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Supply Response and dynamics of Paddy production in Agro-Ecological Unit in Kerala



ABSTRACT
This study investigated the cropping pattern and supply response of paddy farmers in Agro Ecological Unit 6 in Kerala. The study was based on time series data collected from the Department of Economics and Statistics, Government of Kerala, during the period of 2013-14 to 2022-23. Various analytical tools, such as the compound annual growth rate and regression analysis, were used based on the Nerlov supply response model.  The results revealed that the cropping pattern of these areas made a resurgence towards paddy farming with an increase of 2.59 percent compound growth rate in the area of cultivation. Although the area and production of paddy showed a positive growth rate, productivity exhibited a negative growth of 0.93 percent per annum. Using the Nerlove model of supply response, this study seeks to analyse the paddy acreage response of the farmers and identify the various factors influencing the supply response of paddy. The expected income from paddy farming is a highly significant (p < 0.01) determinant of paddy cultivation, with a regression coefficient of 0.035. The expected income from arecanut and excessive rainfall negatively affects paddy cultivation. Although excessive and untimely rainfall is a constraint, the main factor that motivates farmers to cultivate paddy is the hope of making a steady profit from rice farming. The overall fit of the model was significant, with an R-squared value of 0.905.	Comment by الكاتب: Please remove extra spaces between words and stuck words throughout the manuscript.
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1. INTRODUCTION
World paddy, a crop of significance for 112 countries, is sown in 160 million hectares producing about 740 million tons of land (FAO, 2016) and feeding 4 billion people on globe (ICAR). The majority (90 per cent) of paddy crop was produced and consumed in Asia (FAO, 2016).  India is the third largest paddy producer in the world after China in Asian countries. For the year 2023-24, India contributes 26 per cent (1378 lakh metric tonnes) of the total rice production worldwide (Ministry of Agriculture and Farmers’ Welfare). Though India is the second highest producer of rice, its average productivity stood at a mere 2.6 tonnes per hectare (ICAR). This was well below the peak Australian productivity of 10 tonnes per hectare, and world average productivity of 4.7 tonnes per hectare (Ndondo, 2023). 	Comment by الكاتب: million tons of grain ?	Comment by الكاتب: the third-largest paddy producer in the world after China among Asian countries	Comment by الكاتب: second-highest
The environments in which the rice is grown are irrigated lowland, rainfed lowland, and upland. About 40 per cent of India’s rice-growing areas are classed as rainfed, and the rest as irrigated. But such rainfed areas are either subject to drought or flood. From a natural resource perspective, rice production in those regions was not sustainable and/ or efficient in terms of resource utilization. But within Kerala, a southern state of India, 76 per cent the paddy-grown area was irrigated low land area (DES, 2020). Similar soils and climatic conditions help these low-land irrigated areas to establish a paddy agroecosystem that facilitates building sustainable farming systems. The paddy fields are especially crucial that they offer both goods and services to enhance comfort of society for act of living. In addition to the production of rice, rice fields, as man-made wetlands, provide several ecosystem services including provisioning, regulating, cultural and supporting services (MEA, 2003). At a more agroecological level, rice growing can promote soil health, mitigate greenhouse gas emissions and enhance sustainable yield.	Comment by الكاتب: of the	Comment by الكاتب: low-land	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: Please rephrase and clarify:
The paddy fields are especially crucial because they offer both goods and services to enhance the comfort of society for the act of living.	Comment by الكاتب: It doesn't appear in the reference list.
During the past 40 years, the cropping pattern in Kerala had experienced a significant shift from paddy to coconut and banana and also to non-food crops like arecanut and rubber. The area under paddy declined to 1.94 lakh hectares in 2021-22 from 8 lakh hectares in 1980-81(DES, 2022). 79 per cent of Kerala's paddy acreage is split over four districts: Palakkad, Alappuzha, Thrissur, and Kottayam. Only 7.46 per cent of the cultivated area is used for paddy production. The poor per capita availability of paddy fields (0.12 ha) and the intensive farming practices make the cultivation inefficient and unsustainable in Kerala.  Farmers are being forced to abandon unsustainable rice farming, which yields low productivity and low profits, and convert their land to alternative crops such as banana, arecanut, coconut, and rubber, which yield high profits. There are price and non-price drivers determine the changes in cropping pattern in Kerala. But paddy farming is not just a means of producing food crops, but it is also a culture and a way of life for achieving sustainable livelihoods. Therefore, studying the supply response of paddy crops in Kerala is important for conserving paddy field as a requisite for food security and sustainable livelihoods of the rural population of the state. 	Comment by الكاتب: drivers that determine changes in the cropping	Comment by الكاتب: fields
There are several studies examined the nature and drivers of supply response in agriculture. According to Babcock (2015), Supply response is the elasticity of the quantity of some specific commodity supplied with respect to its own price. Such supply response is acreage response and yield response (Mythili, 2008) which depends upon the price incentives (Fisher, 1975; Griffiths and Anderson, 1978; Rao, 2003) and non-price factors (Askari and Cummings, 1976; NCAER, 1996; and Usha, 2006). The important non-price factors are rainfall, irrigation, market access for both inputs and output, and literacy. Some other non-price factors like climate change and energy price negatively affect paddy supply in the short run and long run (Fitrianti, 2024).  Supply may be responding to changes in its own price, the price of substitute or complementary goods, agricultural policies, or environmental factors such as weather or disease pressure. The diversification of crops in terms of variation in acreage allocation has taken place due to price and non-price factors like agro-climatic conditions, labour availability, irrigation facilities, soil fertility, cost of cultivation, price levels, profitability, mechanisation etc. The change has taken place largely in favour of non-food crops and recently it was towards rubber in Kerala. The supply response of annual crop, paddy, is relatively low due to limited availability of land and the dominant character of perennial crops like coconut and rubber in Kerala (Economic Review, KSPB, 2022).  Due to a general declining tendency of area of paddy leads to low flexible supply response to price. Some studies in Kerala show that, beyond price expectations, the state's supply response and cropping pattern are controlled by factors such as labour availability, agro-climatic conditions, irrigation facilities, expected yields, farming costs, and prices of competing crops (Mythili, 2008; Karunakaran, 2014). 	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: 1974 ?	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: has been	Comment by الكاتب: a low 
Although there are several studies documented cropping patterns and supply responses at the national or state level. But location-specific supply response studies are more useful for forecasting the paddy production that results from the impact of price and non-price factors on rice crops, which are highly dependent on the agro-climatic conditions of a local area. Since agriculture, especially rice cultivation, is a major source of food security and the standard of living of the rural population, the study of farmers' attitudes towards the supply response to price and non-price factors is important for shaping proper planning and policies. The present study was undertaken to examine the supply response of paddy crops to price and non-price factors in an Agro Ecological unit in Kerala (AEU-6) by using a methodology of popular Nerlovian adjustment cum expectation model (Nerlove, 1958). 
2. FEATURES OF AGRO-ECOLOGICAL UNIT (AEU-6)
Agroecological units are agricultural zones that have specific soil and climatic features.  According to Food and Agricultural Organisation (FAO), these units are unique regions with distinct agroclimatic features that are ideal for maximising the production potential of a certain crop or a crop combination. The agroecological units are homogenous agricultural environment, which promote sustainable land use and suitable to meet the emerging demand for food and fodder and other related products. Based on climate, geomorphology, land use and soil variability, the National Bureau of Soil Survey & Land Use Planning (NBSS&LUP) has demarcated the state of Kerala into 23 Agro-ecological units (AEUs) under the jurisdiction of the Kerala State Planning Board. The Kole Lands are delineated as the one of the agro-ecological unit (AEU-6) in Kerala are suitable for paddy, a staple food of the state.  The Kole land as one of the rice granaries of Kerala is a unique wetland ecosystem. Paddy is the most important crop cultivated in Kole lands.  It is a part of Vembanad-Kole wetland ecosystem included as Ramsar site in 2002. Ramsar sites are wetlands that have been designated as internationally important under the Ramsar Convention. The convention was signed in 1971 in Ramsar, Iran, under the auspices of UNESCO.	Comment by الكاتب: promotes	Comment by الكاتب: and are suitable for meeting the emerging demand for food, fodder, and other	Comment by الكاتب: The Kole Lands, delineated as one
The Thrissur-Ponnani Kole lands come under agro-ecological unit 6 (AEU 6) with an area of 13,632 ha. These Kole lands are spread over the coastal part of 5 Blocks (Anthikkad, Cherpu, Irinjalakkuda, Mullassery, Puzhackal) of Thrissur District and 2 Blocks (Perumpadappu, Ponnani) of Malappuram District. They are primarily separated into Thrissur Kole and Ponnani Kole, and they stretch from the northern bank of the Chalakkudy river in the south to the southern bank of the Bharatapuzha river in the north. These are the low-lying areas between 10° 20' and 10° 40' N latitude and 75˚ 58' and 76˚ 11' E longitude, which are 0.5 to 1 m below mean sea level. Rice is the major crop which is grown under this unique wetland ecosystem. The soils are hydromorphic acid clays with brown surface soils and grey colored subsoil. They are      deep with silty clay to clay textured surface soils and highly decomposed organic sub soils causing ultra-acid condition. The majority of the soils (62%) have a pH between 5.1 and 6.5, which is extremely acid to mildly acid (KSHIS, 2012) The organic matter content in soils was very high and, in the surface, it varied from 2.07 to 4.16 per cent (Thomas et al 2003), but it leads to superiority in available nitrogen, phosphorus and potassium status (Amritha and Durga Devi, 2017) Salinization causes soil degradation and seriously affects the productivity and quality. The Kole lands near to coastal area show high salinity due to sea water inundation which often cause toxicity to plants. The climate is tropical humid monsoon type (mean annual temperature of 27.6 °C; rainfall 2,902 mm). The fertility status of soils in the Kole areas of Thrissur district were primarily clayey in nature, the cation exchange capacity values varied over a narrow range, and the total nitrogen, phosphorus, potassium, calcium, and magnesium content were low.	Comment by الكاتب: conditions	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: causes
3. MATERIALS AND METHODS 
The study was based on secondary data collected from various government publications of Kerala. The area, production, yield, rainfall, cost and revenue of important crops of block level data of Agro Ecological Unit-6, classified as 5 blocks of Thrissur and 2 blocks of Malappuram district of Kerala, during the period of 2013-14 to 2022-23 was collected from Department of Economics and Statistics. The geographical area of the study units was collected from respective Grama Panchayath data. 
3.1 Method 
The compound annual growth rate (CAGR) of important crops area, production and yield during the period of 2013-14 to 2022-23 was worked out by using exponential function.	Comment by الكاتب: an exponential 
Y= a b t
The compound growth rate was computed by using the relationship 
CAGR= (Antilog of (b) – 1 x 100)
Nerlov's supply response model (1958) is used to examine farmers' decisions regarding paddy area response. This model enables to study the short-run and long-run elasticities of supply with relative prices by doing some modifications made by researchers (Narayan and Parikh, 1981; Mythili, 2008; Behrman,1966). Following Nerlove model, most of the researchers assume that farmers anticipate prices from their knowledge of current and past price. But usually, relative price is used as a standard measure of price variable in elasticity calculations (Rao, 1989). In the present study, the expected return is used as a proxy for the relative price (price received relative to the price paid), as rice farmers are more concerned with expected income or profit than relative price (Fulginiti &Perrin, 1993). Nerlovian model is used in the study with some modifications related to; estimated acreage response by using expected revenue from the same crop and also from competing and complementary crops instead of expected prices; risk involved in crop failure due to unexpected rainfall as a non-price variable, etc. 	Comment by الكاتب: It doesn't appear in the reference list.
3.2 Supply Response Model Specification
The area response of a farmer is treated as a proxy for the output or yield response because of their control over area rather than output (Rao, 1989).
Area Response Model for Paddy:
At = a0+a1RPte+a2RAte+a3RCt+a4RFt +vt
where,
At = Area under the crop in the current year, 
RPte = Expected Return from Paddy in the current year (The expected return in period t was represented by the expected return in the past three years from period t),
RAte = Expected Return from Arecanut in the current year (The expected return in period t was represented by the expected return in the past three years from period t),
RCte = Expected Return from Coconut in the current year (The expected return in period t was represented by the expected return in the past three years from period t),
RFt = Average annual rainfall in mm, 
Vt = stochastic error term
The expected return of a crop is measured as the difference between average cost and revenue prevailing in the preceding three years of paddy, arecanut and coconut respectively. The study postulated an ordinary least square method (OLS) for estimating the regression coefficients in this model. The F test has been applied to test the significance of repression coefficient and also used Durbin- Watson statistic to estimating autocorrelation in the supply response functions. 	Comment by الكاتب: squares	Comment by الكاتب: estimate

4. RESULTS AND DISCUSSION
4.1 Cropping Pattern and Compound Growth rate of Paddy
The different agro-climatic and soil conditions in the AEU of Kerala provide a homogeneous agricultural environment. Hence, a different cropping pattern prevails in these regions. The important crops growth in this region are coconut, paddy, Arecanut, banana and other plantains. With the increase in population and urbanisation, the demand for food, land for settlement, and infrastructure have widened significantly. This resulted in a drastic change in the cropping pattern of a highly ecologically fragile area of Agro-Ecological Units, as presented in Table 1.
Table:1 Cropping pattern in AEU-6 of Kerala
	SL, No
	Land Use
	2013
	2022
	Percentage Change

	
1
	
Paddy
	8546
(15.85)
	1038
(19.12)
	20.61

	
2
	
Coconut
	26002
(48.24)
	24755
(45.92)
	-4.79

	
3
	
Arecanut
	2250
(4.17)
	1608
(2.98)
	-28.51

	
4
	
Banana &Plantain
	1840
(3.41)
	1331
(2.47)
	-27.72

	
5
	Other Mixed crops and Built land
	15260
(28.33)
	15897
(29.51)
	4.17

	
6
	
Total Geographical Area
	53900
(100)
	53900
(100)
	


Note: Figures in brackets shows the percentage to Total Geographical Area	Comment by الكاتب: show
Source: Computed from Department of Economics and Statistics, Kerala, Block Panchayath Department
The area under paddy cultivation has increased by 20.61 percent in the last decade from 8546 hectares in 2013-14 to 1038 hectares in 2022-23. Paddy fields constitute 12.57 per cent of the total cropped area in Thrissur district (Agricultural Statistics, DES, 2023). However, the agroecological units in the district devote over 19 percent of their geographical area to paddy production. Similarly, the area under AEUs uses 45.92 percent of its geographical area to coconut cultivation, which is higher than the land use of the Thrissur district (35%) and the state (40%). Though Kerala state was traditionally a coconut growing area, in the Agro Ecological units, area under paddy cultivation increases during the last decade while coconut and other important crops cultivation decreased. Thus, study revealed a redistribution of land to paddy and mixed crops from perennial and horticultural crops like coconut, arecanut and banana. This redistribution indicates the pattern of urbanisation and changing agricultural preferences.	Comment by الكاتب: It doesn't appear in the reference list.	Comment by الكاتب: coconut-growing
Table 2: Compound Annual Growth Rate of Area, Production and Yield per hectare
	Sl. No
	Item
	2013-14 to 2022-23

	1
	Area
	2.59

	2
	Production
	1.64

	3
	Yield
	-0.93


    Source: Authors own calculation based on data from Department of Economics and Statistics, GOK 	Comment by الكاتب: Author's 
Table 2 shows that, although the compound growth rate of paddy area has increased significantly during the period of 2013-14 to 2022-23, the yield per hectare has shown a negative growth rate per year. The are under paddy increased 2.59 per cent per annum suggests that more land is brought under paddy production every year. The increase in paddy production, though, at a low rate of 1.64 per cent indicates the challenges in improving paddy cultivation per hectare.  The declining productivity in par with increasing area implies the growing constraints on agriculture particularly paddy. The major constrains faced by paddy farmers are soil degradation, climate variability, frequent pest attack etc. Agroecological zones are generally highly productive areas due to their unique soil and climate characteristics. Traditionally, rice productivity in these areas was recorded at around 7 to 8 tons per hectare (Srinivasan, 2012). However, during the study period, productivity has been decreased from 6 tons to 5.5 tons (DES, 2023). This unsustainable growth path of paddy production relying on area rather than yield emphasis the need for technology driven growth of rice production.	Comment by الكاتب: increased by 2.59	Comment by الكاتب: suggesting	Comment by الكاتب: being brought 	Comment by الكاتب: productivity decreased 
4.2 Supply Response of Paddy
The area response function as a proxy for supply response of paddy has been presented in Table 3. Understanding farmers' attitudes towards acreage response and how price and non-price factors influence supply response is crucial for formulating a sustainable rice farming policy. Considering the area response of paddy revealed that the most important determinant of farmer's response is the expected return from paddy, which is highly positively correlated, and the other one is actual rainfall, which is negatively related to paddy area response. The expected return of paddy are highly significant (P = 0.002) with strong positive correlation with paddy acreage response. It is seen that expected return from Arecanut and paddy acreage response are negatively related with P = 0.000.  This relationship conveys that as Arecanut is more lucrative, farmers convert more area for their cultivation. The study showed that rainfall is another important variable that negatively affects paddy cultivation with 5 per cent level of significance (P = 0.028). The overall model is excellent fit (R squared = 0.905) and statistically significant with F-statistic of 155.731 and P = 0.000 shows that the independent variables jointly have a significant impact on paddy response.	Comment by الكاتب: farmers'	Comment by الكاتب: is 	Comment by الكاتب: a strong
Table 3: Regression Results of Supply Response model
	SL.No
	Variables
	Regression Coefficients
	Standard Error
	T Statistic
	P value

	1
	Constant
	4377.416
	
	
	0.000

	2
	Paddy Expected Return
	.035
	0.003567
	9.893468
	0.002

	3
	Arecanut Expected Return
	-.019
	0.001178
	-16.0934
	0.000

	4
	Coconut Expected Return
	.165
	0.025916
	6.38127
	0.007

	5
	Actual Rainfall
	-.343
	0.085811
	-3.99977
	0.028

	6
	R Squared
	[bookmark: RANGE!K16]0.905

	7
	Durbin Watson Statistic
	1.572105


Source: Authors own calculations 	Comment by الكاتب: Author's 

5. CONCLUSION
This study examined the cropping pattern and supply response of paddy crops, which are important for achieving sustainable development goals. The analysis of cropping patterns and their compound growth rate of the paddy area revealed that there has been a significant change in paddy farming during the last decade, which is completely distinct from the previous 40 years of Kerala paddy farming. The average productivity of paddy per hectare is comparatively higher than the state average but does not maintain better growth in proportion to the increase in paddy area. However, the shift to paddy is owed to farmers’ decisions regarding acreage response. The analysis revealed that the farmers ‘supply response decision is determined by the expected revenue from paddy crops, even with a risk of climate change. Therefore, the need for advanced technology and policy formulation to achieve sustainable productivity and higher income from paddy cultivation is recommended.
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