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Abstract: Crop Simulation Models helps in precision decisions in agriculture that are used to integrate various datasets
through information technology in building crop production decisions. Crop Diversification is also necessary to
properly utilize land resources and for increasing crop production. This model works on the idea to estimate crop
production on a particular area and gives us simulated crop production on that area in specific soil and weather
conditions. We have compared the results of simulation production and actual production to check the validity of the
simulation model. It gives satisfactory results. This model also gives suggestions for crop diversification as it is
necessary to increase income of farmers and for increasing fertility of the land. It also tells us to select appropriate
crops according to the conditions of the soil. This model is specifically designed for Malwa Region, Punjab and works
according to the climatic conditions of this particular area.
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I. INTRODUCTION

Agriculture is the major occupation required to fulfil basic needs of human life that are food and clothes. The Food and
Agriculture Organization (FAO) has suggested that the annual production of crops should be increased by 60 percent
than it was in 2006, to meet the food requirements in 2050. The agriculture and forestry generate one- fifth of the green
house gas emissions. As agriculture is important aspect in food security, it should be well maintained and should have
high production to meet future needs of people with increasing population.[1] The people who are involved in
agriculture should have proper knowledge about all its instruments and digital techniques, so that they could take
advantage of the modern advancement. But as we talk about the agriculture in Punjab, it is not that much advanced.
Mostly of the people are not aware of new technologies and are using traditional techniques to grow various crops. It
may result into loss or profit depending on the luck and weather conditions. That’s why the condition of famer is not
very strong. Whenever there is a loss in the production of crops due to the mono-crop culture or any other reason like
weather conditions, it leads to disappointment. Due to this reason the suicides by the farmers are increasing day by day.
[2]

The solution of this problem is to give knowledge to the farmers about the various techniques and let them know
whether their land and weather is suitable for particular crop or not. We have developed a Crop Simulation Model for
this purpose and particularly for Malwa Region, Punjab. This model is designed to simulate the influence of crop
diversification, crop rotation and soil and weather parameters on the particular crop.

We should focus on crop diversification in Punjab because it has become wheat and paddy prone cultivation area.
According to the Agricultural Census of India, the area of Punjab which was the under wheat and paddy was 81.5%
during Rabi and Kharif season.[3] It leads to various problems such as due to free supply of water and electricity there
is a complete wastage of these resources. The other problems due to such rotation are infertility of soil, loss of ground
water gradually. People don’t go for crop diversification due to some risks because all the farmers in Punjab are
depending on the agriculture for their income. These risks include price risk, labour risk, credit risk and yield risk.[4]

Il. OBJECTIVES

A system is a well defined structure which contains many interrelated elements that can interact with each other. A
system can be dynamic when it changes its behaviour over time. A model is defined as a simplified representation of
the system and a simulation can be considered as study of the system and its behaviour using models.[5]

This model is for Malwa region which is located in west-central India and has sub-tropic and semi-arid climate and
most of the land contains plains. The main weather input requirements for the model are maximum and minimum
temperature and rainfall quantity to make balance of requirements of water by the plants. The main soil requirements
for the model are pH of the soil, soil texture that contains content of sand, slit and clay in the soil and electrical
conductivity of the soil.
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This model will have two working modules that will work independently. These can be defined as follows:

A Crop simulation model

Crop Simulation is defined as the estimation of production of crops before the actual growth of the crops. It checks crop
production with the help of various models related to it and parameter files that are attached to it as database. This Crop
Simulation Model can do following functions:

It gives results about various crops and their required soil and weather conditions.

It can give us the name of crop suitable for that soil, when we give input as soil and weather conditions.

It tells about the production of various soils according to conditions on a particular area.

It suggests about crop diversification and suitable crops in that area that can be added in rotation.[6]

B. Crop diversification

Crop Diversification can be defined as growing various crops on a particular land in rotation to maintain the fertility of
soil. It helps to conserve water and other resources and also results in increase in production and income of the farmer
if the selection of the crops would be appropriate and according to the specifications of the land and weather. In our
model, we only suggest Crop Diversification and various alternative crops that can be used for crop diversification and
drawing the data from existing models. [7]

Diversification can be verified or analyzed by dividing the land into various parts that can be marginal, medium and
large. Farmers can increase their income if they go for crop diversification and try to cultivate various crops in
rotation. But it also comprises of the fact that the crops chosen for the rotation should be properly selected so that they
come up with the best results. This model will give the information about the crops that are suitable for the land in that
area.[8]

Il. METHODOLOGY

A crop model is designed to diagnose the uncertainties in the production and growth of various crops due to the reasons
like crop type, soil type, weather and other parameters. The main function of this model is to check for the suitable
weather conditions and soil conditions for a particular crop and suggest to grow only that particular crop on that area to
yield maximum benefit. It will also help us to check the results of crop diversification and helps to maintain soil
nutrients. [9]

Crop Diversification can provide us a varied amount of food under varied weather conditions,

which will result into better production. The average annual growth rate of food grain production has declined from
3.22 t0 1.66 from the years 1950s to 1990s. This leads to the decline in per capita income and growth of the country or
particular area. Thus crop diversification is suggested to handle this decline.[10] Crop Diversification can be applied in
two conditions: first one is when to develop access to irrigation that is we grow such crops that are prone to water
demands, and the second one is when there is a lack of irrigation due to adverse weather conditions. [11]

CI’OP Soil Weather
Crop.Name Soil pH Minmmm Temperature
Soil Texture MMaximum Temperature
Crop Duration Electrical Conductivity] Rainfall
| I [ I
Crop Simulation Model = > User interface
Crop Production Results Crop Drversification Results

Figure.1- Working Strategy of Crop Simulation Model
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The inputs to the system of crop simulation model can be defined as following :-

1. Soil Inputs: It contains the pH value of the soil, electrical conductivity of the soil, Soil texture of that land that
contains the values of slit, clay, sand present in that field. All these inputs are added in the database and are updated
periodically. These inputs are added from a file.

2. Weather Inputs: It contains maximum and minimum temperature during the month and it also considers the value of
average rainfall to balance the amount of water supplied to the crops due to irrigation and rainfall. It also takes into
account daily global solar radiations.

3. Crop Inputs: It includes name of crop, crop duration and other details of the crop. It can be provided by the user.

The minimum requirements to the model can be defined as name of the crop and user can find related outputs. The
requirements for checking the results for crop diversification are defined as follows:

1. The size of land is required as it is directly proportional to the production.

2. Labour and working capital is other important aspect. Labour can lead to success of crop diversification technique.
3. Yield and revenue information is also required to check outcome of the crops.[12]

The MUSTARD Model made for only mustard crop is calibrated with the models like PNUTGRO, SOYGRO from the
CROPGRO Model. The dynamic crop simulation models are those that require daily or periodically update and are
based on the crop phenology (various states of crop in its lifetime like emergence of leaves and flowers, development,
growth, senescence, photosynthesis, respiration), infiltration, drainage and weather conditions. This testing of this
model considered row to row spacing, plant to plant spacing and sowing dates of the crop to get accurate results. Then
sensitive analysis was also done for the crop’s phenology states by taking five coefficients that are time taken between
various stages ( like plant emergence and flower appearance, first flower and first pod, first flower and first seed, first
seed and physiological maturity, first flower and end of leaf expansion).[13]

IV. METHODS AND RESULTS
The output can be calculated by using various methods. Crop Diversification can be calculated as using Simpsons
Diversification Index or many other methods like Hefindahi Index or Ogive Index.

Simpsons Index =1 - Y (pi- Y. pi)’?

Where p; is the area under ith crop. The value of Simpsons Index always lies between 0 and 1. When we have 0 it
indicates completely specific crop that means no diversification and when it is 1 it indicates complete diversification.
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Figure 2: The simulated and observed yield of selected crop of year 2004 and 2005.

Leaf Area Index is the measure of leaf material in ecosystem and it is helpful in controlling the processes like
respiration, photosynthesis and rain interception etc. It is dimensionless quantity. It can be stated as half of the total leaf
area per unit ground area. It can be calculated using direct method which contains two steps. The first one is leaf
collection which includes collection of waste leafs from the ground and all the leaves are collected in a leaf trap (open
boxes with a definite size). The second step is leaf area determination which includes a planimetric approach that is
based on the correlation between the individual leaf area and the number of area units covered by the leaf in a
horizontal plain field. [14]
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V. CONCLUSION

The evaluation of model indicates the comparison of the model outputs with the actual outputs. Thus we can see that
the simulated result is mostly similar and somewhat better than the observed yield of the crops. In this model we have
considered wheat, maize, rice, sugarcane, potato crops. We need the data sets that have minimum information to run the
model and it should have proper information for the proper functioning of the model. The designed model is validated
by comparing its simulated results with actual results that we get from the crop sown in the fields on the basis of soil
and weather parameters.
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