main mar-
kets (developed nations) are unlikely to 
accept on the grounds that it would be 
unduly inflationary. 

Clearly. logging impact varies from 
area to area. In some places, the con
sequence is-only light modification of 
the forest,.whilein other places it 
amounts to gross degradation. If the log-
ging ishighly selective, e.g.. for mahogany, 
it is possible that the forest may never 
return to its original composition. Even 
if the logging isless selective, itwill still forest harvesting can be conducted in 
take many more than a few years for 
natural regeneration to fill the gaps 
caused by the removal of timber trees.i 9 

Wood Chips 
Forestry technology has recently 

developed processing methods that enable 
tropical hardwoods to be pulped in a 
single mixture." In Colombia, some 100 
species are used in one operation, sub-
sequently supplying 40 percent of the 
kraft and linerboard. In Papua, New 
Guinea, ajoint hardwood chip mill, estab
lished in 1974, accepts over 200 species 
at once. Similar operations are under 
way in Brazil, Indonesia. Malaysia, the 
Philippines. and Thailand. Since the tech-
rdques cannot only be applied to sound 
trees of any sort, but can be used to sal-
vage defective trees and dead standing 
timber, they can expand the yield of a 
hardwood forest by as much as an addi-
tional 300 percent of usable wood.i 
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breakthough not only for Japan, with its 
large and growing demand for woodo 
chips from overseas, but also isof poten.

tially enormous benefit to tropical-forest 


I countries themwlves, with their fast grow
ing need for wood pulp. 

Furthermore, some.observers look 
upon this "any-tree/all.tree" harvesting, 
also known as full-forest harvesting, asan innovation that could represent some 
sort of salvation for TMF, at least so tar 
as certain forms of wood exploitation 
are concerned. By enabling intensified 
production of wood products in a few 
selected areas, it could relieve extensive 
harvesting of wood from large tracts of 
forests. Other observers are inclined to 
believe that it could amount to a two-
edged sword. Under this technique, a 
patch of forest is not exploited selec
tively, on a sustained-yield basis: seg
ments are exploited entirely, once and 
for all. 

However, if ah3rvested forest isthen 
replaced by aman-made forest, this 
intensive use both of the original foe', 
and oi the land on which it stooc nay 
help to confine timber harvesting to 
limited localities. Alternatively, full

scattered blocks, or in strips possibly up 
to 200 m wide (although no experimen.
tal studies in tropical forest manage
ment have shown 200 m to be the upper 
limit of clear-cut strips), whereupon the 
surrounding tracts of undisturbed forest
will eventually enable the exploited zone 
to regenerate. But this sophisticated har. 
vesting technique cin work to ways: it 
can either hold out better prospects for 
many sectors of untouched forest, or it 
can presage total conversion for many 
sectors. 

Plantation 

In a few localities of the tropics, forest 
plantations are being established. These 
plantations now comprise around 85.000 
kin Of this total, almost 40.000 km: 
are in Latin America (over half in Braiil),
and the rest split between southern and 
Southeast Asia, and West and Central 

- / 

a 

pj ,
 
' 

f , 

,' 

,
 

V 

-

.9.2 

•,
 

Mw 

..
 
Africa. < f" , -.,, ,.. .. - 

11 



= 
 ,. ....
 
Al.l..
 M al 

--- ,,.-.. -,. 

..--. 

....- _. .,-- .. - .- :..%

- ~ -.- 4."  - ...---"..-. J :
 

.. fnP to supply firewood being grown in the Kombissini nursery in Upper Volta. 

To the extent that man-made forests ing pulp producers, it imported 700,000 satisfactorily in such areas.supply the quantities and types of wood tons of pulp and paper in 1974, worth Regrettably, an outcome of this sort
required by world markets, they reduce S349 million. 's As a result of its is generally precluded by at least two
the pressure to exploit primary forests, 
 plantation program, established in the factors. First, a plantation entrepreneurSo fast-growing are some plantation tree mid-1960s, Brazil aims to produce seeks to locate his concession within anspecies that a 500-km2 plantation can enough pulp to meet its own needs by extensive tract of primary forest, so thatreadily produce I million m3 of market. the early 1980s, and by the year 2000, he can exploit the hardwood timber toable t;mber per year, a volume that could Brazil plans to have an annual surplus capitalize his plantation. Secondly,be obi .:i,.d only from 10 times as large of 20 million tons of pulp for export to already cleared forest.lands are generally
an area of natural forest.' However, other countries of Latin America (worth 
 occupied by settlements of one sortonly 5.000 kin or so of additional at present prices, $5.5 billion)."' or another, and it is politicly difficultplantations are established each year- This long-term program will require to uproot these in order to plant trees.
only one.third as many as would be 
 an additional 40,000 km' of plantations. A further problem arises, onc 'hatrequired to supply enough wood to During the 1970s, the average price of could severely reduce the expanse otrelieve extreme exploitation pressures on land for reforestation in some of Brazil's plantations to be established anywhere inTNiF during the course of the next two heavily populated southern areas has TMF countries. This c-'acerns the scaledecades, increased II times, so there is strong of investment that will have to be madeL any case, tropical forest plantations incentive to look for opportunity else. available for plantations (plus ;.ssociated
are not Mwithout problems. They can where-notably in Amazonia. where 
 proce."ing industries) if they are to makepro;e costly to establish. S-00 to S400 there a±re scheduled to be 10.000 kin a sizable contribution to trop.cal timberper ha. In common with many mono. of plantations by 1985. Nonetheless, supplies during the foreseeable future.culture crops, they tend to attract even if all additional plantations of the Food and Agricultural Organization anddiseases and pests that are numerous and next two decades were to be located in World Bank estimates run as high as 53vaned. When plantation trees are Amazonia. they would not h:ove to affect billion per year over the next twoharvested, they may take a large stock more than 1.5 percent of the present decades.of nutrients with them, requiring the use forest expanse. In the face of investment requirementsof ever increasing amounts of fertilizer of this magnitude. TMF countries areto maintain productivity. Obstacles increasingly looking toward the foreignThe greatest expanse of tropical planta- From the standpoint of safeguarding investor: half of Latin America's totaltions. some 25,000 km 2 . is in Brazil, one primary TMF, the most appropriate sales of paper and paperboard haveof the world's most impressive forestry strategy is to establish plantations in recentiy been accounted for by affiliatesaccomplishments. Less than 1,000 krn forest territories that have already been of U.S. timber rorporations:.2 and Brazilare located in Amazonia. with the rest exploited and have become poor-quality has just reached agreement with IIin southern Brazil, where broad-leaved secondary forest, degraded grasslands, or Japanese companies for a SI billion.species are grown on 13,000 km2 and areas that have been overburdened by 4,000-km pulp project. Yet foreignconiers on 10,000 kin  forest farmers. There are 440,000 km' investors are r.ot moving into the fieldIn 1975 Brazil consumed 1.9 million of such misused lands in Indonesia alone- of tropical plantations as fast they might.tons of paper, an amount udiat isexpected an area larger than the country's desig- They are not sufficiently assured concernto reach 4 million tons by 1985. Although nated protected forest.. A number of ing security of prices for their products,Brazil is now among the world's 10 lead. pioneer tree species can he made to grow or security of tenure for their holdings. 
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-ATrucks remove timber from juno in~the State of Pahang, West Malaysiat. 
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Chapter III 
Using Natural Resources 

as a Planning Guide 

Rural areas are fortunate in still being able to make planning 
choices based on existing natural resources. Although it would 
appear self-evident that choices must be based on the land in 
rural areas, the method of land-use planning that starts with 
the natural resource base is sometimes overlooked by planners 
trained to deal with urban situations where the possibility of 
making such choices has long since disappeared. In recent 
years, increasing numbers of rural areas have recognized their 
special opportunities and have developed planning methods 
which take natural resources as their starting point. 

Planning based on the natural resource base is motivated 
not only by the desire to conserve and protect desirable 
natural features (although this is of course an important 
point), but also by a belief that development of any kind
roads, residences and shopping centers-can best be located, 
with less present expense and fewer future problems, if based 
on an understanding of natural constraints. The natural envi
ronment can structure the optimum location of development 
and save the community problems in the future-problems 
with provision of water, for example, or with erosion, settling, 
and sedimentation. Once the natural characteristics of the land 
are mapped and classified, a clear physical structure which 
constrains or permits future growth often becomes apparent. 

Preparing the inventory and classification of natural re
sources is an important part of rural environmental planning. 
Out of the variety of existing characteristics that can be looked 
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at, the planner selects for analysis those which will have the 

most important effects on future development. It is clear that 
topography, soils and water are important. Topography dictates 
the location of roads and houses; clearing steep slopcs for 
building is not only expensive but may create future problems 
affecting the stability .f larger land areas. Soils have important 
characteristics which must be respected: permeability relates to 
the location of septic systems; bearing capacity affects the costs 
of new housing, and preserving agricultural potential may be 
necessary for the economic health of the community. Though It 
is hardly necessary to point out the value of a pure water sup
ply, the relationships between the supply of water and other 

characteristics of the natural resource base are not always obvi
ous. A natural resource inventory can help to point out impor. 

tant relationships between the various natural and man-made 

systems. Geology, vegetation, wildlife, and unique natural or 

man-made features all play different parts in maintaining the 

desired quality and unique identity of a given region. 

This chapter provides a guide to some of the techniques 

involved in preparing the inventory of existing conditions, 
offers some aids to the planner or citizens making the inven. 

tories, and suggests some of the characteristics of existing 

resources which must be examined and interpreted. 

Maps 

A useful resource inventory is compiled by describing and 

mapping each set of natural features and existing land uses 
individually: topography, hydrology, soils, geology, vegetation, 

and wildlife arc suggcsted as basic categories for maps. Other 

natural resource categories, however, may be selected. The 
primary sources of information will be existing maps, verified 

by field checking where possible, supplemented by reportS, 

studies, and surveys. 
in mind that along with maps and

It is important to keep 

other printed documents, there is no substitute for firsthand 

information: local specialists such as hydrologists and geolOgiStS 
at nearby universities are frequently the most expert sourccSOf 



41 UsingNaturalResources as PlanningGuides 

information in a region. Not only will they be able to interpret 
configurations, statistics, and other data, but they will probably 
have recent information and field experience. Agencies work
ing with maps should maintain close contact with those who 
compiled and published the maps. For example, any decisions 
based upon soil, geological, or topographic considerations 
should be made only after consultation withthe regional offices 
of the Soil Conservation Service of the U.S. Department ofAgri
culture. Aside from their ability to interpret maps, they will 
have updates and amendments on hand. 

Maps will be of little use unless they are able to be interpre
ted and evaluated easily. The identification of sub-areas for 
their intrinsic suitability for conservation or for future devel
opment might be the guiding principle in preparing a presen. 
tation. For each of the major data categories, factors related to 
conservation or to development should be selected and high
lighted. For an initial planning effort a simple summary cate
gorization of data will be helpful. For e::ample, in presenting 
an interpretive map of slope conditionm, 'slopes greater than 
25 percent-usually no development" may be represented by 
dark shading; "slopes from 15 to 25 percent-suited for devel
opment" and "slopes of 0 to 3 percent-acceptable for devel
opment if no ponding or erosion problems" should be shaded 
successively lighter. By such a presentation, major categories 
will be clear. What is important is to recognize that too much 
data may be as difficult to understand as too little. For pur
poses of clarity, or to highlight a variety of values, it may be 
useful to prepare more than one interpretive map for a given 
category. For example, a soils map may be prepared which 
highlights soils suitable for agriculture, and one which high
lights soils suitable for construction. 

Since each set of data (e.g., soils) should be recorded on its 
own map, iris essential to have a good base map, which acts as 
a reference point upon which subsequent maps are placed. 
Base maps should display all man-made features in the region: 
roads, political boundaries, and even individual structures, if 
the scale is small enough to permit it. 

The base map should be of a convenient size for work in the 
field, and easily reproducible. It is important to keep it simple 
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and legible. Scale should relate to the capabilities of reproduc
tion equipment readily available. If the map Is to be repro
duced in sections to be pasted together it should be divided in 
such a way as to make matching easy. Sections should also be 
divided in such a way as to be easily repz-ducibie on available 
equipment. If maps are to produce maximum benefits, they 
should be readily available and relatively inexpensive. 
., It may be useful to have a base map prepared in two or even 
three different scales or sizes in order to meet all eventual 
demands. For all towns but those of very small size, it may be 
desirable to have a base map with sheets at a scale of 1" = 

200" or less for central areas which are densely settled. For 
areas which are developed with a number of 50-foot lots, a 
scale of 300 to 600 feet to an inch is about the minimum for 
acceptable legibility. For a rural area which wishes to include a 
central village with extended environs on its base map, ability 
to measure within fractions of a mile is all that is needed. In 
this case 1,000 feet or a half mile to the inch will be appropri
ate. The final choice will depend on the size of the community 
and its particular need3. Combining maps of several scales for 
the preliminary survey may be the most workable procedure. 

The U.S. Geological Survey (USGS) maps at a scale of either 
1:24,000 1" = 2,000 feet (7- minute) or 1:62,500 (15
minute) I" = approximately I mile (the former being more 
accurate than the latter) are convenient and useful references. 
Land Use and Land Cover and Associatcd Maps are now being 
compiled by the USGS for ehe entire country. 

In 1974 the National Cartographic Information Center 
(NCIC) was established by the USGS to provide information and 
assist data users in obtaining both general and special carto
graphic information. They are an excellent source of help. 

Topography and Slope 

Land use is determined, to a great degree, by elevation and 
slope. Historically, development progressed through lowlands, 
into valleys, and around hills and mountains. Although this 
general pattern still remains true, today there are far fewer 
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restrictions on developing steep slopes and other areas once 
considered inaccessible or undesirable. For this reason, the 
shape of the terrain must be known if land use is to be 
properly planned. As elevation increases, so do the costs of 
roads, utilities, and maintenance services, such as snow remo
val As the degree of slope increases, so does the difficulty of 
building and supporting structures. 

The development of hillsides must be approached with care 
because such development can affect the equilibrium of a 
region or district wider than anticipated. Care must be exer
cised when tampering with the harmony of slope, soil, vegeta
tion, drainage patterns, and geological foundation. 

Bad planning can disturb sol stability, causing erosion and a 
resulting loss of slope; careless removal of vegetation from 
hillsides deprives the grade of the cemental network of plant 
roots, alters established drainage pathways, or eliminates a 
natural wind screen. Such a loss of protection permits rapid 
erosion, which adds silt and other sediment particles to 
downstream waterways and sullies immediate water quality. 
Spring thaws or strong rains on unstable slopes can produce 
mass movements, such as landslides, slumps, and flaws, par
ticularly in steeply sloping areas. 

By the removal of vegetation, hillside development also in
creases runoff that would ordinarily be retained and transpired 
by trees and other vegetation. The detrimental effects of hillside 
disturbance are increased by the addition of impervious sur
faces, such as paving and buildings, further reducing ground
water percolation, thus adding to the amount of runoff, destruc
tion of water quality, and potential for flooding. 

Furthermore, disturbance of hillsides can destroy a commu
nity's aesthetic resources. A range of hills frequently marks a 
community's boundary and provides an attractive scenic setting 
for homes and buildings. Degradation of hillsides as a result of 
erosion and loss of vegetation deprives a community of its at
tractive and distinct setting and decreases real estate values. 

Through insufficient attention to the problems posed by 
erosion, runoff, and aesthetic damage, hillside development 
can have a far-reaching impact on a region's land, water, 
economic, and scenic resources. Yet with proper planning, 
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hillsides can be developed in a manner compatible with hill
side ecology. 

Although there are many factors that determine where hill
side development is appropriate, it is safe to say that low 
slopes (those with 1 to 10 percent grade) offer few major 
obstacles to development, although they are susceptible to 
erosion if careless removal of the groundcover occurs. Gentle 
slopes are capable of supporting low-density residential use, 
but more intense uses should be allowed only with caution. 

Density should be lower on moderate slopes (10 to 25 
percent grade) because severe erosion and land slippage may 
result when the groundcover is disturbed. Subsequent sedi
mentation is a serious possibility, fouling and clogging streams 
and disrupting the natural water courses. If the soils and drain
age on moderate slopes are not conducive to construction, 
structural damage can result. " 

On extreme slopes (above 25 percent grade), development 
will almost certainly increase the amount and velocity of run
off, causing severe erosion. Since1 development is risky and 
very expensive, these area5 might be set aside for recreation 
since they often are of great scenic beauty. 

Slope in a region may be determined from a topography 
map, readily available from the National Topography Map Ser
ies of the USGS. Most states now have a complete coverage at 
1:24,000 and 1:62,500. Relief is shown by 20-foot contour 
lines on 15-minute maps and 10 feet on 7+ minute maps. If 
the use of contours is wanted for an overlay map, the USGS can 
furnish maps with only the brown overprint that indicates 
contour lines. 

Other sources for topographic maps in some states are 
state geological surveys and state planning agencies. In addi
tion, the U.S. Army Topographic Command has maps for some 
areas of the country. Soil survey maps usually provide some 
topographic information-mainly that relevant to erosion, lo
cation of ridge lines, and direction of drainage. If an area 
lacks current maps, the USGS will pay up to one-half the cost 
of topographic mapping carried out in cooperation with state 
or local governments. 
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It will be easy to use contour maps for public presentation 
if, instead of using an overlay of contour lines, the degrees of 
slopes are aggregated into three or more groups-low, mod
erate, extreme, etc.-and each assigned a different color. This 
will at once reduce the complexity of the map and, at the 
same time, highlight only those areas that have significant 
slope that will have an effect on planning development. 

Hydrology 

The principal reasons for controlling development on or near 
water are to protect watersheds, to preserve the quality and 
quantity of the water supply, and to prevent damaging floods. 
Urban areas require great quantities of water for industrial, 
business, and domestic use. In regions where agriculture is a 
major land use, water availability and quality are as important 
as soils. Since, in any case, surface waters are essential for 
regional aesthetic and economic benefits, they should be 
inventoried thoroughly. 

The desired degree of control varies for the type of area 
where development would affect surface water. Permanent 
bodies of water-lakes, rivers, streams, estuaries, etc.-are valu
able as a source of water supply, food, and recreation, for waste 
dispersion, transportation, and power generation. All lakes and 
ponds may become degraded, become marsh and then dry land. 
This natural evolution, called entropy, may be hastened by un
controlled development since pollution and erosion resulting 
from urbanization can destroy the water's balanced nitrogen 
and oxygen cycles and its recreation potential. 

Streams and creeks have a direct effect upon the quality and 
quantity of a region's water resources. Qualitatively, streams 
and creeks replenish groundwater, river flow, and reservoirs; 
they are a major natural source of water to the system and if 
they become polluted, then a region's entire water resource, 

both above and below ground will suffer. Quantitatively, 
streams and creeks may carry increased runoff or sediment 
from improper watershed development and increase or cut off 
regular water flow to groundwater formations. Similar quantita
tive effects can be seen, on a larger scale, in lakes and rivers. 
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Since streams and creeks contribute to a region's total water 
resource and general environmental well-being, the planning of 
development within a region must expand beyond the water
courses themselves and look to the whole concept of the 
watershed system-drainage, wetlands, lakes, reservoirs, and 
groundwater filtrations. Since streams and creeks are major net
works., that transport nutrients and sedimentation, as. well as 
pathways functioning as routes for various birds and mammals, 
they are a matrix of the watershed, binding hillsides, wood
lands, and wetlands into one inseparable, interdependent eco
logical community. Because streams and creeks are an intricate 
part of the hydrological and nutrient cycles, and because of 
their intricate relationship to so many environmental communi
ties and processes, the health of the watercourses serves as an 
index to the health of the entire system. 

Floodland is the land area adjacent to.a body of water which 
is covered by excess water during periods of flooding. This 
water carrying capacity of floodlands is an essential function 
and is why floodlands are so valuable. Floodlands may be di
vided into zones based on the frequency of inundation, often 
categorized as channels, floodways, and floodplains. It is espe
cially important to make these distinctions for land-use and 
development controls which are important since building on 
floodlands endangers human life and property. Furthermore, 
floodplains often provide valuable recreation land. Filling, dam
ming, or leveling floodplains decreases storage capacity and 
increases flood velocity and the flood potential downstream. 
Agriculture is often an ideal use in floodplains as the soils are 
very fertile, there is usually substantial groundwater, and the 
effect on flat land is minimal. 

Wetlands-tracts of low-lying lands that are saturated with 
moisture and usually overgrown with vegetation-act as 
sponges that absorb excess runoff and thus reduce flooding 
potential. They also provide important wildlife habitats and 
recreational areas and have educational and scientific value. 
Some wetlands have agricultural value; they often have scenic 
beauty. Wetlands are frequently found about estuaries-water 
passages where the tide meets a river current, especially an 
arm of the sea at the lower end of a river. As breeding 



47 Using Natural Resources as Planning Guides 

grounds for a variety of organisms, estuaries are particularly 
intolerant of waste disposal, dredging, filling, and upstream 
pollution since these activities can destroy important animal 
and plant communities. 

Subsurface waters in the form of aquifers-water-bearing 
layers of sand, gravel, or porous rock-are as important and 
delicate as surface waters. As a major source of water supply, 
their quality must be maintained and the removal of water 
from them must not exceed the rate of replenishment. 
Aquifers are replenished in recharge areas-areas of inter
change between the aquifer and the earth's surface and the 
point where precipitation and surface water infiltrate the 
aquifer. Wise planning of development in recharge areas is 
particularly important because of the danger of polluting the 
water supply. 

Aquifers act as reservoirs, filters, and a balance in the hydro
logical system of a community and region. They are natural 
reservoirs for groundwater used in drinking and irrigation and 
must be protected because the amount of groundwater enter
ing the aquifers is used by many types of communities: some 
areas can draw upon surface water supplies, such as lakes and 
streams, for their drinking water and irrigation needs, but many 
communities, particularly rural ones,depend upon groundwater 
or wells drilled into aquifers for their water. 

Percolation of precipitation through soil and overlying for
mations filters many impurities before they reach the aquifer; 
as groundwater moves through waterbearing formations of 
aquifers, it is filtered further. But this filtering property of 
aquifers is not absolute. Leaking septic tanks and sewage lines, 
unsealed landfill sites, and sewage and soil waste disposal sites 
can allow pollutants to pass directly into groundwater reserves 
where the water table is very near the surface, the soil mantle 
is very thin, or the aquifer is very permeable. In these cases, 
concern must be directed toward the quality of water entering 
the aquifer. 

Similarly, pollution or depletion of surface water affects 
groundwater and can contaminate an entire system since 
aquifers are directly connected to lakes, streams, and wetlands 
through gradual seepage. Alternately, some of these lakes, 
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streams, and wetlands replenish their water supply from the 
aquifer when conditions are dry. Therefore, pollution factors 
must be checked to maintain the aquifer.stream-lake-wetland 
reciprocal balance and attention must be focused on the qual
ity and quantity of water exchanged between groundwater and 
surface reserves. 

Because aquifers serve these three functions-they act as a 
reservoir, as a filter, and as part of the hydrological cycle
they are important regional resources and are particularly 
sensitive in terms of development. It is best to avoid develop
ment over deep aquifers. 

Hydrology studies include subsurface water as well as sur
face water. The Water Information Group of the USGS has 
information in the form of maps, atlases, and reports that cover 
various characteristics of the hydrological cycle. They have a 

free publication for each state, "Water Resources Investiga
tion," which includes a list'of a selected number of reports 
prepared for each state. Depending on detail, the scale of the 
maps varies from 1:24,000 to 1:250,000. For surface water 
only, a local planning agency may request a copy of the blue 
overprint from the standard USGS topographic map. These 
hydrological maps and reports containcmuch information 
about the quality and quantity of ground and surface waters. 
For a given area, hydrological information includes analyses of 
the elevation levels of major floods, depth to mineralized 
groundwater, saline water, chemical qualities of surface water, 
and temperature of surface water. Aquifers, floodplains, and 
wetlands should be highlighted on the hydrology map. 

Soils 

Soil composition directly affects building and highway con
struction, septic systems, water availability, and agriculture. 
Since everything that touches the soil is affected by it, it is 

essential that accurate soil data are used in land-use planning. 
A soil suitability study should be used to assess (1) the engi
neering property of soils in order to determine the appropriate 
pattern of residential, commercial, industrial, agricultural, and 
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recreational use; (2) the suitability of soils for sewage disper
sion, drainage systems, and water storage; (3) the soil and 
plant relationship so that prime agricultural areas can be iden
tified; and (4) the location of important mineral deposits. 

Soils with a high moisture content, whether due to a high 
water table or poor drainage, are suitable only for floating or 
othe specially built structures if supplied with public water 
and sewerage. Wet soils, important because they store water, 
can be easily contaminated if septic tanks are allowed. In 
development, draining and filling should be permitted selec
tively if they do not interfere with the water supply. 

Dense soils inhibit and are often impervious to the free 
downward flow of water; such soils usually have a high pro
portion of clay in them. Impermcability may cause tanks to 
overflow and contaminate the water supply, and like wet soils, 
dense soils are unsuitable for development without public 
water and 'iewer systems. 

Poor load-bearing soils are usually easy to compact because 
of their moisture content or because excessive internal spaces 
are present. (Filled land or industrial or municipal waste piles 
often have these characteristics.) Such soils are unable to 
support structures such as buildings and paved roads, and are 
thus generally unsuitable for intensive development. Recre
ation and agriculture, as well as certain types of light or 
flexible structures, are adaptable to poor load-bearing soils, 
but heavy structures require anchoring to bedrock. 

If a local planner is unable to interpret soil types into 
appropriate use categories (e.g., soils goud for residential de
velopment, soils for agriculture), the local Soil Conservation 
Service (SCS) office can prepare such interpretive maps and 
reports. For this reason, it is a good idea to work closely with 
the local office. 

A soil survey is based upon aerial photography and the maps 
are usually printed at a scale of 3" = 5,000 (3:60,000) or 1" = 
1 mile. They are accompanied by a discussion of the functional 
classification of the soils in the area based upon a nationwide 
classification system, including a description of each kind of 
soil and general information about the agriculture and climate 
of the area. Most surveys supply information such as the most 
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Important soils for potential agricultural uses, what types of 
wildlife are likely to be associated with certain types of soils,
nonagricultural plant material and its relationship with soil 
types, likely flood and drainage areas, and soil properties af
fecting engineering uses. This basic information provides a 
suitable foundation for planning decisions. 

Geology 

Geology involves not only bedrock and other mineral founda
tions covered by a layer of soil, but also areas and planes of 
exposed rock. Geology has a fundamental bearing upon sur
face and subsurface drainage patterns and a site's ability to 
support structures. 

In some areas, the underground formations are incapable of 
supporting heavy loads and development can cause subsidence, 
landsliding or other earth movement. These weak areas are 
usually associated with certain geologic characteristics, a type 
of bedrock or the manner in which layers of rock and soil are 
arranged, for example. Areas such as these may be capable of 
supporting only low-intensity development and may require 
special construction methods to assure slope stability. 

Many problems arise because investigations often neglect
 
to identify the nature and location 
 of subsurface mineral 
deposits. Wherever mineral extraction is feasible, the detri
mental effects of such extraction must be minimized and 
provisions must be made for site re-use after the extractive 
operations are concluded. With proper planning, mineral ex
traction can be accomplished without negative effects on the 
environment, but this is possible only if planners know be
forehand where the deposits are located so that land use 
before and after the operation can be controlled. If mineral 
deposits are found after development has taken place, extrac
tion operations must be precluded. 

One of the problems encountered when collecting geologi
cal data is that too often they are outdated and have varying
degrees of accuracy in many areas of the country. Further
more, interpretation requires experts. Geological maps 'f 
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1:24,000 to 1:63,363 are available for only about 25 percent of 
the U.S. and smaller scale maps (1:250,000) are available for 
less than one-third of the states and approximately 40 percent 
of the country. Maps showing geological structure and mineral 
resources in a .egion are available from the USGS. 

Vegetation and Wildlife (Biotic Resourcus) 

Too often, if vegetation and wildlife are considered at all in 
land-use planning, it is only in terms of parks and other open 
spaces f," recreation. Little thought is given tc the ecologically 
delicate relationship among plants, animals, and man. Since un
controlled development and the subsequent loss of ground
cover can often have serious consequences, it is important that 
planners should have at least a working acquaintance with ecol
ogy and should gather as much information as possible about 
areas in their region sensitive to development. 

Development should be watched especially In woodlands 
since they play an important role in the protection of 
watersheds. Aside from the aesthetic pleasures that trees, 
shrubs, and other vegetation provide, they also prevent ero
sion by binding the soil together with their roots. In addition, 
as water percolates downward, plantlife aids in its cleansing. 

Unique vegetation habitats should be preserved for scientific 
and educational reasons. Virgin stands of forest, unbroken 
prairie, and other features support complex animal communi
ties that are intrinsically important. The tolerance of these areas 
to intensive nearby development varies but must be taken into 
consideration in any event. 

The green overprints of the USGS topographical maps may 
be used to determine dense woodland cover, but for a more 
detailed and accurate inventory, local sources have to be used. 
Wildlife and botany experts at nearby schools are often valu
able aids for identifying unique habitat areas and routes of 
migratory animals that are worthy of protection. State fish and 
game departments may also have to be consulted. In short, 
gatherirg data on vegetation and wildlife is a piecemeal pro
cess. Si/e-specific information on biotic resources simply does 
nr :Ast for most regions. 
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The Ganges Water Machine 

Roger Revelle and V. Lakshminarayana 

The river Ganges and its tributaries, 
and the fiat and fertile plain through 
which they flow, are one of earth's 
great natural resourmes. For thousands 
of years abundant water and generous 
land have provided the foundation for 
a highly developed civilization based on 
agriculture and for one of the world'. 
largest concentrations of human popu-
lations. But farming is mainly Iradi-
tional and at a subsistmnce level, with 
little surplus, and as a result the popu-
lation has remained overwhmingly 
rural and most people ams desperately 
poor. Although irrigation from canals 
and wells has been practiced for mil-
lennia, chiefly as a protection against 
the uncertainties of the monsoon rains, 
the water rescurces - largely un-
tapped; the small fractiur. of water used 
for irrigation inpoorly managed and its 
productivity is low. 

Deeply embedded cultural, social, 
and economic problems inhibit modem-
ization of agriculture and fuller utiliza-
tion of #he water resources. Capital 
investments -'.! technological changes 
on a large .ale are also required. As 
experience elsewhere shows, the intro-
dalctior, of technological changes on the 
required scale might break the chains of 
tradition and injustice that row bind the 
people in misery and poverty, 

Ganges and Its Tributaries 

The Ganges Basin covers parts of 
four countries, India, Nepal, Tibet, and 
Bangladesh; eight Indin states, Punjab, 
Uttar Pradesh, Haryana, Himachal 
Pradejh, Rajasthan, Madhya Pradesh, 
Bihar, and West Bengal; and the Unioni 
Territory of Delhi. We shall consider 
that part of the Basin that drains into 
Bangladesh through the great distribu- 
tary called the Padma. The other main 
distributary, called the Bhagirathi, has 
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long been moribund and now serves 
only as a spill channel for Ganges 
floods. Within India, the Ganges Basin, 
mswe have defined it, covers 8O,000 
square kilometers (1). Its popu"a'ion is 
about 225 million, somewhat more than 
that of the United States, which covers 
nearly ten times the area. At present 
rates of growth, the populaton will 
double in 30 years. 

The fundamental problems of land 
and water development in the Ganges 
Plain arise from the highly seasonal 
flow of the river and it- ,ributaries. 
Nearly 84 percent of the rainfall occurs 
from Juua through Septemk-r, and 80 
percent of the annual river flow takes 
place during the 4 months of July 
through October. 

The average annual flow of the 
Ganges at the Hardinge Bridge in west-
em Bangladesh is 36.2 X 106 hectare-
meters, and the monsoon flow from* 
July through Octcber is 28.9 X 106 
ha-r. During the remaining 8 months 
of the year, the river carries only 
7.3 x 106 ha-m (2). Pan of this dry-
season flow comes from groundwater 
in the Ganges-Plain, and the. remainder 
comes mainly from the Himalayas. 

Even at present, the dzy-season flow 
of the Ganges is barely sufficient for the 
needs of India and Bangladesh. If irri-
gatioa with either groundwater or sur-
face water continues to be developed 
along the lines of present programs, the 
dry-season flow will beocontinually re-
duced. In order to develop the full irri-
gation potential of agricultural land 
without unacceptable reduction of the 
dry-season flow of the Ganges, it will 
be essential to store a portion of the 
monsoon waters for use in irrigation, 
Because of the steep slopes of the 
Himalayan foothills and the flatness of 
the Ganges Plain, surface sites for stor. 
age are scarce, and costs per unit vol-
ume of surface-stored water are several 
times higher than in many other parts 
of the world. On tbe other hand, there 

are great possibilitie for underground
storage, which should be relatively in-
expensive, 

P,.e.g No@& for the Gan4g 
Low M 

Irrigation in Bangladesh. The average 

rfall in Bangladesh is higher, znd the 
potential for increasing groudwater 
recharge from rain is greater, than in 
the Indian part of the Ganges Plain. 
Unfortunately, there is a wide variation 
among different districts, just as in 
India. Revelle and Herman (3) esti
mated that water from the Ganges is 
needed in Bangladesh during the low 
flow season to supplement groundwater 
irrigation in three districts in the north
western part of the country. In the 
southwest, where the groundwater is 
saline, Ganges water is the sole irriga
tion source. In other districts some 
Ganges water is needed to minimize 
saltwater intrusion. The sum of these 
needs totals about 1.8 x 106 ha-r. 

Diversion of low flow waters for Cal
cutta port maintenance. Part of the 
Ganges waters during the low flow sea
son must be diverted at the Farak.ka 
Barrage through the Bhagirathi into the 
Hooghly River, to maintain a sufficient 
freshwater discharge past the port of 
Calcutta. We learn that the feeder chan. 
nel at the Farakka Barrage has been 
designed and constructed for a capacity 
of about 0.29 X 10 ha-m per month. 
This is more than half the average low 
flow of the Ganges during the 3 months 
of February through April. These are 
also the months when the need for 
surface water is most critical in western 
Bangladesh and when the flow into the 
rivers from groundwater is minimal. 

Navigation on the main stream. Eco
nomic development in both India and 
Bangladesh would be hastened if the 
Ganges could be used as a great inter
national waterway for transport of 
heavy or bulk materials. Conversely, as 
development proceeds, the needs for 
year-round water transportation on the 
river will rapidly grow. A water route 
down the Ganges and up the Brahma
putra into Assam would yield large 
benefits today. 

Year-round transportation will de
pend directly on maintaining a sufficient 
dry-season flow. Even for relatively 
shallow barges and moderate-sized 
ships, an average river depth of 5 m 
would be desirable. With a width of 
900 in and a velocity of flow of 0.35 m 
per second, this would require a mini
mum discharge of 1550 m3/sec, or 
about 3.2 < 106 ha-m during the eight 

dry months. 
Downstream water quality. The 

growth of modem agriculture in India, 
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based on irrigation development, and 
the construction of heavy industries 
with large water demands will inevitably 
worsen the quality of the Ganges waters 
during the low flow season. A large 
variety and quantity of chemical and 
organic residues, including chemical 
fertilizers and pesticides, will be carried 
in the return flows to the rivers. Al-
though it is difficult to make a quanti-
tative estimate of the amounts that will 
be involved, one of the most forceful 
arguments for maintaining the low flow 
is io ensure that a sufficient volume of 
water remains in the rivers to dilute and 
oxidize these residues. 

Utilization of 	Monsoon Flows 

Taking into account the irrigation 
potential in the kharif (monsoon) and 
rabi (winter) growing seasons, at least 
25 x 101 gross cropped hectares in the 
Ganges Plain could be fully irrigated in 
addition to the present partially irri-
gated gross area of about 12.5 X 106 
hectares. With modem agricultural 
technology, the production of food 
grains from the irrigated area could 1'e 
more than 150 x 100 metric tons, 
enough to provide a satisfactory diet 
for more than 600 million people. These 
pessibilities can be realized, however, 
only by integrated development of the 
surface and groundwater resources of 
the Ganges Basin. The time required 

Table 1.Possible future water budget for the 

would be ot the order of 25 years, but 
benefits from projects which would be 
compatible with the integrated system 
could be obtained at every stage. 

The key to successful development 
will be storage and beneficial use of a 
major part of the monsoon flows of 
the Ganges and its tributaries, which 
now run to 	 the sea largely unused, 
Utilization of these high flows for irri-
gation throughout the year would have 
a further advantage in ameliorating 
flood damage 	 (4). 

In the past, irrigation developmeat in 
both the kharif and rabi seasons has 
been largely based on diversion of the 
river flows and on utilization of a por-
tion of the underground water- which 
would otherwise seep back into the 
rivers. The low flows of the Ganges 
and its tributaries are being progressive- 
ly reduced, even though the present 
river volume during the 8months of the 
dry season is just about sufficient for 
municipal and industrial water supply 
and waste disposal, maintenance of 
water quality, diversions to protect the 
port of Calcutta, needs of Bangladesh 
inciuding prevention of salinity intru-
sion, and future needs for navigation, 

Besides the limited possibilities for 
surface storage, there are at least five 
ways in wh;ch a portion of the mon-
soon flows could be stored underground. 
Infiltration into the water table in the 
monsoon season could be increased by 
(i) water spreading in the piedmotst 

Ganges Plain. Except where noted, values are 
calculated from data in Report of the Irrigation Commission, 1972 (1). 

Volume (x 10' ha-mn) during 

Low ow High flowSource or sink season season 

(November (July to 

Supples
Present average river flow at Bangladesh boundary 
Evapotranspiration from present surface storage and 

river diversion (1968-1969) 
Evapotranspiration from present well irrigation (1968-1969) 
Additional surface storage (under construction or potential) 
Reduction of groundwater evaporation by pumping down 

water table 
Increased infiltration of rainfall by bunding in unculti. 

vated areas 
Potential additional underground storage 
Transfers out of basin (such as "Ganga-Cauvery Link") 

Total supplies 
Uses and excess flow, 

Consumptive use in present irrigation (1968-1969) 
Consumptive use in potential additiona irrigaion 
Diversion to Hooghly River at Farakka Barrage for 

Calcutta maintenance 
Needs for irrigation in Bangladesh 
River navigation and waste disposal 
Monsoon flow at Bangladesh boundary§ 

Total use and excess flows 

From (2). t See (9). : See text. I Estmlated by differences. 

to June) October) 

7.3* 28.90 
1.8t 1.8t 


1.3t 0.7t 
1.5 	 -1.5 
0.8t 

0.7t 	 -0.7t 

6.0?t 	 -6.0l 
-1.8 

19.4 21.4 

3.1 2.5 
9.Ot 6.Ot 
2.3? 

1.8iu 
32 

12.9 
19.4 21.4 

deposit north of the Terai belt of 
springs and marshes; (ii) constructing 
bunds at right angles to the flow lines 
in uncultivated fields to slow down run
off and increase infiltration: (iii) pump
ing out the underground aquifers during 
the dry season in the neighborhood of 
nallahs (natural drains) which carry 
water during the monsoon (5); (iv) 
pumping out groundwater during the 
dry season along certain tributaries of 
the G,'ges to provide space for 
groundwater storage; and (v) increas
ing seepage from irrigation canais dur
ing the monsoon season by extending 
the network of canals, distributaries, 
and water courses for kharif irrigation 
and pumping out this seepage water 
during the dry season. In addition, 
evaporation losses from the water table 
might be reduced by lowering it below 
the level of appreciable evaporation. 
Finally, it may be beneficial to export 
some monsoon water from the Basin 
to th.- areas to the south and west 
where irrigation could be extended if 
firm water supplies were available. 

In Table 1 we have estimated the 
likely increase in irrigation water sup
plies produced by some of these de
vices. A large increase could be ob
tained by construction of barrages and 
"leaky" canal systems for surface irri
gation of a large part of the cultivated 
area, including an increased area of 
rice cultivation, during the kharif sea
son, plus wells to recover the under

"gr'-und seepage during the rabi season. 
Recharge of aquifers along certain 
Ganges tributaries could provide an 
equally large increase of rabi irrigation 

supplies. 

Possible use of aquifers near rivers 
to store monsoon water. There is good 

reason to believe that in many places 
the underground aquifers are well con

netcted to the rivers and are highly 
permeable. For example, in one region 
where a groundwater survey was made 
(6) the seascnal contours of the water
 
( 
table on both sides of a large tributary 
show that this river is a drain which 

6
carries off perhaps 0.12 X 10 ha-m of 
cp 
water that seeps into it during the dry 
months from the underground aquifers. 
If these contours could be reversed by 
large-scal pumping of the underground 
waters in the 	dry season, the aquifers
 

could receive and store a large part of 
the monsoon flow of the river. We be
lieve that similar underground storage
 

of river floodwaters could be carried 
out along many tributaries of the 
Ganges. 

It would be necessary to lower the 
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water table to a greater depth at the 
beginning of the monsoon season than 

that required simply to produce the 
storage volume. Moreover, the aquifer 
directly under th, river would need to 
be pumped down close to the average 
depth. In the rivers of the western part 

of the Plain, where the dry-season flow 
comes largely from groundwater seep-
ing out of the river banks, the low flow 
discharge during the first year would be 
removed by the 	pumping, and there
after the river would be virtually dry 
during the months of November to 
June. Several years would be required 
to obtain the full storage potential. 
Each year the water table at the be-
ginning of the monsoon season would 
be pumped deeper than the year before, 
until an equilibrium would ultimately 
be reached. 

Pumping out Groundwater during 

Low Flow Season 

For a rough estimate we may assume 
that along "3200km of the system of 
larger tributaries of the Ganges (about 
a quarter of the total length) large 
well fields could be constructed which 
would produce storage space by pump-
ing out the groundwater during the low 
flow season. With well fields 6 km wide 
on either side of the river, the area 
covered wauld be 3.8 X 106 ha. If we 
assume that the well field capacity is 
2.25 m4/stc per kilometer (that is, 1.12 
m3/seC on each side of the river per 
kilometer of length) and the stor-
age coefficient of the aquifer is 0.25, 
then the water table will be lowered, on 
the average, about 12 m at the end of 
8 months of continuous pumping. All 
the wells need not be of the same 
capacity. It is necessary only to design 
the well spacings and discharges in 
such a way that we pump out a trough 
of 12 in below the river bed. The 

method used for finding the depres-

sion 	 of the water table is given below. 

The drawdown due to pumping in 
an aquifer is given by 

Q 
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B8 Barrier boundary 
R Real well group center 
I Image well group center 

Fig. 1. Location of real and image well groups. 

time since pumping started (days), and 
r is the distance from the pumping 
well (m). 

Equation I holds strictly only for a 
confined aquifer which is isotropic and 
homogenous. However, it can be used 
for an unconfined water table aquifer 
(as in the present case) provided 
drawdown is small compared with the 
original saturated thickness of the 
aquifer. In the Ganges Plain the 

aquifers are quite thick, and the 
drawdown of the water table will be 
small compared with the initial satu-
rated thickness of the aquifer; con-
sequently, we can apply Eq. 1. There 
are other assumptions involved in the 
derivation of Eq. 1. Revelle and Her-
man (3) showed that, although these 
assumptions are not strictly valid in 
the present case, the equation can still 
be used to give a fairly good solution. 

Equation I is the solution of the 
differential equation 

A'h l ah S h 
0"- r = 2 

subject to certain simple boundary con-
ditions. Since Eq. 2 is linear, the super-
position principle can be used to find 
the solution when more than one well 
is being pumped in the aquifer. Equa-

tion 1 is obtained on the assumption 
that the aquifer is areally infinite. If we 
have boundaries then we must use the 
method of images. 

In the present calculation we have 
assumed that there is a natural ground
water divide at a distance of 8 km on 
either side of the river. This is approx
imately true for many of the tributaries 
that feed the main tributaries of the 
Ganges. The natural groundwater di
vide acts as an impervious barrier. 
The presence of the river itself can be 
ignored in the computations, since dur
ing the dry season the quantity of flow 
in many Ganges tributaries will be small 
compared with the quantity of pumping. 
Grouping the wells in pumping centers, 
we will have the real and image wells 
shown in Fig. 1. Because of the as
sumed existence of an impervious 

'boundary on either side of the river, 
there will be an infinite number of 
images. However, only a few need to be 
considered, since the effect of image 
wells very far off will be small near the 
river. 

Equation I is applied repeatedly for 
all the real and image wells, and we 
obtain a lowering of the water table, 
on the average, of about 12 m at the 
real wells. 

Table 2. Possible river reaches for underground storage of monsoon flows (assuming storage 
of 1800 ha-m per kilometer of river). Fstimated monsoon and dry-season flows are based 
on U.N. data (2). 

Length Monsoon flow (X 10 ha-ri) Dry- Ratio of 
of well season dry.

River 	 field Stored Remain- flow seastin 
t under- ing in tX 104 to stored(km) ground river ha-m) flow (%) 

I)"Ganga to Yamuna 720 
2) Ramganga 560 
3) Yamuna system 1440 

4) Gumti and Sai 610 
5) Gagra, Sarda, and Rapti 1280 

where the drawdown s = h-h (Im), 6) Son 	 640 
h is the initial saturated thickness of 
the aquifer (m), A is the height of the 
water table during pumping (m), Q is 
discharge (m 3/day), T is the coefficient 
of transmissibility (m-/day), S is the 

storage coefficient (dimensionless), t is 
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7) Buhri Gandak and 
Baghmati 720

8) 	 Below the Kosi. including
Mahananda 400 

1.3 0.1 0.3 23 
1.0 0.1 0.2 20 
2.6 0.3 0.7 27 

1.1 0.1 0.3 27 
2.3 3.2 1.2 52 
1.2 1.0 0.5 42 

1.3 3.2 1.0 77 

0.7 1.1 0.4 57 
Totals 6370 11.5 9.1 4.6 4. 

Sum of t to 4 3330 6.0" 0.6 1.5 25 
Sum of 5 to 8 3040 5.5 8.5 3.1 56 
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Recharge of Groundwater Mound by 

Mon 	 n Flow 

When pumping stops at the end of 
the dry 	season there is some flow into 
the trough from the sides. It is there-
fore assumed that we have a net 
trough with an average depth of 10 In 
to be partly filled by monsoon flow in 
the river. 

The growth of the groundwater 
mound resulting from infiltration of the 
monsoon flow in the river is computed 
by using the following equations given 
by Hantush (7) 

V-ErcL-x-
-(tKSh,'+ I24= 

[4P fl 
41 Eric t I for x < L (3) 

S ) I 
x 

_[.. I,=h,'-+ T4P Eric . i. 
( 4KS 	 t) 

rL+xl
4?'Edc 	I411 I for x > L (4) 
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already used are: It, recharge rate 
alreadytheused are: rvecrg ate 
through the bed of the river (i/day); 
aquifer (m/day); t, time during which 
recharge takei place (days); L, half-
rechrg takef ae ( ); htaf-r 

center of river (m); and 

x 
Er(x) 

0 
Erjc(x) = I - Erf(x) 

40t Erfc(x) = Erfc(x) - 2x iErlc(x) 

Since Eqs. 3 and 4 are implicit, a 
trial and error procedurv or a graphical 
method has to be adopted for solution, 
For example, assume t = 15 days. 
Then, using T = 4650 m2/day, L = 
15G m, W = 0.61 m/day, K = 15.2 
m/day, S = 0.25, h, = 300 in, and 
t = 15 days, we get (4Tt/S)' = 1055 m 
and L/(4Tt/S) --0.144. From Eq. 
3 we find 

h-= (300)' + 2-.2x x 0 X 

15)(0.56) = 96,270 m' 

Therefore 

h = 310 i 
h- h,---- 10 i 

Thus the time for the water to rise 10 
in at the center of the recharging strip 
is 15 days. 
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The height of the groundwater at a 
distance of 600 m from the center of 
the river can be computed as follows 

- -043 
(41t i 

x + L 75010=50.72 
(4)' 

Using Eq. 4 we obtain 

/0.61 4650 


W'= (300)' + 1.2 0X 


15) (0.35 - 0.14) = 92,350 ml 

Therefore 


h-303.5 in 

h - h, = 3.5 m 

Similarly at 1500 , we obtain 
(0.61 4650 

(300)' + 1512 X X 

is (0.016 - 0.005) = 90,123 Ins 

h =300.2 in 
h- h, = 0.2 InBy 

Thus, assuming that the rate of re-
charge is 0.61 m/day, which is a 
rather conservative figure, the height
of the water mound at the end of 15 
days will be 3.5 m at a distance of 
600 m and 0.2 m at a distance of 1500 
m. From this we can compute the quan-

tity of monsoon water abstracted as I 
x 106 ha-in. After 15 days there will 
still be some recharge, because some 
of the bank flow from the river will 
continue to fill the trough. Thus, dur. 
ing the first year of operation some-
what more than I X 106 ha-m will be 
extracted from the monsoon flow.When this is spread over the ground-
water basin 17.5 km wide, it will raise 
the water table by 0.75 in. To this we 
may add a cise of the water table by 
0.6 m caused by 15 cm of net rainfall 
infiltrating to the water table. Thus, at 
the beginning of the second year of op-
eration the water table will be about 8.6 
I below the level at the beginning of 
the first year. 

During the second year of operation 
the water table will be lowered by 10 
in to a depth of about 18.6 in before 
the monsoon flow begins. The time 
taken to raise the water table 18.6 In 
at the center of the river bed during 

the monsoon comes to 33 day3. At this
time the height of the groundwater 

mound 	 will be 7.5 m at a distance of
600 m and 1.5 in at a distance of 1500 
In. The total quantity of monsoon water 
extracted will be about 2 X 106 ha-m, 

again ignoring the contribution from 
bank flow. This will raise the water 
table by about 1.5 m. Adding about 0.6 
m due to infiltration of rainfall, the 
depth of the water table at the begin 
ning of the dry season in the following 
year will be 16.5 m below the initial 
level 

During the third year of operation 
this will again be lowered by 10 In, 
leaving the water table at a depth of 
about 26.5 m at the beginning of the 
monsoon. The time taken for the water 
table under the river to rise 26.5 m 
is about 70 days. At this time the height 
of the groiudwater mound will be 15 
In at a distance of 600 in, 5 m at a
distance of 1500 m, and 0 In at a dis. 
tance of 3000 in. Thus, the amount of 
water extracted from the monsoon 
flow, ignoring the contribution from 
bank flow, will be about 6 x 105 ha-in. 
At the end of the monsoon the water 
table will be at an average depth of 
about 22 m over the cross section of 
1. m 

similar computation, we can show 
that during the fourth year of operationthe depth of the water table at the end
of the pumping season will be 32 In, 
and in the 120 days of the monsoon 
season we will extract from the mon
soon about 9 x 106 ha-re. The depth of 
the water table at the end of the mon

soon will be about 25 In below the 

initial level 4 years earlier. 
From the following year onward, the 

1vater table will be stabilized at these 
levels by pumping out a quantity equal 
to consumptive use plus suiface drain
age plus return infiltration to the 
groundwater table. 

Figure 2 shows the growth of thegroundwater mound under uniform re
charge from the river for the stted 
values of the parameters. Becatse dif
ferent scales have been used in the 
horizontal and vertical directions, the 
slope of the water table appears to be 
steep. Actually its profile will be very 
flat. For instance, at the end of the 
first monsoon period the slope will be 
approximately I to 170; at the end of 
the fourth monsoon period it will be 
approximately I to 140. We can there
fore use the bank storage equations
given by Cooper and Rorabaugh (8) 
for a horizontal water table, as shown 
in the next section. 

With any particular set of assumed 
parameters, equilibrium will be reached 

in the 	 number of years required to
lower the water table to a depth such 
that 120 days (the length of the mon
soon season) will be required for the 
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infiltration mound to reach the bed of 
the river. For example assuming a 

.storage coefficient of 0.15, a transmis-
isibility of 2800 m2/day, and a pump.ng 
. rate of 1.35 m3 sec - km- 1, an e'1ui-

librium depth of 35 m at the end of 
the monsoon season will be reached in 
about 12 years. From that time on-
ward, 6 X 106 ha-m will be stored 
each year. 

During the monsoon season the riv-
ers in northern India always Carry some 
water, with flood peaks occurring after 
every heavy storm. Thus, even if the 
duration of the flood wave is short, say 
6 to 12 hours in the smaller streams 
(longer in bigger tributaries)-recharge 
will continue under the lesser flow that 
prevails before and after its passage. 
Hence we can assume that about 120 
days is always available for recharge 
during the monsoon season, 

Advantages of Aquifer Storage 

Flood amelioration. During the flood 
wave there will be much more bank 
storage than there is now along the 
tributaries where the water table has 
been lowered by pumping. This will 
supplement the aquifer storage de-
scribed above in reducing downstream 
flooding. The amount of bank stor-
age can be computed from the equa-
tions of Cooper and Rorabaugh (8). 

Assuming a flood duration of 3 days, 
a flood crest of 3 m, aquifer transmis-
sibility of 4650 m2/day, and a storage 
coefficient of 0.25, the amount of bank 
storage 2 days after the beginning of 
the flood will be 2.3 x 105 m3/k.n, 
This temporary bank storage is 50 per-
cent of the water entering the aquifer 
during the same 2-day period; 75 per-
cent of the bank storage will return 
to the river during the following 7 
days. 

Use of stored monsoon waters in ir-
rigation. The area to be irrigated with 
the pumped waters would be larger 
than that of the well fields. Assuming 
6 x 106 ha-m of storage from the man-
soon flow, and adding the rainfall in-
filtration of 0.15 m, the gross irrigated 
area would be 17.5 to 19 m-ha. Here 
we assume that an amount of water 
equal to 10 percent of consumptive use 
by evapotranspiration is allowed for 
drainage to maintain a salt balance, or 
alternatively the original dry season 
flow of the river is returned down-
stream of the well fields in order to 
maintain the low flow. If the irrigated 
areas, including the zone of intense 
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Fig. 2. Growth of groundwater mound under uniform recharge from river. 

pumping, were located in strips along 
both sides of the ri'ers used in the 
scheme, the average width on each side 
of the rivers would be roughly 27 to 
30 km. 

Allowing for 20 percent return in-
filtration of the pumped water, the 
total pumping from the irrigated area 
during the dry season is about 10.5 
x 106 ha-m, requiring a total well ca-
pacity of around 5000 me/se.. If the 
well fields are 6 km wide on either side 
of the river, more than half the net 
volume pumped would need to be 
transported to the outer 21- to 24-km 
strip in surface conveyance channels. 
Since unlined channels inevitably leak 
into the ground a considerable fraction 
of the water they carry, this surface 
distribution system could, with proper 
management, also be used as a ground
water storage mechanism. For example, 
if the channels extended to the river, 
they could be used as inundation 
canals for irrigation during the mon-
soon season, and 30 to 50 percent of 
the water carried in them would be 
expected to seep downward to the aqui-
fer. 

Possible Tributaries for Monsoon 
Storage 

Table 2 shows possible river reaches 
along which the underground storage 
scheme for the monsoon waters might 
be used, and Table I shows a possible 
future water budget for the Ganges 
Plain. It will be seen that in the west-
erm tributaries the initial dry-season 
flow would be about 25 percent of 
the water coming from the rivers into 
the aquifer. A portion of the pumped 

water would be needed for water sup
ply and waste disposal for cities and 
towns along these rivers; return flows 
from irrigation could also be used for 
waste disposal. In either case, con
veyanca channels or pipes for the 
pumped water would be required. In 
the central and eastern plain, the dry
season flow probably comes largely 
from the Himalayas and equals 42 to 
77 percent of the quantity of stored 
monsoon water. For economy in pump
ing and ease in maintaining the low 
flow water supplies for cities and towns, 
it would probably be desirable to con
struct diversion barrages upstream of 
the well fields and lined channels to 
carry the diverted water downstream 
of these fields. 

Costs and Benefits of the Storage 
Scheme 

Power requirements for pumping 
stored monsoon waters. Assuming an 
average pumping lift of 30 m, the net 
electrical energy required to pump 10.5 
x 106 ha-m would be 8.75 x 109 kilo
watt-hours. With an overall efficiency 
of 67 percent, including transmission 
losses, the energy required at the gen
crating plant would be 13 x 109 kwh, 
corresponding to an installed power 
capacity of 3000 megawatts at 50 per
cent load factor. 

The electrical power requirement 
could be supplied by mine-mouth elec
tric generating plants in the Raniganj-
Jharia coal fields in Bihar, or by utiliz
ing a small fraction (possibly less than 
15 percent) of the enormous potential 
hydroelectric capacity of Nepal. (It is 
sometimes said that the force of gravity, 
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expressed in falling water, is Nepal's 
principal natural resource.) 

All the methods we have described 
for underground storage of monsoon 
waters would involve use of electric or 
diesel power for pumping. Because of 
the greater depth of pumping, the en-
ergy requirements for the river storage 
scheme would be larger than for other
methods. But the ratio of benefits to 

costs would still be high. 
Annual costs and benefits of the 

storage scheme. At $0.02 per kilowatt-
hour, the annual power cost would be 
$260 million, or about $14.50 per gross 
irrigated hectare. At $0.005 per kilo-
watt-hour, the power cost would be 
$3.65 per gross irrigated hectare. 

Construction ccsts of tube wells per 
unit of capacity diminish with increas-
ing well capacity. Compared with larger 
wells, the maximum cost should be for 
wells pumping 0.03 m 

3 
/sec. Assuming 

that the cost is $10,000 per well, the 
total cost for 170,000 wells would be 
$1.7 billion. Amortized over 10 years 
at 8 percent, the annual costs of well 
construction would be roughly $14.00 
per gross irrigated hectare. To these 

fuel and capital costs should be added 
the cost of land for the tube wells and 
the drainage and conveyance channels, 

the cost of constructing these channels, 
and the labor costs for maintenance and 
operation of the system. With our pres-
ent information we are unable to ti 

mate these costs, but we believe they 
should be less than $15 per year per 
gross irrigated hectare. 

The total annual costs would thus be 
about S40 to $45 per gross irrigated 

hectare. With adequate water manage-
ment and proper use of fertilizers and 
other inputs, it would be possible to 
obtain high productivity from high-
yielding crop varieties on the irrigated 
fields, in contrast to the present yields 

from traditional varieties, which must 
be used on unirrigated lands. The gross 
value of cereal crops would be of the 

order of $500 per hectare, ten times the 
annual costs of irrigation water sup-
plies. 

Of equal importance would be the 

increased food production from the
dlands. For the entire

newly irrigated ldlines 

Ganges Plain, the storage of monsoon 

waters along tributaries by the pumping 
scheme we have proposed would pro-
vide a basis for an increase in produc-
tion of 55 x 106 metric tons per year. 
All storage methods combined, together 
with increased kharif irrigation from 
canals, would give more than 110 X 100 
tons above present production, enough 
by itself to provide a greatly improved
diet for 400 million people. 

In Table I we estimate that 6 X 106 
ha-m would be used for irrigation 
during the kharif season of monsoon 
rainfall and high river flows. The neces-
sity for irrigation in this season is due 
both to the large variation from year 
to year in total monsoon rainfall and 
to the intraseasonal irregularity of the 
rainfall. In many areas, water supplies 
for monsoon irrigation could be ob-
tained by onstruction of barrages 
across Ganges tributaries, which will 
divert waters into systems of canals,
distributaries, and water courses. From 
35 to 50 percent of this water will 
seep into the ground and can be used 
for well irrigation during the dry sea-
son. Thus, the possibilities for total 
underground storage are much larger 
than our estimates of the storage that 
can be obtained by pumping out the 
aquifers along tributaries. The total 

potential irrigation in the Ganges Plain 
may be limited by the area of irrigable
land rather than the water supply-

Need for Fnrther Investigation 

The choice between systems for stor-
age of underground water will vary 
from region to region, and possibly 
with the stage of development of the 
integrated system of surface and 
groundwater irrigation. Further dtailed 

field investigation and systematic analy-
sis are required to determine the choice 

and sequence of investments for irniga-
tion. Among the factors which should 
be considered are: the effects of sedi-

ment transportation and deposition, 
which might reduce infiltration rates 
from the rivers, the possible hazards of 
subsidence resulting from lowering the 

water table, and possible ecological ef-
fets. Special attention should be paid 

to design and construction of irrigation 

projects that are compatible with the 
long-range objectivei of storing mon
soon waters and maintaining the pris
ent volume of flow during the dry 
season. Projects that are incompatible 
with these objectives should not be 
initiated. 
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wells. This gives a total net irrigated area of10.1 X 10 hr. Assuming the depth of water 
consumed in field evapotranspiration and drain
ago IS 45 cm, 20 percent of water diverted 
for irrigation from large reservoirs and canal 

systems is lost by evaporation, mainly in the 
reservoirs, and 90 percent is lost from tanks,
then the total consumptive use is 3.6 X 10' ha
m for surface irrigation and 2.0 X 10' ha-m 
from weils. The allocation of irrigation waters 
between kharif and rabi seasons is our best 
rtimat based on irrigation practices In the 

Ganges Plato. It is gentrally recognized that 
present irrigation supplies are inadequate. in 
considering modification of present systems andfuture irrigation, we have assumed that aver
age field evapotranspiralon and drainage will 
be 50 cm. inciludin, conberx'ficial uses. For37.5 X 10- gross irrigated hectares, consump
tive useplus other evaporation losses would 
be about 20.6 X 10 ha er.wThe average amount ol water evaporating
from the water table is probably between 
2 and 3 cm. A reduction of 2 cm over an 
area of 40 X 100 ha might be obtained if the 
average depth to thi water table were lowered 
by a few meters. This thould not seriouslyInterfere with the seepage of groundwaters in
to the rivers, which is the source of much of 
the river flows during the dry season. We 
estimate that construction of a sufficient num.
her of low bunds at right angles to the flow

in uncultivated areas might increase rain

fall infiltration by 10 percent or 0.7 X 20Vha-m. 

Dasleen leaf [Courtesy U.S. Department of Agriculture, Washington, D.C.] 
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The purpose of this paper is to describe briefly
the present agricultural land use pattern in the U.S.
and to indicate some of the more important agro-
nomic factors influencing agicultural land use 
changes and pctential soil erosion, 

Land Use inthe United Sttes 


The land surface of the United States is a semi-
fixed quantity standing at 2.313 million acres. About 
-2 million acres are covered by water, bringingthe total land surface to about 2,271 million acres 
II]. In 1969 about 80 per cent of the total land area 
was used for direct agricultural production, includingforestry and 	grazing. About half of the other 20 per
cent was used for urban d.velopment, transportation. 
public installations, wildlife refuges, and recreation 
facilities. The remainder was desert, swamp, tundra, 
or other land of limited use [2. 3]. During the period 
1959 through 1969, approximately. 2.2 million acresOf rural land were shifted each year to non-farm uses.These uses included urban development (730,000 

.!cres), airports and highways (130,000 acres),CW"Voirs and Mood control (300,000 acres), reerea-
:on and wilderness areas, parks and wildlife refuges11,000,000 acres) (excluding Alaska) [2, 3]. 

In 1958 and again in 1967, the Soil Conserva-
tion Service and cooperating agencies made a na-

tional inventory of the soil and water conservation 
needs [3]. In the 1958 inventory, a soil survey was
made of selected sample areas of all 	rural land, ex
cluding non-cropped, federal land. These data were 
expanded, using appropriate statistical procedures. to 
estimate the acreage of different land uses in each 
county. All land uses were estimated by field inspection of sample areas. This was called a Conserva

tion Needs 	Inventory (CNI). Of the 1,438 millionacres in the 1967 	CNI in the United States, approx
imately 30 	per cent was estimated to be cropland,
34 per cent permanent grassland, and 32 percentforest land. 	 Other land uses. including farmsteads, 
farm roads, and miscellaneous uses, amounted to 4 
per cent. 

Soil mapping units mapped in the soil survey
were classified and grouped into eight general land 
capability classes that were defined on the basis of 
the degree of soil limitation for growing field crops.
The capability grouping reflects potentialities and 
limitations for sustained production of common fieldcrops without specialized site conditioning. Class Iland is suitable for the continuous cultivaticn of most 

agricultural 	crops without special water and erosioncontrol measures. Class II and Class III land are 
suitable for regular and fairly intensive cultivationof most field crops if conservation treatments are 
applied. These practices include water conservation 
and erosion control measures and, in addition, ade
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quate fertilization. Class IV land is marginal for 
growing most field crops. Soil mapping units grouped 
into Land C!asses V. VI, VII, and VIII generally 
are not suitable for growing most field crops, but are 

suitable for other, less intensive uses, such as perma-

nent pasture, woodland, and some horticultural crops 

[4]. 
The acreage of land by individual land classes is 

shown in Table 1. 

TABLE 1. 

Conservation Needs Inventory Acreage in Land Use 
Capability Classes, U.S. 1967 

Capability 
Class 

Acreage-
Millions of Acres 

Percent of 
Inventory Area 

I 47 31 4 
II 287 631 20 4 

III 297) 21 
IV 180 13 
V 32X 2 
VI 278 627 19 

VII 287( 20 41 

VIII 30 2 

The land (631 million acres) suitable for cultivation 
(land Classes I, II, III) is approximately equal to 
the amount of land unsuited to cultivation, (Land 
Classes V through VIII). 

The 1967 Conservation Needs Inventory deter-
mined the major types of land use and the acreage in 
each of the land classes. Cropland, pasture and range 
land, forest land and other land use acreage by land 
class groups is shown in Table 2 [3]. 

Fifty-eight per cent of the land suitable for crop 
land (Classes I, II, III) was used as cropland. 
Thirty-eight per cent was used for pasture and wood-
land. This potential cropland constitutes a reserve 
that could have been converted to crop production 
on demand. Soil erosion losses would be expected 
to he much less on most of the class I, II, and II 
land used for pasture and woodland than if they 
were used for tilled crop land. Twenty-five million 
acres of the land in classes V through VII were un-
fortunately in cropland. This land is poorly suited 
to crop production. On much of this land, erosion 
control practices probably are not feasible. Some 
shifting of this land to other uses has occurred. In 
1949 the estimated land used as cropland in the 
U.S. inciuded 39 million acres of land in Classes V 
through VIII. Some of this land has been shifted to 
pasture and trees by 1958, thus decreasing its erosion 
potential. Twenty-eight per cent of the Class IV land 
was being used for cropland in 1967. There were 47 
million acres of Class I land in the U.S. in 1967; only 

TABLE 2.
 

Land Use by Land Capability Class in the 1967
 
Conservation Needs Inventory
 

of total 
Millions acreage within 

Land Classes of acres class groups 
, 

Land Use 

Cropland 365 58 
Pasture &Range 117 18 
Forest 126 20 
Miscellaneous Use 23 4 

Total 631 

Land Use 

Cropland 50 28 
Pasture or Forest 

and Miscellaneous 130 72 
Total 180 

V, VI, VII, VIII 

Land Use 

Cropland 25 4 
Pasture or Forest 577 92 
Other land uses 25 4 
Total 627 

thirty-six million acres, or 77 per cent, were being 
used for cropland. Eleven million acres of the Class 
I land suitable for continuous row crops were used for 
pasture and woodland and other uses [3]. 

These data appear to indicate that land users 
generally have done a fair to good job of matching 
the use of the land to the land use capability class of 
the soils. However, since 11 million acres of the 
Class I land, and 243 million acres of Class II and 
III land were used principally for pasture and forest 
in 1967, one might conclude that there was sub
optimal use of much of the land with respect to its 
physical capability. The fact that 25 million acres of 
the Class V through VIII land were used as crop
land also indicates that much of the land was not 
matched to its most suitable use in 1967. 

There are many possible reasons that explain 
partially the matching or mis-matching of crops to 
the conservation and productive potential of the land. 
Some of the most important factors that have in
fluenced land use are the physical and chemical 
characteristics of the soils and the configuration of 
the landscapes. Although social, institutional, and 
economic factors also have influenced land use, they 
will not be considered within the scope of this dis
cussion. 
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Soils and landscape features have played a unit distribution patterns on crop requence suit
dominant role in influencing the distribution of other- ability in Iowa. He found that Shatpsburg, 2 to 5 
wise climatically adapted crops. Three physical per cent slopes, was suitable for continuous corn with 
characteristics of land influence its use for crop pro- suitable erosion and water control practices when 
duction; I)the soils, 2) their pattern of distribution considered alone, but only 40 per cent could be in 
on the landscape, and 3) the features of the land- continuous corn if the soil pattern in which it oc
scape. curred were considered. In another soil pattern, 

Some of the soils in land use capability classes I Colo-Gravity, 2 to 5 per cent slopes, the combined 
and III, even though suitable for cropland, have effect of stream dissection and of occurrence with 
relatively low and highly variable crop yields due to predominately more sloping soils resulted in less than 
a variety of factors. They may be excessively wet, 3 per cent continuous corn suitability for this associa
as is the case of the soils included in sub-classes !Is, tion. 
IIls, IIc, and IIIc. It may or may not become eco- Smith [7] using CNI data (1958) found that 
nomically feasible in the future to modify these con- approximately 6 million acres of Class I-IIl land in 
ditions by drainage or irrigation. Soils in sub-classes the Tennessee Valley were idle, in pasture or in 
lie, IIle, and IVe have sloping topography and are woodland. This represented over 50% of the Class 
subject to excessive erosion unless adequately pro- I-II land in the Tennessee Valley. Boxley and Blass 
tected by erosion control practices. The economic [8] associated this extensive land use to the occur
feasibility of such practices is strongly dependent on rence of part-time farms. For example, farmers shift
the economic value of t'.e crops to be grown and ed their ,and to pastures for a cow-calf system of beef 
societal incentives, cattle farming which was compatible with their off-

Since most of the Class IV, V, Vi, VII and farm work. 
VIII soils are poorly suited to tilled crops, land users Small areas of productive soils in Land Classes 
have tended to shift this land zo pasture and wood- I and 1!are well suited to some high labor-intensive 
land. The small pockets of Class I, II, or III soils crops such as burley tobacco. Usually small acreages 
that are intimately associated with higher classifi- of such crops per farm utilize these small areas of 
cation soils were also shifted to pasture and woodland productive land vety efficiently. However, shifts of 
because those areas were too small to be farmed with large acreage to this type of row crop culture in the 
large farm machinery, future is unlikely. 

Where relatively large acreages of Class I, II, These soil and landscape relationships have 
or III land are found in natural bodies along narrow many counterparts in many other regions of the U.S. 
stream valleys, farm property lines dissect these areas Hence, they appear to be a major factor in deter
into small irregularly shaped units that are ill-suited mining the use of land for tilled crop production 
to mechanized farming. Also some potential crop where large fields are required for the efficient use of 
land (Class 1-111) that is found along streams may mechanized equipment. Much of the eastern U.S., 
be flooded frequently and hence it would be too risky especially the Appalachian region, the Delta states 
for use with tilled crops. and the Piedmont regions of the Southeast, and to 

Tabor [5] found in a study of individual tracts a much lesser degree the corn belt, and the Plains 
of land in 3 soil associations in Maury County, Ten- states, have a soil distribution pattern and landscape 
nessee, that many of the highly productive soil map- features that make many areas poorly adapted to the 
ping units suitable for intensive row cropping were use of the large mechanized planting and harvesting 
small in size, irregularly shaped and occurred in a equipment. A land use pattern where large acreages 
distribution pattern that made it difficult to combine of Land Classes II and III are used for pasture 
them with other similar soil mapping units into and woodland with appropriate management has the 
large fields for efficient use of large farm machinery, potential for greater reductions of soil erosion losses 
Using a 2-acre minimum field size, cropping systems than if .hey were used for cropland. 
to keep the soil loss within tolerance limits, and The soil distribution pattern of the U.S. has 
certain field shape restrictions, he found that much been greatly influenced by the natural erosion and 
of the cropland had to be shifted to pasture or idle deposition which have influenced the present land use 
land with greatly reduced net income. The average pattern. The young alluvial soils and loess and glacial 
net income for the 3 soil associations after imposing till-deived soils which comprise much of our pro
these restrictions was 52 per cent less than the net in- ductive cropland are the result of natural processes 
come without these restrictions, of erosion and sedimentation. The slow evolutionary 

Oschwald [6] studied the effect of soil mapping geologic erosion and sedimentation process has not 
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been a despoiler of the environment; it has played 
quite the opposite role. However, when the rate of 
erosion and sedimentation processes are greatly ac-
celerated, erosion of upland and terrace soils exposes 
clayey horizons, fragipans, or other undesirable sub-
surface horizons that result in lower moisture supply-
ing capacity. Where yields of tilled crops are greatly 
reduced, land users have shifted much of this land 
to permanent pasture or woodland, and soil erosion 
has been arrested. 

Cropping Systems in Relation to Soil Resources 

Of the total agricultural land in the U.S., the 

cropland harvested has a greater potential for soil 
erosion than pasture or woodland since during a por-

tion of the year, the land usually is not protected with 

measure-actively-growing vegetation. Numerous 
lo doubtments of soil erosion from field plots leave 

that cultivated fields can be a major contributor to 

erent' rofblhemtotalca 
Fully 90 per cent of the total crop acreage ar-

vested is accounted for by corn, grain sorghum, 
wheat, oats, barley, cotton, soybeans, 2nd hay crops. 
From 1930 to 1970 the harvested cropland acreage 
in the continental U.S. has been steadily declining. 
The acreage of crop land harvested declined from 

in 1930 to 285 mil-

the pin 

approximately 360 million acres 

lion in 1970, about 21 per cent [9]. 
Significant regional changes in harvested crop-

land have occurred in the last two decades. In some 
regions acreage uf harested crops has declined, while 
in others it has increased. From 1940 to 1965, land 
in harvested crops declined 54 per cent in the North-
eastern states, 33 percent in the Anpalachian region,
and 26 per cent in the Delta states. During the same 

period land in harvested crop acreage increased 4 
per cent in the Corn Belt, I per cent in the northern 
Plains states, 29 per cent in the Mountain states and 
8 per cent in the Pacific states [101. 

The eastern U.S. has experienced a greater de-
cline in harvested cropland than any other region of 
the country. Much of this is due to the soil patterns 
and landscape features which azr undesirable for 
mechanized farming and effective erosion control. 
The decline is also partly due to the past accelerated 
soil erosion in the area. Much of this area, which 
formerly was in row crops, is moderately to severely-
eroded and produces low and often uneconomical 
yields of tilled crops. It has been planted to adapted 
perennial grasses and trees and accelerated erosion 
has been arrested. The rapid urbanization of this 
region also has occupied some of the cropland. Much 

of the increase in harvested crop land acreage in the 
Mountain and Pacific -tates has been on nearly 
level irrigated land with a low erosion potential. [9]. 

The present regional land use pattern in the U.S. 
for the major harvested crops is indicative of the ap
propriate matching of these crops and the accom
panying technology to the soils, climate, and water 
resources of the different regions. Within the more 
humid regions of the U.S. the climatic patterns, the 
soils, and the landscape features are dominant factors 
influencing crop distribution and land use. In the arid 
regions, availability of adequate quality and amounts 
of irrigation water is an additional dominant factor. 

Most of the acreage of corn is in the Corn Belt 

states, where it is well suited. Soybeans, traditionally 
a Corn Belt crop, have expanded into the southeaste ttspriual nteMsispiDla ri 

sorhum proouc:x, concentrated in the southern 

Plains states, where in recent decades it has replaced 
some of the corn acreage. Sorne of the acreage of 

ain sorghum has entered the western Corn Belt. To 

lesser extent, gain sorghum is grown in the irrigat
ed regions of the southwest. Cotton acreage has de
dined in the Piedmont areas of the southeast and has 
shifted to the more gently sioping land of the Coastal 
Plain and Delta reezions. It has also increased in the 
irricated areas. of the southern Plains states, the 
Southwest and California. [9].

Small grain acreage is concentrated in the 

Plains states. Cotton production, which requires a 

long growing season, is restricted to the southern and 
southwestern U.S. Soybeans, grain sorghum, corn, 
small grain and many hay crops, using locally adapt
ed cultivars, have a rather wide range of adaptation. 
These crops generally ace being produced in regions 
and on soils within regions where they have the great
est competitive advantage. 

As acreage used for crops ;as decreased and 
harvested crop acreage has shifted among and within 
regions, crop yields have increased dramatically. 
From 1950 to 1971, the crop production per acre 

increased about 60 per cent [2]. With the increased 
crop yields pet acre, the area needed to produce a 
given crop production volume has decreased dra
matically; this is perhaps one of the most significant 
factors influencing land use in the last three decades. 

Barrons [9] has computed the acreage that 
would be required to produ :e the total production of 
recent years (1968-70) at the yield level existing 
before present technology and methods of crop pro
duction came into full play (1938-40). The U.S. 
acreage of 17 major harvested crops, saved annually 
for alternative uses during 1968-70 as a result of 
increase in yield of these crops since 1938-40, is 
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approximately 290 million acres. This is approximate-
ly equal to the total 1970 acreage of cropland in the 
continental U.S., an area equal to all the land in the 
U.S. east of the Mississippi River and south of the 
Ohio River. If we were now obtaining the crop 
yields that prevailed in the late 1930's, this greater 
required acreage would be on the more erodible roll-
ing topography. Thus by increasing the yield per acre, 
some of the cropland that would be subjected to soil 
erosion can be shifted to permanent pasture and 
woodland, where the potential for soil erosion is 
much less. 

The phenomenal increase in crop yields is due 
to no single cause, but to the development and ap-
plication of a systems approach to land management, 
where multiple limiting factors are considered sim-
ultaneously. Adding one or more production factors 
when others are limiting can be counterproductive. 
Crop response to one or more factors of. production 
is usually dependent on the level of other factors. 
The sum of the independent yield effects of two or 
more added deficient factors of production is often 
times less than the yield effects when added together. 
This is generally cai!ed the principle of interaction. 
The use and application of this systems approach 
especially in the use of increased and more efficient 
amounts of management inputs for crop production 
account for the dramatic upsurge in crop yields in the 
past three decades. 

Even though the systems approach to land 
management has not been applied universally to all 
our farm land, enough has been applied to increase 
crop yields. The following production technology has 
been incorporated in land management systems and 
applied widely to crop production throughout this 
country. 

Crops have not only been matched to the major 
soil and climatic recions but to much of the land on 
individual farms within a given soil and climatic 
region. Crops have been matched to the soils and 
landscape features for which they are best suited 
using modern mechanization and other technology. 
In the more humid regions of the U.S., tilled crops 
usually have been allocated to the well-drained and 
moderately well-drained soils with high moisture-
supplying capacity and with nearly level or gently 
sloping topography, for high and more certain yield 
and permissible soil erosion loss. Small grain nd 
other cool-season crops are usually allocated to the 
more droughty soils and sloping topography, since 
moisture is rareiv a limiting factor during their grow-
ing season. Furthermore, since they are close-seeded 
crops the erosion hazard on slopes is less serious than 
with row crops. Pasture and hay crops also are 
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adapted to and compatible with a wide range of soil 
drainage and more sloping topography, although 
these crops are usually less profitable than tilled 
crops on the more productive soils. They often are 
allocated to poorly or somewhat poorly drained soils, 
or to droughty soils on rolling to steep topography. 
Being close-seeded crops, and usually perennial, the 
erosion hazard on rolling and steep topography is 
much less serious than with row crops or small grains. 
Cropping systems also have been matched not only 
to the iand but to the livestock system and to other 
resources, including the management ability of the 
farmer. 

Appropriate matching of crops to the land on 
individual farms and the selection of appropriate 
water and erosion control measures have been 
greatly aided in the past decade by the widespread 
availability and use of detailed soil survey maps, 
and by the development and use of the Universal Soil 
Loss Prediction Equation. ,ks of June, 1972, the Soil 
Conservation Service and cooperating agencies have 
reported detailed soil survey mapping on a total of 
774 million acres, and 41 million acres of reconnais
sance soil surveys. In addition, exploratory soil survey 
mapping has been completed on 274 million acres 
in Alaska. Detaded soil maps and accompanying soils 
information are widely accepted and used by pro
fessional farm managers and agricultural workers for 
farm and ranch planning [11]. 

The Universal Soil Loss Prediction Equation is 
being used for planning cropping syStems and water 
and erosion control measures in the 36 states east of 
the continental divide. There is also some use of the 
soil loss equation in the states west of the continental 
divide, particularly Utah and Idaho. The states of 
Montana, Wyoming, Colorado, and New Mexico are 
using the equation in the portion of the states east 
of the divide. The USLPE has been well accepted 
by soil conservationists and some farmers in the states 
where it is being used. The best example of impact 
of the soil-loss equation is the new Iowa Soil Con
servation Act-House File 73. The soil-loss equation 
is used to estimate the soil loss on areas where soil 
erosion has been declared a nuisance. Thus it has 
become a valuable tool for implementation of the 
law [12]. 

Few farmers in the U.S. are following a rigid 
crop rotation. Most farms have diverse soil and 
toppgraphic patterns. If rotation were practiced on 
all the land, some row crops would be grown on 
soils for which they are not well-suited for either 
production or control of soil erosion. By concentrat
ing the row crops on gently sloping or nearly level 
productive lands and continuously cropping them, 
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higher yields and less soil erosion can result on the 
farm as a whole. 

In the Midwest, on nearly level and gently slop-
ing topography, corn is seldom rotated. Before World 
War II a 2-year rotation of corn-oats-clover was used 
and an average yield of about 38 bushels of corn per 
acre was obtained. Instead of planting 33 of each 
100 acres in corn and obtaining a total yield of 1250 
bushels, now the farmer plants the whole 100 acres 
in corn and harvests 10,000. This shift to more con- 
tinuous cropping on the potentially more productive 
soils occurring on less gently sloping topography 
has occurred also with other row ciops in other 
regions of the U.S. 

Multiple cropping is defined as the harvesting 
of one or more crops from the same land area during 
a given period of time, usually one year. Increased 
total yield per unit area can be obtained from harvest-
ing more than one crop durirg a growing period, 
Multiple cropping is a practice widely used with 
vegetable crops, and it is gaining acceptance with 
other crops. With adequate length of growing season 
corn silage can be double-cropped with small grains 
for forage. Soybeans are double-cropped with small 
grains. These practices have not only provided a 
method for increasing the tozal yield per acre, but 
they may decrease erosion because live vegetation 
is on the land a greater portion of the year. 

In the past three decades strip-cropping, ter-
races, contour farming, minimum tillage systems, 
and many other soil erosion control measures have 
been adopted and used on millions of acres of crop-
land. These measures have not only aided land users 
in reducing soil erosion but also have contributed to 
maintainin2g soil productivity and reduced off-site 
sediment damage. However, implementation of 
erosion control measures on cropland is far from 
being completed [3]. For example, only 36 per cent 
of the cropland, as reported in the Conservation 
Needs Inventory, has ben adequately treated with 
soil and water conservation practices and measures 
to hold soil losses to an acceptable level. 

From 1950 to '970, commercial fertilizer use 
more than doubled, from 18.0 to 39.2 million tons 
[13]. During this period, fertilizer efficiency has also 
increased with increasing use of soil tests, and the 
amount of fertilizer applied has been in a more bal-
anced relationship to the available levels in the soil 
and :o the specific requirements of a crop and its 
predicted response. Farmers also ha,,e adjusted the 
amounts added according to the available moisture 
supplying capacity of the soil, or in case of irrigated 
soils, they have adjusted the amounts of fertilizer in 
relation to the supply of irrigation water. Much land 

formerly planted to forage legumes in order to supply 
nitrogen for corn and other cultivated crops is no 
longer used in this way since most of the nitrogen is 
obtained from commercial N. 

Increased use of fertilizer, along with other 
inputs, has greatly increased the yield and vigor cf 
vegetative growth of crops and hence has increased 
protective capability of the crop against soil erosion 
loss. Greater root growth and the return to the soil 
of a greater volume of crop residues are both im
portant considerations in protecting soil from erosion 
losses. 

Farm mechanization is necessary for high total 
productivity in the U.S. because of scarcity of farm 
labor. Mechanization, particularly of tilled crops, 
has shifted land use to farms with more level topo
graphy and a soil pattern that is rather homogeneous. 
Large planting and harvesting machinery can be 
operated more efficiently in uniform soil and topo
graphic situations. Mechanization has been a domi
nant factor in much of the shift from tilled crops to 
pasture or vice versa. Mechanization also increases 
yields on a given land area because planting, harvest
ing, and crop protection operations are performed at 
the right time, thus increasing crop yields. 

Many superior cultivars of major crops have 
been developed in the past three decades. For cx
ample, they are high yielding and more resistant to 
lodging at high rates of fertilization and plant popula
tion than previously available strains. The widespread 
availability and use of these superior cultivars have 
been majpr factors in increased yields in the U.S. 
The control of disease organisms, insects, and weed 
infestations by using effective pest control systems 
has greatly influenced crop yields and land use 
patterns. 

Major modification of the soil-water regime of 
potential cropland has been carned out in the last 
three decades by I ) draining excessively wet land, 
2) irrigating drylands, and 3) decreasing bottomland 
flooding. The 1959 Census of Agriculture shows that 
nearly 102 million acres in 39 states are contained 
in more than 8400 drainage enterprises with areas 
over 500 acres in size. Within these enterprises, 
drainage modifications have been made on about 92 
million acres. By 1967 about 39 million acres not 
covered by the Census had been drained by indivi
dual land owners. In 1972 the Soil Conservation 
Service estimated that 130 million acres, or about 
one-third of all crop land, is drained artificially. 
Many farmers have shifted tilled crops from rolling 
land to drained land and thus have reduced the 
erosion potential on the upland and terrace soils. 
However, some land areas that have been drained 
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have proved to be undesirable for cropland and it Needs-A National Inventory. Miscellaneous Pub.
would have been a wiser decision to have left them No. 971. 
undrained. 2 

In the three decades from 1939 to 1969 the 2. U.S.D.A. 1972. Handbook of Agricucural
acreage of irrigated land in the continental United Charts. No. 439.

States more than doubled, increasing from just under 
 3. U.S.D.A. 1971. Basic Statistics-National18.0 million acres in 1939 to 39.1 million acres in Inventory of Soil and Water Conservation Needs,
1969, most of it in the western water resources 1967. Statistical Bulletin No. 461. 
regions. EstimatesBart nbased[h5]at ndii n c eworkas s i n i rrDurostate on by gat d aandre -4 . Klingeb iel, A . A . 19 58. So il Survey Interp -Barton [15] indicate that increases in irrigated acre- retation--Capability Groups. SSSA Proc. Vol. 22.age accounted for between 5 and 8 per cent of the

growth in farm output between 1930 and 1960. 
 5. Tabor, R. L. et al. 1974. Agronomic Pro-Another indication of the impact of irrigation on ductivity of the Landscapes of Three Soil Associaagricultural output is that the 7.2 million acres of tions in Maury County, Tennessee. An Analysis.
irrigated land brought into production between 1949 Journal of Soil and Water Conservation.
 
and 1959 were roughly equivalent in productive

capacity to the 25-30 million acres taken out of 6. Oschwald, William R. 1966. Quantitativeagricultnon-farmuraluseproduction during this same period for Aspectsand by the acreage allotment. of Soil Surve. Interpretation in Appraisalof Soil Productivity. In Bartelli, L. J., Klingebiel, A.A., Baird, J. V., and Heddleson, M. R. (Ed). Amei-

Up through June 1972, 1,060 watershed protec- can Society of Agronomy and Soil Science Society ofdon and flood prevention projects had been approved America, Madison, Wisconsin. 
for operation under Public Law 566. These projects
 
were designed to enable farmers to shift much land 
 7. Smith, Wesley G. 1966. A Comparative
in flood plains from pasture and woodland to tilled Study of the Tennessee Valley with Special Reference crops. Including all the land in the watershed project to Agriculture. National Fertilizer Development Cen(upland and bottomland), there has been a net ter, TVA, Muscle Shoals, Alabama. Pub. 767-1AE.decrease in land used for row crops. Farmers have 8. Boxley, R. F. and Joel Blass. 1970. Landshifted tilled crops from rolling land to bottomland, Tenuie Institutions in the Tennessee Valley. Inthus reducing the erosion potential on the watersheds Farmland Tenure an~d Farmland Use in the Tennes
[16]. see Valley. Southern Land Economics Research 

Committee. Memo. Pub. No. 9.Summary 9. Barrons, K. C. 1971. Environmental Benefits 
Agricultural land use has undergone of Intensive Crop Production.many Review, Cooperative State Agricultural ScienceResearch Service. U.S. 

revolutionary changes in the last three decades. Most DA. Vol. 9, No. 2. 
of these changes have resulted in greater yield per 
,cre, greater total agriculture output of crops and 10. Heady, Earl 0. 1967. Trends in the Struclivestock, and a steady decline in acreage of harvested ture of Farming. Jour. of Soil and Water Conserva
crops. It appears also that the net result of these tion. Vol. 22.
land use changes is reduced soil erosion over what it 11. Kingsbury, Joe V. 1973. Assistant Directorwould have been if these changes had not taken place. of Soil Survey Operations Division U.S.D.A. SoilAt present, and for the next few decades at least, Conservation Service. Personal Communication. 
American agriculture has a large unused productive
land potential for the production of crops. There 12. Hidlebaugh, Allen R. 1973. Assistant Di-. seems little reason for concern about the nation's rector of Soil Survey Interpretations U.S.D.A. Soilability to feed itself. By increasing agricultural out- Conservation Service. Personal Communication. 
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SUMMARY 

A critical review of alternatives to the use of pesticides in agricultural practice 
in the Southeastern United States is presented. The methods, their stage of develop
ment and case histories are cited. 

INTRODUCTION 

Pest management should be predicated on the totality of knowledge of all 
pest control methods and the ecological impact. Effective control measures should 
be those which consider the long-term ecological and economic aspects. The indis
criminate use of any single control method may produce undesirable and unintended 
side-effects'. On balhnce, the introduction of chemicals such as pesticides to agri
cultural practice has been beneficial. However, not all the effects have been positive. 

"3Problems have arisen, some quite serious, which detract from the benefits 2 . This 
is attributed in a large measure to the disruptive impact on the ecosystem'. The 
benefits of pesticides have been so evident that alternatives have not been evaluated 
with equal vigor. All practices, whether chemical, cultural, physical, genetic or 
biological, must bring about the most effective, least ecologically disruptive, pest 
control possible. Although alternative methods are sought, it is generally conceded 
that pesticides will be used to control pests into the foreseeable future'. 

The objective of this review is to e;:amine alternatives to pesticides, particularly 
those which offer potential or have been utilized in the Southeastern United States. 

CULTURAL METHODS 

Pest control methods are effective because they either directly affect the pest 
species or adversely modify environmental conditions necessary for its survival. 
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Cultural methods .- routinely utilized in agricultural practice to reduce pest-related 
problems. These usually involve adjusting thc. time or manner of performing oper
ations for the production of crops or animals, or in improving management proce

-dures. Examples of methods 6 t0 and the target pest species include: 
(i) Sanitation. Destruction of crop refuse (boll weevil, bollworm, corn borer); 

cleaning of field borders (weed control); disposal of wastes (fly control). 

(ii) Rotation. Crop rotation (fungal spores, bacteria, mites, insects and viruses, 
nematodes); animal rotation (cattle tick control). 

(iii) Farm management. Land bank and fallowing (cyst nematodes); strip 
cropping (alfalfa aphid); fertilizers (chinch bugs, weeds); time of planting (southeast
ern corn borer, sugar-beet nematode); pest-free seeds (weed control, wheat nematode 
control); destruction of volunteer plants (potato aphids); destruction of alternate 
hosts (wheat and apple rusts, beet leaf hoppers, sweet potato weevils); destruction of 
early blooms (sorghum midge); tillage (grape berry moths); crop spacing (weeds); 
cleaning of farm equiprnent (weed control); trap crops (citrus red mite); regulation 
of plant stands (citrus pests); selection of site (various forest insects); thinning, 

topping, pruning and defoliating (tobacco hornworm, mite and control of dutch elm 
disease). 

(iv) Water management. Irrigation and flooding, (root-knot and white-tip 
nematodes); impoundment and improved pond management (aquatic weeds, mos
quitoes, biting midges); drainage (nematodes). 

The southwestern corn borer, Diatraea grandiosella, has slowly migrated 

eastward and has been reported in western Tennessee and Alabama" . Cultural 
practices which increase exposure of the larvae to the environment and predators are 

effective in increasing overwintering mortality. Burying, per se, is not detrimental to 
the larvae but it prevents the moths from emerging from the soil. Early planting of 

corn lessens damage with the primary advantage being a reduction in girdling. 

Generally corn planted in Tennessee before May I is damaged less by girdling, but 

infestation and lodging are not consistently reduced in all years and locations. 
The pink bollworm provides a classic example of a major cotton pest that may 

be controlled by cultural practices. The control program includes stalk destruction 

and deep plowing of the residue after the crop is harvested. Two factors, overwintering 
as larvae and a single host plant (cotton), make this pest highly susceptible to this 

practice. When cultural measures are used in conjunction with good agronomic 
practices the pink bollworm population may be reduced to low levels. Often damaging 
bollworm populations do not develop the following year. 

Attacking the boll weevil and pink bollworm during the fall of the year is a biolog

ically and operationally sound practice aimed at destruction of the diapausing 

populations. Only bollworms that are in diapause are able to survive the winter. 

This is the weakest link in the life cycle. A factor in the success of this method is that 
these two cotton pests do not develop large populations on wild or alternate host 

plants' 2 . The great majority of the diapausing boll weevils leave the cotton fields for 

hibernation sites during the harvest period of late September and October. The adult 

requires a feeding period of I to 3 weeks to accumulate sufficient fat reserve to attain 
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diapause or overwintering stage. Any practice which eliminates either food or breeding 
sites during this critical period will be detrimental to the weevil. The most important 
practice is defoliation of the cotton plants. This eliminates squares and young bolls 
necessary for the development of diapausing populations. The next most important 
practice is to harvest the crop as quickly as possible and then detroy the stalks. 
Destruction of plant residues, crop rotation, utilization of high potash fert;lizers 
etc. have been effective methods of control of cotton diseases such as anthracnose, 
bacterial blight, fusarium wilt, root-knot nematodes and seedling diseases 3 . 

Cultural methods which control weeds incotton fields are important. Produc
tion techniques which promote rapid crop emergence and growth tend to control 
weeds by shading. SoAie cultural practices permit the use of herbicide for weed control 
on alternate crops ina more effective manner than with a single crop. For example 
cocklebur is very difficult to control in cotton fields but relatively easy to control in 
corn fields. Hlenc., rotation and eradication are complementary. Disking or plowing 
six to eight times during a growing season effectively reduces Johnson grass rhizomes 
prior to the succeeding growing season. Similarly, plowing or disking every four weeks 
for two successive growing seasons has been reported to essentially eradicate nuts
edge14 . 

PHYSICAL AND MECHANICAL METHODS 

Preventive and corrective physical and mechanical methods differ from cultural 
methods since they are intended specifically to control pests and are not routine 
agricultural practices. Their effectiveness lies in the fact that all biological spezies 
exhibit thresholds of tolerance with regard to temperature, humidity, sound, and 
response to various regions of the electromagnetic spectrum. The possibilities for 
control techniques involving the spectrum of radiant energy and devices such as 
light traps are especially promising",, . 

Temperature is utilized in the control of soil-borne diseases caused by bacteria, 
viruses, fungi and nematodes6 . Fire has been found to be an effective method of 

.control of the alfalfa weevil, Hypera postica" Seeds are often protected by storage 
at low temperatures (4-10'C) since most grain-infesting insects are inactive at these 
temperatures. Temperature may affect the susceptibility of host plants to virus 
infection, the time required for development of symptoms, and the degree of damage. 
The principle also applies in those cases where the majority of plants in a vegetatively 
propagated clone are infected' 8 . 

A hot-water treatment, alone or in combination with a nematocidal dip, is 
used to treat plants contaminated with ectoparasitic nernatodes such as ifemicvelio.. 
phora sp. o;"Criconemoides sp. These pests are difficult to dislodge by mechanical 
means because their lonr stylets are inserted into the plant cells. Endoparasitic 
nematodes present with plant tissues or enclosed within the protective layers of plant 
parts require a penetrating chemical or physical agent to affect a kill. Heat is most 
co nmonly used. Externally applied heat is absorbed by the plant propagule and 
ultimately penetrates to reach the pathogens. Heat treatment is effective when the 
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temperature level of nematode sensitivity is below that of the plant-tissue sensitivity. 
Examples of recommended temperature-ime treatments found useful for control of 
parasitic nematodes include: Easter lily bulbs with spring crimp nematode, Aphelen
choidesfragariae, I h at 44°C in a water and formalin bath; citrus rootstock with 
burrowing nematode, Radopholus similis, 10 inn at 50'C; and grape rootings with 
root-knot nematodes, 30 min at 47.8°C, 10 min at 49°C, 5 min at 51.6'C, or 3 min 
at 53°C (refs. 9, 17). 

Light traps employing u!traviolet or blacklight lamps are being evaluated to 
determine their effectiveness for attracting moths' 9 . In one 113-square mile area in 
North Carolina, 370 traps were estimated to have exterminated 50 to 60% of the adult 
tobacco hornwonn moths in one growing season. A trap density of three per square 
mile in combination with stalk cutting and insecticide treatment to prevent late 
season breeding of hornworms, further reduced infestation by about 80%. This moth 
reduction was measured at the center of the test area during the second year. About 
20 times as many males as females were captured lemonstrating the potential for 
decreasing mating incidence. 

Other examples of blacklight traps for insect control include the protection 
of cabbage from the cabbage looper, Trichoplusia ni, and of celery from the celery 
looper, Anagraphafalcifera8 . The European corn borer and the cotton bollworm can 

be significantly reduced by light traps if population pressure is not excessive. Damage 
to tomato fruit and foliage resulting from the attack of tobacco and tomato horn
worms can be minimized". The increase iii yield of cucumbers from plants protected 

by light traps has been especially encour.ging; populations of the striped and spotted 
cucumber beetle were reduced and the transmission of bacterial wilt was minimized. 
The benefit of the light trap is that it eliminates the need for chemical applications 
in those climatic areas where light attraction is consistently effective. Light traps may 
be used to attract moths and bring them into contact with chemosterilants. 

Not all moths and flying bee.tles are attracted to blacklight sources. This 
limits the application of this control method. Further, the practice requires electrical 
power which may no! always be available. The advantages are: no residues are left on 

crops; moth emergence is detected and this provides a means for timing of control 
measures; attraction occurs irrespective of the physical condition of the field: the 
method may be integrated with other control approaches (e.g. post season stalk 
cutting in tobacco)' 6 9; and it is low in operating cost. 

RESISTANT VARIETIES 

Plants or animals that exhibit less damage or infestation by a pest (disease, 
nematode or insect) than others under comparable conditions in the field are con
sidered to be resistant. Selection and improvement results in a resistant variety which 
becomes an integral part of the pest-management program. One of the most important 
contributions of agricultural programs of the pre-DDT era was the development 
of resistant varieties. This method of :educing pest damage has been used extensively 
since the turn of the century. Originally the case for use of naturally resistant plants 
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was economic; it adaed little or nothing to the grower's cost of production. Pollution 
control is currently a consideration. 

With crops such as alfalfa, small grains and tobacco, it is the availability of 
resistant varieties which makes the difference between profit or loss. In other cases the 
resistance factor is even more important in that it makes culture of the crop possible. 
Stem rot of peanuts, rusts and smuts of cereals; anthracnose of watermelon; and 
fusarium wilt, mosaic, black shank, and black-root rot of tobacco are examples of 
the diseases which are primarily controlled by planting resistant varieties. Approx
imately 75% of the total acreage in agriculture producLon in the United States is 
currently planted with resistant varieties"0 . Varietal resistance to insects and other 
pests is classified into three broad categories: Preference (for oviposition, food or 
shelter), antibiosis (adverse effect of plant on biology of insect) and tolerance(repair, 

0recovery or ability to withstand infestation) 2 . Secondary plant substances (terpenes, 
quinones, alkaloids) contribute to preference and antibiosis resistance mechanisms 
against insects and diseases 2'. 

A classical example of the use of plant genetics is the control of grape 
Phylloxera in Europe over the past 90 years. Highly resistant American varieties 
saved European viticulture'. A search for plants resistant to insects was conducted 
in California over a 10-year period beginning in 1881 (ref. 20). By the turn of the 
century, many programs were. underway. These included: mildew resistance of grapes 
in France; late blight of potatoes in several European countries; rust resistance in 
wheat in Australia, England and the United States; and wilt resistance in flax, 
cotton, watermelon and cowpeas in the United States. These and many other 
programs are still being pursued actively today 22'  3. Each year new resistant varieties 
are introduced. Current research is being directed toward incorporating multiple pest 
resistance into crop varieties. Development and use of resistant host plants is one of 
the most effective methods of economic pest management in agricultural ecosystems. 

A bacterial disease known as Granville became a limiting factor in production 
of flue-cured tobacco in North Carolina following the turn of the century. Losses in 
Granville County alone during the period 1920 to 1940 were estimated to be 30-40 
million dollars. Intensive research to develop wilt-resistant tobacco was initiated in 
1935. This effort culminated in the introduction in 1944 of a resistant tobacco variety 
of acceptable quality. Program cost was about S 150,000. By 1948, the value of tobacco 
grown in the area of Granville was estimated to be $2,000,000. By 1964, 416,000 
acres were devoted to the tobacco crop in North Carolina with an estimated value of 
$520,000,000. Approximately 95% of this acreage was planted in varieties which not 
only incorporated resistance to Granville wilt, but also to black shank. It is estimated 
that if resistant varieties were not available the yield would have been reduced to less 

' than one-fourth2 ' . These major tobacco diseases involve soil-borne pathogens. 
Effective chemical controls were not available and the effectiveness or practicality 
of other approaches, including rotation and related cultural practices, would have 
been limited. 

Varietal resistance as a means of controlling cotton pests has generally been 
ignored until recently. Screening of available germplasm has recently proved to be 
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highly rewarding. The possibility of controlling Heliothis sp. and other lepidopetrous 
pests by incorporating high levels of gossypol and other pigments into commercial 

varieties appears to be especially promising. Plants having a gossypoi content of 1.5% 
or more cause both larval mortality and inhibition in development of Heliothis 
larvae. Such levels have been attained in several lines. High gossypol content is 

undesirable in cotto, seed because of its toxicity to non-ruminant aninals. Con
siderable effort has been devoted to incorporating characteristics of low gossypol 
content into commercial varieties. This illustrates the necessity for a cooperative 

approach in developing varieties of cotton"2 . 
The spread of the boll weevil, Anthonomus grandis, throughout the Cotton 

Belt at the beginning of this century brought marked changes in the kind of cotton 

plant grown. The late, vigorous, long-staple upland varieties were rapidly replaced 

by early-maturing, short-staple types which were less susceptible to damage because 
of their shorter exposure period and thicker carpel walls. 

Knipling' estimated in 1971 that $75,000,000 was being expended annually 

for control of the boll weevil. In spite of this expenditure, control is far from complete 
and the annual !oss is estimated at $200,000,000. Indications of the weevil developing 
resistance to insecticides renewed interest in the development of resistant types. 

The U.S. Cotton Boll Weevil Research Laboratory was established in 1962 at State 

College, Miss., with the objective of finding new approaches to boll weevil control or 
eradication with less emphasis on use of insecticides. 

Genetic factors contr;4 ,ite to resistance of cotton to the boll weevil. In the 

frego bract mutant type, the normally adherent bracts become flared and twisted. The 
frego types are less attractive for oviposition2 s and readily permit penetration of 
insecticides. Boll weevil oviposition suppression factors, attractants, feeding stim

ulants and repellents have also been found to be associated with resistance in cotton2 6. 

Discovery in 19.q of nematodes attacking soybeans in North Carolina was the 
first report of this pest outside the Orient"'. Crop damage posed a threat to the 

United States soybean industry. Control of the soybean cyst nematodes has been 
difficult and multiple approaches have been necessary. Application of chemicals to 

the soil has not been economically feasible. Crop rotation of 2 to 3 years is effective, 

but results in limited production. Federal and state quarantines have been only 

partially successful. In 1957, some 2,800 soybeans varieties were screened for nematode 

resistance in. heavily infested fields. Four varieties were found on which the nematode 
did not reproduce. The desirable characteristic of resistance was transferred to a 

commercial variety developed cooperatively by the Agricultural Research Service 

and the Agricultural Experiment Stations of Arkansas, Missouri, North Carolina, 
Tennessee and Virginia"7 . 

Disease-resistant vegetable varieties are especially noteworthy. A vegetable 

grower in the Southeastern States, by proper selection of such varieties, can now re
duce the damage caused by such destructive d;seases as fusarium wilt of cabbage, 

tomato and watermelon; common mosaic of beans; celery leaf blights; spinach blight, 

cucumber scab; and many others. In many cases, the farmer will not sacrifice the 

quality or productivity of his crop through use of a resistant variety2 a. 
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Heliothis zea is adapted to feed on a wide range of hosts and has been given 
common names associated with the crop attacked, e.g., the corn earworm, the cotton 
bollworm, and the tomato fruitworm. The literature isextensive. Variation in earworm 
damage has been ascribed to variety, planting dates, spacings, date of maturity, soil 
fertility, concentration of feeding stimulant and nitrogen balance. Varietal differences 
have commonly been associated with husk characteristics, either extension or tightness. 
Howcver, chemical differences also appear to be involvd. rhe effect of either husk 
extension or husk tightness are explicable from knowledge concerning the feeding 
habits and cannibalistic tendencies of earworm. Either husk extension or tightness or 
their combination may ensure minimum damage to the developing grain, but have 
little or no effet on population dynamics, and therefore, represent a special case of 
tolerance rather than one of antibiosis2". Extensive research is needed to develop 
resistance (antibiosis) to leaf feeders. 

The greatest forest disease resistance research is presently concent;ated on the 
fusiform rust of southern pines. Agencies, both governmental and private, ate 
engaged"9 . In North Carolina, a "rust nursery" approach is being used for mass 
screening of known seed sources of southern pines. This approach also permits 
estimation of the heritability of resistance in a natural population of southern and 
loblolly pine. Since 1954, a tree-improvement program has been underway in Florida. 
This involves screening of select slash pines for resistance to fusiform rust. Selection 
and field testing of slash and loblolly pines of one parent and controlled progeny 
are being studied for their resistance. 

BIOLOGICAL AGENTS 

Biological control involves the suppression of the reproductive potential of 
organisms through the actions of parasites, predators, or pathogens to restrict pest 
population at a lower average density than would occur if these were absent3 . The 
interrelationships and differences between biological and chemical control are 
illustrated by the experience of the citrus industry in California. It once suffered a 
massive infestation of a mealy bug, cottony cushion-scale, Iceryapurchasi, introduced 
from Australia on acacia in 1868. Two Australian ladybird beetles, Rodolia cardinalis 
and Cryprolaemus sp. provided the necessary predator-prey regulation. They reduced 
the mealy bug populations to levels at which they no longer constituted a major pest 
infestation. Unfortunately, cottony cushion-scale again reached major levels when 
extensive applications of DDT to citrus eliminated the vedalia ladybird 0 . This 
example of pest recurrence emphasizes an inherent risk in pesticide use. A catastrophic 
effect on the natural regulatory mechanisms may occur. While chemicals may tempo
rarily diminish the numbers of a particular pest, they may also reduce its natural 
enemies. Subsequently, a population explosion of pests can, occur before its natural 
enemies are able to recover. 

Insects, like animals, suffer from disease attacks". Under favorable conditions 
a disease may reach epidemic proportions for an insect species. Within a few days or 
weeks, it may reduce the species from a point of great abundance to one of scarcity. 
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Insect diseases may be caused by protozoa, fungi, viruses and bacteria. During thelast two decades, there has been an increasing awareness of the great potential ofinsect diseases as control agents. About 225 species of insect viruses have been isolated.Of these, the nuclear polyhedroses (107 species) and the granuloses (80 species)are candidate,, for :ffc=.v 32 n.w':. cw.: ;l" Grc i ' . repcrted over 300 insect viruses 
that can be utilized for control of spetific pests.

The advantages offered by microbial pest control are:
(I) Insect pathogens in general, and viruses in particular, are very discriminating and infect only one species or members of closely related species".
(2) If conditions are optimum, the introduced microbial agents may spread oftheir own accord, resulting in wide-spread killing of the host in natural populations.(3) Microbial insecticides are biodegradable and leave no residue or build-up

in the soil, as occurs with many chemical pesticides.
(4) Most microbial insecticides are harmless to animals and plants and maybe applied in heavy doses without damaging these forms of life"'.(5) Microbial pesticides are generally compatible with other pesticides.
Selocted examples of arthropod pathogens and the pests succe-sfully cortrolledare: nuclear polyhedrosis (bollworm-budworm complex, cabbage looper, alfalfacaterpillar) and Bacillus thuringiensis (many caterpillar species). Others are being

evaluated"'-. 
Limitations of microbial pest control are:
(1) Perhaps the greatest question concerning the use of r icroorganisms tocontrol insect pests has to do with the timing of application in relation to environmental conditions. The effect of high humidity on viral diseases is controversial.Viral epizootics may or may not be relaled to wet weather. In the laboratory, anexcess of moisture often leads to the outbreak of bacterial diseases. Low humidityis generally considered a limiting factor for the spore germination, infection andsubsequent sporulation of the fungus on the host. High temperature generally accelerates the course of a disease. Much remains to b.- learned about the optimum time 

to apply the microorganisms.
(2) It is necessary to maintain the vitality and virulence of the infecting agentespecially for those microorganisms not possessing a cyst or spore stage. The possibility exists that resistant populations will develop after prolonged 
use of microorga

nisms.
 
(3) The effect of heavy applications of entomogenous microorganisms on
plants and higher animais needs to be considered. There appears to be little likelihood,
that microorganisms naturally pathogenic to insects could cause serious 
 injury to 

animals or plants.
(4) A microbial insecticide can be used against one species only. Mixed

formulations have as yet not been widely tested.
(5) Of considerable importance is the effect that pathogenic microorganismsmay have upon the insect parasites and predators of a pest. Few observations havebeen made, but enough has been learned to suggest that close attention must be paidto this relationship whenever the artifical dissemination of microorganisms is 
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contemplated. Sometimes the insect parasites and the disease are related in a comple
mentary or supplementary fashion. This has been observed in alfalfa fields infested 
with caterpillars of the alfalfa butterfly, Colias eurytheme. In fields where the poly

hedral wilt disease is present but not abundant among the caterpillars, the smaller 
larvae may be parasitized by Apanteles while the larger larvae may be killed by the 

polyhedral wilt disease3". 
Environmental protection necessitates curtailment of direct herbicide appli

cation to aquatic system for weed control. This is intensifying the search for alter
natives. Mechanical methods are costly, usually temporary in effect, and difficult to 

employ, particularly in canals. Biological control offers a potential alternative for 
extensive areas where the cost of chemical or mechanical practices would be prohibitive. 

To date, biclogical control of weeds has been accomplished mainly by insects; 
but use of mites, snails, pathogenic microorganisms, fish, ducks and geese, manatees, 

n3 7and parasitic higher plants are under investigation 36 . Caution must be exercised 
before any animal is introduced for weed control. In the absence of their preferred 
food, they may become pests of alternate plant types. 

Florida red scale, Chrysomphalus anoidum, and purple scale, Lepidosaphes 
beckii, were until recently the two most important armored scales on citrus. Control 
of purple scale by the introduction of the parasite, Aphytis lepidosaphes, has been 

reported3 8 . l-ymenopterous parasites represent the critical control factors for the 
Florida red scale. Pseudohomalopoda prima, the parasite attacking mature female red 

scale, is highly important. The most important parasite species appear to be Aspidio

tiphagus Iounsburyi and Phospaltella aurantii which attack male and second-stage 
female scales39 . A special survey of Florida red scale and parasites was made between 

February and June 1967 on 104 groves. Parasites were identified as being either 

P. prima or A. holoxanthus. Parasitism by A. holoxanthus was very high. This parasite, 
which was introduced from Californa in 1960, appears to have much greater ability 
to survive adverse weather conditions than P. prima'. Partial to complete control 

han been achieved using these parasites. 
Several species of parasitic insects were reared from field-collected larvae of 

the bollworm, Heliothis zea and the tobacco budworm, H. virescens in Mississippi' 2 . 

The parasites belong to the families Braconidae, Ichneumonidae, and Tachinidae. 
The predominant species were two Braconids, Microplitis croceipes and Cardiochiles 
nigriceps. Parasites provided a high percentage of control on cranesbill, tomato, 

and spider flower. Observations were also reported on the effectiveness of C. nigriceps 
in controlling H. virescens on tobacco in areas of Florida and Georgia "3 . 

Parasitization by Aphidius smithi varies as a function of the age of pea aphid, 

Acyrthosiphon pisum. Susceptibility is highest at first instar stage. In California, this 

parasite has been propagated and widely released for effective control. Since 1962, 
this parasite has been found to be occurring in increasingly large numbers in clover 

and alfalfa fields in Kentucky"4 . 
Virus, VironiHTM , attacks only species of the genus Heliothis of which there 

are two major economic pests. One is H. cirescens, the tobacco budworm and the 

other is H. :ea commonly known as cotton bollworm. This virus has performed at 
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least as well as commonly used chemical insecticides in 80 to 90% of the cases. Its 
greatest advantage lies in the fact that it is completely specific and is absolutely safe 
and non-toxic. This virus is reasonably compatible with some chemical insecticides. 
These can be sprayed in mixtures as long as the pH of the solution is neutral. The 
formulated form contains 126 billion inclusion bodies per ounce and a quart will 
control the bollworms on 10 acres of cotton with a light to moderate infestation. 
The application of this virus in practically every cotton-growing state was permitted 
by the Food and Drug Administration (FDA) in 1970 (ref. 33). 

A biological control program for the control of bollworm and tobacco bud
worm was integrated into an overwintering boll weevil control program on cotton 
in the Mississippi Delta in 1965 (ref. 45). This program was designed to utilize biolog
ical control measures and omit chemica! control during the growing season. The 
factors utilized in the program consisted of the naturally occurring predator-parasite 
complex and the application of the nuclear polyhedrosis virus. Heliothis control with 
biological agents was compared with a toxaphene-DDT-methyl parathion control 
using 25- to 30-acre plots. The initiation of virus applications was varied to evaluate 
the effectiveness of the virus against various ages of larvae. The Heliothis biological 
control program compared favorably with the insecticide program when virus appli
cation was initiated to coincide with hatches. 

A study was conducted in Alabama in 1968 to determine the importance of 
fungus Entomophihora sp. as a natural control factor for field populations of the 
two-spotted spider mite, Tetranychus urricae. Studies of the distribt~tion of this 
fungus revealed its presence in 14 of the 15 counties where collections were made. 
Average infection rate was 25% (ref. 46). Five epizootics of the pathogenic fungus 
were observed in two-spotted spider mite populations in Lee County, Ala. Each 
epizootic was characterized by a high degree of infection by Entomophthora sp., 
acconpanied by a rapid decline in mite numbers. 

Experiments were coniducted in the state of Florida to evaluate the efiectivencss 
of large fresl'-water snails, Marisa cornua;'ietis,as a biological aquatic weed control 
agent. The sreails controlled Cerathophyllum demersum, Najas guadalupensis, and 
Potamogeton illineonsis completely and Pistia stratiotesand Alternantheraphiloxer
oides partially. Marisa preferred submerged to floating weeds. Little damage was 
done by Marisato 4- and 5-week-old rice plants, but younger rice was killed when the 
snails had no other source of food"'. Except for its possible deleterious effects in rice
growing areas, Marisa was regarded as very promising for the control of aquatic 

.weeds especially in confined bodies of water" 
Alligatorweed, AIternantheraphiloxeroides,is an extremely prolific plant which 

is most difficult to control and even more difficult to kill. It does not pose a serious 
weed problem in South America, where 40 to 50 species of insects act as suppressing 
biotic agents. Only one of these insects was known to occur in the United States and 
this insect, a flea beetle, belongs to genus Agasicles. During the fall of 1965 and spring 
of 1966, over 9,000 beetles were transferred to selected and approved locations 
throughout Florida, Georgia, South Carolina, and Mississippi. Frequent observations 
were made in the vicinity of the release sites and at no time was there any evidence 
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that the beetle fed on any plant other than alligatorweed. The beetles prefer alligator
weed growing in the water. The results were promising" and have been extended. 
The possible use of herbivorous fish has received minimum attention in the United 
States. Common carp, Cyprinus carpie, may control some aquatic plants by keeping 
the water muddy, and, to a lesser degree by rooting out plants. In China, Japan, 
Israel, and Thailand the grass carp, Cienopharyngodon idellus, has been used success
fully for the control of rooted aquatics37 . 

Since 1957, eight species of fish have been field-tested for effectiveness in 
aquatic weed control in Alabama. The Congo tilapia, Tilapia melanopleura, grass 
carp, and the Israeli carp, Cyprinus carpio have shown the best potential for weed 
control. In ponds, Congo tilapia, when stocked at rates of approximately 1,000 to 
1,500 per acre, in three months controlled Pithophora sp., giant Spirogyra, E. acicularis, 
E. densa, Hydrochloa sp., U. biflora, and Rhizoclonium sp. Grass carp controlled 
Chara sp., P. oViersifolius and E. acicularisin one month when stocked at a rate of 
20 to 40 per acre. 6- to 9-in. Israeli carp, when stocked at rates of 25 to 50 per acre, 
were effective in reducing or eliminating Pithophora sp., Rhizoclonium sp., E. acicu

0laris but in some ponds required 2 to 3 years to effect control5 . 
The species of fish receiving most of the attention in Georgia are: Tilapia 

nilotica, T. mossambica, T. melanopleura, C. carpio, and C. idellus. All observations 
on Chinese or grass carp, C. idellus were favorable"1 . In the spring of 1967, 2,000 
grass carp were stocked in a 20-acre pond in Georgia that had a 5-year history of 
excessive growth of Najas and Potamogeton. Within 6 weeks, the grass carp was able 
to consume most of the rooted aquatic vegetation. 

Parasites and predators are continually being colonized and evaluated for 
their effectiveness as control measures for various types of aphids, scales, moths and 
beetles5 2 . 

STERILITY 

The use of insect sterilization to control and eradicate pest populations is one 
of the revolutionary departures of modern entomology 3- 56 . There are two ways by 
which the sterility principle might be used to control or eradicate insects. One method 
involves rearing, sterilization and release into the natural population so that the 
sterile members will compete with normal ornes and thus lower the reproduction rate. 
Early experiments in sterilizing insects employed X-rays, but subsequently Y-rays 
from a cobalt-60 source were used. As an example, it is assumed that the natural 
population exists in an isolated area containing a stable population of two million 
insects with a I : 1 ratio of males to females in equilibrium with the environment and 
with the biotic potential canceled out by environmental resistance. For each genera
tion, two million sterile males would be released to compete equally for mates. By 
the fourth generation, the ratio of sterile to fertile males competing for each virgin 
female would be 1,807:1; with equal competition 99.5% of these matings would be 
sterile 3 . 

Another method is to treat and sterilize insects in the natural population to 
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reduce reproduction. The chemical compounds which reduce or entirely eliminate 
the reproductive capacity are called chemosterilants. Chemosterilants may affect only 
one sex (male sterilants, female sterilants) or both sexes (male-female sterilants). 
United States Department of Agriculture entomologists and chemists had screened 
3,000 materials up to 1962 and found that at least 50 of them produce sterility in 
insects. Apholate and aphoxide are among the most active chemosterilants currently 
under investigation 4 . When administered orally or by contact these compounds 
produce irreversible sterility without apparent adverse effects on the mating behavior 
and length of life of the insects. Insects, which are ready for field testing, include 
fruit flies, mosquitoes, boll weevil, HeiL,is complex, sugar cane borer, rice stem 
borer, pink boll weevil and cabbage looper56 . 

Screw worms were brought to the vanishing point by the release of 100 sterile 
males per square mile per week on Sanibel Island near Fort Myers, Fla., but eradica
tion could not be proved because the test area was not sufficient[" isolated to prcvent 
immigration of a few fertilized females from nearby untreated areas. Another exper
iment was performed on the island of Curaqao" whcre eradication was achieved 
on that isolated 170 square mile island. The apparent eradication of the screw worms 
from Curaqao supported the theory that screw worms could be eradicated from the 
Southeastern States by releasing sterilized flies. In July 1958, a large sterilized fly 
production facility was completed at Sebring, Fla. This establishment produced 
fifty-million sterilized flies per week, which were distributed over all infested areas 
in the Southeast (Florida, Georgia, Alabama, Mississippi, South Carolina, North 
Carolina). By 1958, the screw worm had been essentially eliminated from the South
eastern States, the major area of the continental United States in which this pest can 
overwinter, and no significant infestations of screw worms have since occurred5 7 . 

5sThe screw worms were irradiated with y-rays using a cobalt-60)source .This was one 
of the most successful controls of an economically important pest. 

Eradication of thc cotton bollworm from St. Croix, U.S. Virgin Islands, 
was attempted in 1968 and 1969, using the sterilk-male release method59 . Both 
attempts failed in the primary objective of eradicating the species. The reasons were 
the high ratios of sterile to natural males which caused the elimination of oviposition, 
and the high degree of locking oetween the released populktion and the native females. 

A truly effective chemosterilant for the boll weevil has yet to be discovered. 
Some of the aziridinyl compounds, particularly apholate, induce a rather high degree 
of sterility in the males, but the mortality of treated insects is high and their compet
itiveness is reduced6". During 1962, apholate-sterilized male boll weevils, Anthonomus 
grandis, normal males and virgin untreated females were released in three exper
imental I-acre plots of cotton iii Virginia, Tennessce, and Lousiana in the ratio of 
20:1: 1 in each of five uniformly distributed points. A total of 8,850 sterile males 
released over an eight-week period prevented maiings between the ensuing F, males 
and females. On the seventeenth week of the experiment, no egg or feeding punctures 
were found in two examinations of all the squares and bolls on plants in the field. 
Only in the Louisiana experiment was eradication of the population achieved6". The 
successful eradication in 1962 of an artificially induced infestation of boll weevils 
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prompted further studies. From June 17 through August 26, 1964, eleven weekly
releases of apholate-sterilized male boll weevils were made in nine cotton fields that 
had been treated with insecticides in the fall of 1963, to reduce the population of 
diapausing weevils. An average of 8,200 males were released per acre in Baldwin 
County, east of Mobile, Ala. This release program reduced the number of ovipotition 
punctured squares. Also, the percentage of infertile eggs, the number of live immature 
and adult weevils per acre in fruit, numbers of overwintered adults and the levels of 
infestation during the second year were considerably lower in the release zone than in 
the zone treated intensively with insecticides.
 

Effectiveness of apholate in decreasing the sperm viability of the male 
 boll 
weevil was determined6" in Misisissppi by allowing the weevils to feed on a diet 
containing 0.001 to 0.020% of the cherrosterilant and on plants sprayed with 0.5 
and 2.5% solutions. After both treatments, virgin females mated to treated males 
oviposited eggs with decreased hatchability and emergence of' the F, progeny. At 
the higher levels of treatment, longevity of males was reduced. Repeated spray 
applications of the chemosterilant to plants, especially at the higher levels, caused 
phytotoxicity manifested by leaf necrosis, stunting of growth and cessation of square 
production. The male boll weevil can also be sterilized with tris-(l-aziridinyl)phos. 
phine oxide (TEPA), either by feeding 1,500 ppm of TEPA in the diet for two days 
or by an injection of 3.5 mg (ref. 63). Lower levels of rEPA produced transitory 
sterilization. At the effective levels mortality was signficant. 

Three compounds, aphoxide, aphomide, and apholate, caused sterility in male 
and female house flies at concentrations of 0.5 to I% in food given to the adults6'. 
Of 97% compounds administered in granulated sugar or in fly food tested in Florida, 
only 27% caused sterility in adult house flies, Musca domestica". 

Corn meal baits containing 0.5% of aphoxide (1-aziridinyl phosphine oxide) 
a chemosterilant, were applied on an isolated refuse dump in the Florida Keys for 
the control of house flies. Applications were made each day during the second week. 
House-fly populations were reduced from 47 to 0 per grid within 4 weeks and the 
percentage hatch among all eggs laid was reduced to I% within 5 weeks "6 . House-fly 
baits containing 0.5% of metepa, methaphoxide, tris-(2-methyl-l-aziridinyl)phos
phine oxide, were applied to the droppings in a poultry house in the suburbs of 
Orlando, Fla., for house-fly control. Applications were first made at weekly intervals 
for 9 weeks, then semi-weekly. Granular baits with corn meal as a carrier were the 
most effective6" ' 6. 

The cotton bollworm, the armyworm, Pseudaletia unipuncla and the granulate 
cutworm, Feltia subterranea, can be sterilized with TEPA. Males of each species 
are sterilized when they are fed 53 mg of TEPA in a 10% sucrose solution. A dose in 
excess of 106 mg is required to sterilize female cotton bollworms and a dose of more 
than 53 mg to sterilize female armyworms and granulate cutworms69 . Sterilization 
of the fall armyworm by apholate and TEPA has also been reported". 
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ATTRACTANTS AND REPELLENTS 

Many insects find their food, their mating partners and favorable sites on 
which to deposit their eggs by an automatic response to various scent clues. Male 
moths, for example, can detect potential sexual partners at great distance. Not 
surprisingly, each species tends to have its own distinctive odor which facilitates the 
meeting of mating partners. Frequently insects can be attracted by means of a chem
ical. This is useful for pest dctection purposes or to expose them to an insect pathogen, 
toxicant or a chemosterilant 7 t . 

Attractants have been classified into three categories; sex, food, and oviposi
tion lures. The type of lure is inferred or deduced from insect behavior and the desig
nation given to such response is frequently uncertain. If exposure to a chemical 
causes a male insect to assume a mating posture, the chemical is probably a sex 
attractant, even if it is a synthetic and unrelated to any natural lure. Some entomolo
gists believe that methyl eugenol, the attractant for the oriental fruit fly, Dacus 
dorsalis, is a sex attractant because the chemical attracts only the male. However, it 
also appears to be a food lure, because the flies avidly devour the chemical 72 . A 
similar example is the attraction of the cucumber beetle, Diabrotica undecimpunctata 
howardi, to cucurbitacin, a terpenoid compound present in its host plants "3 . Food
based or fermenting lures have a definite place in control operations. Disadvantages 
include lack of specificity (traps till with many kinds of insects), attraction over only a 
short distance, rapid deterioration (especially of fermcnting lures), and frequently 
inconsistent performance. In regard to oviposition lures, females have been induced 
to lay their eggs on, or in the vicinity of, certain chemicals. Materials that release 
ammonia are known to encourage oviposition in house flies. The apple maggot is 

.attracted to decomposing proteins, such as egg albumin" 
Chemical attractants and associated agents, such as stimulants and assertants, 

have been widely used for many years in studies of insect behavior. They have served 
many useful purposes as lures in traps, e.g. to sample insect populations; to determine 
relative densities from time to time and from place to place; to trace the movement of 
marked insects in dispersion and migration studies; to study survival of insects in 
their natural environments; and to study behavior associated with the search for 
mates and oviposition sites. 

In the search for selective methods of insect control, many entomologists and 
plant protection personnel are seeking chemicals which elicit repellence. A repellent 
is a chemical that causes an insect to make oriented movements away from its source 8. 

The distance the insect needs to move, however, is usually much shorter than the 
distance it does move in response to an attractant. Ordinarily, it only needs to leave or 
avoid a treated surface or at most move a few centimeters out of the effective concen
tration of repellent vapor. Less use has been made of repellents for the protection 
of animals and plants than for the protection of man. 

Ultimately attractants must be tested in the field where they must prove 
effective despite a multitude of natural odors, colors, light conditions, and 

7 4 76 weather 7 2 . - . Examples of some potent synthetic attractants are cuelure, siglure, 
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medlure and trimedlure for various types of fruit flies; gyplure for gypsy moth; and 
grandlure for cotton boll weevil". 

In 1956, the Mediterranean fruit fly reappeared in Florida after an absence of26 years. Following its initial eradication in 1929-1930, the on-tree annual value ofthe citrus crop had climbed to about 250 million dollars and that ofall other commer
cial hosts of this pest was many million dollars more. It was estimated that if theseflies were not eradicated the combined annual cost of control efforts, fumigation ofexported fruit, and maintenance of quarantine and road blocks would approximate
20 million dollars exclusive of crop losses and decrease of consumer acceptance ofthe state's citrus products. The statewide eradication involved aerial spraying ofprotein hydrolysate and malathion. Quick action by state and federal agencies
(Plant Pest Control and Entomology Research Branch, U.S. Department of Agriculture) and industry, along with good public support, made it possible to complete
effective curtailment and eradication programs in a minimum of time7 .Two terpene alcohols and two terpene aldehydes from male boll weevils wereisolated and identified at the Mississippi State University in 1969 (ref. 78). These
compounds are the components of the pheromone to which only female boll weevilsrespond in laboratory tests. In bioassays, mixtures containing all four compounds
elicited a response by females equivalent to or better than that elicited by live males79 .
Absence of either alcohols or the two aldehydes from the niJture resulted in almostcomplete lack of response. The response to the mixture of synthetic compounds wasidentified to that obtained from corresponding mixtures of natural compuunds.The extract of fecal material of boll weevils (both male and mixed sexes) produced amaterial highly attractive to females but not to males. The synthesized pheromone
was named grandlure. This compound, however, had a very short life. Polyethylene

glycol increased its life. This stable product became an agent in surveying boll weevil
 
infestation"0 .
 

The pine sawfly, Diprionsimilis, is a pest of eastern white pine. It was observed
that large numbers of males swarmed toward females. Investigations were conducted
to determine whether a sex attractant was involved. A virgin female was placed in the
screened portion trap and
of a tanglefoot was spread over another portion. Thetraps were suspended from trees in the infested areas. An average of 1,000 males were
attrq ctvd in each of eight traps. A large number of males also fell to the ground.

Some females did not attract males for an 
unknown reason. The male response wasrapid. Many approached within 30 sec after the traps were placed. Traps positioned
at an angle of 90' to the wind direction at the edge of the wood were consistently more
attractive than those set in dense woods. Greatest activity took place from midmorning to sunset. One trap with a virgin female exposed from II a.m. to 4 p.m.attracted more than 7,000 males. She continued attracting males at approximately
1,000 per day until she died on the fifth day, after which small numbers were stillcaught over the next three days. Males were lured 200 ft. from the forest over an openfield. Chemosterilant-attractant mixtures can be effective in reducing or eradicating a 
field population of this insect 74 . 

Epidemics of the southern pine beetle, Dendrcatonusfrontalis,have occurred 
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periodically throughout the southeast and in parts of Texas. A remedial method 
presently being tested employs frontalure (I,5-dimethyl-6,8-dioxabicyclo[3.2.1] 
octane), the sex pheromone, to aggregate southern pine beetle population on the 
trees to be harvested and/or treated with cacodylic acid, which checked brood 
development but does not harm non-target insect. In fact, tue simultaneous aggrega
tion and survival of predators and competitors has become an integral part of this 
control method. Aerial surveys monitor southern pine beetle activity. Infestations 
can be treated immediately by the crews performing the ground check. Few tools are 
needed and the amount of chemicals deployed does not surpass gram quantities per 

s 1acre . 

HORMONES 

An approach to pest control is based upon the rapidly expanding knowledge
of how insects rely upon hormones to regulate their growth, feeding, mating, repro
duction and diapause or overwintering 7 . The primary candidate for control measures 
is the juvenile hormone that all insects secrete at certain life stages"'. The potential 
utilization of this information for insect control depends upon the ingenuity with 
which man can supply a juvenile hormone to the insect at an unfavorable stage. 
The contact of a last-stage nymph, larva or pupa with a juvenile hormone induces 
morphogenetic damage. This results in the development of intermediates or monsters 
which are unable to mature and die in a short time. Investigations have revealed other 
important functions of the juvenile hormone in insects including diapause, repro
duction, embryogenesis, sex-attractant production, and lipid metabolism 76 . 

The synthetic juvenile hormone analogue, trans,trans- 10, 1 -epoxyfarnescenic 
acid methyl ester, successfully terminated adult diapause in several species of Hemip
tera, including the box elder bug and the red linden bug"3 . Juvenile hormones are 
unquestionably deeply involved of diapause andin the regulation the possibility 
exists that further research may result in the development of antihormones, which can 
prevent or even induce diapause. 

A male Pyrrhocoris treated topically with I mg of dichloride compound, 
synthetic juvenile hormone, is able to transfer enough of this chemical to females 
by contact during mating to induce sterility. This novel method of transmitting
sterility should have interesting field applications if similar chemicals affecting insects 
other than Phyrrhocoris are developed. Williams 2 believes that synthetic juvenile
hormone eventually will prove to be most effective as an egg killer (ovicide). Ecdysone 
is another insect hormone which has the potential of becoming a selective insecticide. 
This substance initiates ecdysis (shedding of skin) or metamorphosis from one stage 
to another in the larval or nymphal development of insects. Overstimulation with 
ecdysone results in repeated metamorphosis without sufficient time for the accumula
tion of food reserves so that eventually the larva or nymph becomes exhausted and 
dies. 

From the foregoing it is obvious that the application of morphogenetic 
compounds to immature insects can kill them by upsetting their development. The 

36 



practical utilization of these compounds becomes attractive with the realization that
these hormonal effects are specific to insects. In addition, these chemicals have no 

.effect on other forms of life7b' 82 A further advantage is tlat insects cannot develop
immunity against the compounds for if they did, they would become immune to the
hormone that is essential to part of their life cycle. Since this discipline of pest control 
is still little explored, specific case studies are not available. 

GENETIC MANIPULATIONS 

The first attempt at control by the application of genetics involved the tsetse 
flies, Glossina sp. laterspecific crosses were made of Glossina swynnertoni and the
reproductively but not sexually isolated G.morsitans. Viable but sterile offspring were 
obtained from such crosses, which competed with normal individuals for survival in
the environment 6 . Many lethal genes exist in populations of insect species that have 
been subject to genetic analyses. Deleterious genes need not be lethal nor act imme
diately for effective control. Drastic reductions in insect numbers can be obtained 
theoretically by constant low-level mortality factors superimposed on populations
already exposed to the stress of adverse environmental conditions as, for example,
low temperature during hibernation. Three requirements are essential to the success
of control measures utilizing the release of strains carrying unfavorable genetic
characters: the factors must not prevent rearing under laboratory conditions; they
must not interfere with mating ability; and they should act at particular times, such 
as during the hibernation or immature stages. It has been postulated on theoretical
grounds that the eradication of the boll weevil could be achieved in a few years if
males carrying two lethal genes were repeatedly released into field populations.
It should be considered that such additional release of pests could temporarily
increase the loss of the crop until lethal genes are inherited and come into effect.
Although genetic methods seem to offer promising leads, considerable research is 
needed before such techniques can be incorporated at a practical level. 

PREVENTION OF SPREAD 

One of the methods by which weeds spread is through their inclusion with 
crop seeds. As early as 1821, Connecticut passed a law prohibiting the sale of grass
seed containing Canada thistle and other weeds. The earliest vegetable seed laws were adopted by Florida in 1889. By 1941 all 48 states had seed laws. The federal 
seed act 8 ' requires, in part, that the following information be provided on seed labels
in interstate commerce: percentage of pure seed of the named crop, percentage of 
other crop seeds, percentage of weed seeds, and the rate of their occurrence. Crop
seeds cannot be sold for seeding purposes in most states if they contain noxious
weeds in excess of a specified percent by weight of weed seeds. ;cnerally 2 or 3%. 
The model state seed law, used as a guideline for legislation by many states, provides 
a typical example of state regulations. Noxious-weed seeds are separated into two
classes: prohibited (generally annuals) and restricted (seeds of perennial weeds). Seed 
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laws at state and federal levels have been important in reducing the spread of weed 
species and in improving seed quality"4 . Seed certification is the system used to keep 
pedigree records for crop varieties and to make available sources of genetically pure, 
disease-free seeds and propagating material for general distribution. Without such a 
system, seeds tend to become contaminated and mixed and lose identity. Certified 
seeds contain relatively fewer weed seeds"'. 

There are at present no practical and economical treatments to cure virus
infected plants in the fields. Methods of control, therefore, are generally directed 
toward preventing infection by eliminating the source of inoculum, by preventing 
spread of virus, or by developing varieties immune to the virus or immune to the dis
ease they cause. The production and distribution of"virus-free" propagating material 
has proved highly successful in controlling virus disease in many crop'. The term 
virus-free can be defined as free from the known and specified viruses for which tests 
have been conducted. The tactics of virus control depend upon integration of several 
distinct activities: the recognition and characterization of the virus diseases in each 
crop; the development of reliable indexing inethods to retrieve any existing healthy 
stock, to sort plants that have been treated to eliminate virus, and to detect any 
symptomless carriers; the development of techniques to rid a few selected plants of 
virus and establish clones of virus-free foundation stocks where no healthy material is 
found; and, the enactment of measures such as certification programs to maintain 
the health of foundation stocks, and to secure effective distribution of their progeny 
to growers and nurserymen. In the United States, certification programs are individual 
state functions. A certification program for virus-free citrus stock-s is presently used 
in Florida. Such programs tend to keep a control on the known viruses of crops 
propagated from vegetative stocks'. 

In agriculture, quarantine refers to th. restraints or restrictions placed upon 
the transportation of anitamls, livestock, poultry. plants. fruits and vegetables, plant 
and animal products or other materials which are suspected of being carriers of 
agricultural pests. Such precautions are necessary, as many of the worst plant pests 
came from other countries and thrive here because of abundant food and few natural 
enemies. The tempo of international travel has greatly increased and with it the danger 
of spreading pests has also increased. The quarantine system is a necessary element 
of overall national preventive pest control programs8 6 . Domestic quarantines between 
states, combined with treatment programs, have eliminated several pests from the 
United States. For example, Japanese beetle, Popillia japonica, has been under 
continuous regulation in the United States since 1919. Established infestation still 
does not exist west of the Mississippi River, and occurs only in isolated areas in 
the southeast. Control and quarantine programs have confined the gypsy moth, 
Porthetria dispar, to a few northeastern states although there are some 100 million 
acres west of the Mississippi River known to be susceptible to attack. 

Publicly supported regulatory programs are an essential part of the overall 
effort to protect crops and livestock from pests. Various methods are used in eradi
cation, containment and suppression programs; these include chemical, culture' and 
biological measures. Greater merit is indicated for large-scale alternative ,strol 
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programs as compared to region-wide chemical spraying. Many of the alternative 
techniques of pest control are employed largerover areas than individual farms. 
Programs of state and federal agencies incooperation with private agencies and individ
ual farmers will be required in pest control. 

The detection of pests and surn.ys of their distribution and abundance are
essential prerequisites io rational control programs. The first principle of pest detec
tion and surveys, as related to control, is that no measures should be undertaken 
against a pest unless it is known to actually be present above economic injury level. 
Often this basic premise is not followed. 

In 1971, cotton insect scouting programs were conducted in ten southeastern 
states. Scouts surveyed 877,225 acres out of 10,421,000 acres under cultivation. 
Such programs have been in operation for 9 years in Alabama alone. Scouted cotton 
fields have averaged 200 more pounds per acre in lint than fields not scouted. A scout 
who has received special training by an extension service entomologist can keep 
growers informed of the following: when the inifestation count is great enough to 
warrant starting a control program; when to expect hatch out of boll weeviis or boll
worms; and, how long to continue the control program into the fall. Scouts give
farmers weekly written insect reports and also send infestation reports to county
extension chairmen and to extension entomologists. Each week, reports are sum
marized and a copy sent to all county extension chairmen and other agriculturists in 
the state"7 . Although no information is available regarding the act,al reduction of 
pesticide used, it is postulated that many applications are eliminated without eco
nomic loss. Survcillance can only be effective over large areas. Sufficient understanding
of pest ecology and biology exists so that such programs can be promptly initiated. 
Extension services and agricultural universities can play an important role in such 
activities. 

SAFER PESTICIDES 

It is widely accepted that although alternative technology exists, conventional 
chemicals will remain the chief means of insect pest control for the foreseeable 

s s ' s9future' . The rationale for this lag in the use of alternative methods merits 
explanation. There has been a growing concern over certain known and potential
threats to the quality of our environment because of the use of the broad-spectrum
pesticides. This concern, however, has not been fully translated into increased com
mitment of resources toward search, development or large-scale testing of safer 
pesticides and alternative methods. Most of the widely used chemicals for control 
have been selected on the basis of optimum effectiveness against the pest and for 
maximum persistence. 

The original DDT patent of 1939 covered a number of insecticidal analogs".
These included methoxychior, ethoxychlor and methylchlor. Al. of these compounds 
are persistent insecticides effective against a wide spectrum of insect pests and they 
are relatively inexpensive. DDT is the most stable and has had the most extensive 
use, whereas methoxychlor has been used on only a modest scale, and ethoxychlor 
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and methylchlor not at all. These DDT-related compounds are rapidly degraded by
the multifunctional oxidases of higher animals and converted to water-soluble 
compounds. DDT is not. Similarly, the related compounds are less toxic to fish. 
Ethoxychlor, methylchlor and other biodegradable derivatives of DDT merit further
investigation as replacements for DDT and othcr persistent and non-biodegradable
chlorinated hydrocarbons. Safer analogs (fenthion, ronnel, dicapthon) exist for 
methyl pa-athion, the most commonly used organophosphate. Consideration should 
also be directed toward the effect of these pesticides on the natural enemies of pests 
and beneficial insects90 . 

INTEGRATED CONTROL 

Integrated control combines several agronomic practices and pest control 
methods. The total effect of these combined methods issynergistic ratner than additive. 
Integrated control is predicated on a fundamental ecological basis"1 . The concept
includes appropriate combinations of pesticides, natural enemies, insect pathogens,
cultural treatments, etc.30. It emphasizes the ecosystem and stresses economic levels"2 . 

A large-scale experiment is currently underway to eradicate the cotton boll
weevil. The test area is 150 miles in diameter and is located around Gulfport, Miss. 
This two-year study will end on July 1, !973. At that time researchers will have 
determined if eradication isfeasible, and what the cost will be. Presently it isestimated 
that the total cost of eradication might be about $275,000,000. For the first time, 
treatment involves at least six simultaneous operations. These include in-season spray, 
as needed; a series of reproduction-diapause sprays in the fall to prevent over
wintering; defoliation; stalk shredding; and pheromone traps for males to prevent 
reproduction by surviving males. In addition, continued experiments with frego bract
weevil resistant cotton, and temik systemic insecticide will be part of the program. 
The chief weapon will be diapause control by a series of up to seven fall sprays
applied mainly by five helicopters in core zone, Columbia, Mississippi, and the first 
buffer zone, spilling over slightly into Alabama and Louisiana. Properly timed, this 
treatment can kill up to 99 %of weevils entering hibernation. Chemicals used will be 
tvlra-low-volume guthion or malathion, depending upon the environmental hazard 
involved. In the spring, adhesive-coated traps baited with grandlure will be placed 
on fence lines. These traps should catch about 80% of the emerging weevils. A single
application of insecticide before square drop should kill about half of the surviving
weevils, without permanently suppressing beneficial insect populations. The sterile 
males will then be released at a density of 50 to 200 per acre for several generations, 
and theoretically should reduce the native population by 98% with each gener

'ation" . If the eradication of the boll weevil should -ventually be possible at acost comparable to the annual losses for just I year, such a program: vould be one of 
the be-st investments the cotton industry could make. Perhaps even more important,
the elimination of this insect would be the greatest single contribution that could be 
made in the foreseeable future toward the goal of reducing environmental pollution
caused by the use of broad spectrum insecticides. 
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Recent unpublished theoretical studies suggest that the mass production and 
programmed releases of one or more species of selective Heliothislarval parasites may 
also provide an effective and highly selective means of managing Heliothispopulations. 
Relatively little is known about the numerical relationaship between parasites and 
their hosts. However, based on a theoretical appraisal, there is good reason to believe 
that it is well within the realm of feasibility to mass produce and release sufficient 
selective parasites to truly manage insect populations like the Heliothis species. This 
system of insect population management should have its maximum efficiency when 
the host insect populations is high and should have diminished efficiency when it 
is low. This is just the reverse of the potential efficiency of the genetic approach. 
Therefore, the parasite release technique and the genetic technique may eventually 
prove to be highly complementary when they are integrated into one system of 
suppression. Environmental factors that induce and terminate diapause in Heliothis 
should also be elucidated to aid non-chemical control'. Insect pathologists are making 
considerable progress in developing microbial agents which may further strengthen 
an integrated approach. 

Control of hornworms, Protoparce sexta and P. quinquemaculara,on tobacco 
with insecticides is riot completely satisfactory in North Carolina. When Polistes 
wasps were induced to nest in shelters erected around the field, populations of fifth

instar hornworms were reduced by about 60% and damage by 76%. One-fifth of the 
recommended rate of insecticides TDE or endrin, applied as top sprays gave reliable 
and adequate control of both hornworms and budworms. This was true whether 
insecticide was applied every two weeks on a preventive schedule or only when counts 
indicated treatment was needed". An integrated program would be more economical 
than present systems and would reduce residues to a fraction of the present levels. 

The introduction of the beetle, Agasic/es sp. as a biological control agent has 
been an added deterrent to the growth of alligatorweed, A/thernantheraphiloxeroide. 
through the Atlantic coast states. However, floating mats have been controlled in 
only very small local areas where herbicides have not been used. The recommended 
chemical control of alligatorweed is two or more treatments of silvex. Alligatorweed 
may be controlled with less herbicide in the presence of large populations of alligator
weed flea beetles. A dense mat of alligatorweed was treated with silvex and a beetle 

population of one adult per 2sq. ft. of mat was introduced when regrowth was 2 to 
5 in. high. The beetles showed a feeding preference for the young regrowth over the 
more mature non-treated alligatorweed and maintained sufficient feeding pressure to 
eliminate the floating mat growth9". 

Integrated control today has acquired greater acceptance than when it was 
proposed 15 years ago. Broadly, it refers to integration of all crop protection proce
dures. Integrated control programs in general required a higher level of scientific 
background when compared to chemical control. At least a minimum level of infor
mation is usually needed regarding the following points: the general biology, distri
bution and behavior of the key pests; an approximation of the pest population levels 
that can be tolerated without significant crop loss; a rough evaluation of the times 
and places of occurrence. ar.d the significance of the major predators, parasites, 
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and pathogens present; and information on the impact of the use of pesticides, 
insecticides, herbicides, and fungicides, as well as other control measures on natural 
enemies, and on natural and agroecosystems. 
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Int~agratintegent
Pest Muavn va int 
6-. 

in Chi a -

by Robert L Metcalf 
and Arthur Kelman 

hina's 5,000 years of continu-

ous, recorded civilization pro-
vide an unequaled perspective 

on pests and pest control. During this 
time, the Chinese have experienced al. 
most every pest problem incident to 
agriculture and have practiced an aston-
ishing array of pest control methods. 
The Western world has remained largely 
unaware of some of these approaches 
because of cultural and linguistic bar-
riers, as well as our missionary emphasis 
on teaching in lieu of learning, 

Today the West recognizes that satis-
factory pest control isnot a simple mat. 
ter of routine application of pesticides, 
but rather a far more complex ecological 
TtIsartcl, is adapted from -Plant Proteton.-
by Robert L. Metcalf and Arthur Kalman, 
SCIENCE IN CONTEMPORARY CHINA,
edited by Leo A. Orleans, with the germlssion

theof Publishers, Stanford University 1oU. 
0190 by the 	 Board of Trustees ft theLeland Stanford Junior Univerlty. 

effort. This makes it important to under-

stand the experience of China, where 
some of the principles of integrated pest 
management ([PM) were enumerated 
over a thousand years ago. 

The earliest organized efforts in Chi-
n.se insect control came with the dep-
redations of the migratory locust, 
Locusta mie7atona manilensis. Recorded 
locust plagues date back to 707 B.C. 1 

Since then. more than 800 outbreaks 
have occurred in various parts of China, 
chiefly in the flood plains of the Yellow, 
Huai, and Chang Jiang (Yangtze) rivers 
and in the coastal regions to the south.2 

Successive outbreaks of locusts ina given
locality have occurred every 3 to 15 
years and lasted from 12 to 30 months.

of problem
The severity the can be

judged by the 1929 outbreak, which
devastated more than II million acres 

of cropland, causing illness, starvation, 

deatI, and wholesale migration from the 

affected area.3 Another disastrous locust 
outbreak occurred in 1938 when Na
tionalist soldiers destroyed the dikes 
along the Yellow River and locusts 
breeding in the flood plain caused dam
aue in about 	140 counties inten provinces. 

The earliest record of locust control 
dates back 3.000 year! to aShang dy
nasty (1523-1027 B.C.) poem, which 
describes the use of flames to destroy 
locusts. About 2.000 years ago in the 
Han dynasty (202 B.C.-A.D. 220). Wang
Zhong (Wang Chung) described the use 
of open ditches to trap immature locusts. 
In A.D. 2.government officials offered 
bounties to peasants for collecting lo
custs. During the Tang dynasty (618
906), burning trapping

and 	 were suc
cessfully combined. During the Song
dynasty (960.1279). the dieging of locust 

Sn flcs 
eggs from the soil was described, and in 
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1182 alaw required citizens to collect 
and destroy locusts. This is very likely 
the first example in the world of a legal 
requirement for pest control. 

By the Ming dynasty (1360-1644), 
the locust's behavioral traits, such as 
migrating upwind and early in the morn-
ing during heavy dew, its reluctance to 
fly at dusk or in the afternoon after 
mating, and its tendency to fly low after 
rain and toward flames, were described 
in simple texts and diagrams. Around 
1600 Shen Guangjing called for prepara-
tions for locust invasions at a national 
level. Other innovations of this period 
included the planting of legumes, which 
locusts do not eat, and the herding of 
duckling., in fields to act as biological 
control agents.4 

In ancient times, Chinese peasants 
were virtually helpless in combating the 
recurring locust plagues. Confucius 
(551-479 B.C.) regarded locust out. 
breaks as natural calamities and part of 
heaven's will. Despite advances in knowl
edge in the subsequent two millennia, 
effective locust controls only became 
available after the Revolution In 1949 
when China bezan to mobilize rural 
manpower on a vast scale to combat 
the locust menace. 

During the early 1950s manual 
destruction was practiced extensively. 
Locust eggs were dug up in winter an" 
destroyed- trenches 20-30 kilometers 
(kin) long were dug and young locusts 
driven into them and buried. Thousands 
of peasants encircled infested areas and 
killed locusts with bamboo brooms and 
locust swatters made fron, shoe soles 
nailed to wooden poles.s 

Dusting with benzene hexachloride 
(BHC) began in 1951. and the use of 
aircraft for dispersal increased front 13.7 
percent of locust-infested areas in 1958 

to about 54 percent in 1960 and about 
70 percent in 1963. y this time thean70 hisprcetimethetory.i 196 

Chinese realized that they had relied 
too heavily on aircraft application of 

insecticide, which was not only costly 

but also had deleterious effects on bene
ficial insects and environmental quality. 
Moreover, the use of insecticides had 
weakened locust centrol organizations 
and delayed the accumulation of sound 
ecologiLal information about locust 
control. 

As a result, the use of aerial spraying 

Zavtronment. Vol. 23. No. 4 

was curtailed and by 1975 was virtually 
abandoned. 7 Yang Xiandong, vice-
minister of agriculture, said in 1963 
that the density of locusts had been 
reduced but the area of infestation had 
not decreased.$ 

More than 120 million persons par-
ticipated in pest management programs 
for migratory locusts following a major 
outbreak in 1951. Primitive methods of 
surrounding, whipping, and burning 
locusts were supplanted gradually by 
more ecologically oriented efforts di-

rected by stations surveying locust-
breeding grounds and forecasting out-
breaks on the basis of meteorological 
conditions. From 1958 on, enormous 
efforts were made to convert breeding 
areas in reedy, riverside flood plains 
into rice paddies, forest belts, and pas-
tures. More than one million hectares 

" 

-. 

. ~y 

(ha) of mountainous farmland in the 
Yellow River valley were converted into 
terraced fields. Four million check dams 
and 27,000 small reservoirs were con-
structLd on small tributaries to control 
flood surges, and trees and grasses were 

sown on 4 million ha.' This campaign 
represents the most extensive pest man
agement program of all time. 

Today, rather than relying primarily 
on insecticides for locust control, China 
has developed an imaginative and practi
cal approach for the environmental con
trol of locusts that knits together biol
ogy, meteorology, water management, 
and cultural practices and relies heavily 
orn forecasting.' 

Importance of Plant Protection 

China is still an agrarian society. Four
fifths of its population reside in rural 
areas where they engage primarily in pro
ducing food and fiber for themselves and 
urban dwellers." Thus, agriculture is 
China's most important activity, and its 
farms currently produce enough food 
to feed about one billion people, or 

T 
" 

In China plant protectiunists work at all 

levels. Above: A pest management team 
agricultural reeah laora

Left: A kit for use in identifying an 

insect pest and its natural predators. Opo
site pe: The ladybird beetle, an aggressve
prelator, is widely used to z'ontrOI aphids. 

(Photot: H. Beerer, Jr.; A. Kalman; USDA) 

more than one-fifth of mankind. Scien
tists and agriculturists who have visited 
China since 1972 have commented, al. 
most without exception, that the Chi
nese people appear exceptionally healthy 
and well nourished. 



China has only about 107 million ha 
of arable land (compared with 156 mil
lion ha in the 48 contiguous United .,- "I f7States), yet China is essentially self.
sufficient in food production.' 2 The suc- • ,
 
cess of plant protection and improved 7
agronomic practices can be gauged byIP
the increase in grain production from 
about 113 million tons in 1949 to 175 
tons in 1974." In comparison, the 
United States produced about 194 ma-
lion tons in 1973. In 1976 China i rm-
ported about 4 million tons of wheat,
but this was partially offset by the ex

port of about one million tons of rice.of vsitig sientstsindcatea hihlyThese figures. as well as the observations 
'= 

ofvis gscientists.indicate a highly 
successful and expanding agriculture.China has attained virtual self-
sufficiency in agriculture largely because 
of the enforcement of Mao Zedoiig's
dictum: "Take agriculture as the founda. 
lion." Thus, hundreds of millions of 
man-years of effort are concentrated in 
rural areas, and large monetary resources 
are channeled into food production, 

The financial commitment of China's 
leaders to agriculture has been estimated
ai U.S. S5 billion annually.'" Agricul-
tural production has been bolsterud by
extensive double and triple cropping in 
Central and South China, vast terracing
and irrigation schemes in the North 
China Plain. and the development of 

area fertilizer programs to ensure opti-

mt,-a crop fertility. 16 It appears that 

crop yields and production have now 

been pushed close- to their natural hill. 

its.' 7 Therefore, the great challenge for 

the future will be to cope with a natural 

popuiation increase now estimated at 

slightly over 1.5 percent each year. This 

population growth will require about 

4 million additional tons of grain annu-

ally and ensures that agriculture will 

remain an area of paramount concern, 


Protecting plants from pest attack is 
an obvious way to increase the available 
food supply without creating new agi-
cultural land, improving irrigation, or 
increasing fertilizer production. Indeed, 
China's success in maintaining self-
sufficiency in food production will be 
ameasure of its achievements in con-
trolling plant diseases and insect pests.

Detailed recent data are not available 
on crop losses from pest attack in China. 
However, in 1937 it was estimated that 

a 

. 

-"-' 

" . 

rThe Asiatic rice borer (moth af. *rva).efforts to Although the Precise magnitude of pest dmag to Chinescurb thesm.agriculture isunkown,A 1967 es;irnare places the Ioa. of rice production to insect posts atit isclear that losses are significant enough to warrant major governmenta15 per
cont. (Photo: USDA) 

insects and plant diseases caused a 10-
20 percent reduction of Chincs grain

8crops. Another, more recent report
in 1962 by the Bureau of Plant Protec. 
tion of the Ministry of Agriculture sug-
gested that in seriously affected areas 
grain losses were about 10 percent, 
cotton 20 percent. and fruits 30 percent
of total production.' 9 

In 1967, in a thorough compilation
of pest losses in agriculture, H. H. Cramer 
presented data for crop losses in the 
People's Republic of China based largely 
on comparable daia from Southeast 

°Asia and the U.S.S.R. These data sug. 
gest that the percentage losses to insects 
and plant diseases respectively are: rice,
15 and 8 percent; corn. 12.4 and 9.4 
percent: wheat. 5 and 9 percent; cotton, 
16.1 and 12 percent: sugarcane, 20.1 
and 19.2 percent: apples, 13.2 and 13.7 
percent. The accuracy of these loss esti-
mates may be subject to question be-

cause they were 10 to 20 years out of 

date and did not allow for the immense 
progress made in plant protection in 

China under communism. Moreover, the 

possibility that crop losses io oests in 

China are significantly higher than in 

the Ufiited States is not substantiated 

by the observations of American scien-

tists who have visited China recently.2' 

Although the ;?reciv, magnitude of 
pest damage to Chinese agriculture is 
unknown, it is cle r 'hat 1lsses are sig-
nificant enough to warrant major govern.
mental efforts to curb them. In 1958 the 
Ministry of Agriculture's Bureau of Plant
Protection planned for thorough control 
of plant diseases and insect pests on 

12.03 million ha ofcropland in 18 prov.
inces and municipalities." Included were 
3.6 million ha of rice, 1.6 million ha of 
wheat, 4.1 million ha of miscellaneous 
grains, 2.4 million ha of cotton, and 0.22 
million ha of fruits and other economic 
crops. It was estimated that this control 
program could save 1.25 million metric 
tons of grain and 90.000 metric tons of 
cotton. 

Such strenuous efforts have had sub
stantial effects, and in April 1960 Vice. 
Premier Tan Zhenlin reported to the 
Second National People's Congress that 
substantial blocks of farmland had been 
freed from such pests and diseases as 
aphids, red spider mites, locusts, army
worms, rice borers, and wheat smut.' In 
1962 Vice-Minister of Agriculture Yang
Xiandong said that pests on 27 million 
ha were controlled by pesticides and that 
more than 2.67 million tons of grain and 
had been harvested as a result. 

Plant protectionists work at all levels 
of government. At the commune and 
brigade levels, they diagnose plant health 
problems, forecast outbreaks of pests, 
apply control measures, and organize

demonstration plots. Sometimes aplant

piotectionist, together with a veterinarian
 
and a paramedic ("barefoot doctor"),

is assigned to a production brigade.
 

More commonly, plant protectionists 
and agronomists function as a special
research group in acommune. In
Shaanxi province, for example, 50 per.
cent of the communes are reported to 
have such teams, as well as simple labo
ratories designed specifically for crop
protection work. These are equipped 

May 1981 

http:fertility.16


with microscopes. manuals for the iden- pests, disturbances of agro-ecosystems that of the male. At 190C the averages
 
tification and control of plant diseases that have resulted in the appearance of were 4.7 meters per second (m,sec) for
 
and insect pests, reference collections devastating secondary pests, widespread males and 3.7 m/sec for females: at
 
of common insects and diseased plant environmental pollution by persistent 290C the figures were 7.4 m/sec for
 
specimens, and beautifully detailed and toxic chemicals, arid ,apidiv increas- males and 5.0 m/sec for females Fe
posters illustrating the life cycles of ing costs of pesticides. males were found to outnumber males
 
important pests. Facilities for culturing IPM has a higher social priority in by 10-37 percent, and it is believed that
 
organism! used in biological control of China than in any other part of the females play the leading role in setting
 
insects are sometimes available. world, and it has brought steady and the course of the migration. Chinese
 

The plant protectionists are usually sometimes spectacular success to agri- entomologists believe that the reflection
 
enthusiastic, dedicated, and wc!l ac- cultural production and crop protec- of moonlight from lak(. and rivers is
 

s The following sections review 
their disciplines. They are almost unique China's major pest problems anti meth- guides locusts to the adjacent breeding
 
in the cooperation and rapport they ods of control. grounds. They also believe that the
 
have with peasants, who regard the con- migratory flights are triggered by the
 
trol of plant diseases and insect pests as Migratory Locust Program arousal of the mating instinct as a result
 
one of their primary responsibilities to The locust program at Weishan Lake. of moonlight and other appropriate
 
the state and their communes. Shandong province, is typical of the environmental conditions.2

7
 

quainted with the applied aspects of tiot,,?	 the positive phototropic response that 

Pest Control Technology 

The most successful aspects of plant : -	 v 
protection research inChina have been 
the large-scale development and imple
mentation of programs for practical 
integrated pest management (IPM--see 
box). In China, as elsewhere through
out the world, the need to develop IPM• 
programs for major agricultural pests is ' % 

urgent. The strategy of single-factor pest . 

control interventions using insecticides Recorded locust plagues in China date back to 707 B.C. The first organized efforts in Chinese 
that seemed so promising in the post- insect control were aimed at combating depredations of the locust. (Photo: USDA) 

World War i era has become increasingly 
less attractive because of the develop- efforts that have been made. 26 The As an indication of the paucity of 
ment of resistance to insecticides by physiography of the area was analyzed. information'in the Western world about 

and in the 1960s. with 40 million man- Chinese insect contr,. B P. LUvarov indays of labor and 550 million cubic his authoritative Grasshoppers and L,
meters (ma) of concrete, the landscape custs (1977) cites only eight Chinese 
was transformed by building 423 irriga- references about Locusta migratnria
 

INTEGRATED PEST .t1IN.IAGE- tion systems ,ith 21,552 ditches hay. manilensis.28
 
.IIENT IP1I) is tie evaluation and ing a total length of 15.492 km. This
 
consolidation of all availahle tech- system prevented flooding in 39.000 Biological Control
 
niques into a unified program to ha and resulted in a good harvest despite
 
manage pest populations so that Biologcal control. a basic compo
economic damage is avoided and 100 rainless days. In 1973, 58.890 ha nent of IPM programs. consists of
 
adverse side effects on the envi- were planted with rice. and 8.190 ha introducine and encouraing natural
 
ronment are minini:ed. It involves around zhe rice fields were planted with enemies to regulate inset pest popula
determining means of modifying shade, fruit, and medicinal trees. This tbons 29 The natural enemies involved
 
the life system of a pest to reduce program largely eliminated locust infesins eatran siod
 
its numbers to tolerable levels,, may be isect predators and parasitoids.

applying biological knotsledge and tations in the region by destroying as well as a variety of insect pathogens
current technology to achieve the breeding areas. It also reclaimec thou- bacteria, viruses, fungi, and nematodes.
 
desired modification, and devising sands of hectares of arable land and im- Biological control has been widely

procedures for pest control suited proved the local environment. and effectively used in China since the
 
to current technology and compat
ible with economic and environ- Flight behavior in the locust's sob- Cultural Revolution and has, in its
 
mental quality aspects. (For a dis- tary and migratory phases has been care- various manifestations, become an inte
cussion of 1PM, with an emphasis fully analyzed. Most migratory locusts gral and widely practiced component
 
on the United States, see Robert fly at 15-20 m height, and some cover of IPM programs in the culture of cot
ran den Bosch, "'The Pesticide
 
Problem, " Environment, lay 1979.) 	 25 miles or more in a single flight. The ton, corn, rice, fruit and vegetable crops,
 

female's flying speed is greater than and forests.
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trolled with Trichogramma, which are 
an integral part of IPM strategies. Euro
pean corn borer, Ostrinianubilalis. in 

'.Jel'. Jilin province was controlled by Tncho
:Wp r!grammareleases in programs that cov-

A* -stated 
age 

T pink bollworm (shown here on a cotton boll) is capable of destroying whole fields of cotton,In China, an indigenous wasp which parasitizes overwintaring pink bollworms ismass-reared andlet loom in barns to destroy bollworms pupating instored cotton seeds. (Photo: USDAI 

The vigor of Chinese biological control 
efforts is apparent in the widely devel-
oped and effective programs for the 
culture and mass release of the hyme-
nopterous parasitoids Trichogramma 
and Anastatus, in the practical utiliza, 
tion of coleopterous predators such as 
Coccinella septemputicrata, and in 
microbial control with the bacterium 
Bacillus thuringienstsand its exotoxin, 
and with the fungus Beaurenabassiana. 
Much of the groundwork for the success 
of these programs was probably devel-
oped during the period of close associa-
tion with the U.S.S.R. during the 1950s 
when many Chinese made extended visits 
to the Soviet Union.3° 

Tichogramm,. Chinese entomologists 
have identified 12 species of these egg 
parasites, which are tiny wasps about 
0.4 mm in length and weigh about 4 p 
micrograms (jag).' Trichograrnina have 
been characterized as living insecticides, 
since the adult female wasps have great 
mobility and highly developed searching 
capacity for the eggs of lepidopterous 
pests. Four species of Trichogramma, 
(T. dendrolimi. 7. australicum, T. 
ostrineae,and T laponicum) are mass. 
produced in special institute laboratories 
and communes, 

The parasitic wasps are cultured on 
the large eggs of the giant silkworm 
motlu or on the eggs of the rice moth. 

As many as 175 Trichogramanahave 
been reared from a single giant silk-
worm egg, and the average is about 60. 

In commercial production large 
numbers of giant silkworm cocoons 
are placed on an automated belt that 
is ;otated to place newly emerged vir-
gin female moths in a convenient posi-
tion for collection. The moths are 
passed through an electric meat grinder, 
which squeezes out the intact eggs. 

These are stored and can be used over 

a period of time for parasitoid produc-
tion. The eggs are cleaned, dried, and 
glued onto paper cards, either for 
immediate use or for short-term storage. 
The cards are placed in large glass cages 
or alternatively in outdoor cages con-
taining literally millions of adult wasps, 
whose eggs are laid in the silkworm eggs 

2on the cards 
After parasitism of the eggs on the 

cards, the latter are ready for release 
at carefully calculated dosages. It is im-
portant that the emergence of the Tricho-
gramma wasps from the egg cards coin-
cides with the egg-laying patterns of 
the pests to be controlled. Release rates 
of Trichogramma in China are high com-
pared with those used in previous at-
tempts in other parts of the world, 
which undoubtedly contributes to the 
high degree of control obtained. 

Several major insect pests are con-

ered over 34.000 ha in 1974. The release 
rate was about 230,000 to 310,000 per
ha at about 90 points per mou (I mou 

0.066 ha) beginning just before the 
corn borer eggs were laid and during the 
peak egg-laying period. The cost was 

to be slightly more than 2 yuan 
per ha.33 

Trichogrammaalso play an impor
tant part in IPM programs for manag
ing the pink bollworm, Pectinophora 
gossypiella: the sugarcane borer. 
Diatraeasaccharalis:rice leaf roller, 
Cnaphlocrocismedinalis; the spiny 
pine caterpilla:, Dendrolimussibericus;
and other lepidopterous pests. A highdegree of technology has been developed 
for the rearing and mass release of the 

four important species of Trchogramma. 
f,-om suitable production and release 
methodsabdeqatedshort-trmdprognosi 
of weather conditions and target insect 
statt and t aget nsect 
status, and use of the most effective
Trichograpinaspecies or strain for thearea and crop involved. In general, 
stable control as good as or better than
 
that from the use of chemical insecti
cides was reported.
 

Obviously. the successful use of
 
Oiously, tsccessfule of
 

regular usage of broad-spectrum insecti
ie us ful poaet of
 
ides. The successful emplo ment of
 

for example, has cut insecticide usage
 
by half or more. This was reported to
 
be welcome Thsast bf
 
workers because personal hazard from
 
pesc e p sona s anally
 
reduced. 

Coccinellaseptempunctata. This 
large and aggressive ladybird beetle 
has been widely transferred from natu
ral vegetation into cotton and citr-'s 
for the control of aphids and leni 
rollers. 

Dibrachyscavus. This indigenous 
wasp parasitizes overwintering pink 
bollworms and has been mass-reared 
and liberated in barns in Shanghai and 
Shaanxi province to control pink boll
worms pupating in stored cotton seeds.3" 
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Use of this parasite has been an impor-
tant part of the cotton IPM program. 

Duckings. Aparticularly innovative 
program of biological control using 
young ducklings as predators has been 
developed by the Z ongshan University 
lnstirtte of Entomology. Ducklings are 
herded through rice fields in flocks of 

1.000 or more and voraciously consume 
variety of rice pests, including the rice 

grasshopper, the brown plant hopper,greenhoppereafhopperanthoerie
green cice leafhopper, and the rice 

stem borer. 
Although this is an ancient Chinese 

practice. it is supported by meticulous 
research on predator/prcy ratios and 

duck biology. For example, a single 
hungry duckling was found to consume 
about 200 insec Isper hour. In the Daxia 
Commune of Guangdong province, 
about 3.900 ha of rice are protected 
each year by about 220.000 ducks that 
are herded through the early rice crop 
by 853 duckherders. The pest popula. 
non is reduced by 65-70 percent. This 
basic program is supplemented by the 
liberal use of Trichogranma and Bacillus 
,huringiensis. 

The amount of insecticides applied 
on early rice decreased from 75.427 kg 
in 1972 to 34.112 kg in 1974 and to 
only about 6,700 kg in 1975. This pro-
giam isvery popular with peasants work-
u.g in the field, who strongly prefer a 
pesticide-fr., environment, and presum-
1bly with the ducks as well.36 

icrobial controls. The utilizaton 
of insect diseases in control prograion,
theispoe-fo in acltrumpracticed on a large scale in China. Md-ponse
lions of metric tons of formulations ofliossofretritns fcterulBatillsof 

rhuringiensis (BT) are applied to rice, 
,:orn. cotton, vegetables, and forests for 
,:he control of lepidoptercus larvae. BT 
Isproduced by both liquid fermentationSlgh produpe 
and semisolid lower-yield fermentation 
methods using damp peanut and soy-
bean meal in shallow baskets. The latter 
ischeaper and better suited to local 
commune production, and the output 
isstandardized by testing before use. 

BT applications were stated to pro-
duce 90-100 percent kill of pine cater-
pillar and 80-100 percent kill of cab-
bage armyworm. Barathra brassicae. 
BT ishighly compatible with other 
biological control methods, such as 
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mass release of Trichogramnma. and be-
cause of its safety, is popular with 
peasants.

The fungus Beaureria bassia a has 
been described for many years is a 
possible microbial control, but ituse 
has not been developed in the We~t. 
However. a strain attacking the Euro- 

pean corn borer has been successfully 
used in Jilin province inconjunction with 
Trichoprauna on more than 60,000 ha,

'The fungus iscultured in flasks,coko hlo isi h rud
 

crocks, or shallow pits in the ground. 
using wheat and rice bran as the culture 
medium. Beaueria bassiana isapplied as 
a granular or powdered product to pilesof corn stalks and stubble collected in 
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Hungry ducklings, herded through rice fields 
in flocks of 1,000 or more, voraciously consume 
a variety of rice ests. It has been found that a 
single duckling consumes about 200 insects per 

hour.botht liquidnermstaent (Photo: H.Beemer. Jr.) 

the fall to kill the overwintering larvae 
and to the tassels and silks of the sum-
mer crop. The control obtained was 
described as 83-96 percent for the over

wintering larvae and 80-90 percent for 
the spring generation.38 

Among other approaches. nuclear 
polyhedrosis viruses (N'PV) are being 
developed for the control of such pests 
as tussock moth. the cottot' leafworm. 
and cabbage caterpillars. 

Light Traps 
Insect forecasting and control in 

China involves the use of light traps on 
a scale much greater than that in any 
other country. In Hunan province there 
are said to be about one million "black
light" traps in an area of about 210,500 
k.a Networks of electric power lines 

intersect the rice fields. At night the 
eerie blue-violet glow of numerous black
ligt traps was visible from the train
traveling between Changsha and 

Guangzhou. The spacing of these black
light traps varies from one trap per I to 
2 ha in Jiangsu province, one trap per
2 to 3 ha in Guangdong province, andontrper3o4hai -unpovc. 

one trap per 3 to 4 ha inHunan province.
 
Avariety of traps were seen; all con

of a 20-watt fluorescent tube -sisted 

emitting a continuous spectrum of light 
from 300 to 500 nanOmeters (am), but 
with peak emission at 365 nm.39 The 
fluorescent tube iscertered between 
four vanes of glas, and the whole appa
ratus iscommonly mounted over a 
permanent brick water basin or bucket. 
The water basin usually contains sticky 
rice water to trap the stunned insects, 
and the nutritious gruel thus obtained is 
fed to fish or hogs. For forecasting, elec. 
tric grids or cyanide jars were used as the 
killing device beneath the fluorescent 
tube.
 

The development of these blacklight 
traps was apparently the result of care
tul study of the response of night-fl>,ng 
lepidoptera to monochromatic light. 
Ting et al. studied the phototactic re

to13alsof cotton bollworms to 13 mono
chromatic lights ranging from 333 to 

'
656 nm.0 The 333-nm light was most 
attractive to the bollworms, but army%ormadults responded best to 375 nm. 

At the Nantong Institute of Agriculture, 
the attractive power of 20-watt blackand 
ligt traps and 200-watt incandescent 
traps was evaluated. During 1973 acombination of the two light sources caught
bi 09 detctive sectscaed 
with 1,035 by the blacklight alone. 

Insecticides 

The origin of the use of indigenous 
Chinese plants containing insecticidal 
constituents islost in the mists of 5,000 
%ears. However, their use was extensive 
in pre.Revolutionary China and continues 
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I~e 4,The emphasis today isentirely on org;
phosphorus insecticides of low mammor 

"°' "apparently 
. ,--.a "'r ,'-"the 

Trichlorfon. introduced in 1957. isthe insecticide produced or 
largest scale in China today." It is 

Publicized as the "enemy ofa hundredworms." Its popularity is due to its 
safety, lack of persistence, specificity 
against chewing pests, and environmen 

Intensiv ecological study has led to 
complete abandonment of bpaoispectrum insecticides such as DOTinmostno ahacustr. The i.most nO aerial wraving. The Chi. 

tal degradability. Trichloron isthe
main deterrent against chewing insectsin IP programs incotton and rice an( 

tcon cabbage and other vegetables, anddeciduous fruits. The order of produc.anusofrgnpohoui

, 

re art currently atterpting to do-
veIoP procedures fortheluofpe pti, 
cid. within a sound ecot;c,a,frarn ork. (Photo: H. Baerer, Jr.) 

tion and use of organophosphorus in
secticides has bc,n described as tri. 
chlorfon, dichlorvos, dimethoate,
phosmet, fenitrothion. phosphamidon. 
and malathion.' " 

Ecological Issues 
to be substantial today. In 1958 over Insecticide resistance has proved asmass production and wide application500 native plant and mineral products vexatious in China as elsewhere. Theof BHC isa milestone in the history ofwere processed into more than 10 mil- housefly and numerous species of mos.Chinese agriculture." However, furtherlion tons of insecticides an,! fungicides. 4

quitoes have become resistant to DDT1 usage in China produced the sameAmong the principal products derived and BHC, and to various organophos.series of problems as found elsewherefrom native plants were alkaloids such in the world-widespread insect pest 
phorus insecticides, as have the fruit. 

as nicotine from Nicotiana species, ana- tree red spider mite. the cotton aphid.resistance, development of secondarybasine from .4labasisapivlla rotenoids the paddy borer, and the rice leafhoppeipests into major pest problems, and Impressive efforts are being made tofrom Derris species. and extractives from environmental pollution. By 1975 theKalanchoe (effective against aphids) delay the onset of insect pest resistanceuse of BHC and DDT was rapidly beingand garlic. Rest-arch in this area isstill by alternating insecticide treatments onphased out and was no longer permittedcontinuing, and in conjunction with the 
apples and citrus: three to ive differenton fruits and vegetables.' s 
insecticides are used in rotation. Derenewed interest in Chinese medicinal 

plants, useful discoveries may be made.4
Early in the 1950s a national deci. terminations of resistance and cross" 

Following World War 1N. 
sion was made not to produce the cy. resistance are given high priority. How.the world- clodiene insecticides (aldrin. dieldrin,wide publicity gven to organochlorine heptachlor. endrin. and chlordane) for 

ever. the prevailing scientific attitude 
insecticides, such as DDT. BHC. and about resistance is pessimistic, and theagricultural use because of their long. increase in the resistance problem is aother new synthetic organic insecticides. term persistence and environmentalhad an immense impact on pest control 

major factor in encouraging pest mantoxicity. Small amounts of chlordanein China. Domestic production of DDT agement programs. 
and BHC began after 1949. and about 

and mirex are still used for termite con- Experience in China with the wide.trol in soil and timbers. Toxaphene is60 million kg of BHC and 4.3 million spread use of broad-spectrum insectiused in China in a limited wav to con-kg of DDT were produced in 1958. The cides has been generally unfavorable.trol bollworms. but its use isforbiddenintroduction of BHC was especially partly because of the emergence ofnear rice paddies and fish ponds becauserapid and increased by I1.000 percent secondary pests. The experience withof its high toxicity to fish. The inde.between 1952 and 1958. it deciduous fruits has been typical. Thewas used pendent Chinese experience with thethroughout China for the control of early use of DDT gave good control ofpersistent organochlorine insecticidesmajor pests. Airplane applications were a wide variety of leaf rollers, but nearlyisparticularly interesting in view of eliminated the natural enemies of manywidely used for control of' the migratory the controversy produced by theirlocust; between 1954 and 1958 more pests, including red spider mites. Theregulation and ban in many Westernthan 5.0 million ha of crops were saved 
mites were controlled with parathioncountries,

from locust outbreaks in this way.' Organophosphorus insecticides are 
at first, but rapidly became resistant. 

At first this widespread use of the The use of insecticides increased untilthe basic synthetic insecticides in useorganochlorines was widely acclaimed, they accounted for 25 percent of the 
In 1963, isien.hsi Cheng said that "the 

in China. and more than 30 different production cost of the fruit. The leafcompounds are produced commercially, roller. Leucoptera scitella, became a12 
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rampart secondary pest. 

Intensive ecological study led to 


complete abandonment of broad-

spectrum insecticides and to the devel-

opment of a pest management program 
emphasizing: orchard sanitation: hand-
picking of overwinteriig cocoons: inter-
planting orchards with legumes to en-

courage the ladybird beetle, Coccinella 
septempuncta. and other predators 
as well as the parasite Aphkt'ris proclia; 

together with selective sprayinP using 
lime sulfur. trichlorfon. and chlor-

dieom494dimeform . 
There is much concern in China 

about the overall effe!cts of the inten. 
sive use of pesticides on human health 
and environmental quality. The use of 
such highly toxic insecticides as 

parathion and methyl parathion is very 

closely regulated, and handling is lim-
ited to highly trained and experienced

The Ministry of Agriculture
personnel. 

has established strict rules about appli-


cation equipment. protective masks 
and clothing, and the availability of 
antidotes. 

New insecticides that have adverse 

health and environmental propeities 
must have governmental approval be-

fore use. An Institute of Environmental 
in 

Protection was established in Beijing i 

1978, and a national s%stem of pesticide 
residue tolerances isbeing developed 
along with asystem of restricted periods
between application and harvest. 

Insecticides play important roles in 
China's pest management program s. in 
its remarkable progress in producing
food for more than one-fifth of the 

world's population. and in its exception-
al standards of hygiene and public 
health. Mote than 100 individual insecti-
cide compounds are produced commer-

cially in China. and the government aims 
-

to become totally self-sufficient in this 
area. 

The manifold disadvantages of the 
unrestricted use of broad-spectrum
pesticides have been recognized. and ef-

forts are being made to develop proce-
dures for the judicious use of insecti-
cides in a sound ecological framework, 
There is almost no aerial application of 

insecticides; selective treatment of hot 
spots of infestation in field or orchard 
is the general rule. Biological and cu-

tural control measures are used where-

Environment. Vol. 23, No. 4 

ever feasible, and supplemental insecti-
cide controls are planned so as to be 
minimally disruptive to the total ecol-
ogy of field, orchard, and forest. 

ROBERT L METCALF is a professor in the
 
Department of Zoology at the University of 

Illinois, Urbana. ARTHUR KELMAN is a 

professor in the Department of Plant Path-


ology at the University of Wisconsin-

Madison.
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BY JAMES RUSSELL MCGOODWIN 

ANTICIPATING THE CONCLUSION of the
Conference Third United Nations isrelatively unknown outside of theon the Law of the Sea (UNCLOS I1l) in 1975, 80 coastalnations extended their jurisdictional claims over ocean 

regions they irdabit. But their situation
economic re- denonstrates how the development ofsources to 200 nautical miles from their shores. Most of these countriesare enthusiastically promoting one export industry-in this case Mexico'snew maritime developments, and in lessdeveloped countries (LDCs) the mood 

Pacific shrimp industry-can work unseems particularly bullish. Manyof these nations-struggling with domestic 
foreseen hardships in certain rural enfood shortages and scarce claves, and illustrates some of the largercapital for development -look to their fisheries as a source of proteinrich foods, and for substantial income from exports. However. be'forethe LDCs surge ahead with the development of their fisheries, theyneed to consider the possible'consequences of the strategies availableto them, benefiting from the past experiences of other countries which 
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have preceded them in fisheries development.


Timely lessons may be drawn from the fisheries.development experiences of B,-azil, Thailand, and Japan; but the development of Mexico's .-- _. shrimp industry on the Pacific coast provides a particularly instructivecase.' The growth -21of its shrimp-export trade has been extraordinary,especially with regard to the income it has genera ied and the phenomenal quantities of capital it has accumulated. Crustaceans-not petroleum,cotton, sugar, or any other primary commodity-are Mexico's leading
export item in terms of total value.' Today the state-instituted, urbanbased industry boasts seven trawler fleets with more than 450 vessels;ten - freezing, packing, and canning plants; two fisheries-research institutions; one shipyard; and two Mexican-owned importing corporations(chatered in problems created by the dependency ofthe United States and located in San Diego, California). the LDCs upon the developed nations.More than 94 percent of the industry's shrimp catch is exported -around Those involved in developing social and30,000 metric tons last year, which brought nearly $80 million in theinternational marketplace.' economic policy must become more 
aware of the ramifications created byThe growth of the shrimp industry has not been without its problems, the introduction of any new technologyespecially those stemming from its dependency upon the United States, in asocietywhich is the major buyer of its production. But there is also aand relatively unknown chapter in the story of its growth: 

poignant 
the decline South Sinaloa: A Case in Pointof the inshore fisheries and the corresponding impoverishment of thou-sands of rural-coastal peoples. By and large, the plight of these peoples 

Coastal lagoons, salt marshes, and es
tuaries are important features of Mexico'sEnvironment, Vol. 22, No. 1 
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Pacific coast (see Map I).These regions 3r
 
are the major inshore fisheries and the 


______:_._•_. 

main rearing grounds for Mexico's corn- - " ,*:" 
mercially important species of shrimp. 
In former times they also produced
 
gret quantiies of other seafoods, par
ticularly oysters and fish. Sonata a Sinaloa
 

Although this article focuses on the

rural fisheries in the municipio [a legal 
 ""
 
unit similar to a U.S. county I of EscuL. - ----. Z,.
 
apa, south Sinaloa, the situation de- Sin1 OW/. Me:ro
South GuI/ o 

scribed for that region is duplicated to '*Noyarit
 
a greater or lesser extent in all of Pacific
 
Mexico's rural-coastal fisheries. South
 
Sinaloa is where today's shrimp-export
 
industry had its beginnings, and in that
 
region the social, economic, and political
 
problems accompanying the growth Gf ,eC//*¢ Soh" Cruz
octia 

the industry have reached their point of 

-
greatest strain. Northward, among the Gulf of Tehuantepec 
lagoons and estuarie, of Sonora, the I
 
rural population is relatively less dense, 10,- 92.
 
and southward, in the rural regions of 
 MAP 1: Major Inshore- Fishties of Pacific M*xico. 
the Gulf of Tehuantepec, the impact of
 
the shrimp-export industry has been less
 
severe. Nevertheless, living conditions in 
 extremely productive fisheries, food is least 8,000 years, perhaps longer, andall of Pacific Mexico's rural-coastal regions often in short supply and much of the evidence of a considerable and longare distressing. population suffers some form of nu- term maritime history is clearly appar.


In south Sinaloa average personal in- tritional disease. Only 2 percent of the 
 ent to even a casual observer.' comes of the region's household heads total population are members of the The whole coastal region containsare less than $400 U.S. per year. Day- government.instituted inshore fishing numerous shell mounds, some more than
wage laborers in agriculture earn only cooperatives, while the rest find their 
 3 kilometers long and 180 meters wide,about S2.50 U.S. per day when em- fishing activities severely constrained by with peaks reaching II meters. Not far
ployed. Only 0.3 percent of the popur 
 laws reserving marine resources for the from Escuinapa, head town of thelation has professional or technical cooperatives. municipio by that same name, archetraining, and in the rural settlements The region's cooperatives, on the ologists have recently discovered a parless than two years of primary school 
 other hand, annually produce about ticularly large shell mound-a protois the mean educational level. 700 metric tons of shnmp-enough to pyramid, perhaps-21 meters high, quad-

Most dwellings are crowded, squalid, provide every man. woman, and child 
 rilateral in shape, and flat on top. Radioand barren within, lacking sanitary facil- with roughly 23 kilograms (more than carbon dating indicates that this structure
ities and running water. Fresh drinking 50 pounds) of that protein-rich food-
 was built about 2,000 years ago, suggestwater is always in short supply, and but nearly 100 percent of that produc- ing the existence of coastal chiefdoms,health and nutritional levels are ex. tion is exported. And even the coopera- and perhaps even nascent states, wiichtremely low. Infant mortality rates. tivistas (members of the fishing co- subsisted upon the region's seafoods 16
moreover, are rising for the first time operative), who have permission to centuries before the arrival of the Span.
in decades, and the entire population 
 harvest the region's seafoods, earn ish conquerors."


is plagued by a variety of severe dis- slightly under S700 U.S. per year.' Why, 
 Estimates of the pre-Colombian popueases-pervasive gastro-enteritis, amebi- one wonders, are conditions so bad in lation vary and are speculative, but someasis, and hepatitis, for example, as well these regions-the richest inshore fish- historians suggest that a relatively dense as outbreaks of polio, tuberculosis, and eries of Pacific Mexico? population inhabited the coastal plainrabies. In these hot and humid low. at the time of the Conquest in the earlylands biting insects are also a problem. 4 South Sinaloa's Coastal History 16th century! Apparently, the Conquest.By and large, south Sinaloa's rural South Sinaloa's inshore Fisheries were era aboriginal population was part of thepopulation owns or has access to very not always underdeveloped, nor were Mesoamerican culture tradition, the same
little productive land, so that the ma. their human inhabitants as cut off fromjority are dependent on whatever wages marine resources as they are today. In- OPPOSITE: Because rural houses aroundthey can earn. More significant, how. deed, people have relied upon this Teacapon, south Sinaloa, lack modem sanitaryever, is the fact that, in this region of facilities, the inhabitants suffer a high incidenceregion's rich coastal resources for at of nutritional, infectious, and parasitic diseases. 
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as the Aztec and Maya. They built plat-
form mounds and ball courts on the 
higher ground behind the coastal zone; 
they decorated their pottery in the Meso-
american style; they grew corn, beans, 
and squash along the river courses; and 
they harvested and traded great qanti-
ties of seafoods from the estuaries and 
lagoons, 

The conquest of south Sinaloa 
brought about the destruction of the 
aboriginal population. The Indians 
were victims of diseases introduced by 
the Spaniards, and their ranks were 
further reduced by a number of factors 
which were either non-existent, or at 
least not as severe, in other parts of 
Conquest-era Mexico. They had the 
misfortune of being conquered initially
by Nuflo de Guzmtn, one of the era's 
most genocidal conquistadores. Soon 
thereafter, many were taken as slaves 
for the mines in the Sierra Madre Occi-
dental, and for Cuba's sugar planta.
tions. The scattered few who remained 
were pushed out of the region, displaced 
by the lords of cattle.raising haciendas 
which became common in this region. 
Indeed, the region was effectively de-
populated of indigenous peoples by the 
I750s, and today none inhabit the 
coastal zone. 

For nearly three centuries thereafter 
the region was almost empty of human 

- inhabitants, and its abundant marine 
resources went unexploited. Then, in 

* the early to middle i9th century, a 

II 

trickle of new settlers arrived-,nesti:o 
immigrants from other parts of Mexico. 
They settled the coastal lands that be. 
came available following Mexico's inde. 
pendence from Spain in 1821. Still 
more immigrants came after the French 
occupation in 1867. 

These new arrivals were quick to 
recognize the potential of the region's 
marine resources for subsistence and 
for commerce, and soon south Sinaloa's 
smoked oysters autd salted shrimp were 
carried by muleteers across the Sierra 
!o Durango and southward toward 
Guadalajara and Mexico City.

The landmark event for these fish. 
cries occurred in the early I 870s %hen 
Chinese immigrants from Mazatlin 
visited the region around Escuinapa. 
bought large quantities of shrimp and 
oysters, and began to sell these to buy-
ers from me United States, China. and 
Japan. In this manner, south Sinaloa's 
inshore fisheries made their debut in the 
international marketplace.9 

By the outbreak of the Revolution 
in 1910, serious conflicts had arisen over 
the region's marine resources. The Diaz 
administration granted exclusive fishing
rights to a number of small companies
and limited subsistence fishing to region

.. . 

al fishermen not employed by the corn. 
panies. During the Revolution, the brief 
Madero administration declared that 
subsistence fishing activities would be 
"free." and not subject to regulation.2 0 

Today subsistence fishermen are still 
identified as pescadores libres, but now 
the term has a pejorative, criminal con
notation, especially among fishing
industry officials, who use the term to 
refer to fishermen who are not members 
of the state-sanctioned rural-fishing co
operatives. Theoretically. subsistence 
fishing is still **free." but in actual prac
tice it is treatl. encumbered by various 
regulation'is that forbid shrimp harvest
ing for much of the year. or that pro
hibit such fishing iri territories exclu. 
sively reserved for ne cooperatives. 

By the end of the Revolution. vessels 
from Japan and the United States were 
actively shrimp trawling along Mexico's 
Pacific coast. Mexico was powerless to 
prevent such incursions at that time: 
moreover, it lacked sufficient capital to 
finance the construction of its own yes
sels. Instead. it attempted to regulate
and tax the forcieners fishing offshore, 

,, 
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This weir (called a tape), which belongs to an inshore fishing coopertive on the El Mecal estuary,
south Sinaloa,s is not in production. Its fencing has been rolled up and placed on the shore (foreground) so i will not rot. Rudimentary weirs such as these were the main technological items facilitatIng the betinnings of Mexico's Pacific shrimp industry in the 1930s. 

'Pescadores libres" -,ubsistence fishermen. 

nhile developinc its own shrinp-export 
industry in its inshore fisheries, 

Offshore, the Japanese eventually 
- ned pre-eminence in the international 
hrtmp market and drove their coinpeti-

tors trom Mexico's Pcific coast by the 

WorleWr I H 030s.,ear o ther ' 

Wold , af Qssels forhme.
In )ialet of its vessels io tar from home, 
Japan abr, p lv thdrew its teets rom%, 

the area Now a last \lexicu had deci-

sive control over all oI its Pacific shrimp 
fisheries, and at this juncture it began to 
develop its own offshore tleets 

The Cooperatives 

Mexico had already developed asys. 
tem of state-instiuted. inshore I-shing 
cooperatives and central packing plants. 
Shortly after the Revolution, the Pacific'slaioonal and estuartal repuns were de-

clared federai territories. Then. with 

passage of the LeY Generalde GC)pera-
tivas in1933, the nation undertook 
development of the various "enterprises 
of State participation" which characterize 
its Pacific fishing industry today." Pro-
ducers' cooperatives were estabished in 
the rural areas. along with anumber olf 
central packing plants for export opera-
tons. The rural fishing cooperatives o' 
south Sinaloa and the packing plant at
Escuinapa were the first of their kind on 
the Pacific coast. 


Nearly all of the capital committed 

for thc. development of these enter-

prises went to, ard the construction of 

the regional packing plants. Develop-

ment of the inshore fishing cooperatives 

involved little more than granting exclu-

sive fishing territories and the recruit-

nent of rural fishermen. The rural co-


operatives required only rudimentary
 
and fairly inexpensive weirs, which were
constructed of mangrove posts and 
erected across tidal channels.
 

The rural cooperatives were inext-

cably bound to the regional packing 

plants by the terms of their charters. 

They were required to turn over all their 

exportable production to these plants,and to accept payment at whatever price
levels the federal government annually 
established. Only in the conduct of their 
own internal affairs were they allowed 
to act as autonomous entities. Initially,this was not a handicap to the rural co-

operatvistaa: manne resources were 

plentiful, the new organizations accepted 
nearly all rural fishermen wishing to join,
and prices were such that most fisher
men greatly increased theil incomes. 

This was also the era of the estab
lishment of the nation's agrarian elidos,* 
and the rural fishing cooperatives were 
similarly hailed as important socio
economic reforms. Proponents claimed 
they would raise the standard of living
of rural-coastal inhabitants and encour
age wide participation in the fishing in
dustry. and that the entire nation would 
benefit throudi the production of vitally
needed foodstuffs and the generation of 
export income. In retrospect, however, 
it seems that the eneration of export 
income was the main reason they were 
founded, for the other reform-oriented
 
goals haie eroded.
 

Social and Technological ProblemsAs economic entities, the rural coop. 

time of heir inception through the mid
die 1960s. when Mexico's offshore shrimp. 
trawling industry Finay overshadowed
 

them. But long before that they had be
gun to suffer from serious problems.Probably the most serious early prob
lem was cactqutsro (acorrupt, politi-


Lands dLtrsbuied to rural pea tL as patl 
Lan~d reform. post-revolution~a-y progrms ofowned by uc landun comutac plo 
of Mexico' Such lands are communally 

a.v a.Ined for an mdividual'" use at noch ,rte so long as he works the plot. 
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Shrimp trawlers with processing facilities In background, Guaymas, Sonora. 

cal-economic bossism). During the 
Aleman administration, 1946-1952, 
caciqufsmo became widespread in the 
cooperatives, and it is still a problem in 
south Sinaloa. In many cases corrupt 
businessmen-politicians undertook to 
run the cooperatives for their own per-
sonal gain, relegating the cooperativistas 
to the status of mere shift laborers and 
denying them participation-in the coop-
eratives' internal affairs-a right guaran-
teed in the organizations' charters. Dur-
ing that same period analogous situa-
tions arose on the nation's eidos, par-
ticularly those producing export items. 2 

Other serious problems surfaced, 

The federal government periodically 

apprcpriated lands and redistributed 

these to impoverished peasants (cam-

pesinos)-resettlingmany of these into 

Sinaloa from other parts of the nation, 

South Sinaloa's rural-coastal popula-

tion boomed, growing from around 

8,000 persons in 1935 to nearly 

31,000 in 1970.13 As a result, com-

petition for local marine resources in-

tensified. Eventually the rural fishing 

cooperatives became entrenched eco. 

i.omic entities, serving only a minor-

ity of the rural-coastal population, 

InternaL /, the cooperative also suf-
fered from the effects of population 
growth, since membership rights could 
be inherited by members' descendants. 
Today south Sinaloa's cooperatives 
have more members than they need, 
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and incomes must be shared with many 
marginally productive members. 

Thus, by the early 1950s, south 
Sinaloa's rural-coastal population began 
to suffer serious strains, and the situa-
tion was greatly aggravated by the in-
troduction of outboard motors and 
nylon nets into the fishery at that time. 
The use of outboard motors with large
dugout canoes eased the transport of 
very large nets, while the nylon nets 
themselves, because they are nearly 
invisible underwater, proved disastrous 
ly effective in catching fish. 

By that time most of the region's 
shrimp and oyster production was be. 
ing sent abroad, so the fish which ex-
isted in great abundance in the estuaries 
and lagoons-snappers, snooks, drum. 
fishes, mullets, and so forth-became 
the new mainstays of domestic con-
sumption. However, the nylon nets 
quickly ravaged the inshore fish stocks, 
red!cing them to very low levels within 
only a few years. Rural fishermen speak
of former times, before the introduc-
tion of the motors and nets, when the 
surface waters of the lagoons some-
times appeared red from the shoals of 
snappers congregated there. Continued 
fishing pressure prevents the recovery 
of these resources, and today's net fish
ermen rely upon secondary species-
so-called trash fish-which are converted 
into fish meal, a high-protein dietary 
supplement for poultry and livestock. 

. S . 

. _ . _ -

Why was the drastic over-harvestine 
of these prodigious fish stocks not pre
vented by the federal government, since
it is empowered to regulate these fish. 
eries? One reason may be that the fish. 
however important as domestic food
stuffs, were the major predators upon

the region's shrimp stocks.
 

Other factors also contributed to the 
rapid decline of south Sinaloa's fisheries. 
Natural catastrophes, for instance, have 
played a part. In 1967 during the fall 
rainy season, a particularly severe flood 
buried the region's oyster beds under 
tons of silt, causing an almost total lore 
of that resource. Such floods have hap
pened before in the region, at times with 
devastating consequences. Another flood
 
in about 1300 A.D. similarly destroyed
 
the region's oyster beds, forcing the par
tial abandonment of the fishery for a
 
number of years thereafter.' Following 
the flood in 1967, the federal govern
ment imposed a moratorium on oyster 
harvesting and attempted to reestablish 
the beds; but its efforts have been only 
partly successful because the reduced 
oyster stocks have been subject to heavy 
pressure by rural campesinos, who illegal
ly hanest them in order to provide food 
for their families. The oysters have also 
been damaged by contaminants-chemi
cal pesticides mostly-used in the region's 
agricultural sector. 

Offshore Trawling 
Overshadowing all these disasters, 

however, has been the government's de
velopment of offshore trawling. The 



development of the trawling industry 
has brought about a parallel under. 
development of the inshore fisheries, 
To understand why, it is necessary to 
comprehend the life cycle of Pacific 
Mexico's commercially important species 
of shrimp, all members of the Penaeid 
family. 

In simplest terms, the shrimp are 
hatched from fertilized eggs in the open 
sea, and then, in the form of micro-
scopically small larvao, they migrate up 
coastal estuaries and into briny lagoons. 
In those delicate environments they 
spend some months, giowing to what 
would be recognizable as juvenile shrimps. 
Finally, they migrate back to the sea, 
reach their maximal size, and eventually 

sspawn, thus completing their life cycle.' 
Their seaward migration is particularly 
intense during the fall rainy season, 

when the influx of fresh water greatly 

reduces the salinity of the lagoons, and 

it is this movement on which inshore 

fishermen have relied for millennia. 

From the perspective of Mexico's off. 
shore shrimp-exporting sector and the 
marine biologists and fisheries managers 
who advise it, harvesting shrimp %hile 
they inhabit the inshore waters is re-

earded as poor practice. Inshore harvest-
ing takes the shrimp out of the eco. 

system before they have a chance to 

spawn, which threatens the ability of the 

resource to recover rapidly. Also. by 

removing the shrimp before they reach 

adult size. the ecosystem's maximum 

potential shrimp biomass is not produced, 

Furthermore. the large adult shrimp 
,au.ht offshore bring higher prices per 
uru of weiht in the international mar-
ketplace. Finally, harvesting shrimp with 
trawlers is less costly and far more pro-
ductive than the low-yield, labor-
intensive methods employed by inshote 
fishermen.' 6 

Thus, as Mexico pursued the develop, 
ment of shrimp-export trade in this cen-
tury. it progressively curtailed the inshore 
shrimp harvest, dissociating the rural 
population from a resource that had 
been central to their subsistence and 
commerce. 

Production figure: for 1950.1970 
for the Pacific's offshore sector and alsc 
for south Sinaloa's major inshore co-
operative indicate the dramatic increase 
in offshore production and the corre-

spondingly dramatic decrease in pro-
duction inshore (see Figure 1). Today 
the government permits south Sinaloa's 
rural cooperatives to harvest shrimp for 
only 10 to 12 weeks per year, whereas 
the voracious offshore trawlers are 
allowed 35 to 40 weeks of production 
annually, 

Other factors are indicative of the 
stressful quality of life in this rural-
coastal zone. Ongoing conflicts among 
landowners, landless campesinos,and 
ejidatarios(small-scale farmers who work 
on ejido lands) occasionally prompt group 
actions and violence similar to the highly
publicized incidents which occurred in 
northern Sinaloa around the time of the 
last presidential succession. Severe con-
flicts also exist over rights to regional 
marine resources. Campesinos in the rural 
settlements sometimes shoot at the co-
operatives' trucks-especially at night-
as the vehicles pass through the country-
side on their journeys between the la. 
goonal weirs and the packing plant. 
Campesinosengaged in subsistence fish-
in, are sometimes arrested by soldiers 
from the InfanterCaMarina (the Mexican 
Navy's infantry), who are deployed in 
the fisheries during the fall shrimp har-
vest to enforce the cooperative's exclu-
sive rights. Such enforcement measures 
have been only partly successful, how. 
ever, because of the rural fislermen's 
dispersion is, the labyrinthian systems of 
estuaries and lagoons. A few large.scale 
shrimp contrabanders also seem to oper-

ate with relative impunity, perhaps buy-

ing their security. 


South Sinaioi's rural fishermen are not 
ignorant of the events which have margin, 
alized their traditional way of life. Often, 

in the context of discussions concerning 

the development of offshore trawling, 

they exclaim, 'Camar6n que duerme se la 

leva la marea" ("A shrimp that sleeps is 

taken by the tide"). The statement is an 

ironic, self-conscious acknowledgement of 

their socio-political dormancy as well as 
their inability to .tem the tide of events 
which has impoverished them. 

Current Policy 
It would be glib to conclude that the 

negative consequences of developing 
Pacific Mexico's shrimp-export industry 
could have been easily avoided. Hind-
sight is always clearer than foresight. 

When today's shrimp-export industry 
was first organized, the nation was badly 
in need of capital to finance its recon
struction, and, at least initially, the in
shore fishing cooperatives did elevate the 
standard of living in the rural-coastal 
areas. In 1933 the post.Revo!utionary 
leaders could not have foreseen the great 
population growth to come and, given 
the nation's preoccupation with its 
agricultural sector and a lack of interest 
in the cultural traditions of the inshore 
fishermen, these reformers should not 
be blamed for emphasizing the develop. 
ment of shrimp exports. 

But Mexico is now experiencing acute 
and widespread food shortages, rising 
infant mortality rates, and an exodus of 
its rural poor to its crowded cities and 
to the United States.' Nevertheless, the 
federal government continues to announce 
plans to further develop its shrimp-export 
industry, despite increasing evidence that 
the industry has already reached the 
limits of its growth. Shrim p stocks have 
been declining for a number of years.' 8 

Some industry entrepreneurs question the 
evidence, pointing out steady production 
increases over the past decade; but the 
industry's own fisheries biologists counter 
that such increases only reflect the an
nual addition of new trawlers to the fleets. 
Various methods for increasing shrimp 
stocks are still being tried. The most im
portant involves dredging projects which 
would facilitate the shrimip migrations 
between offshore and inshore waters; 
but these do not promise to make a 
significant difference over the long run. 

Furthermore, since the industry ex
ports nearly all of its production, its
 
dependency upon the international mar
ket-and especially the United States, 
its major customer-often places it in a 
precarious economic position. In 1971, 
for example, the United States' uni
lateral imposition of a 10 percent sur. 
Lharge on import tariffs precipitated an 
economic crisis having painful ramifica
tions throughout Mexico's shrimp indus
try. President Echeverr a responded by 
courting other foreign buyers for Mexi
can shrimp, particularly the Japanese, 
promising he would "weaken the em
brace of the North," but such actions 
were futile. 9 The United States is still 
the major purchaser of Mexico's shrimp 
exports, and the industry is still highly 

Januay/FebruaLy 1980 
30 



FIGURE 1. Shrimp pzoduction in Pacific Mexico, 195-1970. 
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1 Mexico imposed a moratorium on production in the years.1950 1ism I70 Annual shrimp productionof south Sinaloa's major inshore fishing cooperarive. Inshor shrimp Producticndroppedfrom a highAnnual offhore shrimp production for Mexico's Pacific coast of 2,400 metric tons in 1952 to a low of 400 metric ton inOffshore productionrose almost 300 percenr during the twenty 1970. SOURCE: Mendoza von Bortel, Xavier, Mere IV. Congr.yean, 1950-1970. SOURCE: Insituto de Pezre, Mexico, D.F. Nac. Oceanogrfic (Mexico); 401-4 78. 7972. 

vulnerable to the vagaries of the inter-
national marketplace. 

Dependency upon the international 
market has also caused the industry to 
engage in market behavior which seems 
indefensible for anation experiencing 
food shortages. In spring 1978. for ex-
ample, stories appeared in the nation's 
press reporting the destruction of large 
quantities of seafood in order to drive 
up its price in the international market, 
In the same period domestic food sup-
plies were reported scarcer than ever. 
Those resources might instead have been 
distributed to ultimate consumers in 
food-deficient regions. 

Mexico needs to seriously reconsider 
its policies for the management and 
development of its Pacific-coastal fish-
cries. It should stress revitalization of 
the inshore fisheries, encourage the re-
surgence of inshore fish stocks, and re-
lax its restrictions upon individualistic 
subsistence fishermen and small-scale 
regional commerce. Positive steps should 

also be taken to invigorate the nation's 
domestic seafood markets. 

Such a change of policy might not be 
as radical as it first seems. Indeed, it 
may come about naturally as increased 
exports of petroleum from the Campeche 
Bank appreciate the peso, thus reducing 
the relative profitability of shrimp ex-
ports. Perhaps then the nation will not 
have to rely as heavily as it has in the 
past upon the export of an important 
food commodity. 

Few LDCs are fortunate enough to 
have huge undeveloped reserves of 
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energy resources, but they-and those 
countries and international agencies 
which are assisting them-could learn 
much from the development of Mexico's 
shrimp-export industry. The Philippines, 
for example, has both rich shrimp re. 
sources and a large, traditional, rural-
coastal fishing population, and that 
nation is now actively developing its 
fisheries. Having established a 200-mile 
offshore economic zone, the Philippines-
like many other coastal LDCs-is being 
lured by the export income which cer-
tain seafoods promise. Unfortunately, 
many LDCs ignore the poverty of their 
rural-coastal regions, viewing that and 
the development of their fisheries as 
distinct, or unrelated, problems. Here 
the work of anthropologists, ethnohis-
torians, rural sociologists, and economists 
could inform the course of these nations' 
future fisheries' development.20 

Fishing is a small part of the GNP in 
most countries. Even in Japan, a nation 
well known fow its extensive fisheries 
and fishing traditions, the value of agri-
cultural output exceeds that of fishing 
by 50 times.21 As aresult of its relatively 
small role in most nations, fisheries are 
often not well und.rstood as asocio-
economic phenomt,,on. This may lead 
national economic ,lanners to lump 
various forms of fishing under one rubric, 
so that they fail to distinguish crucial dif-
ferences between subsistence versus com-
mercial fishing, or inshore versus off-
shore fishing. Moreover, many nations 
may not be sufficiently aware-because 
they lack the appropriate information-

that increased income from fisheries' ex
ports may, in some cases, be more than 
offset by the consequent social and eco
nomic costs in their rural-coastal zones. 

These considerations, as well as the 
undesirability of economic dependence 
on foreign markets, suggest that LDCs 
should exercise great caution when plan
ning to develop fishing industries predi
cated on the production of income from 
exports. Moreover, the participation of 
their own rural poor in fisheries develop
ment should, as amatter of policy, be 
given at least equal importance with the 
possible income the fisheries can generate. 
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Sociological Perspectives on Energy and Rural 
Development: A Review of Major Frameworks 
for Research on Developing Countries' 

Bruce Koppel and Charles Schlegel 
Eas - a Center Rsoureo Syuteau Iactwta, Hfoxolula, Hawaii 

AsTAcr The contemporary energy situation raises new problems for
 
rural development which require fresh thinking and perhaps some re
orienatimn by sociologists. Five major frameworks for the sociological
 
analysis of energy-rural development interactions in developing countries
 
are critically evaluated. The frameworks are appraised in terms of their
 
conceptualization of energy and its social significance, and the sociological
 
variables emphasized. It is argued that despite the rclative unfamiliarity
 
of energy to many sociologists, an uncritical acceptance of the models,
 
concepts, and assumptions of technological perspectives on energy is un
warranted. Energy reductionism, ia particular, is a technological imper
ative that can have a very significant impact on the characteristics of so
ciological analysis.
 

Introduction 

Broader awareness of the energy trap to which most societies have 
become vulnerable has peaked in recent vear- for obvious reasons. 
Among industrial societies, dramatic escalations in prices, shortages 
in supplies of hydrocarbon products, and heightened concern for the 
exhaustibility of improperly-managed natural resources have com
bined to create a sense of "crisis" in some sectors. While work on the 
American food system has pointed to its high energy intensity (Buttel 
and Larson, 1979: Desai, 1977; Pimentel et al., 1973; Steinhart and 
Steinhart, 1974) arid recent agenda for basic agricultural research 
reflect sensitivity to petroleum dependence problems (National Acad
emy of Sciences, 1977: Oyer, 1976; Wittwer, 1978). other research 
has suggested that in biomass productivity terms the American ag
ricultural system is highly efficient (Pasour and Bullock, 1977; Re
velle, 1979) and that agricultural energy problems are not serious 
because agricultural production represents only 3 percent of the na
tion's energy bill. Less affluent countries are much closer to the mar
gin in meeting even basic human needs for significant proportions of 
their populations. They are much more heavily reliant on agriculture 
to generate income and employment in rural areas and to satisfy the 

' An earlier version of this paper was presented at the 1979 annual meetings of the 
Rural Sociological Society inBurlington. Vermont. The authors wish to acknowledge 
the constructive reactions of John Bardach. George Beal. Ramesh Bhatia, Fred Buttel. 
Romir Chatterje-. John Holdren, Malcolm Slesser, and Terry Rambo. and the helpful 
suggestions of Stan Albrecht. 
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often competing requirements for food and foreign exchange (Lappe 
and Collins, 1977). In these countries, the energy crisis is less a shock 
than another step down a blind alley. Over a generation, strategies 
to improve agricultural productivity and develop viable modes of 
non-agricuitural rural employment have barely kept pace with pop
ulation growth (Asian Development Bank, 19 77). Furthermore, ef
forts to increase food production using high input cultivation regimes 
h. 	 : revealed the sand-energy trade-off which this usually involves
diminishing returns in protein per hectare year to intensified input 
applications (Slesser, 1973; Slesser et al., 1977). In recent years, it has 
become dearer that the technological and institutional prerequisites 
of these developmental strategies may only be sustainable at increas
ingly higher cost in terms of resource requirements, regressive social 
impacts, and future inability to adapt (International Labor Organi
zation, 1978; Koppel, I '8). 

For many countries, a range of very complex energy policy ques
tions are in varying stages of engagement (Resource Svstems Insti
tute, 1978). Most of those questions are beyond the scope of this 
paper, but a general awareness of their contenr will be assumed. What 
will be discussed here is the following issue: What frameworks should 
sociologists be using to understand the energy-rural development in
terface, especially in developing countries? The question is hardly 
academic. Rural sociologists will be asked to participate in judging 
the feasibility, appropriateness, and impact of various rural energy 
strategies in developing countries. The impetus will come from 
the Board for International Food and Agricultural Development 
(BIFAD) institutional strengthening grants. the Title XII program, 
strong interests within the Agency for International Development 
(AID) and emerging programs in the United States Department of 
Agriculture. just to name a few. Our purrose is to stimulate discus
sion which confronts many of the crucial uncertainties surrounding 
the social significance of energy issues. 

The problem is stating tht.prnblem 
Determining an appropriate analytical framework is a decision which 
reflects the central vision of the problem to be analyzed. If we review 
work accomplished to date on energy and rural development, the 
outlines of several visions can be discerned. Before discussing these 
in any detail, however, it will be useful to identify some common 
attributes of existing work on developing countries. The following 
critical conclusions can be drawn: 

(1) 	The work isoverwhelmingly energy a.ssessment. The evaluation of spe
cific technologies or tasks in net energy terms is carried out within 
the framework of a distinct "rural energy system." The utility of 
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"rural energy system" as a meaningful metaphor has not been 
evaluated. One consequence is that research is only occasionally 
oriented to contemporary agricultural development issues or to 
a broader conception of rural development. 

(2) Existing research has relied extensively on the aggregation of energy coef
ficients across a wide range of tasks and usem. This is a result, in part, 
of data constraints and can be considered a measurement prob
lem. There are still very few carefully-executed household energy 
demand studies fo, low income families in rural areas, and there 
is considerable variation in the ways national energy statistics are 
generated, treated, and published. 

A measurement problem, however, is often symptomatic of a 
basic conceptual problem. The focus on aggregation illustrates a 
measurement problem which follows from inadequate attention 
to the issue of energy indexing. It is common[,, assumed in energy 
analysis that all kilocalories are equal. The assumption may be 
acceptable where only a single fuel is being measured. but when 
the analysis includes different types of fuels, as well as fuel pro
duction and consumption systems, the assumption is false and 
the comparisons of energy quantities misleading. The difficulty 
arises from the differences between work potential and work per
formed, an eficiency issue derived from the second law of ther
modynamics. For example, one Kwh of electricity has far greater 
work potential than one Kwh (thermal) of coai. Does it follow 
that one Kwh of electricity reoresents "more" energy than one 
Kwh (thermal) of coal? Not necessarily. It might take three times 
as much energy resource to deliver one Kwh of electricity as it 
does to deliver a Kwh (thermal) of coal. "Like money, one does 
not expect a single number to tell one everything one needs 
to know" (Slesser. 1978). 

Nevertheless, there is strong interest in developing a common 
metric based on some understanding about energy quality. An 
effort to reach such an understanding is problematic in part be
cause thermodynamic limits on many energy conversion process
es commonly used in rural areas have not been established. It is 
made even more complex by the linkage of the energy quality 
issue to institutioaial, economic, and even cultural factors. The 
energy indexing problem is extremely basic, but it should not be 
foreign to those sociologists who have employed the tools of sys
tems analysis nor to those who have examined the generally high 
correlations between commercial energy consumption and ur
banization. What the aggregative emphasis has ignored, with only 
a few exceptions (Bealer, 1980; Harris, et al., 1980), is that within 
the same society several energy quality systems may be operating 
and that there may be significant relationships between overall 
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energy efficiency (notjust commercial fuel consumption) and var
ious modes of social organization. 

(3) 	That portion of existing research which is oriented to the considerationof 
policy options frames the choices, with few exceptions, as technological. 
The technological imperative is evident in the principal social 
question normally raised: "What social changes are necessary to 
accomodate technological solutions to energy problems?" That 
type of question limits at the outset the alternatives which will be 
considered. 

(4) 	Rural sociologistsand other social scientists concerned with rural devel
opmeahave taken, at best, anly a minor rolein conceiwing, implementing, 
and analyzing rural energy research. This situation reflects a basic 
institutional reality in most developing countzies: It is not the 
rural development or agricultural research agencies that are in 
the rural energy policy arena; it is the recently created energy 
ministries that are engaging in explicit discussions of energy is
sues in rural areas. 

Despite this rather unsatisfactory overall picture, several more pos
itive aspects of existing research on energy and rural development 
can be noted. There is an increasing tendency to locate the rural 
energy question within the food-poverty syndrome (National Re
search Council of Thailand. 1979: Resource Systems Institute, 1979a, 
1979b, 1980; Revelle, 1978: United Nations University, 1979). There 
also appears to be an em.rging concern to moderate some of the 
more spectacular alarmist assumptions which have previously moti
vated much rural energy research. This moderating trend is char
acterized by more carefully-executed household and village studies, 
by occa. ionally specifying sociological variables as exogenous, and by 
giving more attention to the wide variation in rural energy mixes and 
rural energy end-uses (Bajracharya, 1980; Bhatia, 1977; Desai, 1978; 
Koppel, 1980; Makhijani and Poole, 1975; Smith et al., 1980; Tvers 
and Revelle, 1978; Weingart, 1979b). 

Our discussion now turns to a closer examination of the principal 
sociological frameworks which are represented, in one version or 
another, in existing work or, in our judgement, appear as strong 
candidates for utilization in future research. Our purpose is not to 
definitively introduce the frameworks to those unfamiliar with them 
nor to provide original interpretations of their characteristics for old 
hands. The purpose is much more limited, namely, to suggest what 
the frameworks have to say about energy. If ,r characterizations 
sometimes appear too general or tentative, it is Lecase there are too 
few cases of clear application to support more categorical !tatements 
about how researchers using these frameworks are proceeding. In 
those cases, we are making appraisals based on likely attributes of 
framework application to rural energy questions. 
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Socio-technicalanalysis 
This framework, developed principally within industrial and orga-. 
nizational sociology, is oriented to the decomposition of technological 
processes into basic tasks or components. Analysis focuses on the 
relationships of organizational and managerial characteristics to at
tributes of tasks and technological processes. The framework's ap
plication to rural energy analysis has been accelerated by the early 
popularity of the "flow" metaphor as an approach to understanding 
energy-rural development interactions. Energy was seen as "flowing" 
through rural systems. In the socio-technical framework, however. 
energy flows do not necessarily occur in a system integrated around 
some factor other than energy. Research concentrates on chains of 
agricultural and household energy uses. 

Socio-technical analysis can provide a basis for translating charac
teristics of technological processes into social terms. Examplcs include 
research on cooking functions (Institute for Energy Research, 1978), 
crop drying (Chancellor, 1978). rice production (Kuether and Duff, 
1979), and biological pest control (Kenmore. 1979). Socio-technical 
analysis can also be a useful basis for comparing alternate ways of 
performing the same task-for example, biogas gene:ation (Santerre 
and Smith. 1980; Smith and Santerre, 1980). The major limitation of 
socio-technical analysis is that the rural social milieu tends to be pres
ent only in the form elicited by technological components or energy 
-'flows.- A rural energy "system" is assumed to be a meaningful entity. 
This assumption yields a reductionist vision of a social system, one in 
which the system exists only within a line-item energy account. Be
yond the order supplied by the reconstitution of energy conversions 
into some technological process. the social system does not really exist. 

Evolutionaryperspectives 

This framework seeks to identify systematic processes underlying the 
distribution of technologies and patterns of technology utilization 
across geographic and social space as well as aci-oss time. Perhaps the 
most familiar example to rural sociologists is diffusion research. One 
approach has been to use a diffusion framework in forecasting. Mar
chetti and Nakicenovic (1978), for example, studied the time frame 
and adoption pattern for large-scale changes in technology systems 
as a basis for forecasting rates of change in energy systems. Others 
have used similar procedures to generate forecasts of large-scale con
versions to decentralized solar thermal and photovoltaic electricity 
systems and widespread use of biogas and biomass related energy
technologies (Buffington and Zar, 1977; Electric Power Research In
stitute, 1978; Prasithrathsint, 1979; Weingart, 1979a). Such studies 
are useful ways of thinking in specific terms about alternate futures. 
The major limitation of the approach for energy analysis stems from 
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a tendency to improperly generalize historical patterns of energy use 
and social change. Generalizations about renewable energy systems, 
for example, based on diffusion of non-renewable energy technolo
gies often contain quite arbitrary assumptions about the variability of 
relative factor costs, risks, and externalities. The wise variation in 
basic estimates of ccal and oil reserves, "proven" and "undiscovered," 
makes it difficult to properly characterize the diffusion characteristics 
of past patterns of energy resource depletion. For studies on rural 
areas of developing countries, attempts at extrapolation based on 
interpretations of agricultural technology diffusion studies may be 
premature. Agricultural technology diffusion studies have focused 
on the use of petrochemical inputs (such as nitrogenous fertilizer) 
and middle distillate products (such as kerosene). This gives an in
complete picture. What is missing is adequate attention to: (1) the 
complete fuel resource base available to and allocated by rural users, 
and (2) the complex intermediate roles played by technologies for 
fuel production and fuel consumption in linking energy sources and 
end-uses. 

Another evolutionary perspective on the energy-rural development 
problem is a continuing tradition of anthropological and rural socio
logical research which can be broadly placed within the framework 
of White's energy and cultural development hypothesis (Adams, 
1975: Buttel, 1977; Buttel and Larson, 1979: Cottrell, 1955: Shiels. 
1972: Spicer. 1952: White, 1943, 1959). White's thesis basically posits 
a monotonic relationship between cultural complexity and aggregate 
energy consumption. Energy is assumed to be a critical limiting factor 
for cultural adaptation. White's (1959) thesis has motivated consid
erable research. Recent empirical work by Rambo (1979a, 1979b) 
refutes the linear hypothesis for per capita energy consumption. Fur
ther re-evaluation of White's hypothesis should yield interesting re
search on the relationships between changes in social scale and com
plexity and patterns and intensity of energy use. A major problem, 
however, for this version of evolutionary research is the misleading 
and possibly noncomparable indices that result from aggregating a 
wide range of energy uses and fuel types in terms of a single heat 
measure. The issue is the problem of energy indexing, which was 
discussed earlier. Energy indexing is not simply a measurement prob
lem but a conceptual problem: what is energy? Analysis in the White 
tradition will need to find ways to resolve or circumvent the energy 
indexing problem. 

Evolutionary research can be useful as an approach to comparative 
analysis and as a basis for stating and verifying a limited set of basic 
energy-social organization typologies. The utility of the framework 
for rural energy research, however, ultimately rests on the vision of 
"what" is evolving and "what" if anything is being replaced, modified, 
or recast. It follows that as there is clarification of what it is about 



for each factor. One way of initiating such an evalua,
tion is to choose an arbitrary value, say 100, for the 
suitability of a certain type (e.g., Drummer-Flannagan
soil) of a certain factor (soils) for a certain land use 
(e.g.. row crop agriculture). All other evaluations arethen made with reference to this standard, using the 
unit implied. The dollar is one unit of valuation that 
people are used to applying to a wide, but still limited, 
range of options. Therefore, another useful evaluation 
procedure is to express suitabilities by factor directly 
in estimated dollar units (Hopkins 1975). 

Although some people do not believe that such all-
inclusive ratings can exist, the same thing is being
accomplished through the weights in the usual iinear 
combination method. The protection of not under-
standing exactly what the ultimate ratings will be
has simply been removed. Freeman (1970) has pro-
vided a straightforward explanation of the necessity
of' valuation in making choices (see also Hopkins,
et al. 1973). One can do the valuation explicitly 
or implicitly, but an choice among alternatives with 
respect to a set of factors implies a relative valuation
of factors at least sufficient to make that choice. 

Independence of factors. 
 The linear combination 
method corrects the measurement problems of the 
ordinal combination method, but the problem of
handling interdependence among the factors still re-
mains. The linear combination method cannot deal 
with the situation where the relative suitability for a 
given land use of a type on one factor depends on the 
i.%pe on any of the other factors. Despite its in-
ability to handle interdependence among the factors,
the linear combination approach is still frequently
used, as implied for example by the discussion of 
weighted overlais in Steinitz, Parker, and Jordan
(1976). There are three possible justifications for 

continued use of the linear combination method, 


First, the factors might be known to be independent

because they had been derived through factor analysis 
or some similar statistical technique that generates
independent factors. This possibility, and the need for 
independent factors as inputs to a cluster analysis of 
regions, was recognized in the Rice Center (1974)
study. The researchers implemented it, however, only
to the extent of using human judgment to identify 
independent factors. Durfee (1972) has discussed the 
potential for application of factor analysis, but it hasnot been applied to justify using a [;near combina-
tion method in determining suitabilities. Limited 
experimental experience suggests that, because of the 
data requirements and difficulty of interpretation, us-
ing factor analysis to identify factors is not worth-
while for most suitability analyses, 

The second possible justification is that linear com-
bination, though highly imperfect, is the best method 
available in the sense that the benefits from any
alternative method would not exceed the cost ofapply. 

ing that alternative. The rules of combination method 
described below can handle interdependence and re
quires no transformation to numerical values. There
fore. the linear combination method cannot be justified 
as the best available method. 

The third possible justification is that the factors 
typically used afsuch bedrock geology, surface 
geology, ground water, surface water, soils, slope,
vegetation, and existing land use can be deductively

determined to be independent. Although examples
 
of interdependence among these factors are harder to 
identify than some people might expect, there are 
many. Recall the above case of slope, subsurface,
and soils. Another example would be adding the 
amenity for residential use of an existing tree 
canopy and subtracting the cost of artificial drain
age required because of soil conditions. Installation 
of the artificial drainage and the resulting change
in water table would eliminate the vegetation 
canopy. Therefore there is interdependence among
the factors: the value of the vegetation type de
pends on the soil type.

Although interdependence among the frequently 
used factors does exist, not all factors are inter
dependent. In addition, some factors that affect several 
types of costs and impacts, such as soils, may be
interdependent with respect to some of these costs or 
impacts but not others. It is certainly acceptable to use 
a linear combination for particular instances where it 
can be empirically or deductively shown to be correct. 
For example, costs for constructing a foundation to 
compensate for poor soil conditions are independent
of the vegetation cover type. Therefore the construc
tion costs could be subtracted from the vegetation 
amenity value. 

The linear combination of factors should be viewed 
as a particular case. It is only one of an infinite 
number of possible functions for combining factors. 
The linear combination method can not be applied ap
propriately across the board to all combinations of

factors. Of course, 
some factors are independent;
but the point is that many land use suitability studies 
have used the linear combination method to apply to 
all factors, as if the method were inherently correct
 
without regard to observable interdependence among
 
factors.
 

Nonlinear combination method
 
Interdependence among the 
 factors could be 

handled if the combination equation were not linear. 
If the appropriate relationships among the factors 
are known and can be expressed as mathematical 
functions, the nonlinear combination method is ideal. 
Instead of a linear combination (weighted addition) 
as in deriving step 4 in Figure 4, the ratings of types 
are plugged into the nonlinear functions and results 
are obtained analytically for all factors combined. 
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[he only difference from Figure 4 is that the corn-
,ination equation to get from step 3 to step 4 contains 
tonlinear relationship instead of addition. However, 

his method is not likely to be possible for studies 
)Ithe kind under consideration, because the relation-
hips required to deal with the full range of costs 

t11d impacts are not known. 
.\thhough Storie (1933) proposed a nonlinear (mul-

iplicative) index of soil factors for agricultural pro
hlction, he provided little convincing evidence for the 
ittictional form chosen. Voelker (1976) presented a 
ttihg itndex for site costs with a nonlinear relation-

,hip between percent coverage of vegetation and a 
cvioush computed index that is a function ot soil 

td slope. He reported iterative, judgmental fit-
in-, if the index, but this is just one of many re-
!ited relationships. The most frequently used nop-
ttar combination functions are the standard equa-

for computing runoff and soil loss for given 
,,uhinations of types of land cover, slope, and water
litd shape. .\lthough these equations are certainly 
Icrttl, they, apply onv to specific components of an 

erall suitability rating. 
Most nonlinear equations that are widely used gen-

'Tate suitabilities regarding generation of impact, run-
,t' for example, rather than suitabilities for land 

:igure 5. Factor combination method 
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uses. As discussed at the beginning of this article, 
such impact suitabilitv maps may be inputs to land 
suitability maps, but they constitute only one factor 
in the broader level of analysis that is required. The 
nonlinear combination method overcomes the prob
lem of interdependence among factors, but so far it 
has not been operationally useful for generating 
overall land use suitabilities. 

Explicit identification of regions 

One way to avoid the problem of interdependence 
among the factors is to first identify homogeneous 
regions explicitly. The homogeneity of regions does 
not depend on the independence of factors. Given the 
homogeneous regions. the suitability ratings for each 
region can be determined by implicit judgment con
cerning the combinations of types that then define the 
regions. 

Factor combination method 
A straightforward modification of the gestalt method 

allows one to deal with interdependence among che 
factors but with a" tremendous loss of efficiency 
compared to the methods described in the previous 
section. Figure 5 describes the same artificial problem 
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for each land use 



used for illustration previously, but in this case the 
order of steps 2 and 3 is reversed. Step 2 now 
consists of combining type maps for each of the factors 
to obtain a composite map of regions that are 
homogeneous with respect to all factors. No rating is 
implied; this map is merely a complete logical inter-
section or factor combination of the boundaries of the 
regions fro:i each factor map. It is equivalent to a 
very complex Venn diagram in set theory. 

Step 3 is now the derivation of the suitability ratings
table. Instead of a list of factors and types for each, 
the vertical axis identifies all the regions that occur on 
the map. It is thus equivalent to the table for the 
gestalt method in Figure 1. except that an explicit
procedure has been used for deriving the homogen-
cous regions from the individual factors. One can 
now evaluate the suitability for each land use relative 
to each specific combination of types, without having 
to consider the general relationships among individual 
factors as in the linear combination and nonlinear 
combination methods. It is evident that, just as in the 
gestalt method, implicit judgments are used to deter-
mine the suitabilities. The determination of homoge
neous regions has been made explicit; the determina-
tion of suitabilities has not. 

The Plan for the Vallevs by Wallace-McHarg As-
sociates (1964) is a simple example of this method, 
Two factors, forest cover and topography, were used 
to generate fi'e combinations: valley floors, un-
forested valley walls. forested valley walls, forested 
plateau, and unforested plateau. By implication, 
forest cover did not apply to anv, valley floor areas on 
the site. Management principles were prescribed for 
each region (see also McHarg 1969, pp. 79ff.).

Factor combination is suitable for studies involving 
only a few factors; a larger number of factors makes
infeasible the determination of suitability ratings for 
each combination. Thc most time consuming part ofa 
real study is identifying the ratings to go into each 
box in the suitability table. It is thus desirable to 

minimize the 
 number and difficultv of evaluations, 

Note that
procedure inthe table for the linear combinationFigure 3 requires suitability ratings for 
various activities on each type within each factor,
This number (seven in this example) equals the sum of 
the types over all factors for each activity. For the 
factor combination method, however, the table in-
cludes a row for each homogeneous region that 
actually occurs on the site. This number has an upper
bound (twelve in this example) that is equal to the 
product of the nunber of types for each factor, 
The potential number of combinations is enormous
if oie dealt with en factors each having ten types, 
the number of possible homogeneous regions to be
rated would be 1010 or one billion. For the same 
set of factors the table for the linear combina-
Lion approach would require assigning ratings to only
100 types. 

This tremendous difference in the required
number of evaluations is reduced by mapping the 
homogeneous regions first. Most of th'e possible com
binations will not occur on a real site due to spatial
correlation among the ecological factors. In one un
published study carried out in this fashion by the 
present author, approximately 5 percent of the pos
sible combinations actuallh occurred. However, if 
accessibility relationships among existing and poten
tial activities were one of the factors, this per
centage would be much greater. Even with the poten
tial reduction of regions by mapping to determine 
those that actually exist, the suitability table for the 
factor combination procedure may be unwieldly, espe
cially for large, diverse study areas. The factor 
combination method has the further disadvantage
that the rating of regions in terms of suitability relies 
entirely on implicit judgment for the transformation 
of the types in the combination into a rating for the 
combination as a whole. 

Cluster analysis 

Cluster analysis, used in the Rice Center (1974)
study, also explicitly ideitifies homogeneous regions
by successively pairing the most similar sites or groups 
of sites, based on an index of similarity across the 
set of factors. The process is stopped at some pre.
determined acceptable level of diversity within the 
clusters, resulting in a set of regions, each with a pro
file showing the range of types for each factor. As in 
the factor combination method, this profile still must 
be transformed into some aggregate rating by implicit
judgment. The clustering does, however, serve to re
duce explicitly the combinations of types to be 
considered. 

One of (he most interesting potentials of the cluster 
analysis method is the possibility of using the 
statistical measures of variation on factors within
 
clusters as measL'res of suitability. Diversity within a
 
homogeneous re:gion is often a 
more useful measure
 
of suitability for particular 
uses than a modal typeor a specified range. For example, a region with
 
diverse slopes makes a good site for 
a planned unit
 
development; a region with all 
 flat land or all steep

slopes does 
 not. However sed, cluster analysis re
quires great care in interpretation and significant costs 
for computation. Cluster analysiscan not be justified
unless expected results are significantly better than 
from other methods; this case has not et been 
demonstrated. 

Suitabjities by logical combination 

Rules of combination is a useful label for a class of 
methods that is, in a sense, a compromise between the 
nonlinear combination method and the factor corn
bination method. The rules assign suitabilities to sets 
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of combinations of types rather than to single corn-
binations and are expressed in terms of verbal logic
rather than in terms of numbers and arithmetic, 
It is then not necessary to evaluate each combination 
separately as in the factor combination method; nor is 
it necessary to find a precise mathematical statement 
of the relationships among factors as in the non-
linear combination method. In addition, the process 
of determining suitabilities is more explicit than in the 
factor combination method and can deal with inter-
dependence. A final method, hierarchicalcombination, 
could be viewed as a special case of rules of 
combination. However, because it is an important 
case, with general properties of its own, hierarchicalcombination is treated separately.ThonydfeeefrmFge5ishuruscs 

Rules of combination method 
A simple, clearcut example of the rules of combina-


tion method is given by Kiefer (1965). After mapping 


the factors, he rates the types within the factors in a 
process equivalent to step 2 in Figure 3. He then states 
the general rule that the rating of the worst factor 
in a given region overrides the rating of all other 
factors. The rating of the worst factor is thus assigned 
as the rating of the combination of types for the given 
region, though often with exceptions. Kiefer,. or 
instance, identifies sets of combinations that are to be 
rated by different rules, such as "a land unit rating
'optimum' in all factors except soil class and rating 
'satisfactory' in soil class should be given an overallrating of "optimum'"' (p. 113). Instead of a linear 
combination to map step 2 into steps 3 and 4 as in 
Figure 3, the verhailv expressed rules determine the 
composite ratings for the map in step 4. 

The early warning system (Patri, Streatfield, and 
Ingmire 1970, lngmire and Patri 1971) uses the rules 
of combination approach in deriving the "critical 
factor" map for rock and soil dynamics, which is 
essentially a suitability map for the likelihood of geo-
logic activity. Rules of the following sort were used to 
define suitability levels. 

This broad category includes all cells which are 
scored in excess of 10% slope and are of a high 
erosion hazard category. They are outside of critical 
formations and expansive soil zones. They may in-
clude all but "active" and "major" faults (Patri,
Streatfield, and Ingmire 1970, p. 132). 

Although McHarg's work is usually associated with 
the ordinal combination method described in Figure 
2, many of his studies are more accurately described 
in terms of rules of combination. A frequently used 
graphic procedure begins by following the factor 
combination method illustrated in Figure 5. Each of 
the factor maps is drawn with nominal data types. 
A code sheet is made by placing a piece of tracing 
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paper on each of the factor maps in succession, out
lining areas bounding each type and identifying them 
with a sequential code of letters or numbers as il
lustrated for the two-factor case in step 2 of Figure 
5. This paint-by-number sheet is then printed as a 
base map for drawing suitability maps for various 
land use activities. However, instead of developing 
suitabilities through implicit judgment of each of the 
combinations at this stage. as in the factor combi
nation method, a set of explicit rules of combination 
is developed. The map of step 4 is then colored to 
show suitability for a particular use by applying the 
rules to each combination on the coded base map.
The 	only difference from Figure 5 is that rules re 

eused to generate the ratings in step 3. The Medford 

study (Juneja 1974) provides a well-documented ex
ample of this approach, although the rules of' com
bination follow a very simplistic and rigid form. The 
general rule used is not specific to the set of combinations, nor does it have any very convincing basis in 

terms of the natural relationships among factors. A 
single rule of this type is unlikely (o be valid for the 
many different factors and land uses, because it is 
unlikely that the natural relationships involved will be 
so nearly the same. 

A set of simple rules for the example of inter
dependence among slope, soil permeability, and sub
surface material demonstrates the hiandlitng of utterdependence among factors and tie relatiosips oh 
rules to the natural system being deacried. Asie 

that there are two slope types, greater thtan 25 per
cent and less thin 25 percent; two soil tpes, wcll
drained and poorly drained; and two uhsutirtae 
materials. clay and not clay. Then high .uinahili1% 
would includ regions with slopes less tham2pecrtenia 
or regions with slopes greater than 25 pert eiii and
 
poorly drained soil or regions with greater tami 23
 
percent and not clay subsurface. Low stitahilii
 
would include regions with slopes greater thai 25 per
cent, well drained soil, and clay subsurface. These 
rules cover all of the 'eight possible cunibiiations 
of the three factors. In contrast to the Medford studs 
rules, these rules have a logic based in the under
standing of the natural system being described 
rather than a single set of relationships repeated 
for all combinations regardless of the specific types 
and factors being combined. 

Rules of combination can be applied to construct 
the composite suitability ratings map without having 
to deal with each possible combination individually. 
If the rules are stated explicitly, they can be used to 
generate maps directly without compiling a suitability 
table for all possible combinations. This is an obvious 
saving of effort compared to the factor combination 
approach. In addition, such rules are explicit and thus 
subject to scrutiny. The rules, if carefully devised, 
can also handle interdependence imong factors. 
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Hierarchical combination 
A more structured approach to rules of combination 

is based on the work of Alexander (1964). The basic 
concept is that a composite rating canhierarchically. be generatedFirst, the combinations of types fromeach subset Ffstronglyeactroglyintrdeendntinterdependent factors aresusetof actrs re 

-rated for suitability a combinations, which thus per-
mits consideration of' interdependence among the
factors within each subset. Then higher order com-
binations of the combinations from these subsets of 
factors are rated, with each lower order combination 
now treated as an integrated whole. This sequence of 
hierarchical combinations is repeated until a rating isachieved that includes all relevant factors. In this ap-
proach a combination of types in a subset is evaluated 
only once, rather than being evaluatedappears as part of a combination each time itof types for all
factors. The increase in efficiency over evaluating allpossible conibinations depends on the number of rela-
tively independent subsets of factors that can be
identified. Alexander and Manheim (1962) applied
this concept in a somewhat different fashion for
the location of a highway corridor. 

A hierarchical method also was used for the impact
models in the Honey Hill study (Murray, et al. 1971).
However, the purpose for doing so and the criteria 
for carrying out the process do not seem to match the 

Table 1. Summary comparison of methods 

Handles Explicit
interdependence identification 

Method of factors of regions 
Gestalt Yes No 

Mathematical combination
 
Ordinal combination 
 No Yes 

Linear combination No Yes 

Nonlinear combination Yes Yes 

Identification ot regions
 
Factor combination 
 Yes Yes 

Cluster analysis Yes Yes 

Logical combination 
Rules of combination Yes Yes 

Hierarchical combina-
 Yes Yes 

lion 

mathematical properties of the procedure. The 
evaluator was restricted to a set of three factors of his
choice and was told to rate the combinations resulting
from the two least important factors first; then thesecombinations (pairs) were combined with the mostimportant factor. To handle interdependence it would
be more appropriate to combine the two factors 
with the greatest interdependence first. The third factorwould then, by implication,with thegreatest be interdependentinterdependen onl't or
with the combinations of the first two factors. 
gardless of the stated intentions in the Honey 

Re'-
Hill

study, this h;erarchical combination is in effect what 
the logical properties of the procedure actualty
accomplish. 

The neat three-by-three structure of the Hone, Hill
procedure has the appearance of a superficial gimmick 
with little realization of its logical basis. Thereno inherent reason iswhy one should be limited in all 
cases to three levels of three factors, nor to consider
ing variation among only three sets of land uses. It is
highly unlikely that knowledge of various impacts
would happen to fit this rigid three-by-three frame
work. These comments, which also apply to some of
the simplistic rules of combination described in the 
previous section, are not intended to denigrate the
importance of the format in which data are presented
for manipulation; the format should not, however,
override the logic of the manipulations. 

Explicit
determination Additional 

of ratings comments Example 
No Hills (1961) 

Yes Involves invalid math- McHarg (1969) 
ematical operations pp. 31-41

Yes Ward and Grant 

(1971)Yes Required functional Voelker (1976)
relationships gen- pp. 49 ff. 
erally not known 

No Requires a very large Wallace-McHarg 
number of evalua- (1964)
tive judgments

No Rice Center 

(1974) 

Yes Kiefer (1965) 
Yes Murray, et at. 

(1971) pp.
131-74 

AiP jOUaNAL 
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Comparison, integration of methods 

-\cin~parisoni ot'sone important characteristics of 
the eight general inethods-gestalt. ordinal combina-
tion. linear combination, nonlinear combination, 
ttctor combination. cluster anah-sis. rules of combina-
lion. and hierarchical combination-is presented in 
Fahle I. Because ofthe coinplenientary characteristic; 
,,tseveral of the methods, it is useful to apply more 
than one method in carrying out a land suitability 
analhsis. This sunnat and comparison outlines cir-
tunmtances in which the various methods are appropri-
tie either alone o in conjunction with other methods. 

Recommended methods 
For simple. sitall. land resource inventories, the 

-estalt inethad is quite acceptable if qualified field 
personnel are available. A typical application would be 
.a 'ite Visit. enhanced I% making notes on aerial 
photographs, to cetermine land suitabilities for asmall 
i)ianiie1( unit dCvelol)tent. The disadvantage of the 
grcstalt method is the implicit identification of regions 
.nd determination of ratings. It would be difficult 
to convince others of the validity of the suitability 
results if, for example, a change in zoning were 
required. 


The three mathematical combination methods are 
either invalid or instfficient by themselves. The 
,,rdinal combimatio: method is invalid and should 
,t he used because of its assumptions and its 
inabilitv to handle interdependence. The linear com-
hinlrion met hd shoutld 1ot he used as a general 
tem hod fr"develop~in suitability maps because of its 
ittability to hatndle ittierdependence. For partictlar 
,CPs of ltctat's that c;an he slown to be independent, 
htwever, it is pertctlv appropriate and relatively 
e;isN to tse. [lie niinlitear combination method is 
generallk insutffictetnt hv itself because the required 
mtthematical relattionships ltr the full range of costs 
and impacts are not known. 
The factor cotmbhinaitton and cluster analysis 

methods do not include explicit tneans for determin-
ing suitability ratings. he factor combination method 
is sotletitmes useful when an analyst is not sufficiently 
familiar with an area to make gestalt judgments to 
identify land types. I the study is otherwise relatively 
simple, it may then be reasonable to make implicit 
judgments as to the relative suitabilities of the regions. 
Although cluster analysis has been used in a few re-
search studies fmr reducing the number of'suitability 
evaluations reqitired. it has not vet been shown to be 
wrrthwhilec inpamc to the costs and beniefits of using 
other methds. 

For niost studies. tlie best approach is to use the 
linear and nonlinear comlbination methods as a first 
stage, followed by rules of combination. First, in-
corporate the relationship: among factors for which 
mathematical functions, either linear or nonlinear, are 
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known by using the particular functions that apply. 
For example. soil loss and runoff can be computed 
from nonlinear relationships of soil type, vegeta
tion cover,and slope. Also,certain construction costs
 
associated with soil characteristics, vegetation, and 
slope can be summed as a linear combination to yield 
a construction cost figure. This preliminary stage 
yields additional factors--in this example soil loss, 
runoff, and construction costs. These new factors can 
then be combined with each other and the original 
factors (exclusive of their contribution to soil loss. 
runoff, and construction costs) using rules ofcombina
tion. This second stage considers costs and impacts 
for which precise mathematical relationships are not 
known and yields an overall suitability rating for aland 
use. Extensive research projects at Harvard (Land
scape Architecture Research Office 1974), the Uni
versitv of Massachusetts (Fabos and Caswell 1977) 
and Oak Ridge National Laboratories (Voelker 1976) 
include examples of the general approach of using 
linear, nonlinear, and rules of combination for ap
propriate components of a suitability analysis. 

The approach just described involves a hierarchical 
sequence of combinations. First, a set of relation
ships is used to yield a new factor, runoff. Other 
relationships are i-sed to yield other new factors such 
as soil loss. Then these new factors (or a subset of 
them) are combined. In this combination of new factors 
the relationships that vielded the runoff are not 
considered. The relationships between runoff and the 
other new factors are considered at the tnore general 
level. Hierarchy is a pervasive structure in thinking 
and accumulating knowledge (Simon 1969). It is there
fore inherent in any conplex procedure for generat
ing suitability maps. 

Interpretation of land suitability maps 

No matter how obtained, land suitability maps 
provide information only about the supply of land at 
various levels of suitability for different uses. It is not 
possible to make evaluative, predictive, or normative 
statements about allocations of several uses to sites 
without also making some assumptions about the rein
tive demands for the alternative uses. The necessity 
of dealing with both supply and demand in order to 
consider questions of land resource allocation is basic 
to land resource economics (Barlowe 1972). Gold 
(1974) has presented the argument for simple, artificial 
examples in the context of land suitability analysis. 
Some land suitability studies pretend. or at least 
appear to pretend. to yield immediate implications for 
allocation of land uses without recourse to explicit 
assumptions about reiative demand for various land 
uses. It is on this point that the land suitability 
inventory work of the past two decades must be inte
grated with other land use modeling and analysis, 
which has been developed primarily in the context of 
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economic analysis. Many experiments already have 
been conducted in pursuit of analytical models 
capable of considering not only transportation and 
demand assumptions but also the site variations and 
environmental effects. (See, for example, Schlager 
1965; Southeastern Wisconsin Regional Planning 
Commission 1968. 1969. 1973; Hopkins 1973; Land-
scape Architecture Research Office 1974; Hopkins 
1975). 

Appendix.
 
Measuiement scales for land suitability analysis
 
It is possible it nanipulate ntinbers using any rules one might 
concoct as long as mathematical properties are not inferred from 
the numbers for which the conditions are not met. The book of 

readings edited by %laranell 11974) provides a wide ranging dis-
cussion of the general issue of measurement and scaling. This 

appendix is intended to clarify which conditions must be met to as-
sure the validity of some sinple numerical relationships usually 
assumed in naking relative judgments for evaluation of suit-

abilities. 
Perhaps the characteristics of the various measurement sys-

tems can be best understood by the example of a footrace il-
lustrated in Figure Al. A ,oennal scale merely gives names to 
the elements, permitting only counting (five people ran the race) 
and perhaps some kinds of grouping (two males, three females). 

Soil .ypes aitd land use types are examples of nominal identifica-
tion in land suitability analysis, 

An ordinal scale indicates the order in which people finished the 
race, permitting certaiu statements of preference, but none of the 
standard mathematical operations. Through the use of modern 

nonmetric. inultidimensional scaling techniques, more information 
can be gained front ordinal data than was once thought possible. 
(See, for example. (;reen and Carmone 1970.) Hill and Tzamir 
(1972) have experimented with nonmetric scaling on a land use 
study in the context of evaluation. Rice Center for Community 
Design and Research 11974) has suggested some very preliminary 
ideas as to its use In land resource studies. 

This taxonomy of methods points up the inap
propriateness of the frequently cited ordinal com
bination method, tie limitations of the linear and non
linear combination methods, and the advantages of 
the general class of methods called rules of combina
tion. It is hoped that the attempt to draw meaning. 
ful distinctions among frequently used methods will 
provide a basis on which further development of land 
suitability analysis techniques can take place. 

An intertsl scale-as meaured by a clock-indicates when each 
person finished the race in units of rime. sav one o'clock. This 
permits determining differences in meaningful units. Joe came in 

two minutes before Pete. which can be found by subtracting 
Joe's time from Pete's. These di/Jerences can be compared by 

multiplicatiot or division. Joe was !/3as much before Pete as Pete 
was before Tom. Multiplication or division of the times themaelves 
is. however, spurious. One does not know when the race started 

or how long anyone took to run it. On an interval scale one can 
say only how many uni-s better or worse, not how many times or 

what percent better or worse. One can say that the interval be
tween one pair of runners is twice that between another pair of 
runners, but not that one runner took twice as long. One special 
kind of multiplication is meaningful with respect to an interval 

scale. Multiplving all values of one interval scale by a constant 
has the effect of changing the unit in which measurement on that 
scale is expressed. One can multiply a time given in seconds by 
s'.. and obtain time in minutes. which can then be compared to 
other times given in minutes. 

A ratio scale-as measured by the stop watch-esablishes 
a meaningful zero point, in this case the beginning of the race. 
It thus permits multiplicatton and division with numbers expressed 
on the ratio scale. Joe ran in half the time of Harry. which is 
found by dividing Joe's time by Harry's. Note trot Figure A l that 
adding or subtracting with the ordinal scale or multiplsing and 
dividing with the interval scale would give mcaniitgless results. 

Figure Al. Comparison of representation of same data in different measurement systems 

Nominal I ll I I I I l t'¢ I I '--lI I I ' 
Joe Pete Torn Dick Harry
 

Ordinal i ! iI i ! ! ! I ,. I 

1 2 3 4 5 

Interval [i i I I I I I I I I I , I, I I I I It 

1:10 1:30 1:32 1:18 1:41 1:50
 

Ratio 9_ 

:00 :20 :22 :28 :31 :40 
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A statement of evaluation using numbf.zrs. say zero through nine, 
Lould occur in any of these measurement ssstems. The digits could 
he simply names or could represent a ratio number system with 
,,meaningful zero. a scale disided into nine units, and positions 

tqiressed to the nearest unit. Note that the result of applying this 
latter measurement sstem to the results of a nine-person race 
,oiuld not be equivalent to a ranking of the participants. One 

cannot determine the type of"measurement system used by simply 

iliserving the infornatisn. but only from the assumptions stated 

explicitly. or more often, implied by the mathematical operations 

performed. The argument is not against zero to nine, but 

against failure to realize aid accept assumptions of the measure-

:t:tot jystem being used. If an inapproprtate zero point is chosen, 

ifie measurement results can be quite meaningless, as in (hecase of 

totingthat Harry took 1.22 times as long as Joe on the basis 
,t lie interval scale where the zero point is 12 noon, but the race 

fwgan at 1: (1 p.m. 

An interval number ssieln is sufficient to identify the suit-
,bilitv of land for a given use as long as an analyst infers no 
ratiorelationships heteen 'altius. It has still be preferable 

to use a ratio cale %iih a meaningfullv defined zero, because 
it Neetnis to lead to better comprehension of the evaluauon 
p cess and its :mplicaiuins. Rather than relying only on additive 
differences in thinking about relative values, one can also think 
i's terms of ratios of the %alutes. 

At the risk of belaboring ainimportant point, the crux of the is-

Author's note 
An article of this natuce relies on the work of others. In this case, 
particular acknowledgments must be made of the author's experi-
ences working with lan McHarg, Narendra Juneja. E: Bruce 
MacDougall, Charles Brandes (lo was persuaded to write his 
masters thesis itt this topic. ind other colleagues and students 
at the Universit of Pennsslvania and the University of Illinois. 
Referees comments on an earlier draft led to clarificauon of several 

points, 
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Some Constraints on
 
Planning for Development
 

in Post-Colonial Africa. :
 

A Concise Longitudinal Evaluation
 
of the Sierra Leone Case
 

Thardo D. Gwebu 

Introduction 

Three generic approaches appear to have characterized development
related investigations in Sierra Leone. The iirst category is typified by 
Harvey's strictly policy-oriented location-allocation investigations (1). 
The second is constituted by Cox-George's historical survey of the Sierra 
Leone economy (2). Finally, there is Saylor's research on the respective 
sectors of the economy (3). Because of their longitudinal orientation the 
last two approaches provide u broader perspective of national develop
ment. Consequently, both of them furnish thbe pxpedi-,t background 
against which the latest National Development Plaa (A)ca, be logically 
assessed. 

(1) See for example Harvey. ..,'"Mle Identification of Development Regions in 
Developing Countries", Economic Geooraphly, 41,1972, pp. Z2-24. Harvey. M.E. et I. 
"The Application of a p-Median Algorithm to the Identfleation of Nodal Hierarchies 
and urowth centers", Ecotilonic GeographV. 50, 1974, pp. 132-202. 

(2) cox-George, N.A., Finance and Development In West Africa: The Slrra Leone 
Experience, London, Dobson, 1961. 

(3)Saylor. R.G., The Zconomlo System of Sierra Leone, .Djirham, N.C., Duke 
Utiveruity Press, 1967. 

(4) "'-tlonal Development Plan 19141 - 1979172 (Freetown, Sierra Leon&. The 
Governnment Printing Department. August 1074). pp. 11-17. 
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This research will briefly consider the nature of pre-independence
planning. Post-independence development policies will then be assessed 
up to the early seventies. Finally, the 1974/75o--.1978/79 National 
Development Plan will be analysed in the light of its predecessors. 

Pre-independenceplanning 

That the nature of the pre-independence economy in Sierra Leone 
wa5 externally-oriented is evident from these remarks Uy Cox-George (5): 

Hitherto the stress has been a mercantilist one, namely the 
development of the export economy. What is required is that 
greater emphasis should, in future, be placed on development 
of the internal market economy. 

Not only was the country dependent on the oiitside for its capital goods
but even for several simple foodstuffs. Cox-George thus recommended a 
rectification of this tendency by advocating economic independence (6): 

... not only by growing more foodstuffs but also in the processing
of the same. Then it might even aim at producing a super 
abundance of these for export as well. Rice, for example, can 
be exported to those places like India, Hong Kong and Japan
from which in turn she can import cheap textiles. 

Apart from calling for a general reassessment of the objectives of the 
pre-independence economy it was pointed out that the current planning
lacked a systemic perspective. This observation was made in reference, 
apparently, to inadvertent oversight to sectoral interdependencies in the 
development process. Accordingly, Cox-George appealed for a compre
hensive and dynamic approach to the planning process (7): 

The planning authority must realize that the economy is essent
ially a system of interrelated parts and that no part can develop 
in isolation from and without affecting others... the process 
can be seen as a symphonic whole and not as mosaic pieces
fitted together as an afterthought. 

The final importaqt point he raised is related to an up-to-date data 
bank. (8): 

.... in the futur, the budget (should) will be planned on some
thing like perfect knowledge of the relevant data. 

From the preceding discussion it is evident that both the aims and 

(5) Ibid., Cox-G jrge, p. 305. 
(6) Ibid., Cox-G~orge, p. 304.
 
() Ibid., Cox-George, pp. 301-310.
 
(I) Ibid., Cox-George, p. 310. 
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specific project activities and potential contributions from various 

disciplines is secondary. The emphasis is on developing the mechanisms
 

involved in determining needs and goals and on developing probleit-solving
 

capacity since specific projects which may be initiated to accomplish the
 

goals will often vary from comnunity to community and from one rural area 

to another.
 

Thus, the position taken here is that a truly integrated approach to
 

rural development, of necessity, involves (1)the land grant functions ef
 

teaching, rese h, and extension, (2) local, state, and federal agencies, 

and (3) the public--potential beneficiaries or victims of changes resulting 

from developmental efforts.
 

In summary, then, it can be stated that given (1)an adequate resource
 

base, (2)a behavioral framework to guide actions, (3) participants from 

land grant and other educational institutions, agency personnel, and the
 

public, and (4) sufficient coordination among these units, the goal of an 

improved quality of life is possible. This improved quality of life will
 

be evidenced through positive changes in human development, economic
 

development, environmental enhancements and preservation, and improvement
 

in community facilities and services. These components or elements of 

the development process are more vividly presented in Figure 1--a model
 

originally developed by Tweeten and Brinkman (1976) and revised by Carlson 

et al. (1981). Focus here is on the "participants" segment of the model 

with special attention being devoted to the most effective ways to organ

ize or involve individuals, families, organizations, agencies, special 

interest groups, business firms, personnel from the land grant complex, 

and others in the delineation of problems and the coordination of ac
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FIGURE 1. Elements of Rural Development 

The behavioral framework 

Behaviol ruin Social struture 
Mores, institulons. pfr.'erty rights. Status. rank. power. sanctions. 
laws. prohibitions deci.on-making mechanisms 

The resource base 
(physical and human) 

Participants 

Individuals. families. private associptions. firms, government hodits. etc. 

Maio areas 

Human development 	 Economic development 

Sociocultural development Job dgiopment
 
Job training Coordinating 2ctivities Agriculture
 
Education Business
 
Health *ervicss Comprehensive planning Industry
 
Food "~t nutrition Land use planning and zoning Servies
 
Care of the elderly Coordination among governmental Materials end equipment 
Youth activities units Credit 
Cultural activities Fiscal marngrnent Markets 
Income security Taxation 

Leadership participation IResearch and information 
Recreation Public grants and loans 

Environmental Community facilities 
Improsens and 

preservation *Housing 

Transportation
 
Conservation Utilites
 
Parks aen recreat ion 	 Comnmuncaton svstem 
Forests, wildlife. and farmland Waste disposal and water 
Pollution control supply 
Population dispersal Schools. churches. 
Community beautification and public buildings 

Shopping and service 
facilifit 

SOURCE: 	 Model originally presented by Tweeten and Brinkman, 1976:8 and revised 
by Carlson, et al., 1981:338. 
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tivities necessary to bring about positive change in the four major areas 

in the lower portion of the model.
 

The Ideal Rural Development Plan
 

The ideal rural development plan isone which is based on results of
 

careful planning and evaluation and one which involves all participants 

from start to finish beginning with "grass-roots" people and proceeding 
through the highest level in the bureaucracy. Persons at the individual 

and Yamily levels should be consulted for the purpose of determining
 

needs as they perceive them and 
 to provide their assessment of what is 
needed to bring about positive change or an improvement inquality of
 

life. Persons at the leadership level--including businessmen, local
 

politicians, organization leaders, etc.--should also be consulted to gain 
their opinion and knowledge about problems facing the community and what 
they feel is needed to bring about positive change. Problems, needs and 
potential solutions provided by these two groups should be compared and
 

reconciled where differences exist since it is very likely that problems 
and proposed solutions as perceived by members of these two groups wili 
be somewhat different. Land grant and agency personnel can assist with
 

this process at various levels beginning with problem identification and
 

needs assessment.
 

Summaries of these "reconciled" problems, needs and proposed solu
tions from communities across the affected area or unit should then be
 

evaluated by appropriate professionals from the land grant complex,
 

agencies and other relevznt entities to determine, from a logical, theo
retical and practical perspective, whether these problems are real and 

42 
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to determine the suitability of solutions proposed. It is at this level 

that alternatives, subject to the resource base, the behavior framework, 

and potential impact on the community, will be explored and evaluated. 

Each viable alternative should b2 presented along with expected posi

tive as well as negative influences. These alternatives should then be 

prioritized by persons at the individual, family, leadership, academic 

and agency levels. Community leaders, with input and assistance from
 

the residents and professionals in the area, will select the alternatives 

holding the greatest potential for positive change. The plans should 

include: (1) mec:hanisms for providing for or compensating those persons 

adversely affecZed, (2) mechanisms for aiding individuals in developing 

the capacity to sustain themselves over the long run as well as (3) pro

visions for those persons unable to participate in the development process 

because of physical or other handicaps. This, by necessity, implies that 

the rural development plan must be balanced and include provisions for 

programs aimed at (1) human development, (2) economic development, (3) 

environmental enhancement and preservation, and (4) improvement in com

munity facilities and services. Specific projects or programs, as iden

tified by the participants, within these broad categories (see Figure 1) 

can be delineated and addressed utilizing assistance from persons or 

professionals in the appropriate disciplines. 

In addition to involving participants from the various groups in the 

development process, they should also be involved in developing the stra

tegy for implementation. Programs should be available and assessable to 

all persons in need of the service or assistance without undue hardship.
 

This can only be accomplished through cooperation and coordination among
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the participants at the various levels in the development of the delivering 

system.
 

Finally, on-going evaluation is an essential part of successful rural 

development. Participants as well as sponsors at the local, state, region

al and national levels, should establish mechanisms for assessing the de

gree to which steady progress is being made in effectively and appropriate

ly addressing needs and problems which have been identified. 

Discussion and Conclusion 

In planning for rural development, thlere is a tendency for attention
 

to focus on specific projects, usually concern with improvements in nutri

tional well-being, housing conditions, and employment opportunities, or 

with the survival of small farms. While these are important means to
 

achieving the goal of improved quality of life, concern with specific 

project activities has been low-keyed in this presentation. Instead, 

attention has been directed toward recognition of the fact that whatever 

specific activities are undertaken in the rural development process, they 

must be self-sustaining and in keeping with the needs and desires of the 

persons affected if they are to be successful. 

This brings us to the second point stressed in this presentation;
 

that is, a truly integrated approach to rural development requires 

careful planning, cooperation, and coordinatirn.of efforts by all involved
 

in the rural development process--the land grant complex, federal agencies,
 

other public and private organizations, and citizens who are most affected 

by proposed programs and changes. Rural development programs are often
 

initiated and planned by concerned "specialists" in the federal and land
 



15
 

grant bureaucracies with little or no input from the intended recipients 

of the benefits of such programs. We must not forget that the most effec

tive developmental programs are those where the people affected understand
 

the proposed program, its purpose, and can anticipate both its costs and
 

benefits. Therefore, the importance of involving rural people in the
 

study, planning and implementation processes of rural development cannot
 

be overemphasized.
 

The time has long-since passed when unlimited federal funds are 

available for rural development programs. While limited funding continues, 

the government has also recongized the need for local people to take a more
 

active role in solving local problems. One of the more recent indications
 

isthis conference and the mindate of the Office of Rural Development Policy
 

(ORDP) to pursue "grass-roots" strategies to total development.
 

The mandate here for citizen input into rural development processes
 

may inmany ways be inconsistent both with our present ways of doing
 

things and with our perceptions of how rural development should be pursued.
 

But based on the numerous "almost" unsuccessful experiences with rural 

development programs, it may be time for us to re-evaluate our present
 

process and begin putting forth concerted effort to make sure that rural
 

development programs benefit those for whom it is intended.
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A "Negotiating Model" in
 
Integrated Rural Development Projects
 
Eric X_ I~~r 

[Neither a "top-down" nor a "bottom-up" approach to rural development

is wholly satisfactory. This article proposes the alternative of a
 
negotiatory, reataionship betweeiz government and rural"villagers,- and
examines the ingredients of its successful application in a Mexican
 
£,roject.
 

Efforts at rural development in Third World coun
tries have generally not been crowned with success. In
deed, for some "beneficiaries" the results have been dis
astrous. For example, peasants who have been persuaded 
to abandon subsistence farming for a single cash crop. 
such as cotton may prosper for a while, but two or three
 
successive years of infestation or depressed world pwices
 
can force them off the land. In other cases the innova
tion just disappears and the peasants return to the
 
status quo ante. Large numbers of rural drinking water 
systems, for example, which are proudly inaugurated as 
a contribution to villagers' health and welfare, are out 
of use within a couple of years, apparently because the
 
local communities lack the skill or will to operate and
 
maintaLi them. 

Our response to these failures has been to move away
from isolated crop improvement projects or health pro
jects towards programs of integrated agricultural devel
opment and, in a few countries, integrated rural develop
ment. Such a program involves a wide range of interven
tions and investments in farming technology, rural
 
industry, credit, commercialization, road-building, trans
port and other areas, designed to bring about economic
 
advancement; and alongside these, projects concerned with
 
nutrition, health, housing, education, and so forth, in
tended to improve the quality of rural life. On paper,
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at least, this ."total. system" :strategy looks capable of bringing about 
the massivej transformation that. is required; and. on paper, too, the 
achieveme can seem impressive in terms of the numbers of wells dug, 
hectares irrigated, schools built, and so on. But all too often in the 
process ot implementation the concept of integrated development gets 
lost. Chdactives are confused; methods are inadequately worked outl 
government agencies find it easier to compete than to collaborate; offi
cials a.e- incompetent or corrupt. As a result, the experience of the 
recipieur-. is often of isolated and even capricious actions, which scem
 
unrelated to each. other or to local needs.. Programs such as these there
fore risk becoming more elaborate and costly mechanisms for producing 
the same failures as before. 

-The-Governmantof Mexico introduced..its integrated rural develop
ment pogram known as PIDER in 1973, It was a large and ambitious un
dertaking,. ultimately intended to zeach some 20,000 rural communities 
with 300 to 3,000 inhabitants each. Between September 1973 and November 
1976, . worked.. as. a part-tima' consultant to the Directorate of Public 
Investments, which was the division within the Ministry of thte Presi
dency responsible for establishing and administering the program. Ini
tially, the Directorate was seeking advice on the major organizational 
problems posed by the program, which called for the coordinated inter
vention of many different federal ministries and agencies at state and 
local levels. Since organization is a means of carrying out a task, we 
had to considr. what the task of the program was. Each agency had its 
own specializ, -ctivity--roadbuilding, rural electrification, irriga
tion, soil conservation, setting up village health ceaters, and so on-
and all of these could be seen as potentially contributing to rural pros
perity and welfare. But the critical word is "potentially." These new 

-- installations and projects were no doubt necessary conditions for de
velopment, but they were not sufficient conditions. They would contrib
ute to development only if the rural communities themselves were able to 
use them and build on them. At that stage, therefore, I saw the task of 
the program as "to procure a self-sustaining process of rural develop
ment." The problem was to identify the kind of relationship, at the 
interface between the "developers" and their "client systems," that 
would enable this to happen, and then to provide Lha conditions for the 
levelopers to take up appropriate roles. This was my main preoccupation 
over the next three years. 

From my initial discussions in Mexico City and visits to the field, 
it rapidly became clear that, sometimes explicitly but often implicitly, 
two conflicting models of the development process were operating. These 
can be summed up as "top-down" (Model A) and "bottom-up" (Model B' . Sel
dom did they appear in practice in a pure form, and indeed the same indi
vidual might seem to oscillate between them--perhaps voicing a Model B 
philosophy while acting on Model A assumptions. However, the confusion 
was not only his: he was expressing something of the multiple and con
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flicting: objective& of- the rural develoment program that are familiar 
in Mexi and.elsewhere., At. the- risk of; stating- the obvious, the dia
tinctions, nevertheless seem worth spelling out. 

Model A.- Too-Down Development.
 

Increased agricultural production is:.& significant objective in al 
nationalrograms I. know of. The documant-stating the objectives of the 
Mexican.program. was.careful to point, out that this was a means of enhan
cing -1 prosperity- rather than an. and in itself; but not all the par
ticipating agencies would regard this as a. meaningful distinction. In
creased production is certainly a national objective-in order to feed 
the growing..urban population, reduce imports, and earn foreign exchange
from exports-and. i.is az. explicitrpar :of. the mandate. of the- Winistries 
of Agricu.lture and. of Agrarian Reform.* That, then, i3 the message that 
these ministries' officials, experts, and extensionists carry with them 
whe . they. go into- the field . They tend, therefore to behave as if the 
primary task-of-the program is to. develop and organize. rural. communities 
so as to meet national production goals. From this it follows that the 
local community and" the population of peasant farmers witl.in it is con
ceived as a subsystem within a national production system. 

There is a close analogy here with a commercial holding company. 
seeking a return from its investments in subsidiary companies. And in
deed it is noticeable that this formulation of the objectives is asso
ciated with the application of principles of scientific management to 
community development: typically, attempts are made to organize each 
community according to a standard type of democratic, participatory sys
tem that requires a collective structure, election of office-holders, 

-division .of labor, definition of functions, delegation of responsibili
ties and authority, and use of incentives. An underlying assumption of 
Model A is that there is a substantial consistency between governmental 
economic objectives and rural community needs. National programs to 
achieve these objectives will benefit communities by increasing their 
prosperity.. The orientation is techn "-atic: the experts know what 
needs to be done. Accordingly, any r.istance displayed by the ccmuni
ties is irrational: with education and persuasion they will come to see 
that their own self-interest coincides with the national interest. 

Model B: Bottom-Up Development 

It is always a stated objective of rural development programs to
 
rectify gross inequalities of wealth; and one does not need to be a 
Marxist to recognize that much rural poverty (though by no means all) 
is a consequence of historical subjugation which has generated demorali
zation, apathy, fatalism, and submissiveness. People are trapped in a
 
cycle of deprivation from which they feel incapable of escaping and
 
have given up trying; they do not perceive themselves as having any
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choices-.. ollowing from this diagnosis, the. primary task of Model B can 
be stared. -some such. terms as these:.."to restore the self-confidence 
that will release energy and moti vtion for selZ-development," as stated
 
by Paulo Ereire (Cultural Action for Freedom, 1972). His starting
point is a process of adult education which enables the peasants to ex
amine and question the situation they are in. They learn that their im
potancs is a consequence not of inherent inferiority but of historical 
processes. These are reversible. C.ovrnment aid is not a privilege 
that- they should feel.grateful to receive, but something they have a 
right to-demand, even to fight for. In effect, the postulate is that 
they need to. engage. in scmething equivalent to revolutionary act..vity 
in order to regain a.sense of potency and thereby to release energy for 
costructive-self-development. . Modsl. B can slide imperceptibly into 
revolutionary activity for its. own. sake:, where the conflict of- inter
ests becomes total, the primary task is to destroy the oppressors..
 

..Neither. Model A nor Model B was operating in a pure. form within 
the PIDER program..* What I discovered from my discussions and field ob
servations in 1973 and early 1974 was that there were more signs of the 
top-down than of the bottom-up model, but that in fact one could iden
tify the emergence of a third model, which was a kind of compromise be
tween them. Official program policy listed the following criteria for 
selecting investment projects: 

1. 	Highest priority should be given to productive projects
 
which guarantee large-scale permanent employment...
 

2. 	 in the social field, the drinking water, health, educa
tion and housing projects should foster a positive 
change in way of life and, still more, a necessary
 

-change of attitudes.
 

3. 	Priority will be given to complementary projects which
 
strengthen the profitability of investments already made.
 

4. 	In all cases an attempt will be made to satisfy the needs
 
.ixpressedby the people, and projects will be carried out
 
only at the explicit request of the communities.
 

Elsewhere in this policy document, issued in April 1973, therm was
 
emphasis on promoting participation, "so that a mechanism can be estab
lished which permits planning from the bottom up." Community represen
tatives were to be involved not simply in planning local developments
 
but in the design of regional strategies.
 

The 	intentions sounded admirable; but unfortunately a development
 
p.ogram is influenced less by good intentions than by the structure and
 
•ultue of implementation. Usually there is strong pressure to act, and 
to act quickly, as if inequities that have been condoned for generat..ons
 
should now be put right overnight. The dilemma of the Mexican program,
 
as of others, was that although the importance of inculcating an ethos
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of community self-development was recognized, the very process of under
taking a large and rapid investment in productive project-s and amenities
 
tends to put the community -in a dependent postt. a asture which in 
antithetical to self-development.
 

Modal.C: Enlightened Paternalism
 

The model actually iD operation can best be described as "enlight
ened paternalism." The strategic unit for development with the program
 
was a. "microregion." This would ba identified on the basis of ecologi
cal and socia-economic uniformity and prima facia evidence of develop
mental potential. The average population was 75,000, and so it might
 
contain 50-100 communities eligible for investments under the program.
 
An interdisciplinary team of some 20 members, drawn from the- various.
agencies involved, would make an intensive tour of the microregion.
 
Each community would be visited, perhaps for half a day, in or-der to
 
survey its resources and needs and to identify possible projects. To
wards the end of the visit all the men -in the community would be assem
bled, and th team would outline the projects it had in mind and ask for
 
comments and alternative suggestions. Essentially thut was the moment
 
of participation. The team would subsequently assemble all the data
 
from the field visits, devise an overall strategy for the microregion,
 
make preliminary estimates of sums to be spent for various types of in
vestment (e.g. road-building, soil conservation, fruit-growing), and
 
then select the most deserving projects under each heading from the
 
total range of possible projects that had been listed originally. These
 
recommendations then had to be approved both by the headquarters of
 
their respective agencies in Mexico City and by the central organization
 
of the program itself. It would be at least six months later that the
 
community would be told what projects, if any, had been earmarked for it.
 

Sometimes the microregional strategy had a discernible coherencey
 
but often it seemed more like an aggregate of projects. At the level
 
of the community, ar- concept of a development plan was rare indeed:
 
investments and interventions seemed arbitrary and often unrelated to
 
each other or to priorities that the local population itself might have
 
set. It could be said that the "developers" were behaving as if the
 
primary task of the program was to demonstrate the Government's good in
tentions. Their relationship to the communities was that of benefactor
 
to beneficiary. They came equipped with a gift-list of projects that
 
they could carry out, sometimes quite competently. Although they paid
 
lip-service to the idea of bottom-up planning, this was for the future;
 
in this initial phase the recipients were perceived as incapable of as
sessing the options open to them or of choosing among them.
 

Such arguments had some validity. It takes time and skill to help
 
a community to formulate its needs. Many peasants were distrustful of
 
the Government: promises had been made in the past but never translated
 

70
 



into action. .. Donation of, say, a drinking-water supply can give a com
munity a feeling that it is being valued and help it to acquire some
 
self-cnfidence.. However, in some ways the integrated program was put
ting the beneficiaries into a more extreme position of passive depend
ence than some more conventional development projects that had been ad
minis".e-d by individual agencies. Rural electrification schemes, for 
exampiA,. had. required that part of the costs should be borne by the 
commu.it.es that benefitedl and this encouraged each community to organ
ize.itself and to acquire some identity as a client system. Under the 
PIDED _-ogram such contributions were waived, and an incentive to or
ganize was removed. The benevolent paternalism of Model C was there
for tending to hold the communities in the passive-dependent posture, 
and was doing little to encourage them to move into the more active, 
autoncmous ,entrepreneurial posture that was necessary if they were to 
become capable of self-sustaining development.
 

Model D: A Negotiating Model
 

-- My proposal was that the program needed to move towards a "negoti
ating model," uhich was in fact more consistent with its intentions.
 
My thinking .- be summarized as follows: Essentially the top-down 
Model A and the bottom-up Model B are both in a way right; the search 
for areas of consensus and compromise between them, implied in the en
lightened paternalism of Model C, while it may have been necessary to 
gain sanction for the Program, was not the best solution for develop
ment. A Model D that overtly recognized divergences as well as common
alities of interest would be developmentally the most productive. The 
fact that a community comes up with an -ssessment of its own interests 
which does not match the assessment that a governmental agency has made 
does not mean that it has either to be blamed for its irrationality or 
praised for asserting its independence: it is simply a tact, and a 
predictable one at that. Correspondingly, the observation that the 
governmental agency is trying to implement policies thati do not find 
local acceptance does not imply that one should either criticizet it or 
sympathize with it. Although the Federal Government acts with the ul
timate authority of the people in the service of the pecole, it will 
not please all of the people all the time. These facts, then, arn not 
to be swept under the carpet: they are matters for examination and for 
negotiation. It is through such a process at the interface of commun
ity and agency that the peasant begins to find the meaning of his role
 
as a citizen of the Republic, and begins genuinely to participate in
 
planning for development; while the agency members for their part begin
 
to question the relatedness of federal policies to local concerns. Both
 
parties learn from the transaction. Assumptions get tested and modi
fied. It is a process, in other words, that gives some reality to that
 
over-used slogan, grass-roots democacy.
 

The primary task of Model D could be defined as "to provide re
sources to help each commnity to formulate, negotiate and implement 
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its own ccmmunity development program." The first element of the model, 
then, ia a community development program formulated by the community it
. elt. -his requires making available a consultancy resource through
which =he community can bec- aware of thle possibilities for ahange. 
however, in desiqning a strategy for itself the ccmmunity v.il need ta 
take '-= account the deval pment programs of neighborina communities 
and of thei administrative distr'.ct of which it forms a part, and the 
policle-%sand resources of relevant Government agencies. So we have 
as a second element the concept of joint planning and programming. 
These lead to, third, the negotiation of a contractual relationship be
tween the government and the cemmmity, in which each party undertakes 
to contrihute resources to the crmmunity development prog:.am that Las 
hpen negotiated. -

Much of my work as consultant to the program frcm 1973 onwards was 
directed towards shifting from Model C to Model D. A fundamental change 
was required in the relatiznship betweer, agency reprasentavas- in the 
field and the client commugiities. As I have indicated. these rereusen
tatives were seen, and to some extent saw themselves, is bon,ifactoras 
the community was the recipient of bounty. The agency represtntatives 
had the resources; the community had none. The representatives had the 
power to give or withhold projects according to their pictrre of whether 
the recipients covld make effective use of the investment in them, the 
community had no ccntrol over thi3 process. The transaction was one in 
which the situation was totally defined by the agency reprezentatives 
while the community remained in a tassive and dependent role. My ob
servations revialed, however, that the authority and power of these of
ficials in the field were mythical. The real power lay with their 
&'gency superiors in Mexico City. Indeed, the relationship between these 
superiors and their field representatives corresponded almost exactly to 
r.y description of the representative-community relationship. My propo
sition was that the administratiLve system, and the nature of these rep
resentatives' authority or lack of authority withi& it, had a determin
ing influence on the nature of the development process through which the 
representatives related to the client communities. Unless the field 
representative could exercise authority in negotiation (instead of 
having to refer all decisions to his superiors), the community was un
likely to discover its own capaci-ty to do so. The same applied to rela
tions between agencies: to expect that the peasants would organize 
themselvus for collabora.tion was hardly realistic so long as the parti
cipating agencies themselves had not learned to work togother toward a 
shared objective. 

Sesides helping to introduce specifir- organizational and adminis
trative changes that would push or pul. authority ou'cwards from the cen
ter to the field, my role had an educational component. I was trying to
 
teach my clients about systems. The task of the development process, as
 
I saw it and still see it, is to produce robust self-managing systems. 
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.ny Potential intervention has to be evaluated for its systemic conse
quencesi -and'; as the negotiating model suggests, the nazure of the 
rela~ hn between development agency- and client may be more signifi
cant for development in this sense than the content of specific pro
jects. in this I was challenging the conventional wisdom riot only of 
Mexican govornment agencies but international funding bodies, such a3 
the W= I-iank and. the Inter-American Development Bank, which. even in 
an integrated rural development program, call for an economic cost
benefit.-justification of each project and insist on the lowest-cost 
alteraZ±e . With such requirements one should not be surprised at 
the number of rural health canters which look impressive in the sta-
tistics bzt remain unused. 

Ingrdias of Successful rojects
 

WitI or without the benefit of my- advice, the program was expand
ing rapidly. By the end of 1975 about 5,000 communities all over the 
country had teceived or were in tho process of receiving investments
 
under the program, and with some there had been contact for two and a 
half years. We had here a large-scale natural experiment in which it 
was possible to generate and begin to test hypothea.es. As a,start, I 
paid three short visits over the next few months to regions where the 
program was said to be showing signs of "success." The criterion I 
adopted was that there should be evidence of people beginning to man
age their own development and, in particular, of rsinvestment. For 
example, in one village, where a workshop provided employment and 
several cooperative poultry-keeping projects had been introduced, some
 
of the income had been reinvested; but, more importantly, it was being 
used to finance new productive activiti.es through purchase of cattle 
and of sewing-machines to make clothes for sale as well as for family 
use. In-addition, a percentage of profits Zrom poultry-keeping was 
paid into community fouids, which were being applied tc a childlen's 
playground and new public buildings. in another case, in order to pro
vide permanent employment for landless laborers who had worked on road
building at the beginning of the program, a small sawmill was built 
with a contract to supply posts for rural electrification. This gener
ated a substantial surplus which, with the agreement of the workers, 
was used to seed further zural industries. A collective organization 
was formed, and in little more than two years it had set up nearly 200 
small enterprises providing about 1,500 new jobs.. Control of the in-
dividual enterprises and of the corporation as a whole was vested in 
the workers, who were mainly women and girls. 

From these and other cases it was possible to identify some common 
factors. Characteristically, a PIDER representative had exercised 
leadership in getting a client group to visualize a desirable and at
tainable future state, and to commit itself to taking the first steps
toward achieving it. He had sufficient authority (sometimes reinforced 
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by polJ.±_2 power) to comi.t. contributions from the program, but these 
usually m2ck the form of materials and technical assistance. The cli
ents w*rm expected to contribute labor to and often manage construction 
and other activities. Ho and/or members of his team were in frequent 
contac- "4-h the client group; this seemed. to have an important func
tion i= sustaining the vision of the future before there were any con
crete achievements. Thus there was a good deal of dependency, even 
chari-a,- in the early phases, but this was not a source of .self
deprec.iaiAn by the clients. The leadership role had been so managed 
that the hope and potorncy invested in it had been routed back to the 
clients in the form of a growing belief in themselves and their own
 
capacity to bri-g about. changes. They themselves were taking initia-> 
tives-taking over the vision, as it were-to uihich the representative 
was abla to respond flexibly on behalf of the profiram. -Explicitly or. 

implicitly, the criterion he used was whether the proposal wou~d en
hance the-clients' capacity for self-management; and so he might use.
 
program resources to back.projects that would not always stand up in-"
 
dividually to a stringent cost-benefit analysis. (He seemed to have
 
the freedom to do this partly because of the savings obtained through
 
high participation of clients in earlier projects.) Management and
 
initiation of projects had required a repatterning of existing organi
zaticnal arrangements in the client .ystem or the emergence of new 
structures (such as the collective corporation). Finally, the changes 
in internal structuring seemed to be directly related to and contin

gent on changes in the relatedness of the client system to its exter
nal environment.
 

I found that these brief field studies had sharpened my insight
 
-into underdevelopment and therefore the processes of development.
 
Underdevelopment could be defined operationally as a relative lack of
 
control over relations with one's environment, where that includes
 
both the local physical environment and the external envirunment that 
comprises the wider socio-economico-poliltical system. Specific as
pects of these relations-economic and other-can be identified, ana
lyzed and sometimes measured. Development, then, implies a change in 
such relationships in the direction of influencing and contrclling the 
environment, instead of being controlled by it-a change from impotence 
towards potency. Following from this, I could assert much more unequi
vocally that the primary task of a development progvam is to help the 
cZient system to increase control of 'its environment. That furnishes 
the criteria for effectiveness; that is the task for which the develop
ment agency needs to organize itself. 

Four aspects of this task may be identified. Two of these are
 
familiar enough; but I suggest that the significance of the third, and,
 
in particular, the fourth is insufficiently recognized.
 

The first aspect is development of the human resources of the com
munity. It is obvious that education can inculcate new techniques and 
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skills; litearacy gives access to alternative values and goals. Simi
larly, im=aved nutrition and health can release greater energy for 
existing and new activities. 

The second aspect is enhancement of the physical resources of the 
;ommunit_. =his is the objective of many development agencies, which, 
as we have seen, often measure their performance by the number of wells
dug, health centers constructed, households provided with electricity, 
etc. 

However, as with the example of drinking-water systems, installa
tion is not synonymous with utilization. These projects, therefore, 
are to-beregarded only as means, not as ends in themsleves. The cri
terinr-ot--effectiveness, lies- in my third aspect: . have- they. helped the 
comunity to extend its control over its physical environment? An 
extentionist may work hard and successfully to arouse enthusiasm for a 
new agricultural technique, which really seems to be moving the bound
ary between the farmers and their physical environment; but after.two 
seasons of successful operation with markedly higher yields, the 
farmers regress to previous methods. Sometimes this is simply because 

-- the extensionist has failed to ensure that supplies of the requisite

seeds and fertilizers will be readily available. Sometimes it is be
cause he has rrLsjudged the goodness of fit between the innovation and
 
the pi'evailing culture. Extensionists may also ignore the pragmatic
wisdom of peasant communities that has enabled them to survive. (P. R. 
Jennings, Scientific American, Vol. 253, No. 3, 1976.) They are not 
interested in crops that produce a very high yield but only in good
years; the varieties they have learned to trust are those that willminimize the chances of a total crop failure in the bad years. But

-ften the most plausible explanation in such cases is simply "chatthe
 
farmers have not acquired the skill to manage the new process them
selves; they have been dependent on the extensionist, so that only his
 
continuing presence has permitted the innovation to be sustained.
 

So I come to the fourth aspect: that the community will not

achieve greater control of its local physical environment, or the
 
achievement will not be sustained, unless the change 
 is also accom
panied and reinforced by corresponding and more permanent changes in
 
relations with the external environment. The community also needs to
 
become more autonomous and influential in managing these ralationships.

Many of these changed relationships will be economic: for example, the 
community sells produce instead of exporting manual labor; it sells its
 
produce in processed form instead of selling it unprocessed (for example,

cheese instead of milk); it diversifies its products; it extends its con
trol over distribution and so commands higher prices; and so on. Ob
vious though these points.may seem, it is surprising how often they are 
missed, even in supposedly integrated development programs. Extension
ists promote higher yields without considering the process of commer
cialization, so farmers have little incentive to increase output if all 
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the extra profits go into the pocket of the traditional middleman. Nor 
is a govement purchasing aganc always a viable alternative. R Ackoff,.
writing o development planning in the Mexican context, cites cases of
 
agency employees being bribed by the middlemen to reject farmers' offer
ings, which were then sold to the old buyers at depressed prices. (02
erations Research, Vol. 25, 1977, p. 207.) Farmers may therefore need to
 
be helpad. o establish their own cooperative marketing arrangements, by
passing =e middleman, if they are to get a proper return.
 

Along with such economic gains, a less obvious, more subtle and
 
more significant change seems to occur: a change in the community's
identity and self-image. As a result, for example, of bypassing the 
old channels and.managing distribution themselves, the people acquire 
a dif-erent--more potent-imaga in the external environment, and this 
in turn reinforces an emerging image of themselves as more potent, both
 
collectively and individually. in one of the villages mentioned above,
several different family enterprises were engaged in poultry-keeping..
Among themselves they organized their production cycles so as to main
tain a steady overall output, and in the market of a nearby town they
manned a stall to sell the dressed chickens. The stall bore the name
of the village and quickly acquired a reputation for quality and re
liability. This in turn helped to sustain the collaborative arrange
ments, and was quite evidently a source of pride and added self
confidence in the village as a whole. In this way, technical and 
structural changes become confirmed by a cultural transformation. The 
outcome, then, is a system that has discovered the possibilities of
 
exercising autonomy and choice and has become capable of managing it
self in a self-sustaining process of development. 

[Extracted from Chapter 15 of Explor
ing Individual and Organizational
Boundaries, W. Gordon Lawrence, editor. 
CopyrightD 1979, John Wiley and Sons, 
Chichester, England.] 
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Top-Down and Bottom-Up Rural
 
Planning in South Korea
 
Vincent R. Brandt and Ji Woong Cheong 

EThisa--ax-icle. oiitJines, first,. tha. h.ighly successful. top-down" rural 
development program of the. Korean government; and second, a. group ot_ 
projects intended to establish "bottom-up" decision. processes, sup
ported by a foreign private agency, also with successful results.. In
 
conclusion, some -lessons _from experience are analyzed. I
 

South Korea has a'land area of about 98,500 square 
kilometers and a population of about 37,000,000, making 
it one of the most densely populated countries in the 
world (374 parsons per square kilometer). Less than.25 
percent of the land area is arable, so the actual con
centration of people, even in rural areas, is much
 
greater. Because winters are fairly cold and dry, 
double cropping is only possible in the southernmost 
provinces. However, winter vegetable growing in vinyl 
greenhouses has been widely adopted in recent years. 

In the 1960s and 1970s South Korea has undergone
 
an extraordinarily rapid rate of industrialization, 
urbanization and economic growth. Starting from a pre
dominantly agrarian society, its urban population rose 
from 28 percent of the total population in 1960 to 
nearly 55 percent at present, with a corresponding de
cline in the rural population. The Gross Domestic Prod
uct (measured in constant prices) grew at an average an
nual rate of 8.5 percent between 1960 and 1970, and 10.3
 
percent from 1970 to 1976. Percapita real income rose 
at an average annual rate of 7.3 percent from 1960 to 
1976, reaching an average of US$670 per person in 1976.
 

Professor Brandt is an American social 
anthropologist; Professor Cheong is a 
Korean rural sociologist with the
 
College of Agriculture, Seoul National
 
University, Korea.
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Despite an absolute decline in the agrarian population tdue to rap2..-
urban mig-ra.=in and an increasingly effective birth control program),
 

annual rate of 4.5 percent from
agricultural output grew at an average 
1960 to 1970, and 4.8 percent from 1970 to 1976. At present there is
 

an actual so-age of agricultural labor in South Korea-an unusual 
phenomenon :la Asia. 

In cont--ast to most other Asian developing countries, the distri

bution of weai,-th in South Korea is fairly equitable, comparable to that
in the United States. This is in large part a result of measures that' 
raised the position of farmers, who are in developing countries the 
poorest members of.society. A thoroughgoing land reform program was 
carried out in: 1949/50. As -a result, while over 83 percent of farm 
families depended to a greater or lesser extent on landlords in 1947,"
in 1964 (after the reform) the figure had dropped to about 30 percent.-.-

During this same period the percentage of completely landless house-, 
holds in the farm population fell from more than 45 percent to about 7 
percent.
 

As noted above, the pace of agricultural production picked up in
 
ti early 1970s. Grain production since 1973 has increased at a rate 
of about 7 percent annually, mainly due to the successful adaptation 
of new varieties of rice and barley to Korean soils and climate. Ur
ban and export demand for agricultural products, particularly cash 
crops such as fresh vegetables, fruit, and meat, stimulated even great
er increases in productivity in some of these crops. While demand is, 
of course, an essential stimulus, the rise in farm production has only 
bean possible because more fertilizer and pesticides, improved irriga
tion systems, greatly increased amounts of rural credit, and improved
 
technical knowledge have been made available in recent years.
 

Increased productivity and rising prices for agricultural prod
ucts have improved farm income and the farmers' terms of trade. Better 
transportation, rural electrification and a rapid expansion in educa
tional facilities have also contributed to the rising quality of rural
 
life. In sum, there has been since 1971 a real transformation in rural
 
living standards with average farm household income reaching Alm.Qst
 
that of urban workers. Development is the main preoccupation of most
 
Koreans today. In rural areas new crops, new agricultural methods, and
 
dramatic improvements in social infrastructure are characteristic of
 
most villages.
 

The SaemauZ Undong Program 

While the economist tends to see the causes of this rural economic 
gro't1 and social transformation in such factors as market incentives, 
improved seed varieties, and the greater availability of agricultural 
raw materials and services to the farmer, the Korean Government attrib
utes most of the recent progress to the successful .'plementation,
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starxting in 1971, of its SamauZ Undong (New Commity Movement). Al
thougci the main focus of the. bew Community Movement has been rural 
devel - ment, it also has another dimension-the fostering of a, new 
ideology... 

n recent years social commentators as well as political scien
tis= -_ave deplored the lack of a genuine national ideology in South
Korea,- aintaining that anti-Cocmunism and the pursuit of material 
progress were not enough to provide inspiration as national goals and
symbols_ By 1972 it was apparent that the New Community Movement in 
its br-oadest context constituted part of a dete-mined attempt by the 
Government to fill this ideological gap. The attempt is still being
pursued, and strenuous efforts are made to infuse every aspect of life
-f-.= garbage collection to poetry writing-with the Saemaul spirit.
The Movement adopted Oself-help, cooperation, and 4iligence" as itsmotto, and President Park's frequently repeated words, "Let's live

better," became 
 a kind of slogan. Building on both the hierarchical 
and collective traditions, the Movement stressed obedience to expert,
paternalistic administrative leadership and an extension of the idea
of community to encompass the entire nation. The ideological compo
nent was, of course, closely related to the Park Government's objec
tive of expanding and consolidating grassroots political support.
 

By the winter of 1971-1972 a major effort had been launched to
 
get the majority of farmers 
 in all 35,000 South Korean villages in
volved in cooperative village improvement projects. Supplies of
 
cement and steel reinforcing rods were made available by the authori
ties, and villages were encouraged to use them to improve roads,

bridges, wells and sanitation facilities. A major program was also
 
launched simultaneously to persuade farmers to replace their thatched

roofs with tile, metal or composition. The expectation was that
through participation in projects having an immediate impact on the

village environment, farmers would realize the benefits of working

together during the off 
season, and a spirit of progressive community

activism would be fostered.
 

Because of unrelenting pressure from the top, bureaucratic ef
forts to achieve the movement's goals were intense. Saemaul became
the main focus of activity for all local administrative agencies, and 
thousands of other officials from the capital descended on the provinces to inspect, exhort, direct operations, and, to some extent, com
pete with local officials. The result initially was often confusion
 
and bureaucratic overkill, while the astonished villagers struggled to
comply with mounting and sometimes conflicting demands for compliance
with various aspects of the overall plan. 

In the beginning most farmers distrusted the motives of officials
and resented their constant interference in village affairs. After all,
aothing good had ever happened to rural society before as a result of 
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closer c=o-acts with the bureaucracy. Where villagers were slow or re
luctant to organize for carrying out suggested projects, official pres
sures wa-s applied that often amo~mted to direct coercion. For example, 
if several farmers in a village were reluctant to replace the tradition
al brush f-nces around their houses with cement walls, jeep-loads of men 
from th. county seat might arrive and simply tear them down. Similarly, 
there were occasions when house owners who were unwilling to make the 
substan+_-! investment necessary to replace their thatched roofs with 
composition or tile might return home from a market trip to find the 
thatch gone and their homes open-to the sky. Such excesses, which re
flected the concern of local officials with producing quick results to 
please sceriors; generated a lot of resentment and cynicism during the 
first two-ar three years of the movement. 

But since 1973 attitudes in most places have gradually shifted, as 
farmers discovered that all the excitement and effort did, in fact, re
sult in substantial benefits. Each village is viven a rating by the 
county chief in accordance with its accomplishments, and local pride 
has in many cases been stimulated to a high competitive pitch among
neighboring communities. Where village leadership is in the hands of 
determined activists who are also skillful in maintaining good rela
tions with other members of the community, a considerable degree of 
constructive enthusiasm has usually been generated and sustained. Once 
the most influential men in a village are committed to pursuing the 
Movement's goals, others will nearly always follow, and non-conformists 
are subjected to subtle but extremely effective social censure. As a 
result, although distrust and reluctance prevailed a few years ago, 
most village councils are now eagerly drawing up -mbitious development 
plans and begging for official sup-nort to help carry them out. 

There is a good deal of variation from one village to another, and 
while some degree of participation exists everywhere, such factors as
 
the quality of leadership, geog :aphic accessibility, the degree of vil
lage cohesion (or conversely, of internal division, usually along kin
ship boundaries), the distribution of wealth, and commercial opportuni
ties for individual profit, all vary from place to place; and all affect 
the extent and intensity of involvement in collective community efforts. 
Nevertheless, in spite of uneven performance, it is undeniable that the 
Saemaul movement has transformed the appearance of Korean villages, fos
tered the successful completion of a large variety of cooperative, self
help projects, and promoted more effective working relationships, both
 
among farmers and between farmers and local officials. It has alzo 
given villagers a sense of participation in a momentous national effort,
 
with strongly patriotic overtones. Any visitor to rural Korea today
 
can observe the pride in recent achievements and a confidence in the
 
future that were almost entirely abJza it ten years ago. 

The goverrunent's claim thac it is the New Community Movement that 
is responsible for bringing about the new rural prosperity is not en
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tireL- convincing .. Actually, it. has become increasingly difficult to 
ana:-e cause and effect in rural development, because the dimensions 
of the movement as a "nation-building" ideology have been expanded to
 
include everything positive that happens in rural society. It seems 
clear, however, that it is not so much that Saemaul has sparked rural
 
prospe-r-±-y, as that it has been pushed in a context of relative rural
 
prosparity that is the result mainly of other factors: 1) the wide
spre-+ successful adoption of new, high-yielding varieties of rice and 
to a. .esser extent barley; 2) the maintenance of favorable subsidized 
grain-prices by-the governmenti 3) ths increased availability of more 
effective agricultural extension services; 4) the greatly expanded ur
bam market.for a wide variety of new cash crops; and 5) improvements
 
in transportation and- storage facilities that have made. it possible ". 
for farmers to engage profitably in commercialized agriculture.-


It is in the upgrading of administrative performance by local
 
governmental and semigovernmental agencies and the improvement of in
stitutional linkages and communications between village and city that
 
the Saemaul Movement has probably made its greatest contribution.
 
Pressures from the top to achieve rapid, concrete and dramatically
 
visible results have been so great that in six years the mass of pro
vincial, county and sub-county officials has been forced to change
 
.their outlook and working style from that of conservative, self-seek
ing, formalistic control and statu quo-oriented buritaucrats to that 
of relatively enthusiastic activists dedicated to a transformation of
 
the countryside. Their careers have been at stake. The highly centra
lized authoritarian political system of South Korea has proved to be
 
well adapted for accomplishing this transformation, even though it has
 
never been specifically enunciated as a goal of the Movement.
 

The Ministry of Home Affairs and its local agencies, the provin
citl, county and sub-county administrative offices, havegenerally

exercised effective supervision, making sure that the efforts of vari
ous other concerned government agencies were integrated in the overall
 
Saemaul Movement. After many years of "fragmented hierarchical pro
grams" South Korea has finally achieved a coordinated administration 
of rural development policies. The implications for future rural devel
opment of such increased local administrative effectiveness are great.

In addition there is now a recognition by villagers that technological

advice, capital and improved marketing facilities can best be acquired
 
through official channels and the expansion of ties with the national
 
economy. Officials are no longer feared and avoided as in the past,
 
and the social gulf between farmers and bureaucrats has noticeably
 
narrowed.
 

Some persistent problems remain, however. The poorest farmers and
 
laborers, who have no land or very little land and who make up about 15
 
to 25 percent of the rural population, are not particularly enthusiastic
 
about the New Community Movement. They complain that while obliged to
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participat.a i= village public..works projects,.usually without pay, they
 
receive no benefits comparable to those of landowners whose property is 
being improved, They must live by their labor, and they insist that 
"voluntaryw collective work is. an unfair burden. Also, higher grain
 
prices are of little help to the 40 percent of all farm households whose
 
land ho"-ings are so small that they have little or no marketable sur
plus. -

The lon. riml" future of the Movement is. somewhat problematic, be-..
 
causf of a potential contradiction.in values and.organizational struc
ture that is inherent in contemporary Korean society. The Movement's
 
success. (but- not, necessarily further rural development) depends on con
tinuing.community solidarity,and cooperative efforit at a time when.in
dividualism and. materialism, both awl personal ideologies and as pat
terns of economic behavior, are challenging tradition in every social
 
sector- So far,.,-although exceptions exist in most villages (particu
larly those near urban areas),..traditional patterns of interaction re
inforced by outside official support for collective organizations and
 
cooperative effort seem to have resisted or contained the divisive
 
effects of commercial individualism.
 

The CBIRD program to be described below began some two years
 
after the start of the Saemaul Undong, and it has managed to embed it
self within the Saemaul Movement, both at the village level and in
 
terms of the local administrative environment. It is not possible to
 
understand the CBIRD method of operation or evaluate its achievements
 
without considering the general context of contemporary rural develop
ment in Korea as outlined above.
 

The CBIRD Concept and Goals
 

The Save the Children Federation/Community Development Foundation
 
(SCF/CDF) of Westport, Connecticut, U.S.A. has been engaged since 1973
 
in an innovative, systematic, and highly organized effort to increase
 
rural income and upgrade the quality of village life in South Korea.
 
SCF/CDF, a nonprofit, sectarian, voluntary organization, has appropri
ately named its Korean program, "Community-Based Integrated Rural Devel
opment" (CBInD). This general idea was first tried out in Korea, and 
later applied in more modest ways in 17 developing countries.
 

Save the Children Federation began its work in Korea in 1953 by

providing aid to war orphans, widows and refugees. After 1957 when SCa
 
established a Korean office of its newly created Community Development
 
Foundation (CDF), its aid in the form of cash and relief goods was in
creasingly converted to self-help support. In order to increase family
productivity, CDF encouraged and assisted farmers in the raising of 
livestock and the cultivation of cash crop vegetables. For the commun
ity as a whole there was support for such public works projects as land
 
reclamation, bridge and reservoir construction, and improved sources of
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drinking water. From the start SCF/CDfF encouraged the maximum amount
 
of loc.a. participation and management in -its development projects. By
 
1972"va_-zous kinds of assistance-to 'individuals, to families, and to
 
communiies-had been furnished to about 7,000 people in some 400 
communities. 

In :-972 SCF/CDF decided to consolidate the various programs, focus
ing its main effort on promoting integrated development in several
 
clusers; of cooperating villages that were called "impact areas." In
 
June. 1375 SCF/CDF received from the United States Agency for Intarna
tional Development (USAID) a sizeable grant in partial support of the
 
Korea program. Under provisions of the grant CDF was expected "to
 
establish pilot community-based integrated rural development projects
 
as mini-regional (or small area) development management models, with
 
an A'I+imate goal, over a five year period, of institutionalizing a pro
cess that will improve income, health, *education, and communit insti
tutions and services for low income rural people." There are now six
 
"mini-regional"-projects, three island areas and three in the mountain
ous 	north central region.
 

There are three main aspects of the CBIRD concept that, when taken
 
together, distinguish it from most other development efforts:
 

1) 	The term, Community Based Integrated Rural Development,

represents an attempt to combine,the strengths of tradi
tional community development theory and methodology with
 
the advantages of a larger scale, systems-oriented, care
fully planned and integrated development strategy.
 

2) 	The unit of development or impact area comprises several
 
villages, roughly corresponding to the- lowest level of
 
local government administration called the myon.
 

3) 	The CBIRD program is designed to supplement and be inte
grated with the Saamsal Undong program of the Korean 
Government. 

The 	general scheme tries to profit from the insights and -techni
ques of the hard-headed economist or systems analyst, while remaining
 
true to basic community development principles. The community develop
ment approach has traditionally been people-oriented, with an emphasis
 
on changing values and relationships within a small face-to-face com
munity in order to get things moving. CD practitioners insist that de
velopment efforts should be directed at the "felt needs" of a commuity,

and that this can only be achieved by maximizing local participation in
 
decision-making--in the planning and direction of projects. Self help

through cooperative effort and the investment of local resources is
 
stressed. And finally there is usually an emphasis on egalitarianism

and 	improving the quality of community life, particularly with regard
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to the sitmatin of the poor and. other deprived groups. The economist's 
planned aporach to rural development, on the other hand, usually in
volves both capital inputs and direction from outside the local comnun
ity, in accordance with. a -large-scale pla that is more concerned with 
increasin. quanxifiable measures of production than with such intangi
bles as .mman motivation and. satisfaction. The plan is formulated on 
the basisof. more or. less rigorous surveys and sophisticated econmic= 
and tech. Loglcal. analyses o problems to ba overcome... 

The CBIRD concept combines what are regarded as the strengths of 
both methodologies .*..At- the. same.time it recognizes that the actual._-_.,, 
program operation. must.,take. place .within the political..contaxt of- a.-.
highly centralized, authoritarian bureaucratic administration. The -. 
term, "integrated,"..in the CBIRD title, than, can be taken to mean that 
a variety of problems at.the village level should be attacked simultan
eously.. - In. its. theoretical formulations SCF/CDF places great emphasis
on local decision-making, and self help. The creation of permanent 
local organizations capable of planning and implementing various kinds 
of development projects is regarded as just as important as the actual 
end results achieved by auch projects. This process of "bottom-up" 
decision-making and management is believed to be superior to centrally 
planned and directed "tov-down" systems imposed on farmers by bureau-. 
crats fromk outside the-villages for two principal reasons: 1) it is 
alleged that only grass roots participation in the entire process can
 
ensure enthusiastic .widespread involvement, a correspondence of pro
ject goals with locally felt needs, and an equitable distribution of
 
benefits; 2) in the longer term after CDF capital and advisors are no
 
longer available, local initiative and control are necessary in order
 
to ensure that developmental momentum is maintained.
 

The "development management model" requires that villagers receive 
various kinds of training in order to be able to survey local needs 
themselves, assess capabilities, reach reasonable decisions and carry 
them out effectively. Accordingly the CBIRD projects all involve ex
tensive programs of nonformal education. In additio to courses in-..... 
leadership, planning, evaluation and agricultural (or fishing) techno- 
logy, CDF also trains villagers to manage local credit unions and to 
operate a system of development loans througha revolving fund by which 
increased farm income is recycled into the local-village economy. 
While it is recognized that increases in productivity and income should 
probably have priority at the initial stages of a rural development
 
program, CDF tries to attack all the major constraints on improving 
village life. Health care, nutrition, child care, family planning, 
sanitation, and social/cultural/recreational activities are as much a 
part of the overall design as projects designed to increase productiv
ity and incomes. In particular, CDF has stressed that the CBIRD pro
jects are designed primarily to assist the rural poor, with women and
 
children singled out as principal beneficiary groups.
 

45 



-oeseaxe all conventional. community development goals.* What is
 
jmnovarie about the CB2:D program is--that it is organized to provide
 
an integrated development approach for larger areas, comprising from
 
six to twenty-one villages witn populations of from 2,000 to 9,000
 
pe=scns. There seem to be two main, interrelated advantages to in
creasing the size of the impact area: 1) It becomes feasible to
 
under=ka mom ambitious projects in such sectors as public works,

educ-in (both formal and nonformal), and health care where large 

ini!Al investments in trained personnel and facilities are usually 
requied. Also, there is a much larger local resource base to support
such projects, in terms of both labor and material contributions. 2) 
the- "mini-regional" area corresponds roughly to the sub-county myon. 
The fact that the government cooperatives and extension. service have 
local offices at the myon level is of great importance.: 'Once a mea
sure of consensus and a willingness to participate in achieving joint 
goals has been established'beyond village boundaries within "'he impact 
area, then local leaders can work-togather with officials in formulat
ing development plans and obtaining additional funding or other kinds 
of governmental, assistance. Close collaboration with governmental

administrative agencies and other outside institutions, both public 
and private, is an integral part of CDF's method in Korea. The inte
gration of village economies with national markets, the introduction 
of the latest agricultural and fisheries technology, and the inculca
tion of efficieit methods of local planning and financial management,
 
all require close and constant ties with the more modernized sectors 
of Korean society.
 

The Implementation Record
 

The booming prosperity and industrialization of the urban areas
 
and the rapid growth of the Korean economy have created unusually 
favorable conditions for development in both agriculture and fishing.

Villages have been carrying on extensive self-help projects since 1972, 
within this favorable economic climate and there have been significant 
increases in living standards and agricultural productivity. Expecta
tions for further progress ire high, and there is a general acceptance 
of the need for innovative change. In contrast to the suspicion and 
hostility with which officials were regarded in the past, villagers now' 
tend to look to local administrative agencies for advice and material 
assistance. 

Environmental factors, however, vary a great deal. While the 
CBIRD areas all have considerable potential for development in terms of 
topography and arable land--or access to marine resources--the inland 
farming communities have certain advantages over the island fishing 
areas, at least at this stage. They are more homogeneous, both with 
regard to kinds of productive activity and the distribution of wealth. 
They are also more compact, comprising fewer villages, among which 
transportation is easier. Moreover, CBIRD programs were initiated in 
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the main.LA- communities several years before the island programs. 
Some-p-ahiy most-of the difficulties encountered in the island 
projects are attributable to aspects of the physical environment or
 
the lesser amounts of investment. In addition, the unfortunate tradi-
tion in Kbrea of contempt by educated city dwellers for fishermen, 
whose cha=actristics are contrasted unfavorably with the sturdy vir
tues of the farmer, still persists.
 

The C3aD program has clearly made substantial progress In imple
menting its decentralized and leverace-utilixing financial strategy.
 
Cumulative (MF grants to the six rural CBIRD areas through June, 1970
 
totaled $683,000 (excluding expenditures of the SCF/CDF !ield office
 
in Seoul) -_nvestmants in CBIRD projects by the Goverr.-ant of Koea..
 
over the- same period somewhat exceeded this amount. Community self
help investments and contributions of materials and labor totaled an
 
estimated $1,500,000. (This figure, particularly the 2ortion rela
ting to contributed labor,, is only a.rough approximation and could be
 
somewhat inflated.) Thus it appears that, overall, each CDF dollar
 
has been matched by fouz to five dollars of local effort and govern
ment funds. These figures do not mean, of course, that in the absernce
 
of CDP grants and the CBIRD program none of the other investments
 
would have been made. There is good reason to believe, however, that
 
t1e CDF funds primed the pump for considerably larger efforts by

others-especially the communities themselves--than would otherwise
 
have occurred.
 

The impressive local effort shown above is partly explained by

the fact that 40 percent of the CDF grant funds were recycled back into
 
the local economy as loan assets (controlled by "_heCommunity Commit
tees), against which local people can borrow for their own private pro
ductive and household improvement projects. An additional 34 percent
 
went into physical property and facilities (e.g., the Community Cen
ters) vested in the Community Committees. These growing assets, sum
marized for the six areas in Table 1, have given the Committees an
 
increasingly stronger base of authority and viability. We can reason
ably conclude from the above evidence that CDF's financing strategy,

calculated to produce a multiplier effect on total investment funds
 
for the CBIRD approach after CDF's withdrawal, has been quite success
ful. 

It is instructive to compare the FY 1978 record of one of the
 
early mainland CBIRD areas, Chunsong, and one of the later island
 
areas, Yaksan, in terms of their mix of planned projects and the ex
tent to which they were implemented.
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CGmmunl Aosats Created by CDF Grantsus of 1978 (inU.S. dre) 

CDF Grants 
COMUty 
Ctnmittse 
Property, 

RFevolving Fund 
Loan 
Assets 

Sanbuk 

.Yanggu 

Chunsong 

Wido 

Yaksan 

Jeungdo 

.. 

-

185.135 ..

167,131 

125.042 

74,552 

76,839 

74.224 

. 

-

78,703. 

68,112 

83.027 

-

6.570 

17,871 

70,157 

58,594 

48,422 

29.923 

36.417 

42.931 

TOLid e93,323 232,083 284.544 

Chunsong. The projects planned for the Chunsong area for FY 1978 
and the extent tj which they were actually implemented are shown in 
the first two columns of Table 2. The next three columns show the 
relative investment of CDF, Crxmmu.ity, and Government funds in each 
project. Out of a total investment of $94,800, CDF grants accounted
 
for $29,400; community effort $53,400; and Government contribution
 
$12,000.
 

The annual plan as depicted in Table 2 originally provided for
 
six productivity/income-raising projects and five social infrastruc
ture prcjects. Two important modifications wore later made, however.
 
The project for building 20 tobacco drying houses was dropped because,
 
even thcngh local far-aers had been heavily and profitably engaged in
 
tobacco growing, increased problems with plant disease and falling
 
prices convinced them that other crops would be more profitable in
 
the long run. Hence, some of the funds earmarked for the tobacco
 
houses were redeployed to irrigation pumps to counter the adverse im
pact of the 1978 drought on cash crops. The striking fact is that,
 
according to the year-end report to CDF, all the remaining 10 projects
 
(except for Health and Sanitation) achieved or exceeded their planned
 
targets during the year--an impressive record.
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TABL&-2-. 

Implamentaticm Raord of Cbdnmsw
 
GBLRD Eecta s FY 197"1-'73
 

PoetNoof Projcts Actual Investments (US$) 
ned Act CDF Comuntot. 

Tobacco dr-lng buse -. z20 -:-. O- . -. _ 

Cows 0 --" 10 4,159. 9-6,757. 

Cow pen construction 10 15 6,237. 9,338. 

Vinyl greenhouaes--...,., 10. 10 3.534. 8 362- .94.. 

Community center. . :-:ongoing 1 2,798.. 1,040.. 

Leadership training center 

cour3eS• 15 16 595. 686. 

Day m= centers ongoing 4 te 524. 4,360. 6.220. 

Education w culture a 10 2.144. 1,331. 

Health 6 sanitation 4 1 1,247, 7,445. 

Irrigation pumps 192 2.219. 3,169. 561. 

Administration 1.341. 

Totals 27,072. 40,492. 6,875. 

Locally Supported Project 3 

Garlic planting 2 ha 4.2 ha i0.395. 

Truck purchase (co-op) 1 truck 1 truck 2,079. 8,318. 

Women's Welfare Bank 1 bank I bank 1,208 

Totals 27.072. 54,172. 15,191. 

t Cancelled; see explanation in text. 
2Addad, see text for explanation. 

fefiied as "projects rot utilzing SCF/CDF funding but which resulted 
directly or indirectly from SCF/CDF's assistanc3 or involvement." 
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-& emphasis of the Chunsong program is revealed by the alloca
tion oz e-nenditures. Two-thirds of the total expenditures went into 
economic projects, principally cattle raising, vinyl greenhouses for 
cash -s, garlic planting and purchase of a truck, reflecting a 
strong lzcal preference for income-producing projects. within the 
social infrastructure category the largest expenditures were for oper
ating the four existing day care centers for children, a health and 
s a- project, and the operation of the Community Center, all of 
these reflecting CDF priorities. Smaller amounts went to leadership
training, education and culture, and administration. 

Ya -san. This island area presents a. quite different pattern-than. 
Chunsonq in FY 1978. As shown in Table 3, the plan provided for 10
 
basically economic projects representing a wide assortment of activi
ties (e.g., animal raising, vinyl greenhouses, growing medical herbs,
 
kelp and seaweed, planting fruit treas, an abalone nursery,- and an ir
rigation channel). The 12 planned social infrastructure projects were:
 
equally varied. They included, for example, building a community cen
ter, a public bathhouse, a consumer cooperative store, a road and 
ferryboat landing, kitchen and roof improvements on private homes,
school supplies and equipment, athletic and cultural events, health
 
(parasite extermination), and leadership training.
 

The actual implementation record was considerably poorer than
 
Chunsong's. Of the 21 planned projects only ten met their target,

!.ive fell short, and six were delayed or cancelled; but four small un
planned projects were added. In the circumstances, however, this was
 
actually not so bad a record. The CBIRD program in this area, after
 
all, was quite new and the management inexperienced; expected govern
ment funds for some important projects failed to materialize; the
 
drought upset certain other projects; competing Saemaul projects di
verted funds and energies; market conditions for some agricultural
 
products declined, and popular interest in certain projects evapor
ated. Despite all these problems a total of $240,000 in cash and in
 
kind was invested during the year, including $39,900 of CDF funds,
$75,900 in local resources, and $108,100 in government funds and 
materials. The largest single expenditure was on re-roofing houses 
($24,000); the main agricultural projects together took $35,000, and 
public works over $11,000. Less than $5,000 was devoted to social 
welfare. (It is pertinent to note that the population of the Yaksan 
area is 9,058, compared to 2,108 in Chunsong.) 

Some Lessons and Open Questions
 

Since 1971 the pace of change in virtually all of South Korea's 
36,000 villages has picked up dramatically, as village economies have 
become more and more tightly integrated with that of the nation as a 
whole, and as bu.eaucratic influences on almost every aspect of farm 
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Table 3 
Ilementation awrd of Yakian 

CBIRD Projects FY 1977-78 

No. of Projects . Actual Investments (US$) 2 

Project FlannedL Actual CDP Community ROK Govt. 

Animal Raiking 5.925. 6,993. 
Cows . 35 3
 
Goats 100 50
 
Pigs. s0
 

Medical Herb& (stavia) .. 02 ha. .02 ha.- 1.683 3,746 

Consumers- Co-op Store I store I store 1,040 948 120 

Vlnyl Greenhouse 0. 3 ha. -0.2 ha -- 824 . 249 

Kelp Cu] ±vation.".3. ha. delayod 4,158 

Women's Sub-comtttea (various projects) 1.040 . 2.721 

Community Center construe- delayed 54809 
- don 
planned 

Kitcher Improement 30 30 621 938 

Abalone Nursery 2 ha. cancelled 

Irrigation Well not planned * acre 624 950 
originally Irrlgated -.. .. 

Leaders Training 2.079 1,372 

Athletic a Cultural 
Events cancelled because of drought 

Roof Improvement 41 houses 41 houses 0,819 17,354 

Seaweed (laver) 1 nursery 1 nursery 2,079 6,237 2.079 
Cultivation 

Public Health Parasite Extermination 1.040 1,040 

Housing 30 houses cancelled 

School Supplies Books 8 drawing 
materials 624 024 

Telephone Line 1 1 520 21 

Public Facilities bath house cancelled 
village hall 

Road Construction 100 m. 100 m. 416 499 

Water Tank not originally I tank 624 895 
planned

School Drinking not originally 1 system 2. 017 - 1,490 
Fountain planned 

Adimnistratio-a 2.495 

Ucally Supported Projects 

Fruit Tree Planting 3,000 3,000 5.884. 
persimmons persimmons 

Irrigation Channel 400 m. 300 m. 1.238. 824. 

Ferry Boat Landing 1500 150 M. labor 10,400. 

TOTALS 39,900. 51.555. 14.847. 

1Additions and cancellations of projects explained in text. 
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life has deepened.. From this standpoint the COP program must be seen 
as an effort to fine-tune and accelerate the process in a few care

fully. selected areas. CBIRD has supported the Saamaul efforts but 
has gcne- beyond them, enabling farmers, fishermen and others in its

overimpac- areas to exercise a greater degree of control their devel

opment. mocess. While one general effect of both Saemaul and CBIRD 
to reinforce local producers' dependinitiatms has probably been 


ence on outside institutions and the linkages with the national econ

amy, the-CBID approach has clearly demonstrated better ways to plan,,
 
finance, and direct further progress in accordance with villagers'
 
own goals and needs. It has furnished the multi-village area with a-..
 
set-.of institutions and-Va.methodology that enables the- locai-popula-".-.
 
tion t,' make the most of their availale resources. Most importantly
 
it provides them wi.th a workable means of acquiring those essential
 
factors of production that. are everywhere.in short supply: capital,
 
technical know-how, and management skills... ..
 

So far, particularly in the mainland impact areas, the CBIRD 
initiatives have produced impressive results in increased productiv
ity, incomes, and local living standards. On the islands there have 
been some initial problems and delays, but a wide variety of projects 
is now being implemented, and given that soma of the island programs 
represent much smaller per capita investment by CDF, the benefits 
already achieved are significant. 

It is not possible to reach any firm conclusions regarding the 
extent to which successful CDF programs in Korea are replicable in 
other countries. Nevertheless, it seems useful to raisa some lead
ing questions to establish a comparative basis for exploring possi
bilities. 

can be no doubt that four factors in the Korean environ-There 
ment of the 1970s-the relatively equitable distribution of land hold
ings, the profitable and expanding markets for agricultural and fish
ery products,. the high value traditionally placed on education and 
learning in the Korean culture, and the aggressive promotion of rural 
development by the government-have all contributed importantly to the 
effectiveness of the CBIRD program. It would seem to follow, there
fore., that the absence-of any one or combination of these positive 
factors in another country setting-especially a very low income coun
try with a low economic growth rate-would constitute a serious imped
iment to replicating the successful CBIRD experience in South Korea. 

Concerning the results of CDF's concentration on areas with a
 
"good potential for development," we can give only a speculative 
answer. CDF was undoubtedly well advised to choose such promising 
areas as Sanbuk and Chunsong in which to launch its experiment because 
it required testing out a complicated and untried approach that would 
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inevitably present sizeable problems and risks even under relatively

favorable circumstances. To have started with the hardest cases could
 
well have doomed the experiment to failure from the outset. In moving

on from tnase initial areas to the island areas of ido and Yaksan,
CDF did indAed take on some relatively "harder cases." Yet even these
areas had a good deal going for them, especially in terms of prosper-
ing MAT--- and rising prices for marine products, and the availability

of substn.ial.local savings-albeit concentrated in relatively few -

hands-fo reinvestment in development. 
There are, however, some much

"harder cases" in Korea, particularly isolated mountain villages with
 
only poor to moderate development potential and still lying outaide 
the mainsteam of the dynamically growing Korean economy. It is rea
sonable tx suppose that if the CBIRD approach were now to be tried out 
on some of these truly "hard cases" it would encounter much greater

difficulties and would probably have to be modified in som 
ways to
 
achieve significant results.
 

This observation is not intended to imply that the CBIRD approach

and the lessons of its experience in South Korea have no relevance to
 
less prosperous countries. No one can really know until it has actu
ally been tried. What is very clear, however, is that CBIRD's unusu
ally favorable environment in South Korea, especially the extraordinary

economic dynamism, cannot readily be replicated elsewhere, so that
 
expectations of what a modified CBIRD approach might achieve under
 
much less favorable economic circumstances should be appropriately

modest and realistic.
 

The discrepancies between CBIRD's more intncible goals concern
ing social change and welfare and the actual program accomplishments
 
pose a few important unresolved questions that merit review, especi
ally since they apply in many countries.
 

Can the poor really be helped? Most of the benefits from CDF in
vestment accrue to middle-level and well-off farmers. 
Relatively

little can apparently be done to change this pattern, despite the best
 
intentions and efforts on the part of the CDF staff and Coordinators.
 
In the Korean case it seems evident that except for outright charity,
 
attempts to help the poorest sector of the rural population must de
pend mainly on the trickle-down effect of generally increased village

prosperity. The goals of restructuring society so as to change the
 
distribution of wealth, and of establishing a new welfare-oriented
 
mentality among local elites, are simply beyond the capacities of the
 
CBIRD program-or any other program for that matter, short of a
 
thoroughgoing political revolution.
 

The question then inevitably arises: given a widespread inter
national dcnor consensus on the need to improve the lot of the rural
 
poor, to what extent is this goal really practicable? Perhaps there
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is so &zig wrong with our perceptions of the problems. Have we 
taken adequate account of the very solid and durable social/structural, 
obstacles to the kinds of change that are so widely regarded as da
sirahle Or, to put the matter in terms of practical. strategies, is 
it pos-z4 1e to redistribute wealth or focus efforts mainly on aiding 
the poor, while at the same time promoting self-sustaining rural devel-. 
opmemnZ We must conclude hare that, in Korea at least, the answer 
seems% - no. Our assessment of the CBIRD programs suggusts that, 
regardless of its statements of basic principles and objectives, 
SC/CD-in its actual operating procedures-has implicitly reached. 
the same conclusion. .... 

.nless- a rural sociaty is-in a state of chaotic demaralization. 
or upheaval, which has not been. the case-in South Korea, an effective 
integrated development program must be based on existing traditions, 
values, and institutions. It may be possible to modify their opera
tion in gradual and subtle ways, but if the change agent's commitment. 
compels him to confront and try to do something all at once about such 
intractable problems as the role of women, child-rearing practices, 
village authority structures or hierarchies of wealth and status
all in addition to technical agricultural innovation-then truly his 
program's failure is assured. In Korea, at any rate, effective self
help efforts depend on strengthening and improving village institu
tions and leadership in accordance with generally recognized, tradition
al standards--not on undermining or radically transforming them. A 
community worker can never afford to lose sight of the social machan
isms through which people interact and organize their group efforts, 
no matter how dedicated he may be to certain overriding objectives.
 

CDF Coordinators and Community Committees have arrived at reason
ably successful compromises on the choices between health and welfare 
versus income gains in the actual working out of a viable mix of pro
jects in the impact areas. The social welfare effort has been con
centrated mainly on women's training, day care centers, and actions to 
reinvigorate and supplement existing family planning programs. Except 
for the day care centers, however, the amounts invested have been 
minor compared to other kinds of projects. Another lesson here, then, 
is that if "bottom-up" participation and decision-making .has any mean
ing. it is that under the CBIRD approach local leaders will determine 
the direction that development takes in accordance with their own 

-(and the local administration's) ordering of priorities. Any serious 
effort by donors to alter local priorities would be self-defeating, 
which is to say that any major direct effort to improve the lot of the 
landless and helpless poor will have to wait.
 

Will villages work together? Another major objective of the CBIRD
 
system has been the formation of multi-village communities as the focus 
for development efforts. Here it is useful to make a distinction be
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tween a t-e sociological community and a set of villages that are 

able to p3an and work together under unified leadership for mutually 
agreed upon goals. Only in Sanbuk does there appear to be a strong 

and b=o;A - sensi of community in which feelings of mutuality and 
social responsibility-a concern for the common welfare--go beyond 

village boundaries 	.oencompass the whole impact area. The impres
in Sanbuk that fanrmrs not only participatesion is-inescapable 

energetically, they. also take pride in operating the CBIRD machinezy 

for t air own purposes. This same sense of proprietorship is popu

larly reflected in the frequant, everyday use of the Community Center. 

In the other CBIRD areas, the same ganer ' formula is being followed, 

and there is widespr',ad and grateful re.)gnition of the benefits 
derived from it. But for most people the activities remain something 
that is being done for them by outaiders in accordance with externally 
imposed-rules and procedures. -In terms of their associations, loyal
ties and economic goals people continue to identify themselves with 

area particular village or kinship group. Or, where such ties weak
ened, they are likely to migrate to the city. 

The idea of the natural village community as the focus of social 
life and (now) of developmental aspirations is deeply ingrained in 
Korean mentality. Intimate, long term personal association is regarded 
as the proper and natural basis for both rural leadership and coopera
tive effort. Accordingly the Saemaul organizers, while recognizing 
the importance of planning and coordinated effort on a regioral basis, 
have continued to emphasize the individual village, both as the local 
decision-making unit and as the basis of labor mobilization. Coordin
ation of larger projects beyond the village level is regarded as the
 
function of local administration. Is it likoly that the demonstrated 

will change thinkingeffectiveness of the CBIRD methodology 	 official 
on this issue? On the basis of the present study it seems highly
 

problematical. In the longer run, however, the prestige, authority, 
and ubiquity of Korean governmental agencies will determine the form 
and manner of operation of all local institutions. 

What are CBIRD's long term prospects? Today the social and eco
nomic horizons of Korean farmers are rapidly expanding, and CBIRD pro
jects are accelerating the process. Local leaders are actively parti
cipating in guiding the development of their communities. But the 
Korean Government depends on the docile support of the rural population. 
It does not look kindly on the formation of any independent, private 
associations at the local level that might be in a position to chal-. 
leng the authority of official agencies or serve as a rallying point 
for demands for greater local autonomy. It would be highly mislead
ing to assume, as some have done, that the organization of local 
decision-making for economic development represents a significant 
trend in the direction of grass roots political democracy. Korean
 
tradition, current governmental practice, and the geo-political situa
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tion in Northeast Asia all oppose such a tendency, at least in the
 
forseeahl. future.
 

Thus it seems unrealistic to expect that. a set of model or pilot 
comm-uniti implanted in Korean rural society can eventually transfom 
that society by example in accordance with a particular ideal vision.... 
Rather i- is the other way around. As CDF phases out its operation, 
the model will inevitably be transformed by the particular conditions 
and popular attitudes of each area and by the-ubiquitous and growing 
influence, of the. -bureaucr-acy. 

At the time of this case. study discussions were, reportedly going.
on at high levels in the Korean Government with a view to restructur-. 
ing the coops :ative systum to achieve a gr -xter degree of active local 
participatioa and greater responsiveness to local. needs.. Were this to
occur, the national organization would then play more of an advisory 
and facilitating role than, as at present, a. stronghanded directive 
role as executor of government policy. In such a climate, the seeds 
of local planning, management and self-help that CBIRD has planted 
and nurtured would have a real chance to thrive. Whether such a vi
sion is utopian or not, it appears to us that th4i local cooperative 
is in fact the logical focus of integration and the mast promising 
successor to CBIRD. In any event, there can be little doubt that in 
the long run the CBIRD innovations will leave some useful and endur
ing impacts on the Korean rural scene. But just what form they will 
take and how extensive they will be, only time can tell. 

[Edited extract from Meeting the 
Basic Needs of the Rural Poor: the 
Integrated Community-Based Approach, 
Philip H. Coombs, Editor, pp. 534-39, 
528-32, 576-83, and .327-34. Copy-

right! 1980, Pergamon Press, Oxford,
 
England.]
 

Note: The book from which this article was extracted contains nine
 
studies on ways of meeting basic needs of the rural poor, and can be
 
ordered for $15.00 (prepaid) from:
 

International Council for Educational Development
 

Box 217, Essex, Connecticut 06426
 
U.S.A.
 

56
 



PLANNING AND EVALUATING EXTENSION PROGRAMS
 

I.Introduction 
PRoGRAM DEVELOPMENT in the Coopera
tive Extension Service involves three major func
tions: first, determining what the program will be 
-planning; second, carrying out the plan-imple
menting; and third, checking up on accomplish
ments-evaluating. 

Program development in Extension is a contin
uing series of interrelated processes which result 
in the accomplishment of the educational mission 
and objectives of the organization. It includes or-
ganizing to accomplish the mission, determining 
the content of the program, setting priorities and 
stating objectives, developing plans to accomplish
the objectives, implementing the plans, evaluating
and reporting results, and using the results in plan-
ning subsequent programs. 

It is a continuing series of processes operating
within the programming framework. These proc-
esses are presented schematically in Figure 1 and 
include the following: 

1) Development of the institutional policies 
or framework for program development.

2) Organization among the staff for program
development 


3) Program determination-the long-range Ex-
tension program document. 

4) Program strategy-the annual plan of work. 

5) Program action-implementation of the pro-
gram. 

6) Program evaluation - acomplishments of 
the program. 

This publication should serve as a guide to Ex-
tension agents at all levels in the theory and prac-
tice of planning and evaluating Extension pro-

P 
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' "--w. PAll 

DEVELOPMENT) 

- // 
PROGRAM 

ACTION / 
.J,, IE.....oN 

INSTITUTIONAL FORFRAMEWORK 
PROGRAMOEV[LrOM...
 

Figure 1. Processes of Extension program development. 

grams. The concepts apply to all of the educa
tional programs conducted by the Cooperative 

Extension Service. Specifically, a practical ap
proach is presented for developing the annual plan
of work. The evaluation concepts presented apply 
not only to the broad process of evaluating long
range programs and annual plans of work, but also 
to all types of Extension educational programs
whether large or small, long-range or short-range. 

Extension agents in a very real sense are 
change agents. To be effective in bringing about 
change with Extension clientele, there should be 
a foundation of practical concepts on planning and 
evaluating. This publication is intended to help in 
this regard. 
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II.Planning Extension Programs
 

Program planning begins with Extension's 
clientele-PEOPLE. It ends at the national level, 
and all along the way a series of events-each im-
portant to the process-must take place. UI-
timatelv, the process results in effective plans for 
Extension's efforts at the count\', state, and na-
tional levels, 

The planiing process results in written plans 
of work at county and state levels within the Ex-
tension organization. 'ritten plans are of two 
types: first, the long-range program which is a 
broad projection of the Extension program for a 
period of 3 to 5 years or more: and second, the an-
nual plan which sets forth the specific Extension 
effort for a 1-year period. In either, the plan of 
work is intended as a guide or roadmap for agents
and leaders Lo follow in fulfilling effectively the 

Extension educational mission. In addition, prop-
erly prepared plans are an LS-USDA requirement 
,for release of federal funds to operate the Exten-
sion program. 

STEPS IN PLANNING 

Step 1. THE COUNTY PLAN OF WORK. 

.\ prerequisite to planning is staff unity. The 
taff must be togther on how the plan will be de-

veloned. This implies a common understanding 
of the tasks involved and agreement on who will 
do what. There must be "planning for planning" 
among the staff. Agents must be assigned leader-
ship responsibilities with the various commodity 
and special interest committees of the county Ex-
tension council. 

There must be coordination so that the total 
staff understands generall, what is going on. Pri-
orities must be set. Dates for meetings of the staff 

and council must be determined and an agreed-
upon plan for training council members must exist. 

Agents, not the council, are responsible for 
writing the county olan of work. To do this. they 
must have an opportunity to listen to evidence 
from at least three sources on what should go into 
the -lan.

5onrca: 1-TE PEoPE. Representatives from 

tAe people should be organized into an active 
cou-ntv Extension council. The council should be 

of committees in the areas of Agriculturemace io 
and '".atUZal Resources, Home Economics, 4-H 
and Youh,. and Canmunitv 3tesource Deveioo-
ment for the ounpose or expressing their view-
.3oints on the orobiems md onnornities which 
need attention in the ian or 

Source 2-SPECIALISTS AND RESOUnCE PEOPLE. 

Agents should listen to the appropriate experts for 
trends and projections based on new research ap
plicable to local situations. Valuable information 
can be gleaned from local agencies arid organiza
tions, both public and private, who may not be a 
part of the council. This infonnation should be 
discussed by the agents with the county Exten
sion council committees as deliberations arc made 
on the content of the county plan of work. 

Source .3-TilE ENVIRONMENT OR WORK SET-
TING. There are dermite indicators in tiie environ
ment or work setting that agents should consider 
in developing the plan of work, suaii as crop and 
livestock opportunities, social and economic living 
conditions, community services ard f:acilities. em
plovnent, health and age characteristics, natural 

resources, etc. 
When the evidence is all in. agents are in a o

sition to write a county plan of work that identi
ies the important priorities. A .ide ar 
the pian follows later in this pubiication. 

Steo 2. THE SPECIALIST PLAN OF \VOP' . 

Specialists at the area and state levels develop 
plans of work according .: their ....- . unc
tions. They, too, need to ?ireai te innpus :rom at 
'east three sources before p'ittiLn their plan into 
written form. 

Source I-TiE CoUNTY PLANS. :f the nrccesses 
described in Step I are properly followed *r; the 
county staff, then specia:sts ire easilv to 
summarize county plans and determine te .,reater 
portion of the specialist plan. Th udiece tor the 
specialist is also the PEOPLE. The orocess of 

involvs making decisions on "ho best 

to join hands vitn tile county ad to serve their 
needs. 

E. 
i ouote.n-cialistis FIDNv 2C:e attune

. , I 
vithin subject matter discinines ta :" :caci

inas at land-grant and other instituvicns and to 
make this information available to the conty staff 

i thow~ nesleters andpubicaion, slL~esets. 
through publications, newsletters slide 
other practical methods. Making researi 'esu: 
known to agents is the central focus o. the se

cialist's iian of work. 
Souce i-T-E E, ':BcN .ENT 01 71':5"r-

TiNO. The technical nature ror some suc' .et areas 
suggests that sreciaiists can cest ser- iente2e 

.ork. I. 
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cators for objectives which should be included in 
the specialist's plan of work and coordinated with
the county staff. 

Step 3. THE STATE PLAN OF WORK. 
The state plan of work involves organizingTtaemetworopnvo-oriented.ngstateiveoe phlanplans for the county and specialist staffs into areas 

of Agriculture and Natural Resources, Home Eco-
nomics, 4-H and Youth, and Community Resource 
Development. The plan also includes a section on 
administration, which outlines essential admin-
istrative functions. This document then becomes 
the guide or roadmap on a broad scale for the
overall organization. It is here that statewide goals
and objectives are found. 

All states submit their state plan of work to 
ES-USDA in Washington which then gives direc-
tion to the national Extension effort. 

NRITING THE PLAN 
The written plan ot work for each commodity 


or area of emphasis should contain five sections, 

each es:ential and interrelated to the others. These 

include (I) the situational statement, (2) oh-

jectives, (3) methods, (4) expected results, and 

(5)evaluation techniques. All sections tie together
in that the situational statement outlines base data

about specific problems ad 
 opportunities for a 

given commodity or area of emphasis. The objec-

tives snecificallv state tuat clientele hope to do

about the conditions 
 which exist. The methods 

section outlines hotc the objectives will be accom
plished with the use of appropriate teaching tech-
niques. E:.-ected results relate to target numbers 
and; or percentages agents

n have in mind. and final-, evaluation arer s to'ne techniques listed tthroughdeter-
mine degrees of accompiishnent. All five sections 
work together withZ.no single one toable standalone. A closer look at each of the five sections 
follows. 

Section 1-TitE SITUATIONAL STATE:EN'r. The
situational statement is exactly what the term im-
plies-the "what is"or status. It is a written survey
or the commodity or aica of emphasis which pin-
points existing problems and opportunities. It is
also a data bank containing basic statistical infor-
ination to support the validity of the problems
and opportunities identified. Tile situational state
ment provides a justification for objectives and a 
oasis for establishing priorities. 

The long-range program situational statement ... uld be elaborate, containing a complete analv-
sis of problems and opportunities for several years. 

.e annual plan of work, should pinpoint only 

I those problems and opportunities which will be 
worked on during the current year.

Section 2--O3JECTIVES. Educational objectives 
state what the 'earner or client hopes to do about 
the problems and opportunities in the situational 
statement. Obiectives smud he peopie-oriented. 
not agelt-orielted. Itmust he possible at some 
point in time to cok it objectives and determine 
whether or not they were accompiished. Some 
objectives can he accornplished in a 1-year period 
or a shorter spancf tie. Others may take severai 
years to reach. 

Objectives are -x.:enents intentor 1nvoiv.ing 

three parts: 
1) Identification of the auciefncet ciiente!e, 

to be reached, 
2) Identification of the stubict ( irnorina .cn 

or content) to be taught,3 ) Identification of the chanic end rsu;'Sthat is desired ov the atidience (r :iemle-oien
called calldbelaviralulin,_a behavioral Ani cu_lU oo3a change. e. "c".onal 
jective can be thought of as a ap-'a zap becween 
"what is" and "what could be." It is a statement 
of intent for progress. 

/HAT IS"- JECTVE 
I 

Figure 2. A simple model defning o jectives. 

Objectives set goals for earning. One tiefnitirm 
cnne :um:.a Inaeaa'.ior 

new experiences.' Chan,,.cs a linan ",havior can either he ne.v .heowieda. new. 
or changes in calOcs. Knwledge relates to acquir
~~~in,- anld tunde?.tandin ,_inform ation. S!,ils re a e 

to learning to do sntothing wich reuires the ,use of the hands, arms, feer, legs, or some portion
of the body. Values relate to a person s attitude. 
what lie or she feels to be important. or inner feel
ins. Objectives :n Extension pro,.ram, fa,'d,.
with one or all three. Obiectives which deal with1 
values are harder to attain because it takes t"ie,
often manv.years, to change attitudes or feeL.n. 

Examples of changes in b.ehavior may h:e: 

KNOWLEDGE-For peanut producers acto 
quire and understand the latest research zhldinCs
from the Wiregrass Experiment Station. 
"SKILLS-For 4-H Club members to particinate

in the automotive program to 0ecome safer and 
better informed drivers. 
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VALUES-For homemakers to adopt home 
freezing as an improved method for food preser-
vation. 

Objectives can be either specific or rather 
broad in nature. Time plays the major role in de-
termining the specificity of objectives. Long-range 
programs contain broad objectives attainable over 
a 3- to 5-year span of time and frequently longer, 
Objectives in the annual plan should outline spe-
cilic situations to be addressed during the year. 

Long-range objectives state the "big picture" 
or goals. Many annual objectives are often neces-
sarv to reach a single long-range objective. Agents 

should plan annually only those objectives that 
are possible to attain in a 1-year time span, keep-
ing in mind that annual objectives add up, hope-
fully, to attaining long-range objectives, 

Long-Range Objectives Annual Objectives 
(3 to 5 Years) (1 Year) 

1.For beef cattle produc- 1.For beef cattle produc-
ers to adopt recommended ers to adopt prevrnancy 
management practices to testing as a means of in-
increase their calving per- creasing calf crop percent-
centage by 10 percent. age. 

°2. For soybean producers °2. For sovbean producers 
to a d op t recommended to adopt sod testinv as a 
practices to raise per-acre means of increasing per-
yields to an average of 32 acre yields. 
bushels. 
"3.F o r homeowners to '3. F o r homeowvners to 
adopt recommended energy adopt a 10-point recom
saving practices to reduce mended ;vstem of electri-
home energy requirements cal appliance energy con-
by 20 percent. ser'at'on in the home. 

4. For 4-H'ers to g a i n 4. F o r 4-H'ers to obtain 
knowledge and sk ill s in knowledge and sk ill s in 
leadership development to public speaking to develop 
assume responsible leader- leadership abilities. 
ship roles in society. 

'Objectives which specify the adoption process take into 
account the behavioral changes which occur with the 
acquisition of new knowledge and/or skills and atti-
tudes. 

Section 3-METHCDS. Educational methods are 
the teaching techniques or "tools of the trade" that 
agents use to reach objectives. This is the section 
of the plan of work where activities, demonstra-
tions, and events show up. A rather detailed list-
ing of specific meetings, demonstrations, T.V. and 
radio programs, circu~lar letters, and special events 
should be spelled out. Each method listed should 
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tell what is to be taught as well as when and 
where it is to be done. 

The methods section provides a sound basis 

on which agent performance evaluation can be 
made. Often circumstances beyond the control of 
agents will occur, such as unusual weather condi
tions, sudden shifts in economic conditions, insect 
infestations, etc., which prohibit accomplishment 
of objectives. But if agents are able to show that 
they carried out all the educational methods 
listed, then evidence is available which attests to 
the agent's efforts.

Section 4-ExPEcrED REStS. Objectives are 

written in terms of what clientele hope to do. 
Methods are tied to objectives and outline the 
teaching techniques that agents plan to use to 
reach clientele objectives. Expected results are 

tied directly to the methods section. For the meth
ods listed, what are the expected results? It is here 
that numbers and percentages show up regarding how many von hope to reach and what specific 
h an yyou e to occur wht mecific 

-angesexpect to with the methodsyou occur 
used. This section of the plan of work can be 
thought of as a listing of specific outcomes that 
agents are shooting for. 

The expected results section also provides a 
basis for evaluating agents' performance. In one 

sense, this section provides agents the opportunity
 
specific objectives of their ownwithto sccthe objectives set for clientele. compatible 

Section 5-EVALUATION TECivNIQtm.s. Evalua
tion techniques are tools for determining whether 
objectives were accomplished or the degree of ac

complishment. They also help determine whether 
or not expected results are reached. Evaluation 
techniques include sici things s mail question 

naires, personal interview schedules, all kinds of 
distributed questionnaires and checklists, groupi
 
interviews, Case studies. systematic observation 
procedures, and studies of result demonstration 
records.
 

In selecting the evaluation techniques to use, 
agents should analyze each one to see whether 
or not it will provide the valid and reliable infor
mation needed. The most important consideration 
is to be sure that the evaluation teclmique pro
vides a reasonable measure of the degree to which 
objectives and expected results were accom
plished. 



I11. Evaluating Extension Programs
 
"Evaluation is a state of mind in which an Ex-

tension worker wants better information about his 
or her work and uses the information to make the 
work more effective. It is an investment which 
produces progress and growth in achieving the 
objective for which an organization has been set 
up. 

This quotation makes a good text for this sec-
tion on the evaluation phase of program develop-
ment. The first major point is that evaluation is 
partof the programplanning process, not an after-
thought. In fact, evaluation may be poorly done or 
impossible to do unless it is built into the program 
from the beginning. If an objective in a program
is fuzzy or too general to have any specific mean-
ing, then the evaluation will be fuzzy or too gen-
eral to be of much value in making decisions 
about the program. Think of objectives and ex-
pected outcomes as the two ends of a program, as 
indicated in Figure 3. 

A. OBJECTIVES B. OUTCOMES
OF A IMPLEMENTING OF A 

PROGPAM THE PROGRAM PROGRAM 

EVALUATION 
DOES A = B? 

Figure 3. A simple model defining evaluation. 

A second major point is that evaluation is 
needed to help the Extension worker make better 
decisions. Evaluation furnishes facts and under-
standing for decision-making. Frequently, input
concerning the effectiveness of a program serves 
as a basis for making decisions about its future. 
To get this information, some research must be 
done. For example, questioning participants to 
learn if they got the expected benefits. Or, if there 
were not as many participants as expected, infor-
mation is needed for the non-participants you
wanted to become active, 

Evaluation in Extension is not a new idea. 
Score cards and other evaluative devices have 
been used for many years. More recently, evalua-
tion techniques have been used in Performance 
Reviews and similar personnel evaluation. When 
evaluation gets tied to accountability, everyoneinvolie atouconlerne
involved gets concerned about the outcome! 

The major purpose of this section on Evalua-
tion is two-fold: 
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1) To explain the principles and theory under
lying evaluation of educational programs. 

2) To apply these principles and theory to 
ACES programs. 

In thinking about this two-fold purpose, it will 
be helpful to examine your assumptions about 
,evaluation-not only what you know and under
stan., about it, but also your feelings about it. 
Evaluation is sometimes 'threatening to people 
who are responsible for a program. One approach, 
or model, for the evaluative process will be out
lined in some detail. And an application of this 
model to ACES programs will follow. 

PRINCIPLES AND THEORY UNDERLYING 
AN EVALUATION PROGRAM 

What is evaluation? Basically it is a judgment 
of worth-an appraisal of value. To think about 
something is often to evaluate it in some way. 
Everyday language is full of descripti,'e adjectives 
connoting value and judgment, such as beautiful,
ugly, good, bad, too high, useless. 

A more research-oriented definition would in
clude a rationale for evaluation of educational 
programs. Heavy emphasis would be placed on 
decision-making and getting information needed 
by the decision-maker in an educational program. 
Here is the rationale: 

1. The quality of programs depends on the 

quality of decisions about the programs; 
2. The quality of decisions depends on the 

decision-makers' abilities to identify the alterna
tives which make up decision situations and to 
make sound judgments of these alternatives; 

3. Making sound judgments requires timely 
access to valid and reliable information about the 
alternatives; 

4. The availability of such information requires 
a systematic wav of providing it: and 

5. The processes necessary for providing this 
information for decision-making collectively com
prise the concept of evaluation. 

Evaluation based on this rationale is a way of 
providing information through research for mak
ing rational judgments in decision situations. A 
decision is a choice among alternatives. Judgment
is assigning values to alternatives.

assinin alternatcome.
To provide information for decision-making, 

some organization of effort is needed. One ai,
proach is to see this as four functions: 



1. Collecting information. I 
2. Organizing information. CONTEXT 
3. Analyzing information. OR 
4. Reporting information, SITUATION j", ,. 

Of course, one must know what informat'on //// EVALUTICN( \
 
needs to be collected. That is decided as a part / . 
of the plan for evaluating and vill be shown , 
 .
 
clearly in the CIPP Model, below, Whether the "
 
information is adequate can be determined by PROGRAM ACTION / INPUT OR
 
raising the following questions: OR PROCESS PLAN OF WORK
 

1. VALIDITY. Is the information reproducible? EVALUATION " EVALUATION 
2. TIMELINESS. Is the information available x =t " " '
 

when the decision-maker needs it? .
 
3. PEnSUASWBENESS. Does the information reach IV
 

all decision-makers who need it? ?
PROGRAM PRODUCT
4. CREDIBILITY. Is the information trusted by ( OR CUTCOME
 

the decision-maker and those he serves? 
 \\ EVALUATION 
Finally, the functions of decision situations in
 

educational programs are planning, programming,
 
implementing and recycling.
 
THE CIPP MODEL Figure 4. Four categories of evaluation for educational 

To get the information needed for making ra- programs. 
tional decisions, you need a systematic plan. The 
CIPP Model is one approach that can be a valu- 1. CONTEXT Evaluation (Objectives)
able guide for Extension workers. It means get- Helps establish pro-am goals and objec
ting information as follows: tires. 

1. COYTr.XT-the situation or environment. 
a. Describe the situation where changes2. INPUT-the resources or restraints. to occur. 

are 

3. Pnocss-the design or methods. b. Identfy need 
4. PnoDUCT--the outcomes or effectiveness. prorram. th t m byi
The following tables and charts may be help- c. Identify probiems in meeting the needs. 

ful in using the CIPP approach in evaluating ed- d. State goals and objectices of this particu
ucational programs. far program. 
THE CONCEPT OF CIPP IN EVALUATING " Question: How does the actual co-
EDUCATIOALpare with the desired? 

The proof of the pudding is in the eating. Ipr Th Ev dsio re 
Itsreids tatcont 2. INPUT Evaluation (Strategies)

Or, resoltthtr h : Helps decide whether outside assistance isOr, on the other hand: needed for meeting goals. 
Do the job right and you don't have to worry 

about results. a. Identify resources and capability. 
b. Develop alternatice solutions.Which line of thinking do you follow? Either 

way, sooner or later we need to take a closer look c. Deepaninc 
at the results as well as the processes followed- implementation.
.,nd at 'east occas'onaiiv At the objectives of the Key Guestion: Iow well did the strategies 
r cmsom- we must go vork WArd. -ir, saving that 

e ne assumptions under- 3..-C-CSS Z'."aluation .Procedures) 
'he . 'e.CIPP approach heli s us ietect re lict in. . ".•elos or de fects 


a ct, .-c ,_;e arca; n. evaluating an educa- Heo itc raeic eet nicedures for implementation.ron - rcr-m. " s a:ief summary of this ap2roac". a. Clarify procedures (sceps) foilcwed. 

")
 



b. 	 Identify barriersor defects. One way to modify immediate expectations, 
c. 	Check feedback and its use. is to makeyet not lose sight of larger objectives,


objectives either short-range (1 year) or long*Key Question: What did the program do range (3 to 	 5 years). Statements of objectivesthat produced the desired results? must be fairly specific if evaluation is to be worth 
4. 	 PRODUCT Evaluation (Results) anything in improving this or similar programs.

Helps analyze outcomes and relate them to The design for the evaluation of a program is 
objectives, 	 extremely important. Even a simple evaluation of 

atasmall project needs careful planning if the evalua. 	 Describe oitcamnes. ation is to be worthwhile. The two models on the 
b. 	Relate to objectives (intended out- following pages have specific suggestions to serve

comes). as guidelines for designing an evaluation project. 
c. 	 Describe d.otherIterpetoutcomes (by-products).indigs.DEVELOPING 	 EVALUATION DESIGNS 
d. 	 Interpret findings. The logical structure of evaluation design is 
*Key Question: Exactly how did we do? the same for all types of evaluation, whether coa

text, input, process, or product. The parts, briefly, 
APPLICATION OF PRINCIPLES AND are as follows: 

THEORY TO ACES 	 1. FocUsLIca. THE EVALULATIONIdenitiv the major level of deeision-malk-
Evaluation of Extension programs differs from a. e teve l o dc nak

some other educational programs. For example,to be serve: e.g., local, state or naticnai. 
paper and pencil testing in a classroom setting is b. For each level of decision-making, prousually not appropriate. The outcome hoped for ject the decision situations to be ser.'ed and dein 	an Extension program is to be found in a real scribe each one in terms of its focus, criticality.
life situation in the home, in the community, or timing, aad composition of alternatives. 
on 	 the farm. Has the participant changed his or c. Define criteria for eacn decision sitna
her way of doing certain things in everyday liv- tion by, specifying variables for :neasuren'.ent and
ing? Whereas, the teacher in the classroom may standards for use in the judz-nent of .iternatives.
evaluate the student by a test which may have lit- d. Define policies within wih:ich the evalu
tle or nothing to do with what the student does I 	 ation must operate. 
at 	home. a
 

Another related 
 area in which the Extension 2. COLrECTING THE INFOO"ATION
worker may have difficulty in evaluating a pro- a. Specify the source of the information to 
gram is the uncertainty of the clientele; for exam- be collected. 
pie, with a radio or TV program. Although the b. Specify the instruments and methods for program may be planned for a specific type of au- collecting the needed information. 
dience, it is difficult to identify the actual listeners 
and get evaluations from them. Again, this con- c. Specify the smpling procedures to be 
trasts sharply with the classroom teacher who has used. 
a role with everybody listed and knows who is d. Specify the conditions and Schedule for
listening-or at least who is presentl collecting information. 

These difficulties can be overcome, but the 3. ORGANIZING THE INrOXMAT110N 
Extension worker must be aware of the problems 3. a. 	 PrideProvide aa formatfoato for the n iniormationtnvolved in evaluating informal educational pro- wtich is to be collected. 
"rams. Furthermore, the limits of evaluating such 
programs need to be recogized and built into the b. Desi-nate means , or-aniza for ccdin 
objectives of the program. You should know that ing, storing, and retrieving the information.
this mav mean a more modest statement of obiec- 4. A.NALYZING THE I nRMATrIoN
tives. For example, for the county Extension a. eect the anai'cai rceures e
worker to expect evervbodv in the county to par- t 

to 
a 

ticipate in a program is unrealistic and has no used. 
place in a planned program. b. 	DL:ide on a va" to rer:orm te inai':sis. 
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i. DETERMINE THE FOCUS OR 
OBJECTIVES, AND THE INFORMA-

TION NEEDED; DEFINE THE 

POLICIES. 


6. DECIDE ON THE AD- 2. DEVELOP A PLAN 
MINISTRATION AND EXE- AND THE MATERIALS FOR 
CUTION OF THE EVALUA- COLLECTING THE INFOR-
TION PLAN AS DESIGNED. MATION. 

$ i 
5. DECIDE ON THE AUDI- 3. DEVELOP A PLAN 

ENCE FOR THE REPORT AND FOR ORGANIZINC THE IN 
MANNER OF REPORTING. FORMATION TO FACILITATE 

TABULATION. 

/program 

4. DEVELOP A PLAN FOR THE 
ANALYSIS AND INTERPRETATION 


OF THE INFORMATION. 


Figure 5. Evaluation design for educational programs. 

5. REPORTNG = INFORMATION 

a. Define the audiences for the evaluation 
reports. 

b. Specify ways to provide information for 
the audiences. 

c. Specify the format for evaluation reports 
and reporsessions,

reporting
d. Schedule the reporting of information, 

6. ADMINT G TE EVALUATION 

a. Summarize the evaluation schedule. 
b. Define staff and resource requirements 

and plans for meeting these requirements. 
c. Specify ways to meet policy requirements 

for conducting the evaluation. 
d. Evaluate the evaluation design's poten-

tial for providing information that is valid, reli-
able, credible, timely, and persuasive, 

e. Specify and schedule means for periodic 
updating of the evaluation design. 

f. Provide a budget for the total evaluation 
program. 

TWO TYPES OF EVALUATION 

County Extension workers are faced with two 
types of evaluation. These can be seen by asking 
two evaluative questions: "How well did I do in 
my educational program with a particular group?" 
and "How well did the members of the group do 

whatever I was teaching?" The first has to do with 
performance by the Extension worker, the second 
with the performance of the participant. Both are
needed for adequate evaluation of the total pro
gram; neither alone will give the evaluation 

needed for program improvement. There is some
thing to the argument that "It's results that count."
However, there are so many variables entering 
the adoption process and the final results achieved
 
by a participant in an educational program until it 
isnot a fair and uable evaluation to rely on re
sults alone. Briefly, here are the requirements for
 

e. B
the two types of evaluation.

Specific plans for each step of the educational 
must be developed and clearly stated, in

eluding the time and method of implementation;
for example, letters, meetings, follow-up, etc. In
other words, a clearly stated educational program 

for a particular group of people over a designated 
period of time must be specified. Expected out
comes in terms of participation of people would 
be part of the specific plan. Such planning could 
then be readily evaluated in terms of "Did I do 
the things planned and how well?" 

The evaluation of the participants should be 
built arotund the specific purposes for being in
volved inthe program. Was it to get certain prac
tices started? Cr was it only for knowledge and 
understanding? The evaluation would be built 
around the evidences to look for to know whether
the objectives were accomplished. In the case of 
agricultural programs, yields in bushels or pounds 
are often risky evaluation measures because of the 
many variables. It would be more accurate to 
evaluate the extent to which the approved prac
tices were used in the production process and hope 
for the right amount of rain 

THE DOUBLE LOOK AND HUMAN SIDE 
Two other areas nced special attention in 

evaluating Extension programs. 
These can be called the double look and the 

human side of evaluation. 
THE DotL LooK. Since Extcnsion is a public 

agency, there needs to be a look back and a !ook to 

the future. This means little more than hindsight 
and foresight.

The systematic assessment of past perform
ances in terms of effectiveness of agency programs 
and activities, as well as any unintended conse
quences, is retrospective in nature. This is impor
tant to any public agency and is an essential part 
of accountability. To the public, who benefits and 
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how is an important question in being account-
able. 

Many people see evaluation only as retrospec-
tive. For the Extension worker, evaluation has a 
second dimension-looking ahead. This evaluation 
is prospective in orientation. How can you eval-
uate a program that has not occurred? By simply 
moving forward the evaluation of the alternative 
ways of developing or implementing the program. 
For example, look closely at the alternative, of an 
on-going program. One alternative is to continue 
the program as now being done. But to evaluate 
this appro,-.h, other alternatives need to be devel-
oped and evaluated in such areas as time required, 
people involved, resources, etc. The CIPP Model 
can be used here to advantage. In short, to pro-
ject alternatives and evaluate them in terms of 
expected results is to "move hiidsight up to fore-
sight." 

An example of this prospective evaluation is 
the case of the article written for the local news-
paper. There are basic guidelines for writing any 
,e'ticle, such as the Fog Index whuch gauges read-
ability, that can be better applied as the article is 
being written rather than after it has been pub-
lished. hliere are basic principles of program plan., 
ning as well as principles of learning. Recognition 
of these in evaluating in advance is an evaluative 

tool that the Extension worker should not over
look 

Tim HuMAN SInE OF EVALUATION. The Co
operative Extension Service is a people's program. 
As indicated earlier, results of ACES programs are 
seen as changes in the way things are done in the 
home, the community, or on the farm and in other 
agricultural businesses. However, from an educa
tional viewpoint, su c h changes are reflecting 
change in people--in what they know, can do, and 
feel. The evaluation of an educational program, 
then, is an evaluation of the changes in people as 
a result of participating in an Extension program. 

A related problem in evaluating changes in 
people is the extent to which the situation (con
text) is considered in evaluating the outcome. "He 
did well, considering his situation." This is a hu
man consideration. Yet, how far do you modify 
outcomes in keeping with the situation? A basic 
guide is to establish a minimum acceptable level 
in terms of outcome This should be reasonable 
and understood by all concerned. This is espe
cially important in 4-H and other activities with 
young people who have not developed clear ideas
of standards for performance in a given area. 
Helping people develop such standards is an im
portant part of an educational program, and the 
value placed on reaching these standards is a key 
part of the evaluation process. 
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IV.Summary
 

The plan of work is a guide or roadmap for gram results; and techniques of evaluation provide 
the Extension agent to follow in carrying out the accurate ways to determine accomplishments. 
day-to-day activities of the Extension program. Evaluation is a concept built into the total pro-
Effective planning involves listening to the people gram development process. Proper evaluation 
affected by the program, consulting specialists in furnishes facts and understanding for better de
the discipline or specialty areas, and andyzing the cision-making. To provide information for deci
work environment. There are specific steps and sion-making, evaluation must be planned for. One 
processes to follow to prepare the plan properly. model or guide is the CIPP procedure which di-
The plan contains five parts, each interwoven and rects the evaluation process before, during, and 
related to the other. The situational statement pre- after the educational program. 
sents the specific problems and opportunities; ob- Education is the business of the Cooperative 
jectives state the desired changes on the part of Extension Service. Dynamic educational programs 
the specific audience. Methods state how this will are more effectively implemented when properly 
be done; expected results relate to desired pro- planned and evaluated. 
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Small Wastewater 
Systems 
Aitemative Systems 
for Sm all Communities 

and Rural Areas 

4 Septic Tank with Alternating 
Absorption Fields 

One field reite while other is in use. Allows field to renew 
Itself. Extends life of field. Provides standby if one field fails, 
Valve directs sewage liquid to proper field. Fields usually 
switched ev6ry 6-12 month;, 

Septic Tar* VKV, Box Distribution 

DD
 

8 Septic Tank & LeachingChambers 

Open-bottom concrete chambers create underground cavern 
over absorption field. Liquid is piped into cavern Et spread over 
field by troughs, splashplates, or dams. Liquid filters through 
soil. Chambem replace perforated pipe, trenches, & rocks of 
conventional absorption field. Access holes at top allow main-
tenance 8 soil inspection. 

Vt 

L T Z Tank pChDmbersSeptlic ,Leaching 

-- . .
 

Septic Tank & Soil Absorption
Field (Trench)
 

Sewage bacteria break up some solids in tank. Heavy solids 
sink to bottom as sludge. Grosse Et light particle: float to top 
as scum. Liquid flows from tank throuyh closed pipe and 
distribution box to perforated pipes in trenches; flows through= - -.. .-n.,,.onsurrounding crushed rocks or gravel and soil to ground water
(underground water). Bacteria & oxygen in soil help purify
l . scum are pumped out periodically. Most 
common onsite system. Level ground or moderate slope. 

Aot Field (Trench) 

Gravel cc Crushed R~ock 

5 Septic System Refinements: 
(A) Dosing (B) Closed Loop 

%(A)Pump or siphon forces liquid to perforated pipes in con
trolled doses so all pipes discharge liquid almost at same time 
(dosing). Spreads liquid more evenly E gives field chance to 
dry out between dosings. (8)Variation of Sketch 1 zbsorption 
field. Can be used for dosing & where ,round is level or nearly 
level. Distnlbuti. 

Box Absorption Field 

Septic Tank Pump Of 

Closed Loop Absorption Field 

(B) 

9 Mound System
(Used with Septic or Aerobic Tank) 

Liquid is pumped from storage tank (as in Sketchi 21) to per
forated plastic pipe in sand mound that covers plowed ground.
Liquid flows through rocks or gravel, sand, & natural soil. 
Mound vegetation helps evaporate liquid. Rocky or tight soil or 
high water table. 

Peorated ip Vegetation Absorption Field 
CrouI
 
section J 
Diagram 

Inlet Pipe From Septic or Aerobic Plowed Surface. Original Grade
Tine & Siphon or Purn 

Rockyo, Tight Sod or High Ground Water 



2 Aerobic System &Soil 3 Septic Tank & SellAbsorption
Absorption Field Field (Bed) ,1 

Air and wastowater are mixed in tank. Oxygen-using (aerobic) Similar to Sketch 1 but smaller field. Total field excavated.
bacteria grow, digest sew.-age, liquefy most solids. Uquid Used where space limited. Nearly level ground.

discharges to absorption field where treatment continues. Can
 
use same treatment Etdisposal methods as septic tank.
 
Maintenance essential. Uses energy.
 

Absah opion - S T Field (iBd)Field 7 c wAbsorption 
Distribution Son 

Septicank 

Crushed Stonle or Course Graval 

6 Septic Tank with Sloping Field- 7 Septic Tank with Seepage PitSerial Distribution 
Pump forces liquid to perforated pipes in contoured absorption "Liquid flows to pit that has open-jointed brick or stone walls
field. Drop boxes regulate liquid flow so highest trench fills up surrounded by rocks. Precast tanks with sidewall holes can

first, second fills up next, & lowest fills u last. Plastic fittings 
 also be used. Liquid seeps through walls Er rocks to surroundcan be used instead of drop boxes to regulate flow. Usec on ing soil. Pit sides are cleaned periodically to prevent clogging.

slopes.
 

Absorption Field 
0onSlope 

0 Evapotranspiration Bed 11 S ptic Tank, S nd Filter,
 
(Used with Septic or Aerobic Tank) Disinfection & Discharge
 

Similar to Sketch 9 but sand bed is lined with plastic or other Filter is ground-level or buried sand pit. Liquid enters perwaterproof material. Bed could be mound or level. Liquid forated pipe at top & filters through sand & gravel to bottomevaporates because liner prevents it from filtering through pipe. Bottom pipe conducts liquid to disinfection tank. Liquidnatural soil. Plants speed evaporation by drawing moisture discharges to stream or ditch. Variations are intermittent sandfrom soil E breathing it into the air. Used where conventional filter t recirculating sand filter. Used where soil absorptionabsorption field not possible. field not possible. 

Perforated Pi!pe S Tan Sand Filler 

Diagra . . . ., ''
 

Disinfection 

I nl Pipe From Septic Fl 0 
or Aerobic Tank . 

ExistingSod _"Waterproof L 



12 Low-Pressure Subsurface PipeDistribution 

Network of small-diameter perforated plastic pipes are buried 

6"- 18" in 4"- 6"-wide trenches. Pump forces liquid through

pipes in controlled doses so liquid discharges evinly. Site Et 

soil determine pipe layout & pipe-hole size & number. Absorp-

tion field is same size as conventional field. Rocky or tight soil
 
or high water table.
 

Dosing Tankwlj -Asch
 
SepticTank withPump , Perfo Plastic Pipe
 

16 Dual Systems:Blackwater & Graywatar 
Many systems. In this one: (A) toilet wastes (blackwater) are 
handled by waterless or low-water toilot system [Sketch 15). 
(B) Other housohold wastewater from kitchen, bath, laundry 

(graywater) needs separate treatment Er disposal, 


(A) 	 Blackwater (Toilet Wastes)
 
Wauae
 

O:oosi orRecycl 
eITatmnl TetWatIser orLow-Water Toilet System 

(B) Graywater (Other Household Wastewater) 

Kitchen Laundry 
Bath j-l= J-


To SepticorOther 
E:!4F_1_AplroveW Trestmwnt 

o0ispina 

19 Land Application 

Sewage liquid is applied to land to nourish vegetation & purify
liquid. Methods: 

1. 	Irrigation-Liquid is applied to crops or to forests (siliculture) 
by sprinkling, flooding, or ridge & furrow. Liquid is 
somotimes disinfected before application, 

2. 	Overland flow-Liquid flows through vegetation on graded 
slope. Runoff is collected at bottom & reused or discharged 
to river or stream. Suitable for tight soils. 

3. 	 Rapid infiltration- Partly treated sewage is applied in con
trolled doses to sandy soil. Solids break down. Uquid
purifies as it seeps to ground water (underground water) or 
is collected & may be reused. 

Aquaculture:

Plants & animals that grow in wastewater help purify water by

djigd.dng pollutants. Harvest is used as food, ferlizer, etc. 


13 Holding Tank 

Sewage flows to large, underground, watertight storage tank. 
Tank is pumped periodically Et sewage hauled away. Isolated or 
remote areas where absorption field nct possible. Sewage haul
ing cost high. 

17 Small-Diameter Gravity Sewers 
(Collection System) 

4"- 6" pipe is sloped so liquid from septic or aerobic tank flows 
through pipe to treatment & disposal. Treatment & disposal 
system can be conventional or alternative. Small pipe costs lass 
than conventional 8" pipe. 

Tank 

// J// malFoiameter
 

Grav sewerFol1d or Ot(her-	 SoilAbslorpton 

Treatment Disposal 

Pressure Sewers, GP
 
4V(Grinder Pump)
 

20 rnd 

Unit grinds sewage & pumps it through small
diameter plastic pipe to central or alternative 
treatment & disposal. Doesn't use septic tank 
but existing tank (B) may remain for emer
gency storage. Used for one or several 
homes (C). 

(A) No Septic Tank 	 (C) Clusters 

to Treatment & Disposal 

_G'. u.
 

Stoiagd
;jat
 



14 Cluster System 15 Waterless or Low-Water Toilet 
(Two or More Users on One Alternative Systems* 
System) 

Several houses are served by common treatment & disposal Composting: No water.
 
system. Houses could also have onsite septic or aerobic tanks Large r small systems. Converts toilet wastes Et most food
 
with liquid conducted to common absorption field. Clusters of wastes to compost. Electric vent fan & heating element op
houses can also use other alternative systems, such as mounds tional on large systems; essential on small systems. Proper

(Sketch 9), pressure & vacuum sewers (Sketches 18, 20, 21), care vital.
 
& sewage treatment lagoons.
 

Incinerating: No water. 
Electricity, gas, or oil burns solids & evaporates liquid. Small 
amount of ash is removed weekly. Roof vent. Proper care 
essential. 

Recycling Oil Flush: No water. 
Similrr to water-flush toilat but uses oil for flush, Oil & 

osing 	 wastes go to large storage tank where wastes settle at bot
tom & oil rises to top. Filtered oil recycles for flush. Storage 
tank is pumped Et oil replaced periodically. Uses electricity. 
Proper care essential. 

Recycling Chemical: Low water. 
Water-chemical flush mixture is pumped into toilet bowl. 
Mixture & wastes go to storage tank. Filtered liquid recircu
lates for flush. Permanent or portable types. Permanent 

Vacuum Sewers needs water hookup. Storage tank ispumped Echemicals 
(Collection System) added periodically. Uses electricity. Proper care essential. 

Recycling Water: Low water. 
.' to water, gasrVacuum pump creates vacuum in collector pipes. Valve opens Various systems. Some reduce wastes 

when sewage from dwelling presses against it. Sewage & plug vapor. T estewe reccestos toit. st 

of air behind it enter pipe. Air forces sewage to collection tank. vapor.Treated wastewater recycles to flush toilet. System 
to outside. Multiflush commercial units available. MostSewagevents 


Needs standby electric power & failure alarm system. Can be systems use electricity. Professional maintenance essential. 
used with large cluster systems (Sketch 14). 

Sewage From Owe4ing 

Sir 	 Sewie Pump " 
OTre , 


CentralCop Pipeec	 cpctor 

*Treat rofer wastes (blackwateC. Other household wasewarer
sgraywaer)
needs separate treatment & disposal system. 

Plastic Pipe~.... To Traefttnthogplsippeofuhrtreatment&
 
b Osposa disposal. SluDgis pumeofosspictn
 

Old Septic Tank Left inPlace 	 21 Pressure Sewers, STEP ()OeDeln
(Septic Tank Effluent Pump) ()OeDeln 

t n flow septicc	 PmLart (A)One dwelling. Pump forces liquid 

Plastic To Treatment tanki through plastic pipe to fureher treatment o
iie 


E?ospol disposal. Sludge is pumped from septic tank
Jperiodically. SpiTak Storage Tank 
Qan S,-oan 

for Emergency Storage (B) Cluster system. Liquid from sverl septicr re
 
tanks flows to ona pumping tank. Pump forces tPai/rc 
 P
liquid through plastic pipe to treatment & disposal. Pump 

(B)Cluster 	 Toeatmentoo 

Grinder~~ 	 PumumMjS 

GIPO 864'2 a? 



Why Small Systems?
 
Lower Water & 
Sewer Rates 
Rates skyrocket when a few people 
have to pay for a large system. 

Federal Government 
Pays 85% 

EPA Construction Grants Program 

If you're a small community or a 
sparsely populated area of a large
community and have a water pollu-

tion problem caused by buildings in 
use December 27, 1977: 

OThe Government pays 85% of eligi-
ble costs for alternative systems if 
your State, local government, and 
EPA approve them for your project. 
Your community, often with State 

More Information From: 

* EPA National Small Wastewater 
Flows Clearinghouse 
West Virginia University; Morgantown, WV 
26506; 800-624-8301. 

Center for Environmental ResearchInformation 

25 W. St. Clair; Cincinnati, OH 45 ; 

513-684-7391. 

0 Your EPA Regional Office 

1. Boston 
RI., Vt.); JFK(Conn., Maine, Mass., N.H., 

Federal Bldg.; Boston, MA 02203; 

617-223-7210. 


2. New York 
(N.J., N.Y., P.R., V..); 26 Federal Plaza; New 
York, NY 10007; 212-264-2525. 

3. Philadelphia 
(Del., Md., Pa., Va., W. Va., D.C.), 6th E 
Walnut Sts.; Philadelphia, PA 19108; 
215-597-9814. 

Save Energy, Water, 
Materials 
Most small systems use less. 

help, pays the other 15%. Farmers 
Home Administration, Economic 
Development Administration, Housing 
t Urban Development, and Corm-

munity Services Administration pro-
grams also help in some areas. 

@The Government pays to repair or 
replace the system if it fails within 2 
years of final inspection because it 
proves unsuited to the project or its 
design concept is faulty, 

* Systems can be publicly or prvate-
ly owned. They can be for residences 
or small commercial establishments. 

- Publicly owned systems are owned 
by the local government. 

You Must Consider Alternatives 
EPA can't approve a central system 
plan submitted after Sept. 30, 1978, 
unless the community shows it con
sidered alternative systems. 

4. Atlanta 
(Ala., Ga., Fla., Miss., N.C., S.C., Tern., Ky); 
345 Courtland St., N E.; Atlanta, GA 30308; 

404-81-4727. 


S. Chicago 
Ulf Ind., Ohio, Mich., Minn., 'i.), 230 S. 
Dearborn St.; Chicago, IL 50604; 312-353-2000. 

6. Dallas 

(Ark., La., Okla., Tex., N.Mex.) 1201 Elm SL;
 
Dallas, TX 75270: 214-767-2600.
 

7. Kansas City 
Iowa, Kans., Mo., Nebr.), 324 E. 11th St.;
 

Kansas City, MO 64108; 816-374-5483.
 

8. Denver 
(Colo., Utah, Wyo., Mont., N.D.. S.D.; 1860 
Lincoln St.; Denver, CO 80203; 303-837-3895. 
9. San Francisco 
(Ariz., Calif., Guam, Hawaii, Nev., Amer. 

Samoa, Trust Territories of the Pacific); 215 

Fremont St.: San Francisco. CA 94105; 


415-556-2320. 
10. Seattle 

(Alaska, Idaho, Oreg., Wash.); 1200-6th 

Ave.; Seattle, WA 98101; 206-442-1220. 


Save Prime Farmland,
 
Prevent Urban Sprawl
 
Large central sewage systems in rural
 
areas can bring unwanted develop
ment.
 

-Privately owned systems are owned 
by the property owner or a communi
ty organization. They can be funded if: 

An authorized local government 
unit applies for the grant; guarantees 
a system for inspection, proper 
operation, maintenance, and user 
opean mantenanc aner 
isn't practical: 

e They're more cost effective than 
a conventional central system; 

e The residence is a principal 
dwelling; vacation or sacond homes 
are not eligible. 

e Commercial users pay back their 

share of system cost. 

Enginoers and consultants: For detailed 
technical information get EPA's onsite 
systems manual free from Center for En
vironmental Research Information: 26 W. St. 

Clair; Cincinnati, OH 45268; 513-684-7391 ; and 
Innovative and Alternative Technology Assess
ment Manual from Municipal ConstructionDivision 
(WH-547). OWPO. EPA, 401 M St. SW, DC 
2046G; 202-426-8976. 

This publication isn't meant to be a com
prehensive guide to alternative systems. It 
tries to acquaint the layperson with some 
representative systems used in the United 
States. EPA does riot endorse, approve, 
or disapprove any system described here. 

Not all systems shown are approved by all 
jurisdictions. To get EPA funds, a project 
must meet Federal, State, and local stan
dards. 
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ENVIRONMENTAL CONSIDERATION
 
IN LAND USE PLANNING
 

1. "The Cast and the Capsule"
 

2. "Environmental Management in Africa"
 

3. 	"National Wildlife's Tenth Annual Environmental Quality
 
Index: 1969-1979 - A Decade of Revolution"
 

4. 	"Excerpts from "Environmental Revinws at the Commumity
 
Level - A Program Guide!!
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Ech year I confront a new generation of 

graduate students, secure in their excellence, 

incipient or confirmed professionals in one 

or another of the planning or design fields, 

My most important objectives in this first 
encounter are to challenge professional 

myopia, exclusively man-centered views, to 

initiate consideration of basic value and to 

focus particularly on the place of nature in 

man's world-the place of man in nature. 

Over the years I have used two stories merci-

lesy in order to review accepted values. 

The first is paraphrased from an image con. 

cved by Loren Eiseley:"* 

. . .r t bLyto r e n Ei, se' y =n th e w " Th . H O gs W 

An.,$. 

.. 


Man in spac is enabled to look upon the 

distant earth, a celestial orb, a revolving 

sphere. He sees it to be green, from the 

verdure on the land, algae greening the 

oceans, a green celestial fruit. Looking 
.closely at the earh, he perceives blotches, 

black brown, gray and from these extend 

dynamic tentacles upon the green epider-

mis. These blemishes he recognizes as the 

cities and works of man nd asks, "Is man 

but a planetary disease?" 

The silence that follows provides the appro-
next story-my own,.

for the 
bred from introspectiornon the increase ofpriate setting 

nuclear power. 

*)'' __ 

The atomic caitaclysm has occurred. The 

earth is silent, covered by gray pall. All 

life has been extinguished save in one 

deep leaden slit, where, long inured to 

radiation, persists a small colonyof algae. 
They perceive that a life save their has 

ben extinguishedand that the entire task 

of evolution must begin again-some bil

lions of yearof life and death, mutation 

and adaptation. cooperation and competi. 

tion,all to recover yesterday. They come 
to an immediate, spontaneous and unani

mous conclusion: "Next imc, no brains" 

The audience, in common with western 

society at large, blieves that the world, if 

7. 



not the 
between 

universe, consists of 
men, or between men 

a dialogue
and an an-

fruit as a great epidermis indeed, but wecould consider the green film as cytoplasm Ar ,,Mr__ 
thropomorphic God: the result of this view and the black, brown, gray centers not as , 
is that man, exclusively, is thought divine- blemishes but as nuclei and plastids-
given dominion over all life, enjoined among "directing, producing, storing and circulating 
all creatures to subdue the earth. Nature is material for the cytoplasm: the creative ., " 
then an irrelevant backdrop to the human centers in the world life. But if we do offer / . :.: 
play called Progress, or Profit. If nature is this kinder interpretation, we must ask . . , 

jrought to the foreground, it is only to be whether these centers do indeed perform the . 
conquered-man versus nature. roles of nuclei and plastids for the biosphere. 

In this context it is salutary to suggest that have to be that they do not. 
the path and direction of evolution may not 
be identical to human ideas of destiny; that But the mood has a least changed; the cry is 
man, while the current, latest dominart no longer the raucous crow of the cock on 
species, may not be .anenduring climax; that the dunghill. The question is asked, if man is 
brain may or may not be the culmination of not the apex of the universe and its total 
biological evolution or it might in contrastbe an aberration, a spinal tumor, and finally, justification, thenacu4 ihwo who are theosh hr principalh tg? D, 

although no man will hear it, the algae may .
laugh last. The burden of proof, then, lies Some years ago I spent a most instructive 
with man and brain. He is required to winter with the great architect Louis . 
demonstrate that he is capable of under- Kahn, searching for the appropriate elysian 
standing and managing the world of life to site for a prospective temple of science, the 
ensure survival. research aim of a large coiporation. I learned 

much from my travels with this most percep-
We can conclude that there are two extreme tive of architects, but my knowledge was 
viewpoints of man-nature. In the first, even more enlarged by an encounter with a 
anthropocentric man-ignorant of evolu- member of the research organization. He was 
tionary history, innocent of man's depend- designing an experimental environment: his 
ence, his allies and cohorts, low-browed and task was to find out how an astronaut might 
brutish-destroys as he goes, while adulating be sent to the moon with the least possible , 

man and his works. (Can we suggest that his baggage to sustain himn. This, of course, N 
aggression is only a cultural inferiority required a recirculating, which is to say, a 
complex?) T.,e opposing view is less certain biological system. The experiment design 
of man's place. It reseives the right to justify required a plywood capsule with a fluores
man as not only a unique species, but one cent tube representing the sun, a quantity of 
with the unequaled gift of consciousness, air, some water, some algae growing in -
This man, aware of his past, his unity with water, some bacteria and a man. This is, you 
all things and all life, proceeds with a def- will agree, a modest hoard of groceries for so 
erence born of understanding, seeking his long a trip. In the hypothetical capsule the 
creative role. man breathes air, consumes oxygen and 

exhales carbon dioxide; the algae consume 0tp 
If we can abandon the sad arrogance of carbon dioxide and expel oxygen into the air 
ignorance and introduce a mood of reason- which the man breathes, and ,o an oxygen
able inquiry, then circumspection will 
temper our indictment and we can reinter-
pret the stories. If we assume that man is a 
beneficent and constructive agent in the 

carbon dioxide cycle is ensured. The man 
thirsts, drinks some water, urinates, this 
passes into the water medium in which the 
algae and bacteria exist, the water is con- W 

44 world, we could imagine the green celestial sumed by 'he algae, transpired, condensed, 
ALGAE* 

*Oaw-igl by Hamod J. Wilier A1pm in w Ph;WD 

C. Mwvin Pai1rw. Public HaSith Sorvic Pubicatiin NO 
657, US. Oorlnnmiint of HeaIth. Educil4on Ond WelamI 
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the man drinks the condensations and a 
closed cycle of water exists. When hungry, 
the man eats some algae, digests them, then 
defecates. Subsequontly, the decomposers 
reduce the excrement into forms utilizable 
by the algae., which grow. The man eats 
more algae, and Go a food chan has been 
created. The only import to the system :, 
the light from the fluorescent tube-fossil 
sunlight; the orly cxpart from the system is 

V heat. 

Alas, experiments of this kind have not been 
sustained for more than twent-/-four hours, a 
sad commentary on our understanding ot 
man-nature. Nonetheless, they do contain 
splendid instructional material forthe ob

a serer. The system depends first upon the 
0 sun, the net producticn of photosynthesis 

after respiration, upon the water and upon 
the cycling and recycling of the materials in 
the system by the decomposes. It is quite 
clear that the process requires that the sub
stance or wastes, the output of one creature, 
are the imports or inputs to the others. The 
oxygen wastes of the plant were input to the 
man, the carbon dioxide of the man input to 
the plant; the substance of the plant input to 
the man, the wastes of the man input to the 
plant; the wastes of man and plant input to 
the decomposers, the wastes of these the 
input to the plant: and the water went 
round and round and round. 

CHLOROPLAST" 
Is this indeed the way the world works? Yes, 
at least in essential terms. United we are as 
men, plant parasites, happily consuming the 
oxygen wastes of plant metabolism, rescued 
from encompassing ordure by both the 
decompoer and thi plant, eating, burning 
and thus sustaining life from the energy of 
the sun, transmuted by photosynthesis. Now 
before we indulge in fulsome self-praise for 
our services to both plant and bacteria, let us 

stop to consider that they both existed 
,
0~ ~ before man and need him not at all. Our 
S:¢2 *- wastes are useful, but not necessary. 

When I first pondered upon sexperiment 
I found that I had to reforrr-i.e my view of

LEAF SECTION 
""After Sinat ark Wilson.NJeu,,:Enrh-PIbts.Anmai 'Photo ,rrogr40M. NAVICULA PELLICULOSA (arep.1 
Ooi0.bldv & Convany Inc.. N" York. I 0. p. 72. H111.26.000: 1. Elctron Micosc y of Diatom Cal, tw 

R.W. Drum. H.S. Perkratz and E.F.Sloormar. J. Cramer. 
Lor. 196, plate 5G3. 



man-nature. Instead of a paradise with Adam 
and Eve placed large in a garden graced by 
some benign, beautiful and useful plants and 
animals, the experiment showed that these 
myriad, beautiful creatu-es, thought to be a 
measure of grace added to life, were indeed 
indispensable, the source of life. Had the 
astronaut traveled to the m:,.on with his 
companions, there is some doubt as to 
whether he would have found the algae and 
decomposers beautiful, hut he would clearly 
have concluded that they were indispensable, 

Moreover, whatever view our moon traveler 
had of man and environment as separate 
entities before his departure, it would surely 
have crossed his consciousness that, given 
enough time, the probability existed that all 
that had once been algae might well be man, 
all that had once been man, alge. The only 
difference between them, in terms of matter, 
lay in the templates of the genetic codes. 
What then is the environment? What then is 
man? 

As I never obtained a college degree and 
entered graduate school without this dispen-
sation, I never acquired the illusion of being 
educated which these diplomas often confer, 
Teaching is that device whereby I assemble a 
fragmentary, ragged and belated education. 
As it incurs no cost to the student and can-
not be terminated with a degree, it clearly 
has certain advantages. But it does also have 
embarrassments, not least of which is the 
consternation of confronting the common-
place of knowledge as total novelty late in 
life. I well remember that occasion, when I 
first heard that all life, with minor excep-
tions, is now, and forever has been, entirely 
dependent upon photosynthesis and the 
plant. I recall looking around me, searching 
for other eyes equally overwhelmed by this 
revelatory statement. I found only the dead 
faces of those who had long since absorbed 
this information and for whom it had no 
moving power. 

And that was not all. Not only is the chloro-

plast the overwhelmingly dominant mecha-
nism whereby the light of the sun is trans-
muted into the substances supporting all life, 
the sugar and carbohydrates, but there are 
grounds for bWlieving that it is from the 
exhalations of all plants in all time that an 
atmosphere with free oxygen has developed, 
Indeed, all food, all fossil fuels, fibres, all 
atmospheric oxygen, the stabilization of the 
earth's surface and its terrestrial water sys 
terms, the melioration of climate and micro-
climate have been accomplished by the 
plant: all animals and thus all men were 
plant parasites. It is the plant that colonized 
the land and thus peimitted the evolution 
from the sea of amphibians, reptiles, mam-
mals and man, and this dependence persists 
unchanged. Nor is this basic reliance negated 
by the fact that many animals perform 
essential services for plants. 

This realization of dependence was a crush-
ing blow to anthropocentrism. I looked 
around to see what effect this had had upon 
the class. Were they aware that, at least in 
thermodynamic terms, the world consisted 
of a working partnership between the sun 
and the leaf as man looked on-irrlevant, 
smiling benignly upon the scene, secure in 
the illusion of his primacy? 

Suddenly I had an image of a green world, 
half turned towards the sun, leaves cupped 
to its light, encapsulating it through their 
templates, into their beings, this modified 
and ordered sunlight then transmuted by the 
inordinate variety of creatures and, through 
plants and animals, to man. Thus all iife 
now, the residues of all life past, the trans-
formations of all life in all time, all creatures 
and all men, are based upon the chloroplast, 
turned to the sun, arresting and ordering its 
energy as it passes to disorder. It is, as it 
were, as if the leaf said to the sun: "May I 
use some of your energy tmfore it is de-
graded?" And the sun assented. So the leaf 
took the energy, ordered it into its being, 
sustained its growth and evolution, and 
those of all other creatures, before the 
energy, degraded, was yielded to disorder, 

Consternation is an appropriate term to 
describe my continjing encounters with old 
but astonishing information. The second of 
these came, not from a lecture but from a 
book, 77e Fitness of the Environment by 
Lawrence Henderson. The most startling 
statement opens the preface: 

Danvinian fitnen is compounded of a 
mutual relation'iipbetween the organism 
and the envirnminnt. Of this, fitness of 
environment it quite as essential a compo
nent as rhe fitness which arises in the 
process of organic evolution; and in fun
damental cheracte-istics the actual envi
ronnent is the fittest possible abode of 
life. 

This conception then precedes the Darwin
ian theory in that it postulates evolution of 
matter to create the fitness of life and its 
evolution. It supplements natural selection, 
for not only is the successful organism 

adapted to the elivironment, but the en
volves the assumption of the environment's 
provisions of opportunity for the organism. 
the latter is a response to this opportunity. 
Henderson supports his proposition by 
elaborating upon the characteristics of 
carbon, hydrogen and oxygen-to which 
George Wald would add nitrogen, including 
then those elements which constitute 99% of 
all organisms. But, of all matter whichex
hibits fItnes, Henderson chooss the oceans 
and wate: 

The fitness of the environment results 
from characteristics which constitute a 
series ofmaxima-unique or nearly unique 
properties of water, carbonic acid, the 
compounds of carbon, hydrogen and 
oxygen and the ocean -so numerous, so 
varied, so nearly complete among all 
things which are concerned in the prob
lem, that together they form certainly the 
greatest possible fitnesL No other environ
ment consisting of, fimary constituents, 
made up of other known elements, or 
lacking water and carbonic acid, could 
possess a like number of fit character46 



istics, or in any manner such great fitness 
to promote complexity, durability, and 
the active metabolism in the organic 
mechanism Kw call life. * 

The oceans, three-quarters of the earth's 
surface, are a great stable body with little 
variation in temperature and alkalinity and 
with both richness and constancy of chem-
ical composition. It was here in this realm 
where sunlight penetrates, but beyond the 
range of toxic ultraviolet rays, that life could 
and did emerge. Here in this ancestral home 
life was created. The body fluids of simple 
marine organisms are all but identical with 
seawater. The blood of man is similar to the 
seas of earlier times. Loren Eiseley has said 
that the dimension of man's emancipation 
from the sea is the length of that cell which 
separates him from its source of blood, the 
ancient brine. All creatures are essentially 
aqueous solutions confined in membranes, 

Ecologists describe the thin film of life 
covering the earth as the biosphere, the sum 
of all organisms and communities, acting as a 
single superorganism. Pt rsuasive evidence for 
this derives from the oceans themselves-
Henderson observed a marked correspon-
dance between the regulatory mechanisms of 
the ocean and organisms, accomplished L'f 
temperature regulation through evaporation 
and regulation of alkalinity. 

It is at least worthy of mention that the 
regulation of the ocean i, general bears a 
striking resemblance to a physiological 
regulatory process, although such physio-
logical processes are supposed to be the 
result of organic evolution alone. *I 

While the pyramid of life is dependent upon 
the sunlight captured by the chloroplast, the 
great work performed by the sun-a gigantic 
multiple of that employed in photosyn-
thesis-is the evaporative phase of the 
hydrologic cycle in which water is trans-
muted into vapor, elevated and then precipi-
tated as rain or snow, sustaining those 
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terrestrial creatures who have escaped from 
the sea but who are still dependent upon it, 

Think then of the great work of the sun, 
distilling, raising and dropping the rain upon 
the waiting cresturf- on thet land, who stand 
like dams across tn,, water's implacable path, 
encapsulating it to form the larger part of 
their beings, ordering it with their unique 
templates--reservoirs of sea rain temporarily 
arrested on its inexorable gravitational path 
to the sea, but forever raised again and again 
to sustain and replenish those erstwhile sea 
creatures, membranes enclocing a briny 
solution. 

The man who aspires to translate is limited 
not dnly by his knowledge of Inguage but 
of substance. In wishing to bring a modicum 
of natural science to the planning process, I 
am, like most other planners, seriously 
hampered by ignorance of the subject Yet, 
truly, who would expect to find that major 
world processes depend upon inconspicuous 
creatures called Foraminifera or Azoto
bacter. But indeed they do. 

Four elements, abundant in the world
carbon, hydrogen, oxygen and nitrogen
constitute all but one per cent of living 
creatures. Their characteristics as well as 
their abundance consitute the best evidence 
of the fitness of the environment. These 
elements are indeed abundant: carbon as 
CO 2 in the atmosphere, in rocks, in the 
oceans and, above all, in the living; hydrogen 
and oxygen in the hydrosphere, oxygen 20% 
and nitrogen 78%, by volume, of the 
atmosphere. 

Why should thse four elements play such a 
central role in life? In his introduction to a 
new edition of Henderson's book, the bio. 
chemist George Wald. answers this ques
tion-"l should say, because they are the 
smallest elements in the periodic sy tem that 
achieve stable electronic configurations by 
gaining respectively 1, 2, 3 and 4 electrons 
The special point of gaining electrons is that 
this is the mechanism by which chemical 
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bonds. hence molecules, are formed... The 
point of these being the smailest such ale-
ments is that they tend to form the tightest 
and most stable bonds, and with few excetp 
tions they alone form multiple.., bord, 
Why is that last thing important? Because, 
for example, in carbon dioxide the elements 
carbon and oxygen, by forming double 
bonds with one another, O-C-O, sitisfy all 
their tendencies for chemical combination. 
As a result, independent molecules of carbon 
dioxide go off in the air as gas and dissolve 
in water; and from them plants can derive 
their substance, and animals by eating plantu 
can derive theirs.-

Carbon, dominant in the chemistry of 
creatures, entered the primeval world in 
methane, but was oxidized to CO 2 and 

water Aclomdintowater. According to Hutchinson, "The 

resulting CO 2 could not accumulate on a 
wet planet.., and so formed vast beds of 
limestone. The hypothetical pre-Cambrian 
limestone is to be regarded as the source 
all CO 2 that has subsequently entered the 
atmosphere.-° 

In the modern earth carbon dioxide and thus 
carbon is found in the oceans, atmosphere 
and the rocky mantle and fixed in the bio-
sphere. Carbon dioxide is involved in a great 
cycle, relatively imperfect. It begins with 
volcanic action releasing original and second-
ary sources of CO2 that tend to concentrate 
in the oceanic depths. This material must be 
returned to the system by repeated volcan- 
ism if the cycle is to be completed. But it 
appears that more CO2 is being fixed by the 
pelagic foraminifera in deep oceanic basins 
than is being returned to the system by 
volcanism-with a resulting net deficit. CO2 
is involved in smaller cycles-normally at the 
interfaces between the oceans, plants, soil 
and the atmosphere. 

The oceans act as a major regulator in the 
system. CO 2 is fixed through plant photo-
synthesis; this is taken from the oceans, but 

48 equilibrium has been maintained with the 
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atmosphere during geologic time. In turn, 
respiration of plants and animals and 
decomposition add CO2 to the ocean, which 
tends to come into equilibrium with the 
atmosphere. 

Carbon is the fire at the heart of life. It has 
the unequaled ability to form complex com
pounds, exceeding in number all other chem-
ical compounds, which it derives from its. 
ability to form chains and rings of atoms. 

It is this carben-central to life, emerging 
from methane, fixed in beds of ancient lime
stone, released by VolcZAniSM and by solution 

&s C0 2 -which is used by plants again and 
again but is increasingly fixed in the oceanic 
foraminifera and lost to the system unless 
returned by volcanism. There is, however, a 
new element in the system-the enormous 

thelnonsytTheeenrmu
production of CO2 as a byproduct of 
combustion-which has vastly increased the 
level of CO2 with the result that ocean and 
atmosphere are not now inequilibrium.
 
ari 
It is the union of carbon and hydrogen that 
produces the hydrocarbons. Hydrogen, the 

first element, the primeval atom, is the basis 
of physical and thus biological evolution. It 
is as important as a constituent of water as it 
is a partner in the hydrocarbons. It is the 
hydrogen bond in the water molecule which 

rovides the essential qualities of the latter. 
"its great surface tension, cohesiveness, high 
boiling point, high heat of vaporization."' ** 
And those are the attributes that Henderson 
used to identify water as the most fitting of 
the attributes of the environment. 

Oxygen exists as 20% of the atmosphere. In 
the form of oxides it permeates the oceans, 
the lithosphere and life. It is the input in 
animal and plant respiration and decomposi-
tion, it is a net product of photosynthesis 
over time. It is the union of oxygen and 
hydrogen which constitutes water and gives 
it the essential attributes it exhibits; it is the 
union of oxygen and carbon which coiisti-
tutes that most essential compound, carbon 
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dioxide. We need oxygen for survival. 

While 78% of the atmosphere consists of 
nitrogen, it is in rocks that it is most abun
dant, constituting five-thousandths by 
weight. A considerable quantity of nitrogen 
is fixed from the atmosphere by organisms. 
According to Eugene Odum this may be as 
much as two hundred pounds per acre in 
cultivated areas, from one to six pounds per 
acre in the biosphere as a whole. Unlike the 
cycle of carbon dioxide and, as we shall see, 
phosphorus, the nitrogen cycle is relatively 
perfect. The major source of free nitrogen is 
the atmosphere. This is made available to 
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plants by photochemical fixation, by 
nitrogen-fixing bacteria and algae, and, it is 
speculated, by lightning. As nitrates it is 
used in the protein synthesis of plants, an-, 
mals and bacteria. The wastes of protein 
synthesis are reduced by decomposers to 
amino acids and organic residues. These are 
transformed by bacteria into ammonia, then 
to nitrites and finally to nitrates available 
once more for plant synthesis. 

Nitrogen is added to the cycle from igneous 
rocks and is a product ofl volcanic action. 
There are losses to oceanic sediments, some 
of which are retrieved from marine birds and 
fishes. 

In the cycles of oxygen, hydrogen and 
carbon, living organisms p~a an importan ° 

part, but it is nonspecific-that is, all photo. 
synthetic plants perform the same role in the 
oxygen-carbon dioxide cycle. But in the 
nitrogen cycle one finds unique groups of 
specialists who perform indispensable roles. 
Without them the cycle of nitrogen would 
ne imperfect and the world of life would be 
limited to those creatures that could employ 
nitrogen in available non-organic form. 

These indispensable creatures, performing 
:heir vital role in the nitrogen cycle, deserve 
to be household words, man's great heroes. 
Yet sadly those who named them had no 
thought of public honor and familiarity and 
called them Azotobacter and Clostridium, 
Rhizobium and Nostoc. 

There remains an unidentified one pcr cent 
of matter constituted in organisms. Within 
this small proportion are many essential 
elements, including the trace metals, but one 
of these must be selected for particula.-
attention because of 'he nature of its cycle, 
Phosphorus, essential for life, is involved in a 
system more simple, yet more critical, than 
nitrogen. The major reservoir is again in the 
rocks and deposits: it exists in the oceans 
and in organisms. Like nitrogen it is em-
oloyed in protein synthesis of plants and 

M 
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animals. The reservoir in the rocks is supple. 
mented by volcanic apatite and from the 
excrement and residues of marine birds and 
fishes. As dissolved phosphate it is used by 
plants, animals and bacteria, and their excre-
tions, bones and teeth are reduced by 
phosphatizing bacteria into a form again 
suitable for protein synthesis. In this cycle 
there is a continuous loss uf phosphorus to 
the sea and to the oceanic depths where, 
unless returned by volcanism or upwelling 
by ocean currents, it is lost to the system. It 
appears that there is today an imperfection 
in the phosphorus cyle and that it is not 
being returned to the system as fast as it is 
being consumed. 

-
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Our understanding is growing: we have 
added the four major elements, carbon, 
hydrogen, oxygen and titrogen and one 
important minor element, phosphorus, to 
our company: we have recognized the fdinda
mental importance of some hitherto obscure 
and unknown algae and bacteria. Nostoc and 
Azotobacter; we have recognized that vol
, c action and lightning are allies rather 
than enemies; we have learned to fear losses 
of carbon and phosphorus to the depths of 
the ocean and to r.spect water and the 
ocean as a primary component of the fitness 
of the environment. 

Can we now see these elements, endlessly 



recycled, the same finite source moving from 
the seas into the air, from rocks into solu

tion, deposited and again raised by vol. 
canism, pa. ng through the streams of life, 
constituted into protoplasm, in the quick 
and the dead, mobilized in creatures from 
the baginning and forever? Frum the heart 
of volcanoes, from ancient beds of lime
stone, from high in the atmosphere or from 
deep in the seas this matter is endlessly 
recycled-sustaining life, fit for life. 

Our identification, even of the major ectors 
of the biosphere, is far from complete if we 
forget the encompessin envelope that is our 
milieu: the atmosphere-that membrane 
around the earth whose gases pervade the 
sees and the soil and permeate all living 
things. 

It would seem universally admitted that 
the earth's atmosphere is secondary, as is 

-  indicated by the extremely low content of 
the heavy rare gases. ..if by nothing else. 
It would also seem clear that the first 
atmosphere could not have contained 
mu0 CC ....It is also reasonably cer. 
tain that, initially, it could not have con

tained free oxygen. The most likely con. 
stituents Are ammonia, giving rise to 
nitrogen as hydrogen is lost, and methane, 

which would be fairly stable in the 

-. - "-..- . absence of oxygen. 

-" - Such is G. Evelyn Hutchinsor,'s description 
".d., - .. of the early atmosphere. It was in this situa. 

tion, he hypothesizes, that "surface reac. 

tions on solids, [in shallow oceansl probably 
aluminosilicate clay3 . might provide 

"organic 
MW _ m-- "further opportunities not only for 

synthesis but also for incipient bio

_.logc l organization."' 

- ' " There seems to be reason to blieve that the 
-. " , original forrm of life were anaerobic, exist. 
., - "ing without oxygen. There is indeed specula

,~w~,,~~--,~tion that bioluminesence-which Is most 
50. _-. familiar today in the firefly-is a residue of 

...- this period when it was necessary for orga

"G.E.Huic on n ,noT Ert to a Pwm t. P..::. 



nisrns to expel an oxygen that was toxic, orderings accomplished by all life in all time. and the hydrosphere as evolutionary, exhib-
There is a further and more entertaining The creation of a life-sustaining atmosphere iting the characteristics of organisms, respon

speculation to the effect that this same prim- was one of the most important constituents sive, having self-regulating mechanisms, our 
itive oioluminesence was a precursor of the of this evolutionary process. conception of the biosphere must expand to 
evolution towards the nervous systems of include not only the film of living creatures 
animals and thus of the human brain, the Henderson observed that the regulatory on the earth, but the atmosphere above the 
great oxygen consumer. This suggests that powers exhibited by the ocean over tempera- extensive oceans as weU. Water and air move 
the brain is the descendant of an early ure and alkalinity demonstrated a remark- through all life, the air surrounds and perme
waste-disposal system. able similarity to the homeostatic powers of 

ar organism. Ir man, the maintenance of 
ates us, the waters replenish that cistern 
which is ourselves. "The whole evolutionary 

There subequently emerged the plant, con- health permits only a very, very narrow process, both cosmic and organic, is one, and 
suming CO2 and expelling oxygen. The deviation from a temperature of 98.60F. the biologitt may now rightly regard the 

° 
product of this photosynthesis was an in- The level of alkalinity in human blood, univer-e in its very essence js biocentric 

crease in free oxygen, first in the seas and determined by CO 2 (as in the ocean) shows But not necessarily anthropocentric. 
subsequently in the atmosphere. It was this, an equally small tolerance-forty-four parts 
with water vapor and CO2 , which reduced per billion are associated with health, one But life without death is unthinkable. Given 
the toxicity of radiation and enlarged the tenth of a part per billion with coma and sunlight, lutrients, water and suitable habi
arena in which life could exist. Thus it was death, tats, a colony of plants would so proliferate 
life which modified the atmosphere; and the as to incorporate all available nutrients 

atmosphere in turn not only protected but The oceans maintain uniformity of alkalinity within itself. As life is defined not only by 
encouraged and sustained life. through the same action of CO 2 , which irritability or responsiveness but by growth, 

tends towards equilibrium with the atmos- .with no further nutrients available, no fur-
Let us think then of the atmosphere as the phere. The temperature of the ocean main- ther life would be possible. Yet, non-growing 
skin of the earth, the outer membrane of the tains equilibfium from its mass, from the organisms, encapsulating their own sub
biosphere. Let us think of the primeval earth excepticnally high number of calories water stances without release for use and re-use by 
when this thin film rose from the oceans, the requires to change temperature at all and by the system would starve and die. 
exhalations of plants and animals, oxygen evaporation and convection. Both the orga
and carbon dioxide, which with water vapor, nism and the oceans demonstrate similar So death is necessary as is the decomposition 

passed the life-giving light, but excluded the mechanisms which maintain dynemic equi- of wastes and the matter of recent life. When 
destroying rays. This bubble expands, rising librium. Does the atmosphere exhibit similar the pathogens and the decomposers reduce 
from the sea to encompass the land and all mechanisms? Is it also in some way organic the substances of living tissues and reconsti

the earth. This membrane is evolving, as and evolutionary? tute theva into forms usable by other orga
truly as are the skins of creatures, elaborat- nisms, these-with sunlight and water-make 
ing to sustain more and more complex life. Plants expel oxygen as a by-product of possible the creation of new life, which, by 
Now it covers us, raised high, this atmos- metabolism and consume it in respiration; mutation and natural selection, ensures 
phere of life, our outer membrane, the animals consume oxygen and respire CO 2 . evolution. 
breaths of ancipnt lives, protecting and sus- Thus the availability of CO 2 limits plants; 
taining us, warming, shading, washing with the availability of oxygen and plant protein 
rain, reverberating with thunderstorms limits animals and, when the available CO 2 The prospect of death begins with life, the 

charging the earth, modulating the light reaches the lower limits, temuerature-regula span is written in the genetic code. In life 

through days and changing seasons, source tion also inhibits plant growth. Here again is the parasites, pathogens and age make incur
of climate and of weather, making the dis- the same self-regulating mechanism as that sions within their host while the environ

tant stars twinkle-this atmosphere which exhibited by the oceans, described as ment and predators attack it from without. 

permeates us. "organic" by Henderson. The atmosphere, The agents of disease proceed towards death. 

The chloroplast in the oceans and on land 
too, then must qualify for this description; it 
is organic and evolutionary. 

This is not an instant but a process, in which 
the carrion eaters, scavengers, insects and 

created that atmosphere which could ,ustain their larvae, worms, fungi and bacteria 

life. It is matter, water, the leaf, and the As we absorb these fundamental truths, reduce the matter into reusable forms. 

decomposers, which, with the sun, are the surely they change our image of the world 
basis for all life now, all life past and the and ourselves. When we see the atmosphere Life ontinues, creatures live, propagate, die, 

- T on aica., 424 .,aJJn ;3i2,a. 312. 

/~
 



.7W-'f., their progeny contain mutants and so evolu- inevitably changed by the presence of orga

t/volved 1tioq proceeds. The agmfnts of disease are in-

in their death and, with the decom
posers, in their destruction and recycling in 

nisms. 

The environment-land, sea, air and 

%. this return phas of matter to sustain life. creatures-does change; and so the question 
,,.arises, can the environment be changed 

" . .Here the eternal materials of the finite earth, intentionally to make it more fit, to make it 

I increaa d by the residuGs of long dead encp- more fitting for man and the other creatures 

sulations of ancient sunlit ceatures, move of the world? Yes, but to do this one must 

'"again and again through plants, animals, know the environment, its creatures and 

wastes and the products of death, constantly their interactions-which is to say ecology. 

recycled by the decomposers. This is the essential precondition for plan

. 
Decomposers have been described as the 
return stroke of mattar in the ccles of life, 

goals and thc means for their realization. 

some of them are illustrated-not with any In the long view one can see the great pro
hope of widespread public recognition but cession of the evolution of matter and of 

merely to give some shape and dimension to life, the history and direction of time and 

these indispensable organisms. Few indeed life forms. From the precision of evidence 

willwi h to know their names but these do comes the poetic license which Wald invokes 
On deserve our honor. The first is an alga- to speak of the yearnings of atoms as they 

Stigroclonium tenue-followed by Fusarium evolved from hydrogen to the heaviest ele

aqueducr m and Carchesium po/ypinum. ments, the compounds as they evolved to 

Next is Zoogloea ramigera alone and then the amino acids, unicellular creatures as they 

a mixed with Sphaerotilus natans, followed by evolved to multifarious forms, the yearnings 

Beggiatoa alba and Apodya lactea. A massive of the earliest tree shrews and their descen.

form of Zoogloea follows and in the next dants that lead to man, and not least, the 

illustration is shown highly magnified. The yearnings of man. 

penultimate example is Leptothrix ochracea 
while the last is Gallionel/a ferruginea. 

I can think of no better way of looking at 

Our list of characters, although still only par- the world and its processes than as if these 

tial, has become too large for the identifica- were a timeless yearning, occurring in a 

tion of its essential workmen. In the absence milieu with a proclivity for evolution and for 

of specific recognition and salutation it life, in which the environment is fit and may 

might be well to extend a general air of be made more fitting-in which the test is 

appreciation and conciliation to all nature or the capacity to adapt the environment and 
even better, to begin to understand and act one's self. 

from understanding. 
There can be no present without a pact, no 

Darwin advanced the conception of biologi- future without both. That which is is only 

cal evolution with natural selection as its comprehensible in terms of what was. That 

primary mechanism. Henderson observed which was may explain that which is, but 

:-.'r:evolution that the earth was peculiarly suited to theof matter and of life, of creatures cannot predict that which will be. 

and of man. Both descriptions of fitness are There is elaborate evidence of that which 

necesary; they are complementary.Biolopi- was in time past. To this we can attend. 

calevolution stillcontinues, but itdoes not Much that has been has left evidence of its 

respond easilyto voluntary manipulation being. It is written in geomorphology, ana

52 while the environment is in a constant flux, tomy, physiology, morphology and cultural 
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history, although some is too faint to b 
read. The place and the ,eature are text-
book and teacher, they can speak to him 
who would and can read. 

Perhaps the greatest concep.ual contribution 
of the ecological view is the perception of 
the world and evoluticn as a creative 
process. This can be simply demonstrated by 
examining the difference between the early 
earth and the planet as we know it today. 
Take the mind back to the sterile orb, 
racked by volcanic action, still lacking 
oceans. Upon this the energy of the sun fell 
and an equal amount of energy was lost; this 
energy was degraded in the process. 

Think now of the oceans which developed 
upon the earth. The sun's rays power both 
evaporation itself and the transport of the 
water vapor, which is precipitated upon the 
earth, moving from high to low elevation. In 
this process the same energy is employed as 
before, but work is being performed; the 
water at higher elevations has a greater 
potential energy than that in the oceans. Yet 
all water is proceeding towards its base level 
as surely as all energy is destined to be de-
graded. The water acts on land surfaces, and 
Zhrough erosion and sedimentation changes 
these surfaces towards equilibrium, a condi-
tion of repose in which matter moves from a 
condition of greater to lesser randomness, 
But, as Paul Sears notes, "while inorganic 
systems of matter and energy tend towards 
repose, those which involve life exhibit a 
countertendency so lonq as energy is avail-
able to keep them going." 

While entropy or degraded energy in any 
system must increase, in life systems and the 
orderings that they accomplish, there is evi-
dence, not of degradation, but upgrading, 
the countertendency which Sears describes, 
"Energy impinging on living communities 
and stored in carbon compounds sustains a 

variety of forma of life, promoting their 
individual and group organization, enhancing 
the capacity of the habitat to sustain life, 
regulating the economy of water movement 
and chemical transformations-in short 
doing work." In this eneMjy is employed 
with matter through living processes. The 
energy is temporarily entrapped; it will in-
evitably be lost to entropy but it will also be 
replaced. Meanwhile the living creatures per-
sist, evolve and in their beings and their 
modifications to the earth, act to raise 
matter to higher orders. This tendency, 
which is the sum of all life and all time, and 
the orderings which these have accom-
plished, is described as negentropy. Perhaps 
it can be given the more affirmative and col-
loquial title of creation-the world's 
creativity. 

We can now see the earth as a process in 
which energy continuously falls, which in
evitably will be degraded, but which through 
physical processes and life is arrested and 
entrapped in creatures, raising matter, as 
evolution proceeds, to higher and higher 
order. We can see the erdtiring of physical 
plocesses accomplished by precipitation, 
erosion and sedimentation, volcanism and 
uplifting, lightning and evaporation, all re-
ducing the randomness of matter essential to 
this- ordering: but overwhelmingly the plant 
is seen to be the basic agent which arrests 
and entraps sunlight, the basic agent for the 
ordering that is negentropy and creation. 

Entropy is the rule, it demands its price; all 
energy it destined to be degraded but physi. 
cal systems are becoming more ordered on 
eatth, while life systems continue to evolve 
towards greater order, greater complexity, 
less randomnEss-towards negentropy. Ab-
stract, absolute entropy would be that con-
dition when all energy would be degraded, 
random, simple, uniform, disordered, unable 
to perform 4ny further work. In contrast, 
idealized negentropy would exhibit high 
order, complexity, diversity, uniqueness, 
ability to perform work. Is this not a de-
scription of life and the direction of 

*Paula. Saari. r.m Ecoloy ofMan. Condon Lectres,S *Sw , a.45. 
UnLif~l.tV of Ot@on Proeu.1957. p.44 

evolution-it is negentropic-creative. 

Can one then imarJine negentropy as a tide 
of ordering, moving deferentially against the 
force of entropy, paying its tithe, evolving 
from the order of the nonliving into life, 
from simple to complex life, from uniform
ity to diversity, from a small number to an 
infinitude of species, aspiring to dynamic 
equilibrium, always imperiled as evolution 
moves forward? Within this path the cycles 
of life, death and decay recycle the increas
ing storehouse of ordered matter, wrested 
from entropy, through the system. Within 
the biosphere the creatures in communities 
and their habitats increase in complexity, in 
the nature of their symbiotic relationship-, 
in negentropy, evolving-as Teilhard de 
Chard.l has suggested-towards increasing 
consciousness. 

We may now be quite sure, that as men we 
depend upon the sun, the major elements 
and compounds, water, the chloroplast ind 
the decomposers. With this new conviction 
we now turn to the sun and say. "Shine that 
we may live." We can contemplate matter 
and say, "From this is the universe, the 
world and life made." To the ocens we say, 
"Ancient home, nourish us with water." As 
the clouds rise from the sea, rains fall and 
rivers flow, we say, "Nourish us from the sea 
that we may live." Look to the plants say, 
"Through you we breathe, through you we 
eat, through you we live." To the atmos
phere we ask "Protect and sustain us." Hold 
in your hand some soil, know that the essen
tial decomposers are there and say, "Be and 
work that we may be." 

When we do these things, and say these 
things with understanding, we have crossed 
into another realm-leaving behind the sim. 
pie, innocence of ignorance. We can see the 
world more clearly now, our allies and 
ourselves. We have formulatLd a rudimentary 
value system and we are further on the path 
to the formulation of a workman's code, the 
view of the good steward. 

jA
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Environmental Management
 
inAfrica
 
By THOMAS LAND 

MANY COASTAL African countries 
are coming together to plan 

regional programs to safeguard their 
common marine environment and yet 
still attain maximum economic bene-
fits from their natural resources. Two 
such schemes-one for the Red Sea 
and the other for the Gulf ofGuinea-
have been launched. Many more may 
follow. 

These programs, under the guid-
cnce of the United Nations' Environ-
ment Program (UNEP), are based on 
the assumption that the speed ofin-
dustrialization and population growth 
in the coastal regions of the develop-
ing continents gives planners an op-
portunity to guide their countries' 
effect on the common environment, 
Indeed, such an opportunity in en-
vironmental planning and manage-
ment may never recur. 

Consider the Red Sea, a virtually 
enclosed sea with no industrial coin-
plexes and a low population density 
along its shores. Its only major source 
of pollution at present is the traffic of 
oil, restricted until 1975 by the closure 
of the Suez Canal. But the economists 
of the region know that the flow of oil 
wealth pouring into the Arab World is 
about to bring unprecedented indus-
trial expansion in its wake. 

The economic map of the Red Sea is 
dotted with tiny flags marking the sites 

of future oil refincries, shipyards, and 
steel and chemical complexes-all of 
which, in most countries, discharge 
their untreated effluents into the sea. 
These future industrial complexes 
(and the cities planned to support 
them) can be built with modem and 
expensive water-treatment and pollu
tion-control plants that would add to 
the cost of their products and reduce 
their competitivity at world markets, 
or they can turn the Red Sea into a 
dead pond within a generation. 

Coordination of Plans 

Already, increased pollution from 
the oil traffic by the giant tankers, 
which use the Red Sea as a principal 
shipping lane, has been recorded in 
the Pert Sudan and the Gulf ofAqaba 
areas. Both the capacity of the tankers 
and the overall volume of the traffic 
may well increase in the years to come, 
increasing also the daily growth of 
pollution and the danger of ecological 
disaster through shipping accidents. 
Both can be avoided, however, 
through regional treaties prescribing 
high antipollution and shipping safety 
standards, as well as trained personnel 
t'>enforce them. A basis of such co
operativ- action must be coordination 
in long-term planning. 

L24EP's plans for the Red Sea in
dude ambitious training programs for 
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AN AFRICAN BlOY .)VERSHADOWMD b~vprimitivefish trapsremindsus thatfuture generations 
deserve the right to an environment unisulliedhy pollution. Fortunately,world leaders are 
now making plates for environmentalprotection in yet-undeveloped areas that are being 
threatenedby the encroachment of industry. 
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paper published by the United Na-
I 1h SAMI. WAI'IR IhaIt tions Health Organization,serves fir drinking World 
lbo.'ervesfor buthing. laundr. and sewage which is participating in the scheme. 

disposal in many undeveloped areas. In ad. In the water, they undergo sedimenta
iion, industrialization (lower). although tion or are absorbed by filter-feeding 
,uh'antageous to the economy hrings its marine organisms, and through them 
idhlution. Action to solve these problems is they reach man. During 1972, almost 
1,reentuv a high-priort task. 10,000 metric tons of pesticides were 
ttabove WHO/B. ,etanovic used in agriculture by six countries of 

Lettbelow WHO/P. Alrasy the region; by 1974, only two countries 
used nearly as much. 

The Choi: Victim or Victor? 

marine scientists as well as research The offshore oil fields of Nigeria, 
and pollution monitoring. The Arab Gabon, Angola and, recently, Zaire 
League has already brought together and the Congo, have contributed to 
the specialists and policy makers of the pollution of the crystal waters of 
the region (except those of Ethiopia the Gulf. Senegal, Guinea-Bissau, 
and Israel). They are to meet again Liberia, Ghana, Ivory Coast, Togo,
early this year in the knowledge that Sierra Leone, and Cameroon now 
the ecological future of all their coun- hope to become offshore oil produ,:ers.
tries depends on their ability to har- Most of them have golden beaches 
monize their development plans. polluted with tar balls. 

The first par. of UNEP's plans for High-pollution industries, such as 
the Gulf of Guinea in West Africa is phosphate, cement, fertilizers, and 
likely to be completed within two chemicals, are currently at their ad
years in a set of protocols embodying vanced stages of planning along the 
avast compromise of economic inter- sea coasts and beside rivers leading in
ests by 19 countries united in their to the Gulf by Ghana, Togo, Senegal, 
common need for a clean environ- Cameroon, and Ivory Coast. The sea 
ment. Like the Red Sea, the Gulf suf- isdiscolored for miles around existing 
fers from oil pollution that may well plants discharging untreated effluent. 
intensify in the absence of interna- Improving the waste disposal facil
tional measures. It is also facing a ities of the existing plants and altering 
population explosion that isexpected and upgrading the plans for the future 
to double the number of people in the industries would necessarily require
coastal areas to 24 million in the next great financial sacrifice. The industrial 
quarter century. Untreated human planners of the Gulf countries-like 
sewage and other forms of pollution their colleagues in the Red Sea area
are already responsible for economic say that they regard such a sacrifice 
damage to fishing and tourism, essential to save themselves from be-

Pesticides used in agriculture and coming victims of their own economic 
manufacturing find their way into the development. Their example could set 
sea. according to a recent discussion apattern in regional planning. C3 
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in the streets of Ne'.v York, and on college campusesail across the country, millions f people gathered in 
1970 to mark Earth Day and declare war on pollution, 

fad - a transitory spasm of radical assertiveness by bird 
lovers, fresh-air fanatics and nihilists who would degrade 
human achievements and amenitie in the glorification of 
Nature. This myopic view is, of course, absurd, 
It is refuted by overwhelming evidence. 

The Environmental Revolution has altered our physical 
surroundings. Beyond that, it has worked remarkable 
changes in government, law, politics and economics. It has 
reshaped many people's philosophy of life and scale of 
values. In very practical terms, the Environmental 
Revolution is lengthening lives and lessening human misery 
by reducing the poisons in our air, water and soil. Perhaps 
most importantly of all; in a way not too many people 
have noted, the Environmental Revolution has revitalized 
the democratic process. 

Ten years ago, when the National Wildlife Feder'ation 
put out the first Environmental Quality Index, the word 
"environment" wasn' t in most people's vocabulary. Then 
two things happened which, taken together, wre like "the 

shot heard 'round the world" that touched off the
American Revolution. One was the offshore oil well 
blowout at Santa Barbara, California. The other was the 
astronauts' landing on the moon. 

f The oil well blowout Russell Train was the fit of 
stirred international a series of strong leaders who 
attention far out of have prevented the Council on* Te strnats 1oitedp Tionto the episode Environmental uality frompuroortings. Beyondthatbecoming a rubber-stamp agency. itself. Millions asked: "If politics a economion
rsmhinped at canl' p of l 

happethngoIn toatsotiangtermsthe;. .. , ihawue cabaa, - ... shthad'on1h8ol"ta tuhdofteTi 
euy gdkl mynosotsin ir - and s 

happeni ny of a; in aestablishedfactorin 
neba norhd, te p ror dntoe ' 
their television camera in ' "eopl' va r 
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Rachel Carnon's Silent Spring warned in1962 of the hazardsposed by pesticides. Throughout the 19703, hundreds o other 
toxic substances were found inAmerica's= air. wator and soil. 

back at the earth, and for the first time we could see our 
world in true perspective: a small ball of rock and mud, 
spinning through space, its inhnbitants scarily dependent 
on the thin layer of resources covering its surface. 

People suddienly looked around in 1969 and saw oil well' 
being drilled ,hitherand yon, forests being chopped down, 
rivers being dammed, highways being rammed through 
parks and wetlands, wildlife being exterminated, lakes, 
becoming saturated with refuse. They asked: "Who's in 
charge here?" And the answer was: "Nobody." 

A funny thing had happened on our way into the 
twentieth century. We Americans became so obsessed witi" 
the blessings of technology and material gr-owth that we 
overlooked the adverse side effects. At the same time, we 
forgot that democracy depends on citizen input The
Environmental Revolution represented an abrupt 

turnabout. There was a tidal wave of public concern, a 
new spirit that gave birth in 1969 to one of the most 
remarkable pieces of legislation ever enacted: the Nationa
Environmental Policy AcL 

This lawv doesn't forbid anyone to do anything. All it 
say, in essence, is that before we embark on any federally 
funded project that may affect the environment, we must 
consider the consequences. It's the irrefutable wisdom of 
"look before you leap," and this simple concept very 
quickly became the cutting edge of environmental reform 

The environmental-assessment process prescribed by thtabut Th NtioalEnvironmental Policyioan Acteeneighuthalaw has been the nemesis of those who would revert to th,boomtown etofgecle s e in. a e ogtetnc wille extinae hi,
scores of questionable federally aided projects have been 

the word "environment" is a part of nearly everyone'scancelled, and hundreds more have been modified. Today.a os' ori noet oayhn.Ali
vocabulary, and environmental considerations are an 

public decision-making.
k a seres of minor miracles to bring all of this 

been just a scrap of paper without the Council on 

Enaonmental icy P A h 
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The surging environmental spirit of tho early With the paag of the Endangered Species Tough federal laws have forced polluters
19703 produced the action-orented Youth Act in 1973, animals like the crocodile to ctean up the nation's air, but auto 
Conservation Corps anid other outdoor programs, gained the protection needed for recovery, emissions remain a major health problem. 

Environmental Quality (CEQ) to implement it. CEQ might 
have been just another rubber-stamp agency without a 
succession of strong individuals at its helm, from Russell 
Train and Russell Peterson to Charles Warren. The public's 
environmental concerns could not have found practical 
expresson without the creation of the Environmental 
Protection Agency (EPA), which itself would have been 
doomed to impotence without its own succession of hard-
nosed head men - William Ruckelshaus, Russell Train and, 
now, Douglas Cos'tle. Finally, no amount of diligent 
leadership could have mobilized the EPA if it had not 
been cast as something quite revolutionary in the first 
place, 

From the nation's beginnings, it had been the practice to 
establish cabinet departments and federal agencies serving 
special interests. The Department of Agriculture served 
farmers, the Department of Commerce served 
businessmen, and so on. Over the years. these agencies 
became a catchall for regulatory duties. The addition of 

thes fuctios inmanynaton'tteeatintopromotional responsibilities inmn 
cases caused grotesque conflicts of interest. Agriculture was 
expected to promote pesticides on the one band and limit 
their use on the other. This schizophrenia had reached an 
Alice-in-Wonderland stage by the time the EPA was 
established as a neutral custodian of aLl regulatory powers 
bearing on the environment, 

Pollution was the preoccupation of th3 earliest years,
but the environment's dimensions were soon seen to 'be far 
broader than that. They encompassed resources, recreation, 
population, land use, law, politics and economics. As early 
as 1970, envirornental issues were figuring in political 
defeats and victories, and they were a prominent facet of 
Jimmy Carter's presidential campaign. 

The Environmental Decade has produced most of the 

Cladwin Hill is the national environmental correspodent 
of The New York Times. 

basic legislation needed for environmental reform. The 
accomplishment of this, in the face of massive lobbying 
and obstruction by vested interests, is a tribute to the 
doughty corporal's guard of environmental lobbyists, to the 
National Wildlife Federation and its affliates, and to 
various other conservation groups. 

But momentum could not have been sustained without a 
constituency that includes, most of I 
the nation's citizens. The public _,. 
has been able to get into decision 
making at all levels of government:
by attending hearings; by 
commenting on proposed actions, 
as provided for in the NationalM.3,

Environmental Policy Act; by 
circulating petitions, writing 
letters, making phone caPls, 
organizing campaigns; and, iby 
bringing citizens' lawsuits into the 

coutroms.monumentalainscutom.1970: 
Only a small minority of citizens 

car be called environmental 

. 

William Rutkalhaau 
was cast ina 

role inhead of the 
new Environmental 
Protection Agency. 

"activists." Many people get excited only about local 
issues, ignoring federal and regional developments of great 
import. But year alter year, national opinion surveys 
constaitly reveal a solid mass of public support for 
mproved environmental quality. 

For American industry, the Enviro'nental Revolution 
has meant a radical rule change in thri middle of the game. 
Industry traditionally used waterways as sewers, vented 
limitless fumes into the air and gouged up the landscg.pe to 
procure raw materials. Then, all at once, these things were 
outlawed. 

Industry's first reaction was predictable enough. It 
contended that .pollution abatement was too difficult and 
too expensive. Both obj.ctions have been largely 
demolished, and by now industry, broadly speaking, has . 
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Flexing their political mumle, environmentalists engaged in a 
five-year fight to improve the design of the controvermial Alaska 
pipeline. In the end. they brought about significant changes. 

moved into the mainstream of envirqnmnental reform 
albeit too often after detours through the courts. 

This is not to say that Valhalla is just around the corner, 
We still have a long way to go, as the resource rundowns 
on pages 22-31 of this report amply document. Most of the 
nation's environmental problems have not been "solved." 
Oilmen still have the itch to drill with no holds barred. 
The forest products industry wants to harvest still moe 
timber in the national forests. Strip miners are contesting 
new reclamation requirements. 

There are still pockets of resistance to the most 
elementary cleanup requirements. Hoary assertions still 
resound equating environmental improvement with 
unemployment and inflation, even though it has created 
many new jobs for every one it has eliminated - and even 
though repeated studies have shown that environmental 
expenditures' role in inflation is minuscule. But it does not 
seem Pollyannaish to look back and be heartened by the 
overall contrast between the situation a decade ago and 
conditions now. 

Long before the Arab oil embargo, for example, 
environmentalists foresaw an energy crisis. Calls for fuel 
conservation and "clean" energy alternatives punctuated 
Earth Day in 1970. Some interests tried to blame the 

energy pinch on 
Concerned celebrities like "environmental constraints," 
Robert Redford, a National 
Wildlife Federation director 
and Wildlife Week chairman,
helped to mobilize support
for environmental programs. 

and they have fought long 
and hard to change the new 
laws and regulations. Today,
there are still many points 

S of conflict between all-out 
"'F energy production and 

environmental protection. 
• But it has become 
- increasingly apparent that 

between thase goals there is 
ample leeway for sensible 

" accommodation. 

Lasit ich offeft by conservationists saved California's 
Redwoods National Park. but, elsewhere. unregulated urban 
sprawl continued to gobble up unprotected U.S. lands. 

The Environmental Revolution has been full of surprise 
We started out thinking that DDT was our main 

chemical problem. But DDT turned out to be only a 
thread that, when pulled, unraveled a whole skein of evil. 
from PCB- and other dioxins to Kepone and a still
lengthening roster of other poisons. 

Water pollution initially was attributed almost entirely 
to sewage plants and industry. The solution seemed to 
hinge on the installation of billions of dolars in hardware 
to purify effluents. Now we know that water pollution is 
also caused by "nonpoint" sources - everything from 
urban and farm rain runoff to atmospheric fallout - and 
we know that expensive hardware is not the full answer t 
this problem. Pollution technology is shifting, therefore, tc 
more natural methods, such as lagooning and aeration. 

Sludge disposal was once considered the least of sewage 
treatment, problems. Now it is looming as a severe one. 

Solid waste and noise were once classified as the simple 
of the pollutions to deal with; they have long since prove( 
to be perhaps the most intractable. 

Land use, the underlying element in most environment. 
problems, seemed the logical starting place for corrective 
measures. But aside from coastal zone management, no 
national land-use plan has made it through the Congress. 

Yet another surprise has been the way environmental 

arguments repeatedly have saved the day when the main 
issue seemed to be something else: 

0 The U.S. supersonic transport program was an 
economic deadfall, but objections to noise, fuel gobbling 

and stratospheric pollution were the issues that blocked it 
a The Alaska pipeline, as originally designed, was 

technically very faulty. Delays for environmental 
assessment gave time for corrections. 

9 After litigation over the endangered snail darter halt 
the Tellico Dam project in Tennessee, the U.S. General 
Accounting Office came to the conclusion that it was 
economically unsound. 
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1972, Uncle Sam told water polluters to stop Outside of war ana assassination, few events hrve jolted the 
•:harging by 1985. Some progress has American people as rudely as tho 1973 Arab oil embargo. It 
en made, but that deadline may not be met. underscored tho need 

* Enviromentalists' apprehensions about atomic power 
slowed down its expansion even as constrictive economics 
were beginning to close in. 

The Environmental Revolution, seen in the perspective
of ten years, clearly has not been an isolated phenomenon. 
The 1960s was a decade of protest, when a whole 
spectrum of national institutions and preoccupations came 
under fire. These concerns ranged all the way from the 
Vietnam War to packaged cereals. The big impetus for 
Earth Day camne from college campuses, and it was, in 
some respects, a benign transmutation of the energ~es that 
had so recently gone into antiwar rioting. Gradually, the 
"hippie" connotations of environmental protest fell away. 
Thoreauvian simplicity, respect for nature and concern for 
the quality of life persisted and spread from young people 
to the older generations. 

The spirit of popular protest that coalesced 
environmentally after Santa Barbara stayed alive through 
the denouement of the Vietnam War, and then persisted 
again through the maelstrom of Watergate. It continued to 
grow and flourish throughout the mid-1970s. By now, the 
Environmental Revolution - once derided as an aberration 
of bird watchers - has come into full focus as part of an 
even greater wave of history. It was a revitalization 
of the democratie spirit that generated environmental 
concers, and that thrust is sustaining them even now, 

Efforts at any particular juncture to assess the state of 
the environent in terms of "progress" vs. "backlash" 
don't seem too meaningful. The battle goes on in thousands 
of sectors everyday, bringing both advances and setbacks. 
It is a battle that never will be won, because it essentially 
is a process: the process of reconciling man's boundless 
ambitions with nature's inevitable constraints. It is a battle 
that cannot be lost so long as the democratic spirit persists, 

Beginning on the next page, the editors of NATIrONA 
WILDLIFE assess trends and developments affecting the 
nation's major natural resources in the past ten )'ears. 

tar conservation and soiaw energy, 
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Whether to saw. whales or 
stop a polluter, the 
revolution continues apace. 

the n~ext deca e 
•Complete the cleanup of the nation's noers, lakes and 

coastal waters. 
* Pressfor abatementof air pollution, develop practical 

alternatives to the internal-combustionautomobile engine. 
* Implement the toxic substances conmtol program. 
a Develop comprehensive recycling of solid waste under 

a psice structure incorporatingthe hidden costs of resource
421depletion. 61 hl/ 

.' Muffle noise - before it drives everybody crazy. 
* Pinpoint the precise effects of high-voltage radiation, 

fro. power lines to microwave devices. 
e Step up the transition to a new nationalenergy 

pattern: develop solar, wind and tidal power, coal 
gasification and liquefaction. Resolve mo ei es over the 
safety 'ndl economy of nuclearpower. Produce a system of 
radioactivewaste disposal 
•Develop nationalland-use guidelines that will aid 

population distribution,facilities siting and community 
growth. Institute permanent protection of coastlines for 
public enjoyment. 

* Coordinatethe managementfor maximum public 
benefit offederal land (one-third of the nation's area) now 
fragmented among the Forest Service, the National Park 
Service, the Bureau of Land Management and the Bureau 
of Reclarmation. Advance wilderness and wild rivers' 
preservation fromn the discussion stage to the preservation 
stage. 

* Develop explicit presewivatlon-vs.-uxe policies and 
practices for the nationalparks, and decido who's to create 
and operate urban parks. 

* Demvelop a national consensus on the preservationof 
endangeredspe~cies and a mechanism for implementing it. 
Resolve the vendetta of conflicting interestgroups over 
"predator"extermination. 
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Many battles have been won, but the war is far from over 

TEN YEARS ACO, the U.S. was celebrating its first lunar 	 improving wildlife's lot. They touch on everything from 
strip mining and rangeland to forest habitat, coastallanding, and the welfare of wildlife back here on earth 
wetlands and endangered species. Ncw, conservationistsremained a comparatively 
have more leverage to fight projects and policies harmfulobscure public issue. It was Losing ground 

not for lack of problems; they Urban sprawl, strip mining to wildlife. 
were plentiful enough. On the uwdfarming are gobling Such challenges have forced government agencies to 

adopt new guidelines for man.ging wildlife in the nation's
high seas, some whales were 

forests and rangelands. For example, the Bureau of Land
being commercially hunted 

Management (BLM) has tried to clamp down on off-roadalmost to the point of 
vehicles to reduce habitat destruction. The Forest Serviceextinction. In the continental 
(USFS) is taking greater pains to protect wildlife from the-U.S., populations of brown 
adverse effects of logging. Many conservationists applaud

pelicans, eagles and peregrine 
these efforts, but others lament their "inadequacy." Gettin' 

. 
falcons were being devastated ... 


-' federal agencies to change
by chemical residues. More 
than 1 million acres of prime . their programs to aid wildlife, Wildlife trends 

0 complains the well-known Despite habitat tosses,wildlife habitat were being 0 
biologist A. Starker Leopold, wildlife managet

destroyed annually for 	 have helped many species."is like pulling teeth." 
development and highways. Most of the Great Lakes 


fisheries had already been tainted by pollution. There were Livestock overgrazing on BLM UP DW,
 

no effective national programs for saving endangered 	 lands, fov instance, remains T [
 
one of the worst problems foranimals. 
wildlife in the West. ANTELOPE. -E 

"Wildlife often shows the effects of pollution first," 
NATIONAL WILDLIFE said in its first EQ Index. "Dirty Some major victories have -UCKS :--: 

water kills millions of fish everv year. Increased use of 	 been achieved for wildlife in GEESE: 
the courts. The Alaskapesticides is having a harmful effect on the breeding 
pipeline was not stopped, but ALLIGATORS. _

potential of our birds of prey and possibly other forms of 

life - including humans." it was modified so migrating GRIZZIY 14 

A decade ago, most Americans didn't even know the caribou could cross it. A B, 
,EV_meaning of terms like "habitat" and "food chain." The 	 scheme to dig a canal all the 

way across Florida wasnotion that man's fate is linked with that of the wild 
stopped. The Corps of Engineers was ordered

kingdom had not yet caught the public's fancy. 

But it would - and soon. ,stop building a North Dakota drainage ditc:
 

would have destroyed the nesting ra:
Where do we stand today? Since Earth.that 

of thousands of migratory waterfowl.
Day, wildlife hiabbecome an increasingly 

Another court order stopped constructi
popular issue. This mounting public 

of a dam and reservoir on the Larai 
concern has helped to move some 

River in Wyoming that threatened
impcrtant new laws through Congress 

- laws that relate specifically to CIFE" "clitical habitat" of the endanger /
IL 10YEARS LATER 



whooping crane. Creatures In peril
Projects like these have The U.S. has Identified more 

devoted boosters in Congress and more animals introuble,
and elsewhere. As a result, 

many torpedoed boondoggles 

keep bobbing back to the 

surface. In 1977, the enormous 

pork-barrel power of Congress 

rose up for the whole country 199 

to see when President Carter 9105 
tried to kill 18 ill-advised 1975 E 126 
water projects; eventually, a * .cents. 
number of them were restored. .92 
In 1978, however, the public's 
aversion to taxes and government spending was turned 
against the dam builders, and President Carter's landmark 
veto of the public works appropriations bill was sustained 
by a wide margin, 

Last year, a classic confrontation between wildlife and 
the dam builders ended up in the U.S. Supreme Court. The 
question was whether the Tellico Dam should be 
completed on the Little Tennessee River, even though it 
was economically unsound and could wipe out an 
endangered fish, the snail darter. Environmentalists said no 
and 'the court agreed. But the controversy over that case 
helped to generate so much congressional pressure that the 
endangered species law itself Who speaks

softened. Waswas softened for wildlife? 
Dispute. between "users" 


these and other developments and "watchers" have not 

is difficult to gatge in the helped wildlife's cause. 

perspective of just a few years. 
Certainly there have been 
many promising signs. The 
wild turkey, once seemingly 
on the verge of extinction, has /" 
recovered to the point where 
it is now found in 47 states, 
Atlantic salmon are again 
running in some New England 
rivers. There probably are 
more deer now - some 14 
million - than there were before the coming of the white 
man. Encouraging gains have been noted for alligators,
whooping cranes, brown pelicans, ospreys, eagles, 
pronghorns and bighorn sheep. Numbers of ducks, 
songbirds and squirrels are generally up - at least for now. 

Other creatures, however, are not faring nearly as well. 
Some 225,000 lesser sandhill cranes are in a precarious 
predicament as western farms, factories and homes 
continue to suck their wetlands dry. The endangered
species list has grown to 192, and 64 "recovery teams" are 
rying to save them. Still, at least one species didn't make 
it: die Tecopa pupfish of California was removed from the 
list because of probable extinction. And one of the last 
surviving Florida panthers was illegally shot in 1978. 

Wildlife management has been responsible for many of 
the gains, but in recent years these achievements have 
been partly obscured by dissension within the conservation 
community. Some people who oppose hunting, trapping
and even fishing argue that wildlife should not be killed for 
sport, even to thin "surplus" animal populations. Nature, 

they say, should be allowed to "take its own course." The 
trouble with that, biologists point out, is that nature's way 
has been upset by roads, shopping centers, pollution
and the removal of natural predators. Only scientific 
management can compensate for these disruptions. 

Other controversies have led to reevaluations of a 
nunber of federal programs. Among these: control of 
predators and the management of free-roaming horses and 
burros. A program to phase out toxic lead shot used by
waterfowl hunters has been another "hot issue." 

Arguments over wildlife often boil down to dollars and 
Historically, sportsmen have shouldered the burden 

of wildlife's costs through state and federal fees. This 
money has gone for everything from new refuges and fish 
hatcheries to transplant programs designed to restore elk 
and bighorn sheep to parts of their former ranges. One 
thing nearly all conservationists agree on now is the need 
for new sources of funding. But so far, schemes for general 
appropriations and excise taxes on thing "ke birdseed 
and camping gear have not made it through Congress. 

Our toughest challenge? We need to slow the rate of 
habitat loss. Some gains have been made: the National 
Wildlife Refuge System has grown from 30% million acres 
in 1969 to nearly 34 million in 1977. The system could 
double with the addition of new lands in Alaska - but the 
Alaska lands bill did not make it through Congress last 
year. The U.S. Fish and Wildlife S.rvice (FWS) has 
acquired two million acres of wetlands since 1961, and 
plans to double that in the next eight years. Wildlife 
habitat is included in land set aside in federal and state 
wilderness and scenic rivers. 

Still, the job ahead will not be easy. More than 2 million 
acres of strip-mined land needs to be reclaimed, while 
nearly 800,000 additional acres are being mined each year. 
About 2 million acres of cutover national forest must be 
replanted. Wetlands are being drained at the rate of 
138,000 acres annually, and pollution is ruining too much 
of what's left. As the nation continues to grow and 
develop, the pressure on 
habitat will continue to 
increase. 

New laws help
Since 1969, many 

One essential step: more new wildlife laws 
habitat must be set aside to have been enacted. 
help compensate for land lost 
to necessary development. 

What does this mean to your 
family? Hunters and fishermen 
can expect higher license fees 
and even more stringent ' _ 

regulations as managers try to L 
get the most wildlife on the 
least habitat. Bird watchers 3_ 
may find waiting lines at 
refuges during peak migrations. 

I-

Campers, hikers and canoeists probably won't be as free to 
roam at will on public land in fragile habitats. 

Wildlife will continue to serve as a dramatic indicator of 
pollution. New York State recently released coho salmon 
into Lake Ontario. When the fish return to spawn and die, 
the amount of the toxic chemicals in their fat will indicate 
how contaminated the water is. By now, just about everyone 
realizes that a world unfit for wildlife is also unfit for man. 
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AIR
 

The air is cleaner ...but is it fit to breathe?
 

TEN YEARS AGO, the U.S. knew it had an air pollution 
problem, but it didn't know how serious the problem was 
or what to do about it. Ile EPA did not yet exist, and 
there were no strong federal 
cleanup deadlines. Good data 
on dirty air was nonexistent, 
and individual states were left 
pretty much to their-own 
devices. The result was 
predictable enough: hardly 
anything was done. 

In its first EQ Index(,. 
N^ ioNA, WItMLIFE warned: 
"Air pollution is probably the 
most serious threat to our 
environment. It is a silent 

killer that hovers over every 
city. It is a frightening kind of 

Urban grime wave 
Out of 105 cities only 
Honolulu has air that's 
considered healthful. 

; 
. 

11n 

pollution that colors our skies, bums our eyes and blackensour lung tises." 
Heading a list of the nation's dozen dirtiest cities back in 

1969 were New York, Chicago and Philadelphia, with Los 
Angeles, Cleveland and Pittsburgh not far behind. But 
pollution was no longer strictly an "urban problem." 
Unhealthful air was menacing whole sections of the U.S. 

Where do we stand today? Some real advances have 
been made, but most of them, concedes one U.S. official, 
"have just kept things from getting worse." 

Since 1970, tough federal air pollution standards have 
been in force, and each state has developed its 
own strategy for meeting them. A nationwide 
network of nearly 7,000 nmonitoring stations " ' ] 
has been set up to keep tabs on pollution 

factorieslees pecetith alpollutionUSNlare complying9 

laws. This, unquestionably, has 
produced cleaner air.,Most Americans, however, live in 

_' "'" ,1|.ll$ 

,"" 

areas where it is still unsafe to breathe. Out of the 
nation's 105 largest urban areas, only Honolulu has really 
clean air, according to the EPA. W~hat's more, smog remaint 
a serious problem in nearly a fourth of the country's 
3,200 cowities. The reason? Ile newer cars produce more 
smog-causing pollution than they were expected to. 

Despite that alarming development the levels of other 
automobile pollutants have decline,. In most urban areas, 
for instance, carbon monoxide pollution has steadily 
dropped at a rate of six percent annually since 1970. 

Our toughest challenge? 
With many power plants and 
factories now converting from 
oil to coal, holding the line on 
clean air standards has become 
a major issue. The EPA is 

under intense pressure to relax 
its antipollution requirements. 

What does this mean to yourfamily? Ifyou live inMain,. 
you are experiencing that 
state's first ozone alei I.:. This
pollution comes from cars and 
industries located to he west. 
If you live in Los Angeles, 
you experienced youi- first 
mandatory antipollution 

Costs less to clean u 
Inthe long run, Itwill cost 
1033 to clean up pollution
than to put up with It. 
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measures last summer, when choking smog closed down 
businesses and forced people indoors. 

This year, Uncle Sam is spending about $90 on airclear 
for each member of your family. Still, air polluti(; 

, may be costing your household about $240 a ye. 
in terms of damages to health and property. 

to safe levels from factories andpoe 

[ plants alone this year would produce 
seven percent decline in illnes andAIR" ill YEARS [ATER inhealth co:death, and save $6billion 
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Ptxotoar by Dad Muendi 

We're farming more land.., and losing more 

TEN YEARS AGO, this country's frantic efforts to 
conserve its soil - efforts begun back in the Dust Bowl 
days - seemed to be paying off. But although farmers were 
producing huge yields ear after year, all was not well 
with the land. "Erosion continues to take an enormous 
toll," the first EQ Index warned. "The U.S. Soil 
Conservation Service estimates 180 million acres of 
cropland are affected by wind and water erosion at a 

worth of topsoil annually." 
Where do we stand today? If 

anything, the pressure on soil 
- often called "America's 

Number One Resource" - is 
even worse now than it was a 
decade ago. Reason: 
worldwide there are 900 
million more months to feed 
than ten years ago. More 

~ 

Losing ground 
Expensive U.S. conservation 
programs have not slowedhe ate o, erosion,N~~~~VF
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protective grassland has been BILW ON (" 
plowed up, in part so the U.S. ONS. , .!. 
can export $25 billion worth - " .-
of food annually, 

In the last 200 years, we've lost about one-third of our 
topsoil to erosion. Even since 1935, 100 millioaL acres have 
been damaged sobadly they cannot be cultivated, on 
another 100 million acres, more than half the topsoil has 
been lost to erosion, 

During the past decade, we've lost 17 million rural acres 
- gobbled up for highways and reservoirs or covered by 
concrete in subdivisions, shopping centers and 
parking It+,s. Now, a dramatic turnabout in ,. 
national population patterns is threatening to 
make this land drain even worse. With the 

onse of he ndusriaRevluton 20 
years ago, Americans began migrting 

highest growth rate is found 
in rural and semirmral areas. 

State and county 
governments are 
experimenting with various 
ways to save prime farmland: 
some 40 states have legislation 
enabling agricultural land to 

adjacent commercial land.,.... 
Counties and states are trying 
to buy "developmental rights"y -/
to keep farmlands producing. 

Our toughest challenge? 

_ 

Asphalt pasture 
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Somehow, erosion must be controlled, and prime cropland 
must be saved to produce food by encouraging soil 
conservation practices such as minimum tillage, strip
cropping and terracing. It's not easy! Government 
programs often do not work as well as expected, partly 

because farmers discontinue beneficial soil practices 
after contracts with the government expire. 

.What does this mean to yourfamily? First, despite our 
soil problems, you should thank your lucky stars you live in 
the U.S., because you can buy more food of higher quality 
with less work than the people of any other nation. Some 
examples: a Russian must work 10 times as long to buy 
a pound of sugar as you do. A Japanese must work 12 times 
as long to buy a pound of steak. In Ghana, the average 
family spends 63 percent of its income on food; in 

America, the comparable figure is 16 percent. 
But your food bill is probably going up for three

P[ reasons besides inflation: (1) Surging population 
means more demand for food. () The U.S., still 

</- , an oasis in a world of want, nevertheless 
continues to lose soil productivity 

rbeasofrsin(3Weestlnt 
from rural areas to the cities. But the nu wui.u really faced up to the problem of saving
trend is now shifting. And today, the SO11I"10 EARS LATER prime farmland from the bulldozer. 
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MINERALS
 

CoM cas photogrWf by Chuck Rogws (Bac-kStu) 

We're moving, too siowly, toward a sustainable society 

TEN YEARS AGO, energy was cheap, minerals seemed long run, the oil cutoff forced Top of the heap 
abundant and the American life-style was more Americans to think seriously Americans throw away 70% of 
extravagant than ever. With only s' percent of the world's about conservation. Where all metal after ItIsused lust 
population, the U.S. was using a third of its energy. The once there had been once. An dump areated 

"throwaway" era was in full flower. There was some complacency, now people unmanageable. 
concern about the litter problem, but there was not much were uncertain and talked of 
serious talk about "waste management" and "resource "limits to growth." 4 

Even at that, there was an recovery." "When minerals 
axe depleted, they are gone Bottom of the barrel initial refusal to bite the 
forever," NATioNAL As reserves dwindle, bullet. Instead, we were off on 
WI)DLIrt's EQ Indei warned wipe's lef costa more. a frantic search for quick-fix 

a decade ago. "Yet we burn up .5 Co ' solutions. "Project 
fossil fuels and gobble minerals 0 /" Independence" predicated a 
as if the supply wvere infinite. Nmassive drive to discover new 

A new national policy for the domestic oil supplies and new 

acquisition and use of our technologies for getting at 
minerals is urgently needed. them. More money was 
The energy crunch is almost plowed into nuclear power plants. Old King Coal made a 

triumphant return and clean-air constraints came underhere." 
In those days, it was easy to 1985 heavy fire. 

dismiss such dire predictions. But the quest for oil independence was doomed. In 197, 

After all, the nation began this prosperous century with U.S. imports exceeded domestic production for the first 

boundless supplies of everything from iron ore and coal to time in history. The country was increasingly dependent 

copper, lead and zinc. It wasn't long before wildcatters on foreign countries for other raw materials, too. 
Where do ice stand today? The broad outlines of whatwere discovering vast new oil fields. When readily 

clear, but action has been slow.available domestic mineral reserves finally did begin to the country must do are 
peter out, we still controlled enormous foreign reserves The opportunity to capitalize on the impetus provided by 

and most of the rest belonged to friendly nations. So why the oil embargo is being frittered away. In some respects, 
we've come full circle - from complacency to panic backworry? 

The Arabs supplied a pretty good answer in 1973. With to complacency. This can be seen in developments large 
and small:the imposition of the oil embargo, the old "energy 

crunch" forecasts came true with a vengeance. 7t 1' e* The 55 mph speed limit is no longer widely 

There were lines at gas pumps everywhere. ', enforced or obeyed. 
a Energy use is still rising too rapidly,Fuel costs skyrocketed. A new 55 nph speed J 

limit was enforced nationwide. The , though not as steeply as in the 'pr 
' , embargo clays.economic consequences were profound 

• Industry has effected some verydislocations rocked the entire world. MI ERALSI. YEAiS [ATER significant energy savings, but gasoliPerhaps most significantly of all, in the 
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consumption by motorists has continued to edge up, 
despite the small-car trend. 

9 In 1977, a new U.S. Department of Energy was 
established, but until last fall the country was just drifting 
along without a national plan for that disorganized agency 
to oversee. 

President Carter's proposed energy package, consisting 
of price increases and tax incentives, was sent to Capitol 
Hill in the spring of 1977. Subsequent haggling over it 
amounted to nothing less than the moral equivalent of 
procrastination. And what 
finally emerged from Congress 
- a hodgepodge of measures 
designed to encourage 
conservation, coal conversion 
and increased domestic 
production of oil and gas 
did not really satisfy anyone. 
By then, public opinion polls 
had begun to report that most 
Americans either didn't 
believe the country faced an 
energy crisis or didn't care. 
Last year's temporay oil glut 
did nothing to dispel the 
growing apathy. 

Mineral gluttons? 
Despite conservation, 
U.S. demands will Increase, 
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While action on the political front has been slow, a 
great deal has been done elsewhere to set the scene for 
some fundamental shifts in the Am rican life-style. Thanks 
to technological developments already in the marketplace, 
it is now possible, says CEQ, "to speak unblushingly of the 
U.S. becoming a solar society." The tremendous turnout 
for Sun Day last spring underscored public support for that 
goal. Conceivably, more than half of all our energy needs 
could come from solar sources by the year 2020. But solar 
sources are not the only alternatives being explored. Others 
include everything from wood chips and seaweed to 
geothermal energy. 

The move away from oil and other conventional energy 
sources has already begun. Some substitutes are not all that 
"new." L'i Maine, for example, nearly half of all homes 
now rely at least partly on burning wood for heat. In 
sunny California, on the other hand, state energy 
regulators say they are committed to solar home heating, 
giant windmill generators and geothermal steam. 

While the so-called "soft" alternatives are looking better 
and better, nuclear and coal 
have run into some big 
problems. Fission, once touted 
as the wave of the future, has 
become ensnarled in safety 
and economic questions. 
Fusion may be more feasible 
in the long run, but it will 
require massive funding for 
years of research. Coal could 
dirty up the air and strip 
mining inflicts costly surface 
damage. Beyond that, there 
are serious reservations about 
coal's long-term effects on the 
climate, 

Unbelievable 
Five years after the 
oil embargo, there was 
still no energy plan. 

I ' 

' 

Alternatives are being Brave new energy 
developed for other minerals Techno:ogy for solar, wind 
as well as for fossil fuels. At and other alternatives
 
the University of Pennsylvania, Is developing last
 
researchers are working on a
 
"supermetal" made out of
 
ordinary carbon that could 
replace copper as an electrical
 
conductor. But although the
 
new science of molecular
 
engineering may turn up some
 
valuable substitutes, the most " ''
 
promising idea for conserving
 
raw materials is an old one.
 
It's called recycling.
 

Our toughest challenge? In the age of scarcity, making 
better use of what we have is imperative. That's why 
recycling can no longer be regarded-as just another way to 
get rid of the trash. It must become nothing less than what 
one researcher calls "a central organizing principle of the 
entire economy." 

Right now, about two-thirds of all the things we use 
could be recycled. Americans throw away 70 percent of all 
metal after it is used just once. Only a fraction as much 
energy is required to recycle metal as to mine and refine 
raw ore. And the pollution problems created by the 
conventional open dump have become unmanageable. The 
only answer, therefore, is to 
discard our throwaway The Inevitabis 
mentality and put a new solution 
emphasis on waste recovery Recycling will grow, 
and material reuse. The know- because it takes only5% as much energy as 
how exists right now. The processing raw materials. 
resource recovery act was 
passed in 1976. But until that 
program is adequately funded, '"lll.'AOslM 
changes will be slow. * -tOCESSN 

Where to start the transition 
from conspicuous consumption "-'

to thrift and common sese? ' 

One good place: peel back all 
of those old depletion REMC'itNG 
allowances, taxes and shipping 5% 
rates that penalize recycling 
and reward all-out exploitation of raw materials. It still 
costs more to ship scrap than ore. 

What does this mean to your family? Significant progress 
can be made without inflicting painful burdens on the 
American people. But there can be no doubt that 
adjustments are in store. To economize on fuel, hour. : and 
cats will keep on getting more efficient. Mass 
transportation systems will expand and improve. Utility
bills will skyrocket. Electrical appliances will be 
redesigned for maximum efficiency. 

The open dump will become a thing of the past. 
Families will be separating their trash again (newspapers, 
cans, bottles) as the first step in comprehensive waste 
management. Products will be engineered for durability. 
According to the Worldwatch Institute, energy-wise 
solutions to some very old problems could range from the 
substitution of adhesives for nails and bolts to the 
substitution of telecommunications for mail. 
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PoabyEd L 

A new era is in sight for our national forests 

TEN YEARS AGO, an eight-foot length of two-by-four and, of course, the mounting demand for timber. 
cost a dollar in Wisconsin, Smokey Bear was 20 years old, Where do we stand today? The original Smokey Bear died 
and the stage was set for a dramatic redefinition of who in 1976, and that eight-foot two-by-four now costs two 
and what the nation's forests dollars. Most of the conflicts over our national forests have 
are for. Old Smokey %,,s The timber crunch still not been resolved. But a battery of tough new laws 
familiar to most Americans as Wood Isarenewable ensures that a better balance will be struck between leggin!

resource, but tree growth
the USFS's patron saint of will lag behind demznd. and recreation. Clear-cutting is being closely regulated. 
fire prevention, but he and the Restrictions on logging roads and streamside cutting will 

USFS were troubled by far produce cleaner waterways and better fishing. It's much 
more than fires. Americans tougher to use pesticides in national forests today. And 
were using more and more millions of areas of remote forestland, now open to 
wood each year, and the . ... lumbering, may be protected in the future as "wilderness." 
supply was not keeping up Our toughest challenge? It's Something's 
with the demand. Result: there - -the same as it was ten years 

gotta givelwas tremendous pressure to " .- ' :ago:Z~increasedRecreationwood production and Iumnba'ng 

increase harvests on 90 million - . ' to meet booming demands. But have both Incr eaed 
acres of national forests. 969 1979 O the focus is shifting away 30U% I!ncs 1953. 

The timber industry was 1 - from national forests to small 
accustomed in 1969 to having its own way in the woods, private woodlots and lands 
but there were signs that other forest users would have owned by the timber companies 
much more to say in the years ahead. "We must recognize themselves. Now, hybrid trees * 

that growing the most timber on the least land in the and further reduction of wastes 
shortest time does not always contribute to our in the forest and at the mill 
environmental quality." NATioNAL WILDLIFE insisted will help increase yields on 
in its first EQ Index. "One of the greatest assets of our these lands. On public lands, 31co 
forests is the role they play in water conservation. They also the forest products industry 
have important recreational and wildlife values." will continue to reap a bountiful C.AON Tnii9 

Those values were central to many of the conflicts that harvest, but more consideration 
were brewing over U.S. forests. Increasingly, people were will also be given to wildlife, water and recreation. 

challenging the old practice of clear-cutting - felling What does this mean to yourfamily? You'l 

every tree in a given area - partly because pay still more tor a two-by-four in the years 

of iL effect on wildlife. There were demands ahead. But more forestland will be available 

for more ski lifts in national forests, more % \ 'k i ', % for you and your children to enjoy. I 
hunting access, more campsites and hiking forest managers receive the funds they're 
trails. Meantime, the old forest problems supposed to, you'll see more wildlife on tl: 

land. And just maybe the U.S. will icontinued: stream siltation from 
logging, wasteful harvesting practices, able to have its lumber, and

I its forests, too!forest pests, destructive fires f ES"3I 10 YEAIiSLAIE) 
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More people and more demands acd up to more prob~enis 

TEN YEARS AGO, every big city newspaper was carrying 
stories about living space problems: the de ' of the 
center cities and suburban sprawl; traffic cungestion; noise 
pollution; and, even such relatively "manageable" problems
as garbage disposal and billboard b'light. At that time, the 
public only dimly perceived 
that the root causes of all Resource 

living space problems were pressure grows
the population explosion and Today's numerous youngpebig013	 consumers.

lanig.familiespor an-ue 	 are tomorrow's 

have transfo~rmed millions of 
acres into factories, houses and ,x
schools," NToNpAlW aLLF mo 

NortA noL-~ in is,190.EQndex.*ndex+bg cy ..... z'e ,imettong n . 
toes ar ivitable ind ahe de' o .1 
polluion;and,ievaen chratively "ma l " 
deteriorating environment, p
People who can afford it are bh-t. Ato 
moving to the suburbs. The "- '"' ""poor and their problemsic' 

remain behind - temporarily. 

In the long run, living space problems will reach everyone, 


You can't r-un away. The most urgent need is for wise
land.use planning, plus an aroused citizenry to support it." 


Where do we stand today? None of the nation's living
space problems can in any way be considered "solved," but 
some important developments have taken place. Six statesPhortae wo space afordding gabae
have developed plans for zoning and managing their fragile 
coastal areas; another two dozen states are working on 
similar plans. Highway building is down. Between 1930
and 190hmde I e d streets 
increased nearly four percent each year; since 
1970, the increase has slowed to one pedrcent. 

states have reduced roadside 
litter and the volume of solid 
waste. Although it provides 
minimal incentive for waster+
reduction, the Resource 
Conservation and Recovely 
Act of 1976 does call for a 

phaseout of open dumping by
1983, and also for cradle-tograve regulation of hazardous 

function of "living space," and 
in recognition or this fact,
Congress is spending more than ,1 billion to expand the 
nation's trail system, parks and wild rivers. 

These gains have been matched by some setbacks in the 
past decade. National land-ue planning legislation has 

been defeated twice in Congress, and backers probablywon't attempt passage again soon. Deterioration of the 
to be an unexpectedly expensive and elusive problem.central cities has increased. Noise pollution has proven 

Our toughest challenge? Only nine states have implemented 
comprehensive land-use plans that require local planning 

programs. As a result, vast stretches of America's landremain largely unregulated and vulnerable to topsy-turvy 

development. Passage of state zoning plans is essential
to 	promote wise land use. 

What does this mean to your family? One expense itemwon t pasnotmplucky. Ifoou lieian oftheurb 
that has risen even faster than the cost of energy is the 

price a family must pay for a city lot, or a second 
homesite. As we run out of living space, economic factors 

s will force a more stay-at-home, less consumptive 
.p Natlife-style. If you hlave a vacation home
 

' e'd tcin a woodsy area, count yourself
 

Westward, Hoe.,. 
u.s. 9opumtlbon ham been 
shifting Inrecent years. 
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How bad is it? Believe it or not, we still don't know 
TEN YEARS AGO, the U.S. had just begun to fathom the 
true depths of its water woes. In some respects, this 
situation was similar to the dirty-air impasse. Each state 
was responsible for cleaning up its own mess. Some floated 
standards so high that they were 
meaningless. Others dammed up It's uncontrollablel 
legislation that would at least Hall of all water pollution 
have prevented things-from comerom om rain runolf. 
getting worse. Since Uncle Sam 
had not yet begun to flog 
violators, most water.pollution 
just continued to flow along 
unchecked. 


"Water, essential to life, is 
quickly becoming a conveyor of 
death," the first NATIONAL 

WILDL t EQ Index reported. 
"Virtually every stream, river, 
lake and estuary in the country is 

-. 
" ' - & 

polluted. This pollution takes many forms, and because we 
have too few monitoring devices, the effects of all this on 
human health are largely unknown." 

Industry was considered by far the biggest villain in 
those days, but more than 2,600 towns and cities were 
dumping raw sewage directly into lakes and streams, and 
many other communities were relying on obsolete 
treatment plants. One measure of that era's naivet6: 
poisonous rain runoff from sources as diverse as corn fields 
(pesticides) and city playgrounds (asbestos) was hardly even 
recognized as a problem. 

Where do we stand today? Here, too, the water 

urban sewag.i treatment. In 1972, the U.S. gave industry 
and local government an ultimatum: stop all direct 
polluting by 1985. Inevitably, 
intermediate deadlines were 
postponed, and too many 
violators are still doing business 

as usual. 
There is some evidence that 

the nation's water is getting 
cleaner. Some 50 water bodies, 
including the Delaware, 
Willamette and Susquehanna 
rivers, have shown considerable 
improvement. Bacteria and 
organic waste levels have 

$19 billion later... 
Two out of three cities still 
dump sewage Into waterways

f 

declined in almost a fourth of the 

country's 349 drainage basins. 
About 3,600 of the nation's 4,000 major industrial polluter 
are meeting their cleanup deadlines, while in many rural 
areas, DDT and some other pesticide residues are 
gradually disappearing. 

Are these gains deceptive? Mlany experts think so. 
During the past decade, the EPA has given local 

governments almost $19 billion to build modem sewage
treatment facilities. Even so, two-thirds of all U.S. cities 
are still dumping partially treated sewage into adjacent 
waters every day! Several alarming studies say the new 
sewage plants may be doing little or no good. In Boston, 
one federal study reports, improvements from an $850 

million EPA sewage project will probably range froi 
"zero to very small." Reason: contamination from 

crisis parallels the nation's air pollution ,. . :'./ rain runoff and other sources won't be affected I 
quandaries. Only limited progress has been . J. the project.
 
made despite some heavy action. Federal laws Ill, %ezz: This runoff pollution is called "nonpoint,'
 
have been passed to make drinking water ." because it comes from so many differei
 
safe and to control toxic substances. A sources: farms, ,nines, streets and sidewalK
 
nationwide water monitoring network is in construction sites, erosion and even the 
place. Efforts are underway to improve VJII"N 10 Y/EARS WLTE wind. Experts now know that nonpoi: 
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pollution is responsible for more than half of all the nasty 
compounds entering the nation's waterways. "It's a 
ogantic problem that we've hardly begun to attack," 

concedes one EPA official. Even in supposedly pristine 

Montana. 4,000 miles of streams will not be fishable or 

swimmable for years because of nonpoint pollution. 


The water pollution problem is complicated by an old 
nemesis: the lack of good monitoring data. Air pollution
data, which is highly suspect, is 
channeled primarily to one What about 
federal source for analysis. Water Inflation? 
pollution data, also highly Pollution cleanup adds only 
suspect, is collected only on a '/% to the Inflation raho. 
sporadic basis and thus is stillincomplete. "We're still in the 

process of identifying problems," -, '.,, 

says a CEQ analyst.As that process goes on, the \ ..* . 6 *"What 

dreadful seriousness of water 

pollution becomes evermore
apparent. Recently, scientists s 

discovered that almost half of the 

lakes above 2,000 feet in New
York's Adirondack Mountains 
have no fish. These lakes have been poisoned in the la-t 40 
years by "acid rain" from airborne pollutants generaied inurban areas hundreds of miles away. With no pollution 
relief in sight, Cornell University researchers are cobbling 
up a macabre solution: a new variety of "acidproof" brooktrout, 

Our toughest challenge? It can be summed up in two 

words: toxic substances. More than 70,000 chemicals are
currentiy being used for commercial purposes in the U.S. 
Many of them are extremely hazardous. About 1,000 new 

substances are introduced each year. Some of these poisons
are turning up in public water supplies, and this ominous 

development recently prompted EPA administrator 
Douglas Costle to tell NATIONAL WILDLIFE: "Perhaps the 
single most demanding problem we must deal with is the 
insidious epidemic of poisonous chemicals in our society." 

Last summer, residents of the Love Canal district near 
New York's Niagara Falls abandoned their homes after 
heavy rains flushed poisonous chemicals into groundwater 
supplies. Chemicals have been buried in landfills in the 
area since the 1930s. According to the EPA, Love Canal is 
only one of some 10,000 landfill sites around the country 
Lhat have been used to get rid of up to 45 million tons of 
chemical wastes annually. "There 
are ticking time bombs all over 
the place," warns EPA official connection 
Steffen Plehn. Cancer Inkilling more

Americans each year,Many toxic substances get into and the suspected
public water supplies because links between

Itand watertreatment plants are unable to pollution are
break them down. Presently, an multiplying. 
estimated 50,000 industrial plants 
flush their wastes right into.
municipal sewers. Htudreds of %C.'Ti 
others are channeling their wastes ,'OL CAThS 
into nearby waterways under the 
EPA's controversial permit 1978 
program. Many of these permits

to-pollute are now expiring, and Ticking time bomb 
the EPA is in the process of Hazardous wastes are
doing "a complete overhaul" of Increasing 10% each year
the system. The agency has not at landfill sites alone.
 
disclosed what that means. 


Last year, the EPA issued new
 
regulations deigned to stop
 
contamination of drinking water
 
in cities with more than 75,000 19
 
people. These rules require the A
 
addition of new filtering devices '
 

on treatment systems to remove
 
known cancer-causing chemicals. 3 -

This may cost local governments - MILUONS OF TONS
up to $800 million in the next 

five years - an expense that some presidential economic
 
advisors have called "excessively inflationary."
is particularly disturbing," a White House 

inflation study council noted, "is the lack of information 
about the benefits to be obtained from this regulation." Inresponse to such criticism, EPA's Costle said that his 

agency would consider changing some cleanup rules if
 
further studies found them to be economically
"disruptive." 

lWhat does this mean to your family? The EPA's new 
drinking water regulations may cost each American familyan additional $10 to $20 in water bills this year. Overall, 

water pollution cleanup costs may add up to $100 for each 
American in 1979. Together with other cleanup programs,they will contribute only about one-half of one percent to 

the nation's rate of inflation. 
Is this price too high? 'That depends on how much lifeitself is worth. Man9 medical researchers are now 

convinced that environmental We need 
factors are a major cause ofdisease. Cancer, heart and lung to conserve! 

A fourth of the U.S.diseases, which accounted for 12 Isnow short of water. 
percent of the nation's deaths in 
1900, cause more than 60 percent 
of all deaths today. in many 
cases, it's nearly impossible to say
just which "environmental 
factor" is the culprit. 

If you live in the state of Ohio 
and your drinking water comes WATER 
from either Lake Erie or the SHM1AC 
Ohio River, your chances of 
dying from cancer are almost ten 
pei nt higher than for residents in the middle of the state 
who get their water elsewhere. 

/ 
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WILDLIFE: DOWN 

widespread habitat loss continues, 
important new laws and conservation 
programs have been established. 

UiP 
Prodded by tough federal standards, air 
polluters have slowly cleaned up their act. But, 
in many areas, air is still not safe to breathe. 

SOIL: DOWN 
In the face of rampant soil erosion and 
urban sprawl, prime farmland has declined 
while the nation's food needs have grown.. 

MINERALS: DOWN 
As the U.S. plodded toward a national energy 
and conservation policy, the days of cheap 
fuel and abundant minerals vanished forever. 

FORESTS: SAME 
Abattery of tough forestry laws ushered in 
a new era of timber management, offering 
hope that the U.S. can avoid wood shortages. 

LIVING SPACE: DOWN 
Without effective land-use planning, vast 
stretches of America's land have remained 
vulnerable to topsy-turvy development.

WATER:DOWN
 
As cleanup efforts got underway, the 
complexities of the country's water 
pollution problems became more apparent. 

How the EO Index is put together 
NATIONAL VILDLIFE's annual Environmental Quality Index 
is a subjective analysis of the state of the nation's natur I 
resources. The judgments on resource trends represent the 
collective thinking of editors and the National Wildlife 
Federation staff, based on consultation with government 

experts, private specialists and academic researchers. 



Source: 	 Environmental Reviews at the Community Level-

A Program Guide,
 
U. S. Dept. of Housing and Urban Development,
 
October, 1975
 



FORMAT I 

ENVIRONMENTAL REVIEW RECORD 
(24 CFR 58.11) 

A. 	 APPLICANT: 

CHIEF EXECUTIVE OFFICER: 

B. 	 PROJECT DATA: 

See: 	24 CFR 58.1 l(a) 

C. 	 EXISTING ENVIRONMENTAL CONDITIONS 
AND TRENDS: 

See: 	 24 CFR 58.15(a) 

D. 	 RELEVANT A-95 MATTERS: 



project has been compared withE. COMPARISON WITH APPLICABLE STANDARDS AND PLANS: The 
applicable standards and plans. with the following results: 

PROJECT IS 

FACTOR: 

IN COMPLIANCE 

YES NO 

NOT 
APPLICABLE 

(I) Local Comprehensive Plans. including 
Land Use and Growth Management elements 

(2) Areawide (or Regional) Plan 

(3) Local Zoning Ordinances 

SOURCE/RATING
FACTOR: 

(4) Noise Standards 

(5) Flood Plain Standards 

(6) Coastal Zone Standards 

(7) Wetlands Standards 

(8) Air Quality Standards 

(9) Water Quality Standards 

(10) Wildlife Standards 

(1) Other Standards (specify) 

See: 24 CFR 58.5(c) 
24 CFR 58.15(b) 
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F. SITE-STRUCTURE-DESIGN SUITABILITY: PHYSICAL FACTORS. (Matters Affecting the Project) The 
project has been examined with reference to the effect on Ihe project of each of the Ifactmos indicated below. 
with the following results: 

FACTOR: RATING SOURCE/ 

DOCUMENTATION 

(1) Slope Stability 

(2) Foundation Conditions 

(3) Terrain 

(4) Soil Permeability 

(5) Ground Water 

(6) Natural Hazards 

(7) Man-Made Hazards 

(8) Nuisances 

(9) Compatabiity in use and 
scale with environment 

(10) Neighborhood Character 

See: 24 CFR 58.5(c) 
24 CFR 58.15(b) 
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G. SITE-STRUCTURE-DESIGN SUITABILITY: SERVICE DELIVERY FACTORS. (Matters Affecting the 
Project) The project has been examined with reference to the effect on the project of each of the factors 
listed below, both as such factors now exist and as they are programmed to exist. with the following results: 

RATING SOURCE/ 
FACTOR: EXISTING PROGRAMMED DOCUMENTATION 

(I) Elementary Schools 

(2) Junior and Senior High Schools 

(3) Employment 

(4) Shopping 

(5) Park. Playground and Open Space 

(6) Police and Fire 

(7) Health Care and Social Services 

(8) Transportation 

(9) Water Supply System 

(10) Sanitary Sewer System 

(11) Other Services (specify) 

(12) Storm Sewer System 

(13) Solid Waste Disposal 

(14) Other Utilities (specify) 

(15) Paved Access to Site 

(16) Radio and TV Reception 

See: 24 CFR 58.5(c) 
24 CFR 58.15(b) 
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H. IMPACTS ON SURROUNDING ENVIRONMENT: PHYSICAL FACTORS. (Matters Affected by the 
Froject The project has been examined with respect to each of the factors listed below, with reference to 
whether or not the project will have any effect on the surrounding environment, with tile following results: 

FACTOR: RATING SOURCE/DOCUMENTATION 

(1) Impact on unique geological features or 

resources 

(2) Impact on rock and soil stability 

(3) Impact on soil erodability 

(4) Impact on ground water (level, flow, 
quality) 

(5) Impact on open streams and lakes 

(6) Impact on plant and animal life 

(7) Impact on energy resources 

(8) Impact on aesthetics and urban design 

See: 24 CFR 58.5(c)(d) 
24 CFR 58.15(b) 
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I. IMPACTS ON SURROUNDING ENVIRONMENT: SERVICE DELIVERY FACTORS. (Matters Affected by
the Project) The project has been examined with respect to each of the factors listed below, both as suchfactors now exist and as they are programmed to exist, with reference to whether or not the project will have 
any effect on the surrounding environment, with the following results: 

FACTOR: RATING SOURCE/
EXISTING PROGRAMMED DOCUMENTATION 

(1) 	 Elementary Schools 

(2) 	 Junior and Senior 1igh
 
Schools
 

(3) 	 Employment 

(4) 	 Shopping 

(5) 	 Park. Playground and Open
 
Space
 

(6) 	 Police and Fire 

(7) 	 Health Care and Social
 
Services
 

(8) 	 Transportation 

(9) 	 Other Services (specify) 

(10) 	 Water Supply System 

(II ) 	Sanitary Sewer System 

(12) 	 Storm Sewer System 

(13) 	 Solid Waste Disposal 

(14) 	 Other Utilities (specify) 

(15) Paved Access to Site
 

(1b) Radio and TV Reception
 

See: 	 24 CFR 58.5(c)ldl 
24 CFR 58.151b) 



i. IMPACTS ON SURROUNDING ENVIRONMENTAL: SPECIAL FACTORS: (Matters Affected by the 
Project) The project has been examined with respect to each of the special factors listed below, with reference 
to the effect of the project on such special factors, with the following results: 

AFFECTED BY PROJECT NOT 
FACTOR: 

* YES J** NO APPLICABLE 

Historic Properties(I) 

*Carry out and document procedures set forth at 36 CFR Part 800 

**Document this conclusion 

SOURCE/ 
FACTOR: 	 RATING DOCUMENTATION 

(2) 	 Individuals and Families: 
(a) Displaced 
(b) Enipaced 

(3) 	 Impact on Social Fabric and Community
 
Structures
 

(4) 	 Other Special Factors (specify) 

See: 	 24 CFR 58.5(c)(d) 
24 CFR 58.15(b) 
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K. ENVIRONMENTAL IMPACTS IDENTIFIED. The reasons supporting the above finding 
The following environmental impacts (beneficial are: 
and adverse) have been identified with respect to 
the project: CLEARANCE PROCEDURES: 

See: 24 CFR 58.5(cXd) 
24 CFR 58.15(b) 	 Notice of Finding of No Significant 

Effect on the Environment has been 
published and disseminated and a true 
copy of same is attached hereto as 
Exhibit__ 

L. 	 TREATMENT OF ENVIRONMENTAL IM-
PACTS. Changes which can be made in order to ( ) Public Hearings were not held. 
eliminate or minimize adverse environmental im
pacts and to enhance environmental quality are: ( ) Public Hearings respecting the subject of 

this 	 environmental review were held at 
(I) 	 The project itself can be modified, as fol. the following dates, times and places. 

lows: 
See: 24 CFR 58.15(d)(I) 

(2) 	 Factors external to the project itself can be 24 CFR 58.16
 
modified, as follows:
 

See: 24 CFR 58.5(d) 	 (2) FINDING: A request to HUD for release of 
24 CFR 58.15(eX 1) 	 funds for the within project is an action 

significantly affecting the quality of the 
human environment, and an EIS is required. 

CLEARANCE PROCEDURES: 
M. 	 ALTERNATIVES TO THE PROJECT. Alterna

tives to the project which have been considered. ( ) Notice of Intent to File EIS has been 
and the results of such consideration, are as published and disseminated and a true 
follows: copy of same is attached hereto as 

Exhibit __ . 
See: 24 CFR 58.5(d) 

24 CFR 58.15(cX2) ( ) Public Hearings were not held. 

) 	Public Hearings respecting the subject of 
this environmental review were held at 
the following dates. times and places:

N. CONDITIONS AND SAFEGUARDS. If this 
project is undertaken, the following conditions Notice of Public Hearing prior to 
and safeguards should be implemented in order preparation and dissemination of 
to protect or enhance environmental quality, or the Draft EIS was published and a 
minimize adverse envirotnental impacts. 	 true copy thereof is attached hereto 

See: 24 CFR 58.5(a) 	 as Exhibit_ 

( 	Notice of Public Hearing on the 
Draft EIS. after preparation and dis
semination of the Draft EIS. was 
published and a true copy thereof is 

0. 	LEVEL OF CLEARANCE FINDING. Based up- attached hereto as Exhibit __ . 
on the foregoing environmental assessmnent. it is 
concluded 	that: ()Draft EIS and Summary Sheet were 

prepared and disseminated as required 
atnd: 

(1) 	FINDING: A request to HUD for release of 
funds for the within project is not an action ( )Notice of same was published by 
significantly affecting the quality of the CEQ in the Federal Register on 
human environment, and no EIS is required. (datel: and 
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( ) Review Period for Draft EIS (45 
days, plus any extensions granted)
expired on (date). 

( ) Final EIS was prepared and dissemi-
nated and submitted to CEQ. as re-
quired, on (date); and 

Review Period for Final EIS expired 
on (date). 

See: 24 CFR 58.15(d)(2) 

24 CFR 58.17 


RELEASE OF FUNDS.
P. CERTIFICATION AND 

has expired since the
( ) A period of 90 days 
date of publication in the Federal Register of the 

EIS; and ( ) a period of 30
Draftfiling of the 

days has expired since the Final EIS was sub
mitted to CEQ: and this project is eligible for 
certification and release of funds. 

5-Day Notice was published on (date) 
specifying that ' request for release of funds 
and Certification would be submitted to 

HUD on (date): a true copy of the notice is 

attached as Exhibit - . 

e oRequest for Release of Funds was submitted 
to 	HUD on (date) and a copy of same is 

- .attached hereto as Exhibit 

Certification was submitted to HUD on 
(date) and a copy of same isattached hereto 

as Exhibit . 

( ) Approval by HUD of the Certification and 
Request for Release of Funds (Notice of Re
lease of Grant Conditions) was received on 
(date). 

See: 24 CFR 58.1 
24 CFR 58.5
 
24 CFR 58.30
 
24 CFR 58.32
 

Q. ADDITIONAL INFORMATION 

See: 24 CFR 58.19
 
24 CFR 58.27
 
24 CFR 58.31
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INSTRUCTIONS suggest that such symbols be used by the applicant. 

FORMAT I 


The Environmental Review Record (ERR) ccnsti-
tutes the written record of the applicant's perform-
ance of the environmental review process pertaining 
to a particular project or group of related project:. 
It may be prepared in accordance with the fore-
going form. which is HUD-approved and should 
contain sufficient substance to provide a supportive 
administrative record establishing the fact that the 
applicant has carried out all NEPA responsibilities 
for review. decisionmaking and action respecting the 
project in compliance with 24 CFR 58. The format 
is interded to serve as a model toward building such 
a record and the following explanations are in-
tended to serve as guidelines to assist the appli-
cant. 

Rating environmental factors. Items E-J on the 
format suggest that certain of the indicated factors 
be rated. Based upon. the.best available information, 
supplemented as necessary, each environmental 
factor should be rated in a manner such as the 
following: 

A - lhefactor is acceptable. There are no spe-
cia problems associated with this factor. Adverse 
impacts are negligible: other effects are neutral or 

B -The factor is questionable. Problems as-
sociated with this factor call for discretion in 
granting environmental approval to the project. 
Ameliorative measures should be pursued and 
may be mandated by specific environmental or 
program policies. Conditions and safeguards 
(Item N.) nay be a prerequisite for approval, 

C -The factor is undesirable or unacceptable. 
Problems associated with this factor are serious 
and rejection may be mandated by specific en-
vironmenial or program policies. Ameliorative 
measures should be vigorously pursued. Approval 
should be allowed only upon specific conditions 
and safeguards (Item N.) and then only when 
justified by a car-"ul examination and compari-
son of alternatives, 

N.A. -The factor is not applicable to this proj-
ect. For example, access to local schools is not 
applicable to an elderly housing project: coastal 
zone environmental policies do not apply to 
iniland projects: etc. 

Use of Ratings. The use of the symbols "A". 'B-. 
"C" and "N.A.' in the format is not intended to 

The symbols are used in the format for convenience 
in illustrating the environmental review process. In 
carrying out that process. the applicant should 
analyze each applicable environmental factor and 
that analysis should be stated in the ERR. The 
above symbols and their representative text. to
gether with the references to -rating" in the format, 
arc intended only to suggest a manner in which 
such analysis might be set forth in the ERR. 

Consideration of Impacts. The above ratings and 
most of the illustrative issues set forth in these 
instructions are principally directed toward identify
ing and measuring adverse impacts. However, it is 
emphasized that "adversity" is only one aspect of 
inquiry in the environmental review process. Any 
alteration of existing environmental conditions, or 
creation of a new set of environmental conditions. 
adverse or beneficial, caused or induced in whole or 
in part. directly or indirectly, by the proposed 
project of the applicant, constitutes an "environ
mental impact." All such impacts should be identi
fled and a detetinination made as to their signifi
cance (i.e.. their potential consequence). Assessment 
of the significance of an environmental impact 
generally involves two major elements: (i) a quanti
tative measure of magnitude. and'(ii) a qualitative 
measure of importance. It is the significance of the 
environmental impact of a proposed project which. 
under NEPA. determines whether or not and EIS 

must be prepared. "'Adversity" of the impact is 
relevant in determining such significance. as well as 
the separate determination of whether or not to 
proceed with a proposed project. 

Source/Documentation. Items E-J on the form call 
for Source/Documentautio respecting certain factors 
and the ratings given. The ERR. including all sup

porting evidence, constitutes the administrative 
record of the performance of the environmental 
review process. In the column designated *'Source/ 
Documentation." refer to specific attachments, or 
to specific portions of the project tile. specific 
documents or other records or d:a. *rhe acronym 
-FO" (Fieid Observation) may be used where ob
servations made during field inspection form the 
basis for the indicated rating. In such cases. the 
person making the observations and the dates 
should be identified. Documentation may include 
studies or portions of studies conducted by others. 
written explana;ions and clarifications by the re
viewer based on field visits, conversations with 
experts. maps. or other information used as the 
basis of the rating and conclusions on the form. 
Where material is of a nature that cannot be 
attached or inserted in the ERR. it should be 
referenced on the form. 
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Item A. 

The name. address, zip code and phone number of 
both the applicant and the chief executive officer of 
the applicant should be stated. 

Item B. 

Briefly describe the project covered by this ERR. 

The description should include mention of each 
separate activity included in the project-i.e., ac
quisition. demolition, removal, construction, reloca-
tion, etc.-and should indicate costs, location, time 

factors, etc. The description must be adequate to 
enable the reader to envisage the general nature, 

magnitude and extent of the project. If such project 
description exists in another format (i.e., a proposal, 
plan, etc.) it may be inserted, or attached to the 
ERR as an exhibit, or otherwise incorporated in the 

ERR. In such cases. a reference to the project 
description should be set forth here. 

Item C.9104 

Generally describe the environment of the project 
site and the surrounding area as it exists without 
the project-i.e., pre--ntly. Identify pertinent physi-
cal factors, such as land uses, soil, climate, noise, 
air, water, vegetation, etc. Indicate the nature and 
extent, or the absence of. service delivery systems 
and facilities, the social and economic character, 
population densities, etc. Environmental trends (i.e., 
movement toward new or different environmental 
conditions) should also be identified and described. 
This item is very important, in that it will serve as 
the data base from which future :h;nge will be 
measured. 

Item D. 

If clearinghouse or other agency comments or other 
matters arising out of the OMB Circular A-95 
process respecting this project were considered as 
part of the environmental review, or are otherwise 
relevant to it, document that fact here. 

Item E. 

Describe the results of having compared the project 
to applicable standards and plans. The description 
should be sufficient to indicate (i) any actual viola-
tions of law: (ii) whether or not the project is 
incompatible with an establishe plan. or fails to 
meet an established standard. Where incompatability 
with an established plan exists, an analysis and 
determination of whether or not to proceed with 
the project should be recorded and a decision to 
proceed should be explained. Projects which are 
unlawful should be rejected. The following environ-

mental statutes, polici:s and regulations are appli
cable. (Numbers correspond to designation on 
form.) 

(4)oHUD Handbook 1390.2, Noise Abatement 
and Control. Departmental Policy, Responsi
bilities and Standards. 1971. 

(5)*Flood Disaster Protection Act of 1973 (PL 
93-234) and implementing regulations. 

oTitle 24. Chapter X, Subchapter B. Nationa! 
Flood Insurance Program. 

* Executive Order 11296. 

(6), (7)oCoastal Zone Management Act of 1972 (PL 
92-583). Also. any applicable State legisla
tion or regulations. 

(8)*Clean Air Act (PL 90-148) 

IClean Air Act Amendments of 1970 (PL 
9 1-604) 

oApplicable U.S. Environmental Protection 
Agency (EPA) implementing regulations, in
cluding State implementing plans and regula

ng steiplementi p ans a r a 
tions, especially those pursuant to: 

@40 CFR 15, Administration of the Clean 
Air Act With Respect to Federal Contracts, 
Grants or loans: 

.40 CFR 50, National Primary and Second
ary Ambient Air Quality Standards: 

@40 CFR 51, Requirements for Preparation, 

Adoption and Submittal of Implementation 
Plans: and 

040 CFR 52, Approval and Promulgation of 
Implementation Plans. 

(9)oFederal Water Pollution Control Act (PL 
92.500) 

eApplicable U.S. Environmental Protection 
Agency (EPA) implementing regulations. 

(10)oFish and Wildlife Coordination Act (PL 
85-624) 

Item F. 

Describe the results of having examined the project 
with reference to the effect upon it of each of the 
factors listed on the form. If one or more of the 
listed factors will affect the project. the extent or 
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potential extent of such effect should be deter-
mined and indicated. If it cannot be determined 
whether or not a listed factor will affect the 
project, the reasons for not being able to make such 
determination should be explained. This analysir ;s 
designed to determine if the site . surrounding 
area represents a suitable environment for the proj
ect, especially if residents may be involved. To assist 
in clarifying the meaning of terms used on the 
form, the following is a list of representatiwve issues. 
(Numbers correspond to designation on form.) 

(1) Will the project be subject to hazardous 
landslides, falling rock. or other unstable 
slope conditions due to site or sur ounding 
topographic or geol2.gc conditions'? 

(2) Can excessive deformations of foundations 
occur because of changes in moisture con-
tent, soil swelling or shrinkage, frost action 
on soils, liqui ;Icn, substantial soil loss 
from constructitu, iractices, water or wind 
erosion, inadequate weight hearing capacity, 
or subsidence due to sink hole. mine excava-
tion or water withdrawal? 

(3) 	Is the site subject to unusual terrain features 
such as steep slopes, abutting rock forma-
tions, or other conditions affecting construc-
tion, Jrainage, or livability'? Does the pro-
posed development appear to take advantage 
of the natural features of the site and area? 

(4) Will 	 impermeable layers such as clay affect 
construction drainage, or water infiltration 
required to replenish ground water supplies'? 
Will impermeable layers result in ground 
water contamination due to septic tank or 
well development'? 

(5) 	Is the site subject to rapid water withdrawal 

problems which change the depth or char-
acter of the water table, affect water supply. 
septic tank or vegetation? 

(6) Are there unusual risks from natural hazards 
such as geologic faults, flash floods, volcanic 
activity, mudslides or fires, or froin the 
presence of ponds. or hazardous terrain fea-
tures? 

(7) Are there unwarranted risks from man-made 
hazards such as inadequate separation of 
pedestrian and vehicluar traffic, roadway de-
sign or lack of traffic control. visual obstruc-
tions to traffic, improper use of materials, or 
presence of hazardous materials such ura-
nium mill tailings, or liquid petroleum stor- 
age areas, or the presence of potentially 

hazardous industrial activity or material in 
the surrounding area'? 

(8) 	Is the site subject to nuisances from odors. 
vibrations. unslightly areas, nearby landfills. 
inconveniences or other nuisances? 

(9) 	 Is the project co patnble with the surround
ing area in terms of land use density, scale. 
mass. texture and architectural design'? 

(10) Is the project site in an area of physical 

deterioration, or physical investment'? Is it in 
an area of transition in terms of density or 
types of land use? Is the development taking 
place or anticipated in the area compatible 
with the project'? 

Item G. 

Describe the results of having examined the project 
with reference to the effect upon it of' each of the 
factors listed on the form. Both existing services 
and programmed services (i.e.. those scheduled to 
commence at or aboit a date certain in the future) 
should be taken into account. Services should be 
rated both in terms of access to the service and 
adequacy of' the service. If one or more of the listed 
factors will affect the project, the extent or poten
tial extent of such effect should be determined and 
indicated. This portion of the ERR should be 
sufficient to indicate whether or not the existing 
and/or programmed services applicable to the pro
posed project. both in terms of' access and of 
adequacy. are or will be suitable to serve it. To 
assist in clarifying the meaning of terms used on the 
form. the following is a list of representative issues. 
(Numbers correspond to designation on form.) 

(I) 	 Does the project location provide for ade

quate and safe access to school for elemen
tary s uchchoildren? Are the quaity and 
capacity of such schools adequate? 

(2) Does the project location provide adequate 
and safe access to school for junior and high 
school age children'? Are the quality and 
capacity of such schools adequate'? 

(3) 	Is there adequate access to employment op
portunities for proposed occupants'? Is there 
an adequate supply of employment oppor
tunities considering the skill and income re
quirement of potential proposed occupanis'? 

(4) 	 Is there adequate and convenient access to 
shopping'? 

(5) 	Is there adequate and convenient access to 
parks. playgrounds and functional open space 
areas'? 
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Are 	 the parks, playgrounds and .-pen space 
facilities in the project and suirounding area 
adequate to meet the needs of proposed 
occupants? 

(6) 	 Does the project location allow for adequate 
access for police and fire protection services? 

Are 	 the police and fire protection service 
available to the project adequate to meet the 
project needs? 

(7) 	 Is there adequate access to hospitals, emer-
gency facilities, clinics and doctors services? 

Are medical services adequate to meet the 
needs of the residents? 

Does the location provide convenient access 
to social services offered by the community 
s',tch as day care, youth services and special 
z,-.sistance to the aged if required by the 
proposed occupants? 

the 	 social services offered adequate toAre 
meet special needs of the residents? 

m 

(8) 	 Do proposed occupants have convenient ac-
cess 	 to community transportation services? Is 

for proposed occupantstransit actessible 
dependent on such 	services? 

Are the transportation services serving the 
project adequate to meet the project needs 
in terms of destinations, schedules, transfer 
requirements and costs'? 

Are roads and off-street parking facilities 
adequate for private transportation'? 

(9) 	 (10) Will the water supply and sanitary sewer 
systems be adequate to serve the proposed 
project and its occupants? 

Will 	 they meet fire flow. State health and 
any 	special treatment requirements'? 

Will 	 water usage affect the water table or 
cause infiltration or 	subsidence'! 

(II) Identify and rate other services not listed, 
which may be applicable. (i.e., Telephone, 
where adequacy of existing facilities is an 
issue) 

(12.) 	 (13) Will the storm sewer and solid disposal
utilities be adequate'! 

(14) 	 Identify and rate other utilities not listed 
(i.e.. telephone service), 

(15) 	 Is there paved access to the site sufficient 
for convenient ingress and egress and to 
allow and encourage services into the site? 

(16) 	 Is radio and T.V. recept'on via airwave. 
cable, etc. adequate and not subject to 
interference? 

Item H. 
Describe the results 	of having examined the project 

with reference to the effect of the project upon the 

surrounding environment, in terms of each of the 
factors listed on the form. If the project will affect 

the surrounding environment.or potentially affect 
the 	 extent or potential extent of such effect should 
be 	 determined and indicated. This portion of the 

ERR should be sufficient to indicate whether or not 
physical alteration ofthe project may result in any 

the environment surrounding the project site and 
of any such effect. To assist in clarifyingthe extent 

form, the followthe meaning of terms used in the 
ing is a list of representative issues. (Numbers 
correspond to designation on form.) 

(I) 	 Will the project location, construction or ac

tivities of project residents substantially im
pact unique geologic features on or near the 
site? 

(2) Will the project have an adverse impact on 

reck 	 and soil stibility due to weight of 
buildings on surficial materials, liquifaction 
or water infiltration into surrounding soils 
from man-made impoundments. or transport 
route construction' 

(3) 	Will the project make the area substantially 
more susceptible to erosion because of grad
ing, increased runoff, inadequate vegetive 
cover during or after construction, inade
quate drainage plain or other causes'? 

(4) 	 Will the project impede natural drainage pal
terns. which cannot be corrected, cause al
terations in stream channel form. or other

wise affect groundwater movement? 

Will 	 construction over recharge areas sub

stantially affect aquifer yields or water qual
ity? 

Will erosion or increased weathering rate of 
bedrock result in groundwater contamina
tion? 

(5) 	Will erosion, increased runoff, or wastes from 

the project contaminate open streams and 
lakes? Will disruptions of water flow affect 
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the characteristics of open streams and lakes? 

(6) 	 Are there unique species of plant or animl 
life particularly susceptible to adverse impact 
from construction and human habitation? 

Is there vegetation present. the loss of which 
would deny habitat to unique wildlife spe-
cies, or to a substantial number of different 
animals? Will such vegetation be preserved? 

Will plant or animal life be adversely affected 
by disruptions to the nutrient cycle or 
hydrologic balance? 

(7) 	Are community energy supplies adequate to 
accommodate the energy consumption in the 
project? Are there indications that the proj-
ect will promote inefficient energy utiliza-
tion? 

(8) 	Will the project adversely affect the aesthetic 
image of the surrounding area'! Will the 
project block views? Is the proposei design 
integrated with the area in which it is lo
cated? 

Describe the results of having examined the project 
with reference to the effect of the project upon the 
surrounding environment, in terms of each of the 
factors listed onl the form. Both existing services 
and programmed services should be taken into ac-
count in this examination and any effect the project 
will have should be determined and indicated. This 
portion of the ERR should be sufficient to indicate 
whether or not the project will overload or other-
wise unreasonably or undesirably burden the service 
delivery systems which exist or are programmed to 
deliver services to the environment surrounding the 
proposed project. The items designated (I) - (16) on 
the form should each be examined in terms of 
issue; such as the following: 

*Is the capacity of the listed item adequate to 
accommodate additional utilization which will 
result froin the project? 

*Will the availability or quality of the service 
from the listed item suffer as a result of usage 
arising from file project? 

*Will the project cause the listed item's utiliza-
tion rate to be pushed close to capacity*? 

*Will the project interfere with existing public 
access to other areas or services? 

See instructions for Item G, for additional spe
cialized probes. 

Item J. 

Describe the results of having examined the project 
with reference to the effect of thc project on the 
surrounding environment, in terms of any special 
factors, other than physical or service delivery fac
tors. Special factors which must be addressed are 
listed on the form, but there may be others. Any 
factor which, because of its unique or specialized 
character, might have the potential of pointing up 
serious environmental concerns, should be ad
dressed. This portion of the ERR should be suffi
cient to indicate that the applicant has taken into 
account any such special factors which arise out of 
or are affected by the project and has carried out 
any required procedures necessary to deal with such 
factors. The following comments and representative 
issues are to assist in clarifying the terms used on 
the fores. (Numbers correspond to designation on 
form.) 

(i) 	Self explanat,ry. It is important that the 
conclu:sln that a historic property will not 
be affected by the project be carefully docu. 
mented. The following polcies and regula. 
tions are applicable: 

e National Historic Preservation Act of 
1966 (Pub. L 89-665): 

*Preservation of Historic and Archeologi
cal Data Act of 1974 (Pub. L. 93.291) 
and regulations which may be issued 
thereunder: 

*Executive Order 11593. Protection and 
Enhancement of the Cultural Environ
tuent. 1971: 

* Procedures for Protection of Historic and 
Cultural Properties. Advisory Council on 
Historic Pt'servation. 36 CFR Part 800. 

(2) Will the project force the displacement of 
individuals and families? 

Is the project calculated to result in the 
emplacement of individuals and families? 

Will the project destroy or relocate existing 
jobs. facilities, services or business enter
prises. or create or attract any of the same. 
so as io indirectly result in tie immigration 
or emigration of individuals and families? 

Is there an adequate relocation plan. or has 
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potential immigration or emigration been project. Discuss whether or not identified impacts 

taken into account? can be eliminated or minimized, or environmental 

(3) 	Will the project substantially change the in-
come, racial. ethnic or age distribution of the 
neighborhood or community, or the institu-
tions serving those population groups? 

Have the implications and probable conse
qtiences of such changes been taken into 
account'? 

(4) 	 Identify and rate any special factors, not 
listed, which might be affected by the proj. 
ect. 

Item K. 

Identify and &. :ibe each alteration of existing 
environmental conditions, adverse or beneficial, 
which will be caused or induced, in whole or in 
part, directly or indirectly, by the proposed project. 
The description should be sufficient to enable the 
reader to generally determine the nature, magnitude 
and extent of each identified impact. 

Item L. 

Determine and discuss changes which can be made 
in such things as proposed plans, policies. schedules. 
designs, locations, etc. in order to eliminate or 
minimize any adverse environmental impacts and to 
enhance environmental quality. In the treatment of 
adverse impacts. the prospects of changing things 
which are not part of the project should be ex-
plored. as well as changes to the project itself. For 
example: Locating a proposed housing project ad
jacent to a heavily traveled roadway could result in 
adverse ,'npacts in the form of noise, dust, pollu-
tion, etc. To treat such adverse impacts, the project 
itself might be modified by changing its site to a 
location more removed from the roadway. However, 
such adverse impacts might also be eliminated or 
minimized by changing things other than the proj
ect. such as relocating the roadway, improving the 
paving, constructing a barrier, reducing the traffic by 
redirection, etc. 

Item M. 

Determine and describe possible alternatives to the 
proposed project. including the alternative of no 

quality enhanced, through adoption of such alterna
tives. The feasibiity of each alternative and the 
reasons why each should be adopted or rejected 
should be discussed sufficient to indicate an ade
quate consideration thereof. 

Item N. 

Determine and describe all conditions or safeguards 
which should be implemented in order to protect or 
enhance environmental quality. or minimize or elim

inate adverse environmental impacts." if tie project 
is undertaken. For example: The hou-ing project 
mentioned at Item L.. above, should perhaps not be 
undertaken unless either the project site is changed. 
ir the roadway is relocated, etc. In such case, such 
site change or roadway change would be a condition 
or safeguard which should be herein stated and 
implemented. if the project is undertaken. 

Item 0. 

Based upon the environmental assessment of the 
project. (Items B. - N.) conc!ude whether or riot the 
request for release of funds for the project will 
constitute an action significantly affecting the qual
ity of the human environment. State the reasons in 
support of any negative finding. After making the 
level of clearance finding, carry out the Clearance 
Procedures in accordance with that finding and 
complete the form as indicated. 

Item P. 

Complete the form as itidicated. 

Item Q. 

Record additional information, as appropriate. such 
as additional public hearings, special problems. liti
gation. objections to Certification. "lead agency" 
responsibilities, the written decision mentioned at 
24 	 CFR 58.19 (c) and other matters not covered 
specifically in the format. Attach or refer to per
tinent documents or records. 
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United Nations Environment Program 
Syston for Sources of Environmental InformationInternational Referral 

IjNEP/ NF0TERRA 

Office of Management and Agency Services 
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Washington, D.C. 20460 

The United Nations Envirunment Program (UNLO) was created in 1972 
as a direct result of the InternaLional Confcrcnce on Human Environment 
held in Stockholm, Sweden. UNEP is an independent agency of the United 
Nations with hcdquarters in Nairobi, Kenya. Its establishment cvolved 
around three goals: 

1. 	 To promot' international cooperation in the enviroricntal
 
field.
 

2. To 	 keep Lider review the world environmuental situation in 
order to as.ure that environmental problems of wide 
international significance receive appropriate considerat ion 
by governents. 

3. 	 To promote the acquisition, assessment and exchange of
 
environmental knowledge.
 

In order to assist in carrying out these goals, several programs
 
were created within the UNEP structure, one of which was the International 
Referral System (UNEP/IRS). In January 1979 this referral system was renamed 
INFOTERRA, an acronym that will be used by all four of the U.N. languages. 
Composed of a network of over 80 national and sectoral Focal Points, INFOTERPRA 
is engaged in identifying and registering sources of environmental information,
 
transmitting these sources in a unified format to the System's central data
 
bank in Geneva, Switzerland, and serving as a point of contact for utsers who
 
need referral services (national and international). INFOTERRA is a referral
 
service designed to link those who need environmental information with those
 
who have the desired information.
 

InMarch 1975 the State Department designated the U.S. Environmental
 
Protection Agency to serve as the U.S. National Focal Point and EPA 
formally opened the Center on October 6, 1975, at its Headquarters in 
Washington, D.C. The U.S. National Focal Point has been named the 
United 	States International Environmental Referral Center (USIERC).
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ATOMIC INDUSTRIAL FORUM 
7101 Wisconsin Ave. 
Washington, DC 20014 

EPIA (Electric Power Industry Abstracts): data base covers from 
August 1975 to the present. Contwins 21,000 citations on environ-
mental impact stetemerts and studies by electric utilities and regu-
latory agencies that relate to liceri,mng a.1 operation of nuclear and 
fossil-fueled power plants. Fpecific topics include radioactive 
wastes, air and water pollution, nuclear fuel processing, and nu-
clear safeguards. Provides hard copy retrieval and online terminal 
access (through SDC). Contact: Carl Walske, (301 654-9260. 
BUREAU OF NATIONAL AFFAIRS, IKIC. 

1231 25th Street, NW 
Washingtcon. DC 20037 

data base contains fully indexed text of all currentlyCHEMLAW: 
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(through NI-EPA Chemical !nformation System and DIALOG). Con-
tact: Charlotte A.Kusnen, (202) 454-4554. 

CAMBRIDGE SCIENTIFIC ABSTRACTS 
5161 River Road 
Washington, DC 20016 

POLLUTION ABSTRACTS: data base covers from January 1970 to 
the present. Contains 65,000 literature citations on international 
special reports, conference pror.eedings, technical and nontech-
nical periodicals, and books in the areas of solid wastes, marine 
resources, toxic substances, and air, freshwater, marine, radiolog-
ical, noise, and land pollution. Available in journal form (Pollution 
Abstracts and Ocean Abstracts), annual cumulative indexes, micro-
film, magnetic tapes, and online (thro,-1h Lockheed Dialog). Licens-
ing by special arrangement; lease price $4,000/yr for 1982. (inquire 
for backfiles) Contact Avril Howells, (301) 951-1403. For editorial 
information contact Pam Eilers, (301) 951-1404. 

EIC-ENVROIAMENT INFORMATION CENTER, INC. 
48 West 38th St. 
New York, NY 10018 

data base covers from January 1971 to the present.ENVIROUNE: 
Contains 75,000 citations on international special reports, con-
ference proceedings, technical and nontechnical periodicals, 
books, congressional hearings and reports, speeches, and films in 
the areas of air, water, radiological, and noise pollution, chemical 
contamination, energy and nonrenewable resources, education, ur-
ban ecology and land use, food, population, international issues, 
oceans and estuaries, renewable terrestrial and aquatic resources, 
solid wastes, transportation, weather modification, and wildlife. 
Available In monthly journal form (Environment Abstracts), an an-
nual cumulative index (Environment Index), special publications 
(Land Use Planning Abstracts and Toxic Substances Sourcebook), 
hard copy and microfiche retrieval, magnetic tapes, and online 
(through Dialog, SDC, and BRS); price information available on 
request Contact: Sarah Noll, (212) 944-8500. 

ENVIRONMENTAL PROTECTION AGENCY 
Office of Library Systeml & Services 
401 M St., SW 
*Washington, DC 20460 

EPA UBRARY SYSTEM: data base 1973 to the present. Contains 1.7 
million citations on special report, journal, and book holdings in 
EPA libraries. Is composed of seven separate machine-readable 
files: Air Ecology, EPA Reports, International Environmental, 
Journal Holdings, Hardbound Book, Circulation, and Document 
Control. Air Ecology contains citations on literature dealing with air 
pollutants and their effects on flora and fauna; International Envi
ronmental has citations covering major international literature cn 
the environment and life sciences. Information a.,sistance to the 
public includes library services; data base is not commercially avail
able. Contact: Carol Alexander, (202) 755-0353. 

INFORMATION RESOURCES PRESS, INC. 

1700 N. Moore St. 
Arlington, VA 22209 

EIS (Environmental Impact Statements): data base covers from 
January 1977 to the present. Contains 10,000 citations on all the 

to EPA. Available inenvironmental Impact statements submitted 
monthly journal form (EIS: Digest of Environmental Impact
Statements), an annual cumulative index, hard copy and microform 
retrieval, magnetic tapes, and online (through BRS). Lease price 
available from BRS. Contact: Jean Allen, (703) 558-8270. 

U.S. DEPT. OF AGRICULTURE 

Technical Information System 
Nat'l Agriculture Library Bldg.
 
Beltsville, MD 20705
 

AGRICOLA (AGRl-Cultural On-Line Access): data base covers from 
January 1970 to the present. Contains 1.5 million citations primarily 
on journal aelicles in the areas of forestry, nutrition, pesticides 
and fertilizers, and soil conservation. Available In hard copy re
trieval and online (through SDC, Lockheed, and BRS). Contact: Phil 
Turner, (301) 344-3813. 
CRIS (Current Research Information Service): data base covers 

from January 1969 to the present. Contains 27,000 citations describ
ing the current research programs of USDA and state agricultural 
experiment stations in the areas of agriculture, agricultural engi
nearing, chemistry and chemical engineering, and general science 
and technology. Data base is not commercially available. Contact: 
John R. Myers, (301) 344-3846. 

U.S. DEPT. OF COMMERCE
 
Nat'l Oceanic & Atmospheric Admin. (NOAA)
 
3300 Whitehaven St., NW
 
Washington, DC 20234
 

ESIC (Environmental Science Information Center): data base covers 
from January 1970 to the present. Contains 150,000 citations on the 
works of agency research scientists ahd technical service offices in 
the areas of climatology, marine and freshwater pollution, toxic 
substances, and coastal zone management. Available in library ser
vices and online (through Lockheed and ESIC). Contact: Bob 
Walter, (301) 443-8330. 

U.S. DEPT. OF COMMERCE
 
Nat'l Technical Inlormitioo Service (NTIS)
 
5285 Port Royal Rd.
 
Springfield, VA 22161
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Directory 

NTIS BIBLIOGRAPHIC DATA FILE: data base covers from July 1964 
to the present. Contains 650.000 citations on technical reports gen-
erated by U.S. and foreign government-sponsored research: its en-
vironmental coverage deals with air, water, radiological, noise, and 
land pollution, toxic substances, and solid wastes. Available in 
weekly newsletters in 26 subject areas (including Environmental 
Pollution & Control, Natural Resources & Earth Sciences, Transpor
tation, and Urban & Regional Technology & Development), a 
biweekly government reports announcement, published searches,
hard copy and microfiche retrieval, and magnetic tapes (through 
several online commercial vendors or through a lease from NTIS); 
lease price, $4,000/yr. Contact: David Grooms. (703) 557-4808. 

U.S. DEPT. OF HEALTH & HUMAN SERVICES 
Nat'l Library of Medicine 
8600 Rockville Pike 
Bethesda, MD 20014 

TOXLINE (Toxicological Information Online): data base covers from 
1974 to the present. Contains 692,000 citations on research articles 

that deal with the etfects of pollutants and toxic agents on human 
hualth in the environment and the workplace. Available in pri
form (Toxicity Bibliography and Pesticide Abstracts), hard copy _
microfiche retrieval, and online (through Nat'l Ubrary of Medici%: 
Contact: Melvin Spann, (301) 496-1131. 

U.S. DEPT. OF INTERIOR
 
Water Resources Scientific Information Center (WRSIC)
 
18th & C Sts., NW
 
Washington. DC 20140
 

WRSIC: data base covers from 1969 to the present. Contains 
100,000 citations on government-sponsored research reports in the 
areas of water resources, water pollution, and hydroelectric appli
cations. Available in bimonthly journal form (Selected Water Resources Abstracts) and online (at some of the nation's water re
sources research institutes). Contact: Raymond A. Jansen, (202) 
243-6097 
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Abstracts, 1980, Brian D. Clark, Ronald Bisset, Peter
 

Wathern, R. R. Bowker Company, N. Y.. N. Y.
 

Selected periodicals 

Introduction 

Articles on environmental impact assessment (EIA) have appeared in 
a wide range of periodicals. No attempt has been made to list all 

periodicals mentioned in this bibliography. Instead, details of a small 
number of selected publications are included. These periodicals are 

of two types. Some which appear at short intervals, for example, 
weekly or monthly, often contain topical articles on trends and events 
in EIA. Other periodicals which are issued over longer time spans, 

for example, bimonthly or quarterly contain articles reviewing par

ticular aspects of EIA or presenting the results of studies carried out 

in EIA. It is recommended that both types ofperiodicals are scanned 

regularly by thc3e interested in EIA. 

Built Environment. London: Kogan Page, 1937, quarterly. 

Civil Engineering, American Society of Civil Engineers. New York: 
American Socicty of Civil Engineers, 1go, monthly. 

Ecology Law Quarterly. Berkeley: University of California School of Law, 

197 1, quarterly. 

EIA Review. Cambridge, Massachusetts: Laboratory of Architecture 
and Planning, Massachusetts Instituteof *icchnology, 1978, irregularly. 

Environment. St. Louis, Missouri: Scientists' Institute for Public Infor
mation, 1958, ten issues per year. 

Environment Reporter. Washington, D.C.: Bureau of National Affairs 
Incorporated, 1970, monthly. 
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Environmental Affairs. Boston, Massachusetts, Environmental Law 
Center, Boston College Law School, 1971, quarterly. 

Environmental Comment. Washington, D.C.: Urban Land Institute, 
1973, monthly. 

Environmental Impact News. Westport, Connecticut: Technomic 
Publishing Company Ltd., 1975, monthly. 

Environmental Law Reporter. Washington, D.C.: Environmental Law 
Institute, 1971, monthly. 

International Environment Reporter. Washington, D.C.: Bureau of 
National Affairs, 1978, monthly. 

InternationalJournal of Environmental Studies. London: Gordon and 
Breach Science Publishers Ltd., 197o, quarterly. 

journal of the American Institute of Planners. Washington, D.C.: 
American Institute of Planners, 1925, bimonthly. * 

Journalof EnvironmentalManagement. London: Academic Press, 1973, 
bimonthly. 

Natural Resources Journal. Albuquerque, New Mexico: University of 
New Mexico School of Law, 1961, quarterly. 

NaturalResources Lawyer. Chicago: American Bar Association, 1968, 
quarterly. 

*New Scientist. London: New Science Publications, 1956, weekly. 

Plan Canada.Ottawa: Canadian Institute of Planners, three issues per 
year. 

Proceedings of the American Society of Civil Engineers, Journal of the En
vironmental Engineering Division. New York: American Society of Civil 
Engineers, 1956, bimonthly. 

Proceedings of the American Society of Civil Engineers, Journal of the 
Hydraulics Division. New York: American Society of Civil Engineers, 

956, bimonthly. 

*Now Journal of the American Planning Association
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Proceedings of the American Society of Civil Engineers,"oumal of the Imga
tion and Drainage Division. New York: American Society of Civil 

Engineers, 1956, quarterly. 

Proceedings of the American Society of Civil Engineers, Journal of the 
Professional Activities Division. New York: American Society of Civil 

Engineers, 1956, quarterly. 

Proceedings of the American Society of Civil Engineers, Journal of the 

Transportation Engineering Division. New York: American Society of 
Civil Engineers, 1956, quarterly. 

Proceedings of the American Society of Civil Engineers,Journalof the Urban 
Planning and Development Division. New York: American Society of 

Civil Engineers, 195G, quarterly. 

Proceedings of the American Society of Civil Engineers, Journal of the 

Waterways, Ports, Coastal and Ocean En.ineering Division. New York: 
American Society of Civil Engineers, 1956, quarterly. 

Science. Washington, D.C.: American Association for the Advance

ment of Science, 188o, weekly. 

Social Impact Assessment Newsletter. New York: C. P. Wolf (ed.) En
vironmental Psychology Program, City University of New York, 
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Appendix C: Selected List of 
Environmental Organizations 

Daniel P. Beard 

A wide variety of org'i.izations. both public and private, have an interest in envi

ronmental affairs. Thi' appendix presents a sample of organizations that may be 

of assistance to anyone doing research on environmental topics. The list is divided 

into several categories: (1) comprehensive directories and sources of environ

mental information; (2) international, national, and interstate organizations that 

cou: orovide research assistance; (3) federal agencies, departments, and offices 

dealing with environmental affairs: and (4) congressional committees with juris

diction over environmental legislation. 

Directories and Environmental-information Sources 

Conservation Directory 1977. Washington, D.C.: National Wildlife Federation. 

1977. c.220 pp. 
A comprehensive and descriptive list of organizations, agencies, and officials 

concerned with natural resource use and management. This directory is the most 

comprehensive available and is upd.ted yearly. 
Directory of Consumer Protection and Environmental Agencies. Edited by Thad

deus C. Trzyna (and others). Or,,ige. N.J.: Academic Media, 1973. 627 pp. 

A comprehensive descriptive listing of national and state, public and private, 

agencies and organizations conccrned with consumer and en' ionmnental protection. 

Includes indexes of organizations. -.crsonnel, publ:catien. anti subjects. 

Director. of Environmental hn/,:,zat)n Sources. Fdite, )yCharles E.Thibeau. 

(2d ed.) Boston: National Foundation for Environmental Control, Inc.; Cahners 

Books, 1972. 457 pp. 
A descriptive litiiig of ;elected national and local agencies and organizations, 

trade associations, and bibliographies. Contains useful, but somewhat dated, list

ings of federal agency publications. 
Resources in Agriculture and Biology. Bcltsville, Md.:Directory of Information 

National Agricultural Library/U.S. Department of Agriculture, 1972. 
A companion volume to the National Referral Center directories (see below). 

Directory of lnfvrmatij;n Sources in the United States. Compiled by the Nat' -ial 

Referral Center, Library of Congress. Washington, D.C.: U.S. Goxerninent Print

ing Office. 
This item compri'es a series of specializcd direco ies that include the following 

areas: 
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Biological Sciences, 577 pp , 1972.
 
Federal Government, 416 pp., 1974. (Describes services and information pro

vided by agencies.)
 
General Toxicology, 293 pp., 1969.
 
Physical Sciences, Engineeiing, 803 pp., 1971.
 
Water, 24,3 pp., 1966.
 

Directory of Pollution Control Officials. In The Environment Index 74, pp. 34
48. New York Environment Information Center, Inc., December 1974. 

The annual Environment Inde. also contains summaries of environmental legis
lation, coi.ferences, events, patents, books, and films. 
E,,ironment U.S.A.: A Guide to Agencie5, Peop!e, and Resources. Compiled and 
edited by the Onyx Group, Inc. Glenn L. Pailson, advisory editor (and others). 
New York: Bowker, 1974. 451 pp. 

A u~eful book cootaining -xtensive descriptions of environmental agencies and 
organizatioas' directories of consultants, corporate officils, environmental educa

tion piograms, libraries, conferences, films. and news organizations; plus subject
 
bibliographies and chapters on selected public-interest iLues.
 
Environmental Information Sources Han'.,hook. Edited by Garwood R. Wolff.
 
New Ycrk: Simon and Schuster, 1974. 568 pp.
 

Addresses, brief descriptions of organizations, principal publications and other 
services pro,,ided, a'id the name of a contact are found in this reference. The work 
is indexed undr nine separate headings, such as "Curriculum Guides and Sources," 

"Periodicals," and "L.ibraries," in addition to being indexed alphabetically by 
organization and subject. 
Guide to EPA Libraries. Washington, D.C.: U.S. Environmental Protection 
Agency, Library Systems Branch, Office of Planning and Management, May 1973. 
44 pp. 

This publication (FPA-LIB-73-02) describes the holdings of the Agency's 
headquarters, regional, and national research centers, and libraries in various 
cities. 
Information Resources in the EnvironmentalSciences. Edited by George S. Bonn. 

(Papers Presented at the lSth Allerton Park Institute, 12-15 Noaelmbcr 1972.) 

Champaign-Urbana: Uni',eisity of Illinois, Graduate School of Library Science, 
1973. 238 pp. 

These conferer.ze proceedings coniain discussions of the full range of environ

mental-information sources. Useful appendi i provide listings of federal gosern

ment e'aiironmcntal acti'ities, information L- ters, and publications, as cll as of 

environmental lbraries and Journals. 
New Infoiniation Services in Social Problem Areas: Energy, Enmironmetit and 

Transportation.Compiled by James E. Freeman, James P. Kottenstette, and Mar.. 

tin D. Robbins. Denver: University of Denver, Industrial Economics Division, 
Denver Research Institute, 19'3. 86 pp. 

Presents bibliographies of ncw serials since 1962 in the fields of energy, envi

ronment, and transportation, \vith comments on the kind of publishing going on in 

thesL fields. 

http:conferer.ze
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State and Local Environmenal Libraries: A Directory. Washington, D.C.: U.S. 
Environmental Protection Agency, Library Systems Branch, July 1973. 24 pp. 

Contains listings of libraries with environmental holdings. Arranged by states.. 
United States Government Manual, 1974-75. Washington, D.C.: Office of the 
Federal Register, National Archikes and Records Service, General Services Ad
ministration, 1974; available from the U.S. Government Printing Office. 799 pp. 

This basic r,ference, formerl known as the Government OrganizationManual, 
contains descripions of governr ent environmental programs and gives the avail
ability of major agency publicat. )ns. 
Yell-O Pages. Washington, D.C.: Environmental Resources, Inc., 1971. 224 pp. 

This directory (organized by states) is primarily for the use of those interested 
in local environmental groups, but listings of national environmental organizations 
and publications are also included. 

International, National, and Interstate Organizations 

Letters following the entries indicate the form of the organizations' publica
tions: J (journal); N' (newsletter); P (public-information pamphlets or other 
materials). 
Air Pollution Control Association. 4400 Fifth Ave., Pittsburgh, Pa. 15213 (412
621-1090). J.
 

American Association for the Advancement of Science, 1515 Massachusetts Ave., 
N.W., Washington, D.C. 20005 (202-467-4400). J. 

American Chemical Society, 1155 16th St., N.W., Washington, D.C. 20036 (202
872-4600). 1, P. 

American Forestry Association, 1319 18th St.. N.W., Washington, D.C. 20036 
(202-467-5810). J. 

American Geographical Society, Broad%%ay at 156th St., New York, N.Y. 10032 
(212-234-8100), J, N. 

American Institute of Biological Sciences, Inc., 1401 Wilson Blvd.. Arlington, Va. 
22209 (703-527-6776). J. 

American Fot oleum Institute, IS01 K St., N.W.. Washington, D.C. 20006 (202
833-5600). J, N, P. 

Association of Amc;,an Geographers. 1710 16th St., N.W., Wa shington, D.C. 
20009 (202--234-1450). J, N, P. 

Center for Natural Areas, 1525 New Hamlphire Ae., N.W., Wash;ngton, D.C. 
20036 (202-265-0066). N. 

Center for Science in the Public Interest, 1779 Church St., N.W., Washington. 
D.C. 20036 (202-332-6000). N, P. 

Chamber of Commerce of the United States, 1615 1H St., N.W., Washington. D.C. 
20006 (202-659-6174). P.
 

Concern, Inc., 2233 \V'sconsin A.e., N.W., Wahington, D.C. 20007 (2( 965

0066). P. 
Conservation Foundation, 1717 Massachusetts Ave., N.W., Washington, D.C. 

20036 (202-265-8882). N. 
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Deienders of Wildlife, 2000 N St., N.\., Washington, D.C. 20036 (202-223
1993). N. 

Environmental Action. Inc., Room 731, 1346 Connecticut Ave., N.W., Washing
ton, D.C. 20036 (202-833-1845). J. 

Environmental Policy Center, 324 C St., S.E., Washington, D.C. 20003 (202
547-6500).
 

Friends of the Earth, 620 C St., S.E., Washington, D.C. 20003 (202-543-4312). 
J.
 

Fund for Animals, Inc., 140 W. 57th St., New York, N.Y. 10019 (212-246
2096). N. 

International Association of Game, Fish and Conservation Commissioners, 1412 
16th St., N.W., Washington, D.C. 20036 (202-232-1652). N. P. 

Izaak Walton League of America, 1800 North Kent St., Suite 806, Arlington, Va. 
22209 (703--528-1818). J. 

League of Conservation Voters, 324 C St., S.E., Washington, D.C. 20003 (202
547-7200). P. 

National Audubon Society, 95(1 ThirJ Ave., New York, N.Y. 10022 (212-832
3200). J,P. 

National Parks and Conservation Association, 1701 18th St., N.W., Washington, 
D.C. 20009 (202-265-2717). J. 

National Recreation and Park Association, 1601 N. Kent St., Arlington, Va. 22209 
(703-525-0606). J, P. 

National Wildlife Federation, 1412 16th St., N.W., Washington, D.C. 20036 (202
483-1550). J, N, P. 

Nature Conser\ancv, Suite 800. 1800 N. Kent St., Arlington, Va. 22209 (703
841-5300). J, P. 

Planned Parenthood Federation of America, 810 Sesenth Ave., New York, N.Y. 
10019 (212-541-7800). F. 

Population Reference Bureau, 1755 Massachusetts Ave., N.W., Washington, D.C. 
20036 (202-232-2288). J, N, P. 

Public Interest Research Group, 2000 P St., N.W., Suite 711, Washington, D.C. 
20036 (202-833-9700). N. P. 

Resources for the Future. Inc., 1755 Massachusetts Ae.,N.W., Washington, D.C. 
20036 (202-462-4400). N, P. 

Scientists' Institute for Public Information, 30 E. 68th St., New York, N.Y. 10021 
(212-249-3200). N, F.
 

Sierra Club. 1050 Mills Tower. San Francisco, Cal. 94104 (415-981-8634). J, 
N, P. 

United Nations Environment Programme, P.O. Box 30552, Nairobi, Kenya. New 
York Liaison Office, P.O. Box 20, Grand Central Station, New York, N.Y. 
10017. J. 

Water Polluf!on Control Federation, 3900 Wisconsin Ave., N.W., Washington, 
D.C. 20016 (202-362--4100). J. 

Wilderness Society, 1901 Pcnnsxlvania Ave., N.W., Washington, D.C. 20006 (202
293-2732). J. 

Wildlife Management Institute, 709 Wire Bldg., Washington, D.C. 20005 (202
347-1774). J, N. 

Wildlife Society. Suite S-176, 3900 Wisconsin Ave., N.W., Washington. D.C. 

200M6 (202-363-2435). J. 
Zero Population Growth, Inc., 1346 Connecticut Ave., N.W., Washington, D.C. 

20036 (202-785-0100). N. 
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Boa 1425,Ann Arbor. MI 43106) 

The Impact of Irrtgaion on Develop. 
ment: Issue. ]ora Comprehensive Evl. 
mation Study. By Leonard Berry, Pro. 

gram for Iniernatioral Development, 
Clark Uirerroi Discustion paper for 
USAID Bureau for l',ogram and Policy 
Coordination January 1980,70 pp. 
Evaluation of irrigation projects requires 

ject cycle. Author's scheme for evaluz.ion .%conra dwith eising AID 

ea00a33o 
Impacts of Rural Deseloprme and (heir 
Aseustment inSoutheastern Asia. By H.N. tort,-ji. In. Environirental Consrra

n .[3 AuNu.nron90. 1.-216 

v.(3)Autumn190.pp.,N'orthern 
Industr and Envionment. Published by 
the Unired Natnns Environment Pro-
gramme. SpeCial Issue, No. I. 1980. A 
special issue on environmental impact 
as gnsmen: as a sound tool for develop-
ment -th ar c!es on EIA in selected 
countries and U.I.EP guicelines an dus. 
tridl
EIA. 

,,angrtines Impacted by Human-In. 
duced Disturbances:AA Case Study of the 
Oarioco Dr/ia .fannro'e Ecosiiter lh 
Fedcrico Pannier. Enironmental Man-
agement, n. 30). 1979. pp. 205-:!6. 
Agricuture's and forestry'sdeleteriuus 
effect on the mangro-es fragile eco-

system Urgent need for environntral 
control programs is cescribed. 
Afethodn for Environmental Impact 
Analvsis-Recent Trends and Future 
Prospects. By R. Bisset.In.Journal of 

Fnvironmental Management, v. 11(l) 
July 1980.p 27--.4 
Proceedid s ofthe Khartoum Workshop 
on Arid Lands .lanteeent. The Ut. 
vesitty of Khartoum-the United 

.o'at;onsUninrsa 22.6 October 1971 
Elited by J. A. Nlaboui. United Nations 
Univ. NRTS-/UNLP-t4 1979, 97 pp. 
Collection of papers presen:ed at Khar. 
soum workshop whict aased on the 
str=uture of the UN.Univ. of Khar-
Icum arid lands ptoJ t. appropriale pro-

rams for Sudan's needs, and contacts 
between Uni',of Khartoum andothcr in-
stlutions with sintilar interests. 

Strategies for Conducting Terhirnolory 
Assessments. Edited by Joe E. AiM-
strong, with tllis W. Harman Vcst-
view Press. (!5!0019S0,$17.!0. Central 
Avenue. Boulder. CO 803011 

Using Ecoloirco Knowledae for 
Drielopment Plannim. Bn Richard A. 
Carpenter. In,Entironmental ,lottae. 
mini. 1,.411)January 1')!0. pp 13.'0. 
Reports on mul-national prolect to 
improve ase sment of natorial systems 
in de,,loping countres 

Water ResourcesAsv':tmes - kfethy.

doogii & Technooy Soarcebor,. By

x
Larry W. Canter. Ann rtor Science 
P.blshers, 1979, 527 pp.,S9 0. (P 0. 
Bos 1425. Ann Arcor. l 4fl961 

General, 

Environment/Development,
Energy/ Environment 
Agro-Industrtal Residues Utilization in 
Envtronmental Afanaerment. UNEP: 
Indusrry and Environment. v. 3(), 
Januart,-March 19(0. 14pp. While agro-

industry offers the greatest potential for 
residuc utilizalion. problems ol logistics, 
lack of outlets, c:hnoloies and incen. 
tteshaveledto undcr.utilizatinnofthese 
redues. 


"'. 


Bioas Beyond China: Firlt International 
Training Proeram for Developing Coun-
tries. By E. A VanBuren. In,Ambio, v. 

9(I) 1960,pp. 10-1i. 
Biomasurnerbyfoi ovelopin Naton.i 
Pages617-705. in.Thermal Converson 
P In. Thermal Cne n
of
1, 

Solid
JonesandWastesS. B. and Radding.Biomass. ACSSvm-Edited by3 

posium Series, Vol. 130. American 
Chemical Soiciv. 19 0. 747pp.. S57.!0.
(11155 6thStreet.N.W., Washington DC 

Sin papers: four on gasitic.tion 
technology. especially for use i vehicle 
engines, and ruo an otrall situation. 

Conoer vatton anid Developmen, in 
Thailand. Proceedings of a 

Programati t 'orkshop ionAgro. 
forestry and Highland-Lowlan Interac. 
treSSYster held at Chiang Afo,. 
Thailand. 13-f17.'ovember 19"r.Edited 
by Jack D. Iv. Sanga Sabhasrt, Pisi' 
Voraurat. Unied Narions Uniytursity 
NRTS.3/UNUP.7 . 190.114pp. Ens,- 
ronmental impact of populition pres-

sures in Ecological.Thailand. socto. 
logical effects of htinland-lowland Inter-
action. ReiresVs programs for integrated 
ag 0o-foretry. 
Enterr. and Environment in EastAfrica, 
Ptous-ealtnys of on International Work. 
shop. United Natons Environment Pro-

gram Energy Report Seri s. Na. S0434. 
March 1980. 405 pp. A collection of 
tuent'-fout papers uhico proide a well. 
rounded discussion of tie energy prob. 
tem in East Africa. The quentuonsof 

development. tecfhnoioerv conservation, 
energy. policy and energy demand are 
discussed. 
Entirotimeni.ti Asects of Solar Enerry 
Te.hnooese. By Carl L. Strotan. Pre-
pared at Solar Energy Re.iearc Institute 
of !.eU.S. Dept of Energ., Do. No. 
SERI T'P.-43.375. 1980,19Septerner 
pp. Compared .itih conventional energy 
prcdac:ton, %olar technology has fe, 
serious enironmental impacts butstudy
mutt continue to ensure this remains so. 
Solar energy olfrrs unique opportunity 
for imnact study prior to large-scale
deployment. 

The Environmental Dimensions of 
Deieiopment. Procecdins of the Con-
sultatire 'derting on Iethodology and 
Techniques for Identification and Incor-
potation of En',ronmcntal Dintersions 
n Dene!opment Planning. nited Na-
irons As:an and Pac'fic DeselopmeitInstitute. bangkoui. May 1979. 30t pp 

Feasibiit,.I of Hlarnesrng Renewahle 
Sources of Energy in the Phihppinie. 
U. N Environment Programme Energy 
Report Series. March 1950.23 pp. An 
Tnamination of, a UNEP sponslredenergy projeCt in toePhilipp inesbegun in
1978whoe aim is ro deetop locally 
available Ind: bioas-. solar- and 
hitdto-poicr and promote rural deyel, 
opment. Emphasis wasplaced on using 

Indiienous tethlnologies and appropriate 
imported technologies, 
Food or Fuelk New Competrtion for the 

Worlda' Cropiand. ttorldatch Paper 
3J. By,5.estcr R Brown. Worldwatch 
Institute. March 19.O,4 pp. Increasing
de,"endcnce on agriulttre-bawed alcohol 
fuel Ill strain world food supply by 
encouraging conversion of farmland 
from fi,I to energy crops and over-

intensie cultivation. This paper ci. 
amines the recrinology And economies of 
energt crops and national plans to:rheir 
denelopment. 

.. 


Growth Without Ecodisasgers? Pro. 
ceedings of theSecond International 
Conference on Environmental Future. 
Edited by Nicholas Polunin. Halsted 
Press. 1990. 675pp.. S49.95. (John Wiley 
and Sons. 605 Third Avenue. New York. 

0016)
 

Integrated Rural D elopment Projec
NYpoCOtur

Corned out in Black Africa with EDF 
Aid: Evaluationand Outlook for the 
Future. General Report Prepared by 
Hugh Dupeet. Commission of theEuro
pean Communities. 1979, .54 pp.. 
310 75. 

A ,.fodel for nePlanningof.new Settle. 
ment Piojects By Raanan Wetz. David 
Pelley, and Leta Appecbaum In. World 
Development. e 819) September 1980. 
pp. 705-724. 
On theDinition of Planning Regions:
The Cast yor Rive,B.rns in Developing
Countries, B, A Fantran. In. Singapore 
Jotrnal of rroncai Geography. v. I(1) 
9, pp 9.;T 
1990,pp
 

Plantnt for ri'e Future: Forestry for 
iur on.'seeas.ItorldwarchPapet2r.ty 

Februar 197, 6 rl forestpp. Immediate 
planting hcemr,are needed if ne are to 
acoid iooal forest ponerty and its social. 
cni-onmentai and economic conse 

quences. Contains general tnougnts and 
speciric cases 
TheQuesr forHormonv:Pers;.ecrtieson 
the .'rw,International Development 
Sirt'.Bv Calesrous Juma. A Report 

of theEnvironrneri Liaison Centre, 
Nairobi, Kena. August 1980. 63 po. 
Registers dissatistaction of non. 
governmental organizatons with de'el
opm.r.i rtraie:ei ofpast "0 'ears and 
proposes environmentally sound alter. 
naies. 
Renewable Bio-solar and Microbial 
Svstems in "Eo.rural" Development. 
By E. J.DaSi,. a. In. Impact of Science 
on Society.,v.3061 Jul'-September 1960. 
pp. :2!:36. .de-,aaie lo.- ost eneeg 
supplies car te created from earth
worms, hlOier:/irers, and biofuels 

Rurul Diteiorr. entIues-An I,terna
tiona/ Peripecitie.By N. Hansen. Pale, 
3.20 in,Rural Change and Public Policy: 
EastcrnEurope. Latin Americaand Aus
tra:ia. Pergaim, Press. 190. 3'7 pp..
S35.O. M'la-elHouse. Fa1rsiew Park. 
Elmsford. NN !J!23) 

Rural Enet Systems i the Humid 
Tropics: Pricemrings of theFirst Itork
shop of the Lnited Nations Untvesit.y 
Rural Enereg Svsitems Project. Ife. 
'ieria. 10-1.: .ueua+t1973. Ediled by 

W B. \lot Ran. and G.R P. .lots. J.A. 
01.a NRTS-.a LNUP-93. 19S0.56pp. Aselection of pape¢rs representing the cul.mination of preparations fora UNU/ 
Urn,. of Ifre promet on the problemi ot 
rural energy resources, espe:ially fuel

wood. in de,iopsng countries.
Papers 
cover economic and social aspecr . and 
ecological aspers with case studies and 
comments on mtehodology. 

Traditional Technology. A Neglectea 
Component of . pprpriateTechnology:
Characteritwicandi Problems-A 'dolav
sian Case Siuar,By Khor Kok Penlt.A
 
Working paper for United Ntations Unt. 
ners"t). IISDRSTT-4/USUP.:50. 19,0. 
27 pp. Exchange of traditional focal 

technology betwten ,dlages nd between 
countries can be an important part ot 
dczlopmenl hcre appropriare. 
Includes general remark% in addition to 
Malaysian can study. 
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LMST OF LWDD (formerly LRSP) REPORTS 

MCHNICAL REPORrS 	 (TR) 

T R No I Land in Sierra Leone: a reconnaissance survey and
 
evaluation for agriculture, based on the work of 
C J Birchall and P Bleeker, in collaboration with 
C Cusani-Viscontio FAO Freetown, 1979. AG:DP/SIL/73/002 
T R 10 

T R No 2 	 Vegetation and Land Use in Sierra Leone: a 
reconnai.;sonce survey, based on the work of 0 L A Gordon,
G Kater and D C Schwa:_-. FAO Freetown, 1979. AG:DP/SIL/ 
73/002 T R 2. 

T R No 3 
 Proceed ngs of the first national remote sensing seminar
 
on land resources (Freet:wn, 24 - 29 April 1978), based
 
on the work of management and staff of LRSP Project in
 
collaboration with the Remote Sensing Unit of FAO/Hqs.

FAO Freetown, 1979. AG:DP/SIL/73/002 T R 3. 

T R 14o 4 
 Review of remote sensing techniques for multi-disciplinary
 
land evaluation purpose. 
 (A case study on the practical

applications of high flight aerial photography in Sierra
 
Leone), based on the work of D C Schwaar. FAO Freetown,
 
1979. AG:DP/SIL/73/002 T R 4.
 

T R No 5 	 Agxyo-ecological atlas of Sierra Leone: a survey and 
appraisal of climate and crop resources, based on the work 
of J Kowal in collaboration with the Agro-climatological 
section and staff of the LRSP. FAO Freetown, 1980 
AG:DP/SIL/73/002 T R 5. 

T R No 6 Bush fallow in Sierra Leone: an agricultural survey, based 
upon the work of the agronomy staff of the LRSP. 
Freetown, 1980. AG:DP/SIL/73/002 T R 6. 

FAO 

T R No 7 Proceedings of the National Seminar on land and water 
resources for agricultural development (Freetown 5 - 9 
November 1979), based upon the work of management and staff 
of the LRSP in collaboration with contributors from the 
GOSLo FAO Freetown, 1980. AG:DP/SIL/73/002 T R 7. 

T R No 8 Water resources of Sierra Leone: an appraisal for agri
culture, based upon the work of W Ferguson and staff of theWater Resources Section of the LRSPo FAO Freetuwn, 1980 
AG:DP/SIL/73/002 T R 8 
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T R No 9 
 Methodology for Quantitative Economic Land Evaluation
 
for agriculture in 	Sierra Leone, based upon the work
 
of D 0 Diltzo FAO 	Freetown, 1980. AG:DP/SIL/73/002
 
T R 9.
 

TECHNICAL DOCUMENTS (TD) 

T D No 1 Project Document of the Land Resources Survey Project 
1975 (revision 78).
 

T D No 2 Broad Guidelines for Soil Survey Procedures on Land 
Resources Project, 	by C J Birch..l 1976.
 

T D No 3 
 A Framework for Land Suitability Classification with
 
particular reference to Sierra Leone, by P Bleeker 1976.
 

T D No 4 	 Guidelines for the Transfe: of Details from HFAP onto 
small scale Topo Base Map by means of optical pantograph,
by D C Schiaar 1976. 

T D No 5 
 A Preliminary Framework for Soil Classification and
 
Correlation in Sierra Leone, by C J Birchall 1976 (draft).
 

T D No 6 	 Explanatory Notes for Use of the LRSP Field Data Sheets, 
by C J Birchall and P Bleeker 1976. 

T D No 7 Summary of Sierra Leone Agriculture Trade Statistics
 
1963/1.976, by W !'A]k:ire & P Bleeker 1977.
 

T D No 8 	 Peace Corps Volunteers Rice and Crops Information Summary
1974/76, by W K Alkire and P Bleeker 1977. 

T D No 9 	 Notes for Participants in Senior Staff Seminar in Photo-
Interpretation for Land Resources Survey (10 to 21/10/77),
by C J Birchall and G Kater 1977. 

T D No 10 	 Notes for the In-Service Training of Soil Survey Officers
 
and Field Asnlstants, by C J Birchall and T N J Lamboi

1977o 

T D No 11 Review and Selection of Remote Sensing Imagery for Inte
grated Land Re'ources 	 Surveys, by D C Schwaar 1978. 

2T D No 12 Photo-Interpretat"., , ucso by D C Schwaar 1978, 

T D No 13 Photo-Interpretaticn Procedures, by D C Schwaar 1978.
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TECHNICAL DOCUMENTS 	(TD) Contd.o
 

T D No 14 
 High Flight Aer2.al Photgraphy for Reconnaissance Land •
 
Evaluation, by C J Birchall 1978.
 

T D No 15 
 High Flight Aerial Photography for Reconnaissance 
Vegetation and Land Use Sux'ieys, by 0 L A Gordon 1978. 

T D No 16 	 Transfer of Themati:c Dc.is from iighi Flight Aerial
 
Photographs onto Ease !aps: by M E A Pratt 1978.
 

T D No 17 	 Basic Pri.ncLpes ,fPo:nterpetatl.n and Orientation 
of Aeria. a ,v1hot0 1.A G.rdon 11;78. 

T D No 18 Syllabus fr'.7 tho .- rv '.raininT of Observers in 
AgricultraI ct-'-ocy ani Hydc-iogy (3/7 to 12/8/78),
by Mct. Depl-, an ).hP C197 

T D No 19 	 AgrocimatL.,- cJi FicId Manu'al, by A S7 'ers Lamin 
and J 0 Benja.n iX'3. 

T D No 20 	 Bush Fallow in S*cr-: L,-,ne: An Agricultural Survey, by
 
LRSP Agronomy Staff 197?°
 

T D No 21 	 Glossary of tc2. s usd on multi-disciplinary land
 
evaluation, by Pro .z ;taf, 1930o
 

T D No 22 	 Acriculturl]. -nnd R'sout-ces Evaluation (Seminar paper)
by D C Scliwaar 19'!9. 

T D No 23 	 Land Evaluation, 'The Land Resom-cas Survey Project 
Approach (Seminar paper) by M S Kargbo 1979. 

T D No 24 
 The Role of Soil Survey in the Aciricultural Development 
of Sierra Leone rSe.ina- pper) by M KaA-deh 1979 

T D No 25 	 Soil Survey Data and :--nd Evaluation (Seminar paper) by
 
L Touber 1i79.
 

T D No 26 The Vegetation and Land Use of Sierra Leone (Seminar 
paper) by 0 L A Gc!.don 1979. 

T D No 27 	 Bush Fallow in Sierra Leone - An Agricultural Survey 
(Seminar paper) by Arcnomy Section 1979. 

T D No 28 	 Proposals for Future Development and Improvement of
 
Management Level and Farming System (Seminar paper)
 
by C Cusani-Visconti 1979.
 



TECHNICAL DOCUMENTS 

T D No 29 


T D No 30 


T D No 31 


T D No 32 


T D No 33 


T D No 34 


T D No 35 


T D No 36 


T D No 37 


MISSION REPORTS (MR)
 

M R No 1 


M R No 2 


M R No 3 


M R No 4 

M R No 5 

M R No 6 

(TD) Contd. 

Land Suitability Evaluation in Sierra Leone:
 
Methodology and Results (Seminar paper) by D C Schwaar
 
1979.
 

Cation Exchange Capacity of some Sierra Leone Soils
 
(Seminar papear) by M A R Conteh 1979.
 

Harnessing Climate for the Agricultural Development
 
of Sierra Leone: 1. Sur..-no.-based Cropping System

(Seminar paper) by M W bcitadas 1979. 

Harnessing ClirrmaLe for the Agricultural Development of
 
Sierra Leone (Semninar paper) by J C Hamelberg 1979.
 

Water rso_r:es IrnzestjLLations and Assessments in Sierra 
Leone (Seminar paper) 1y Wkter Rcsources Section 1979. 

Instructions to Field Assistants on the procedures for
 
the conduction cf producti-:n jIlots in catchment areas,

by C. Cusni-Vifrcnt.i and J M gallon 1980. 

Report and Aidu-"olre cn a fellowship to India on 
Library,' ocnmenta L 1980.n, by O D Griffin 

Towards seif-suff'ciency in liquid fuE:!. supply in Sierra 
Leone, by J Kowal, 1980o
 

Guidelines for the timely application of fertilizers,
 
by J M Kallon, 180o.
 

Remote Sensing. Prelimi "ary InvesM.gation of Mapping
 
Land Use and Vetation by Computer Processing of Land
sat Data, by R Baltaxe 19-5.
 

Cartogcphy anrd Printing 1, by H Engeler 1975. 

Aerophoto Couver-ture de la Guinee Forestiere, by D C
 
Schwaar 1977.
 

Cactography and Printing II, by H Engeler 1977
 

Hydrology, by H W Underhill 1977
 

Agrometeorology, by J Kowal 1977
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MISSION REPORTS 	(MR) Contd.
 

M R No 7 	 Geophysical Hydrology, by J L Astier 1978
 

M R No 8 	 Report on a Consultancy Mission to Liberia, by
 
C J Birchall 1978.
 

M R No 9 	 Role and Application of HFAP in the Humid Tropics
 
with Special Reference to Sierra Leone. !JFRO/ISP
 
Meeting, Freibu..-g, b,,;J A Howard and D C Schwaar 1978.
 

M R No 10 	 Project Proposal for 1J.:d and Water Resources Survey 
in Liberia, by D C ach.nr 1978.nd D C F'duag.iba 

M R No 11 	 Water Resol.rces Lec-isI ton and Administration, by 
B Whlwenl I937, 

M R No 12 	 Duty Travel ,-.-port ca C:.rt-ograhy and Printing III, 
by H Engeler 1979. 

M R No 13 	 Exploratory . sciri .,cz the pest of soil laboratory 
chermist, by J A r L.etar 1979o 

M R No 14 	 Some aspects of Agro-ecclogical survey and appraisal
 
of adaptability and production capabilities of crops
 
in Sierra Leone, by J Kwal, 1979.
 

M R No 15 	 The feasibil.ity of using computers for data storage
an-J pi iU. ut pL'o'ecr, by T R E Chidley 1979. 

M R No 16 	 Report on a Soil S.irvey Consultnincy Mission for the 
LRSP, by C J Bicl,2il, 1979. 

M R No 17 	 Report on ai hyd o--,olonica! concultancy mission I 
for LY.LRS,by J Johnson 1930. 

M R No 18 	 Resistivity Prospecting for Ground Water: 
 Report on a
 
Training Missicn, by J L Astier, 1980.
 

M R No 19 	 Metbodology for quantc-ve ec'nomic land s'Ut-_bility '
evaluation for agriculture in Sierra Leone, by D. Diltz,
1980.o 

M R No 20 	 Report on Hydrology Cons'ltancy Mission to Sierra Leone, 
by 1i 1; Und-erhiil, 1979, 

M R No 21 	 Joint FAO/UIDP Project Review Mission Report by R Cook, 
M Purnell and H Underhill, 1980. 
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MISCELLANEOUS REPORTS (MISC) 

Misc No I 	 The Soils of Tasso Island, by M S Kargbo, 1975
 

Misc No 2 	 Reconnaissance Soil and Land Suitability Appraisal 
for the proposed Torma Bum Rice Project, by C J 
Birchall 1976.
 

Misc No 3 	 Notes on the Reconnaissance Survey of the proposed
 
IAD Project Area between Mile 36 and 99 - Magbosi,
 
P Bleeker, C J BirchaL!l and G Kater 1976.
 

Misc No 4 	 Reconnaissance visit to Kipulun Creek Valley Swamps,
 
by T N J Lamboi and G Kater 1977.
 

Misc No 5 	 Preliminary Land Evvluition of Part of the Loinadugu
 
District for Integrated Agricultural Development, by
 
C J Birchall and H Parker 1977.
 

Misc No 6 	 Reconnaissance Visit to the Robis Swamps, by
 
T N J Lamboi, 1977.
 

Misc No 7 	 Report on G Kamara's Oil Palm Estate, Newton, by
 
T N J Lamboi and C J Birchall 1977.
 

Misc No 8 	 LRSP Progress Report and Programme of work, by 
M S Kargbo, 1978. 

Misc No 9 	 Preliminary Land Evaluation of the Kambia and part
 
of Port Loko IADP Project Area, by C J Birchall et al,
 
197.2 

Misc No 10 	 Crops interrelation, rotation, bush fallow, shifting

cultivation (Inter-section Notes), by Agronomy staff,
 
1978.
 

Misc No 11 	 Reconnaissance Visit to the Catholic Mission Farm at
 
Newton, by J van Wambeke et al, 1978.
 

Misc No 12 	 Reconnaissance Visit to Sembu Fornah's plantation,
 
by C Cusani-Visccnti, H Parker and J van Wambeke,
 
1978. 

Misc No 13 Report on Duty Tour of the LRSP Co-Manager to Europe
 
(28' 10/78 to 5/12/78". by M S Kargbo 1978. 

Misc No 14 	 LRSP Annual Report - State and Progress, by M S Kargbo
 
1978.
 

X,\V
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ZUOC U'nQo, RqpA- ,LMJscL .Contd. 

Misc No 15 Report on Land Facet identification of the FAOIWTD 
Project' s A_ cal Tri fttw, by rT N J Laboi 
and M F Sessay 1979. 

Misc No 16 Report on Duty Tour of the TRSP Co-Manager 
Liberia (4 - 9/3/79), by M S Kargbo 1979. 

to WARDA, 

Misc No 17 LRSP Information Brochure, by LRSP Management and 
staff 1979. 

Misc No 18 Preliminary Land Evaluation of the 
IADP, by H Parker, 1979. 

Northern Area 

Misc No 19 Project's proposals for the establishment of a 
Land and Water Development Division in the MAF, by 
Project Management and Senior FAO Staff 1980. 

Misc No 20 Feasibility study of Turner's Peninsula coconut proj~.L 
(a semJdtta.ed survey of soil, vogetation and land 
use for land suitability IA o , by H EzchwUer 
and M F Sessay, 1980. 

Misc No 21 Report on a serni-deta",ed soil survey of Mr Abdul 
Karim's estate at Rolal, Kambia District, by by M R 
Lahai and M F Sessay 1980. 

Misc No 22 Report on field trek to the Matotoka/Rolako farm. 
Part 1, irrig-tin potp~itial of this straw withln/ 
outside the farm, by J C Nameberg, 1980. 

Misc No 23 Proposals for the irrigation and drainage units within 
the Water Resources Section of the LRSP/UNDP-MAF, by 
J C Hamelberg. 

Misc No 24 Land Suitability Evaluation Data for selected crops 
in parts of the Ribbi, Dasse and Lower Bambara Chief
doms, by H Renes, 1980. 

Misc No 25 Semi-detailed Land evaluation study of proposed Tigbema 
coffee plantation scheme, by J A Eschweiler and 
M F Sessay 1980. 
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Mi4 n Reports (Misc) contd. 

Misc No 26 Evaluation of the Rhombe Swamp Development Scheme, 
by LRSP STaff, 1980.
 

Misc No 27 	 Report on hydro-geological field appraisal on the 
groundwater :esources of the Lunyi international 
airport comrlex and its environs, by J C Hamelberg, 
1980.
 

Misc No ?R Report on a field trek to parts of the Bombali/ 
Tonkolili districts 	and proposals for hydrological
 
investigations in the NIADP (Makeni), by Water 
Resources Section, 1980.
 

PULCAO? AND IXENSON PAPMRS 

Pub. & Ext I 	 Conclusions and recomendiations of the National 
Seminar on Land and Water Resources (5 - 9/79) 
1979. 


