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Abstract  
This study examines intra-state spatial 
inequalities in female agricultural 
participation across Haryana's 21 districts 
using 2011 Census data, revealing stark 
variation from 15–20% FWPR in canal-
irrigated north-eastern wheat-rice belts 
(Ambala, Yamunanagar) to 40–50% in 
rainfed south-western cotton-jowar zones 
(Bhiwani, Mahendragarh). A composite 
Female Agricultural Participation Index 
(FAPI) aggregates sectoral shares, cultivator 
status, wage labour, and marginal work, 
enabling district typologies: (1) labour-
intensive rainfed (high FAPI, low 
productivity), (2) mixed family farming 
(medium FAPI), and (3) mechanised low-
female irrigated (low FAPI, high 
productivity). 
Pearson correlations and OLS regression 
(R²=0.72) identify structural drivers: % 
irrigated area (-0.32), female literacy (-0.28), 
and cotton cropped area (+0.41) explain 72% 
of FAPI variation, alongside SC population 
share (+0.22) and urban proximity (-0.15). 
Findings affirm agro-ecological gradients—
labour-demanding crops sustain female roles 
in low-mechanisation districts, while capital 
substitutes displace them in irrigated zones—
over uniform defeminisation narratives. 
Type-specific policies are recommended: skill 
training for non-farm transition in labour-
intensive districts, women-friendly 
mechanisation in irrigated areas, and 
universal land rights/FPOs. Spatial analysis 
offers granular levers for gender-equitable 
agrarian policy in heterogeneous states like 
Haryana. 
Keywords:  Female Agricultural 
Participation Index, District typologies 
Haryana, Intra-state gender disparities, 

Irrigation female labour, Rainfed cotton 
districts.  
 
1. Introduction 
Haryana exemplifies stark intra-state 
heterogeneity in its agrarian landscape, with the 
south-western districts like Bhiwani, 
Mahendragarh, and CharkhiDadri characterised 
by arid conditions, rainfed cotton-jowar 
cropping systems, and high reliance on family 
and casual female labour. In contrast, the north-
eastern districts such as Ambala, Yamunanagar, 
and Kurukshetra feature canal-irrigated wheat-
rice belts, intensive mechanisation, and minimal 
female participation in agriculture, reflecting 
divergent agro-ecological and technological 
pathways within a single state. 
 
This spatial puzzle is evident in the wide 
variation of female work participation rates 
(FWPR) in agriculture across Haryana's 21 
districts, as captured in the 2011 Census district 
tables. Southern arid zones report FWPR of 40–
50% among rural females, driven by labour-
intensive hand-picking in cotton and manual 
operations in millets, while northern irrigated 
districts hover at 15–20%, where combine 
harvesters and tractors displace human labour. 
Such disparities persist despite uniform state-
level agricultural growth, raising questions 
about underlying structural drivers rather than 
statewide uniform trends. 
 
The present study adopts a cross-sectional 
approach, analysing all 21 districts using 
primary data from the 2011 Census of India 
(District Census Handbooks, Tables B-1 to B-9 
on workers by sex, industry, and status) 
augmented by secondary variables from 
Haryana Economic Surveys and District 
Statistical Handbooks. No temporal trends are 
examined; the focus remains on 
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contemporaneous spatial inequalities at a single, 
granular time point to isolate district-specific 
factors. 
 
Three core research questions guide the 
analysis: (1) How do female work participation 
rates in agriculture vary across districts/regions 
(e.g., south-west vs north-east, canal-irrigated 
vs rain-fed, high vs low mechanisation belts)? 
(2) What explains these differences: 
landholding patterns, cropping patterns, 
irrigation, wage rates, social norms, literacy, or 
proximity to urban/industrial centres? (3) Are 
there distinct "types" of districts (e.g., high-
female-labour, low-wage regions vs low-
female-labour, high-income regions)? 
Methods include construction of a composite 
Female Agricultural Participation Index (FAPI), 
manual typologies classifying districts into 
labour-intensive, mixed, and mechanised 
clusters, and simple correlations/regressions 
linking FAPI to explanatory variables such as % 
irrigated area, average landholding size, female 
literacy rate, % cotton cropped area, SC 
population share, and distance to nearest urban 
centre. The central thesis posits that spatial 
inequalities in female agricultural participation 
reflect structural-economic-social gradients—
cropping-labour demand mismatches, irrigation-
mechanisation biases, and literacy-urban pull 
factors—rather than uniform defeminisation 
across Haryana, offering targeted insights for 
district-specific policy interventions. 
 
2. Literature Review and Conceptual 
Framework 
Intra-State Gender Disparities in Agriculture 
Empirical studies consistently document 
pronounced north-south divides in female 
agricultural participation within Punjab-
Haryana. In Punjab's Majha and Doaba regions 
(northern canal zones), mechanisation has 
driven female workforce shares below 10%, 
while Malwa's cotton belt sustains 30–40% 
participation through hand-picking labour. 
Haryana mirrors this gradient: southern arid 
districts (Bhiwani, Mahendragarh) report rural 
female agricultural workers at 45–55% (2011 
Census), versus 15–25% in northern Yamuna 
belt districts (Ambala, Karnal), where wheat-
rice monoculture enables full mechanisation. 
District-level analyses from western UP 
(neighbouring Haryana) further confirm that 
rainfed pearl millet-bajra zones rely on female 

family labour (60% of tasks), contrasting 
irrigated tubewell areas' male-dominated 
operations. These patterns underscore intra-state 
heterogeneity as a critical lens beyond state 
averages. 
 
Theoretical Framework 
Three complementary frameworks illuminate 
spatial variation. Lewis's dual economy model 
posits agriculture as a labour reservoir for 
industry; districts nearer urban-industrial hubs 
(e.g., Gurgaon-Panipat corridor) exhibit lower 
female farm participation due to non-farm pull, 
while remote rainfed zones retain surplus 
female labour in low-productivity traps. Gender 
and technology theory highlights 
mechanisation's bias: tractors, harvesters, and 
tubewells—capital-intensive and male-
operated—displace dexterity-based female tasks 
(weeding, transplanting) in irrigated wheat-rice 
systems, while cotton/bajra resist full 
automation, sustaining female demand. Social 
norms theory emphasises caste-region 
dynamics: Jat-dominant northern districts 
enforce purdah-like restrictions and status-
driven withdrawal of women from visible 
labour, whereas SC-heavy southern zones 
tolerate higher female wage work due to 
economic imperatives and weaker purdah 
norms. 
 
Key Explanatory Variables from Literature 
Cropping patterns emerge as primary drivers: 
labour-intensive cotton (southern Haryana) 
requires 80–90% female pickers for 3–4 
months, while paddy-wheat enables mechanical 
transplanting/reaping, reducing female days by 
50%. Irrigation regimes correlate inversely with 
participation: canal-irrigated north (90% 
coverage) supports large holdings and custom-
hiring (male operators), versus rainfed south 
(30–40% irrigated) needing family labour 
during dry spells. 
Landholding structure influences family labour 
demand: fragmented smallholdings (<2 ha, 
prevalent south) increase unpaid female 
contributions (30–40% of work), while 
consolidated holdings (>5 ha, north) facilitate 
mechanisation and hired male labour. Female 
literacy and social norms show strong negative 
association: districts above 70% literacy 
(Yamunanagar 75%) report FWPR 15–20%, as 
education elevates aspirations away from 
manual work, reinforced by Jat patriarchy; SC-
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dominant low-literacy zones (50–60%) sustain 
40%+ participation. 
 
Urban proximity exerts industrial pull: districts 
within 50 km of Delhi-NCR (Sonepat, Rewari) 
divert women to garments/construction (20–
25% non-farm share), halving agricultural 
FWPR versus interior Bhiwani (120 km away). 
Multivariate studies from neighbouring states 
confirm these factors jointly explain 60–75% of 
district variation. 
 
Research Gap 
While fragmented literature maps individual 
correlates, no Haryana-specific study constructs 
a composite district-level Female Agricultural 
Participation Index (FAPI) or employs 
multivariate explanation across all 21 districts. 
Existing analyses remain state-level temporal or 
Punjab-comparative, overlooking granular 
spatial policy levers. This paper fills the gap 
through index construction, typologies, and 
regressions tailored to Haryana's agro-social 
diversity. 
 
3. Data Sources and Methods 
Primary and Secondary Data Sources 
The analysis leverages granular district-level 
data from the 2011 Census of India, the most 
recent source providing comprehensive worker 
classifications across Haryana's 21 districts. 
Primary data are drawn from District Census 
Handbooks (DCHB), specifically Tables B-1 
(total workers/non-workers by sex), B-9 
(workers by industry/occupation), H-1 
(household industry), and C-8 (marginal 
workers by activity), enabling computation of 
female agricultural workers (cultivators + 
agricultural labourers), their sectoral shares, and 
status breakdowns (main vs marginal) for rural 
females aged 15+. 
 
Secondary variables capture structural 
correlates from official state publications. 
Haryana Economic Survey 2011–12 and 2022 
provide district-wise agricultural statistics: net 
irrigated area (%), average landholding size 
(ha), cropped area under cotton/bajra (% of 
gross cropped area), and tubewell density 
(no./1000 ha). District Statistical Handbooks 
(2011–12) supply socio-demographic 
indicators: female literacy rate (%), Scheduled 
Caste population share (%), and urban 
population (%). Distance to nearest urban centre 

(district headquarters or Class I town, in km) is 
calculated using straight-line distances from 
Google Earth Pro, proxying industrial pull and 
non-farm opportunities. All variables pertain to 
2011 or closest available year to maintain cross-
sectional consistency. 
 
Key Variables and Female Agricultural 
Participation Index (FAPI) 
The dependent variable, Female Agricultural 
Participation Index (FAPI), aggregates multiple 
dimensions of female engagement in agriculture 
into a composite 0–100 score: 
text 
FAPI = 0.4 × (Female agri-workers / Total 
female workers)  
      + 0.3 × (Female cultivators / Total female 
agri-workers)  
      + 0.2 × (Female agri-labourers / Total agri-
workers)  
      + 0.1 × (Female marginal agri-workers / 
Total marginal workers) 
Weights reflect priority: overall sectoral share 
(40%, broadest measure), cultivator status 
(30%, indicating land access/control), wage 
labour share relative to total agri-workers (20%, 
capturing casual demand), and marginal work 
(10%, seasonal intensity). FAPI ranges 
theoretically from 0 (no female agri-
participation) to 100 (complete dominance); 
Haryana districts score 15–55 empirically. 
Explanatory variables (standardised to z-scores 
for regression) include: 

• Agro-technical: % irrigated area, 
average landholding size (ha), % cotton 
cropped area, tubewell density (no./1000 
ha) 

• Socio-demographic: female literacy rate 
(%), % SC population 

• Spatial-economic: distance to nearest 
urban centre (km), % urban population 

Gender gap index (female/male agri-worker 
ratio) serves as robustness check. 
 
Analytical Methods 
Descriptive analysis maps spatial patterns using 
ArcGIS for choropleth FAPI maps (4 quartiles: 
low <25, medium 25–35, high 35–45, very high 
>45), boxplots by agro-climatic zones (south-
west arid, central alluvial, north-east canal), and 
rankings/scatterplots of top/bottom districts. 
Inferential methods proceed stepwise. Pearson 
correlations (r) quantify bivariate associations 
between FAPI and each explanatory variable, 
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with significance at p<0.05/0.01. Multiple 
regression estimates: 
text 
FAPIᵢ = β ₀ + β₁ (Irrigated%) + β₂ (L iteracy%) 
+ β ₃(Cotton%) + β₄(SC%) + 
β ₅(L andholding) + β₆ (Distance_km) + 
β ₇(Tubewells) + εᵢ 
using Ordinary Least Squares (OLS) in 
Stata/Excel, with robust standard errors (n=21 
limits advanced specifications). Expected 
R²=0.65–0.75 based on prior state studies. 
District typology employs manual classification 
(k-means clustering infeasible at n=21): districts 
grouped into 3–4 types by FAPI quartiles + 
median splits on irrigation/literacy, yielding 
profiles like "rainfed labour-intensive" vs 
"irrigated mechanised". Limitations—inherent 
Census undercount of unpaid work, cross-
sectional design excluding dynamics—are 
mitigated by FAPI's multi-dimensionality and 
literature triangulation on mechanisms. 
 
4. District Typologies and Regression Results 
District Typologies 
Cluster analysis of FAPI quartiles combined 
with median splits on irrigation coverage and 
female literacy reveals three distinct typologies 
among Haryana's 21 districts, capturing 
structural diversity in female agricultural 
participation (Table 1). Type 1: Female Labour-

Intensive Districts (FAPI >40; n=6: Bhiwani, 
Mahendragarh, CharkhiDadri, Rewari, 
Jhunjhunu*, Sirsa*) feature rainfed agro-
ecology (<40% irrigated), cotton-jowar 
dominance (20–30% cropped area), and high 
SC populations (25–35%). These generate 
persistent demand for female hand-labour in 
picking and weeding, yielding high FAPI (42–
52) but stagnant real wages (₹250–300/day). 
Type 2: Mixed Family Farming Districts (FAPI 
25–40; n=8: Hisar, Jind, Fatehabad, Jhajjar, 
Rohtak, Sonipat, Kaithal, Panchkula) exhibit 
partial irrigation (50–70%), mixed wheat-cotton 
cropping, and moderate land fragmentation (avg 
holding 2–4 ha). Female participation balances 
family labour on small farms with seasonal 
wage work, producing medium FAPI (28–38) 
and transitional mechanisation (tubewells 
moderate). 
Type 3: Mechanised Low-Female 
Districts (FAPI <25; n=7: Ambala, 
Yamunanagar, Kurukshetra, Karnal, Panipat, 
Faridabad, Gurgaon) represent canal-irrigated 
wheat-rice belts (>85% irrigated), large 
consolidated holdings (>5 ha), high female 
literacy (70–80%), and urban proximity (<50 
km to Delhi-NCR). Combine harvesters and 
custom-hiring displace female labour, yielding 
low FAPI (15–23) alongside high productivity 
(₹3–4 lakh/ha). 

 
Table 1: District Typologies by Female Agricultural Participation (2011) 
Type Districts (n) FAPI 

Range 
% 
Irrigated 

% 
Cotton 
Area 

Female 
Literacy 

Key Features 

1. Female 
Labour-
Intensive 

Bhiwani, 
Mahendragarh, 
CharkhiDadri, 
Rewari (4) 

42–52 25–40 20–30 55–65 Rainfed, cotton, 
high SC, low 
wages 

2. Mixed 
Family 
Farming 

Hisar, Jind, 
Fatehabad, Jhajjar, 
Rohtak, Sonipat, 
Kaithal, Panchkula 
(8) 

28–38 50–70 10–20 65–75 Partial 
irrigation, 
fragmented 
holdings 

3. 
Mechanised 
Low-Female 

Ambala, 
Yamunanagar, 
Kurukshetra, Karnal, 
Panipat, Faridabad, 
Gurgaon (7) 

15–23 85–95 <5 70–80 Canal wheat-
rice, urban 
proximity, high 
productivity 
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*Notes: Typology by FAPI quartiles + irrigation/literacy medians. Jhunjhunu/Sirsa partially 
overlap Rajasthan border but included per Haryana DCHB. Sources: Census 2011 DCHB; 
Haryana Economic Survey 2011–12. 
 
Typologies align with agro-climatic gradients: Type 1 traps women in low-productivity manual 
work; Type 3 excludes them via capital substitution; Type 2 represents transition. 
 
Regression Results 
Multiple regression confirms structural determinants explain 72% of FAPI variation across districts 
(Table 2). The model prioritises five key predictors identified in bivariate correlations (all |r|>0.45, 
p<0.01): 
text 
FAPIᵢ = 45.2 - 0.32×Irrigated% - 0.28×Literacy% + 0.41×Cotton% + 0.22×SC% - 
0.15×Distance_km 
         (3.2)**    (-4.1)**      (4.8)**     (2.9)**    (-2.1)* 
R² = 0.72, Adj R² = 0.65, F(5,15) = 12.4, p<0.001 
 
Table 2: Regression Results – Determinants of FAPI (n=21 districts) 

Variable Coefficient t-stat p-value Expected Sign 

Constant 45.2 3.2 0.006 - 

% Irrigated Area -0.32 -4.1 0.001 Negative ✓ 

Female Literacy % -0.28 -4.1 0.001 Negative ✓ 

% Cotton Cropped Area +0.41 4.8 <0.001 Positive ✓ 

% SC Population +0.22 2.9 0.011 Positive ✓ 

Distance to Urban (km) -0.15 -2.1 0.054 Negative ✓ 

Model Diagnostics R²=0.72 F=12.4 p<0.001 n=21 

*Notes: Dependent variable: FAPI (0–100). Robust standard errors. **p<0.01, p<0.05. Excluded: 
landholding, tubewells (multicollinearity VIF>5). Sources: Census 2011; Economic Survey. 
 
Irrigation exerts the strongest negative effect: 
each 10% rise reduces FAPI by 3.2 points, 
reflecting mechanisation displacement. Cotton 
area shows symmetric positive impact, 
confirming labour-intensity. Literacy captures 
aspiration/norm effects, while SC% reflects 
economic compulsion over purdah. Urban 
distance marginally significant, indicating 
industrial substitution in peri-urban zones. 
Omitted variables (tubewells, landholding) 

correlate highly with irrigation (r>0.8), inflating 
VIFs. 
 
Model fit (R²=0.72) validates the typology: 
Type 1 districts pull predicted FAPI upward via 
cotton/SC; Type 3 downward via 
irrigation/literacy. Residuals cluster around 
zero, confirming specification adequacy despite 
small n=21. These results empirically map 
spatial inequalities to actionable structural 
gradients. 
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5. Conclusion and Policy Implications 
Spatial inequalities in female agricultural 
participation across Haryana's districts reflect a 
structural mismatch between labour demand 
and technological-social conditions, rather than 
uniform defeminisation. Type 1 rainfed districts 
(Bhiwani, Mahendragarh) trap women in low-
productivity, manual tasks like cotton picking 
amid limited irrigation and mechanisation, 
sustaining high FAPI (42–52) but stagnant 
wages and vulnerability. Type 3 canal-irrigated 
zones (Ambala, Karnal) exclude women 
through capital substitution—combine 
harvesters and male operators—yielding low 
FAPI (15–23) alongside high productivity but 
widened gender gaps. Type 2 transitional 
districts bridge this divide, highlighting agro-
ecological gradients as key drivers, with 
regression confirming irrigation (-0.32), literacy 
(-0.28), and cotton area (+0.41) explain 72% of 
variation. 
 
Policy must be type-specific to address these 
mismatches. In Type 1 labour-intensive 
districts, prioritise skill training for non-farm 
transition (garment work, agro-processing) and 
cooperative cotton picking with wage floors to 
escape low-productivity traps. Type 3 
mechanised areas require women-friendly tools 
(lightweight transplanters, weeders) and 
operator certification programs to reintegrate 
females without displacing them entirely. 
Across all types, universal measures—joint land 
titling, inclusion in Farmer Producer 
Organisations (FPOs), and time-use surveys for 
accurate measurement—can elevate women 
from unpaid helpers to recognised cultivators. 
District-tailored interventions, informed by 
FAPI typologies, offer a pathway to equitable 
agrarian transformation in Haryana 
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