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"[‘suggested direction, however,

I o
Iniroduction and Setting

’FHIS paper deals. with agrlculture in the
fraglle or marginal resource areas such as
“mountains ‘and rainfed arid/semi-arid
ropical plains. In these areas sustainability

probability, but an already felt reality. After
.a‘brief comment on the key issues involved

: _the paper presents a few negative changes
” Ai ¢, indicators of unsustainability) relating
r 10 the resource base and productivity in these

:-quence of current patterns of resource use
E that -ovér-exploit the resources. The impor-'
- Lam resource charactensucs (often ignored

while: using the resources) and their sustaina-
“bility implications are also discussed. After
.commenting on the mdlgenous measures
and conventional development interventions

agnculture, the paper examines the need for
'complementmg the two. Finally, the major

echnology for enhancing the sustainability

SUSI"AINABIL[TY ISSUES

great deal of concern in recent years. Besides

Growth’ by the Club of Rome in the
seventies and ‘Our Common Future’ by the

* Brundiland Commission in the eighties,

veral significant contributions have been ‘

" marised by Pezzey [1989). However, despite.
all this,. ‘sustainability’ continues to be a
uch ‘uséd metaphor, with only very little
rogress as far as making the concept opera-
ional is concerned [D? Riordan 1988). The
blems stem from the futuristic nature of
henome‘non‘ and associated uncertain-
ies; . reqmred specifications of contexts

her;omenOn, and the general neglect of the
rg-genemtional aspects while focusmg on

T 77te pm.s‘pects of sustamabzlzty  for agrlculture in the
?of their .natural resource endowments. Sustainability
resources - was possible through traditional land extensive practices.
on fragile resources, the required high resource use intensity (for h.
‘through traditional measures. This requires appllcanon of modern
',of indigenous practices, Various areas of Jocus

or rather unsustainability, is not a matter of

“in the mainstream debate on sustainability,

3 regions. The negative changes are a conse- - -

to,handle.the constraints of fragile resource- ’

reas -requiring ' research focus and the .

of. fraglle resource—agnculture are dlscussed :

The ‘Sustamabrhty debate has created a- .

the ‘more publicised works such as ‘Limits -

nade. to the subject and have been sum-

hrch can give operational meaning to the

the intér-generational issues as thée core of
the ‘sustainability’ debate. However, various

. definitions of sustainability, which largely

describe the situations rather than define the
term, do highlight some broadly common
elements. The important ones, as synthosxsed
by Pezzey [1989), are summarised below.
Conceptually speakmg, the focus of ‘sus-
tamablhty is on the issues of- inter-gene-
rational equity. This implies equal (or
greater) availability of options, in terms of
human well-being or production prospects,
to future generations as compared to the pre-
sent one. Theoretical possibilities of such
prospects, ensurable through accumulation

of capital stock and technology for use by

future generations, are constrained by the
capabllmes of the biophysical resource base.
The latter cannot be stretched or manipu-
lated indefinitely, without initiating pro-
cesses of irreversible damage. This indicates
the primacy of biophysical resources in sus-
tainable development. This is‘more so.in the
case of agriculture, whose dependence on
biophysical varrables is more direct and
crucial,
This could be further hrghhghted by the
-operational meaning of sustainability. The
operational meamng of the term, as inferred
from its definitions of descriptions, provided

. by ecologists, envrronmen!ahsts, €conomiists,

and other scientists [Conway 1985; Myers
1986; Raeburn 1984; Tisdell 1987; Chambers .
1987; Ruttan 1988; Lynam and Herdt 1988;
‘Food-2000° 1987; and Markandya and
Pearce 1988] which becomes clearer when
related to specific situations, could be as
follows: ‘Sustainability’ is the ability of a
system (e g, the fragile resource-agriculture)
to maintain a certain well-defined level of
performance (output) over time, and, if re-
quired, ‘to enhance the same, including
through linkages with other systems, without
damaging what Tisdell [1987] calls the essen-

+ tial ecological integrity of the system.

Because of the time factor involved and the
system’s respornisiveniess to changing réquire-
ments, ‘sustainability” is a dynamic (as
against static) phenomenon. This distin-

. guishes sustainability from mere subsistence .
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fragtle areas are sevemly constmmed by the specqf ic featuresf o
s or rather survivability,

in a situation of low pressure on. -

In the changed circumstances with high pressure
igh productivity) with conservation is not possible -
science and technology blended w:th the rationale -
for R and D are indicated fo. achieve this. Any progress in the; : ,-4
will depend on the monentatton of agricultural nesearch Strategies to suit the specific
. mqutrements of these areas. This jn turn is Iatgely an institutional rather than a technologwal problem

and makes it compatible with development
By picking up the key -threads from. the
mainstream debate on sustamablhty, this
Ppaper attempts to give operational content -
to some of the issues involved with reference
to agriculture in the fragile or margmal
-Tesource areas.

FRAGILE RESOURCE REGIONS '

Before referring to the reasons ‘for choice
of the fragile areas, a word on fragility, A~
fragile resource'is one which cannot tolérate
the degree of disturbance implied by the in-
tensity of use associated with specific usage..
Thus, strictly spéaking, fragility is a relative ..

- Or context specrﬁc term. Every land resource
is. fragile, ie, vulnerable to irreversible
damage, when subjected to a degree of use
intensity higher than its use capability. Thus, -
the lands belonging to use-cap\ablhty classes
IV and above, though good for land-exten-
sive uses, are fragile when assessed with

intensive cropping associated: with prime.
agricultural lands (i e, fertile, well drained -
lands with even topography and stable e
climatic conditions, - conducwe to crop

There may be several other ways to look
at the phenomenon of fragility. Besides:
describing fragility in terms of vulnerabrhty
to irreversible damage by .higher use inten
sity [DESFIL 1988], one can describe it in
terms of: low input absorption capacrty of
the resource; limited scope for resource
manipulation; and required. high level of
biochemical subsidisation of .the natu

parable to that from better land resourc
The phenomenon can aiso be expressed
terms of input-output ratios, where A
fragile lands have higher than average in
output ratios. Described this way, all a
with low potential for crop farming (mouii :
tain regions with steep slopes, deserts,’
fed arid and semi-arid tropical areds wi
low.and unstable rainfail, and coastala
prone to.salinity and waterloggr'
fall into the eategory of fragile ,reso




L

L

Al6 7}

“(or: fragile areas) Despne thelr apparent dif-
.ferénces, for operational purposes fragility
and associated attributes impart a degree of

“similarity, if not exact homogeneity, to these

areas. This facilitates their consideration as
‘a<‘system’ in the context of which sustaina-

: bility issu'es can be understood and analysed.

In many parts of these areas, under the
present patterns of resource use, the thres-
hold limits to maintenance or enhancement
- of agricultural performance,-even by using
the inter-regional linkages, séem to have been
reached. Further efforts to improve output
levels imply over-exploitation of their
biophysical resource base and initiation of
the irreversible process of resource degrada-

tion [Glantz 1987; Nelson 1988; Grainger
1982; and Allair et al 1988]. These areas °

represent crisis zones, where the sustainabili-

- ty, usually conceived at conceptual or philo-
_sophical levels, has become an objective

reality. The production prospects and out-
put levels, on a per.capita basis and in most

“cases a per production-unit basis, have

declined. Thus, in these habitats, one can
observe the emergence of the inter-gene-
rational inequities. Accordingly, compared

to past generations the present one (unless -

supported externally) seems to have -lower
production prospects. The links between

.short-term intra-generational issues (poverty,

inequity, etc) and long-term inter-genera-
tional issues (emphasised by the sustainabili-

‘ty debate), are quite apparent in these areas.

This in turn injects some relevance to the

sustainability debate in the developing coun- .

try context [Mellor 1988 and Jain 1988].

In lrght of the above, the fragrle resource
areas and their dominant activity, i e, agri-
culture—broadly defined to cover all land-
based: and allied activities, ranging from
forestry to annual croppmg—can offer a
unique-field-level laboratory for,understan-

. ding the operational drmensrons of sus-
tainability. Though the fragile resource areas

listed above are many, the following discus-
sion relates to (i) the mountain areas; par-
ticularly lower and middle mountains where
annual cropping is one of the land-based ac-
tivities and (ii) the rainfed areas in the arid
and semi-arid tropical regrons (also referred
to as dry tropical areas) ‘Although the latter

. also includes some mouritamous areas, our

focus is mainly on the dry. plain areas.
_ Besides their magnitude and the avarlabrhty
of relevant data on them, my close acquain-
tance with-the two regions, especially in

.South Asia, has dictated this choice. The

mountain regions and dry tropical regions
in the developing countries have several
major differences. Hence, in the following
discussion, when necessary, we will refer to
the two areas - separately. Wherever, they
share common characteristics or descriptions
we.will treat them together and refer to them

.as fragile zones or marginal areas, etc. It may .
:also be noted that, despite the domination
of fragile land resources, these regions also

have substantial pockets where fragility is
not a problem
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ing needs or perceptions of thecommunrty),

PRIMACY OF BlOPHYSlCAL RESOURCE .
BASE but the former is normally difficult to. ~
; o R L change unless the whole mource base is
. ‘Sustainability’ as mentioned earlier, isa transformed.
dynamic phenomenon, as reflected through } : )
the system’s responsiveness to changing re- Given its inherent -cliar*acteristics, the
quirements. In the more concrete context - natural resource base of a.system (eg, ..
of agriculture in the fragile zones, this  agriculture in the.fragile arcas) suits only. -
‘dynamism’ translates into the capacitiesof ~ some uses. Other uses (unkss the resource  *
production factors, mainly biophysical base itself is modified) cannot be produc-
resources, to accommodate the increasing  tively maintained without~ ~either a high - .
pressure of demand without damagirig th¢ir  degree of artificial support (e g, subsidies in
" long-term potentialities. The long-term pro-  chemical, biological, and physical forms) or ‘
ductivity and health of the natural resource  damage to the inherent capacities of the |
base is in turn affected by the pattern and  resource base itself. In either case, inap- - ~
intensity of its use. Thus, devoid of finer propriate use of the resourcesbase is a .
definitional differences, in essence, the sus- . definite step towards long-term unsustaina-
tainability/unsustainability is an outcome of  bility. This problem is more specific to
‘match/mismatch between (i) basic charac- . regions' with ‘fragile and marginal land
teristics of the natural resource components  resources such as the mountains and the dry
and (ii) patterns and methods of their utilisa-  tropital areas . considered here.’ In such
tion. The latter can change (wrth the chang-»- habrtats the unsustamablhty situation
TABLE 1a: NEGATIVE CHANGES AS INDICATORS OF THE UNSUSTAINABILITY OF AGRlCULTURE '
(MOUNTAIN AREAS) :
Visibility Changes Related to? . . .
‘of Change - Resource Base - Productién Flows - Resource Use/Manage-
: ment’ Practices ‘
‘Directly visible Increased landslides Prolonged negative Reduced extent of:
changes and other forms of . - trend in yields of crop, fallowing, crop rota-
land degradation; aban- livestock, etc, increased tion, intercropping,
doned terraces; per input need per unit diversified resource °
capita reduced production; increased  management practices;
availability and time and distance in-  extension of plough to .
fragmentation of land;. volved in food, fodder, -sub-mrarginal lands; 3
changed botamcal com- fuel gathering; reduced veplacement of so¢ial;. = »
position of capacity and period of . sanctie#s for resource L
forest/pasture. . *grinding/saw mills use by legal measures: -
: operated on water flow; unbalanced and high e
Reduced water-flows. lower per capita " intehsity of input use,
“for irrigation, domestic availability of ete. - :
uses, and grinding agricultural products;
) mills, etc,
Changes con- Substitution of: cattle Increased seasonal’ Shifts in croppmg pat-
. cealed by . by sheep/goat; deep migration; introduction tern and composition
responses to rooted crops by shallow of .externally supported of livestock; reduced
changes ‘rooted ones; shift.to public distribution diversity, increased
non-local inputs systems (food, inputs)® specialisation in
- ‘intensive cash cropping monecropping; promo-
Substitution of water -~ on limited areas. ‘tion of policies/pro-
flow by fossil fuel for grammes with suc- ]
grinding mills; manure cessful record outside,
) chemical fertilisers® : . without evaluation.?
_Development in- New systems without  Agricultural measures  Indifference of pro-- - .
itiatives, etc, . linkages to other diver- directed to short term gramme and policies to
potentially. sified activities; quick results; primarily mountain specificities, -
negative generating excessive product—(as against ~  focus on short term
changes® dependence. on outside resource) centred ap- . gains, high centralisa-

: resource (fertiliser/ proaches to agricultural tion, excessive, crucial
pesticide based development, etc. dependence on external -
technologies) ignoring advice ignoring

, traditional adaptation wisdom.
experiences (new irriga-
tion structure). I3
Notes: a Most of the changes.are interrelated and they could fit into more than one block.
b’Since a number of changes could be for reasons other than unsustainability, a fuller ¢
understanding of the underlymg circumstances of a change will be necessary ]
¢ Changes under this category différ from the ones under the above two categories; in
the sense that they are yet to take place, and their potential emergence could be
understood by éxamining the mvolved resource use pracuces in relation to Speclfic moun- .
“tain characterr'sues
Y
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‘emerges more quickly and in a more pro-

. nounced manner. In the natural state in these’
- -areas, the range of options ensuring a pro-

per match between resource characteristics
" and resource use is very narrow, However,
due to human ingenuity over the.genera-

tions, the range of options has been widen-.

- ed, Features of traditional farming systems
- in these regions corroborate this [Whiteman
1988; Moock 1986; ICRISAT 1980; Altieri
.1987; and Jodha 1988]. However, these op-
- tions, having evolved in the context of low
demand on fragile resources, are becommg
increasingly unfeasible or ineffective in the
context of the new. pressures generated by
population growth, market forces, and
public interventions [Liddle 1975; Rieger
1981; and Jodha 1986a,-and 1989c]. The con-
sequent measures, such as the extension of
cultivation to more fragile and sub-marginal

locations; the push towards monoculture in--

duced by promotion of selected HYV crops;
or the steps leading to overstockmg of grazing
lands and deforestation to compensate for
_the falling incomes, adopted to meet the

situation, often fail to match well with the.
constraints and potentialities of the fragile ;

resources [Liddle 1975; Sanwal 1989; and
Jodha 1986b, 1988). A not unexpected result,
is the emergence of indicators of unsustaina-
bility. In such situations the reestablishment
of a ‘match’ between resource characteristics
and their use-patterns, is ah important step
in enhancing the sustainability of fragile
resources and the activities, including
agriculture based on them.

At the conceptual level, the above reason- .

_ing implies a change in the perspectives on
the sustainability question. Accordingly, for
idéntifying and operauonalrsmg the com-

. ponents of sustamabrlny for a given system,
one needs to examine the unsustainability -

phenomenon first and then’ proceed back-

-wards to understand the factors and pro-

-cesses contributing to it. This can help in

rdentrfymg practical mesures to reverse the -

process leading to unsustainability. A prac-
tical step towards implementing the,above

- approach is to prepare an inventory of the

.indicators of unsustainability in a system
and thentook into the ‘why and how’ behind
" them. This approach has some merits. It can
‘help in improving the understanding of

operational aspects of the issues involved in ‘

the sustainability debate. This also helps to

-relate more easily the involved issues to the

_ real.world situations in which the causes and

consequences of unsustainability are felt. It

can‘also help to identify concrete steps to
modify the current approaches towards
‘development .and resource management..
- Such steps may relate to macro and micro-
:level policies and programmes as well as to
‘farm level decisions and actions. The above

“approach forms the basis of the current work

“at ICIMOD, directed towards identifying the
. elements of sustainability to incorporate into
strategies for agricultural development in the
Hindu Kush-Himalayan ‘(HKH) . Region
[Jodha 1989a).-Using the above framework;
we will dlscuss first the mdrcators of unsus-

-Visibility
‘of Change

Development
initiatives, etc,—

‘tainability characterising the mountains and

the dry tropical regions. This will be follow-
ed by a description of resource characteri-

stics, ‘the dlsregard of which, at different .

levels, is primarily responsrble for the emerg- -

-ing indicators of unsustainability. The sus- ~ ~

tainability imiplications of the ‘résource . -
characteristics are mdncated This will ‘be -

TABLE 1b: NEGATIVE CHANGES AS lNDlCATORS OF THE UNSUSTAlNABlLlTY OF AGRlCULTURE
(DRY TROPICAL AREAS) - .

Changes Related to?

Resource Base

’ Production/Flows

"Resource Use/ Manage-

‘ment Practices

Various forms of
resource degradatjon:
Emergence of salinity
coverage of fertile_soil
by shifting sands,
vanishing top soils due
to water/wind erosion;
deepening of water
tables, ground water
salinisation; emerging
plantless-ness, reduced
perennials, increased in-
ferior annuals and
thorny bushes; reduced
per capita availability
of productive resources.

Directly visible
changes ’

Changes con-  Substitution of cattle,

cealed by -camels, by small
responses to ruminants; increased
(negative) _ - émphasis on -
changes " mechanisation: of

cultivation and water
lifting; reduced idling
of land; large scale
‘reclamation’ (1) of
wastelands; shift from"
local to-external inputs
(e g, from manure to
"chemical fertilisers,
wooden tyre to rubber
tyres for bullock
carts).? :

R and D focus on:
crop rather than

potentially resource; techinique
negative rather than user—
changes® . perspective (e'g,

method/species/inputs
rather than group ac-
tion for watershed/

' range -development);
resource upgrading ig--
noring its limitations
(e g, irrigation in im-
peded drainage areas);
_inducing high use in-
tensity of erodable
soils, and other
resource extractive
measures (e g,
tractorisation).

Reduced. total and per.

capita biomass
availability; reduced
average productivity of
different crops, increas-
ed cropping on sub-
marginal lands; reduced
enterprise product
recycling; higher
dependence on inferior

,options, (e g,

harvesting/lopping .
premature trees), rising
severity’ of successive -
drought-impacts; in-
creased dependence on
public relief, increased
migration.

Higher coverage by

- public distribution

system (food, inputs)
and other anti-poverty
programmes;® reduced ~
reliance on self- -
provisioning system
and greater dependence
on external market
sources; changes in
landuse pattern favour-
ing- grain production.

Highly subsidised, nar-
rowly focused produc-

tion programmes: focus.

on crops ignoring other
land based activities; -
grain yield igrioring

.biomass; monocropping

ignoring diversification;
relief operations focus-
ed on people and
livestock ignoring
resource base, thus pro-

.moting high pressure

on poor resource base.

Changes in landuse
‘pattern: cropping on
sub-marginal lands;
decline of common
property resources;’ *
reduced diversity of
agriculture (¢ g, -
number of crops/enter-
prise and their inter-
linkages); reduced
feasibility and effec-
tiveness of traditional
adaptation stratégies
(e g, rotations, inter-
cropping, biomass

. strategies).

/

Discarding of minor
crops, shift towards

_ monocropping with

standardisation in-
puts/practices; increas-.
ed landuse intensity;

.shift from two-oxen to

one—ox plough trac-
torisation;?® practices;
replacement: of self- -help
systems by public sup-
port systems.

Sectoral focus of R and’

-D and other support

systems ignoring flex-
ibility and diversifica-
tion needs; privatisa-

" tion of common pro-,

perty resources; exten-
sion} of generalised ex-
ternal approaches to - )
specific areas: disregard -
of folk knowledge in
formal interventions;
replacing local informal
arrangements by rigid

- legal/administrative ..

. measures.

Note.s* a Most of the changes are interrelated and they could fit into more than one block.
b’Since a number of changes could be for reasons othet than unsustainability, a fuller

) understandmg of the underlying circumstances of a change will be hecessary.
¢ Changes under this category differ from the ones under the abové two\i

ategories, in .

the sense that they are .yet to take place, and their potential emergeiice could be
understood by examining the involved resource use practices in relanon to specrﬁc area-

resource characterlstlcs
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" followed by a brief discussion of the extent
- to which these implications; have influenced

“production and resource management prac-.

"~ tices under the traditional farming systems,
and the conventional development appro-
"aches to agriculture in the fragile zones. The
. sustainability-promotirig features of the two
are highlighted to indicate the possible scope

for.blending them for enhanced sustainabili-

ty of agriculture. Their practical implications
. are presented as. the potential focus areas

for research and technology development

(R and D) for fragile resource-agriculture.
.. The discussion on equally important institu-

tional and demographic factors for sus-
tainable agriculture falls outside the scope
of this paper.

I

Fraglle Regions: Dommant
" Scenario

The dominant scenario characterising most -

- of the fragile regions in developing countries,

-particularly those with high population-

pressure, is the widening gap between develop-
-ment efforts (indicated by investment and
. public interventions) and the corresponding
-achievements in terms of measurable economic
gains (especially on a per capita basis) and
qualitative changes, -such as the health and
production potential of the natural resource
base, environmental consequences,. etc.
During the brief period of 40 to 50 years,
several alarming trends have emerged in dif-
ferent parts of the mountains and the dry
troplcal regions. There are, in these regions,

clearly visible, persistent negative changes,

. relating to crop yields, availability of other
agricultural products, the economic well-
being of the people, and the-overall condi-
‘tion of environment and natural resources

"_[Rieger 1981; Jodha 1988; Glantz 1987; and
Blaikie and Brookfield 1987]. For instance,
in mountain areas at present, in comparison

“to the situation 50 years ago, the extent and

severity of landslides is higher; water flow-

in traditional community irrigation systems
(kools) is lower; yields of major crops in the
mountains (except in highly patronised
pockets) are lower; diversity of mountain
agriculture is reduced; the inter-seasonal
hunger gap (food deficit period) is longer;

time spent by villagers for collection of fod- .

der and fuel from neighbouring uncultivat-
ted areas or common property lands is
longer; the botanical composition of species
in forests and pastures has undergone nega-
tive changes; and finally, the extent of pover-
_'ty, unemployment and out-migration of the
hill people has increased. Ives and Messerli
[1989] refer to some of the persistent negative
changes referred to above in the Himalayan

context. Work ‘on an inventory of such -

_measurable, verifiable or objectlvely
assessable changes in the selected hill areas
of Nepal, India, Pakistan, and China is in

- progress [Jodha 19893]
In the case of dry troplcal areas, various
forms of resource degradation including in-
“creased salinity (of both soil and ground

A-18

water), deepening of water tables, disap-
pearance of plants from pastums and com-
munity forests, and increase of areas under
shifting sand are quite visible. Similarly, dur-
ing recent decades decline in overall biomass

availability, substitution of cattle (and-
camels in arid areas) by sheep and goats, and

the extension of cropping to submarginal
areas to meet production deficits have been
observed. Reduced productivity and reduced
resilience of the traditional farming systems
have led to increased dependence on public
relief and increased seasonal migration to

‘other areas. Various facets of the decline .

have been recorded by different :studies
[Jodha 1986a, 1988; Dixon- et al 1989;
Warren and Agnew 1988; and Glantz 1987].
However. the situation in the limited areas
transformed through dependable irrigation
systems is quite- dlfferent

INDICATORS OF UNSUSTAINABILITY

The above riegative changes, treated as in-
dicators of unsustainability, may relate to:
(a) resource base (¢ g, land degradation),

- (b) production flows (e g, persistent decline
“in crop yields), and

(c) resource management/usage systems (¢ g,
increased unfeasibility of annual-perennial
based intercropping or spec1f' ic crop rota-
tions, etc).

More importantly, for operatlonal and
analytical purposes, the indicators can be
grouped under the following three categories
on the basis of their actual or potential

visibility. Tables la and 1b (Annex) sum-,

marise some of them for the mountain areas
and the dry tropical areas respectively. .

(i) Directly Visible Negative Changes. In the
case of mountain areas, these can. include

. increased landslides or mudslides; drying of
traditional irrigation channels (kools); in-

creased idle periods of grinding mills or saw
mills operated through natural water flows;
prolonged fall in the yields of crops in
mountains; reduced diversity of mountain
agriculture; abandonment’ of -traditionally
productive hill terraces; and increased extent
of seasonal out-migration of hill people.

In the case of dry tropical areas, such "

changes are reflected in various forms of
resource degradation and desertification and
their impacts. Some of these include accen-
tuated soil erosion; increased salinﬂy of soil
and ground water; increasing severity- o;'f
drought-induceéd scarcities; reduced feasibili-

-ty and efficacy of traditional adaptations

against weather risks; reduced overall

biomass availability; and reduced carrying -
“capacity of pastures.

(i) Negative Changes Made Invisible: Peo-
ple’s adjustments to negative changes often
tend to hide the latter. In both the moun-
tain areas and dry tropical areas such

- changes can include: substitution of shallow-

rooted crops for deep-rooted crops, follow-
ing the erosion of top soil; substitution of
cattle for small ruminants due to permanent
degradation or reduced carrying capacity of

grazing lands; introduction of public food

: dxstnbuuon systems due to the lncmsmg

inter-seasonal hunger gaps (local food pr@ :
duction deficits); small farmers leasing out™
their lands to concentrate on wage earning;.

 anid shift towards increased externalinputs

in cropping due to the declme of Iocally
renewable resources. = -

(iii) Development Initiatives wnh Poten-
tially Negative Consequences: A number of

- measures are adopted for meeting present or

perceived future shortages.of products at
current or increased levels of demand. Some
of the measures (changes), while enhancing
productivity of agriculture in, the short run, '
might jeopardise the ability ‘of the system
to meet the increasing demands in the long
run. Chances of such happenings are posi-

. tively linked with the-interventions’ insen-

sitivity t6 specific conditions of the fragile
resource areas [Franke and Chasin 1980;
Altieri 1987; and Jodha 1986b).

In the context of mountain agriculture, the
above can be illustrated by any farm tech-
nology that increases mountain agriculture’s
crucial dependence on external inputs (e g,
fertiliser) as against the locally renewable in-
put resource, or adds to mass production of
high weight, low value products with a large-
ly external market ignoring the inaccessibili-
ty and related problems. Similarly, any
measure. that disregards the ‘fragility of -
mountain slopes and ignores linkages among
diverse activities at different elevations in the
same valley (e g, farming- forestry linkages)
and promotes monocropping may not prove’

- sustainable. In the dry tropical areas, any in-

tervention that disregards the totality of the
farming system (covering crop, -livestock,

" and their support mechanisms); over em-

phasises grain yield at the cost of total
biomass; focuses om high cost.inputs for low .
value coarse grains; and attempts to upgrade
resources (e g, by irrigation) ignoring soil
characteristics and the impeded drainage
situation, etc, cap not ensure sustamablhty
of agriculture.

Under categories (ii) and (iii) above, there
may be several changes, which might bring
positive results in the long run and enhance

the sustainability of agriculture in the fragile -

areas. To separate. them from negatively
oriented changes, one needs a fairly detailed
analysis of the involved components. This .,
involves examination of the implications of
mtervennons imterms of their companbrhty
‘with the relevant characteristics and condi-
tions of the fragile areas. The important
resource characteristics, described, also as. .
resource specificities [Jodha 1989a), and to
be discussed are: inaccessibility, fragility,
marginality, diversity, niche, and the adapta-
tion mechanisms of people in these habitats. -
The relative importance of these characteri- -
stics may vary between the mountains and.

the dry tropics. However, to a great extent .
most of thém are shared by the two. These.

can be used for screening the relevant in- -
térventions and sustainability implications
for fragile resource-agriculture. The utility -
of such an effort will depend-on (i) identi-
fication of factors and processes contri-
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butmg to the persrstent negatwe trends and
(ii) ldenuﬁcatlon of mieasures ot handle such
factors and processes. The rapid growth of

- population pressure, increased role of market

. forces, and the side effects of public in-

‘terventions in the recent decades are often |

identified as basic factors cgusing and ac-
:éntuating the negative trends mentioned
zarlier [ERL 1988; Repetto 1986; Banskota
1989; Jodha 1986b; and Grainger 1982].
However, without questioning the impacts

of the above factors, two points need ém-

- phasis. Firstly, in today’s context neither
market nor public intervention (and even
population growth in the near future) can
be wished away. Secondly, it is not so much
the presence of these factors but rather their

. interaction-patterns with the fragile resources ..
and environments that matters [Grainger
1982; Jodha 1986a; - and - Tolba" 1987].
Understanding of the latter calls for identi-
fication of relevant characteristics and con-
ditions of these areas and examination of
how :they -are affected by the factors and

_pressures inducing changes in the pattern
and intensity of resource use.

, 111
.Resource Characteristics and
-Sustainability Implications

There are a number of important condi-
tions or characteristics of the fragile resource
areas which, for operational purposes,

“separate them from the prime agricultural
‘ateas. The six important-characteristics are
considered here, The first four, namely, in-
accessnbtllty (more relevant in the mountains
than m the dry tropical plams), fragility, -

- marginality, and diversity or heterogeneity,

may be called first order characteristics.

"Natural suitability or ‘niche’ (including man-

made ones) for some activities/products; in
which these areas may have comparative ad-
vantages over the other areas, and ‘human

‘adaptation mechanisms’ are the two second

order characteristics considered here. The
latter are different from the former, in the
sense that - they partly represent human
responses or adaptations to the first order
characteristics. However, they are specific to
these areas nevertheless [Jodha 1989a].
Before  describing the major resource
characteristics, it should be noted that the
latter are not only interrelated in several
ways, but, within the fragile areas; they show
consrderable variability. For ‘instance, all
locations ‘'in the mountain areas are not
equally maccessnble. Similarly, all areas in
the mountains or the dry tropics. are not
equally fragile or marginal. Neither do
human adaptation mechanisms have uniform
patterns in all mountain habitats or all dry

. tropical areas. With full recognition of such

realities, we may briefly - introduce the

.aforementioned characterlsttcs

lNACCESSIBlLlTY

Due'to slope, altitude, overall terrain con-
ditions, and pgriodical seasonal hazards (eg,
landshdes, snow storms, etc) inaccessibility
is the most known feature of mountain areas
[Price 1981 and Hewitt 1988] In the dry:

‘tropical areas, maccessrblhty is not of the

same order as in the mountains, but it is im-
portant when compared with the high pro-
ductivity, well watered agricultural zones

“[Jodha 1986a]. The concrete manifestations
--of inaccessibility are isolation, distance, poor
. cdmmumcattons, and limited mobility with

all their sociocultural and econiomic implica- -
tions. The mountains and the dry tropics
share these manifestations and implications
more significantly than the physical dimen-
sions of inaccessibifity. The sustainability
implications of such relatively ‘closed’
systems, created by inaccessibility wrll be
discussed later. o

Fragility
. Fragility is.the dommant characteristic on

the basis of which the mountain areas and
the dry tropical areas are-chosen for the.
present discussion. Fragility is an attribute
of the resources that emanate from the com- }
bined operation of slope/altitude or un-
dulating topography as well as geologic,
edaphic, and biotic factors. Notwithstanding
- the differences in the relative roles of the
specific factors in the mountains and the dry
tropics, these factors in their respective ways
limit the capacrnes of land resources to
- withstand even a small degree of disturbance
(DESFIL 1988]. Vulnerability to irreversible

_ damages due to overuse or rapid changes,
extends to physical land surface, vegetative

- ‘resources, and even the delicate economic
" life-support systems of the dependent com-
munities. Consequently, when resources and’
environment ‘start deteriorating due to
Adlsturbance, they do so rapidly. In most -
cases, the damage is irreversible or reversible
-only over a long period [Eckholm 1975;
Hewitt 1988; Warren and Agnew 1988 and .
Gramger 1982). The sustamabrhty 1mphca-

. TABLE 2: SUSTAINABILITY lMPLlCATlONS OF MQUNTAIN SPECIFICITIES

" Mountain Specificities
(and objective circumstances)

Sustainability Impllcatlons in Terms of:

Inherent Production Potential and Modification
Possibilities through:

‘Abrlmes to Link wrth
Wider System -

Resource . Input Infra- Gains of Resilience = Surplus Repli- -
‘Use Absorption - structural Scale - to Shocks Generation cability of
Intensity Capacity” Logistics and " External
C o Exchange Experience
Inaccessibility:
~~ (Remoteness, dlstance, closeness, restncted extemal
- linkages, etc) - : ) -) -) (-) -) (=)
Fragility: . : :
] (Vulnerabrhty to irreversible damage, low carrymg
* capacity, limited productlon options, high overhedd cost . - o _ R
of use, etc) (-) ) =) =) -) )
Marginality: ‘ 0
(Cut off from mainstream, hmrted producuon option, :
. high dependency, etc) ) ). (=) =) ) -)
Diversity: . )
(Complex of constraints and opportunities, in- .
- terdependence of production bases and products/ac- N i . :
- tivities, efc) (+)? (+) (+) ) - (+) (+) )
: . “Niche’ ) : - ' : N i o :
. (Small and numerous specific activities with comp. ad- o ‘
vantage; use of some beyond local capabilities, etc) +) +) (+) (=) +) (+) )
- .Adaptation Mechamsms :
(Folk agronomy, ethno- -engineering, collective security, - - N
diversification, self-prov:stomng, etc) . . +) (+) () -). C () (+)

Note:. a () indicates extremely hmlted possibilities, while (+) mdlcates greater scope for sustamabrhty through production performance and
lmkages with wrder systems (q g, upland lowland mteractlons) .
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9. Cost of the project : ) : Rs. 145.00 lacs .
. (Rs. in lacs)
- 10. -Scheme of finance indicating the amounts  : Internal resources 145.00
to be raised from each source : B : : 145.00

"Da.ied-\hi_s‘ 22nd day of March'1991. o _ ,

RALLIS INDIA I.IMITED

“Itis heneby notnﬁed for the information of the pubhc that RALLIS INDIA LIMITED proposes to make an appllcmon
“to the Central Government in the Department of Company Affairs, New Delhi, under Sub-Section (2) of Section 22 of
the Monopolies and Restrictive Trade Practices Act, 1969, for establishment of a new undertaking. :
Brief particulars of the proposal are as under: .

1. Name and address of the apphcant ~: Rallis India Limited :
N Ralli House, 21, D.S. Marg;, '
- Bombay 400 001.-

2. Capltal structure of the applxcant : Capital structure as on 3lst March, 1990

) otgnmsauon AUTHORISED: " (Rs. lacs)
. : 1,00,00,000 On:linary Shares of Rs. 10+ each - 1000:00
. ‘ ISSUED AND SUBSCRIBED: o .
! ] : 95,30,697 Ordinary Shares of Rs. 10/- each 953.07
' Add: -Amount paid up on forfeited shares 0.02

953.09 ;

)

3 Management structure of the apphcant organisation indicating the names of the Directors including Managing/
Wholetime Directors and Manager if any.

Mr. D.S. Seth = - —Chairman -  Mr. VJ. Sheth . —Director
Mr. D. Sabikhi ’ -+ —Executive . Mr. HJ. Silverston . - —Director
: ~ - Vice-Chairman Prof. R). Twporevala .. - - —Director
Mr. Y.N. Mafatlal —Director Di. Ram S. Tarneja —Director
Dr. FA. Mehta . —Director _ Mr. R.D. Thomas - —Director
Mr. V.N. Nadkarni - - —Director ' Mr. V. Rai : —Managing Director
Mr. S. Parthasarthy --Diector - Mr. B.K. Laskari - . —Executive Director
Mr. DR. Peters - —Director o , S & Secretary '
Mr. J K. Setna —Director o o
4. Indicate whether the proposal relates to : . The proposal relates to a mapufacturing facility being set up at
the establishment of a New Undertakmg or Ankleshwar, Bharuch, Gujarat where the Company has an
a New Unit/Division. . o » estabhshed mfmstructure
5. Locauon of the New Undertakmg/Umt/ :+ The new undertakmg will be situated at Plot No. 3301, GIDC
: D:vnsxon ) Estate, Ankleshwar, Gujarat - 393 002 :
6. Capital structure of the Unit/Division/ ~: Same as in (2) above
" © Undertaking )

7. In case the proposal relates to the productlon stodlge; supply, distribution or 'markéting or control of any
goods/articles indicate: -

i) Names of goods/amcles . : Manufacture of Triazole (Fungicide) (Hexaconozole)
ii) Proposed Licensed Capacity : : 100 Tonnes per annum
iif) Estimated Annual Turnover : ¢ Rs. 1000 lacs
8. In ease the proposal relates to the : Not applicable

provisions of any services, state the volume .
“of activity in terms of usual measyres such as . : .
value, income, turnover. » i .

Any person interested in the matter may make a rcpnescntauon in quadruplicate to the Secretary Department of Company
Affairs, Government of India, Shastri Bhavan, New Delhi, within 14 days from the date of publication of this notice,
intimating his views on-the ‘proposal and indicating the nature of his interest thereon.

) RAI:LIS llilDIA LIMITED

' ‘B.K. LASKARI', -
EXECUTIVE DIRECTOR & SECRETARY

A-20

-
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! . tions of this characteristic, to be discussed

" later, are not difficult to' perceive,

Margmaluy

‘Margmahty is another characteristlc of
these areas which is directly related to fraglh
Tty A ‘marginal’ entity (in any context) is the )

ducts (e g, fruits, flowers, etc); and moun-

- i tains serving as the best known sources for

one which counts the least with reference to -

the ‘mainstream’ situation. This may apply
to physical and biological resources or con-
ditions as well as to people.and their sus--

. tenance systems. The basic factors, contri-

buting to such a status.of any area or a com-

* munity, are remoteness and physical isola-

tion, fragile and low-productivity. mources, '

and several man-made handxcaps which pre-

" -vent one’s participation in the ‘mainstieam’

of activities [Chambers 1987 and Lipton.
1983]. The mountains and dry tropical plains

" being marginal areas, in most casgs, when-

compared with - the prime agricultural
regions, share’ the above attributes of
marginal entities and face the consequences
of such a status in different ways [Bjonness
1983 and Jodha 1988). Marginality shares
with fragility a number of sustainability im-
plications, as will be’ discussed later.

Diversity or Heterogeneity
The fragile areas chosen for the present

discussion are internally not homogeneous

even in terms of fragility or marginality. As
mentioned earlier, all the characteristics

- listed here show.considerable internal diver-
sity. In the mountain areas, one finds im- .
:mense variations among and within eco-

“zones, even over short distances. This ex-

_treme degree of heterogeneity is a function

-~ of interactions of different factors ranging

from elevation and altitude to geologic and

B edaphic conditions [Troll 1988]. In the case
. of the arid and semi-arid tropical plains, the .

degreé of diversity (though less compared to

' . the mountains) is primarily because of topo-
graphy, soils, and precipitation differences
- . [Dixon et al 1989]. Water—a homogenising

factor—being limited, the diversity of other
land resources persists. The biological adap-

.. tations [Dahlberg 1987] and socio-economic.:
"' - responses to the above diversities [Price 1981;
"+ Jochim 1981; and Nogaard 1984), also ac-

_quire a measure of heterogeneity of their

- {e g, by zone specific combinations of live- -

hydropower production. The dry tropical

. plains, though less productive than the high
‘rainfall mountain areas and. having some
:similarities with other plain areas, may also
. have comparative advantages for land-exten-

sive activities (e g, pasture-based animal

.husbandry), highly moisture (or humidity)—

sensitive cultivars, such as some coarse

‘grains, etc. In practice, however, niche or -
comparative advantage may remain dormant .
-unless circumstances are created to harness

- them. The local communities make use of

these ‘niches’ through their diversified ac-
tivities. Proper harnessing of niches can sup-

_port sustainability, while their reckless ex-

ploitation can result in the. ellmmatlon of
niches. -

Human Adaptation Mechanisms
Mountains and dry tropical plains,

‘ through their heterogeneities and diversities

even at micro-level, offer a complex of con-
straints and opportunities. The local com-
munities in these areas, through trial and

“error over the generations, have evolved their

own adaptation mechanisms to handle them
[Guillet 1983; Jochim 1981; Moock 1986;
Whiteman 1988; and Jodha 1988 and 198%c].
Accordingly, either the resource characteri-
stics. are modified (e g, through terracing,

" trenching, ridging, and irrigation) to suit’
- their needs; or activities are designed to ad-

just the requirements to resource conditions

stock, crops, and horticulture). Adaptation
mechanisms are reflected through formal

. and informal arrangements for management

. population, market, and public interven-
_tions), a number of adaptation devices are -
losing their feasibility and efficacy. It may

own. Diversity serves as a source of a com- ~

plex mixture of constraints and oppor-
tunities characterising these- areas.. As a

. positive attribute supporting interlinked ac-

" tivity patterns, diversity can help enhance the

sustain‘:abi_lity‘of agricul}ure in these areas.

‘Niche’-or Compa_ratiiJe.Advantage.v
" Owing to their specific environmental and

'resource-re’lated features, both the moun-

tains and the dry tropics provide a ‘niche’

- for specific_activities or products [Jodha
]

1988 and 1989a). At the operational level,
-‘these aréas may have comparatlve advan-
tages.over other areas in these activities. In
" -the case of mountain areas the examples may
include: specific valleys serving as habitats

. for special medicinal plants; mountains ac-

tmg as a source of i 1mportant high value pro-

of resources; diversified and interlinked ac-

tivities to harness micro-niches in specific

eco-zones; and effective use of links with
other habitats. The adaptation mechanisms
helped in the sustainable use. of fragile

resources in the past. However, with the -

changes already indicated (e g, relating to

be noted that understanding their rationale
can help in designing options for sustainable
agriculture in the fragile resource areas, as
will be elaborated upon later. -

Sustainability Implications: The sus--

tainability implications of the above charac:

. teristics-of fragile areas can be understood

in terms of the degree of convergence bet-
ween: (i) objective circumstances (é £, opera-
tionally relevant constraints and poten-
tialities) created by them and (ji) conditions
associated with the process of sustainable
devélopment (e g, ability of a system for sus-

" tained performance without damaging its

éssential ecological integrity). To elaborate

on this, we need to refer back to the opera-.

tional meaning of sustainability mentioned
earlier. Accordingly, sustainability (i e, sus-
tained or increased level of production per-

‘formance) is conditioned by the capacities
+ of the biophysical resource base to withstand
- high use intensity; to absorb high quantities
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' of complementary inputs; to tolerate perio- ';‘
dical shocks/disturbances without. facing - - -

permanent damage; to ensure gains associ-

" ated with the scale of operation and infra-

structural ' logistics; and to gain from
linkages/exchanges with other (wider)
systems. Juxtaposition of the above require-
ments (or preconditions of sustainability)
and the already discussed characteristics of
-fragile resource areas can greatly clarify the
sustamabxhty problems of fragile resource-
agriculture. ‘This is attempted through
Table 2. Despite some specific dlfferences
relating to inaccessibility and heterogeneity
between the mountains and the dry tropical
plains, the issues summarised under Table 2
broadly apply to both.

According to Table 2, due to features such
as fragility, marginality, and inaccessibility,
agriculture in the fragile areas has a very nar-
row production base and limited production
, as wgll as surplus generation possibilities.
Because of these very factors, scope for
resource manipulations through hlgher in-

_put-use and higher use intensity is quite

limited.. Vulnerability of land resources to
rapld degradation (as reflected by soil ero-

. sion, landslides, etc), even through minor
disturbances, is also linked to fragility.

. However, owing to the heterogeneity of
habitats, agriculture in these areas is also -
endowed with a complex of varied oppor--
tunities for land-based activities. Local com-
munmes skillfully harness them. But being

" too diverse and narrow, and being constrain-
ed by marginality and inaccessibility, they
cannot impart the' benefits of large-scale
operations. Benefits from the experiences of
other ecological zones are also less likely,
because the heterogeneities restrict the
-replication of external  experiences to a .
substantial- -degree.

Niches - or specific. situations/products,
with potential comparative: advantages to
these habitats over other areas, are also a
product of heterogeneity characterising the,
fragile regions. Some of them are quite nar-
row and often harnessed to support petty
trading despite poor market linkages and in-
accessibility problems. Special horticultural
products; such as flowers, medicinal plants, -
and animal products; may serve as examples.
As discussed elsewhere [Jodha 1989a],
mountains are also endowed_ with piches
which are too huge and complex (e g, poten- ..
tial for large scale-irrigation and hydro--.
power production), and the harnessing of -
them is often beyond the capacity of - 1?
dividual mountain commumues

IV
Search for Sustamablllty

Table 2 presents a broad view of the com-
plex of constrajnts and potentialities created -
_ by the natural resource base of the fragile
“ resource areas. It can also serve as a frame-
“work within which the search for sustamable
i agriculture can be directed. The major areas
that need attention for the above purpose

.can be presented in the form of some focuis-
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e questions, ;
:(i) In view of the fraglhty, margmallty.

.-and, to, some extent, inaccessibility pro- _

blems, how can the use intensity of land and

its (physical and economic) input absorption

capacxty be enhanced without negative side
- effects in terms of resource degradation?

(ii) What are the options for developing.

a complex of diversified activities with clear

focus on: (a) high productivity despite low’

- land use .intensity and low input regimes
" (especially external inputs); (b) fuller use of
resource diversities and niches (i e, the op-
tions with comparativé advantages), without

_over exploitation and degradatlon of
‘resources? -

(iii) How to strengthen the resilience of
farming systems to cope with the periodical
shocks/stresses and the rapid growth of
pressure on fragile resources?

(iv) What should be the potential forms
and patterns of lmk!ge.s‘of fragile resource
agriculture with other systems (i e, agri-
culture-and the general economy of other

zones), in order to facilitate' accomplishment
of ‘potential optlons under the- above (i-iii)

. questions?

B

PAST STRATEGIES

The aforementioned issues, even though
~not formulated in the above manner, have,
in the past, been addressed in various ways.
Rural communities have evolved and in-
herited their adaptation strategies to-handle
the above problems. In recent decades,

through development interventions, the same

problems have been focused more formally.

Table 3 summarises the relevant components

of the two which are directed to resource
management and productivity growth in
agriculture. Table 3 reveals both the strengths
and weaknesses of the two approaches. A
synthesis of the strengths of the two, may

" help in identifying the directions and possi--

_ble first order options to enhance the sus-
tainability of fragile resource-agriculture.

By way of a comment on Table 3 the

following may be stated. Traditional
" measures and practices have been evolved by
péople through informal experimentation
.- over the generations [Chambers et al 1989
and Altieri 1987]. Hence, they are better
"adapted to limitations and potentialities of
the fragile resources. Broadly speaking; they
are location specific and small in scale;
diversified and interlinked in their structure
and operations; often land extensive and
locally renewable resource centred; mainly
supported by folk knowledge and informal
social sanctions; and generally have lower
input use and lower productivity. For the
above reasons, they are conducive to sus-
tainable resource use under low pressure of
demand in relatively isolated or inaccessible
situations. But they are becoming increasingly
" unfeasible and ineffective in the context of
rising pressure on fragile land resources.

" The measures promoted through conven- .

tiona! public interventions in the fragile
resource zones, on the other hand, generally

A2

represent the extension of land intensive pro-

duction system characteristics of relatively

better agricultural areas {Altieri 1987 and -
Jodha 1986b). So far they are not well -

adapted to the fragile resources. The public
interventions, on their current scale and level
of standardisation, aré a recent phenomenon

in these areas. Being in the early stage of .
evolution compared to traditional measures,
probably they can. be modified to suit the
-situation in fragile zones. Their major

strengths are the significant input of modern
science and technology; strong (public ex-

chequer ba$ed) resource support; and con-

scious decisions and efforts to relax the
development constraints of the fragile
resource areas. They have significant péten-
tial for strengthéning physical and market
linkages  among fragile zones and other
regions. It should, however, be noted that
past efforts based on these positive attributes
have not strengthened the prospects of sus-
tainable development in the areas under
discussion. On the contrary, several indi-
cators of unsustamabnhty have emerged side

by side - wuh developmem efforts Th

_primary reason for this has been the general

insensitivity of public -interventions to
specific conditions of the fragile zones, To. -
i this sensitivity, an effective approach

. would be to redesign the interventions by.
" blending the rationale of traditional

measures with the formal technological in-

. terventions [Chambers et al 1989].

Viewed differently, the whole issue of sus-
tainability of agriculture in the fragile areas,
can be reduced to a problem of increased use
intensity of land resources (for higher pro-
ductivity) without permanently damaging
them. - The ‘indigenous systems, ' though
oriented to resourcé use with conservation,
do not possess high productivity techno-
logical components to ensure-high use inten-
sity and resource conservation simultaneous-
ly, The new science and technology—based in-
terventions have capacity to raise use inten-
sity and productivity of land but they are

- generally indifferent to conservation con-

siderations. The above facts form the basic
ground for blending the positive features of )

TABLE 3 MEASURES AGAINST CONSTRAINTS TO SUSTAINABLE AGRICULTURE IN FRAGILE-
RESOURCE ZONES (INDIGENOUS SYSTEMS/DEVELOPMENT INTERVENTIONS)

Measures Adopted Under: .

Traditional Farming Systems

* Conventional Development Interventions

(A) Enhancement of Use Intensity/Input Absorption Capacily of Lapd
" Measures

Resource amendments by ethno-engineering
measures: terracing/trenching/ridging,
moisture conservation/drainage manage-
ment/shelterbelts/agro-forestry, etc -

Selective resource upgrading through irriga-

_-tion/other infrastructure, biophysical
. changes (e g, new introduction; R and D

activity/pilot projects for range lands,
watersheds, etc).

_Attributes Conducive to Sustainability

Local resource centred, community oriented
and supported, small scale, diverse, adapted
to local situation; linked to other activities.

Science and technology-input, stfong
logxsnc/resource support, advantage of
scale. .

Limitations

Reduced feasibility with rising pressure on
land and weakening of local level collegtive
arrangéments lack new hlgh productivity
components.

Side effects of massive interference with
fragile resources (water logging, salinity,
landslides);" inequities between transformed
(e g, irrigated) and leftover areas; insen-
sitivity of R and D based initiatives to. local
resource diversity and user perspective.

(B) Usage and Management of Low Use-Capability Lands
Measures

Folk agronomy involving activities with low
land intensity and low (local and affor-
dable) input regimes; integration of low
intensity-high intensity land uses (based on
annual-perennial plants, crop-fallow rota-
tions, indigenous agro-forestry, common
property resources; social sancuons,
resource use regulation; :
migration/transhumance
,
Dlversmed mterlmked activities with dif-
ferent levels of intensity, community par-
ticipation,.co_mrol— on local demand..

Sectorally separated production program-
mes; high intensity uses through new
technology inputs/incentives/subsidies;
focused conservation oriented initiatives
(forests/pastures/watersheds) in pro_;ects
largely in mode.

Atmbutes €onducive to Sustainability

New techngloglcal input, Tesqurce support
and legal sancnons .

Limitations

Reduced feasibility and effectiveness due to
population growth, ‘decline of collective ar--
rangements, and sidé effects of dominated;

technological and institutional interventions;

user perspective; ‘Technique’ and prOJect
mode” dommated
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R o ,TAuLEj(Contd)

Measures ‘Adopted Under: -

" ’lradmonal Farmmg Systems

Conventional Development lnterventlons

'(C) Optlons to Hamess Dlversny and Nrches

- Measures

Folk agronomy——dwersnfied croppmg, focus
on multiple—use species; complementarity =
of croppmg—hvestock—forestry/hor— .
_ticulture; emphasis on biomass in choice of
_ land use and cropping patterns; com-

* plementarity of spatially/temporally dif-
ferentiated land-based activities; stability -
oriented, location specific choices, harness-

. mg niches for tradable surplus.

Sectorally segregated proéra’mmes and their
support systems ( R @nd D, input supplies,

. crop marketing); focus on selected species

and selected attributes (e g, monoculture,
high grain: stalk ratio); extension of -
generalised .development experience of other
habitats with high subsidy.

Attributes Conducive to Sustamabxllty

Diversity, linkages as dictated by resource
character,lstlcs, locally renewable resource
focused.

Initiatives with strong technologxcal and
logistic components, high potenual for
generating new options. *

' Limitations

' Low producuvny, land extensive measures
incompatible with high man land ratio, and
changed institutional environment.

Indifferent to the totality of farming system
and diverse resource potentidlities; high
subsidisation. ’

: (D) Resilience of the System and Mechanisms to Handle ngh Pressure of Demand ’
Measures .

. Diversificati'on and linkages of landbased
activities; flexibility in scale, operations, in-
put use; locally renewable resource focus,

- recycling of inputs/products, self provision-
ing; crisis period collective sharing ar-
_rangements, COmMmMoON Property resources,
social regulations for rationed use and pro-

_teéction of fragile resources; release of |
periodic/seasonal pressure by migration,

- transhumance, remittance economy

- Public relief and support durmg crisis/scar-

cities; public interventions replacing tradi-
tional self-help strategies and informal
regulatory measures; highly individual (not
community)—focused interventions (e g,

privatisation of common property resources,.-

crisis period cushion promoted by increased
private-resource productivity by HY'Vs, etc;
occasional linking of relief measure with
productivity measures.

Attributes Conduc:ve to Sustainability.

Range of options to match specific con-
straints of the habitats; emphasis on com-
munity centred and regulated activities; ra-
tioning of demand on fragile resource..

lnfeasnbxhty and reduced efficacy of collec-
tive self-help measures and folk agronomic
devices, due to changed demographic, in-

stitutional, and technological environment.

Resource transfer from better off areas to
scarcity prone areas; possibility of linking
relief initiatives with resource conserva-
tion/production programmes

leltatlons

Dependency for sustenance on external
resources; encouragement for perpetual
growth -of pressure on fragile resources; in-
difference to local self-help initiative.

(E) Linkages with Other Systems (including Wider Market Systems)

Measures

- General state of relative inaccessibility (par-
ticularly for mountains). and isolation from
main stream market; limited linkages )
agriculture/through tradable surplus from
‘harnessing niches; crisis period exterfial
_dependence through transhumance, ‘migra—
non, pockets, and remittance economy

Improved physical and market linkages; in-
tegration of fragile resource economy with
other systems; focus on special area

. development programmes, transformation .
- of limited demonstration effects.

Attributes Conduczve to Sustamabllzty

A few posmve sxde effects of isolation,
. 'local demand centred, socially controlled
- ‘extraction of fragile resources, better links
- between the resource users and the
. Tesources.

Persistent neglect and marginal status_of
fragile resource areas; slow pace of -
transformatlon of agriculture; unfavourable
terms .of exchange for marginal areas and
products: : .

S

Improved opportunities for relaxing internal

" constraints through technology, resource
transfer, interactions with other systems; in- °

ducement for fuller use of niches through
external demand; closer integration w11h
mainstream. ‘ ,

lettattons

Unless guarded against; hlgh chances of ‘ex-
tendmg irrelevant external experierices (in-

. cluding technologies); external demand in-

duced heavy extraction of niches; un-

" favourable terms of exchange; distortjon in-
local demand patterps and resource use.
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the two [Dregne 1983 and Jodha 1936b). -
To facilitate such blending, some areas:or’
issues may be suggested, that can be focuséd
by. research and’ technology development .
(R and D) efforts. Table 4 summarises them,
along with théir potential impact areas, to
enhance the sustainability of agriculture.
Concentration on these subject areas would
require substantial reorientation of R and D
strategies in the fragile zones. Thisiwould
imply making research and technology
measures more resource-centred, system-
oriented, and conducive to harnessing the
niches and"diversities of resource base. Need
for institutional and other. logistic¢ support .
to complement the technologies hardly needs
mention, The link between specific technolo-
gical measures ‘and conditions associated
‘with sustainability indicated in Table 4, is
briefly commented upon here. o

Resource-Centred Research and

Technologtes

For the enhancement of i mput absorptlon ’
capacity - and use intensity .of fragile
resources, both mechanical and biological
measures can.be employed.” Traditionally,
people treated fragile resources through
measures such as terracing, trenching, ridg- -
ing hedges and shelterbelts etc, and made
them usable. With better scientific under-
standing of the precise iitteractions between
resource components and specific treatment
variables, new and more effective options
can be evolved to handle the problems of
slope, drainage, marginal soils, and excess
or deficit moisture [Dregne 1983, and
El-Swaify et al 1985]. Plants with high soil
binding and soil building capacities can also .
form important components of new techno-
logies. Integrated use of (i) early maturing,
fast growmg, ratoonable perennials (in-
cluding trees and shrubs) and (ii) photo-
period insensitive, early matunng, high
yielding annuals, can be an important step

- for increased resource use intensity. Species

with high productivity and high value, suited
to fragile resources, can enhance their input

. absorption capacity in economic terms [Nair

1983 and Walker 1987). With focused screen-
ing of the available vast and diverse germ-
plasm, it should be possible to identify
several species with the above mentioned
attribuites. )
It should be noted that a number of re-
source-centred technologies, being developed
at present, implicitly focus on some of the
above issues. Buit these initiatives, be they
pasture development through reseeding or
soil manipulation etc, or more. publicised -
and subsidised initiatives such as integrated
watershed development, are highly ‘technique’ -
dominated,.and they are.still conceived and

~ implemented in ‘project mode’. The.institu-

tional factors and user perspectives are
almost completely - neglected, .and - this
reduces their relevance to the problems of
these areas [Blaikie and Brookfield '1987].
Although, due to resource heterogeneities,
the location specificity of technologies can-
not be avoided, any emphasis on wide adap- -
tablhty of- technologlcal components can -
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scale. to ‘specific production activities in
ragile resource-agriculture. :

Systeins Approach-

- -Suggesting a greater need for a systems

approach of R and D for fragile resource-
% agriculture amounts to stating the obvious.
" Yet, to avoid the gaps characterising the con-

. ventional approach; a few issues need to be
. mentioned specifically. :

_.. " Diversification and interlinkages of dif-

_ferent land-based activities have been the

" major strengths of traditional farming
. systems. The linkages can be seen between
. the activities based on annuals and peren-
. nials; intensive and extensive resource uses;
“and complementary uses of common pro-
‘perty resources and private _property
~resources [Jodha 1988]. Diversity and im-
_ plied linkages are important considerations
. in the choice of crops and their attributes.
-Moreover, in such systems, productivity and
. stability of the total system, rather than that
‘of individual components, is emphasised.

:Modern science and technology is endowed

with several elements which can strengthen
the” linkages and components indicated
above. On some of the individual com-
ponents, considerable work has been done.
Research on upland crops and mountain
harticulture, as well as coarse grain crops
and rangelands in the dry tropical areas, has
received considerable attention both at na-
tional and international levels [York 1988 and -
Jodha 1989b). Efforts to impart a farming
systems’ perspective to R and D have also

. facilitate wider cbvera'gé and/advantage of - -

Strengthening Resilience -
Diversification, flexibility, and in-

4

been made [IARCs 1987). ¥et, the major gap
in the past R and D has been the-absencs

of integrated focus. The latter alone can help

diversified and interlinked systems of
resource use-and production. oo

%

terlinkages among different production ac-
tivities, input use practices, and consump-
tion patterns imparted a degree of resilience
to the traditional farming systems in the

* fragile areas. *Resilience of the system was

also strengthened by factors such as periodic
release of pressure through migration ‘or

transhumance; a variety of input and pro-

duct recycling devices; collective sharing
systems; and.informal regulatory measures
to ration the use of fragile resources. Except
for a few institutional devices, most of the

" above measures can be strengthened by the

new technological components. To achieve
the above goals; the focus of R and D will

have to be on diversiﬁcati?; flexibility, and -
tlinked activities. - .

local resource-centred int
Again, the availability of genetic material of
diverse attributes’ as well as improved,

- knowledge and the capacity to -precisely

understand interactions between different
biophysical variables, offer significant op-
portunities for the development of options
to satisfy the above goals [Dregne 1983;

:Serrano 1984; York 1988; Jodha et al 1988; -
_ and Ruttan 1989):

Inter-Regional Linkages
Inter-regional linkages, as mentioned
earlier, help in sustainability by relaxing in-

TABLE4: AREAS OF FOCUS R AND DD FOR SUSTAINABLE AGRICULTURE IN FRAGILE RESOURCE ZONES

Areas/Issues of Focus

Potential Enhancement of Sustainability
__Through: .

Resilience

Resource - Input Inter

© Use Absorp- and Pro- -Systems "
Intensity  tion  ductivity -Linkages
"+ Capacity

Resource centred R and D:
Physical/biological measures to manage: slope, .

drainage, ‘soil, moisture etc b3 X.
Soil binding/building plants/crops . X X
Perennials (fast growing, early maturing, high

productivity, high ratoonability) . X )
Biological control of yield reducers X oX
Locally renewable resource focus X X
Location specificity » ’ X X
System oriented R and D:
Linkage of product and resource centred options . » X
Diversified-interlinked activifies: (Annual-perennial :

-plants) ' e o X X
Extensive-intensive land uses ’ X . X

R and-D focused to harness niches and diversity: 4

Vider adaptability of options X2 x?
‘ocus on. productivity of total system - X
lexibility-in input use/agronomy X
tecyclability/storability : X
Zomple‘mentari_ty with other zones (related to

inpat, product, valae additions) X
nput of . folk knowledge ’ b
nfrastructural/institutional and resource support® o : X X

Jotes; é‘Gains through advantage of scale and rep_licability.of external e‘xperience.v
- b Options under this category may not directly relate to R and D.

ternal constraints and facilitating exchange
of local surpluses. Under traditional systems,

fragile areas had their linkages with other. -

regions largely - through harnessing.. of-
specific niches and petty trading, unequal-:
exchanges based on large-scale extraction of -
_their resources (e g, timber from the hills),
and periodic. migration and transhumance.
Such links did help in survival, but are in- i

‘adequate for sustainability implying

enhanced performance to meet the increas.
ing demands over time.

_The physical and market-based linkages
between different regions are a function of

-the combination of several factors, some of

which fall far outside the area of agricultural
R .and D. However, one of the basic factors

promoting inter-regional exchange is the = .

rglative difference in the comparative advan-
tages enjoyed by different regions in specific
activities and products. The fragile areas

_under question, as mentioned earlier, also

have some activities and products that have . -
comparative advantages in relation to other

regions. Agricultural R and D can help the.
fragile area by identifying such activities and

products and improving their quality and

productivity. In the past, however, this sort

of complementarity between the fragile

regions and the other regions did not receive

sufficient attention [Jodha 1988).

'V
Conclusion *

The prospects of sustainability .for

-agriculture in the fragile areas are severely

constrained by the specific features of their
natural resource endowments. Sustainability,
or rather survivability, in a situation of low
pressure on resources was possible through

traditional land extensive practices. In the

changed circumstances with high pressure on
fragile resources, the. required high resource ..
use intensity (for high productivity)- with
conservation is not possible through tradi-
tional measures. This requires application of
modern science and technology blended with ..
the rationale of indigenous practices.
Various areas of focus for. R and D are indi-
cated to achieve this. Any progress in the
suggested direction, however, will depend on -
the reorientation of agricultural research
strategies to suit the specific requirements

. of these areas. This in turn is largely an in-

stitutional rather than a technological pror .
blem. The major implication of this conclu-

_ sion is aptly summed up by Rhoades [1988],

when he recommends the policy-makers in
mountain areas to start “thinking, like a
mountain”. The same applies to the other
fragile areas. Accordingly, the fragile area-
developmerit strategies, to be meaningfut
and effective, should have a strong “fragile
area-perspective”. Discussion on this aspect
forms'a part of the author’s ongoing work -

on the institutional imperatives of sus- - - - -

tainable agriculture in the fragile resource By
zones. ‘ . .
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