Pandemic Beyond Cities: Health Impacts of COVID-19 on Farmers in the Karnataka–Maharashtra Border Region of India 
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Abstract
The present study was undertaken to access the impact of COVID-19 pandemic on farmers’ health. Investigation relied on both primary and secondary data. The primary data were collected using pretested, well-structured schedule by personal interview method from 120 farmers across four taluks in Belagavi district of Karnataka-Maharashtra border area and the secondary data were collected from various official websites and published sources on COVID-19. The collected data were analysed using descriptive statistics and multiple regression analysis. Results revealed that, totally, 174 COVID-19 cases were reported in 120 sampled households with a morbidity rate of 30.16 per cent and on an average case count of 0.32, in which 158 cases were recovered (90.80% of recovery rate) and 16 deaths were observed, reporting a fatality rate of 9.19 per cent and an average case count of 0.03 death per household. The higher prevalence of disease in the study area was related to close contact with neighbouring state (Maharashtra). Literacy and family size were found to be significant and positively influencing the incidence rate of COVID-19. Whereas, awareness about mode of infection had negative and significant effect on COVID-19 morbidity rate. On other hand prevalence of other diseases, incidence rate, and severity of symptoms positively and significantly affected the fatality rate due to COVID-19. However, increase in availability of medical facilities decreased the fatality rate indicating the negative relationship on each other. And the coefficient of multiple determination (R2) for morbidity rate and fatality rate were 0.8912 and 0.8012, indicated the good fit of multiple regression model. 
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1. INTRODUCTION 
Pandemic is "an epidemic happening globally or worldwide, or across a very wide area, transcending international boundaries, and typically impacting a huge population". Since there have been numerous experiences of different pandemic circumstances, which had a significant negative impact on global economic development and human activity. Coronavirus disease 2019 (COVID-19) is an ongoing pandemic that resulted in global health, economic, and social crises. It has created the worst health challenges since the Spanish flu (1918) and the largest worldwide recession since the Great depression (1930) (Anonymous, 2020) 
COVID-19 is an infectious disease caused by Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2). The official names of ‘COVID‑19’ and ‘SARS-CoV-2’ were issued by the World Health Organisation (WHO) on February 11, 2020. The first confirmed case of COVID-19 was recognized in December 2019 in Wuhan (China). Due to novelty of the virus strain, the disease is spreading between people at an alarming rate adversely affecting the lives and livelihoods of millions across the globe. WHO has declared COVID-19 outbreak as global pandemic on March 11, 2020. (Anonymous, 2022b & Anonymous, 2022c)
One of the major economies that was heavily impacted by the pandemic and subject to the punitive controls was India. The first incidence of COVID-19 in the nation was discovered among three Indian medical students who had just returned from Wuhan on January 30, 2020, in Thrissur, Kerala. Indias’ highest reported instances were in Maharashtra (8.13 million cases), followed by Kerala (6.82 million cases) and Karnataka (4.07 million cases), as of November 16, 2022. (Anonymous, 2022d)
Karnataka reported its first case on 8th March 2020 in Bengaluru urban. Karnataka had 4.07 million total confirmed cases and 40,302 death tolls with 4.02 million recovered cases (November 16, 2022). In Karnataka, Bengaluru urban has recorded highest number of cases (1.87 million) followed by Mysore and Tumkur. Whereas, Belagavi being eighth position in the state, recorded 0.10 million total confirmed cases with 1,006 death tolls (November 15, 2022). Maharashtra, as the state with highest COVID-19 infection rate, shares a border with Karnataka, which had a substantial impact on the states’ infection rate (Anonymous, 2022a)
The inter - linkage between the pandemic and the agriculture sector is very obvious. Agriculture sector has endured multi-dimensional losses across the demand and supply chain due to nationwide lockdown to restraint the spread of COVID-19. Intensity of crisis was severe in country like India where agriculture is a major source of income for millions of rural populations and it had taken the lead in providing employment and revenue-generating opportunities. 
For adequate scientific assessment and quantification of loss in the literature, this research is first of its kind. The study of vulnerability of farming community towards impacts of pandemic plays a vital role in determining how the pandemic and its resultant nationwide lockdown affected the livelihood of farmers. Hence, the present study aims to give an insight into impact of COVID-19 pandemic on farming community as a whole and impact on farmers’ health in particular.

2. METHODOLOGY
2.1 Study area and sampling procedure
The main objective of the present research was to analyse the impact of COVID-19 on health conditions of farming community. As the study was restricted to Karnataka-Maharashtra border area, Belagavi district was purposively selected for present study because it is one of the border districts of Karnataka-Maharashtra border area recorded highest number of COVID-19 cases and there was an apprehension of migrating people from Maharashtra to Karnataka through village routes. From Belagavi district, out of six Karnataka-Maharashtra border taluks four taluks namely Athani, Belagavi, Chikkodi and Hukkeri, were selected based on highest number of COVID-19 reported cases and from these taluks 12 villages at the rate of three villages from each taluk were randomly selected and from each cluster village ten farm households were selected for the study. Thus, the total sample size was 120 farm households.
2.2 Sources of data
For achieving the objectives of the study, both primary and secondary data were used. The primary data pertaining to the year 2019-20 (Normal period) and 2020-21 (Pandemic period) were collected by using well-structured and pre-tested schedule through personal interview method. The primary data were completely memory based. Secondary data were mainly collected from various published sources of Government of India and Government of Karnataka, Official records of District Health Office and Taluka Health Office, COVID-19 web portals such as COVID-19-war-room, Media bulletin, Bhoomi etc., and various mobile apps related to COVID-19 such as Aarogya Setu, Corona Kavach etc. 
2.3 Analytical tools and techniques employed
The data collected were presented in tabular form to facilitate easy comparison. Descriptive statistics were used to present the information regarding COVID-19 infection and its resultant effects and other health related aspects. Descriptive statistics are brief descriptive coefficients that summarize a given data set, which can be either a representation of the entire population or a sample of it. Descriptive statistics are broken down into measures of central tendency (e.g., arithmetic mean), measures of variability (e.g., standard deviation or variance) and measures of frequency (%).	
Regression analysis
Multiple regression analysis was used to study the factors affecting COVID-19 incidence rate
COVID-19 incidence was analysed in relation to age, literacy, other diseases, family size, availability of medical facilities, availability of testing facilities and awareness about mode of infection. The following regression equation was used for the purpose:
Y= a + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 +b6X6+b7X7+ e
Where, 
Y = Morbidity rate ((Number of COVID-19 cases ÷ total population) ×100)
X1 = Age (years)
X2 = Literacy 
X3 = Family size (numbers)
X4 = Dummy for other diseases (yes = 1, otherwise = 0)
X5 = Dummy for availability of medical facilities (available = 1, non-available = 0)
X6 = Dummy for availability of testing facilities (available = 1, non-available = 0)
X7 = Dummy for awareness about mode of infection (yes = 1, otherwise = 0)
e = Random disturbance term
Factors affecting fatality caused by COVID-19
Fatality rate due to COVID-19 was analysed in relation to age, literacy, other diseases, family size, COVID-19 incidence rate, availability of medical facilities, availability of testing facilities, awareness about mode of infection and severity of symptoms. The following regression equation was used for the purpose:
Y= a + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6 + b7X7 + b8X8 + b9X9 + e
Where, 
Y = Fatality rate ((Number of COVID-19 deaths ÷ total case) ×100)
X1 = Age (years)
X2 = Literacy 
X3 = Family size (numbers)
X4 = Dummy for other diseases (yes = 1, otherwise = 0)
X5 = Incidence rate (Number of COVID-19 cases per household)
X6 = Dummy for availability of medical facilities (available = 1, non-available = 0)
X7 = Dummy for availability of testing facilities (available = 1, non-available = 0)
X8 = Dummy for awareness about mode of infection (yes = 1, otherwise = 0)
X9 = Dummy for severity of symptoms (severe symptoms = 1, mild symptoms = 0)
e = Random disturbance term
3. RESULTS AND DISCUSSION
3.1 COVID-19 disease incidence in the study area
Table 1 lists the overall COVID-19 cases, fatalities, and recovery rates at the household level in the study area. It was found that, the prevalence of infection was highest in medium farm households, where the morbidity rate was 48.65 per cent and the average number of cases per household was 2.25. This was trailed by small farmers, where the disease morbidity rate was 38.05 per cent and the average number of cases per household was 1.48, large farmers with a morbidity rate of 36.36 per cent and an average of 2 cases per household, semi-medium farmers with a morbidity rate of 26.99 per cent and an average of 1.31 cases per household and marginal farmers with 23.61 per cent of disease incidence and average of 1.36 cases per household. As the research area is located in the Karnataka-Maharashtra border regions and Maharashtra state is one of the highest recorded COVID-19 case counts in India, the increased incidence may be related to close contact with neighbouring state (Maharashtra).
In terms of total deaths caused by COVID-19, medium farmers had the highest fatality rate (22.22%), with an average of 0.1 deaths per household i.e., one death for every ten members in the household. Large farmers were next, with a fatality rate of 12.50 per cent and on an average of 0.04 deaths per household. Marginal farmers and semi-medium farm households had fatality rates of 8.82 per cent and 8.45 per cent, respectively and an average of 0.02 deaths per household. An extremely low fatality rate of 4.65 per cent was reported by small farm households, with an average of 0.02 deaths per household. 
While, small farm households reported a greater percentage of recovery (95.35%), trailed by semi-medium (91.55%), marginal (91.18%), large (87.50%), and medium farmers (77.78%).
[bookmark: _Hlk113050858]In total, 174 COVID-19 cases were reported in 120 sampled households, with a morbidity rate of 30.16 per cent and an average case count of 0.32; 16 total deaths were noted as a result of COVID-19, which reported a case fatality rate of 9.19 per cent and an average death count of 0.03; however, 158 cases were recovered, reporting a higher recovery rate of 90.80 per cent. Higher recovery was mainly attributed to good medical infrastructure facilities and efficient medical and paramedical handling in the study area. 
Additionally, it was discovered that, 82 per cent of infections were seen in the family head, with the remaining 18 per cent of infections occurring in other family members. On an average, therapy cost for each patient was [image: G:\15rupee11.jpg]47,613 and the average recovery duration was 41 days (1.35 months).
COVID-19 incidence at micro and macro level is presented in Table 2, which showed that in the study area the total cases reported were 173, registering morbidity rate of 30.16 per cent which was much higher when compared to the morbidity rate at Belagavi district (13.61%), Karnataka state (5.97%) and India as a whole (3.09%). And case fatality rate was also found to be much higher in the study area i.e., 9.19 per cent when compared to Belagavi district (1%), Karnataka state (1.01%) and India (1.22%) but in contrast, the recovery rate was lower in study area (90.80%) when compared to Belagavi district (98.87%), Karnataka state (98.92%) and India (98.74%). These results are lines with Chan et.al, (2021) who reported that, impact of COVID-19 has excess mortality, life expectancy and years of life lost in USA.
3.2 Factors influencing COVID-19 incidence rate in the study area
The severity of COVID-19 infection may be influenced by a variety of variables. The explanatory variables along with the estimated regression coefficients and computed t-test values are presented in Table 3. Revealed that, the coefficient of multiple determination (R2) was 0.8912 which means 89.12 per cent of the total variation in dependent variable (morbidity rate) is explained by the variables included in the regression model. 
Literacy, family size and awareness about mode of infection significantly affected the morbidity rate of COVID-19. The co-efficient for literacy and family size were estimated to be 0.1447 and 0.2678, respectively and calculated t-values were 18.20 and 20.45, which were significant at ten per cent (p-value = 0.071) and one per cent level of probability (p-value = 0.000) respectively. The co-efficient of dummy variables for awareness about mode of infection estimated to be -0.0051, indicating increase in awareness about mode of infection led to decline in COVID-19 incidence and calculated t-value was 11.07, which was significant at one per cent level of probability. Whereas, other variables such as age, presence of other diseases, availability of medical facilities, availability of testing facilities didn’t affect the morbidity rate, significantly. 
The multiple linear regression model was significant as indicated by the F-ratio (100.17) and was good fit as revealed by the R2 value (0.8912). 
The findings of the present study are in line with the observations of Hossain et al. (2020), who highlighted that the COVID-19 pandemic exacerbated the vulnerability of farmers by intensifying existing socio-economic stressors. Their analysis revealed that factors such as income instability, indebtedness, market disruptions, and lack of institutional support significantly contributed to psychological distress among farmers, in some cases leading to extreme outcomes such as suicide.
3.3 Factors influencing fatality caused by COVID-19 in the study area
[bookmark: _Hlk113439471][bookmark: _Hlk113439801][bookmark: _Hlk113439606]Many factors influence the death caused by COVID-19 infection. Table 4 represents the explanatory variables along with the estimated regression coefficients and corresponding calculated t-test values. Results of regression analysis revealed that, the coefficient of multiple determination (R2) was 0.8012 which means 80.12 per cent of the total variation in dependent variable (fatality rate) is explained by the variables included in the multiple regression model. Other diseases, incidence rate, availability of medical facilities, awareness about mode of infection and severity of symptoms significantly affected the fatality rate due to COVID-19. The co-efficient of other diseases, COVID-19 incidence rate, and severity of symptoms were estimated to be 0.0003, 0.1906, and 0.0405, respectively and calculated t-values were 1.56, 3.07 and 1.71 which were significant at five per cent (p-value = 0.009), one per cent (p-value = 0.000) and ten per cent level of probability (p-value = 0.09) respectively. Because a persons’ immune system will be negatively impacted by prior illness, making them more susceptible to COVID-19 and lacking a tolerance for pathogenicity leading to fatality and also with increase in severity of symptoms fatality rate increases. The co-efficient of dummy variables for availability of medical facilities and awareness about mode of infection were estimated to be -0.0665 and -0.0062, indicating increase in availability of medical facilities and awareness about mode of infection led to decrease in fatality rate due to COVID-19 and calculated t-values were 2.88 and 2.97, which were significant at one per cent (p-value = 0.000) level of probability. While, other variables; age, literacy, family size, and availability of testing facilities didn’t affect the fatality rate, significantly. 
The multiple linear regression model was significant as revealed by the F ratio (43.92) and was good fit as indicated by the R2 value (0.8012).	
The findings of the present study are consistent with the results reported by Lusk and Chandra (2021), who examined the impact of COVID-19–induced illnesses and deaths among farmers and farm workers on agricultural production. Their study revealed that disruptions in labour availability due to health-related shocks significantly affected farm operations, leading to a decline in agricultural output.
CONCLUSION
COVID-19 pandemic is the paramount humanitarian challenge the world is facing after World War II. This pandemic and its accompanied lockdown procedures wreaked a substantial physical, social and economic damage and created havoc to agricultural system as well as farming community. The share of COVID-19 cases in rural and semi-rural India grew gradually, which was mostly attributable to the movement of migratory workers with COVID-19 from urban regions back to their native villages, which led to an increase in the infection rate among farming community. Apart from these, lack of accessibility to proper heath care facilities and nutritious food attributing to increased fatality rate in rural areas. COVID-19 is still prevailing with its mild virulence, hence timely vaccination, social distance and mask wearing are indispensable and mandatory, precautions along with proper and nutritious food to maintain resistance and required immunity against such pandemic. Hence launching awareness camps regarding mode of infection, strict inter-state border monitoring, providing medical facilities and disseminating information on COVID-19 by government and non-government organisations is very essential.
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Table 1: COVID-19 spread at household level in Karnataka-Maharashtra border area
(n=120)
	SI. No.
	Categories
	Number of households

	Average family size
	COVID-19 Cases
	Deaths due to COVID-19
	Recovered cases
	Treatment charges 
([image: G:\15rupee11.jpg] / person)

	
	
	
	
	Total number
	Average cases per household
	Morbidity rate 
(%)
	Total Number
	Average deaths per household
	Fatality rate 
(%)
	Total number
	Recovery rate 
(%)
	

	1.
	Marginal
(<2.5 acre)
	25
	5.76
	34
	1.36
	23.61
	03
	0.02
	8.82
	31
	91.18
	52,367

	2.
	Small
(2.5-5 acre)
	29
	3.89
	43
	1.48
	38.05
	02
	0.02
	4.65
	41
	95.35
	45,103

	3.
	Semi-medium
(5-10 acre)
	54
	4.87
	71
	1.31
	26.99
	06
	0.02
	8.45
	65
	91.55
	45,710

	4.
	Medium
(10-25 acre)
	08
	4.63
	18
	2.25
	48.65
	04
	0.10
	22.22
	14
	77.78
	52,875

	5.
	Large
(>25 acre)
	04
	5.50
	08
	2.00
	36.36
	01
	0.04
	12.50
	07
	87.5
	51,250

	Overall
	120
	4.81
	174
	0.32
	30.16
	16
	0.03
	9.19
	158
	90.80
	47,613






Table 2: Comparison of COVID-19 spread at micro and macro level

	SI. No.
	Particulars
	Population
	Total COVID-19 cases
	Morbidity rate
(%)
	Total deaths
	Fatality rate
(%)
	Total recovered cases
	Recovery rate
(%)

	1. 
	Study area
	577
	173
	30.16
	16
	9.19
	158
	90.80

	2. 
	Belagavi district
	7,38,000
	1,00,474
	13.61
	1,005
	1.00
	99,343
	98.87

	3. 
	Karnataka 
	66,165,886
	39,52,577
	5.97
	40,107
	1.01
	39,10,266
	98.92

	4. 
	India
	1,39,34,09,038
	4,31,68,585
	3.09
	5,24,651
	1.22
	4,26,22,757
	98.74


Sources: COVD-19 Media bulletin (October, 2022), Ministry of Health and Family Welfare, Government of Karnataka and 
Macro trends (October, 2022).












Table 3: Factors affecting the incidence of COVID-19 in the study area

(n=120)
	SI. No.
	Variables
	Co-efficient
	p-value

	I
	Dependent variable 
	Morbidity rate (%)

	II
	Independent variables

	i. 
	Intercept
	-1.1451***
(-6.68)
	0.000

	ii. 
	Age
	0.0006
(0.29)
	0.450

	iii. 
	Literacy
	0.1447*
(18.2)
	0.071

	iv. 
	Family size
	0.2678***
(20.45)
	0.000

	v. 
	Other diseases
[bookmark: _Hlk113448355](yes = 1, otherwise = 0)
	0.0120
(0.24)
	0.809

	vi. 
	Availability of medical facilities
[bookmark: _Hlk113448429](available = 1, non-available = 0)
	-0.0113
(-0.23)
	0.825

	vii. 
	Availability of testing facilities
(available = 1, non-available = 0)
	-0.0404
(-0.76)
	0.444

	viii. 
	Awareness about mode of infection
(yes = 1, otherwise = 0)
	-0.0051***
(-11.07)
	0.000

	F-test 
	100.17***
	0.000

	R2
	[bookmark: _Hlk113440322]0.8912


Note: 	Figures in parentheses indicates the calculated t-test value,
***indicates significant at 1 per cent level of probability and
*indicates significant at 10 per cent level of probability.

Table 4: Factors affecting the fatality rate due to COVID-19 

(n=120)
	SI. No.
	Variables
	Co-efficient
	p-value

	I
	Dependent variable 
	Fatality rate (%)

	II
	Independent variables

	i. 
	Intercept
	-0.0738**
(-1.07)
	0.028

	ii. 
	Age
	0.0007
(0.79)
	0.427

	iii. 
	Literacy
	0.0233
(0.66)
	0.511

	iv. 
	Family size
	0.0005
(0.09)
	0.930

	v. 
	Other diseases
	0.0003**
(1.56)
	0.019

	vi. 
	Incidence rate
	0.1906***
(3.07)
	0.000

	vii. 
	Availability of medical facilities
(available = 1, non-available = 0)
	-0.0665***
(-2.88)
	0.004

	viii. 
	Availability of testing facilities
(available = 1, non-available = 0)
	-0.0036
(-1.52)
	0.879

	ix. 
	Awareness about mode of infection
(yes = 1, otherwise = 0)
	-0.0062***
(-2.97)
	0.000

	x. 
	Severity of symptoms
(severe = 1, not severe = 0)
	0.0405*
(1.71)
	0.090

	F-test 
	43.92***
	0.000

	R2
	0.8012


Note: Figures in parentheses indicates the calculated t-test value,
***indicates significant at 1 per cent level of probability, 
**indicates significance at 5 per cent level of probability and
*indicates significance at 10 per cent level of probability

image1.jpeg




