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Abstract 

The present investigation was undertaken to study the “Performance and Instability Analysis of Potato-Chickpea Sequence Cropping System 

under Organic Production”. Secondary data of Potato-Chickpea sequence cropping system equivalent yield was collected from Institute of 

organic farming, Dharwad from the year 2004-05 to 2012-13. Coppack’s instability index, compound annual growth rate and CV were the 

statistical tools used for the analysis of instability and growth rate. The results from the analysis showed that yield of Potato-Chickpea 

cropping system was highly instable under integrated production system (61.09%) as compared to organic (57.19%) and inorganic 

production system (48.78%). Potato-chickpea integrated production gave higher yields over the years. The compound annual growth rate 

was found to be highest in organic production system followed by integrated and inorganic production system. 
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Introduction 

The basic principle of organic farming is “live and let live”. 

It is found to be one of the best suitable production systems. 

After a tumultuous use of chemical fertilizers during the 

periods of green revolution in most of the parts of the world, 

people have come to realize that constant use of fertilizers 

do harm in the long run. Organic farming is a form of 

agriculture that relies on techniques such as crop rotation, 

green manure, compost and biological pest control. Organic 

agriculture is an ecological production management system 

that promotes and enhances biodiversity, biological cycles 

and soil biological activity. 

Some of the benefits of organic farming are the usage of 

pesticides is very limited and hence, people who consume 

the food items produced from organic farming are at low 

risk and food items grown by organic farming are 

wholesome and healthier. Organic farming is very cost 

effective compared to the conservative farming 

(www.omafra.gov.on) [10]. 

Instability is the state of being unstable or lack of stability. 

It generally means the tendency of unpredictable behavior 

or erratic changes of mood. It is unusually or unnaturally 

large fluctuation that may lead to serious damage or system 

failure if allowed to continue beyond a certain limit. 

Instability analysis means the process of analyzing the 

instability or fluctuation or variation of one farming system 

to another farming system. A prerequisite for stabilizing 

production is the necessity of examining and measurement 

of the extent of instability and also identification of the 

factors or sources causing the instability. 

Potato (Solanum tuberosum) is a fourth major food crop 

after rice, wheat and maize in the world. It produces the 

highest dry matter, well balanced protein and more calories 

per unit area and time (Vishnu, 2016) [7]. Chickpea (Cicer 

arietinum) is one of the important and oldest pulse crops, 

grown in our country. It is commonly known as bengal 

gram. Gram occupies about 35 per cent of area under pulses 

and contributes about 45 per cent of total pulse production 

of India (Reddy, 2009) [5]. 

Potato-chickpea is prominent crop sequence under 

transitional rainfed condition. The potato production for the 

year 2018-19 is 474 lakh tonnes from rabi season and 34 

lakh tonnes from kharif season. Karnataka produced 534.95 

thousand tonnes and shares 1.02 per cent of country 

production. The chickpea production in India for the year 

2017-18 is 90.75 lakh tonnes. 

Nutrients are one of the most important inputs, required by 

the plants for their growth and yield. The organic manures is 

considered as the promising renewable source of energy, 

nutrient rich source can be served as a substitute to cut down 

the cost of fertilizer input and increase the productivity in 

addition to maintain soil productivity, improve the eco-

system and ultimately resulting in improved soil-plant-

health in a sustainable agricultural eco-system.  

 

Materials and Methods 

The study on performance and stability analysis of potato-

chickpea cropping system was taken up by using the 

secondary data, which was collected from the Institute of 

Organic Farming, UAS Dharwad, Karnataka state of India. 

The data covered for the period from 2004-05 to 2012-13. 
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CAGR (Compound annual growth rate) 

Compound annual growth rate was used to study the growth 

rate of crop equivalent yield. (Damodar et al., 2013) [1]. 

Before calculating the growth rate, the exponential function 

of crop equivalent yield has to be estimated. i.e,  

 

Yt = abtut 

 

Where, 

Yt = crop production in year t 

a= intercept 

b= regression coefficient 

t = year which takes value 1, 2,3, …, n 

ut= error term 

 

Logarithmic transformation was applied to the above 

exponential function. And hence, the estimating equation 

was 

 

log Yt= log a + t log b + log ut 

 

The parameters were estimated by ordinary least square 

technique (OLS). Compound growth rate (g) was then 

estimated by the identity given in equation 

 

g = (b-1) 100 

 

Where, 

g = estimated compound growth rate in per cent per year 

and 

b = anti log of log b 

 

The standard error of the growth rate was estimated and 

tested for its significance. 

 

Co-efficient of variation: 

The coefficient of variation is a relative measure of 

dispersion. The coefficient of variation was obtained by 

dividing the standard deviation by the mean and expressed 

in percentage. (Rangaswamy, 2014) [4]. 

 

Symbolically, coefficient of variation is written as 

 

 
 

Where, 

SD = standard deviation 

Mean = mean of crop production 

 

Coppock instability index 

This method involves a constant percentage changes from 

year to year and this is better measure than the constant 

absolute changes from year to year i.e. it is close 

approximation of the average. Coppock index is performed 

for any time series data. (Joseph, 2010) [2] The coppock’s 

instability index is also called as the log variance method 

and is expressed algebraically in the following estimable 

form 

 

CII (per cent) = [(antilog √v log) -1]*100 

Where, 

 

 
 

log v = logarithmic variance  

N = number of years in the series. 

Xt = crop yield/production in the year ‘t’ 

Xt+1= crop yield/production in the year‘t+1’ 

m = arithmetic mean of difference between log’s of Xt+1 and 

Xt  

 

 
 

Steps for calculating CII percentage 

1. Logarithms are obtained for each annual value of a 

variable for example total exports for year 1, year 2 etc. 

2. The logarithm of the value for year 1 is subtracted from 

logarithms of the value for year 2 etc. in order to get 

first differences of logarithms. 

3. The arithmetic mean of the logarithmic first differences 

is then obtained. 

4. The logarithmic mean is subtracted from each year to 

year logarithmic first difference in order to obtain the 

logarithmic difference between the actual and average 

(trend) year to year logarithmic differences. 

5. These logarithmic differences from trend some positive 

and some negative are then squared, summed up and 

divided by the number of years minus one. The 

resulting number is termed as “log - variance” 

 

The next step is to take the square root of the log variance 

and obtain the antilog of the square root value. Unity is then 

subtracted from antilog and multiply with hundred. The 

resulting “instability index” is close approximation of the 

average year to year percentage variation adjusted for trend. 

 

Results and Discussion 

The mean equivalent yield of potato-chickpea for nine years 

under organic, integrated and inorganic production systems 

has been picturised graphically in Figure 1. Figure 1 

picturises that there was more fluctuation in the equivalent 

yield of potato-chickpea cropping system. There was sudden 

decline in yield in the year 2005-06 because of severe 

drought in that period. The potato-chickpea cropping system 

showed sudden increase and decrease in equivalent yields 

because potato crop was affected by date of sowing. The 

yield decreased in the year 2007-08 due to late sowing of 

potato i.e., potato sown in the month of july, receives more 

rainfall in Dharwad which adversely affected the crop after 

sowing. Heavy rainfall causes fungal diseases.  

The coppock’s instability index, CV, compound annual 

growth rates of equivalent yield of potato-chickpea are 

furnished in the table 2. Potato-chickpea equivalent yield 

showed highest instability in integrated production system 

with 61.09 per cent, followed by organic with 57.19 per cent 

and inorganic with 48.78 per cent instability. Integrated 

production means the proper combination of both organic 
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and inorganic methods. For potato- chickpea integrated 

production gave higher yields over the years. The higher 

potato-chickpea yield with integrated production might be 

due to sufficient supply of manure and inorganic fertilizers 

improvement in microbial activities, better supply of macro 

and micronutrients and reduced losses of nutrients from the 

soil system, which are otherwise not supplied by sole 

application of inorganic fertilizers. The results were 

supported by Yadav et al. (2000) [8] and Yadvinder singh et 

al. (2004) [9].  

The equivalent yield of organic and integrated production of 

potato-chickpea showed significant positive growth rate. 

Here the organic production showed highest growth rate 

4.67 per cent followed by integrated production with 3.46 

per cent. Inorganic production was found to be positive and 

not significant growth rate with 1.35 per cent. 

The organic production has shown more growth rate as 

compared to others but there was not any remarkable 

difference between organic and integrated production 

system, because sustainable yields are obtained under 

organic and integrated production systems over the years 

even under stress conditions. As the soil become productive 

and yields stabilised over the period of time and the 

nutrients applied will mostly be in plant available form in 

combination with the organic manures in the latter which 

resulted in stable high yields throughout. The outcomes of 

the study were on line with the Praveen kumar et al. (2018) 
[3] and Shendhe et al. (2011) [6]. 

 

 
 

Fig 1: Equivalent yield of potato-chickpea sequence cropping system 

 
Table 1: Descriptive statistics of potato-chickpea cropping system. 

 

Descriptive Statistics Organic Production Integrated Production Inorganic Production 

Mean (kg/ha) 6194.12 6192.25 5424.75 

Median (kg/ha) 6235.00 6238.00 5706.50 

Standard Deviation 1648.00 1687.00 1156.00 

Minimum 3733.00 3672.00 3625.00 

Maximum 8953.00 8259.00 6989.00 

Range 5220.00 4587.00 3364.00 

Skewness 0.19 -0.15 -0.29 

Kurtosis 0.02 -1.45 -1.02 

Standard Error 582.71 596.61 408.53 

 
Table 2: Performance and stability of organic, integrated and inorganic potato-chickpea equivalent yield 

 

Production System CII (%) CAGR (%) CV SD Mean (kg/ha) 

Organic 57.19 4.67* 26.60 1648.16 6194.12 

Integrated 61.09 3.46* 27.25 1687.47 6192.25 

Inorganic 48.78 1.35 21.30 1155.50 5424.75 

Note: * Significant at 5% 

 

Conclusion 

Potato–chickpea sequence cropping system showed highest 

instability in integrated production followed by organic 

production. Organic production has shown more growth rate 

as compared to other production systems. 
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