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Abstract— This survey paper gives an overview of how 

machine learning uses the ability to classify seeds of a grain 

crop in order to improve quality and purification processing. 

The main seed features that are hard to separate with 

mechanical methods are settled with this smart approach of 

Control Neural Networks in machine learning and with RGB 

CV (Computer Vision) image processing technique. A special 

training image set was retrieved in order to check if the stated 

approach is reasonable for use. A set of tests is provided to 

show the effectiveness of the machine learning for the stated 

task. The ability to improve the approach with deep learning 

in further research is described. 

 

Keywords— CNN- Convolutional Neural Networks; RBG- Red 

Green Blue (an image processing technique); ICT- Information and 

Communication Technology; Traditional Machine Learning 

(subset of Artificial Intelligence); Deep Learning (type of Machine 

Learning and Artificial Intelligence); MATLAB (high Performance 

Language for Technical Computing).     

1. INTRODUCTION 

As intelligent beings on the earth with an ability to 

communicate, research, share and disseminate knowledge 

using information technologies, farmers can take the 

competitive advantages of the information technologies (ICTs) 

to increase their crop yields. Srujan Kashyap Dendukuri et al 

[1] India is one of the fastest growing economies in the world 

with the second largest population. The Agricultural sector is 

the largest employer in India, as India had been a 

predominantly agricultural economy, even prior to its 

colonization by the British. Today 41.49% as of 2020, of the 

total workforces in India is employed in the Agricultural 

sector. While the rapid economic growth in the manufacturing 

and service sectors are taking advantage of the Technological 

Advancements and research innovations the performance of 

agricultural sector is dependent on factors beyond human 

control such as Monsoon, Climate change such a global 

Warming, carbon emissions, depletion of ozone layer, 

increase in emission of greenhouse gases. In this paper we are 

concentrating on one the steps of life cycle of traditional 

farming, where we will be automating the process of seed 

selection.    

We need good quality seeds which are essential to grow a 

strong and healthy crop. Healthy seeds can be bought from 

trusted sources or farmers can produce their own seeds. In 

that case, seed selection can be used to improve the quality 

of seeds. There are several diseases that are transmitted via 

the seeds. If seeds from an infested field are used to grow 

the next crop, these seed-borne diseases will immediately 

cause serious problems. Seed selection should thus start by 

obtaining seeds from healthy plants. 

2. OBJECTIVE 

 

  In the modern agricultural production cycle, the 

purification of seed material becomes a significant part and 

needs to be well developed to cover all societal needs in this 

area. The traditional mechanical approaches to purify the 

material are now complemented with the power of computing 

facilities. In order to enhance the efficiency of this production 

stage, different methods are combined in one active block, 

usually applied in final iterations of the purification line. 

Nowadays, the trend methods including an object detection 

and a classification via computer vision (CV) are neatly 

applied to tackle most problems of recognition and 

classification. The CV technologies usually increase the 

efficiency of the whole system and even bring it to the new 

operating level, but in case of seed classification and real task 

application, the studies are not held profoundly. However, 

such processing optimization is promising from different 

points of view. This paper presents an investigation and 

research of an image processing approach that can provide 

efficient seed classification, accuracy and recognition speed 

for the grain crops purification line.   
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The purpose of this study is to reduce the time-consuming 

and labour-intensive human visual inspections of seed 

germination experiments and to develop an improved 

germination prediction method that is firstly independent of 

custom color-based thresholds and thus can be applied to 

multiple seed cultivars and illumination settings and secondly 

can be used to better explore the dynamics of seed 

germination by estimating not only the final germination 

percentage but additional indices like rate and uniformity.  

 

3. BACKGROUND INFORMATION 

3.1. SEED SELECTION PROCESS 

Healthy and good quality seeds are the roots of a healthy 

crop. The seeds that are used to cultivate new crops have to be 

selected very carefully and of high quality. The good quality 

seeds can either be bought from different sources or farmers 

can produce by their own. The selection of seeds is used to 

improve the quality of yields 

3.1.1. FOR SOWING, SEED SELECTION 

DEPENDS UPON THE FOLLOWING FACTORS   

 

• We should select whole seeds and broken or crushed     

seeds should be avoided.   

• The sowing quality of seeds should be high.   

• They should have high germinating capacity.   

• Seeds should be free from infection.   

• The seeds should not be mixed with seeds of weeds 

or with other seeds.   

• Seeds should be disease-resistant.   

• The seeds should be purchased from good shops or 

should be supplied by good seed agency (certified 

seeds).    

 

3.2. CLASSIFICATION OF SEED ON BASIS OF 

3.2.1. IMAGE PROCESSING 

Yolcu, Ş. A. E. et al [7] Image processing is a method to 

perform some operations on an image, in order to get an 

enhanced image or to extract some useful information from it. 

It is a type of signal processing in which input is an image and 

output may be image or characteristics/features associated 

with that image. Nowadays, image processing is among 

rapidly growing technologies.    

There are different purposes of image processing:   

 Visualization – Observing objects that are difficult 

to see.   

 Image sharpening and restoration – Improving 

noisy images.   

 Image retrieval – Attractive and high-resolution 

image search.   

 Pattern recognition – Defining various objects in 

an image.   

 Image recognition – Detecting objects in an image. 

3.2.2. COLOR MODEL 

 

 Pranjal, Swadi, N., & Pal, N. et al [6] The color model 

aims to facilitate the specifications of color in some standard 

way.    

Different types of color models are used in multiple fields 

like in hardware, in multiple applications of creating 

animation, etc. 

In Digital Image Processing, the models that are 

commonly used are: -   

 RGB model (for printers and color monitors.)   

 CMY (cyan, magenta, yellow) and CMYK (cyan, 

magenta, yellow, black) models (used for color 

printing.)   

 HSI (hue, saturation, intensity) deals with color as 

humans interpret it.   

 

  

 

3.2.2.1. RGB COLOR MODEL   

 

In the RGB model, each color appears in its primary 

components of red, green and blue. This model is based on a 

Cartesian coordinate system.  
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The key to understanding RGB image processing is 

recognizing that an RGB image is simply a composite of three 

independent grayscale images that correspond to the intensity 

of red, green, and blue light. 

 

3.2.2.2. EXEMPLARY FLOWCHART WHICH CAN BE 

IMPLEMENTED IN IMAGE VISUALIZATION:    

 

 
OUTPUT: 

We will see how an image is divided into three components 

in python programming language. This program helps us to 

visually represent segregated parts of several mixed seeds and 

get a clear picture in order to identify the seeds in a better way. 
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3.2.2.3. FORMULAS FOR CONVERSION   

 

Pandey, Naveen & Krishna, Satyanarayan & 

Sharma, Shanu. et al [8] 
1. RGB to Gray Scale Conversion: - 

Following equation is used to convert the RGB value 

of a pixel into its grey value.   

Grey =.2989*R+.5870*G*.1140*B     

2. Gray to Binary Image Conversion: -  

Binarization is done using Otsu method, it can be 

done using Gray thresh function in MATLAB.   

3. Shape feature extraction: - 

Following shape features are considered. Seed 

roundness: Roundness of each seed is calculated   

w.r.t circle, means when the value of roundness of 

any particular seed is .9 then it’s almost round. 

Roundness can be calculated by following equation. 

R = 4*pi*area/P^2, where P is the perimeter of the 

seed. 

 

Color feature extraction Row mean and column mean: -   

For each Red, Green and Blue plane row and column mean 

is calculated by following step.    

• Three color planes Red, Green, Blue is separated.   

• For each plane row mean and column mean of 

color are calculated.   

• The row mean of all three planes are stored as 3 

new features in feature vector.   

Dominant Color is calculated for each Red, Green and Blue 

Plane by their histogram.  

  

3.3. COMPUTER VISION 

 

A V Vlasov and A S Fadeev et al [2] Computer vision is 

the process of understanding digital images and videos using 

computers. It seeks to automate tasks that human vision can 

achieve. This involves methods of acquiring, processing, 

analysing, and understanding digital images, and extraction of 

data from the real world to produce information. Computer 

vision works with a device using a camera to take pictures or 

videos, then perform analysis. The goal of computer vision is 

to understand the content of digital images and videos. 

Furthermore, extract something useful and meaningful from 

these images and videos to solve varied problems. In the paper 

we confer how traditional mechanical approaches are used to 

purify the material are now complemented with the power of 

computing facilities. In order to enhance the efficiency of this 

production stage, different methods are combined in one 

active block, usually applied in final iterations of the 

purification line. Nowadays, the trend methods including an 

object detection and a classification via computer vision (CV) 

are neatly applied to tackle most problems of recognition and 

classification. The CV technologies usually increase the 

efficiency of the whole system and even bring it to the new 

operating level, but in case of seed classification and real task 

application, the studies are not held profoundly.   

   

Reasoning from theoretical premises, object classification 

based on images can be done with different approaches, but 

the main appropriate one for the stated task is computer vision. 

The CV is a relatively new technology that provides cutting 

edge methods applications which deal with real tasks. One of 

the most significant requirements is the processing speed. 

Regarding the task features consisting in those seeds will fall 

down in front of the camera; the method should provide fast 

image capture and object class recognition. The real 

production problem is to find out what type of a grain crop is 

detected to separate it from the main seed flow. Thus, the 

second key feature is accuracy. It is needed to provide high 

level accuracy in classification to minimize the grain crop 

recognition error and reduce the number of separating 

iterations to reach the desirably clean product.   

The stated problem and its features are mostly covered by the 

traditional machine learning approach. It is based on image 

feature extraction, descriptors retrieval, clustering and finished 

with vocabulary of visual words.   

 

 
 

 
 

Figure 1&2. An overview of a seed image bag of features and 

visual words extraction.   
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This approach does not require a huge number of training 

images to train the classifier, as well as the speed is fast 

enough to train a new classifier in minutes. Applying this 

classifier, the result is provided with a set of values that shows 

how close is the object to each class (Figure 1&2). The most 

value indicates the most predictable class of the object.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. An overview of the traditional machine learning 

classification process of the seed   

 

Figure 4 shows photos of real seeds that were used to fill a 

small training dataset. The small dataset will show the 

efficiency of the method and will provide the minimum 

experimental base without huge investments. This approach 

was chosen in case of risks prevention, because the chosen 

method can result in low accuracy, and the artificial 

environment along with equipment needed for the further 

research is expensive.   

 

 
 

Figure 4. A seed image example from the training dataset: a – 

wheat; b – rapeseed; c – phacelia; d – flaxseed; e – white 

mustard seed   

 

As is seen from Figure 4, seeds have different visual 

features: shape, color, surface, glance. These parameters are 

hardly recognizable with traditional mechanical methods, and 

separation is made basically, in terms of the size and weight. 

Applying a camera with fast computer processing with the 

pretrained classifier will cover the missing parameters of 

mechanical sorting and will provide the better sorting 

accuracy.   

Meanwhile the traditional machine learning approach is not 

the last stage in seed classification and separation process 

improvement. A new approach based on neural networks 

becomes widely spread due to its efficiency. Figure 4 shows 

the difference between traditional and deep learning. The key 

feature of the second method is that it provides more accuracy, 

but need to be trained on the basis of a much bigger and 

variable image set in comparison with the first one. Deep 

learning implies having thousands of images for each class to 

be trained. The training process of deep learning is 

performance consuming and can take the time of a week for 

real tasks. Thus, deep learning is seen as a resource of 

efficient improvement that theoretically will provide better 

results and will be used if the traditional machine learning will 

work for the stated problem. In comparison, the deep learning 

approach evaluated by MATLAB yields up to 95% 

classification accuracy when traditional learning yields only 

about 75% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The diagram of traditional machine learning and the 

deep learning approach. 

 

Classification of castor seeds into three classes based on 

visual color of seed coat (yellow, grey and black). (a) RGB 

images of the intact seeds; (b) transformed images of intact 

seeds by nCDA; (c) RGB images of cut seeds; (d) transformed 

images of cut seeds by nCDA and (e) RGB images of cut 
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seeds after immersion in tetrazolium solution (adapted from 

Olesen et al.   

 

 
 

 

According to close theoretical and experimental results of 

traditional machine learning classifying accuracy, it can be 

considered as appropriate for the stated seed classification task. 

The theoretical estimation of the deep learning accuracy 

provides the field of improving the classification ability of the 

method. It will need more training images and better 

equipment, but the result now is seen to be good enough to try. 

The high frame rate camera with good lenses and light can 

provide the necessary image set retrieved in close-toreal 

working conditions. Other categories of grain crop seeds such 

as rice, oat and corn are recommended to extend the variety of 

training images especially for deep learning, which supports 

adding new categories without losing previously trained 

results. 

 

4.PREVIOUS RELATED WORKS 

 

Results Acquired:  

Przybyło, J. and Jabłoński, M., et al [10] worked on Using 

Deep Convolutional Neural Network for oak acorn viability 

recognition based on color images of their sections. This 

chapter presents methodology of the experiments (training and 

testing procedure, data augmentation scheme) as well as 

results (impact of different network architectures and image 

representations) and discussion (what does the network learn 

from the data). The example network architecture (CNN-16) 

with results superimposed is presented 

 

 

 
 

 

Figure 1. CNN-F-16 network architecture with sample results   

superimposed 

 

 

A comparison of different CNN-F network architecture 

modifications and data augmentation techniques allowed us to 

select the best configuration in terms of accuracy and 

overfitting. Because of the limited dataset, we tested two data 

augmentation schemes that increase the training dataset size - 

colour “jittering”, image mirroring and rotating. Also, we used 

a transfer learning technique. The results show that spatial 

augmentation of data (mirroring and rotation) improves 

accuracy, but colour augmentation lowers it. This suggests 

that colour is an essential information in a task of seed 

viability recognition. Adding random color jitter to the data 

lowers accuracy because it is basically additional noise in the 

data. In order to verify this observation, we examined 

different image representations and pre-processing techniques. 

The highest accuracy was obtained for training images in 

RGB colour space with white balance, brightness equalisation 

and scaling (AWB_RGB). The lowest overfitting and good 

accuracy were for ExRGB image representation (with white 

balance and global normalisation). We proposed a method of 

checking if the network is sensitive to the spatial location of 

image structures. By randomly shuffling the pixels of the test 

image inside the regions of interest, we show that selecting a 

network model and image representation affects what network 

learns - structure or colour. The original network architecture 

(CNN-F-IMAGENET) pre-trained on a large database of 

natural images recognises image structures. Also, two CNN 

models trained from scratch on our database (sections of 

acorns) are sensitive to image structures, but only for ExRGB 

image representation (with white balance and global 

normalisation). The topography of the sections at a fine level 

was also included in local entropy acquired from high 
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resolution images. The obtained results show that entropy 

carries vital information, although the accuracy obtained for 

the test images was lower than for the equalised colour images. 

In conclusion, we show that deep network accuracy (85%) is 

comparable or slightly higher than the manual predictions of 

the human experts. Although the accuracy of recognition by 

means of Deep CNN was not considerably better than other 

computer based or visual methods, the result of this study is 

significant. The advantage of using a CNN for seed 

classification is that beside image segmentation and 

normalization, it does not require any further image 

processing (feature extraction). The CNN accepts the input – 

segmented images, and outputs predicted germination ability: 

healthy or spoiled. Also, it proves that computer methods, 

including machine learning, are as accurate as humans in 

vision-based assessment of acorn viability and faster than 

employees. The training procedure is time-consuming but the 

recognition task takes 68 Ms on average. 

 

Results Acquired:  

Huang, S., Fan, X., Sun, L.,Shen, Y. and Suo, X. et al [11]  

conducted a research on Classification Method of Maize Seed 

Defect Based on Machine Vision. The SVM algorithm with 

Gaussian kernel function had the highest accuracy rate of 

79.2%, which performed the best.  

 

 
 

  

The training loss, testing loss, training accuracy, and testing 

accuracy of the three classifiers (the blue line and the red line 

represented two auxiliary classifiers, respectively, and the 

green line represented the main classifier). An accuracy level 

was reported every 500 iterations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the initial experiment, we tried to train the data 

from scratch using some lightweight networks (Alex Net), but 

these networks have experienced severe overfitting. We used 

a shallower network (VGG19) for transfer learning: the 
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training loss dropped significantly, but the testing loss 

decreased at the beginning and tended to be unchanged in the 

later stage. The accuracy of the training set was close to 95% 

and the testing accuracy of the model was stabilized at 88%, 

which indicated that the network had reached its optimal state. 

The reason was that since VGG19 needed to identify multiple 

defects of seeds, the difference between some seeds with and 

without defects was not obvious. Therefore, the classification 

error was large, and it was necessary to extract deeper features. 

Thus, we adopted a more complex network GoogLeNet, 

which had an excellent ability to extract features based on the 

inception structure. The accuracy of the entire network was 

96.5%. The results showed that deepness of the network 

played an important role. In this paper, we used CNNs and 

transfer learning to achieve defect classification of maize 

seeds. Experiments demonstrate the availability of CNN in 

seed defect classification tasks, the CNNs were significantly 

better than machine learning algorithms in maize seed defect 

evaluation and the accuracy of the model increased as the 

depth of the network increased. The appearance defect of the 

seed is one of the indicators for judging the quality of the seed. 

In this research, we only applied the CNN to RGB images, it 

can also be applied to multispectral or hyperspectral images. 

The application of multispectral images not only has the 

ability to recognize the phenotypic characteristics of seeds but 

also different varieties, enhancing the generalization ability 

and practicability of the model. 

 

 

Results Acquired: 

Yonis Gulzar,Yasir Hamid, Arjumand Bano Soomro, Ali A. 

Alwan and Ludovic Journaux et al [12] worked on a 

Convolution Neural Network-Based Seed Classification. To 

fairly evaluate the performance and prove the efficiency of 

our proposed solution to processing seed identification and 

classification over a broad range of seeds, several extensive 

experiments were designed. The proposed work is 

implemented in Python. We have also assessed the trained 

model for validation accuracy and validation loss. 

Furthermore, the model is being continuously monitored in 

terms of validation accuracy and validation loss to spot any 

noticeable deviation in training and validation performance. 

The model showed stability in its performance during the 

training and validation processes, which was due to the pre-

processing techniques employed in the model. This started 

with the collection of data, within which an effort was made to 

have a balanced distribution of data across all of the classes. 

In addition, the image augmentation technique also helped to 

make sure that the system was exposed to the most variations 

of the dataset. The dropout technique played a major role in 

the model’s validation performance by making sure that the 

model did not deviate much from its training performance.   

 

 

 

 
 

 

 

 
 

Figure 1&2. Training accuracy and loss of the model. 
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Figure 3&4. Validation accuracy and loss of the model 

 

Since this study is the first attempt to investigate the issues of 

seed identification and classification with a large variety of 

different seed types (up to 14 types), we compare our 

proposed solution to other well-known existing strategies that 

are the closest to this work, namely kNN, a decision tree 

classifier, Gaussian Naïve Bayes, random forest classifier, 

AdaBoost classifier and logistic regression. It can be seen that 

our proposed model outperforms all other models by 

achieving the highest values for precision, recall and 

F1score.The main reason that our proposed approach achieved 

the highest precision, recall, and F1-score was the application 

of the CNN strategy and the incorporation of five new layers 

in the VGG16 model. This helped in generating more accurate 

classifications of seed based on provided images. This paper 

proposed an efficient model for seed identification and 

classification. The model is trained on a per proposed an 

efficient model for seed identification and classification. The 

model is trained on a dataset containing images of 14 variants 

of seed. The image augmentation technique was used to 

produce more training images artificially by using an inbuilt 

API Image Data Generator in Kera’s' library. The proposed 

model adopted existing VGG16 architecture for classification, 

in which the last layer was replaced with five newly 

implemented layers: the average pooling layer, the flatten 

layer, the dense layer, the dropout layer and the SoftMax layer. 

To improve classification performance, the model was fine 

tuned. To increase the accuracy rate and reduce the error rate, 

the model was optimized and validated. The results from the 

proposed model show an accuracy of up to 99.9%. 

 

 
   

Results Acquired: 

Ranjith Bose, Ranjith, Suraj Prakash, Subham Kumar Singh, 

Dr Vishwanath et al [13] acquired results for an Intelligent 

Approach for Classification of Grain Crop Seeds Using 

Machine Learning. This paper presents methodology of the 

experiments (features extraction techniques, training and 

testing procedure) along with results (impact of different 

classification techniques and image representations). 

In this paper we have implemented the following feature 

extraction techniques: 

1. Grey level co-occurrence matrix: 

GLCM is a statistical method that considers the spatial 

relationship of pixels. It is a count of the number of 

occurrences of two neighbouring pixels within an image, at 

different locations which have Gray values I and j. The size of 

GLCM depends on the number of Gray levels which can 

control the size by scaling of intensity value. 

     2. RGB Color Space:  

The RGB colour space is a device-oriented colour system. 

RGB separates colour into three components, i.e., red, green 

and blue. In the colour cube, its origin corresponded to the 

black colour. The same colour with a different brightness can 

be obtained by adding a different proportion of colour 

intensity to the three axes simultaneously) 

3. Threshold technology: 

In image processing, thresholding is used to split an image 

into smaller segments, or junks, using at least one color or 

Gray scale value to define their boundary. The advantage of 

obtaining first a binary image is that it reduces the complexity 

of the data and simplifies the process of recognition and 

classification. The most common way to convert a Gray level 

image to a binary image is to select a single threshold value 

(T). The input to a thresholding operation is typically a Gray 

scale or color image. In the simplest implementation, the 

output is a binary image representing the segmentation. 
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And also, we have implemented the following classification 

techniques: 

1. Artificial Neural Network (ANN): 

ANN acquires a large collection of units that are 

interconnected in some pattern to allow communication 

between the units. These units, also referred to as nodes or 

neurons, are simple processors which operate in parallel. 

2. Convolutional neural networks (CNN): 

Convolutional neural networks (or convnets for short) are 

used in situations where data can be expressed as a "map" 

wherein the proximity between two data points indicates how 

related they are. An image is such a map, which is why we so 

often hear of convnets in the context of image analysis.  

3. K-nearest Neighbour (KNN): 

K-means is a method of clustering observations into a specific 

number of disjoint clusters. The” K” refers to the number of 

clusters specified. Various distance measures exist to 

determine which observation is to be appended to which 

cluster. 

Using proposed system design with different classification 

techniques, multiple experiments performed with three 

different cluster sizes. outcome of the experiments is in 

graphical representation. 

 

 
Figure 1. Proposed System Design 
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After conducted studies of seed culture classification with 

computer vision, it is possible to conclude that the computer 

vision technologies are appropriate for improving the process 

of seed classification in order to provide better grain crop 

purification processing. By observing the graph, it is clear that 

CNN has higher accuracy for all the trained images in all type 

of the clusters thus by implementing the neural networks we 

can get much better results. 

 

 

Results Acquired: 

Genze, N., Bharti, R., Grieb, M. et al [14] recorded Accurate 

machine learning-based germination detection, prediction and 

quality assessment of three grain crops. We generated labelled 

imaging data of the germination process of more than 2400 

seeds for three different crops, Zea mays (maize), Secale 

cereale (rye) and Pennisetum glaucum (pearl millet), with a 

total of more than 23,000 images. Different state-of-the-art 

convolutional neural network (CNN) architectures with region 

proposals have been trained using transfer learning to 

automatically identify seeds within petri dishes and to predict 

whether the seeds germinated or not. Our proposed models 

achieved a high mean average precision (MAP) on a hold-out 

test data set of approximately 97.9%, 94.2% and 94.3% for 

Zea mays, Secale cereale and Pennisetum glaucum 

respectively. Further, various single-value germination indices, 

such as Mean Germination Time and Germination Uncertainty, 

can be computed more accurately with the predictions of our 

proposed model compared to manual counting’s. Our 

proposed machine learning-based method can help to speed up 

the assessment of seed germination experiments for different 

seed cultivars. It has lower error rates and a higher 

performance compared to conventional and manual methods, 

leading to more accurate germination indices and quality 

assessments of seeds. 

 

5. CONCLUSION 

 

After thoroughly studying seed culture classification with 

computer vision, there is a possibility that the computer vision 

technologies are appropriate for enhancing the process of seed 

classification in order to provide better seed quality in vast 

quantities. The machine learning approach is recommended as 

a flexible and accurate way for fast classifier training wherein 

we are able to scan the quality of the seed and furthermore 

classify the seeds with the help of neural networks and 

determine the several factors such as type, size, shape, color 

accordingly.   

Using machine learning, researchers can predict both yields 

and risks associated with different seeds at a specific farm and 

select a mixture of varieties that represents the optimal trade-

off.   

This paper is beneficial to seed companies and farmers alike. 

Seed companies can ensure that they sell the best seed variety 

possible for a specific region, which reduces the risk of 

marketing the wrong type of seed to the target population. In 

turn, this reduces farmers’ risk of low crop yield or crop 

failure. Finally, this paper will serve as a decision support tool 

which will help farmers. 
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