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ABSTRACT 
 
Convolutional Neural Network (CNN) is the most popular deep learning model, CNN is a type of 
artificial neural network used in image recognition and processing, that is specifically designed 
to process pixel data. Thus, this paper employs CNN in Predicting Various Diseases and Natural 
Changes in Groundnut Leaves from Early Stage to Maturity. Since, large numbers of diseases 
are known to be associated with groundnut crop, however, only some of them cause economic 
losses. The paper enumerates key diseases of groundnut, its occurrence, distribution, losses 
caused by them, diagnostic symptoms and their epidemiology, in addition to  aflatoxin 
contamination of groundnut. Major methods of management and the status of research where 
considered. It covers the disease management approaches like host plant resistance, ethical 
approaches, and the likes. In addition, the proposed paper also try to evaluate the effect of this 
diseases in terms of farm yield via MATHLAB Simulator, and the simulation results shows a 
continues decrease in groundnut yield from 1980 to 2020; due to the groundnut viruses 
continual increase and spread. Finally, recommendation and possible areas of research are also 
presented. 
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1. INTRODUCTION 
 
The use of Information Communication Technology (ICT) has grown exponentially that its 
monumental application can be seen in almost every aspect of human endeavor of which 
agriculture is not an exception to the profound benefits provided by this field [1]. Convolutional 
Neural Network (CNN) is the most popular deep learning model, because CNN is a type of 
artificial neural network used in image recognition and processing, which is specifically designed 
to process pixel data. The most important advantage of CNN as compared to its predecessor is 
its ability to automatically detect the important features without any human supervision.  
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CNN is used for image classification and recognition due to its accuracy and it ability to follow a 
hierarchical model[14][15]. CNN models were design to map image data to an output variable. 
And they have proven so very effective that they are, CNN models are very effective method for 
any type of prediction problem involving image data as an input. CNN is considered to be more 
powerful than Artificial Neural Network (ANN), RNN due to the fact that RNN includes less 
feature compatibility when compared to CNN. Facial recognition and computer vision, text 
digitalization and Neural Language Processing. Thus, this paper employs CNN in Predicting 
Various Diseases and Natural Changes in Groundnut Leaves from Early Stage to 
Maturity[16][17].      
 
Groundnut is an important oilseed and food legume crop of tropical and subtropical areas, which 
is being cultivated on a range of 25 million hectare of land in about 100 countries including 
Africa under different agro-climatic regions between a latitudes 40ºS and 40ºN. However, on a 
large scale in Africa precisely Nigeria is mainly one of the country’s growing groundnut like other 
countries as, China, USA, Senegal, Indonesia, India, Brazil, Argentina and the likes, Currently 
Nigeria  has one of the largest groundnut area in Africa. Although there are fluctuating trends in 
area and production of groundnut in Nigeria. However, it is grown on an area of about 8 million 
hectare, mostly as rainfall in dry lands under vagaries of the weather conditions producing a 
range of 5 to 10 million tons due to its low productivity. Hence, so far only 15 to 20% area could 
be brought under irrigation. However, the demand of groundnut is increasing due to increase in 
population as well as to introduce the groundnut as food crop. This implies the essential need 
for increase in groundnut production in Nigeria. The northern part of Nigeria specifically, is the 
main  key areas where groundnut is being produced.  
 
[1], Proposed a Model for Predicting the Maturity of Groundnut; based on the model, groundnut 
been one of the most remunerative farming enterprise before the discovery of crude oil in 
Nigeria needs an image processing tool to improve agricultural activities. This application of 
image processing in agriculture can exponentially augment the quality decision making for 
ripeness assessment, measuring severity of plant diseases, fruit sorting and grading, quality of 
expected yield, and weed detection. Also, in the context of information communication 
technology, the design of an automated system is pivotal to farming and becomes necessary to 
substitute the traditional method adopted by farmers. Thus, applications and systems such as 
MATLAB, back propagation neural network (BPNN), fresh fruit bunch (FFB), artificial neural 
network (ANN) among others was used to detect features such as color (ripeness) textures (size), 
and plant diseases. At the end of the study, a model CNN was developed to predict the maturity 
of groundnut to high degree of accuracy and also classifies images of groundnut leaves into 
mature and immature leaves.  
 
The proposed model was found to be efficient in prediction of groundnut maturity with an 
average accuracy of 99.1%. But the proposed model ignores increasing the number of labels 
being classified by the convolutional neural networks (CNN) model so as to be able to consider 
other researchable aspects such as white and grey matter rather than just the binary 
classification that has been carried out; mature and immature. More so, the image analysis of 
leaves affected by diseases has not been taken care of. This is a one of the motivation for this 
research study, in order to monitor and classify the various diseases that affect groundnut plant 
and provide suggestions for prompt action. 
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[2] Postulates that Groundnut, also known as peanut, are an important legume nut known for 
its multifarious use of oil production. Being a grain legume, peanut has an important nutritional 
value for human beings, and its nutritional value has been exploited for combating malnutrition 
in children. It is a tropical legume mainly grown to produce oil and for human as form of food 
and animal consumption as form of hay, silage and cake. Peanut is grown in about 120 
countries in the world, Asia been the major peanut producing region in the world followed by 
Africa who ranks second in the world peanut production. Although Africa is the second region in 
terms of production, it has the lowest yield compared to Asia and to the Americas. In West Africa, 
peanut yields low out in countries like Senegal, Niger and Nigeria. The low peanut yields 
observed in many countries in Africa and Asia are related to rain fed and low-input growing 
conditions. In these countries where the rainfall pattern is irregular, peanut is often subjected 
to drought. Peanut breeding has been slowed down by the difficulties in making large Numbers 
of marks and by the low number of progenies produced per cross.  A clear example of this 
difficulty is disease resistance: wild species display much stronger disease resistances than are 
four in cultivated peanut. 
   
Pacipatory Analysis of Groundnut Cropping System and Production Constrain in Burkina- Faso is 
presented in [3]. Groundnut is one of the important leguminous crops widely grown in Burkina-
faso which plays an important role as food crop for household consumption and also as a cash 
crop, source of employment and incomes for smallholders in rural households. In Burkina Faso, 
It was the number one cash crop until it was overtaken by cotton in the 1980s. The country is 
under a highly variable spatial and temporal distribution of rainfall which is sometimes uncertain 
and erratic. Groundnut production has experienced a regression following a long drought, poor 
soil fertility, climate change, lack of support, and lack of promotion of the crop. The groundnut 
production is characterized by low productivity and high dependence on local and inadequate 
production tools, coupled with a precarious environment condition. The rare increases of 
groundnut production observed are largely attributed to an extensive cropping system and not 
due to the performance of varieties.  
 
The study reveals that youth are prevalent in groundnut faming and males are more than female 
in groundnut farming.  The study indicates a significant difference within regions for the farm 
size by sex. In each region, the smallest farms usually belong to women while the largest farms 
are owned by men. Consequently, the lack of improved varieties, absence of agricultural credit, 
lack of materials (production tools), the high price of seeds, the high price of fertilizer, drought 
and disease are some of the major yield-limiting factors compromising groundnut production in 
Burkina Faso. Therefore, there is a need for new technologies and strategies to tackle and 
enhance groundnut production in Burkina Faso. These include strengthening the breeding 
program, seed production companies, and extension services for enhanced generation and 
dissemination of technologies.  
 
Evolution and Impacts of Groundnut Research and Development in Malawi was presented by 
[4]. Groundnut amongst others has been the most widely grown legume crop in Malawi, with 
nearly 27% of the total land under legume production sown to the crop. In 2009, area under 
groundnut was about 14% compared with area planted to maize, the dominant staple crop. 
Increase in the cultivation of groundnut has steadily expanded in the last two decades in Malawi 
and the productivity per area has also significantly increased, which resulted in a dramatic boost 
in production over the years. Much of the yield improvement is attributed to the adoption of 
improved varieties that are higher yielding, drought tolerant, and pest and disease resistant.  
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Response of Groundnut Genotypes to Soil Fertilization of Micronutrients in Alfisol Conditions by 
[5]. The fact that about 35 percent of children between 0-5 years of age suffer from iron and 
zinc Deficiency in Asia. This affects large segment of population mostly women, infants and 
children in resource poor families in the country. The most commonly deficient elements in the 
diet of humans are iron and zinc. In India, zinc is considered the fourth most important yield-
limiting nutrient after, nitrogen, phosphorus and potassium. Periodic assessment of soil test 
data also suggests that Zn deficiency in soils of India is likely to increase from 49 per cent to 63 
per cent by the year 2025 as most of the marginal soils brought under cultivation are showing 
zinc deficiency. Zinc availability is lower in soils of arid and semi-arid regions.  Zinc is immobile 
in the soil and moderately mobile in plants; iron has a low mobility in soil; therefore, Fe fertilizers 
have not been successful in bio-fortification efforts.  
 
[6] Conducted an Evaluation of Selected Groundnut (Arachis hypogea L.) Lines for Yield and 
Haulm Nutritive Quality Traits. The paper examines the emerging market for groundnut haulms 
as livestock feed in Ghana. Populations of 30 groundnut genotypes were evaluated for yield (pod 
and haulm) and its components as well as good haulm nutritive value. High significant 
differences were observed among the genotypes for all agronomic traits. Average pod yield was 
obtain with range from 1.6 to 5.7 t/ha with SAMNUT 23 and ICGV-IS 13081 being the most 
productive. Eight out of the 30 genotypes produced haulm yields above 8 t/ha. There was no 
significant difference among genotypes for in vitro gas production, digestible organic matter, 
ash, neutral detergent fibre, and metabolizable energy. However, crude protein, crude fibre, and 
acid detergent fibre were significantly different. Crude protein content was highest (12.53%) in 
GAF1723 and lowest (8.00%) in ICGV-IS 08837. Genotypes GAF 1723, ICGV 00064, and ICGV-
IS 13998 combined good pod/haulm yield with high haulm nutritive quality. Their utilization will 
improve farmers’ income and livelihoods in the Guinea savanna of Ghana.  
 
Finally, the nutritive values of the 6 cultivars were all averagely good and can support the 
productive performance of ruminants when offered in appropriate quantities. Comparatively, 
GAF 1723 had the highest nutritive value due to its high CP concentration and low ADF content 
and ICGV-IS 08837 had the lowest attribute of nutritive quality because of low CP and high ADF 
concentration. GAF 1723 cultivar therefore has the superior groundnut haulm as a feed for 
ruminants. Again, the high yielding potential of the early maturing (90–95 days after planting) 
genotype ICGVIS 08837makes it a suitable candidate for the Guinea savanna ecology of Ghana 
in the face of erratic rainfall distribution and shortening of the cropping cycle. 
 
[7] Examine the socio economic characteristics of groundnut farmers; determine the level of 
profitability of groundnut production, the resource use efficiency to find out the problems 
encountered in groundnut production in Sabon-gari local government area of kaduna state. 
Seventy-nine farmers involved in groundnut production were randomly selected from the various 
farms located within the local government area. Data were collected using primary and 
secondary sources. To examine the profitability of groundnut production, the gross margin and 
cost benefit analysis were also carried out. The result of the study shows that experienced 
farmers are less involved in groundnut production and most groundnut farmers are engaged in 
other form of businesses. The cost, availability, and lack of technical knowledge of inputs 
requirements are responsible for poor use of the inputs. Labour, fertilizer, seed and herbicides 
are all over utilized except insecticide which is underutilized. Among the problems encountered 
in groundnut production in the study are lacks of capital and extension services. These two 
problems accounted for over 78% of the problem of groundnut in the study area. 
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It is therefore recommended that government and research institutes should strengthen 
extension services to deliver improved technologies to the farmers. Farmers are also advised to 
source for loans through cooperatives, banks and other available sources at low charges and 
the procedure for loan should be made simple to enable farmers’ access loans so that 
groundnut production can be improved. 
 
[8] seed varieties and increased and/or continued cultivation on marginal land. Political 
instability and the frequently unsupportive oilseed policies have also played their role in low 
groundnut productivity. Therefore, there is excellent potential for yield improvement. Research 
efforts have, since the 1920s, endeavored to breed varieties that are high yielding, resistant to 
major pests and diseases, tolerant to drought, high in oil content and have a short to medium 
maturity period, as well as to develop appropriate production packages. These efforts have 
resulted in the release of 14 varieties, the most recent being Igola-1, Serenut 1R, Serenut 2T, 
Serenut 3R and Serenut 4T. These varieties have helped to alleviate some of the production 
problems listed above. However, the market and field stability of those varieties, in light of 
emerging stresses, calls for continuous research while at the same time keeping crop 
improvement, quality and safety linked to practical applications. Emerging issues like aflatoxin, 
leafminers and biotechnology need to be addressed and incorporated into the research agenda. 
Deployment of novel breeding approaches like molecular breeding to complement conventional 
breeding would increase the efficiency of cultivar development. Additionally, to maintain or 
increase market share, producers and exporters need to adapt the type of groundnuts being 
cultivated to consumer requirements. 
 
This study ([9] tries to provide an effective guide to farmers on groundnut crop production and 
general management best practices for efficient groundnut production in Nigeria and its 
neighboring countries. The study examine the challenges or draw bag that affect an efficient 
yield of groundnut as well as major sources of groundnut in Nigeria. The study also examined 
the Agroecologies for groundnut production in Nigeria: Traditional commercial groundnut 
producing areas which involve the Sahel, Sudan and derived savanna, Northern Guinea and 
most parts of the Southern Guinea vegetation zone. The major groundnut producing states 
where also identified which are namely: Kano, Katsina, Kaduna, Jigawa, Sokoto, Zamfara and 
Kebbi in the Northwest; Adamawa, Bauchi, Yobe and Borno in the Northeast; and Benue, 
Plateau, Taraba, Nasarawa, FCT Abuja, Kogi, Niger and Kwara in the Central Zone. The 
recommended varieties and planting time of the agro ecologies. 
 
[10] Peanut is an important crop grown worldwide. Commercially it is used mainly for oil 
production but apart from oil, the by-products of peanut contains many other functional 
compounds like proteins, fibers, polyphenols, antioxidants, vitamins and minerals which can be 
added as a functional ingredient into many processed foods. Recently it has also revealed that 
peanuts are excellent source of compounds like resveratrol, phenolic acids, flavonoids and 
phytosterols that block the absorption of cholesterol from diet. It is also a good source of Co-
enzyme Q10 and contains all the 20 amino acids with highest amount of arginine. These 
bioactive compounds have been recognized for having disease preventive properties and are 
thought to promote longevity. The processing methods like roasting and boiling have shown 
increase in the concentration of these bioactive compounds. Detection of Soya Beans Ripeness 
Using Image Processing Techniques and Artificial Neural Network was Proposed [11], the paper 
postulates that the use of technology in agriculture have  paved way for new farming techniques 
across the globe and the benefits cannot be overemphasized. These benefits include an 
increase in the quality and quantity of crops produced, minimising cost of farming, providing 
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suggestions for prompt action among others. Traditionally, to detect the ripeness of soya beans, 
farmers rely on a change in colour of leaves from green to brown; this process cannot be fully 
reliable as the colour is subjective to human naked eyes, and failure to harvest when ripe causes 
the seed pods to burst which reduces the crops expected to harvest. The research aim at 
detecting the ripeness of soya beans; using colour and texture features of leaves through image 
processing techniques in the pre-processing phase and artificial neural network for the 
detection of ripeness using MATLAB simulator. Finally, an accuracy of 95.7% is obtained in the 
classification of the various categories of soya beans leaves respectively. 
 
[12], Proposed a Comparison of Groundnut bud necrosis virus isolates based on movement 
protein (NSm) gene sequences. The nucleotide and amino acid sequences of the movement 
protein (NSm) genes of five isolates of Groundnut bud necrosis virus (GBNV) originating from 
different hosts and parts of India such as cowpea and tomato from Kerala, groundnut from Tamil 
Nadu, and potato from Madhya Pradesh and Rajasthan were determined and compared to the 
known NSm sequences. Sequence analysis revealed that the NSm genes of GBNV isolates were 
identical in length (924 bp encoding 307 amino acids). GBNV isolates shared maximum identity 
(98-100%) at amino acid levels with GBNV-Type isolate, while 82-83% and 34-65% amino acid 
sequence identities were observed with Watermelon silver mottle virus and other Tospoviruses 
respectively. The NSm genes among GBNV isolates originating from different hosts and locations 
appeared highly conserved (93-100%), suggesting their common origin. [13], proposed 
Applications of Image Processing in Agriculture: This paper focus on the survey of application of 
image processing in agriculture field such as imaging techniques, weed detection and fruit 
grading. The analysis of the parameters has proved to be accurate and less time consuming as 
compared to traditional methods. Application of image processing can improve decision making 
for vegetation measurement, irrigation, and fruit sorting respectively. 
 
2. VARIOUS DISEASES AND NATURAL CHANGES IN GROUNDNUT LEAVES  
 
This section present the various disease as well as the natural changes in groundnut leaves 
from early stage to maturity. Groundnut have been one of the most important grain legume in 
Nigeria, most especially the northan Nigeria which is largely cultivated under rainfed conditions 
within the Guinea savanna zone of the country. The pods and haulms are important sources of 
income for farmers in the region. Groundnut helps provides significant sources of cash through 
the sales of seed, cakes, oil and haulms. Groundnut also plays an important role in the diets of 
rural populations as well. The pod yields from farmer’s field are low, averaging about 800 kg per 
ha, less than one-third the potential yield of 3000 kg per ha. This large gap is of concern and an 
important problem. Thus, we carried out a study on the various diseases that affects effective 
yield of groundnut as well as the changes in Groundnut leave from early stage of groundnut 
planting to maturity. The study also tried to assess the socio economic characteristics of 
groundnut farmers, determine the level of profitability of groundnut production, the resource 
use efficiency as well as to find out problems encountered in groundnut production in Nigeria. 
 
2.1 Various Diseases 
 Groundnut which is well known as (Arachis hypogaea L.) is ranked number 13th among the 
Principal economic crops in the world, it is an important food legume and Oilseed crop of tropical 
and subtropical areas. World-wide groundnut is being cultivated on a range of about 25 million 
hectare of land in several countries, on large scale mainly grown in northern Nigeria, Brazil, 
Argentina, India and many more. Groundnut is oil and protein rich, and is an energy giving crop, 
but usually grown under energy-starved conditions of low soil fertility and rain fed areas.  
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About 70 % of the world groundnut production occurs in the semi-arid tropics with average 
significant yield. The most prevailing groundnut diseases are leaf spots, rust as well as aflatoxins 
contamination continues to be serious problem associated with groundnut crop. To this list, 
other important problems such as collar rot, stem rot, Alternaria leaf blight and groundnut bud 
necrosis disease now got prominence and need attention of plant pathologists as well as 
breeders in order to mitigate these challenges..  
 
2.1.1 Collar rot (Aspergillus niger) 
predominantly in virtually all groundnut-growing states and the losses in terms of mortality of 
plants ranges from 28 to 50% respectively. This is precisely very serious in sandy loam and 
medium black soil areas of the Northan Nigeria. The fungus present in the soil or adherent on 
seed surface germinates and attacks the seeds before its germination and causes pre-
emergence rotting of seeds. It also causes rotting of hypocotyls, post-emergence seedling blight, 
rapid wilting of entire plant or its branches which are characteristic diagnostic symptoms. Collar 
region of the affected plants becomes shredded and becomes dark brown covered by mycelia 
growth and spores. Soil borne inoculum is the primary source of infection. The pathogen can 
tolerate low soil moisture (13-16 %). The fungus develops best at temperature ranging 31 and 
35 C. 
 

 
Figure 1: Collar rot disease 

 
2.1.2 Stem rot (Sclerotium rolfsii) 
In Nigeria, stem rot occurs in all groundnut growing states, particularly more severe in the north 
where farmers are frequently plating groundnut yearly, with an approximate of about 10,000 ha 
of groundnut fields infected with Niger, Kebbi, Sokoto, Barno, Yobe, Kano, Kaduna, Katsina, 
Gombe and Adamawa been identified as ‘hot spots’ for the diseases. About 29% or more yield 
loss due to this disease which is been reported [20][21] reported yield losses of over 25%. The 
indirect losses such as reduction in dry weight and oil content are also reported. The initial 
symptoms are partial or complete wilting of the stem or branches that are in contact with the 
infected soil. White mycelia growths with brown colour sclerotia are visible on the infected plant 
parts. The leaves turn brown and show wilting but remain attached to the plant. Infection of 
pegs, pod rot and leaf blight are another symptoms of stem rot infected plants. The pathogen 
has a wide host range. S. rolfsii can colonize either living plant tissues or plant debris. Deeply 
buried sclerotia survive a year or less while those near soil surface remain viable for many years. 
Defoliated leaves can also serve as a bridge to facilitate plant to plant spread.  
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The pathogen spreads through infected soil, wind splashed rain and sclerotia. Types of crop 
residue particularly influence the sclerotial germination, mycelia growth and infection by S. rolfsii 
in groundnut [21]. Soil moisture to the extent of 40 to 50% of water holding capacity and 
temperature between 29 to 32C during day and 25C during nights favors the pathogen 
infection and disease development.  
 

 
Figure 2: Stem rot disease 

 
2.1.3 Dry root rot (Macrophomina phaseolina) 
Also known as dry wilt or charcoal rot is sporadic in occurrence and is particularly serious in 
Kano, Kaduna, Kebbi, Barno and sokoto. The pathogen causes severe seedling mortality 
resulting in patchy crop stand and thus reduces the yield. The symptoms appear as water soaked 
necrotic lesion that girdles the stem just above the ground level and wilting follows. The tap root 
turns black and later rots and shreds. Kernels turn black with abundant sclerotia on inner wall 
of the shell and surface of the testa. The pathogen has wide host range. The pathogen is a 
facultative saprophyte and a soil dweller. Infected soil, plant debris and pods serve as sources 
of inoculums. The optimum temperature for seedling infection is 29 to 35C and for pods 
invasion is between 26 and 32C [21]. The sclerotia are disseminated via plant debris, soil, 
infected pods, shell, and kernel.  
 

 
Figure 3: Dry root rot disease 
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2.1.4 Aflaroot/yellow mold (Aspergillus flavus) 
It is prevalent in almost all groundnut-growing states. The yellow mold fungus, A. flavus is 
commonly found in the seed of both rotten and apparently healthy pods of groundnut. It first 
appears on cotyledons after the emergence of seedlings. Infected plants generally become 
stunted and leaf lamina is drastically reduced with a pointed tip. Vein clearing and chlorosis of 
the leaflets is also visible. Infected seedlings lack a secondary root system, a condition known 
as “aflaroot.” Such plants do not produce flowers and hence become unproductive. Yellow-green 
Aspergillus colonies develop on overmature and damaged seeds and pods. Soil borne inoculum 
is the primary source of infection. The pathogen can tolerate low soil moisture and the fungus 
develops best at temperature between 25 and 35 C.  
 

 
Figure 4: Aflaroot/yellow mold disease 

 
2.2 Foliar Fungal Diseases 
Early leaf spot (Cercospora arachidicola) 
Early leaf spot disease had been more prevalent in northern groundnut growing states however 
in the last decade it has assumed a serious status in southern and central groundnut growing 
states too. The losses in yield estimated to be in the range of 15 to 59%. Besides the losses in 
pod and kernel yield, the fodder quality is also adversely affected. The disease normally occurs 
30 days after sowing. Initially minute circular to sub-circular chlorotic spots, 1 to over 10 mm in 
diameter develop on upper surface of leaf which later turn to brown in colour and surrounded 
by yellow halo [21]. Most sporulation occurs on the upper surface of leaflet. Severely infected 
leaves may drop off prematurely. The lesion may extend to the stem and branches. The pathogen 
survives through conidia on affected plant debris in soil or through conidia being carried on the 
pod shell. The pathogen also survives from one season to another on volunteer groundnut 
plants. Temperature between 25 and 30C, prolonged leaf wetness hours, and high RH (>80%) 
favors the infection and disease development. Conidia disseminated by wind causes secondary 
infection. 
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Figure 5: Early leaf spot disease 

 
2.2.1 Late leaf spot (Phaeoisariopsis personata) 
Commonly occurs wherever groundnut is grown and yield losses ranges from 15 to 59%, but 
vary from place to place and between seasons. Besides the losses in pod and kernel yield, the 
fodder quality is also adversely affected. The disease normally occurs on 60 days old crop to till 
harvesting. Dark brown to black, circular to sub-circular lesions measuring 1-6 mm diameter 
appear on lower surface of the leaves where most sporulation occurs. Several lesions may 
coalesce and in severe cases, infected leaves may drop off prematurely. Oblong lesions occur 
on the stem and branches. As of early leaf spot pathogen, the late leaf spot pathogen survives 
through conidia on affected plant debris in soil or on the infected groundnut shell and also from 
one season to another on volunteer groundnut plants. Temperature between 25 and 30C, 
prolonged leaf wetness hours, and high RH(>80%) favors the disease. Long distance distribution 
of the pathogens may be by airborne conidia, by movement of the infected crops debris or by 
movement of pods or seeds that are surface contaminated with conidia. Early and late leaf spot 
pathogens are also soil borne [21]. Differences in the characteristics of early and late leaf spots 
are shown in Figure 7 
 

 
Figure 6: Late leaf spot disease 
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2.2.2 Rust (Puccinia arachidis) 
The disease is prevalent throughout groundnut growing areas but more severe in the southern 
states. Losses in yield due to rust have been reported in the range of 10 to 52%. In addition to 
yield loss, the disease reduces seed size and oil content of groundnut. Initially chlorotic spots 
develop on the upper surface of the leaf. Corresponding lower surface shows orange colored 
pustules (uredinia). The pustules range from 0.5 to 1.4 mmin diameter [21]. Severely infected 
leaves turn necrotic and desiccate but remain attached to the plant. The kernels formed in the 
affected plants are shriveled and small. The disease perpetuate through urediniospores.  In 
Nigeria, groundnut crop or volunteer plants are available in one or the other parts of the country 
enabling the survival of uredinial stage round the year. The pathogen may also survive from 
season to season on self-sown (volunteer) groundnut plants. An optimum temperature of 20C, 
prolonged leaf wetness hours, and high humidity favors the rust disease. Spread of the disease 
within growing crops is facilitated by wind movement, by rain splash, and also by insects[21].  
 

 
Figure 7: Rust disease 

 
2.2.3 Alternaria Leaf Blight (Alternaria spp.) 
The leaf blight disease of groundnut is caused by Alternaria alternate (Fr.) Keissler, as reported 
by [18][22] and also were caused by Alternaria tenuissima (Kunze. Fr) Wiltshire as reported by 
[19][23]. Two other species of Alternaria reported from groundnut are Alternaria arachidis Kulk. 
Described by [20] cause the brown leaf spot symptom, and Alternaria longipes described by [21] 
cause necrotic leaf spots. The leaf blight caused by A. alternata has been hitherto a minor 
disease of groundnut. The characteristic symptoms of these diseases are blighting of the apical 
portions of leaflets, which turn light to dark brown in color. In the later stages of infection, 
blighted leaves curl inward and become brittle.  
 
Adjacent lesions coalesce giving the leaf a ragged and blighted appearance. Disease develops 
more rapidly on the upper portion of the canopy than on the lower portion. Self-sown (volunteer) 
groundnut plants as primary inoculums and secondary spread through conidia. It has several 
weed hosts including aquatic weeds like water hyacinth (Eichhornia crassipes) and pistia (Pistia 
stratiotes). Water hyacinth is commonly found in water reservoirs. The sources of the inoculums 
in epidemics of Alternaria leaf blight may come from sesame, sunflower or the weed hosts, 
besides the left over plants of previous season crops. A. alternata requires relative humidity of 
85% and above [24] and optimum temperature range of 25-30 C for conidial production (the 
maximum conidia being formed at 20C and only a few above 32C) [25]. 
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Figure 8: Alternaria Leaf Blight disease 

 
2.3 Virus diseases 
Groundnut bud necrosis (Groundnut bud necrosis tospovirus) 
This is the most important virus diseases of groundnut, widely distributed and causes yield 
losses from 30 to 90% depending upon plant growth stage at the time of infection.The typical 
symptoms of the disease include terminal bud necrosis, severe stunting and proliferation of 
axillary shoots. Necrosis of the bud may spread to the petiole and stem, sometimes leading to 
death of the plants. In late infections pod size is reduced. Seeds are often shrivelled and have 
mottled and discoloured testa [23]. Groundnut bud necrosis virus is also known as Peanut bud 
necrosis virus (PBNV). It is placed in the genus Tospovirus belongs to the family Bunyaviridae. 
The virion is quasi-spherical in shape, contain a segmented genome of three single-stranded 
RNA molecules that are each bounded by a nucleocapsid protein to form riboncleoproteins 
which are encased within a lipid envelope consisting of two virus coded glycoproteins and a host-
derived membrane. Large (L),medium (M), and small (S) RNA segment were characterized based 
on nucleotide sequence, genome organization and homology to other tospoviruses [24] 
[25][26]. 
 

 
Figure 9: Groundnut bud necrosis disease 
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2.3.1 Groundnut Stem Necrosis (Tobacco streak ilarvirus) 
The disease is distributed in Anantapur district and to some extent in the adjoining Cuddapah, 
Kurnool and Chittoor districts of Andhra Pradesh, and Raichur area of Karnataka [21] [22]. The 
characteristic symptoms of the disease are appearance of large necrotic lesions on young 
leaflets which later coalesce to cover entire leaflet, followed by necrosis of entire stem located 
below the necrosed leaflet, leading to death of the plant TSV is pollen borne and probably is not 
transmitted through seed.  
 
Thrips vectors (Frankliniella schultzei, Scirtothrips dorsalis and Megalurothrips usitatus) aid in 
passive transmission of the virus, as carriers of pollen from infected plants. There was no 
evidence of ingestion of the virus by the vector [21]. When the thrips infest groundnut plants, 
the pollen grains get dislodged from the insect’s body and during the feeding process virus 
present in the pollen, infects the host plants. TSV infects a number of commonly occurring weeds 
and a few crop plants [25][26].  
 

 
Figure 10: Groundnut Stem Necrosis disease 

 
2.3.2 Peanut Mottle (Peanut mottle potyvirus) 
Peanut mottle caused by peanut mottle (PMV) pot virus is a groundnut disease that can cause 
upto 30% loss in yield [21]. Newly formed leaves show mild mottling and vein clearing, whereas 
older leaves show upward curling and interveinal depression with dark green islands. Infected 
plants are not severely stunted and older plants seldom show typical disease symptoms. Some 
pods from plants infected with PMV may be smaller than normal and have irregular, green to 
brown patches. Seeds from such pods are discolored. Yield losses of 15-45% have been 
recorded in [21]. The virus is transmitted through the seed to the extent of 8.5% [21] and 
secondary transmission is by aphid species. The pathogen survives on several important legume 
crops (groundnut, soybean) and weeds (Cassia obtusifolia, C. leptocarpa, C. occidentalis and 
Desmodium canum). The primary source of inoculum is through seed and the secondary spread 
occurs through aphids. Prolonged dry spells favors the build-up of aphids population. 
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Figure 11: Peanut Mottle disease 

 
2.3.4 Peanut Clump (Peanut clump furovirus) 
Nigerian peanut clump caused by peanut clump fur virus has been reported where, crops grown 
in sandy soils[21]. Symptoms are severe stunting, mosaic mottling and peeling of root 
epidermis. A yield loss up to 60% has been recorded in late infected plants. The disease occurs 
in patches in the field. Young leaves show mosaic mottling and chlorotic ring symptoms. Older 
leaflets are darker green with faint mottling. Early infected plants are severely stunted and 
become dark green. The Nigerian peanut clump virus isolates are transmitted through seed [22]. 
A soil-borne fungus (Polymyxa graminis) also transmits the virus. P graminis has a wide host 
range and so the virus also perpetuates over seasons. 
 

 
Figure 12: Peanut Clump disease 

 
2.4 Nematode diseases 
Root knot (Meloidogyne arenaria, M. hapla and M. javanica) 
Nematode damage is frequently not suspected until roots and pods are examined. Plants 
infected by root knot nematodes commonly develop enlarged roots and peg which develop into 
galls of various sizes. Root development is commonly reduced. Severely infected plants are 
stunted and have chlorotic leaves [20]. 
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Figure 13: Root knot disease 

 
Kalahasti malady (Tylenchorhynchus brevelineatus) 
This is a serious disease, Infected plants appear in patches in the field, and are stunted with 
greener than normal foliage. Small brownish yellow lesions appear on the pegs, and on young 
developing pods. Peg length is reduced. In advanced stages of the disease the entire pod 
surface becomes blackened and kernels become small [21]. 
 

 
Figure 14: Kalahasti malady disease 

 
Aflatoxins 
Aflatoxin contamination due to invasion by Aspergillus flavus and A. parasiticus is a major 
problem in groundnut. Aflatoxins are potent toxic, carcinogenic, mutagenic, immunosuppressive 
agents, produced as secondary metabolites by the fungus. Among 18 different types of 
aflatoxins identified, major members are aflatoxin B1, B2, G1 and G2. Aflatoxin contamination 
although does not affect yield, but it causes serious health risks to human and cattles. 
Groundnut pods when in direct contact with spores of A. flavus in soil are frequently invaded 
before harvest [21]. The mode and extent of invasion by A. flavus depends on soil population 
density of A. flavus, soil moisture and soil temperature during the pod development to maturity 
period. These fungi can invade and produce toxins in groundnut kernels before harvest, during 
drying and in storage. [22] Showed that groundnuts do not become contaminated with aflatoxins 
in the absence of severe and prolonged drought stress in spite of invasion levels of up to 80% 
by A. flavus and A. parasiticus.  
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Also, larger, more mature groundnut kernels required considerably more drought stress to 
become contaminated than did smaller, more immature kernels.  
 

   
Figure 15: Aflatoxins disease 

 

 
Figure 16: Illustrats the groundnut yield in Nigeria 

 
From the above graph it can be seen that there is a constant decrease in groundnut yield, this 
is due to the various viral diseases that have been affecting the actual yield of groundnut in 
Nigeria. This results is also In accordance with [21] which reports that Nigeria was one of the 
leading groundnut producer in Africa and the world, until in the 1970 when these viruses gain 
access to Africa with Nigeria been the lead country and succeeded in wiping off the lead in 
groundnut yield. 
 
2.4.1 Management of major diseases and Ethnical Practices 
The changing production system scenario demands for cost effective, easily adaptable and eco-
friendly tools for the effective management of the major diseases. Diseases management 
requires judicious adoption of the several management tools, which are namely as follows: 
 
Several cultural practices like removal of volunteer plants, removal or burial of infected crop 
debris, crop rotation, organic amendments of soil, intercropping etc. are important for the 
management of diseases. Removal of volunteer groundnut plants, removal or burial of infected 
crop debris, crop rotation and early sowing of the crop can reduce intensity of leaf spot and rust. 
Altering plant population could also reduce foliar disease severity  
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[21]. Groundnut intercropped with pearl-millet and early sowing showed less incidence of bud 
necrosis disease as compared with sole crop at ICRISAT [22]. Cultivation of groundnut away 
from soybean, cowpea and navy beans could reduce peanut mottle virus considerably as in 
these crops the virus is seed transmitted and serve as foci of inoculums. Groundnut crop grown 
during rabi escapes the clump disease [23]. Soil borne pathogens can be effectively managed 
through deep ploughing during summer months, increased use of farmyard manure, deoiled 
cakes, other organic amendments and soil solarisation. Application of neem cake and farmyard 
manure to soil may yield an effective control of collar rot [24].  
 
2.4.2 Host resistance 
The use of disease resistant cultivars is one of the best means for reducing crop losses. Sources 
of disease resistance have been identified both in the primary gene pool and in the wild relatives 
of A. hypogaea. Hundreds of land races, advanced breeding lines, cultivars and wild species 
have been screened for resistance against foliar fungal diseases by several workers and a large 
number of resistant sources have been identified [25][26]. Source of multiple disease 
resistance especially for late leaf spot and rust are also available from ICRISAT.  
 
2.4.3 Pre-harvest stage 
Some of the best approaches of pre-harvest plans are listed as follows: 
1. Apply well decomposed farm yard manure/compost @ 5-10 tonnes/ ha, if available. 
2. Inter-row water harvesting by adopting paired row method of planting. 
3. Select short/medium duration variety, which can escape end of season drought at maturity. 
Advance sowing by a fortnight with a pre-sowing irrigation to evade end- of- season drought. 
4. Apply gypsum @ 400-500 kg/ha at flowering. 
5. Avoid end-of-season drought by providing supplemental irrigation Harvest the crop at right 
maturity (blackening of inner surface of shell). 
 
2.4.4 b. Harvesting and post-harvest stage 

1. Hot spots, the patches of field that have undergone stress or harboured diseases should 
be harvested, dried, stocked and disposed off separately. 

2. Avoid mechanical damage to the pods during harvesting. 
3. Dry the uprooted plants along with the pods in small heaps by keeping them up-side-

down. Dry the plants till the leaf/pegs become brittle (6-7 days). 
4. Pick the immature pods first and do not mix them with the main lot of mature pods. If 

mechanical thresher is used, appropriate sieves should be used to isolate immature 
pods. 

5. Remove all the pods showing mechanical or insect damage. 
6. Dry thoroughly the sound pods to a safe moisture level of 8%.Welldried pods produce 

rattling sound on shaking a handful of pods. 
7. Store the produce in new/clean polythene lined gunny bags and stack them on wooden 

planks keeping a metre gap from the walls in a well-aerated and well-covered space. 
8. Keep the storage space free from any kind of seepage or leakage water that may lead 

to build up of moisture. 
9. Prevent insect damage to the pods in storage by fumigating with phosphene (use 3-5 

aluminium phsophide tablets for every 100 kg of pods for 7-8 days). 
10. Primary sorting of groundnut pods before processing Improving post-harvest processing 

technologies viz., blanching, sorting of kernels with camera or laser sorter. 
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3. CONCLUSION 
 
This paper employed the technological concept of Image processing using Convolutional Neural 
Network (CNN) is the most popular deep learning model, CNN is designed to process pixel data. 
Thus, this paper employs CNN in Prediction of Various Diseases and Natural Changes in 
Groundnut Leaves from Early Stage to Maturity. The paper try to evaluate the effect of this 
diseases in terms of farm yield via MATHLAB Simulator, the simulation results showed a 
continues decrease in groundnut yield from 1980 to 2020 as seen in Fig. 16 above; due to the 
viruses continual increase and spread. We also believe that, this paper resolves to be an 
effective guide to farmers on groundnut crop production and general management best 
practices for efficient groundnut production in Nigeria and its neighboring countries at larger.  
 
Finally, the following procedures for integrated management of groundnut diseases are given 
bellow. Deep burying of crop residues, destruction of crop debris by burning, removal of 
volunteer groundnut plants Following recommended agronomic practices for land preparation, 
seed rate, spacing, fertilizer and irrigation management and keep the field free from weeds, 
undertake deep ploughing (8-10 inches) to invert the soil and expose the soil to sun for 2-3 
weeks for soil solarisation. Early sowing (wherever possible) with wider inter rows spacing (40 
to 45cm) for managing early leaf spot, late leaf spot and rust but close spacing (20 x 10 cm or 
30 x 7.5 cm) wherever stem rot and PBND is a serious problem. Sow only sound seeds and treat 
them with carbendazim @ 2g/kg one week before sowing or with commercial formulations of 
Trichoderma harzianumor T. viride@ 4g/kg seed just before sowing. Apply neem or castor cake 
@ 500 kg/ha in furrow at the time of sowing. If cakes are too dry, sprinkle little water and mix 
2.5 kg of commercial formulation of Trichoderma and keep themixture in shade for about a 
week before applying to the soil. 
 
Development of simple, efficient, cost-effective sampling and analytical methods suitable for 
screening and segregation of contaminated lots of commodities early in the marketing chain 
and for control during processing are required. There has been only limited exploitation of wild 
species in secondary and tertiary gene pools due to cross incompatibility with the cultigens. 
These gene pools include species that are sources of multiple resistance to important biotic and 
abiotic stresses, therefore of significant value. Recent advances in plant biotechnology may 
provide new tools to exploit the genes locked up in these gene pools. Where amenable, 
molecular marker facilitated can be effectively used for transfer of genes of interest breaking 
undesirable linkages or linkage drag. Molecular markers may be used to map resistance genes 
in crosses between wild species or accessions of the same species in the secondary and tertiary 
gene pools and once resistance genes are located, they can be transformed into cultivated 
germplasm.  
 
Development of good agricultural practices during pre- and postharvest stages including 
appropriate drying techniques and storage of groundnut is required. Further, there is a need to 
develop groundnut harvesters that can make the harvested plants upside down in field while 
harvesting which will minimize probability of aflatoxin contamination of groundnut kernels in the 
field.  Development of novel alternative fungicides that triggers defence mechanism of host and 
the plant derived fungicides to manage foliar diseases of groundnut may be emphasized. 
ICRISAT, IAR and partners have developed and released new improved high-yielding varieties 
with combined resistance to major biotic stresses.  
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It is, however, necessary to disseminate these varieties with improved crop management 
packages on a large scale to increase and restore the profitability of groundnut cultivation in 
Nigeria. In conclusion, recommendation and possible areas of research where also identified. 
 
Future research needs 
Some of the future researchable areas are: Breeding for increased resistance/tolerance to 
diseases and reduced aflatoxin levels is being practiced but the amount of resistance 
achievable may be limited due to complicated genetics and/or linkage to undesirable agronomic 
traits. Molecular markers can be employed to speed up the incorporation of chromosomal 
regions that have a quantitative effect on resistance. Applying biotechnology to deal with viral 
diseases like bud necrosis and stem necrosis.  
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