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ABSTRACT

Long-term degradation of soil fertility and the effectiveness of agricultural exten-
sion programmes designed to counter it are two of the most consequential, yet infre-
quently jointly examined, dimensions of sustainable agricultural development. This
study uses a secondary data approach to evaluate multi-decadal patterns in key soil
fertility indicators in India alongside the documented performance of extension inter-
ventions, principally Front Line Demonstrations (FLDs) delivered through the Krishi
Vigyan Kendra (KVK) network. Data were compiled from official government state-
ments, nationwide soil survey literature, and peer-reviewed extension impact evalua-
tion studies. Findings indicate a substantial long-term decline in average soil organic
carbon (SOC) content, from approximately 1.0% in the 1950s to between 0.3% and
0.4% in most agricultural regions today, alongside extensive and, in several categories,
worsening land degradation affecting an estimated 147 million hectares nationally -
comprising 94 million hectares from water erosion, 16 million hectares from acidifi-
cation, 14 million hectares from waterlogging and flooding, 9 million hectares from
wind erosion, approximately 6.7 million hectares from salinity and sodicity (projected
to more than double to 16.2 million hectares by 2050 absent intervention), and 7 million
hectares from combined factors. Against this backdrop of long-term fertility decline,
extension programme performance evaluations, particularly Front Line Demonstra-
tions, report consistently favourable results at the plot level: across crops and states,
FLDs have documented yield gains over farmers’ practice ranging from approximately
18% to 44%, with incremental benefit-cost ratios frequently exceeding 2:1 and, in sev-
eral cases, exceeding 4:1. Independent evaluation of the Krishi Vigyan Kendra system
as a whole similarly reports a benefit-cost ratio in the range of 8:1 to 12:1 and a sub-
stantial farmer-to-farmer knowledge multiplier effect. The juxtaposition of strong,
well-documented plot-level extension performance against continued, and in some di-
mensions accelerating, long-term soil fertility decline suggests that the demonstrated
technical effectiveness of individual extension interventions has not yet translated
into a reversal of aggregate soil degradation trends, pointing to a scale, persistence
and integration gap between successful demonstration-based extension and the sys-
temic soil fertility challenge it is intended to address.
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INTRODUCTION

Long-term soil fertility decline and the effectiveness
of the extension programmes designed to counter it
are typically evaluated as separate research and pol-
icy domains: soil science literature documents nutri-
ent and organic matter trends using nationwide survey
data, while agricultural extension literature evaluates
the yield and economic performance of specific inter-
ventions, most commonly Front Line Demonstrations
(FLDs), at the plot or district level. Bringing these two
literatures into a single, joint secondary-data evalua-
tion offers a distinctive vantage point on a fundamental
policy question: is well-documented, plot-level exten-
sion success translating into measurable improvement
in the underlying, system-wide soil fertility trends it is
meant to address?

This study undertakes such a joint evaluation for
the Indian context, compiling secondary data on (i)
long-term trends in soil organic carbon and the extent
of major forms of soil degradation, and (ii) the docu-
mented performance of Front Line Demonstrations and
the broader KVK extension system, measured through
yield gain over farmers’ practice, incremental benefit-
cost ratio, and system-level return on investment. The
analysis is framed explicitly as an evaluation of pro-
gramme performance relative to the scale of the un-
derlying soil fertility challenge, rather than as a sim-
ple growth-trend description, distinguishing it from re-
lated secondary-data studies of extension infrastruc-
ture expansion.

REVIEW OF LITERATURE

National authorities have publicly acknowledged a sub-
stantial long-term decline in Indian soil organic car-
bon; the National Rainfed Area Authority reported
in 2022 that average SOC content had fallen from
approximately 1% in the 1950s to around 0.3% cur-
rently, a decline attributed to intensive cultivation
without adequate organic matter replenishment, exces-
sive tillage and accelerated erosion. More recent ICAR-
coordinated analysis of soil samples collected between
2017 and 2023 across several hundred districts has cor-
roborated a continuing downward trajectory in soil
carbon across large parts of the country, with many
districts now falling into low-to-medium carbon cate-
gories that directly constrain fertility, moisture reten-
tion and nutrient availability.

Kumar and Sharma (2020) provide a comprehensive
review of soil salinity as a specific and growing di-
mension of soil degradation in India, documenting that
approximately 6.74 million hectares are currently salt-
affected, with projections indicating that, absent inter-
vention, this area could expand to 16.2 million hectares
by 2050 as roughly 10% additional area becomes salin-
ized annually in some estimates. Their review situ-
ates this trend within the broader context of 147 mil-
lion hectares of total land degradation nationally, span-
ning water erosion, wind erosion, acidification, water-
logging and combined degradation processes, and ex-
plicitly links continued degradation to future food se-
curity risk given projected foodgrain requirements of
311 million tonnes by 2030 and 350 million tonnes by
2050.

On the extension performance side, a substantial
body of peer-reviewed Front Line Demonstration im-
pact studies, typically published in Indian agricultural
extension and applied agronomy journals, consistently
documents strong plot-level performance of demon-
strated technologies relative to farmers’ existing prac-
tice. Sheikh et al. (2013), evaluating Brown Sarson
FLDs conducted by ICAR through KVKs in Jammu and
Kashmir over 2005-2011, reported a yield advantage of
34.22% with an incremental benefit-cost ratio of 4.76.
Similarly, Kumar et al. (2024), assessing maize FLDs
in Ramban district, reported a 43.75% yield increase
over local varieties with a benefit-cost ratio of 2.02 com-
pared to 1.59 for farmers’ checks. These findings are
broadly consistent with the wider FLD evaluation lit-
erature across crops including paddy, wheat, cowpea
and urdbean, which similarly report yield gains in the
range of approximately 18% to 40% and benefit-cost ra-
tios generally between 1.4 and 4.8.

Institutional-level evaluation extends this picture be-
yond individual demonstrations: independent assess-
ment of the KVK system as a whole has reported an
overall benefit-cost ratio in the range of 8:1 to 12:1
for KVK-mediated interventions, alongside evidence
that each directly trained farmer influences practice
adoption among approximately 30 additional farmers
through informal diffusion. Taken together, this lit-
erature establishes strong, well-replicated evidence of
extension programme effectiveness at the intervention
level, setting up the central empirical question ad-
dressed in this study: whether this documented effec-
tiveness is visible in aggregate, long-term soil fertility
trend data.
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MATERIALS AND METHODS

This study compiles secondary data from three cate-
gories of sources: (i) official government statements
and reports on long-term soil organic carbon trends,
principally statements by the National Rainfed Area
Authority and associated ICAR reporting; (ii) peer-
reviewed nationwide and regional soil degradation as-
sessments, principally Kumar and Sharma (2020) and
ICAR-National Bureau of Soil Survey and Land Use
Planning (NBSS&LUP) degraded lands reporting; and
(iii) peer-reviewed Front Line Demonstration impact
evaluation studies published in Indian agricultural ex-
tension and applied agronomy journals, supplemented
by institutional-level KVK performance evaluation re-
porting.

Long-term soil fertility patterns are characterised de-
scriptively, comparing historical (1950s-era) and cur-
rent reported values for soil organic carbon and cat-
aloguing the area affected by different forms of land
degradation as most recently reported in the peer-
reviewed and institutional literature. Extension pro-
gramme performance is evaluated using two standard
indicators reported consistently across the FLD litera-
ture: percentage yield gain of the demonstrated tech-
nology over farmers’ existing practice, and the incre-
mental benefit-cost ratio (the ratio of additional net
benefit to additional cost incurred under the demon-
strated technology relative to farmers’ practice). Be-
cause individual FLD studies vary in crop, location, and
year, results are presented as a comparative compila-
tion across studies rather than a single pooled statistic,
consistent with the heterogeneous, site-specific nature
of the underlying evaluation literature.

RESULTS AND DISCUSSION

This section first presents compiled secondary-data pat-
terns in long-term soil fertility indicators, followed by
the documented performance of Front Line Demonstra-
tions and the broader KVK extension system.

Long-Term Trend in Soil Organic Carbon

Soil organic carbon, a foundational indicator of soil
fertility, structure and water-holding capacity, has de-
clined markedly in Indian agricultural soils over the
past seven decades. Official statements from the Na-
tional Rainfed Area Authority place average SOC con-
tent at approximately 1% in the 1950s, falling to ap-
proximately 0.3% in recent years, a decline of roughly
two-thirds relative to the historical baseline and well

Table 1: Extent and reported trend direction of major soil
degradation categories in India (compiled from Kumar &
Sharma, 2020; ICAR-NBSS&LUP reporting).

Area Affected | Trend Direction

Degradatiory (Million ha)

Type

Water ero- 94 Long-standing, ex-

sion tensive; partially ad-
dressed by watershed
programmes

Acidifica- 16 Persistent; linked to

tion nitrogenous fertiliser
overuse and leaching

Water- 14 Linked to irrigation

logging / and drainage manage-

flooding ment gaps

Wind ero- 9 Concentrated in arid

sion and semi-arid regions

Salinity / 6.74 (current); | Worsening; ~10% ad-

sodicity projected ditional area salinised

16.2 by 2050 annually in some esti-

mates

Combi- 7 Multiple overlapping

nation of degradation processes

factors

below the 1.0-1.5% SOC range generally considered in-
dicative of healthy agricultural soil. More recent ICAR-
coordinated sampling covering the 2017-2023 period,
drawing on over 250,000 soil samples across several
hundred districts, corroborates a continuing downward
trajectory rather than stabilisation, indicating that the
long-term decline documented since the 1950s has not
yet been arrested.

Extent and Pattern of Soil Degradation

Beyond organic carbon decline, Indian agricultural
land is affected by an estimated 147 million hectares
of soil degradation in total, distributed across sev-
eral distinct degradation processes. Water erosion ac-
counts for the largest share at approximately 94 million
hectares, followed by acidification (16 million hectares),
waterlogging and flooding (14 million hectares), wind
erosion (9 million hectares), salinity and sodicity (ap-
proximately 6.74-7 million hectares), and combined
multiple-factor degradation (7 million hectares). Salt-
affected soils represent a particularly concerning trend
dimension: current estimates of 6.74 million hectares
are projected to expand to as much as 16.2 million
hectares by 2050 in the absence of accelerated reclama-
tion effort, implying that this specific degradation cate-
gory, unlike some others, is on a worsening rather than
stabilising trajectory.
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Table 2: Compiled Front Line Demonstration performance indicators across selected crops and locations (compiled from Sheikh
et al., 2013; Kumar et al., 2024; and other published FLD impact evaluation studies).

Crop / Location Yield Gain over Benefit-Cost Ratio Benefit-Cost Ratio
Farmers’ Practice (%) (Demonstration) (Farmers’ Practice)

Brown Sarson (Jammu & 34.22 4.76 (incremental) n.a.

Kashmir, 2005-11)

Maize (Ramban, J&K) 43.75 2.02 1.59

Wheat (Gujarat, 100 FLDs) 18.22 n.a. n.a.

Cowpea (Eastern UP) 18.18 n.a. (net return +25.90%) n.a.

Urdbean (Rajasthan) 37.74 n.a. n.a.

Onion, Kharif (Eastern UP) 19.91 3.2 2.5

Extension Programme Performance: Front Line Demon-
stration Yield Gains

Against this backdrop of long-term fertility decline,
the documented performance of Front Line Demonstra-
tions at the plot level is consistently strong across crops,
states and years. Compiled results from published
FLD impact evaluations show yield gains over farm-
ers’ existing practice ranging from approximately 18%
(wheat, Gujarat; cowpea, Uttar Pradesh) to over 40%
(maize, Jammu & Kashmir; urdbean, Rajasthan), with
Brown Sarson demonstrations in the north-western Hi-
malayan region achieving a 34.22% yield advantage
over an extended 2005-2011 evaluation period.

Benefit-Cost Ratios and Economic Performance of Exten-
sion Interventions

Economic performance indicators reinforce the picture
of strong plot-level extension effectiveness. Incremen-
tal benefit-cost ratios reported across the FLD liter-
ature generally range from approximately 1.4 to 4.8,
with the Brown Sarson demonstrations in Jammu and
Kashmir achieving an incremental benefit-cost ratio
of 4.76 and maize demonstrations in Ramban district
achieving 2.02 against a farmers’-practice ratio of 1.59.
Across the wider literature, pulse crop demonstrations
(urdbean, green gram, guar) have reported particularly
favourable benefit-cost ratios, in several cases exceed-
ing 3:1 to 4:1, suggesting that extension-mediated tech-
nology transfer may offer disproportionately high re-
turns in crop categories, such as pulses, that have
historically received comparatively less research and
input-market attention than cereals.

Krishi Vigyan Kendra System-Level Return on Investment

Beyond individual demonstration-level performance,
independent institutional evaluation of the KVK sys-
tem as a whole reports a substantially favourable over-
all benefit-cost ratio, estimated in the range of 8:1 to
12:1, indicating that the aggregate economic return to
KVK-mediated extension investment considerably ex-

ceeds that of many individual FLDs when the full range
of KVK activities - training, demonstration, seed and
planting material production, and advisory services -
is taken into account. This system-level evaluation fur-
ther documents a substantial farmer-to-farmer knowl-
edge multiplier effect, with each directly trained farmer
estimated to influence practice adoption among approx-
imately 30 additional farmers, suggesting that effective
extension reach considerably exceeds what is captured
by direct participation counts alone.

DISCUSSION: A PERFORMANCE-OUTCOME
GAP

The central finding of this joint evaluation is a marked
disjuncture between two well-documented but rarely
jointly examined trends: extension programme perfor-
mance at the plot and institutional level is consistently
strong, with FLD yield gains regularly exceeding 20-
40% and benefit-cost ratios frequently above 2:1, and
system-level KVK returns estimated at 8:1 to 12:1; yet
aggregate, long-term soil fertility indicators - most no-
tably soil organic carbon - have continued to decline
over the same broad period, and specific degradation
categories such as salinity and sodicity are on a wors-
ening trajectory. This juxtaposition suggests that the
well-documented technical and economic success of in-
dividual extension interventions has not yet been re-
alised at a scale, or with the temporal persistence, suf-
ficient to reverse aggregate soil fertility decline.

contribute to this
First, FLDs and simi-
lar demonstrations are, by design, time-bound and

Several factors plausibly

performance-outcome gap.

geographically limited interventions, typically eval-
uated over one to a few cropping seasons in specific
demonstration plots, whereas soil fertility decline is
a cumulative process unfolding over decades across
the entire cultivated area; even highly successful
demonstrations reaching thousands of farmers annu-
ally cover a small fraction of India’s approximately
140 million agricultural holdings in any given year.
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Second, FLDs and comparable extension interventions
have historically emphasised yield-enhancing tech-
nologies - improved varieties, balanced macronutrient
fertilisation, plant protection - more consistently than
soil-organic-matter-building practices such as residue
retention, composting or reduced tillage, meaning
that documented yield and economic success does not
necessarily imply commensurate soil organic carbon
or degradation-reversal benefit. Third, and relatedly,
extension performance metrics themselves (yield gain,
benefit-cost ratio) do not directly measure soil fertility
outcomes, meaning that a demonstration can be highly
successful by its own evaluation criteria while having
neutral or even adverse implications for long-term soil
health if, for example, it relies on further intensified
nutrient or water application without corresponding
organic matter management.

POLICY IMPLICATIONS

e Extension programme evaluation criteria should be
broadened beyond yield gain and benefit-cost ratio to
explicitly incorporate soil health indicators (organic
carbon, structural stability) as a standard component of
Front Line Demonstration monitoring and reporting.

o Given the scale mismatch between demonstration-
level reach and the national extent of soil degradation,
priority should be given to interventions with demon-
strated potential for area-wide, self-sustaining adop-
tion (e.g., residue retention, conservation tillage) rather
than input-intensive demonstrations alone.

@ Reclamation and management programmes target-
ing salinity/sodicity, given their documented worsen-
ing trajectory, warrant scaled investment proportion-
ate to the projected near-doubling of affected area by
2050.

e The strong system-level KVK return on invest-
ment (8:1 to 12:1) provides an evidence-based case
for expanding extension funding, provided expanded
programming explicitly targets soil-fertility-building
rather than yield-maximising practices where the two
diverge.

e Longitudinal, farm-level panel monitoring link-
ing individual extension exposure to subsequent soil
test outcomes would allow a more rigorous test of the
extension-performance-to-fertility-outcome link than
the aggregate secondary-data comparison presented
here.

Limitations of the Secondary Data Approach

This study’s central comparison - between plot-level ex-
tension performance and aggregate soil fertility trends
- is necessarily indirect, since the underlying data
sources measure different units of analysis (individual
demonstration plots versus national or regional soil
surveys) using different time frames and methodolo-
gies. The FLD performance figures compiled here de-
rive from a purposive, non-random sample of published
evaluation studies rather than a systematic or compre-
hensive review of all FLDs conducted nationally, and
published studies may be subject to some degree of
positive-result publication bias relative to the full pop-
ulation of demonstrations conducted. Historical SOC
estimates for the 1950s baseline are similarly derived
from retrospective assessment rather than contempora-
neous nationwide sampling comparable in rigour to re-
cent ICAR surveys, introducing some uncertainty into
the precise magnitude, though not the general direc-
tion, of long-term decline. These limitations mean that
the identified performance-outcome gap should be in-
terpreted as an indicative pattern warranting further
investigation rather than a precisely quantified causal
estimate.

Fig. 1. Long-term decline in average Soil Organic Carbon (SOC)
content of Indian agricultural soils, 1950s to present
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Figure 1: Long-term decline in average Soil Organic Car-
bon (SOC) content of Indian agricultural soils, 1950s to
present (compiled from NRAA statement reported in Busi-
ness Standard, 2022; recent ICAR sampling reported in cli-
mate/agriculture press, 2024-25).
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Fig. 2. Extent of soil degradation in India by type
(total ~147 million hectares)
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Figure 2: Extent of soil degradation in India by type, to-
talling approximately 147 million hectares (compiled from
Kumar & Sharma, 2020, Frontiers in Sustainable Food Sys-
tems).

Fig. 3. Reported yield gains from Front Line Demonstrations (FLDs)
50 over farmers' practice across selected crops and states
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Figure 3: Reported yield gains from Front Line Demonstra-
tions (FLDs) over farmers’ practice across selected crops and
states (compiled from Sheikh et al., 2013; Kumar et al., 2024;
and other published FLD impact studies).

CONCLUSION

This secondary-data evaluation brings together two
literatures - long-term soil fertility trend documenta-
tion and extension programme performance evalua-
tion - that are rarely examined jointly, revealing a sig-
nificant disjuncture between the two. Indian soil or-
ganic carbon has declined from approximately 1% in
the 1950s to 0.3-0.4% today, and land degradation af-
fecting 147 million hectares nationally shows a worsen-
ing trajectory in at least the salinity/sodicity category,
even as Front Line Demonstrations and the broader

KVK extension system report consistently strong, well-
documented performance, with yield gains of 18-44%
and benefit-cost ratios frequently exceeding 2:1 at the
plot level and 8:1 to 12:1 at the system level. Bridging
this performance-outcome gap will likely require exten-
sion programming that explicitly targets soil-fertility-
building practices, broadened evaluation criteria that
incorporate soil health alongside yield and economic
indicators, and scaled investment proportionate to
the true national extent of long-term soil degradation
rather than the necessarily limited reach of individual
demonstration-based interventions.
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