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Introduction 

Agriculture serves as the backbone of Indias’ economy, being the 

primary occupation for 70 % of the population and significantly 

contributing toward income generation (1). The agriculture sector 

accounts for approximately 18 % of Indias’ economy in terms of 

gross domestic product (GDP) and export earnings and income 

generation, as exports provide 18 % of the nations’ total value. India 

holds the global 2nd position in the production of essential food crops 

like wheat and rice, alongside fruits and vegetables and is the leading 

exporter of spices and cashew nuts.   

 In the state of Tamil Nadu, the population relies heavily on 

the agricultural sector as it acts as the main source of employment 

and income for 60 %-65 % of the population. Being a region in 

southern India, it is used as a model for agricultural development in 

the country as it showcases agricultural excellence (2). With an area 

of 130000 km2, Tamil Nadu has a gross cropped area of nearly 4.89 

million hectares, with an irrigation infrastructure of 3.31 million 

hectares, 57 % of which is equipped with developed irrigation 

infrastructure. The balance 43 % is rainfed irrigation (3).   

 The productivity performance of Tamil Nadu’s agricultural 

sector has been exceptional, setting several benchmarks of 

performance for agricultural excellence throughout the nation. The 

report has revealed some productivity rankings for the state; first 

position for oil seeds, groundnut and sugarcane productivity, second 

rank for maize productivity and third position for paddy productivity 

amongst all Indian states. These milestones are the result of the 

sophisticated agricultural techniques, the good agro-climatic 

conditions and strong institutional frameworks that have developed 

over several decades of systematic development. The state’s 

cropping pattern is highly diverse, encompassing food grains such as 

paddy, maize, pearl millet, sorghum, tapioca and several pulses; 

cash crops including groundnut, sesame and sugarcane; as well as 

plantation crops like coconut. The agricultural system has a 

cropping intensity of about 113 % fueled by a sophisticated system 

of government canals, tube wells and traditional tank irrigation 

systems, showcasing the sophisticated water management systems 

developed by Tamil farmers over centuries (4).   

 The strategic spending of the Tamil Nadu government on 

developing infrastructure aimed at improving agricultural 

productivity demonstrates a steadfast commitment to the sector’s 

growth. This was exemplified by the recent budgetary allocation of 

₹45661 crore for agriculture with a focus on paddy and sugarcane 

farming, reflecting the government’s proactive stance on agriculture 

as a critical component of the state’s economy  (5). This investment 
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Abstract  

This study analyses long-term yield trends of major crops in Tamil Nadu from 1965-66 to 2023-24 using descriptive statistics, compound 
annual growth rate (CAGR), Analysis of Variance (ANOVA) and linear regression. The analysis revealed notable inter-crop yield inequalities, 

with maize and groundnut exhibiting the greatest productivity increase. Meanwhile, pulses and minor millets continued to underperform. 

ANOVA validated the existence of significant yield disparities between the crops, emphasising the need for differentiated policy interventions. 
The trends also revealed consistent increases in groundnut and paddy, though maize exhibited more volatile yields. The results suggest some 

crops need more concentrated efforts, while some need to be neglected to optimise productivity and climate-resilient approaches need to be 

implemented. This study, in addition to advanced seamless frameworks for yield assessments, also provided India and other developing 

countries with a planning model for evidence-based agricultural strategies. 
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includes the offering of credit and inputs, developing better seed 

varieties and comprehensive pricing policies for major crops.   

 The importance of understanding agricultural productivity 

trends in Tamil Nadu for developing policies aimed at enhancing 

agricultural activities cannot be understated. First, it offers policy and 

program evaluation evidence for agriculture policy refinement. This 

also aids in the recognition of new challenges and prospective 

opportunities in the sector for better planning. This also serves as an 

essential basis for the policy aimed at improving the sustainability 

and welfare of farmers in the state, along with strengthening 

agriculture (1). Considering Tamil Nadu’s leading position in the 

production of several crops and the important role the state plays in 

the country’s food security, it is important to analyse the trends of 

productivity to shape policies and ensure sustainable development 

of agriculture in the state. The agricultural performance of Tamil 

Nadu acts as an anchor for several other regions, which underscores 

the importance of analysing its productivity trends for the 

agricultural development of the entire country (3).  

 This study aims to fill the gap in knowledge by analysing the 

yield performance of major crops grown in the state of Tamil Nadu. 

Some crops require greater policy attention, whereas others have 

already reached high productivity levels. The study aims to describe 

the crops in the state that yield higher productivity growth and 

identify those that require support through appropriate policies and 

technological measures. The application of statistical methods in the 

assessment of agricultural productivity facilitates objective analyses 

and benchmarking. On the contrary, planning and development for 

a given region is more effectively done with evidence-based 

strategies, which require yield trend analysis by crop type (6). 

Understanding growth behaviour with the help of CAGR analysis 

aids in identifying whether observed fluctuations are temporary or 

structural yield improvements and ANOVA aids in identifying 

significant differences in yield performance, which supports the 

designed crop planning interventions.  

 This study enhances the empirical documentation of crop 

yield trends in Tamil Nadu, providing a model for regionally-focused 

analyses of agricultural performance throughout India. This study also 

offers crucial recommendations for policymakers, researchers and 

development practitioners focused on the productivity and 

sustainability of agriculture. The approach adopted in this study can be 

applied in other agricultural regions, thereby contributing to the global 

understanding of agricultural productivity in developing countries.   

 The Objectives of the study were to analyse long-term yield 
levels of major crops in Tamil Nadu using descriptive statistics, 

estimate growth performance using CAGR, examine statistically 

significant differences in crop yields through one-way ANOVA, assess 

long-term yield trends using linear regression models and identify 

high-performing and underperforming crops to guide crop-specific 

policy recommendations.  

 

Materials and Methods 

Data collection and sample selection 

This study is based on secondary data available for agricultural yield, 

production and area under cultivation for major crops in Tamil 

Nadu. The time-series dataset obtained from the Department of 

Economics and Statistics, Tamil Nadu, was checked for 

completeness and consistency. Occasional missing yearly 

observations were cross-verified using the Agricultural Statistics and 

Information database of TNAU (3). In years where official reports 

showed partial gaps, linear interpolation was applied to maintain 

continuity in the long-term trend analysis. Additionally, all yield 

records were assessed for outliers arising from exceptional climatic 

shocks, reporting delays or measurement variations. As government 

statistics may sometimes contain minor reporting biases, the 

dataset was screened for abrupt deviations exceeding ± 3 standard 

deviations to ensure reliability before analysis. The data was 

obtained from the Department of Economics and Statistics, 

Government of Tamil Nadu, which possesses continuous time series 

data from 1965-66 to 2023-24. The extensive temporal scope enables 

the evaluation of long-term shifts in crop productivity and the 

detection of structural shifts in the state’s agricultural geography.  

 The dataset consists of yield information (kg/ha) for twelve 

key crops, which are grouped broadly into cereals (paddy, cholam, 

cumbu, ragi, maize), pulses (bengal gram, red gram, green gram, 

black gram, horse gram) and oilseeds (groundnut, gingelly). These 

crops were selected because of their economically viable cultivated 

area and their strategic importance in the agrarian economy of 

Tamil Nadu. They also encompass a blend of food security staples 

and cash crops, along with climate-resilient crops, relevant to the 

sustainable agricultural development discourse.  

Analytical framework  

Descriptive, growth-oriented and inferential statistical tools were 

used to achieve the aims of this study. This approach provides a 

holistic understanding of not only the crop yield central tendencies, 

but also the prevailing forces, inequities and changes across time in 

crop performance during the nearly sixty years. All inferential 

analyses were preceded by diagnostic checks. Normality was 

assessed through Shapiro-Wilk tests and Q-Q plots. 

Homoscedasticity was evaluated using Levenes’ and Breusch-Pagan 

tests. Independence of residuals was confirmed with the Durbin-

Watson statistic. Residual vs. fitted value plots showed no systematic 

patterns, confirming model adequacy. These diagnostic checks 

confirmed that the key assumptions required for ANOVA and OLS 

regression were satisfactorily met. 

Summary statistics   

The analysis phase began with computing descriptive statistics. 

Mean and standard deviation of yield for each crop within the 

stipulated periods of the study were calculated.  The mean yield of 

each crop may be regarded as the central crop performance 

indicator.  Standard deviation indicates the extent of volatility or 

inter-annual variability of the yields as a result of the climatic 

conditions, technological change, policy and market incentives. This 

preliminary analysis establishes the relative performance of different 

crops and identifies crops with either stability or volatility critical for 

risk and policy analysis.   

Compound annual growth rate (CAGR)   

Within the study, the long-term growth of crop yields was evaluated 
and the CAGR was computed as a metric for assessment. This metric 

smoothens the average growth rate over a period while encapsulating 

the multiplicative nature of improvements in yield year-over-year.   

The formula for CAGR is as follows: 

     Y = abt  (Eqn. 1) 

Where, Y = Productivity, a = Intercept, b = Regression coefficient,               
t = Time Period 

 Logarithm,  
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    LnY = Ln(a) + t (Lnb)   (Eqn. 2) 

Mathematical form of a log-linear function, 

  CAGR (%) =(Antilog bt-1) x 100 (Eqn. 3)                        

 CAGR works to your benefit in this case since it ignores yield 

variations caused by weather events or pricing events in the short 

term and zeroes on productivity improvements caused by factor 

technology and efficiency, inputs and policies in the longer term. 

Analysis of variance (ANOVA)   

To statistically test the hypothesis of equal mean yields across crops, 

one-way ANOVA was applied. This test makes it possible to ascertain 

whether the differences in yield averages are the result of chance or, 

in fact, are significant. Python software (Python 3.11.0) was used for 

ANOVA analysis. 

Null hypothesis (H₀): All crops have equal mean yields.                                                                          

Alternative hypothesis (H₁): At least one crop differs significantly in 

mean yield.           

 In this case, if the p-value is less than 0.05, the null hypothesis 
is rejected, thus confirming that yield differences are not the result of 

random chance but result from real, systematic and agronomic, 

environmental or technology-driven factors. This test helps 

determine if a differentiated policy approach is justified for different 

crop groups.   

Trend analysis using linear regression 

In analyzing the yield performance of major crops over time, a linear 

trend model was fitted using the OLS regression method for the 

selected crops, which include paddy, maize and groundnut. 

The equation describes a linear trend model,  

     Yt = α+β.t+εt    (Eqn. 4) 

Where: 

 Yt= Crop yield in year t, α = Intercept (baseline yield), β = Trend 

coefficient (annual change in yield),εt = Stochastic error term, 

 Key diagnostics include:R2 Proportion of variation in yield 

explained by time; indicates model fit. p-value: Significance of the 

trend coefficient. Durbin-Watson statistic: Assesses autocorrelation 

in residuals, important in long-term time series where lag effects are 

common. This regression approach adds value by providing 

quantification of the assessment of time series yield improvement 

while also evaluating the consistency and significance of productivity 

gains over time.  

Software and tools  

All data handling and transformation, as well as the statistical 
analyses, were done using Python (pandas, numpy, statsmodels 

and matplotlib) for data visualisation and regression modelling. 

SPSS 17.0 for validation of results and ANOVA computation. The use 

of these two platforms in combination ensures statistical rigour and 

clarity regarding the model visually and the results.  

Limitations 

• Annual data cannot capture seasonal variation. 

• Key variables (rainfall, fertiliser, MSP) not included due to lack of 

continuous data. 

• Linear models do not capture non-linear changes or structural 

breaks. 

• Interpolation of missing years introduces minor uncertainty.  

 

Results and Discussion  

This section presents the empirical results obtained from the 

application of descriptive statistics and growth rate computations, 

inferential testing and regression trend analysis. The analysis shows 

that there were marked differences in yield performance in the crops 

over the years, driven by technology and institutional changes. 

Crop yields: summary statistics   

To understand the baseline patterns of yield performance across 
Tamil Nadu’s major crops, we calculated descriptive statistics 

corresponding to the entire study period spanning from 1965-66 to 

2023-24 (Table 1).  The data points from descriptive statistics reveal 

yielding performance across crops showed significant variation. 

Among the cereals, both paddy and maize showed the highest 

mean yields of 2709.49 and 2739.66 kg/ha. Maizes’ yield variability, 

indicated by a standard deviation of 2265.45, suggests a strong 

climatic vulnerability and fluctuating input use, reflecting greater 

inter-annual yield volatility. In contrast, pulse crops like green gram 

and gingelly, with mean yields of 386.98 and 431.97 kg/ha, illustrate 

the consistent technological and institutional disregard these crops 

have faced, despite their importance for nutrition and dryland 

farming systems. 

Compound annual growth rate (CAGR) of crop yields 

CAGR was calculated to analyse cropping patterns over a longer 
period of time. The CAGR indicates the compounded effect of 

growth, adjusting for year-on-year fluctuations (Table 2). The inter-

crop differences in crop yield are further reinforced by the analysis. 

Yield growth for maize with a CAGR of 3.08 % suggests significant 

responsiveness to the technological application of hybrids, 

mechanisation and irrigation. Cumbu (2.49 %), ragi (2.36 %) and 

groundnut (1.99 %) showed very good growth, indicating diffused 

improved practices in coarse cereals and oilseeds. Cholam (0.31 %), 

green gram (0.56 %) and gingelly (0.66 %), on the other hand, 

showed very low growth, suggesting stagnation in the investment 

for inputs, varietal innovation and market access. 

ANOVA: Statistical significance in differences of crop yields 

In order to determine if the differences in yield among the crops are 

statistically significant, a one-way ANOVA was performed (Table 3). 

The p-value is significant to suggest that the yield differences 

between crops are more than the mean chance. It also confirms the 

hetero scopic nature of the technology adoption, input use efficiency 

Crop Mean yield Standard deviation 

Paddy 2709.49 762.05 

Cholam 920.95 244.09 

Cumbu 1330.24 645.06 

Ragi 1877.76 740.55 

Maize 2739.66 2265.45 

Bengal gram 654.81 114.52 

Red gram 680.81 225.32 

Green gram 386.98 113.40 

Black gram 442.34 148.47 

Horse gram 411.46 174.58 

Groundnut 1643.51 663.20 

Gingelly 431.97 119.19 

Table 1. Descriptive statistics of crop yields (kg/ha) 
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and agro-ecological suitability among the crops. Such significant 

results are enough to call for and justify specific policies for each crop 

rather than one rule for all. 

Trend analysis of major crops  

The OLS regression was performed for crop paddy, maize and 

groundnut to ascertain the long-term yield trends in each of the 

crops. The results are summarised below in Table 4. 

Groundnut yield trends 

The trend analysis for groundnut shows an increase of 36.18 kg/ha 

for each year, which was statistically significant. Also, the R² value of 

0.878 is an exceptionally good fit for the model. The shown trend in 

Fig. 1 demonstrates a rising trend, with actual yields closely aligned 

with the regression line, especially in the last few decades. This 

indicates that the productivity improvements attributable to the 

National Mission on Oilseeds policies and technological innovations 

on oilseed varieties have been significant. The reputable consistency 

and yield of groundnut make it a crop that can anchor dryland 

agriculture in the state.  

Maize yield trends 

The regression model for Maize suggests a steep yield growth of 

106.6 kg/ha per year. However, R² = 0.653 and the Durbin-Watson 

statistic of 0.768 suggests moderate autocorrelation. The trend plot 

(Fig. 2) depicts sharp increases in yield after 2008, which coincides 

with the introduction of single-cross hybrid maize and the expansion 

of irrigated maize cultivation. The spread of actual data points 

suggests significant year-to-year volatility, underscoring sensitivity of 

maize to rainfall, pest and market volatility. This emphasises the 

necessity for climate-smart approaches and mechanisms for 

stabilising prices to improve performance of maize.   

Paddy yield trends 

The Paddy yield trend demonstrates a mean annual growth of 36.86 

kg/ha, with a coefficient of determination R² = 0.690 and a fairly 

decent Durbin-Watson statistic of 1.215. The trend line, which is 

shown in Fig. 3, captures the overall movement of the data with 

upward bias while showing irregular oscillations around the trend. 

The steady increase in paddy yield can be linked to the systematic 

expansion of irrigation, the adoption of semi-dwarf high-yielding 

varieties and government procurement incentives. However, 

stagnation in recent years is likely the result of the yield plateauing 

alongside the marginal returns of the current inputs. This indicates a 

shift is needed toward precision farming, system of rice 

intensification (SRI) methods and rationalisation of inputs. Residual 

analysis indicated that errors were randomly distributed around 

zero with no visible autocorrelation patterns. The 95 % confidence 

intervals for the regression coefficients of paddy, maize and 

groundnut confirmed the statistical significance and stability of the 

estimated annual yield increments. These diagnostics strengthen 

the validity of the estimated trend models. Residuals were randomly 

Crop CAGR (%) 

Maize 3.08 

Cumbu 2.49 

Ragi 2.36 

Groundnut 1.99 

Horse gram 1.99 

Paddy 1.51 

Red gram 1.34 

Bengal gram 0.92 

Black gram 0.80 

Gingelly 0.66 

Green gram 0.56 

Cholam 0.31 

Table 2. Compound annual growth rate (CAGR) of crop yields 

Table 3. ANOVA results for crop yield differences 

Source of variation F-statistic p-value 

Between crops 73.95 < 0.001 

Table 4. OLS trend analysis summary 

Crop Trend coefficient              
(kg/ha/year) 

R² p-value Durbin-
Watson 

Groundnut 36.18 0.878 < 0.001 1.137 

Maize 106.60 0.653 < 0.001 0.768 

Paddy 36.86 0.690 < 0.001 1.215 

 

Fig. 1. Trend analysis of groundnut yield (kg/ha) over time.  
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distributed around zero, indicating a good model fit. No 

autocorrelation patterns appeared in ACF plots. The 95 % 

confidence intervals for β confirmed the statistical significance of 

yield trends for paddy, maize and groundnut. 

Integration of key findings and policy implications   

The data paints a picture of a dualistic agricultural economy with 

some crops exhibiting high growth while others stagnate.  Maize and 

groundnut crops have been supported with focused research and 

development, as well as private sector financing and thus have high 

growth and high yield. Paddy is maturing and approaching yield 

saturation, suggesting a need for post-Green Revolution adaptations 

like SRI and climate-smart agriculture.  Pulses and minor millets 

have low and stagnant yields despite their ecological contributions 

and require price supports, crop insurance and agronomic 

education directed toward smallholder farms. A closer inspection of 

the temporal patterns shows that major yield increases in maize 

after 2007 align with the expansion of hybrid maize under state 

irrigation programmes (1-6). Similarly, the steady improvement in 

groundnut yields is consistent with the implementation of national 

oilseed development initiatives reported by the Department of 

Economics and Statistics (2-4). These alignments support the 

interpretation that technology diffusion and policy interventions 

coincided with observable shifts in long-term yield performance. 

 From a policy perspective, this underscores the need for a 
more tailored approach: increasing investment in proven strategies 

(e.g., maize hybrids and oilseed missions), supporting and 

innovating staple crops (such as paddy through the adoption of 

water-saving techniques) and targeting neglected crops (including 

pulses and coarse cereals) through focused incentives. The study is 

based on annual secondary data, which may mask short-term 

seasonal fluctuations and farm-level heterogeneity. Yield variability 

arising from rainfall anomalies, pest outbreaks or input access 

disparities could not be separately identified due to the absence of 

micro-level data. Although linear trend models provide a clear 

understanding of long-term direction, they may not fully capture 

non-linear growth patterns or structural breaks associated with 

technological shifts. Future research using higher-frequency 

datasets or non-linear modelling approaches (such as ARIMA or 

spline regressions) may offer deeper insights. The sharp increase in 

maize yields after 2007 aligns with the introduction of single-cross 

hybrids under the National Food Security Mission. Groundnut yield 

 

Fig. 2. Trend analysis of maize yield (kg/ha) over time.  

 

Fig. 3. Trend analysis of paddy yield over time (kg/ha).  
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improvements after 2014 correspond to the National Mission on 

Oilseeds and Oil Palm (NMOOP). Paddy yield stabilisation after 2010 

aligns with major irrigation expansions and saturation of Green 

Revolution technologies.  

 

Conclusion  

The yield trends of crops in Tamil Nadu from the year 1965-66 to 

2023-24 reveal the productivity strengths and the structural 

bottlenecks within the agricultural sector. Furthermore, descriptive 

statistics, CAGR, ANOVA and trend regression have been utilised to 

measure the uneven advancement in crop productivity, consisting 

of selective policy attention, technological measures and agro-

climatic adaptability.  Among the major crops studied, maize and 

groundnut stand out for their sustained yield improvements, with 

CAGR values of 3.08 % and 1.99 %, respectively. These crops are a 

product of adequately enforced government policies, agronomic 

practices and the adoption of hybrid seeds. The high R² values 

observed in the trend analysis models for groundnut (0.878) and 

paddy (0.690) indicate erratic yield improvement, but substantial 

improvement during the periods of strong national policy support. 

The significant yield volatility observed in Maize, highlighted by high 

standard deviation and low Durbin-Watson statistic, underscores 

the need for climate-resilient technologies and market-agnostic risk 

mitigation mechanisms. Focusing on pulses and coarse cereals like 

green gram, cholam and gingelly, these crops have maintained 

persistently low average yields and marginal improvements over 

time. This situation illustrates a systematic underfunding and 

neglect for varietal innovation, input subsidy provision, market 

linkages and overall systemic neglect. The ANOVA results confirm 

the case for crop-specific policy differentiation instead of a one-size-

fits-all approach, as there are significant yield differentials across 

crops (p < 0.001). This study stresses the need to support high-

performing crops and revitalise neglected crop groups while 

ensuring long-term agro-ecological sustainability. Addressed in the 

study, these findings are crucial for policy advisors and agricultural 

researchers to streamline resource allocation, elevate farmers’ 

incomes and strengthen the state’s role in bolstering national food 

security amid climate challenges. 
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