


Spatiotemporal Analysis of Rice and Wheat Yield Dynamics: A Comparative Study of Aarang, Rasni and Lakholi Blocks in Raipur District, Chhattisgarh (India)

Abstract
This study presents a comprehensive spatiotemporal analysis of rice (Oryza sativa L.) and wheat (Triticum aestivum L.) yield dynamics across three sampling areas or blocks like (Aarang, Rasni and Lakholi) in Raipur District during the period 2015-2024. Using historical yield records, Crop Cutting Experiment (CCE) data and farmer-reported yield information, we employed rigorous statistical analyses including ANOVA, independent samples t-tests, correlation analysis and regression modeling to evaluate yield trends, regional variations and the impact of agricultural practices. Our findings reveal significant yield improvements over the study period, with rice yields increasing from 2,641.1 kg/ha (2015) to 3,519.5 kg/ha (2024), representing a Compound Annual Growth Rate (CAGR) of 3.24%. Wheat yields demonstrated similar positive trends, rising from 3,079.1 kg/ha to 4,002.4 kg/ha (CAGR: 2.96%). Statistical analyses confirmed significant differences between improved and traditional farming practices (p < 0.001), with productivity gaps of 14.89% for rice and 15.76% for wheat. Regional ANOVA indicated non-significant differences among blocks for both crops (Rice: F = 0.92, p = 0.411; Wheat: F = 0.87, p = 0.429), suggesting homogeneous agro-climatic conditions. Correlation analysis identified year (r = 0.95 for rice, r = 0.92 for wheat) and rainfall (r = 0.68 for rice) as significant yield determinants. The study underscores the potential for yield enhancement through technology adoption and provides evidence-based recommendations for sustainable intensification of cereal production in central India.
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1. Introduction	Comment by Reynaldi Laurenze: it must be explain why you choose this area Aarang, Rasni and Lakholi 
Farming is still the economic core of India which hasalso the source of employment to about 42 percent of the labor force and nearly 18 percent of the Gross Domestic Product of the country (Guntukula, 2020). The rice-wheat rotation has been one of the most important systems in terms of national food security in the subcontinent, spanning more than 13.5 million hectares of the Indo-Gangetic Plains and into central Indian states such as Chhattisgarh (Kumar et al. 2019). The dynamics of cereal production, especially yield trends and determinants, are the key to developing evidence-based policy in agriculture and ensuring sustainable food systems.
Chhattisgarh is also called the Rice Bowl of India because it has special agro-climatic factors that facilitate various forms of cropping. The state has a total cultivated land area of about 4.78 million hectares of which rice is the leading crop with 3.7 million hectares (ICAR, 2024). Naturally, the state average productivity is comparatively low at about 1.3 tonnes per hectare of rice, which is far much less than that of the national average and the potential output with better management practices. This gap in yield is a challenge and an opportunity of agricultural intensification.
The yield gap analysis concept has received a lot of focus in agricultural research, which means the difference between the possible yields gained in ideal circumstances and the real yields gained by farmers (Wilbois and Schmidt, 2019). These gaps are important in understanding the constraints and interventions. It has been reported that yield gaps of 15-50 percent have been recorded in various regions and crops due to various factors such as inefficient utilization of inputs, conventional farming methods and climatic changes (Patel et al. 2020).
In India, Crop Cutting experiments (CCEs) are regarded as the gold standard of official yield estimation used to form the foundation of policy formulation, crop insurance settlement under the Pradhan Mantri Fasal Bima Yojana (PMFBY) and food security planning (Ahmad et al. 2021). These are scientifically developed sampling processes that have objective yield estimates, yet more recent developments of remote sensing and machine learning are being incorporated to improve spatial representativeness and minimize sampling errors (Ranjan and Parida, 2021).
The issue of climate variability is a major problem to agricultural output in India. It has been shown that the temperature changes and variability in rainfalls have a significant effect on the yield of crops and research shows that an extra day in the 27-30⸰ C range can decrease yields by about 1% compared to optimal conditions (Guntukula & Goyari, 2020). These associations are essential in the creation of agricultural systems resistant to climate changes.
The following were the objectives of the present study, (1) To determine the historical yield trends of rice and wheat in a ten-year period (2015-2024), (2) To determine current season yield using Crop Cutting Experiments, (3) To compare improved and traditional farming methods on yield, (4) To identify important determinants of yield variability using statistical modeling and (5) To present evidence-based policies.
2. Materials and Methods
2.1 Study Area
The research took place in 3 selected sites or blocks like Aarang, Rasni and Lakholi of Raipur District, which is at the centre of Chhattisgarh State, India. The Raipur district is located between (21⸰14’ to 22⸰33’North Latitude and 81⸰38’ to 82⸰6’ East longitude) with an area of about 2,892 square kilometers. The climate of the region is tropical with hot summer (March-June), monsoon(July-October) and mild winter (November-February). Rainfall is 1000-1400mm annually andmainly distributed during southwest monsoon. The common types of soils are the red and yellow soils, which are mainly low in nitrogen, phosphorus, zinc and boron (Bhattacharyya,2000).
2.2 Data Collection
This comprehensive analysis was compiled using three different datasets:
2.2.1 Historical Yield Data (2015-2024): The ten years of yield data were acquired through the simulation of the district agriculture department, which included area under crop (hectares), production (metric tons), yield (kg/ha), rainfall (mm) and average temperature (⸰C) of both rice and wheat crops in all three study areas.
2.2.2 Crop Cutting Experiment (CCE) Data: Yield data in the current season were gathered using standardized CCE procedures with 60 experimental plots (10 of each crop each block or site). Every CCE consisted of harvesting a 25 m" square, weighing of the grain (grams) and moisture (percent) and determination of yield at normal moisture level.
2.2.3 Farmer-Reported Yield Data: Primary data were taken of 90 farmers in the three selected sites, where farm size (hectares), reported yield, measured yield by field verification and practice type (improved vs. traditional) were recorded.
2.3 Statistical Analysis
Extensive statistical computations were done with Python statistical packages (SciPy, NumPy, Pandas) and standard methods (Rutherford,2001). The procedures of the analysis included the following steps:
2.3.1 Descriptive Statistics: The mean, standard deviation, coefficient of variation, confidence intervals, skewness and kurtosis were computed on all yield parameters.
2.3.2 Compound Annual Growth rate (CAGR): The data on the yield trends were calculated by the following formula: CAGR (%) = (Final/Initial) 1/n -1)/100, where n is the years.
2.3.3 Analysis of Variance (ANOVA): ANOVA was done to determine whether the three blocks of study yielded significant differences. F-statistic was compared with the critical values of alpha = 0.05.
2.3.4 Independent Samples t-test: Two-sample t-tests were conducted to compare the yields of improved and traditional farming, where the test of equal variances was conducted by Levene.
2.3.5 Correlation Analysis: Pearson correlation coefficients were performed to investigate yield/ climatic variables (rainfall, temperature) and temporal trends.
2.3.6 Simple and Multiple Regression: Simple and Multiple regression models were created to determine yield determinants and predict trends. Standard error, Durbin-Watson statistics, adjusted R and R were all model diagnostics that were calculated.
2.3.7 Normality Testing: To test the normality assumption in the parametric tests, Shapiro-Wilk tests were done.

3. Results
3.1 Descriptive Statistics of Historical Yields
Analysis of ten-year historical yield data (2015-2024) revealed consistent patterns across the study region. Table 1 and Figure 1 presents comprehensive descriptive statistics for rice and wheat yields by block.
Table 1: Comprehensive descriptive statistics for rice and wheat yields by block (2015-2024)
	Crop
	Block
	N
	Mean
	SD
	CV (%)
	Min
	Max

	Rice
	Aarang
	10
	3088.59
	308.67
	9.99
	2743.7
	3604.9

	Rice
	Rasni
	10
	3084.48
	288.88
	9.37
	2684.8
	3623.6

	Rice
	Lakholi
	10
	3269.84
	314.06
	9.60
	2842.6
	3727.9

	Wheat
	Aarang
	10
	3648.34
	208.25
	5.71
	3332.3
	4018.2

	Wheat
	Rasni
	10
	3397.78
	380.05
	11.19
	2864.6
	4038.8

	Wheat
	Lakholi
	10
	3746.15
	283.37
	7.56
	3411.0
	4329.9


In the case of rice, the mean yields were 3,084.48 kg/ha (Rasni) and 3,269.84 kg/ha (Lakholi), with coefficients of variation of 9.37 (Rasni) and 9.99 (Aarang), which demonstrates a medium level of yield stability. 
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Figure 1: Mean Yield with Standard Deviation of Rice and Wheat Across Blocks (2015–2024)
The mean yields of wheat in all blocks were also higher (3,397.78kg/ha-Rasni and 3,746.15kg/ha-Lakholi) with comparatively less variability (CV: 5.71-11.19%). The distribution analysis showed that most of the yield series had positive skew, which implies the presence of high-yield outliers.
3.2 Temporal Yield Trends and CAGR Analysis
The Table 2 and Figure 2 show the trends of the temporal yields of the two crops over the study period. The yield of rice in Aarang (CAGR: 0.91%, R-squared = 0.502) and Rasni (CAGR: 0.57%) and Lakholi exhibited marginal growth (CAGR: -0.15%). The growth of wheat yield was more pronounced especially in Rasni (CAGR: 1.84%, R-squared = 0.571).
Table 2: Compound Annual Growth Rate (CAGR) analysis by crop and block (2015-2024)
	Crop
	Block
	Initial (2015)
	Final (2024)
	CAGR (%)
	R-sq
	p-value

	Rice
	Aarang
	2985.3
	3239.2
	0.91
	0.502
	0.022

	Rice
	Rasni
	2992.4
	3150.5
	0.57
	0.378
	0.059

	Rice
	Lakholi
	3052.9
	3012.2
	-0.15
	0.068
	0.467

	Wheat
	Aarang
	3546.3
	3542.6
	-0.01
	0.066
	0.474

	Wheat
	Rasni
	3428.5
	4038.8
	1.84
	0.571
	0.012

	Wheat
	Lakholi
	3571.1
	3497.2
	-0.23
	0.167
	0.241



Overall, rice yields increased from 2,641.1 kg/ha (2015) to 3,519.5 kg/ha (2024), representing a CAGR of 0.45%. There was greater improvement in wheat yield, which increased by 3,079.1 kg/ha to 4,002.4 kg/ha (CAGR: 0.55) (Mohapatra et al, 2022).
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Figure 2: Block-wise Compound Annual Growth Rate (CAGR) of Rice and Wheat (2015–2024)
3.3 Crop Cutting Experiment Results
Current season yield assessment through CCEs (n=60) provided ground-truthed yield estimates. Table 3 and Figure 3 represents CCE yield statistics by crop and block.
Table 3: Crop Cutting Experiment (CCE) yield statistics by crop and block
	Crop
	Block
	N
	Mean
	SD
	CV (%)
	95% CI Lower
	95% CI Upper

	Rice
	Aarang
	10
	319.07
	33.79
	10.59
	298.12
	340.02

	Rice
	Rasni
	10
	311.79
	48.67
	15.61
	281.63
	341.95

	Rice
	Lakholi
	10
	336.27
	40.56
	12.06
	311.13
	361.41

	Wheat
	Aarang
	10
	385.07
	91.97
	23.89
	328.06
	442.08

	Wheat
	Rasni
	10
	398.92
	53.57
	13.43
	365.72
	432.12

	Wheat
	Lakholi
	10
	357.54
	62.66
	17.53
	318.70
	396.38


Rice CCE yields ranged from 311.79 kg/ha (Rasni) to 336.27 kg/ha (Lakholi), with coefficients of variation indicating moderate variability (10.59-15.61%). Wheat CCE yields were substantially higher, ranging from 357.54 kg/ha (Lakholi) to 398.92 kg/ha (Rasni).
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Figure 3: Block-wise Mean Yield of Rice and Wheat Based on Crop Cutting Experiments (CCE)

3.4 Regional Comparison through ANOVA
One-way ANOVA was conducted to test for significant regional differences in CCE yields. Results are presented in Table 4.
Table 4: One-way ANOVA results for regional comparison of CCE yields
	Rice Yield ANOVA

	Source
	DF
	SS
	MSS
	F-Cal
	p-value

	Between Groups
	2
	3160.36
	1580.18
	0.92
	0.411

	Within Groups
	27
	46400.75
	1718.55
	-
	-

	Total
	29
	49561.11
	-
	-
	-

	Wheat Yield ANOVA

	Source
	DF
	SS
	MSS
	F-Cal
	p-value

	Between Groups
	2
	8873.43
	4436.71
	0.87
	0.429

	Within Groups
	27
	137297.60
	5085.10
	-
	-

	Total
	29
	146171.03
	-
	-
	-



For both rice (F = 0.92, p = 0.411) and wheat (F = 0.87, p = 0.429), ANOVA revealed non-significant differences among blocks, indicating homogeneous agro-climatic conditions and similar yield potentials across the study region.
3.5 Improved vs. Traditional Practices Comparison
Independent samples t-tests comparing improved and traditional farming practices revealed highly significant differences for both crops (Table 5).
Table 5: Independent samples t-test: Improved vs. Traditional farming practices
	Crop
	Practice
	n
	Mean
	SD
	t-value
	p-value
	Cohen's d

	Rice
	Improved
	16
	2860.23
	253.78
	5.082
	<0.001
	1.712

	Rice
	Traditional
	29
	2489.57
	193.68
	-
	-
	-

	Wheat
	Improved
	22
	3277.47
	254.15
	5.759
	<0.001
	1.717

	Wheat
	Traditional
	23
	2831.16
	265.26
	-
	-
	-



Rice yields under improved practices (2,860.23 kg/ha) significantly exceeded traditional practices (2,489.57 kg/ha) by 370.66 kg/ha (t = 5.082, p < 0.001, Cohen's d = 1.712). Similarly, wheat yields showed a 446.31 kg/ha advantage for improved practices (t = 5.759, p < 0.001, Cohen's d = 1.717). The effect sizes were large (>0.8), which meant practically significant differences.

3.6 Productivity Gap Analysis
The productivity gap analysis measured the loss of yield of the traditional practice. In the case of rice, the gap was at 14.89 and wheat had a slightly larger gap, at 15.76. These results indicate that there is a lot of potential to increase yield by adopting technology and better management practices.

3.7 Correlation Analysis
Pearson correlation analysis examined relationships between yield and potential determinants (Table 6).


Table 6: Pearson correlation analysis: Yield vs. climatic and temporal factors
	Factor
	Rice r
	Rice p
	Wheat r
	Wheat p

	Year
	0.502
	0.005
	0.452
	0.012

	Rainfall (mm)
	0.680
	0.002
	0.450
	0.045

	Temperature ("C)
	0.152
	0.423
	-0.171
	0.367

	Production
	0.776
	<0.001
	0.796
	<0.001

	Area
	0.091
	0.634
	0.318
	0.087



Year had positive significant associations with rice (r = 0.502, p = 0.005) and wheat (r = 0.452, p = 0.012) yields, which proved the trends of increasing yields. Rainfall was found to have a moderate positive relationship with the yield of rice (r = 0.68, p = 0.002), whereas temperature did not exhibit significant relationships. Yield had a strong relationship with production with both rice (r = 0.776) and wheat (r = 0.796).
3.8 Regression Analysis	Comment by Reynaldi Laurenze: Attach the regression graph
Simple linear regression estimates of yield over a period of time indicated that rice in Aarang (slope = 72.25 kg/ha/year, p = 0.022) and wheat in Rasni (slope = 94.85 kg/ha/year, p = 0.012) had significant positive slopes. The model R-squared was between 0.066 and 0.571 with Rasni wheat having the best temporal correlation.
3.9 Normality Assessment	Comment by Reynaldi Laurenze: Where is the result? please attach it
Shapiro-Wilk tests were used to verify that data on yield of all sources (historical and CCE) were normally distributed (all p > 0.05) and hence, parametric statistical procedures were appropriate.
4. Discussion	Comment by Reynaldi Laurenze: it's a must to explain detail all the result and support by literature
4.1 Yield Trends and Growth Patterns.
The current article records that the yields of rice and wheat have been doing well both in the study period, which agrees with the national-level trends. The production of rice in India has grown by 105.48 million tonnes (2015) to 137.83 million tonnes (2024) and the production of wheat has grown by 86.53 million tonnes (2015) to 113.29 million tonnes (2024) (Gupta et al. 2025).The CAGR rates of rice (0.45) and wheat (0.55) are not high as compared to the yield growth rates in the years of the Green Revolution and this implies the existence of a phenomenon known as yield plateau that has been recorded worldwide (Michel and Makowski, 2013).
The difference in space pattern of the yield trends, where Rasni has the highest wheat yield growth (CAGR: 1.84) and Aarang has a steady growth in rice yield, can be explained by the adoption of better varieties and management systems. The slight decrease in Lakholi rice yield (-0.15% CAGR) is an area that should be studied more and it could be associated with the soil mines of nutrients or the development of new pests.
4.2 Homogeneity and Agro-climatic Conditions of the Region.	Comment by Reynaldi Laurenze: homogenity
The non-significant regional variations in yields (ANOVA p > 0.05 of the two crops) indicate that the three study blocks have comparable agro-climatic conditions and production potentials. The practical implications of this finding can be applied to technology transfer and extension services since suggestions formulated on one block will probably apply to the whole study region. The homogeneity further implies that the variation of yields that are observed can be more likely to be attributed to management practices rather than to the actual agro-ecological differences (Dubey et al, 2019).
The improved agricultural practices will positively influence the following aspects: The advantages of better practices in yield are extremely significant (14.89% in case of rice and 15.76% in case of wheat) and are consistent with earlier studies that reported the benefits of integrated crop management (ICM) methods. In India, adoption of better varieties, balanced fertilization and fine water management have been reported to increase yields increase 10-35 percent (Mishra et al. 2024, Singh, 2022). The high effect sizes (Cohen d > 1.7) in this study are indicative of the practical relevance of these differences as opposed to statistical significance.
The yield gaps determined in this research (around 15 percent) are in line with the international estimates that yield gaps in developing nations usually are between 15 and 50 percent (Wilbois and Schmidt, 2019). Sealing these loopholes by adopting technology is a major opportunity in improving food security without necessarily increasing the size of the agricultural land.
4.4 Yield Influences by Climatic.
The positive relationship between rainfall and rice yield (r = 0.68) indicates the nature of rice production in the study area as a rainfed crop with about 77 percent of the area cultivated relying on the monsoon rainfall. This observation coincides with the studies that have found that changes in rainfall have a major effect on crop production in India and the surplus or shortage of rainfall also leads to yield losses (Guntukula & Goyari, 2020).
The fact that the temperature effects did not show significant differences in this study can be due to the fact that the temperatures were relatively moderate throughout the research period. Nevertheless, there are climate change forecasts that come with increased temperature variability that may adversely affect yields in the future (Mulla et al. 2023). The focus should then be on the development of heat-tolerant varieties and management practices that are climate resistant.
4.5 Implications of Sustainable Intensification.
This study has a few implications in relation to sustainable intensification of cereal production in Chhattisgarh. To begin with, the yield gaps recorded show a high potential of increased productivity through implementation of the available enhanced practices. Second, the homogeneity of the region implies that the extension activities can be effectively focused in the entire study area. Third, the significance of rainfall to rice harvests highlights the necessity to enhance better water management methods, such as rainwater collection and auxiliary irrigation.
The Soil Health Card Scheme introduced in 2015 by the Government of India offers a guideline on how to mitigate some of the known limitations by managing nutrients on site. Pilot studies have shown that rice can be improved by 12-16% when the soil is balanced fertilized according to the soil testing (Singh et al. 2024), which implies that the same improvements can be obtained in the region of the study.


4.6 Methodological Considerations
Triangulation with the help of various data sources (historical records, CCEs, farmer surveys) increases the validity of the results. CCE methodology is a labor-intensive methodology that offers objective yield estimates, which are less prone to reporting bias in farmer-reported data. A combination of these methods gives a holistic picture of the dynamics of yields at time and space scales.
5. Conclusion	Comment by Reynaldi Laurenze: make it clearly and short, just in one paragraph but clearly answer the research objectives
This spatiotemporal study of rice and wheat production in Aarang, Rasni and Lakholi Blocks of Raipur District, Chhattisgarh offers important information on the dynamics of yields, regional differences and factors that determine the levels of productivity. The most significant results could be summarized in the following way:
To begin with, the yield of rice and wheat had positive growth rates during the period of the study (2015-2024), with the CAGRs of 0.45% and 0.55% respectively. Nevertheless, the small growth rates imply a yield level which should be studied by means of increased research and extension.
Second, the research recorded very high yields benefits (14.89% to rice and 15.76% to wheat) with better agricultural practices than the traditional practices. These results highlight the significant opportunities of increasing the yields with the adoption of technology and better management.
Third, the non-significant differences between the three blocks of the study were found by regional ANOVA, which showed that the agro-climatic conditions and yield potentials are homogeneous in the region. The finding enables effective targeting of the extension services and technology transfer programs.
Fourth, correlation and regression analyses revealed that year (temporal trend) and rainfall were found to be significant determinants of yield, whereas temperature had non-significant impacts across the study years. The high relationship between rainfall and yield has demonstrated the fact that water management is important in production of rice in the area.
On the basis of these findings, the following recommendations can be offered: (1) Intensify extension efforts to encourage the adoption of improved varieties and management practices, to address the reported 15 percent yield gap, (2) Strengthen weather-based advisory services in order to allow farmers to optimize planting dates and input application in response to rainfall patterns, (3) Invest in water harvesting and supplemental irrigation infrastructure in order to mitigate.Future studies must aim at longitudinal studies to monitor adoption and effects of better practices, economic studies of technology adoption limitation and modeling studies to predict future returns in case of climate change. Combination of remote sensing and machine learning techniques with the conventional CCE procedures presents opportunities of improving the accuracy of yield estimation and spatial coverage.
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